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CFTR

1�
DYNAMIC INTERMOLECULAR AND
INTRAMOLECULAR INTERACTIONS OF THE CFTR R
REGION
Bozoky, Z.1,2; Vernon, R.1,2; Thomas, P.J.3; Frizzell, R.A.4; Ford,
R.C.5; Forman-Kay, J.1,2 1. Molecular Structure & Function,
Hospital for Sick Children, Toronto, ON, Canada; 2.
Biochemistry, University of Toronto, Toronto, ON, Canada; 3.
Physiology, University of Texas Southwestern Medical Center,
Dallas, TX, USA; 4. Cell Biology & Physiology, University of
Pittsburgh, Pittsburgh, PA, USA; 5. Manchester Interdisciplinary
Biocentre, University of Manchester, Manchester, United
Kingdom

Cytoplasmic portions of membrane proteins often contain disordered
regions that can function as regulatory components. CFTR, the membrane
protein chloride channel mutated in cystic fibrosis, is a dynamic biological
machine that undergoes functional conformational changes. A significant
modulator of this dynamic behavior is the ~200 residue cytoplasmic regula-
tory (R) region of CFTR, which is intrinsically disordered in isolation and
which makes highly dynamic interactions with the nucleotide binding
domains (NBDs) of CFTR, other segments of CFTR and other proteins.
Similar to many other disordered proteins, the R region is a “hub” for regu-
latory protein interactions and is a site of regulatory phosphorylation, in this
case by PKA, PKC and AMPK. 

Building on our previous work, we have performed NMR and fluores-
cence binding studies on non-phosphorylated and highly PKA phosphory-
lated states of the isolated R region and have demonstrated binding of the R
region with NBD1, NBD2, and a 40-residue peptide from the C-terminus of
CFTR, as well as the STAS domain of the SLC26A3 chloride-bicarbonate
exchanger that is a co-regulator of CFTR, and the 14-3-3beta protein impli-
cated in CFTR processing. Analysis of NMR resonance broadening and
chemical shift changes upon binding coupled with fluorescence binding
measurements provides evidence for multi-site interactions of various seg-
ments of the R region. Our interpretation of the binding to the NBDs is that
the multiple elements interact by transiently stabilizing helical structure,
while binding to the 14-3-3beta likely involves transient stabilization of
extended structure around each of the PKA sites. The NBD binding is much
stronger for the non-phosphorylated R region while binding to the C-termi-
nus and 14-3-3beta is stronger for the PKA phosphorylated state. Initial
studies of isolated peptides of the R region suggest that binding of the entire
disordered “domain” provides enhancement with synergistic effects of these
various interacting elements. 

The diversity of structural modes and electrostatic contributions to bind-
ing contribute to the complex regulatory mechanisms at play within CFTR.
These studies provide more evidence for our proposed model of the R region
as a highly dynamic integrator of different regulatory inputs in controlling
both CFTR chloride channel gating and protein processing. As our under-
standing of the complexity of regulatory dynamics within CFTR develops,
so will our understanding of their functional and pathological implications.

This work was supported by the CF Foundation Therapeutics and Cys-
tic Fibrosis Canada.

2�
COTRANSLATIONAL FOLDING OF THE NBD1 ALPHA-
HELICAL SUBDOMAIN ANALYZED BY
FLUORESCENCE RESONANCE ENERGY TRANSFER
Kim, S.; Skach, W.R. OHSU, Portland, OR, USA

The F508del mutation disrupts CFTR trafficking and function, in part
by local destabilization of NBD1 folding and/or stability. Therefore, an
important goal in CF therapeutics is to better understand how NBD1
acquires and maintains its folded state in the cellular environment. To
address this question, we developed a novel method to monitor de novo
NBD1 folding as the nascent chain is synthesized and emerges from the

ribosome. Our approach is based on the principle that residues distant in pri-
mary structure are brought into close proximity as the domain folds into its
native state. Such changes can be detected by fluorescence resonance ener-
gy transfer (FRET) between an N-terminal donor fluorophore (CFP) and a
small fluorescent acceptor dye (7-nitrobenz-2-oxa-1,3-diazole) that is
cotranslationally incorporated at strategic residues deduced from the crystal
structure. Previous analysis demonstrated that NBD1 translated in a cell
free system can reach a native-like state cotranslationally while it is still
attached to the ribosome. Detailed studies of nascent chains containing an
acceptor probe at residue 450 revealed that NBD1 folding is initiated by an
abrupt cotranslational compaction of a small, N-terminal ATP-binding sub-
domain (residues 378~495). In addition, N-terminal subdomain folding is
initiated before Phe508 emerges from the ribosome, suggesting that F508del
impacts later folding steps involving the alpha-subdomain (residues 495-
564) and/or the F1-type ATPase beta-sheet core. 

To understand the requirements for alpha-subdomain folding, an accep-
tor dye was incorporated either at residue 487 or residue 567 (N-terminal or
C-terminal to the alpha-subdomain, respectively), both which are proximal
to the CFP fusion site in the NBD1 crystal structure. FRET between CFP
and the acceptor at residue 487 reached a maximum value (40%) as the nas-
cent chain was extended to residue 624. Since the ribosome exit tunnel
sequesters 30-40 residues of the nascent polypeptide, we therefore conclude
that residue 487 is optimally positioned in the native NBD1 fold only after
the entire alpha-subdomain has emerged from the ribosome. Similarly, max-
imal FRET for the acceptor at residue 567 (32%) was observed only after
the nascent chain was extended to residue 654. Thus, optimal positioning of
residue 567 appears to require the presence of the alpha-subdomain as well
as an adjacent strand (S7) of the beta-sheet core. Interestingly, the extent to
which the alpha-subdomain folds appears to depend on the environment in
which folding takes place. When nascent chains were released from isolat-
ed ribosomes in a dilute buffer solution, maximum FRET (50%) for residue
487 was observed for truncations as short as 550 aa. This suggests that either
the presence of the ribosome or cellular factors might delay alpha-subdo-
main folding as the domain is synthesized in cytosol. In contrast, the oppo-
site effect was observed for residue 567, wherein the ribosome and/or
cytosolic factors appear to stimulate folding during synthesis. These results
implicate an unexpected level of complexity in NBD1 folding and provide
a basis for analyzing the impact of the F508del mutation. Supported by NIH
and CFFTI.

3�
BIOCHEMICAL EVIDENCE OF MULTIPLE
ALLOSTERIC PATHWAYS IN CFTR
Aleksandrov, L.A.; Cui, L.; He, L.; Riordan, J.R. Biochemisry
and Biophysics, UNC at CHapel Hill, Chapel Hill, NC, USA

CFTR is an allosteric protein in which communications between distal
sites within and between domains play a crucial role in its stability and
function. Earlier we had shown in biochemical and single channel experi-
ments that dynamic coupling between domain-swapped NBDs and MSDs
directly mediate some of these allosteric connections (J Biol Chem 283,
26383, 2008). According to allostery theory, communications between sites
are reversible (Science 308, 1424, 2005). Here we focused on the bidirec-
tional interactions of sites in the NBDs with ones in the cytoplasmic loops
(CLs) of the MSDs on the one hand and with ones in the R domain on the
other. Three different methods were used to detect changes at a site in
response to perturbation of a coupled site. These included NBD binding of
ATP, antibody binding to phosphorylation sensitive epitopes in the R
domain and accessibility of maleimide binders to individual cysteines intro-
duced into cysless CFTR. The latter experiments employed a cysless con-
struct modified to mature well in mammalian cells by selective replace-
ments of cysteines in the N-terminal half of the molecule and to have near
normal channel gating by replacements in the C-terminal half. Bidirection-
al interactions between NBD1 and CL4 were reflected in diminished acces-
sibility of CL4 cysteine residues due to NBD1 binding of ATP and a
decrease in ATP binding caused by a disease-associated CL4 mutation,
R1070Q. Evidence of two way interactions between the R domain and
NBD2 came from the altered accessibility of cysteine residues at several
positions in NBD2 by R domain phosphorylation while perturbation of
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NBD2 altered the recognition of epitopes in the R domain. Thus allosteric
interactions occur between multiple sites in CFTR and may be fundamental
to its complex functional regulation. (Supported by the NIH and CFF).

4�
THE CFTR FOLDING PATHWAY: STEPS ALTERED BY
∆F508 AND IMPLICATIONS FOR THE DISCOVERY AND
DEVELOPMENT OF CF THERAPEUTICS
Mendoza, J.L.1; Schmidt, A.1; Brautigam, C.A.2; Caspa, E.1;
Barrett, T.1; Thomas, P.J.1 1. Physiology, UT Southwestern,
Dallas, TX, USA; 2. Biochemistry, UT Southwestern, Dallas, TX,
USA

Integral membrane protein maturation is a complex process, involving
integration of transmembrane spans into the membrane, association of these
spans to form transmembrane domains, folding of extramembrane domains,
and ultimately association of the membrane and extramembrane domains to
form the final, native, functional structure. The complexity of this process
presents many steps sensitive to alteration by changes in the primary
sequence. For example, deletion of the F508 residue in the first nucleotide
binding domain (NBD1) of CFTR interferes with both domain folding and
association and, thus, underlies misfolding, loss-of-function and disease.
Second-site suppressor mutations, which compensate for the folding defects
of the mutant NBD1 only partially, restore maturation of ∆F508 CFTR.
Therefore, ∆F508 CFTR is defective in additional steps required for effi-
cient folding. A structural and evolutionary sequence analysis was com-
bined with two in vitro folding assays to identify and define the steps in
which ∆F508 CFTR is defective: 1) stability and efficiency of NBD1 fold-
ing and 2) NBD1 / ICL4 (TMD2) association. Correction of either step indi-
vidually has only modest effect on maturation of CFTR. By contrast, when
both steps are improved by introduction of the specific suppressor mutants,
the correction “ceiling” observed for single mutations and small molecule
correctors is surpassed. This finding highlights the stepwise nature of CFTR
folding and the influence of the most common CF-causing mutation on mul-
tiple steps in the process. The assay systems and second-site suppressor
mutants developed may also find utility in establishing a mechanism of
action of extant correctors and aid in the identification of new compounds.
(Supported by grants from the CF Foundation and NIH NIDDK to PJT.)

5�
HSP27 SELECTIVELY TARGETS ∆F508 CFTR NBD1 FOR
DEGRADATION VIA THE SUMO PATHWAY
Gong, X.1; Ahner, A.1; Schmidt, B.Z.1; Rabeh, W.M.2; Lukacs,
G.L.2; Thibodeau, P.H.1; Frizzell, R.A.1 1. Department of Cell
Biology & Physiology, University of Pittsburgh, Pittsburgh, PA,
USA; 2. Department of Physiology, McGill University, Montreal,
QC, Canada

The mechanism of misfolding of the cystic fibrosis transmembrane con-
ductance regulator (CFTR), and the pathways that drive its ER associated
degradation (ERAD), remain incompletely understood. Like other eukaryot-
ic ABC proteins, CFTR is comprised of two transmembrane domains
(TMD1, TMD2), each linked to a cytoplasmic nucleotide-binding domain
(NBD1, NBD2). The common mutation leading to protein misfolding,
∆F508, is located in NBD1, where it alters domain stability and domain-
domain interactions. As a consequence, the mutant protein is targeted for
proteasome-dependent degradation.

Small heat shock proteins (sHsps) bind to destabilized proteins during
cell stress and disease, but their physiological functions are less clear. Our
prior studies found that Hsp27 was the predominant sHsp expressed in air-
way epithelial cells. It interacted selectively with ∆F508 CFTR and target-
ed the mutant protein for ERAD. Hsp27 was found to interact with Ubc9,
the E2 conjugating enzyme for sumoylation. Experimental manipulation of
SUMO pathway components, like Ubc9, also promoted the selective degra-
dation of ∆F508 CFTR, and expressed Hsp27 promoted sumoylation of
∆F508 CFTR in vivo. 

To better understand the properties of ∆F508 CFTR that lead to its
SUMO-dependent degradation, we developed an in vitro assay for the
SUMO modification of NBD1 utilizing purified components. In this assay,
NBD1 sumoylation was detected primarily from the molecular mass shift
associated with SUMO modification upon blotting the reaction mix with an

NBD1 antibody. Purified WT and ∆F508 NBD1 were found to be modified
by the SUMO-1, -2, and -3 isoforms. As found in vivo, significantly greater
modification was observed for ∆F508 vs. WT NBD1, and Hsp27 was shown
to facilitate NBD1 modification by SUMO-1. 

In vivo studies of NBD1 were performed by co-expressing Hsp27 in
HEK293 cells with membrane tethered fusion proteins, CD4T-NBD1 or
CD4T-∆F508-NBD1, in which the C-terminus of CD4T is fused to the WT
or mutant NBD1 (1). As observed for full-length CFTR, we found that
CD4T-∆F508-NBD1 was selectively degraded relative to CD4T-NBD1. Co-
IP experiments using lysates from transiently expressing HEK293 cells
showed that: a) Hsp27 preferentially promoted the sumoylation and degra-
dation of CD4T-∆F508-NBD1, b) Hsp27 interacted preferentially with the
∆F508-NBD1-CD4T fusion protein, and c) Hsp27 associated with SUMO-
1 and SUMO-2/3 in vivo. These data suggest that the structural defect in
∆F508 NBD1 is interpreted by Hsp27 in a manner similar to that observed
for full-length ∆F508 CFTR, and that this interaction makes the mutant
NBD accessible to proteasome-mediated degradation by eliciting its SUMO
modification. The recapitulation of this pathway for the NBD1 mutant
should expedite efforts to identify the site(s) of SUMO modification and fur-
ther elucidate the mechanism of sHsp-mediated CFTR degradation. [Sup-
ported by the NIH (DK68196 & DK72506) and the CF Foundation.]

1. Du, K., and Lukacs, G. (2009) Mol. Biol. Cell. 20, 1903-1915

6�
METHODS TO ESTABLISH MECHANISM OF
CORRECTOR ACTION
Schmidt, A.; Mendoza, J.L.; Thomas, P.J. Physiology, UT
Southwestern, Dallas, TX, USA

The most common CF-causing mutation, found in 90% of patients, is a
deletion of phenylalanine at position 508 (∆F508-CFTR) in nucleotide bind-
ing domain 1 (NBD1) of CFTR. ∆F508-CFTR misfolds, accumulates in the
endoplasmic reticulum, and consequently is degraded. As the mutant protein
is expressed in the proper cells, under proper regulatory control, and is func-
tional when induced to fold, a promising strategy to treat the disease is to
identify small molecules which correct the mistrafficking and folding of the
mutant protein. Prior HTS efforts have discovered a number of small mole-
cules that restore ∆F508-CFTR Cl--channel function or surface expression
with limited efficacy. A representative collection of these correctors is avail-
able in the CFFTI panel. Some of these compounds may achieve correction
by direct interaction with CFTR. Recent work suggests that at least two
steps in folding are altered by the deletion of F508 in CFTR: 1) decreased
folding efficiency and stability of NBD1 and 2) inefficient assembly of
NBD1 and ICL4 of TMD2. Like the extant corrector compounds, second-
site suppressor mutations that overcome either of these two defects also
have measurable, but limited, ability to correct mutant CFTR folding. How-
ever, when the suppressors are combined, much more significant correction
is observed. To test the hypotheses that some extant CFTR correctors act
directly on CFTR and that their efficacy is limited because they act on only
one of the two defective steps, the effect of the CFFTI panel compounds on
assays designed to reflect the individual folding steps were executed. First,
compounds were assessed for effect on the stability of the isolated NBD1
and its folding efficiency in cells. Second, compounds were assessed for
synergy with ∆F508-CFTR independently in combination with the second-
site suppressors that improve either NBD1 folding or NBD1 ICL4 associa-
tion utilizing biochemical and functional methods. Understanding the mech-
anism of action of small molecules that act to rescue ∆F508-CFTR is criti-
cal for a targeted, combinatorial therapeutic strategy and may suggest
alternative strategies for identification of new correctors.

Funding by NIH and CFF. Thanks to CFFT for providing corrector com-
pounds (Kirsten Hencken, khencken@cff.org or by phone (301) 841-2609).
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7�
COMMON CONFORMATIONAL CHANGES WITHIN
NBD1 ELICITED BY CF MODULATORS, AN ICL4
PEPTIDE AND SUPPRESSOR MUTATIONS
Hudson, R.1; Chong, P.1; Dawson, J.E.1; Mense, M.2; Thomas,
P.J.3; Brouillette, C.4; Forman-Kay, J.D.1 1. Molecular Structure
and Function, Hospital for Sick Children, Toronto, ON, Canada;
2. Cystic Fibrosis Foundation Therapeutics, Charlestown, MA,
USA; 3. Physiology, UT Southwestern Medical Center, Dallas,
TX, USA; 4. Chemistry, University of Alabama at Birmingham,
Birmingham, AL, USA

As a potential therapy for CF, small-molecule compounds have been
identified that correct the processing/folding defects (correctors) and/or
channel gating defects (potentiators) of CFTR F508del. Compounds having
dual corrector/potentiator activity have been assumed to interact directly
with CFTR, possibly at the NBD1, the site of the F508del mutation. Our
goal is to determine how these and other small molecule modulators act at a
molecular level using NMR spectroscopy. To obtain solubility and yields
required for NMR, our constructs lack the regulatory insert (∆RI) of NBD1,
as well as the regulatory extension (∆RE) which is the first ~30 residues of
the regulatory (R) region. We report assignment of 82% of backbone reso-
nances for human F508del NBD1 (∆RI∆RE) (387-646) based on assign-
ments for the wt NBD1 protein. NMR studies of the interactions of an Epix
dual corrector/potentiator, as well as other small-molecule compounds, with
human F508del NBD1 (∆RI∆RE) have enabled mapping of the compound-
affected residues onto the structure of NBD1.  The compounds interact with
a hydrophobic patch comprised of residues in β-strands S3, S9 and S10,
located within the ATP-binding core near the C-terminus of the molecule.
Binding of the compounds disrupts an interaction between this hydrophobic
patch and the C-terminal helices (H8 and H9) of NBD1 leading to a shift in
a pre-existing conformational equilibrium from helix to coil. DSC data indi-
cates a small decrease in Tm in the presence of compound, consistent with a
direct interaction between NBD1 and the compound that decreases NBD1
stability. Disruption of the interaction between H8/H9 and the NBD1 core
by a mutation within β-strand S9, H620Q, shown to increase the open prob-
ability of the channel (Wei et al. FEBS Letters 439:121, 1998), partially
mimics the effect of the compounds by promoting the coil state. These
results suggest that perturbations shifting the helices towards the coil state
coincide with conditions that promote channel opening. Interestingly, we
detect a possible allosteric effect near the site of F508 elicited by both com-
pound binding and the H620Q variant. Evidence for allostery has also been
obtained from ICL4 peptide titrations that show chemical shift changes near
F508 (at the predicted binding surface) and H8/H9. The suppressor muta-
tions Q637R (between H8 and H9) and V510D (near F508) show similar,
although more subtle, effects. These binding and mutagenic data collective-
ly suggest “cross-talk” between the α-subdomain and the hydrophobic
patch/C-terminus of NBD1. We hypothesize that the compounds compete
with the C-terminal helices (8,9) for the core of NBD1, displacing the RE/R
region from the NBD dimerization interface, and thereby promoting NBD
dimerization and channel opening. Evidence for allostery suggests that com-
pound binding may also affect interactions with ICLs, particularly ICL4,
and/or other parts of CFTR. This work was funded by the CF Foundation
Therapeutics.

8�
A TRUNCATION MUTANT OF CFTR, ∆27-264-CFTR,
RESCUES BOTH TRAFFICKING AND CHLORIDE
CHANNEL FUNCTION OF ∆F508 CFTR BY
TRANSCOMPLEMENTATION
Cebotaru, L.2,1; Woodward, O.1; Guggino, W.B.1 1. Physiology,
Johns Hopkins University, Baltimore, MD, USA; 2.
Ophthalmology, Johns Hopkins University, Baltimore, MD, USA

∆F508 CFTR is recognized as a misfolded protein by the ER quality
control mechanism and targeted for degradation by the proteasome.
Transcomplementation of ∆F508 CFTR by truncated forms of CFTR has
been observed to overcome defective processing and allow mature ∆F508
CFTR to reach the cell surface. Here we study whether ∆27-264-CFTR
which is missing the first four transmembrane segments of CFTR can also
rescue ∆F508-CFTR chloride channel function.  

To accomplish this, whole cell currents were recorded from CHO cells
over expressing wt CFTR-GFP, ∆F508-GFP, ∆27-264-CFTR, or both ∆27-
264-CFTR and ∆F508-GFP (n=6). Currents were elicited by 15mV voltage
steps from -100mV to 125mV activated by 500mM cpt-cAMP and 40mM
forskolin in the absence of a potentiator. The critical aspect of this experi-
ment is that no current was generated from unrescued ∆F508-CFTR alone,
or from ∆27-264-CFTR alone. Only when both were added together did we
observe significant whole cell currents which reached a level near to that of
wt CFTR. The currents measured only when both are cotransfected could
have originated either from ∆F508-CFTR or ∆27-264-CFTR. To address
this question definitively we utilized a well-known CFTR conduction
mutant, S341A. This mutant alters the conductance and anion selectivity of
CFTR. The S341 residue has also been identified as critical to the inhibition
of arylaminobenzoate drugs such as DPC (see Zhang et al. Am J Physiol
Lung Cell Mol Physiol 282: L135-L145, 2002). To confirm these findings,
we tested this mutation in S341A-wt-CFTR. High levels of S341A-wt-
CFTR protein were detected and normally glycosylated but the whole cell
currents were drastically reduced compared to wt CFTR. We then studied
the double mutant, S341A-∆F508-CFTR. We detected expression of B-band
but no detectable chloride currents consistent with what we observed with
∆F508-CFTR alone.  When we cotransfected S341A-∆F508-CFTR with
∆27-264-CFTR we detected rescued C band of ∆F508-CFTR consistent
with rescue of S341A-∆F508-CFTR trafficking but the chloride currents
were dramatically reduced. These data demonstrate that the currents
observed when ∆F508-CFTR and ∆27-264-CFTR were cotransfected were
generated by rescued ∆F508-CFTR and not by ∆27-264-CFTR. Our data
show that transcomplementation with ∆27-264-CFTR can rescue both traf-
ficking and chloride channel function of ∆F508-CFTR most likely via a
bimolecular interaction. 

Funded by CFF and NHLBI.

9�
NOVEL FLUORESCENCE IMAGING APPROACH TO
STUDY CFTR TRAFFICKING IN LIVE CELLS
Valentine, C.D.; Verkman, A.S.; Haggie, P.M. Department of
Medicine, U.C.S.F., San Francisco, CA, USA

CFTR trafficking at the plasma membrane is a dynamic process involv-
ing rapid clathrin-mediated endocytosis and endosomal sorting/recycling.
The regulation of CFTR trafficking is incompletely understood, in part
because of the limited resolution of available methods such as immunocyto-
chemistry, biochemistry and imaging of GFP-CFTR chimeras. In this study,
we aimed to develop a rapid and sensitive imaging-based approach to study
CFTR endocytosis in live cells. Application of fluorescence imaging meth-
ods to study CFTR trafficking requires unambiguous distinction of plasma
membrane-resident versus endocytic/lysosomal-associated pools of CFTR.
We reasoned that surface versus internal pools of CFTR labelled with an
external fluorophore could be resolved based on accessibility of a cell-
impermeable quencher to fluorophores. A screen of candidate quenchers
identified several molecules that efficiently reduced the fluorescence inten-
sity of Alexa Fluor 488 (AF488) in vitro. Most candidate quenchers were
unsuitable for the development of cell-based assays because application to
cells was associated with greatly increased fluorescence signal (>5-fold
background). However, one candidate quencher, bromocresol green (BCG),
did not increase background fluorescence when applied to cells. BCG at 4
mM was cell impermeable and reduced the fluorescence intensity of sur-
face-exposed AF488 by ~100%. An MDCK cell line stably expressing
CFTR containing a triplet HA-tag engineered into the fourth extracellular
loop (CFTR-3HA) was used to study CFTR endocytosis. To selectively
label CFTR-3HA, cells were incubated with AF488-conjugated anti-HA
antibody and washed. Endocytosis was quantified by assessment of AF488
fluorescence intensity before versus after BCG application after incubations
of cells for specified times at 37°C. CFTR internalization was near zero at 0
min, ~8% at 5 min and ~20% at 10 min. As expected, CFTR endocytosis
was completely inhibited by latrunculin and jasplakinolide, which disrupt
the actin cytoskeleton. CFTR endocytosis was < 2% when the carboxy-ter-
minus of CFTR (residues 1395-1480) was overexpressed, probably due to
competition for endocytic adapter proteins that bind motifs within this
region of CFTR (including 1424YDSI and 1430LL). Activation of protein
kinase A inhibited CFTR endocytosis significantly (~2% at 10 min), but
endocytosis was not altered by activation of protein kinase C. We found no
change in CFTR endocytosis after deletion of the CFTR C-terminal PSD-
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95/DlgA/ZO1- (PDZ-) binding domain to prevent PDZ interactions. Simi-
larly, CFTR endocytosis was not altered by expression of a dominant-nega-
tive version of the PDZ domain protein EBP50 that does not interact with
ezrin or actin. As such, in contrast to members of the G-protein coupled
receptor family, PDZ-type interactions do not alter rates of CFTR endocy-
tosis. Our method to study CFTR endocytosis is technically simple and
rapid, and suitable for screening of small-molecule stabilizers of surface
∆F508-CFTR expression.

Funded by the CFF and NIH.

10�
VX-770 POTENTIATION OF CFTR FORMS WITH
CHANNEL GATING DEFECTS IN VITRO
Van Goor, F.; Yu, H.; Burton, B.; Huang, T.; Hoffman, B.;
Negulescu, P. Vertex Pharmaceuticals Incorporated, San Diego,
CA, USA

VX-770 is a CFTR potentiator that has been shown to enhance chloride
transport and improve lung function, as measured by FEV1, in subjects with
CF with the G551D-CFTR mutation. The G551D mutation causes a defect
in CFTR channel gating that prevents the channel from opening properly,
resulting in a loss of chloride transport. The objective of this in vitro study
was to test if VX-770 potentiates CFTR forms produced by other CFTR gat-
ing mutations. To do this, CFTR-mediated chloride transport was character-
ized in electrophysiological studies using recombinant Fisher rat thyroid
(FRT) cell lines engineered to express a single mutant CFTR form encoded
by a CFTR gating mutation. These included the known CF-causing CFTR
gating mutations, G551D, G178R, G551S, G970R, G1244E, S1255P, and
G1349D. In addition, single channel patch clamp studies demonstrated that
the CF-causing mutations in the CFTR gene, S549N, S549R, and S1251N,
are CFTR gating mutations. The baseline level of chloride transport was low
(< 10% of normal CFTR function) in FRT cells expressing CF-causing
CFTR gating mutations, which is consistent with the low levels of CFTR
function as indicated by the high sweat chloride levels (> 80 mmol/L) in
patients with CF carrying these mutations. Addition of VX-770 caused a
>10-fold increase in CFTR-mediated chloride transport in all the mutations
tested, reaching levels equivalent to between 19% and 146% of normal
CFTR. For all CF-causing CFTR gating mutations tested, the magnitude of
the VX-770 response was similar to or greater than that measured for
G551D-CFTR. With the exception of the G1244E mutation, the potency
(EC50) of VX-770 was also similar to G551D-CFTR for all CFTR gating
mutations tested. These in vitro results showed that VX-770 caused a robust
potentiation of mutant CFTR forms encoded by the CF-causing CFTR gat-
ing mutations G551D, G178R, G551S, G970R, G1244E, S1255P, G1349D,
S549N, S549R, and S1251N. 

Supported by Vertex Pharmaceuticals Incorporated.

11�
HSP105 REGULATES CFTR BIOGENESIS AND QUALITY
CONTROL AT MULTIPLE LEVELS
Saxena, A.1; Banasavadi-Siddegowda, Y.K.1; Fan, Y.1;
Bhattacharya, S.2; Liao, Y.3; Giovannucci, D.R.2; Frizzell, R.A.3;
Wang, X.1 1. Physiology and Pharmacology, University of Toledo
Health Science Campus, Toledo, OH, USA; 2. Neuroscience,
University of Toledo Health Science Campus, Toledo, OH, USA;
3. Cell Biology and Physiology, Children’s Hospital of
Pittsburgh, Pittsburgh, PA, USA

Hsp105 is a member of the Hsp70 superfamily of molecular chaperones.
It binds to misfolded proteins and prevents them from aggregation. Hsp105
serves as a nucleotide exchange factor for Hsp70 and functionally relates to
Hsp90. To explore the potential impact of Hsp105 on protein misfolding in
cystic fibrosis, we investigated the role of human Hsp105α, the constitutive-
ly expressed isoform, in the biogenesis and quality control of the cystic
fibrosis transmembrane conductance regulator (CFTR). Pulse-chase analy-
sis revealed that Hsp105α enhances the co-translational degradation of
∆F508 CFTR but has less effect on wild-type CFTR, suggesting that it plays
a role in the co-translational quality control of CFTR. Expression of the sub-
strate binding domain of Hsp105 greatly enhances the synthetic yield of
∆F508 CFTR, and increases the steady state level of its mature form, lead-
ing to greater cell surface functional expression of the mutant CFTR. At the

post-translational level, Hsp105α overexpression not only promotes the
maturation of wild-type CFTR but also enhances the temperature-rescue of
∆F508 CFTR, suggesting a specific role in forward folding of CFTR in the
endoplasmic reticulum (ER). The ∆F508 CFTR has much reduced peripher-
al stability at physiological temperature. We found that Hsp105α preferen-
tially associates with ∆F508 CFTR in post-ER compartments, and stabilizes
∆F508 CFTR from peripheral quality control. Consistent with the above,
overexpressing Hsp105α enhances the processing of ∆F508 CFTR at phys-
iological temperature, and increases its cell surface functional expression in
HEK 293 cells. We conclude that Hsp105 regulates the co-translational
quality control, post-translational maturation and the peripheral stability of
∆F508 CFTR. The fact that Hsp105 enhances both the maturation of CFTR
in the ER and the stability of ∆F508 CFTR at the cell periphery makes it an
attractive target for the rescue of ∆F508 misprocessing in cystic fibrosis.
Functional assessment of the impact of Hsp105 and its derivative on cystic
fibrosis airway epithelial cells is underway.

12
COCHAPERONES HOP AND HSP105 FUNCTIONALLY
LINK HSP70 AND HSP90 DURING ∆F508 CFTR
MATURATION AT LOW TEMPERATURE
Saxena, A.1; Bhattacharya, S.1; Fan, Y.1; Banasavadi-Siddegowda,
Y.K.1; Chalfin, E.M.1; Roy, G.1; Mai, J.1; Sanchez, E.R.1,2; Wang,
X.1 1. Physiology and Pharmacology, University of Toledo Health
Science Campus, Toledo, OH, USA; 2. Center for Diabetes and
Endocrine Research, University of Toledo Health Science
Campus, Toledo, OH, USA

Both Hsp70 and Hsp90 are involved in the biogenesis of the cystic fibro-
sis transmembrane conductance regulator (CFTR) but their functional rela-
tionship remains unclear. The arrest of ∆F508 CFTR conformational matu-
ration in the endoplasmic reticulum (ER) is reversed at reduced temperature
in a chaperone-dependent manner. Using the temperature-dependent matu-
ration of ∆F508 CFTR as a model system, we provide evidence for function-
al cooperation between Hsp70 and Hsp90 during ∆F508 CFTR maturation.
In a HEK293 cell line stably expressing ∆F508 CFTR, depletion of Hsp90β
by shRNA dramatically reduces the levels of Hsc70, Hop, Hsp105 and Hdj-
2, and specifically inhibits ∆F508 maturation at reduced temperature. Using
cycloheximide chase and pulse-chase analyses, we demonstrate that neither
the peripheral stability nor the post-translational ERAD of ∆F508 CFTR is
affected at reduced temperature. Consistent with Hop’s role as a functional
link between Hsp70 and Hsp90, Hop depletion reciprocally reduces the lev-
els of Hsc70, Hsp90β and Hsp105, and inhibits the ∆F508 CFTR tempera-
ture-dependent maturation. Interestingly, depletion of Hsp105, a nucleotide
exchange factor for Hsp70, reduces the level of Hsc70 and Hsp90β, and
impairs ∆F508 CFTR maturation at low temperature. The conformational
rescue of ∆F508 CFTR at low temperature is accompanied by dynamic
chaperone recruitment and dissociation. We assessed such dynamic CFTR-
chaperone association using quantitative co-immunoprecipitation, and
found that Hop depletion diminishes the recruitment of Hsp90β and Hsp105
but not Hsp70 or Hdj-2, suggesting that Hop links Hsp90β to Hsp70 during
∆F508 CFTR maturation, and that Hsp105 functions downstream of Hop.
Hsp105 depletion also specifically reduces the recruitment of Hsp90β but
not other chaperone components, suggesting that Hsp105 also functionally
links Hsp70 and Hsp90 in ∆F508 CFTR maturation. Our data support the
presence of an Hsp70-Hsp90 relay system on the cytoplasmic face of the ER
membrane, specifically facilitating CFTR post-translational conformational
maturation. Hop and Hsp105 facilitate the chaperone relay by promoting
Hsp90β recruitment.
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13�
PHOSPHORYLATION-DEPENDENT INTERACTIONS OF
14-3-3 PROTEINS WITH CFTR IN POST-ER
COMPARTMENTS PROMOTE ITS TRAFFICKING TO
THE PLASMA MEMBRANE
Liang, X.1; Da Paula, A.1; Bozoky, Z.2; Forman-Kay, J.D.2;
Frizzell, R.A.1 1. Department of Cell Biology and Physiology,
University of Pittsburgh, Pittsburgh, PA, USA; 2. Department of
Biochemistry, University of Toronto, Toronto, ON, Canada

CFTR is a regulated, apical membrane anion channel that contributes to
electrolyte and fluid secretion across a variety of epithelia. We found that the
steady-state expression levels of both immature and mature CFTR,
expressed in HEK293 cells, were increased by forskolin (FSK, 10µM) stim-
ulation in a time-dependent manner; conversely, CFTR levels were
decreased by the kinase inhibitor, H-89. These effects were not due to tran-
scriptional regulation of CFTR expression as they were not observed for
other proteins expressed from a CMV promoter. Since 14-3-3 proteins often
bind to phosphorylated residues to stabilize a regulatory state of their client
proteins, we examined the hypothesis that these proteins regulate CFTR lev-
els by associating with phosphorylated sites. Indeed, several potential 14-3-
3 binding motifs appear at phosphorylation sites within the sequence of the
R region. 

The dependence of 14-3-3 binding on CFTR phosphorylation was
examined by treating HEK293 cells for 15 min with FSK, followed by
CFTR/14-3-3β or 14-3-3ε co-immunoprecipitate (IP). The results showed
that FSK stimulation increased the interaction between these 14-3-3s and
WT or F508del CFTR. Other co-IP results showed that 14-3-3β interacted
with both immature and mature CFTR; also, 14-3-3β interacted with the R-
region of CFTR in pairwise binding studies in vitro. 

In order to further probe these interactions, we determined the ratio of
the intensities of the R region NMR resonance peaks from HNCO experi-
ments in the presence and absence of 14-3-3β protein. Resonance spectra of
both the PKA-phosphorylated and non-phosphorylated R-region were
obtained. These data revealed clear binding between the R region and 14-3-
3β, and indicated that the binding was phosphorylation-dependent. The non-
phosphorylated R-region binds less well to 14-3-3β than the phosphorylat-
ed R region, and dips in the binding profile corresponded well to known
PKA phosphorylation sites, particularly those at residues T795 and S813. 

Since prior studies have indicated that retrograde potassium channel
traffic involves an interaction with the COPI complex (1), we evaluated the
interactions of 14-3-3 proteins and β-COPI with CFTR in co-IP experi-
ments. HEK293 cells transiently transfected with CFTR were stimulated
with FSK (15min), followed by CFTR IP and Western blotting for 14-3-3β
or β-COPI. The results show that the interaction between 14-3-3β and CFTR
increased significantly with FSK stimulation while the interaction of CFTR
with β-COPI decreased. In addition, 14-3-3β knockdown reversed the FSK-
induced decrease in the association of CFTR with β-COPI, consistent with
the decrease in CFTR expression observed when 14-3-3β expression was
reduced. These studies indicate that 14-3-3 proteins and PKA-induced phos-
phorylation impact CFTR biogenesis, at least in part by competing with
COPI subunit interactions and enhancing the forward trafficking of CFTR. 

[Supported by CFF LIANG09F0, NIH DK054814 and DK072506.]
1. O’Kelly and Goldstein. Traffic 9: 72, 2008.

14�
A SMALL-MOLECULE INHIBITOR FOR LPA2-NHERF2
INTERACTION AUGMENTS CFTR CHANNEL
FUNCTION AND FURTHER POTENTIATES THE
CHANNEL FUNCTION OF RESCUED ∆F508-CFTR
Zhang, W.1; Ren, A.1; Fujii, N.2; Naren, A.P.1 1. Department of
Physiology, University of Tennessee Health Science Center,
Memphis, TN, USA; 2. Department of Chemical Biology &
Therapeutics, St. Jude Children’s Research Hospital, Memphis,
TN, USA

Background: CFTR has been shown to interact directly or indirectly
with a wide variety of proteins and form multiprotein macromolecular com-
plexes at specialized subcellular domains. These dynamic protein-protein
interactions influence CFTR channel function as well as its localization and
processing within cells. We previously found that CFTR complexes with the

type 2 lysophosphatidic acid receptor (LPA2) and Na+/H+ exchanger regula-
tory factor-2 (NHERF2) at the plasma membrane of airway epithelia.

Objectives: To study the regulatory role of LPA2-NHERF2 interaction
within the macromolecular complex on CFTR Cl- channel function in the
airway, and to identify new targets/agents for therapeutic interventions of
cystic fibrosis (CF).

Methods: Amplified luminescent proximity homogenous assay was
used to identify small-molecule inhibitors for LPA2-NHERF2 interaction.
Lung epithelial cells and a pig tracheal submucosal glands fluid secretion
model were used to test the effects of the most potent inhibitor identified
(CO-068) on basal and agonist (forskolin or isoproterenol)-stimulated
CFTR channel function. CF-bronchial epithelial cells stably expressing
∆F508-CFTR were used to test whether CO-068 further potentiates the
channel function of temperature- and CF-corrector rescued ∆F508-CFTR. 

Results: CO-068 specifically disrupts LPA2-NHERF2 interaction in
cells, which abolishes the inhibitory effect of LPA2-dependent events on
adenylyl cyclase (AC) and thus increases cAMP level in proximity to CFTR.
Consequently, CO-68 augments the basal and agonist-stimulated CFTR
channel function in Calu-3 cells and in pig tracheal submucosal glands.
More excitingly, CO-068 further augments the channel function of temper-
ature- and CF-corrector-rescued ∆F508-CFTR in CFBEo- cells (2.3-fold
compared to the control; Fig.1).

Conclusions: The specific inhibitor for LPA2-NHERF2 interaction can
augment basal and agonist-stimulated CFTR channel function in cells and in
tissues. It can also potentiate the channel function of rescued ∆F508-CFTR
in CFBEo- cells. The studies suggest that specific inhibitors for LPA2-
NHERF2 interaction have the potential to treat CF associated with a
decreased or impaired CFTR channel function such as G551D-CFTR or
R117H-CFTR, and that when used in combination with a CF-corrector, they
have the potential for treating CF associated with ∆F508-CFTR. 

Supported by NIH grant DK080834 to A.P.N.

Fig.1. CO-068 further potentiates the channel function of rescued
∆F508-CFTR in CFBEo- cells. CFBEo-∆F508-CFTR cells were pre-
treated with a CF-corrector (C3,10 µM) for 48 h at 28 °C to rescue
the ∆F508-CFTR protein.

15�
THE DEUBIQUITINATING ENZYME, USP10
REGULATES THE ENDOCYTIC RECYCLING OF CFTR
IN HUMAN AIRWAY EPITHELIAL CELLS
Bomberger, J.; Barnaby, R.; Stanton, B. Microbiology and
Immunology, Dartmouth Medical School, Hanover, NH, USA

The cystic fibrosis transmembrane conductance regulator (CFTR), a
member of the ABC transporter superfamily, is a cyclic AMP-regulated
chloride channel and a regulator of other ion channels and transporters. In
airway epithelial cells CFTR is rapidly endocytosed from the apical plasma
membrane and efficiently recycles back to the plasma membrane. Because
ubiquitination targets endocytosed CFTR for degradation in the lysosome,
deubiquitinating enzymes (DUBs) are likely to facilitate the endocytic recy-
cling of CFTR. Accordingly, the aim of this study was to identify DUBs that
regulate the post-endocytic sorting of CFTR in airway epithelial cells. Using
an activity-based chemical screen to identify active DUBs in the early endo-
somal compartment of human airway epithelial cells, we demonstrated that
Ubiquitin Specific Protease-10 (USP10) is localized and active in the early
endosomes. We demonstrated that USP10 regulates the deubiquitination of
CFTR and its trafficking in the post-endocytic compartment. siRNA-medi-
ated knockdown of USP10 increased the amount of ubiquitinated CFTR
and its degradation in lysosomes, and reduced both apical membrane CFTR
and CFTR-mediated chloride secretion. Moreover, a dominant negative
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USP10 (USP10-C424A) increased the amount of ubiquitinated CFTR and
its degradation, while over-expression of wt-USP10 decreased the amount
of ubiquitinated CFTR and increased the abundance of CFTR. Finally,
siRNA knockdown of USP10 abolished the endocytic recycling of CFTR
and retargeted the chloride channel to the late endosomes and lysosomes.
We extended the studies conducted using the stably transformed airway
epithelial cell line (CFBE41o-), by demonstrating that USP10 is active and
associates with CFTR in the early endosomal compartment in primary cul-
tures of polarized human bronchial epithelial cells. These studies demon-
strate a novel function for USP10 in facilitating the deubiquitination of
CFTR in early endosomes and thereby enhancing the endocytic recycling of
CFTR. Thus, USP10 is a potential therapeutic target to promote CFTR-
mediated chloride secretion and mucociliary clearance in the lung. (Support-
ed by grants from the CF Foundation, BOMBER08F0 and Research Devel-
opment Program (RDP: STANTO7R0), and the NIH (R01-HL074175 and
P20 RR-018787, B.A.S. and K99 HL098342-01, J.M.B.))

16�
DEPENDENCE OF CFTR TRAFFICKING ON BREK
KINASE IN HUMAN COLONIC AND MOUSE AIRWAY
EPITHELIAL CELLS
Bradbury, N.A.; Bridges, R.J.; Jia, Y. Physiology, Chicago
Medical School, North Chicago, IL, USA

The magnitude of transepithelial chloride transport depends on both the
activation status (i.e. phosphorylation) and number of CFTR channels pres-
ent in the apical membrane. In polarized epithelia, CFTR undergoes rapid
and efficient endocytosis with subsequent recycling back to the plasma
membrane. The molecular mechanisms underlying CFTR recycling are
poorly understood, yet this critical process is required for the appropriate
channel copy number at the apical membrane, and is defective in the com-
mon CFTR mutant ∆F508. Here we examined the role of the novel kinase
BREK in regulating the trafficking of CFTR in a human colonic epithelial
cell line that endogenously expresses both CFTR and BREK (T84), as well
as in primary mouse tracheal epithelial cells derived from wt (Brek+/+) and
Brek-/- knockout mice. RNAi-mediated knockdown of BREK had no effect
on CFTR endocytosis in T84 cells, but markedly inhibited recycling of inter-
nalized channels, leading to a net reduction in cell surface protein and a con-
comitant reduction in cAMP activated chloride current. In contrast, over
expression of BREK increased CFTR recycling, with an attendant increase
in CFTR copy number at the apical membrane and increased transepithelial
chloride secretion. Expression of a kinase-dead BREK mutant acted as a
partial dominant-negative construct, implicating a phosphorylation event as
a key element in the BREK dependent recycling of CFTR in human polar-
ized epithelia. Indeed BREK is able to phosphorylate Ser737 in CFTR’s
Regulatory domain. To validate further BREK as a regulator of CFTR traf-
ficking, we utilized MTE cells obtained from wild-type and BREK knock-
out mice as an animal model. Loss of BREK activity was not associated
with any loss of transepithelial resistance, indicating that the integrity of the
epithelial monolayer was not compromised. However, forskolin stimulated
short circuit currents were markedly lower in MTE from BREK-/- animals
compared to those derived from wild-type animals, essentially recapitulat-
ing the observations derived from T84 cells. Peptide array analysis argues
that CFTR is the primary substrate for BREK dependent phosphorylation,
indicating the unique position of BREK as a novel drugable target to
enhance the recycling of mutant CFTR back to the cell surface.

Funded by CFF and NIH(NIHLB).

17�
SPECIES SPECIFIC DIFFERENCES IN CFTR STRONGLY
INFLUENCE THE IMPACT OF THE ∆F508 MUTATION
Aleksandrov, A.A.; Kota, P.; He, L.; Jensen, T.; Aleksandrov, L.;
Cui, L.; Dokholyan, N.V.; Riordan, J.R. Biochemisry and
Biophysics, UNC at CHapel Hill, Chapel Hill, NC, USA

At the cellular level the ∆F508 lesion causes the protein to be recog-
nized as abnormal by quality control systems and degraded, resulting in loss
of its function to control epithelial ion and fluid homeostasis. At the protein
level the primary impact of the absence of F508 is thermodynamic instabil-
ity. This property is expected to be context dependent and we postulated that
the impact might be different in CFTRs of different species. We have con-

firmed this hypothesis and been able to mimic features of the protein, in
species less influenced by the mutation, to stabilize the human mutant. Wild-
type and ∆F508 versions of CFTR from several other species heterologous-
ly expressed in human cells revealed that the mutation had generally similar
effects on maturation and stability as in the human protein. In contrast, the
∆F508 mutants of several non-mammalian species including amphibian,
elasmobranch and avian matured nearly as well as their wild-type counter-
parts at 37°C. Most striking was the result with avian CFTR that not only
matured similarly whether F508 was present or not, but also was not ther-
mally destabilized by the mutation. Thus strong channel activity persisted at
temperatures of 40°C and above where human ∆F508 CFTR was entirely
inactive. The half-life in cells of bird ∆F508 CFTR was similar to the wild-
type and to the human wild-type. We focused on sequence differences at
particular sites between human and avian CFTR that might be expected to
influence structural stability and dynamics. In addition to the I539T substi-
tution, present in nearly all species except human, and which promotes ER
export but not thermostability of ∆F508, we found a strong correlation
between residue substitutions at other specific positions and both maturation
and thermostability of the ∆F508 protein. Making these substitutions in
human ∆F508 CFTR provided it with a similar level of thermodynamic sta-
bility. We believe that these strategically placed residues are part of an
allosteric network connecting dynamic elements of the mutant NBD1
enabling overall stability of the domain (and of the full-length protein) sim-
ilar to the wild-type and hypothesize that the binding of specific ligands to
specific sites on the mutant protein may be able to have a similar influence.
(Supported by the NIH and CFF.)

18
S-NITROSOGLUTATHIONE REDUCTASE (GSNOR)
REGULATES ∆F508 CFTR EXPRESSION AND
MATURATION IN HUMAN BRONCHIAL EPITHELIAL
CELLS
Zaman, K.1; Yemen, S.1; Greenberg, R.Z.1; Rahman, A.1;
DeRonde, K.1; Dwyer, S.1; Straub, A.1; Sun, F.2; Hunt, J.1;
Palmer, L.1; Gaston, B.1 1. Department of Pediatric Respiratory
Medicine, University of Virginia School of Medicine,
Charlottesville, VA, USA; 2. Department of Physiology, Wayne
State University School of Medicine, Detroit, MI, USA

S-Nitrosothiols (SNO’s) are endogenous signaling molecules with many
potentially beneficial effects and serve as S-nitrosylating agents. SNO’s are
normally present in the lungs, but concentrations tend to be low in cystic
fibrosis patients. This is likely attributable to up-regulated S-nitrosoglu-
tathione reductase (GSNOR) activity. GSNOR is an enzyme that regulates
nitric oxide and S-nitrosothiol homeostasis in tissues and is widely
expressed in many tissues, including the lungs. Recently, it has been report-
ed that GSNOR activity is elevated in a murine model of allergic asthma.
Mice deficient in GSNOR have increased concentrations of SNO in their
lungs. Previously, we and several investigators have shown that different S-
nitrosothiols increase the expression, maturation and function of mutant
∆F508 CFTR in polarized and non-polarized human bronchial airway
epithelial (HBAE) cells. Our studies have indicated that the effect of SNO
on ∆F508 CFTR maturation may be mediated through the degradation of
Hsp70/Hsp90 organizing protein (Hop), a co-chaperone of the major molec-
ular chaperones Hsp70 and Hsp90. Hop facilitates the interaction between
Hsp70 and Hsp90 and modulates their activity by acting as an adapter
between the two chaperone proteins. We have recently shown that GSNO
treatment decreases Hop expression and Hop-CFTR interaction in the endo-
plasmic reticulum of CFBE41o- cells, and that this effect is necessary for the
maturation and cell-surface expression of ∆F508 CFTR. We have also deter-
mined that SNO’s affect Hop expression by S-nitrosylation of cysteine
residue C403S. Mutation of C403S prevents GSNO-induced Hop degrada-
tion and S-nitrosylation. Here, we sought to determine for the first time the
role of GSNOR in ∆F508 CFTR maturation in human bronchial airway
epithelial cells. We showed that GSNOR activity is significantly elevated in
the mutant HBAE cells expressing ∆F508 CFTR when compared to the wild
type HBAE cells. Furthermore, we demonstrated by immunoprecipitation
and confocal microscopy the cellular colocalization of Hop and GSNOR in
CFBE41o- cells. From this experiment, it appears that GSNOR and Hop
interact directly. We also were able to demonstrate that GSNOR knockdown
with GSNOR siRNA duplexes increases expression of ∆F508 CFTR. We
transfected CFBE41o- cells with 50, 75 and 100 nM siRNA duplexes spe-
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cific for GSNOR using Lipofectamine 2000. After 48h of transfection, cells
were rinsed with PBS and lysed directly on plates using lysis buffer contain-
ing protease inhibitors. Immunoblot analysis was performed using an anti-
CFTR monoclonal antibody (clone CFTR#596 mAb, a kind gift from Dr.
J.R.Riordan). Interestingly, knockdown of endogenous GSNOR by using
siRNA duplexes for GSNOR produced a marked increase in levels of fully
mature forms of ∆F508 CFTR and also decreased Hop expression. This data
suggests that GSNOR could potentially become an attractive therapeutic
target for cystic fibrosis by preventing SNO toxicity in CF patients. Support-
ed by CF Foundation and the NIH.

19
ELP2, A 4-PHENYLBUTYRATE INDUCIBLE
ELONGATOR COMPONENT, MODULATES HSP70
EXPRESSION
Suaud, L.1; Miller, K.1; Panichelli, A.1; Randell, R.1; Rubenstein,
R.C.1,2 1. Division of Pulmonary Medicine and Cystic Fibrosis
Center, Children’s Hospital of Philadelphia, Philadelphia, PA,
USA; 2. Department of Pediatrics, University of Pennsylvania
School of Medicine, Philadelphia, PA, USA

Sodium 4-phenylbutyrate (4PBA) improves the aberrant trafficking of
∆F508-CFTR in cystic fibrosis (CF) epithelial cells, and this effect is
hypothesized to, at least in part, result from increased expression of Hsp70
(stress-induced 70 kDa heat shock protein). To identify other 4PBA-regulat-
ed proteins that may promote correction of ∆F508 trafficking, we performed
differential display RT-PCR on mRNA from IB3-1 CF bronchiolar epithelial
cells treated for 0-24 h with 1 mM 4PBA. In this screen, StIP-1, a STAT-3
(signal transducer and activator of transcription-3) interacting protein that
regulates the ligand-dependent activation of STAT-3 by Janus kinases, had
transiently increased expression. StIP-1 is identical to Elongator protein 2
(Elp2). Elongator is a complex comprised of six proteins, Elp1-6. In Saccha-
romyces cerevisiae, Elongator has roles in regulating RNA polymerase II-
catalyzed mRNA transcript elongation, tRNA modification and vesicle exo-
cytosis. Homologs of the Elongator subunit proteins are present in other
eukaryotes, and a six-subunit Elongator complex is present in human. 

Previous studies have suggested that Elongator facilitates Hsp70 mRNA
transcription by RNA polymerase II, and that the Hsp70 promoter contains
functional STAT-binding sites that overlap with the binding site for the heat
shock transcription factor. We therefore tested whether 4PBA caused activa-
tion of STAT-3 and increased Hsp70 expression via Elp2 and Elongator.
When Elp2 was depleted in T84 colonic epithelial cells by transfection of
small interfering RNAs (siRNA) targeting Elp2, both Elp2 and Hsp70 pro-
tein expression were reduced ~50%. In IB3-1 cells, 4PBA caused transient
phosphorylation/activation of STAT-3 and promoted translocation of STAT-
3 to the nucleus. Four hours of treatment with 4PBA also increased the
abundance of nuclear proteins that could bind to the STAT-3-responsive ele-
ment of the Hsp70 promoter in an electrophoretic mobility shift assay
(EMSA). Luciferase reporter experiments performed in IB3-1 cells trans-
fected with a reporter vector that contains Hsp70 promotor demonstrated
that both 4PBA and Elp2 overexpression increased Hsp70 promoter activi-
ty, and appear to have additive effects when combined. In contrast, depletion
of Elp2 using siRNA blocked the ability of 4PBA to stimulate Hsp70 pro-
motor activity. Together, these data suggest that 4PBA stimulates Hsp70
expression at least in part by stimulating Elp2 expression and STAT-3 acti-
vation.

Supported by grant R01 DK58046.

20
POTENT BENZOPYRIMIDO-PYRROLO-
OXAZINEDIONE (BPO) CFTR INHIBITORS WITH IC50
LESS THAN TEN NANOMOLAR
Snyder, D.S.1,2; Tradtrantip, L.1; Yao, C.1; Kurth, M.J.2; Verkman,
A.S.1 1. Medicine and Physiology, University of California, San
Francisco, CA, USA; 2. Chemistry, University of California,
Davis, CA, USA

CFTR inhibitors are useful tools in CF research and have potential util-
ity for therapy of enterotoxin-mediated secretory diarrheas such as cholera
and polycystic kidney disease (PKD). We previously developed thiazolidi-
none type CFTR inhibitors such as CFTRinh-172, and glycine hydrazides

such as GlyH-101, which have been widely used in CF research and in pre-
clinical development. More recently, we reported the discovery of pyrimido-
pyrrolo-quinoxalinedione (PPQ) CFTR inhibitors such as PPQ-102 and
showed their efficacy in an organ culture model of PKD (Tradtrantip et al.,
J. Med. Chem. 52, 6447-6455, 2009). We have now developed related ben-
zopyrimido-pyrrolo-oxazinedione (BPO) CFTR inhibitors with excellent
CFTR inhibition potency and pharmacological properties. To establish
structure-activity relationships and select lead compound(s) with improved
potency, metabolic stability and aqueous solubility compared to the most
potent prior compound, PPQ-102 (IC50 ~ 90 nM), we synthesized 16 PPQ
analogs and 11 BPO analogs. The analogs were efficiently synthesized in 5-
6 steps and 11-61 % overall yield. Modification of PPQ-102 by bromine
substitution at the 5-position of the furan ring, replacement of the secondary
amine with an ether bridge, and carboxylation, gave 6-(5-bromofuran-2-yl)-
7,9-dimethyl-8,10-dioxo-11-phenyl-7,8,9,10-tetrahydro-6H-
benzo[b]pyrimido [4’,5’:3,4]pyrrolo [1,2-d][1,4]oxazine-2-carboxylic acid
(BPO-27), which fully inhibited CFTR with IC50 ~ 8 nM. Compared to
PPQ-102, BPO-27 also had >10-fold greater metabolic stability, as studied
using hepatic microsomes in vitro, and much greater polarity / aqueous sol-
ubility. BPO-27 prevented cyst growth in an embryonic kidney culture
model of PKD. BPO-27 and related benzopyrimido-pyrrolo-oxazinediones
are development candidates for anti-secretory therapy of PKD and certain
CFTR-dependent diarrheas, and as research tools to define CFTR-depend-
ent cellular functions.

21
CFTR TRAFFICKING TO PHAGOSOMES IN HUMAN
NEUTROPHILS: THERAPEUTIC IMPLICATIONS FOR
CYSTIC FIBROSIS
Zhou, Y.1; Painter, R.G.1; Aiken, M.L.1; Song, K.1; Stanton, B.A.2;
Nauseef, W.M.3; Wang, G.1 1. Microbiology, Immunology and
Parasitology, Louisiana State University Health Sciences Center,
New Orleans, LA, USA; 2. Microbiology, Immunology and
Physiology, Dartmouth Medical School, Hanover, NH, USA; 3.
Medicine, University of Iowa, Iowa City, IA, USA

Cystic fibrosis transmembrane conductance regulator (CFTR), a cAMP-
regulated chloride channel, has been linked to chloride transport into phago-
somes of neutrophils for hypochlorous acid (HOCl) production. However,
cellular trafficking of the CFTR protein to this organelle has not been
defined. In this report, we first quantitatively examined CFTR expression in
the phagosomes isolated from human peripheral blood neutrophils.
Immunofluorescent staining and flow cytometric analysis determined that
most of the LAMP-1-positive phagosomes were CFTR-positive. Mature
neutrophils are terminally differentiated and refractory to gene manipula-
tion. Thus, using lentiviral vectors, we genetically engineered promyelocyt-
ic PLB-985 cells to stably express the EGFP-wt-CFTR or EGFP-∆F508-
CFTR fusion proteins. The two derived cell lines after DMSO induction dif-
ferentiated into neutrophil-like cells. Confocal microscopy revealed that
EGFP-wt-CFTR localized to intracellular vesicles and to phagosomes when
serum-opsonized latex beads were internalized. Real-time fluorescent imag-
ing demonstrated that EGFP-wt-CFTR was rapidly mobilized to the nascent
phagosomal membrane and persisted through phagosomal maturation. To
our surprise, the mutant CFTR (EGFP-∆F508-CFTR) was able to target to
the phagosomes but to a much lower level than the wild type. More impor-
tantly, the CFTR corrector compound VRT-325 facilitated ∆F508-CFTR
trafficking to the organelle in a dose-dependent manner. These data imply
that pharmaceutical intervention with CFTR modulator drugs may promote
mutant CFTR recruitment and therefore chloride transport to phagosomes to
enhance the microbicidal function of CF neutrophils. This work was sup-
ported by the grant from National Institutes of Health (1R01AI72327) to
GW.
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22
IBUPROFEN ACTS AS A TRAFFICKING CORRECTOR
OF F508DEL-CFTR
Carlile, G.W.1; Robert, R.2; Goepp, J.2; Liao, J.2; Rotin, D.3; Kus,
B.3; Hanrahan, J.W.2; Thomas, D.Y.1 1. Biochemistry, McGill
University, Montreal, QC, Canada; 2. Physiology, McGill
University, Montreal, QC, Canada; 3. Sick Kid Hostpital,
University of Toronto, Toronto, ON, Canada

Cystic fibrosis (CF) results from mutations in the cystic fibrosis trans-
membrane conductance regulator (CFTR) gene. The most frequent muta-
tion, deletion of phenylalanine 508 (F508del), causes a folding defect that
inhibits trafficking to the plasma membrane. The F508del retains some
anion channel function if it reaches the cell surface, which makes it an
attractive target for pharmacotherapeutics. We constructed a novel high
throughput (HTS) cell based assay to test the ability of small molecules to
restore F508del CFTR trafficking to the plasma membrane. In a screen of
known drugs we identified the non-steroidal anti-inflammatory drug
(NSAID) ibuprofen. Ibuprofen has previously been reported in small-scale
clinical trials to improve the symptoms of CF and prolong lung function in
CF. However, this is the first report of ibuprofen being a corrector for CFTR.
Ibuprofen (100-500µM) increased the CFTR cell surface signal up to 27%
of wild-type signal. Correction was confirmed by Western blots in both
BHK and in the human airway epithelial cell line CFBE41o-, which is from
a CF patient homozygous for F508del. Detectable CFTR channel activity
was seen between 1 nM and 500µM concentrations. Ibuprofen’s ability to
rescue delF508-CFTR was confirmed in Ussing chamber experiments using
CFBE41o- cell monolayers. The response was detected in CBFE41o- cells
after 24 h treatment at 30µM and 320µM, and after 10 days of continuous
exposure to 320µM . Ibuprofen was also tested ex-vivo in Ussing chambers
using ileum from cftrtm1Eur mice. Exposure to 10µM ibuprofen for 4 hours
did not restore a significant Isc response to forskolin and genistein, howev-
er prolonged exposure to high-dose ibuprofen in vivo produced significant
rescue in a mouse salivary secretion assay. CFTR-dependent, beta-adrener-
gic stimulated salivary secretion was increased 2.5-fold when CF mice
received 0.15mg/kg ibuprofen twice daily for 2 days by intraperitoneal
injection. In long duration experiments comparable to human clinical trials,
ibuprofen gave a significant 7.18% increase in channel activity after 10 days
of treatment at 15mg/kg/day and 3.75% increase after 25 days of treatment
at 40mg/kg/day, relative to wild type controls. This is the second report of
F508del -CFTR rescue by a NSAID and may suggest a mechanism of action
involving inhibition of COX 1 and 2. Indeed, simultaneous knockdown of
COX 1 and 2 using siRNA in HEK (human embryonic kidney) cells caused
partial F508del-CFTR rescue using a halide efflux assay. These results fur-
ther implicate inflammatory pathways in F508del-CFTR correction. This
work was supported by the CCFF and CIHR. * GWC and RR contributed
equally to this work.

23
THE CONTRIBUTION OF CK2 AND SPLEEN TYROSINE
KINASE (SYK) TO CFTR TRAFFICKING AND PKA-
INDUCED ACTIVITY
Luz, S.F.1; Kongsuphol, P.2; Mendes, A.I.3; Romeiras, F.M.1;
Sousa, M.1,3; Schreiber, R.2; Matos, P.3; Jordan, P.3; Mehta, A.4;
Amaral, M.D.1,3; Kunzelmann, K.2; Farinha, C.M.1,3 1. BioFIG -
Center for Biodiversity, Functional and Integrative Genomics,
Fac Sciences, Univ Lisboa, Lisboa, Portugal; 2. Dep Physiology,
Univ Regensburg, Regensburg, Germany; 3. Dep Genetics, Nat
Inst Health, Lisboa, Portugal; 4. Div Med Sciences, Univ Dundee,
Ninewells Hospital, Dundee, United Kingdom

Despite great efforts to elucidate the mechanism and the molecular fac-
tors involved in CFTR biogenesis, trafficking and function, many of these
processes are not fully understood. Protein kinases and phosphatases have
long been known to regulate CFTR function but their role in CFTR biogen-
esis and traffic remains less explored. 

The pleiotropic casein kinase 2 (CK2) was previously shown to interact
with CFTR and CK2 inhibition abolishes CFTR conductance in cell-
attached membrane patches, native epithelial ducts and Xenopus oocytes
(1). CFTR possesses several putative CK2 phosphorylation sites, whose
impact on its processing and trafficking is unclear, these include: 1) S422; 2)

S511; and 3) T1471. The latter ones are of interest given their proximity to
F508del (S511), or to the C-terminus, a regulatory motif for NHERF1
anchoring and membrane traffic (2).

Our aim here was to further characterize the role of CK2 in the regula-
tion of CFTR traffic and function as well as to investigate the effects of
CK2-site mutation on the regulation of CFTR abundance, maturation and
degradation coupled to effects on ion channel activity and cell surface
expression. 

We found further evidence that CK2–dependent regulation of CFTR
also has a major role in electrolyte transport in mouse native epithelial tis-
sues (distal colon and trachea) and not only in cellular models.

We confirmed previous data demonstrating that inhibition of CK2 cor-
relates with reduced CFTR activity. Furthermore, we found that pharmaco-
logical CK2 inhibition affects not only wt-CFTR function as a Cl- channel
but also its processing. In contrast, F508del-CFTR function and trafficking
are unaffected.

Elimination of phosphorylation at S422 and T1471 revealed antagonis-
tic roles: while removal of S422 activates CFTR, abrogation of T1471
inhibits the channel. 

Moreover, we also show that abolition of Y512, a consensus sequence
for the Spleen Tyrosine Kinase (SYK) adjacent to the site of the common
defect at F508, was found to have a strong effect in both maturation and
CFTR currents, acting in a CK2 context, allowing the identification of this
kinase as a novel regulator of CFTR.

Altogether, these results reinforce the importance of CK2 and the S422,
T1471 residues for CFTR modulation, highlighting a dual role for these
CK2-putative sites in regulating both CFTR processing and function, and
possibly also its plasma membrane stability through CFTR C-terminal spe-
cific interactions. They also reveal a novel regulation of CFTR by SYK, a
recognized controller of inflammation.

1. Treharne K et al (2009) Cell Physiol Biochem 24, 347-360
2. Pagano et al (2008) Biochemistry 7, 7925-36
Supported by PTDC/BIA-BCM/112635/2009 and pluriannual funding

of BioFIG. SL and MS are recipients of fellowships SFRH/BD/47445/2008
and SFRH/BD/35936/2007 (FCT, Portugal).

24
STRICT COUPLING BETWEEN CFTR’S CATALYTIC
CYCLE AND GATING CYCLE, OR NOT?
Jih, K.; Hwang, T. University of Missouri-Columbia, Columbia,
MO, USA

One unique feature about CFTR as an ion channel is that the free ener-
gy of ATP binding and hydrolysis harnessed by its nucleotide binding
domains (NBDs) drives the gating motion of its transmembrane domains
(TMDs) that form the ion permeation pathway. Previous studies in our lab
have established the idea that in the presence of ATP, CFTR mostly shuttles
between two conformations throughout its gating cycle: a close state with
two NBDs partially separated and an open state in which NBDs form a
dimer with two ATP molecules buried in the dimer interface. Since ATP
interacts exclusively with NBDs, the signal upon ATP binding and subse-
quent NBD dimerization must be allosterically transmitted to TMDs to ini-
tiate the cycle. Based on crystallographic data of ABC proteins as well as
classical kinetic studies of CFTR gating, it has been proposed that TMDs
and NBDs may move in a synchronized manner so that the ATP hydrolysis
cycle is strictly coupled to the gating cycle. 

In this study, by applying rapid ligand-exchange protocols while record-
ing CFTR currents with the patch-clamp technique, we were able to capture
a transient conformation between the two aforementioned states by locking
the post-hydrolytic channel into an open state with non-hydrolytic ATP
analogs, such as pyrophosphate (PPi) or adenylyl-imidodiphosphate (AMP-
PNP). We showed that when switching the ligand from ATP to a very brief
application of PPi while CFTR is in the open but not the closed state, the
channel proceeds directly into a locked-open state without closing. For such
an open-to-open transition to take place upon switching the ligand, the NBD
dimer must have separated to a dimension larger than that of every partici-
pating ligand while TMDs remain in the open conformation. Further sup-
porting this idea, such lock-open effect of PPi is attenuated by ADP in a dose
dependent manner, suggesting a competition between ADP and PPi. Such
competition indicates that during the open-to-open transition, the NBD
dimer is not only separated but the composite site 2, formed by the head of
NBD2 and the tail of NBD1, must be vacant. These results thus suggest that
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after hydrolysis, the NBD dimer separates in advance of the conformation-
al changes in TMD that close the channel. 

Furthermore, since AMP-PNP can kick in to lock-open the channel from
the transient open state, one expects that ATP, which is of similar size as
AMP-PNP, should have a similar effect. It follows that such a transient open
state with a partially separated NBD conformation would allow ATP to
occupy the vacant site, re-dimerize NBDs, and thus re-enter the initial open
state, resulting in a coupling mechanism that violates strict one-to-one stoi-
chiometry between ATP consumption and the gating cycle. This idea pre-
dicts that the mean open time of the channel will be prolonged in higher ATP
concentration. While it is difficult to test this idea for wild-type CFTR
because of a wide variation from cell to cell, we found that in W401F muta-
tion, which has a stabilized open state, the mean open time is dependent on
ATP concentration. Our results thus indicate an imperfect coupling between
ATP hydrolysis cycle and the gating cycle. Rather than the concurrent
motion of NBDs and TMDs as a rigid body, we propose that the closing
process is a sequential event spread from NBD to TMD.

25
PROBING THE AMP-SITE OF CFTR
Dong, Q.1; Ver Heul, A.1; Welsh, M.J.2,3; Randak, C.O.1 1.
Pediatric, University of Iowa, Iowa City, IA, USA; 2. Internal
Medicine, University of Iowa, Iowa City, IA, USA; 3. Howard
Hughes Medical Institute, Iowa City, IA, USA

Previous work showed that CFTR interacts with AMP (adenosine 5’-
monophosphate) at a site distinct from its two ATP (adenosine 5’-triphos-
phate) binding-sites. The data further indicated that in the presence of AMP,
CFTR adenylate kinase activity (ATP+AMP Ä 2ADP) is coupled to chan-
nel activity. Ap5A (P1,P5-di(adenosine-5′) pentaphosphate) inhibits the activ-
ity of adenylate kinases and CFTR gating. Ap5A contains two adenosine
groups (1 and 2) connected by five phosphate groups allowing it to bind
simultaneously to an ATP and an AMP binding-site. While it is well estab-
lished where ATP interacts with CFTR and other ATP-binding cassette
(ABC) transporters, the AMP binding-site of CFTR has remained elusive.
Two other ABC proteins, the DNA repair enzyme Rad50 and a structural
maintenance of chromosome (SMC) protein, are also known to interact with
AMP and to exhibit adenylate kinase activity. The crystal structure of the
nucleotide-binding domain (NBD) of an SMC protein in complex with
Ap5A (1) showed the two adenosine moieties of Ap5A attached to two bind-
ing sites separated by ~15Å. A Mg2+ ion, adenosine 1, plus α-, β-, and γ-
phosphates of Ap5A bind the canonical Mg2+-ATP-binding site on lobe I of
the SMC NBD. Adenosine 2 stacks onto the side chain of a conserved glut-
amine of the Q-loop at the interface of lobe I and lobe II. We hypothesized
that the homologous glutamine in CFTR, Q1291 would interact with adeno-
sine 2 of Ap5A. To test this hypothesis we studied the effect of single amino
acid substitutions of Q1291 on Ap5A inhibition of CFTR currents. We pre-
dicted that side chains larger and bulkier than glutamine would interfere
with Ap5A inhibition, whereas smaller side chains would not. Experimental
testing confirmed these predictions: substituting Q1291 with phenylalanine,
tyrosine, tryptophan, or histidine abolished Ap5A inhibition of CFTR cur-
rents, whereas mutating Q1291 to alanine or glycine did not. In contrast,
Q1291 mutations did not significantly alter the current response to varying
ATP concentrations. These results suggest a similar spatial relationship of
Q1291 to the Ap5A adenosine as found for SMC. Because Q1291H is a CF-
associated mutation our results further suggest an important physiologic
role of the interaction of CFTR with AMP. Since our previous data showed
that adding AMP or AMP analogues can increase or decrease CFTR current,
identifying key amino acids that are involved in the interaction of AMP with
CFTR may aid development of new treatments for cystic fibrosis.

Reference: 1.Lammens, A. and Hopfner, K. P. J. Mol. Bio. 2010, 401:
265-273. “Structural basis for adenylate kinase activity in ABC ATPases.” 

Supported by CFF, Francis Family Foundation, and HHMI.

26
TOWARDS DEVELOPMENT OF CONFORMATIONALLY
SENSITIVE MONOCLONAL ANTIBODIES AGAINST
CFTR
Chung, W.1,2; Fortenberry, J.A.1; Kappes, J.C.3; DeLucas, L.J.4;
Marjorie, R.J.5; Alverson, P.1,3; Sorscher, E.J.6; Accavitti-Loper,
M.7 1. Cystic Fibrosis Research Center, University of Alabama at
Birmingham, Birmingham, AL, USA; 2. Neurobiology, University
of Alabama at Birmingham, Birmingham, AL, USA; 3. Medicine,
University of Alabama at Birmingham, Birmingham, AL, USA; 4.
Optometry, University of Alabama at Birmingham, Birmingham,
AL, USA; 5. Center for Biophysical Sciences/Engineering,
University of Alabama at Birmingham, Birmingham, AL, USA; 6.
Comprehensive Cancer Center, University of Alabama at
Birmingham, Birmingham, AL, USA; 7. Genetics Research
Division, University of Alabama at Birmingham, Birmingham,
AL, USA

Antibody reagents capable of monitoring dynamic changes in the CFTR
folded state are not currently available, but would be valuable for studies of
CF cellular biology and/or disease mechanism. We utilized a variety of anti-
gens (recombinant and highly purified human CFTR NBD1, NBD2, and full
length protein) as an approach to generating new antibodies for this purpose.
In order to minimize immune tolerance, immunizations were conducted in
CFTR -/- (knock-out) mice. Lymphocytes from immunized mice were fused
to the HGPRT-deficient mouse myeloma line P3X63-Ag8.653 for establish-
ing hybridomas. Three hundred seventy-nine murine hybridoma super-
natants were screened by parallel assays including Western blot, immuno-
precipitation of WT or F508del-CFTR (growth at 37oC or 27oC), and cell-
based ELISA under various permeabilization conditions, including mild
fixation to maintain native CFTR conformation in the plasma membrane.
Several antibodies developed in this way have been epitope mapped and
provided to 31 laboratories in 6 countries through the CFTR Folding Con-
sortium (www.cftrfolding.org). 

The finding that CFTR NBD2 may fold on an NBD1 scaffold, and that
its conformation might be significantly disrupted by omission of F508 in full
length CFTR, suggested use of NBD2 as a target for generating antibodies
that selectively recognize specific conformations assumed by WT or
F508del-CFTR. We screened 302 additional hybridoma supernatants
derived from NBD2 immunization and tested these by CFTR pull down
assays under conditions of mild detergent solubilization. A number of new
monoclonal antibodies have been identified, some of which appear to distin-
guish immature, core glycosylated CFTR (Band B) from the mature glyco-
form. The antibodies may recognize specific epitopes accessible on a CFTR
folding intermediate that subsequently becomes occluded in properly
assembled, full length CFTR. Alternatively, the reagents may bind selective-
ly to misfolded NBD2 in a conformationally sensitive fashion. Results from
a complete antibody screen against purified NBD2 will be presented, includ-
ing analysis following F508del-CFTR production at 27oC, and in the pres-
ence or absence of pharmacologic correction. Conformationally sensitive
antibodies will provide a critical research tool and help elucidate mecha-
nisms that underlie CFTR misfolding. In addition, antibodies that discrimi-
nate properly re-folded F508del-CFTR can be used to optimize and priori-
tize drug discovery efforts in the future. 

Supported by CFF and NIH.

27
HIGH CONTENT CELL-BASED IMAGING TO IDENTIFY
SMALL MOLECULE CORRECTORS OF F508DEL-CFTR
Chung, W.1,2; Rowe, S.M.1,3; Sorscher, E.J.1,3; Piazza, G.A.4;
Keeton, A.B.4 1. Cystic Fibrosis Research Center, University of
Alabama at Birmingham, Birmingham, AL, USA; 2.
Neurobiology, University of Alabama at Birmingham,
Birmingham, AL, USA; 3. Medicine, University of Alabama at
Birmingham, Birmingham, AL, USA; 4. High Content Screening
and Cellular Imaging, Southern Research Institute, Birmingham,
AL, USA

Deletion of F508 leads to CFTR misfolding, premature degradation in
the endoplasmic reticulum, and loss of Cl- channel activity at the plasma
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membrane. Because F508del is the predominant mutation among patients
with CF, identification of small molecules that correct folding defects and
enhance surface localization have been viewed as a priority. In the past, cor-
rectors of F508del (e.g. VX-809) have been identified by high throughput
functional assays that monitor CFTR dependent anion transport. However,
the limited number of robust agents discovered in this fashion highlights the
importance of methods to access new chemical space. Previously, we report-
ed a cell-based imaging protocol designed to semi-quantitatively estimate
surface localization of F508del-CFTR through analysis of two-dimensional
images. In this method, cells are permeabilized, labeled with antibodies that
recognize internal CFTR epitopes, and monitored using Evotec Opera™, an
automated confocal microscopy system. The assay detects enhanced surface
localization of F508del-CFTR specifically after low temperature cell growth
or following treatment with pharmacologic processing correctors. We have
optimized and standardized the system using wild type HeLa cells as a pos-
itive control. The protocol is suitable for high throughput drug screening and
was used to evaluate 2000 known bioactive compounds from the NIH
Roadmap Molecular Libraries Small Molecule Repository. F508del-CFTR
correctors from an initial screen are being evaluated by Western blot, SPQ
assay (CFTR membrane activity), and Ussing chamber analysis, including
CF primary airway epithelium taken at the time of lung transplantation.
Recent findings with small molecule potentiators and correctors (e.g. VX-
770, VX-809) suggest that responsiveness of mutant CFTR in primary
human airway epithelial cells may predict effectiveness in vivo. We are
therefore optimizing the Opera™ system for screening and analysis of
F508del-CFTR using primary airway epithelial cells in microtiter plates.
Our results demonstrate “proof of principle” with confocal imaging as a way
to monitor F508del-CFTR for drug discovery in a high throughput configu-
ration. This method is intended to provide new chemical scaffolds for over-
coming the F508del-CFTR processing defect.

Supported by CFF and NIH.

28
CYANOQUINOLINES WITH DUAL CORRECTOR AND
POTENTIATOR ACTIVITIES RESTORE ∆F508-CFTR
CHLORIDE CHANNEL FUNCTION
Phuan, P.1; Yang, B.1; Knapp, J.2; Wood, A.2; Lukacs, G.3; Kurth,
M.2; Verkman, A.S.1 1. Division of Nephrology, Univ Cali San
Francisco, San Francisco, CA, USA; 2. Dept of Chemistry, Univ
Cali Davis, Davis, CA, USA; 3. Dept of Physiology, McGill
University, Montreal, QC, Canada

The ∆F508 mutation in CFTR impairs its folding, stability and chloride
channel gating. Though small molecules that separately correct defective
∆F508-CFTR folding/cellular processing (‘correctors’) or chloride channel
gating (‘potentiators’) have been discovered and are in clinical trials, single
compounds with bona fide dual corrector and potentiator activities have not
been identified. Here, screening of ~110,000 not-previously tested small
molecules revealed a cyanoquinoline class of compounds with independent
corrector and potentiator activities (Corrector-Potentiators, CoPo’s). Testing
of 180 commercially available CoPo analogs revealed 6 cyanoquinolines
with dual corrector and potentiator activities, and 13 with only potentiator
activity. Based on the initial results, we synthesized a library of structurally
focused CoPo analogs. We found that CoPo analogs having a constrained
ring reduced corrector activity whereas analogs containing an arylacid moi-
ety showed greatest corrector and potentiator activities. Reference com-
pound CoPo-22, N-(2-((3-cyano-5,7-dimethylquinolin-2-yl)amino)ethyl)-3-
methoxybenzamide, was synthesized in 6 steps in 52 % overall yield and
had micromolar potency for ∆F508-CFTR corrector and potentiator activi-
ties. Short-circuit current measurement showed that maximal corrector and
potentiator activities of CoPo-22 were comparable to those conferred by the
bithiazole Corr-4a and the flavone genistein, respectively. Immunoblot con-
firmed increased C-band following CoPo-22 incubation. CoPo-22 also acti-
vated chloride conductance in cells expressing wild type and G551D CFTR
within minutes in a forskolin-dependent manner, indicating broad specifici-
ty for potentiator action. Compounds with dual corrector and potentiator
activities may be useful for single drug therapy of CF caused by ∆F508
mutation. Supported by CFF and NIH.

29
HIGH-THROUGHPUT AND ACCURATE QUANTITATION
OF CELL SURFACE CFTR USING STABLE ISOTOPES
AND MASS SPECTROMETRY: A POTENTIAL TOOL TO
ASSIST WITH CF DRUG DISCOVERY
Bajrami, B.1; Ramos, A.1; Diego, P.1; Coutermarsh, B.A.2;
Stanton, B.A.2; Joseloff, E.3; Yao, X.1 1. Chemistry, University of
Connecticut, Storrs, CT, USA; 2. Microbiology and Immunology,
Dartmouth Medical School, Hanover, NH, USA; 3. Cystic
Fibrosis Foundation Therapeutics, Inc., Cystic Fibrosis
Foundation, Bethesda, MD, USA

Robust, accurate, and high-throughput assays for evaluating drug candi-
dates can significantly facilitate the discovery of new CF drugs and increase
the success rates for advancing candidate compounds along the drug devel-
opment pipeline. This abstract reports a mass spectrometry (MS) assay for
monitoring the effect of candidate compounds that modulate the F508del
CFTR cell surface expression to restore the normal level of functioning
chloride ion channels. Compared with existing methods for CFTR cell sur-
face quantitation like Western analysis, the MS-based assay has improved
accuracy and robustness, as well as the potential of being high throughput.
This assay combined the use of cell surface biotinylation, CFTR with stable
isotopes as the internal quantitation standard, peptide derivatization allow-
ing for pooling multiple samples for a single MS analysis in order to
improve the sample throughput of the assay. The MS analysis used the
method of multiple reaction monitoring that accurately quantified CFTR
base on its surrogate signature peptides. The assay was developed using
BHK and HEK cells and applied on F508del CFTR CFBE41o- cells for test-
ing effects of the low-temperature correction and candidate compounds. In
summary, we have developed a high-throughput mass spectrometry (MS)
assay for absolute quantitation of plasma membrane F508del CFTR to facil-
itate drug discovery programs in CF. In addition, this approach may also be
useful to study the subcellular trafficking of mutant CFTR for discovering
new mechanisms that can be utilized as targets to treat CF. (Supported by
CFFT YAO07XX0 to XY and R01-HL-074175, P20-RR018787 and a CFF
RDP to BAS.)

30
BUTYRATE DERIVATIVES INCREASE SHORT CIRCUIT
CURRENT IN F508DEL CFTR EXPRESSING FISHER
RAT THYROID CELLS
MacDonald, K.D.1; Moran, A.R.1; Mason, A.K.2; Zeitlin, P.L.2 1.
Pediatric Pulmonology, Oregon Health & Science University,
Portland, OR, USA; 2. Pediatric Pulmonology, Johns Hopkins
University School of Medicine, Baltimore, MD, USA

F508del CFTR fails to traffic efficiently to the cell surface at 37°C. We
have shown that butyrate and 4-phenylbutyrate (4-PBA) promote maturation
of C band CFTR and cAMP-mediated Cl- secretion in vitro and in vivo.
Dose-limiting toxicities led us to explore structural modifications that would
improve bioavailability. We hypothesized that the butyrate derivatives, 2,2-
dimethylbutyrate (HQK-1001) and trans-styrylacetic acid (TSAA), would
be more efficient than 4-PBA with respect to CFTR-mediated short circuit
current. 

Methods: (1) We employed Fisher Rat Thyroid (FRT) cells expressing
F508del CFTR (gift of A.S. Verkman). The cells were grown on Snapwell
inserts and studied after 7-10 days of culture, when transepithelial resistance
was > 3000 Ω. Treatments consisted of 500µM or 1mM TSAA, 2.5mM 4-
PBA, 10mM HQK-1001, 0.1% DMSO, or 28° C incubation for 48 to 60
hours. All reagents were obtained from Sigma except HQK-1001 which was
supplied by Hemaquest Pharmaceuticals Inc. Isc measurements were
recorded in an Ussing chamber with voltage clamped to zero. Resistance
measurements were by bipolar voltage pulse every 3 minutes. All experi-
ments began in symmetric solutions of HEPES buffered Ringer’s while the
basolateral membrane was permeabilized with 400µM nystatin for 20 min-
utes. An apical to basolateral gradient was imposed by replacing the apical
solution with gluconate substituted Ringer’s. After Isc equilibration, CFTR
mediated Cl- transport was stimulated with the apical addition of 50µM
forskolin, followed by 100µM genistein. Lastly, 20µM CFTRinh-172 was
added to verify that the current was CFTR mediated. (2) The CF cell line,
CFBE41o- ∆F508 (gift of J.P. Clancy) was grown under standard condi-
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tions. Treatment consisted of 1mM TSAA, 10mM HQK-1001, or 28° C
incubation for 48 hours. Whole cell lysates were run on SDS-PAGE and
after Western transfer, the membrane was probed with either 3G11 or M3A7
antibody. 

Results: Maximal potentiator stimulated Isc was seen with; 1 mM
TSAA, 10 mM HQK-1001, and 28° C incubation and was nearly double that
of either 500µM TSAA or 2.5 mM 4-PBA (Table). Western blot in 28° C
rescued cells demonstrated both B and C band CFTR. However, in control,
TSAA, or HQK treated cells, only B band CFTR was detected. 

Conclusion: Butyrate derivatives improve potentiator stimulated CFTR
mediated Isc suggesting effect on trafficking or cell surface channels. How-
ever, this effect was measured in the absence of detectable immunoreactive
C band.

31
DELETION OF THE VIP GENE IN C57BL/6 MICE
COMPROMISES CFTR MEMBRANE LOCALIZATION
AND INDUCES A CF-LIKE PHENOTYPE REVERSIBLE
BY EXOGENOUS VIP ADMINISTRATION
Conrad, D.1; Alcolado, N.1; Anini, Y.1; Xu, Z.2; Chappe, F.1;
Hamidi, S.3; Said, S.I.3; Chappe, V.1 1. Physiology&Biophysics,
Dalhousie University, Halifax, NS, Canada; 2. Pathology,
Dalhousie University, Halifax, NS, Canada; 3. Medicine, Stony
Brook SUNY, New York, NY, USA

Cystic fibrosis is characterized by viscous mucus secretions, chronic
bacterial infections, inflammation and abnormal ion transport across epithe-
lia that result from misprocessed or non-functional CFTR channels at the
apical membrane of exocrine tissues’ epithelial cells. In this study we have
used VIP knockout mice to demonstrate in vivo the central role of the
Vasoactive Intestinal Peptide (VIP) in CFTR membrane localization and
exocrine epithelial tissue integrity. 

VIP is a neuropeptide with potent anti-inflammatory, bronchodilatory
and immuno-modulatory functions and a physiological activator of CFTR-
dependent secretions. In CF, airway glands no longer secrete in response to
VIP and early studies showed that VIPergic innervation is lost in sweat
glands from CF patients. At the molecular level, we recently demonstrated
that prolonged VIP stimulation of bronchial or nasal epithelial cells increas-
es WT and F508del-CFTR function by improving apical membrane inser-
tion and stability via the VPAC1 receptor and PKCε activation.

Here we compared CFTR membrane localization, expression and abun-
dance of VIP receptors and pathological changes in the lung, intestine and
pancreas of WT and VIP-KO C57BL/6 mice. To assess the corrective effect
of VIP, 5 VIP-KO mice received intraperitoneal injections of VIP (500
mg/kg) every other day for 3 weeks. Expression of VPAC1, VPAC2 and
PAC1 in WT and VIP-KO tissues was confirmed by RT-PCR. Immunoblot-
ting of lung tissue lysates showed unchanged PAC1 expression level where-
as VPAC 1 and 2 were found to be more abundant in VIP-KO tissues and
remained up-regulated after VIP treatment. CFTR localization was exam-
ined by immunostaining using a monoclonal anti-CFTR antibody followed
by confocal microscopy. WT tissues showed CFTR predominantly at the
apical membrane of epithelial cells in contrast to VIP-KO tissues where
CFTR distribution was intracellular. No changes in CFTR protein abun-
dance or maturation were observed in immunoblots. Interestingly, VIP treat-
ment restored strong CFTR membrane localization. 

We used H&E staining for pathological assessment. Deletion of the VIP
gene resulted in pathological changes that resemble those seen in CF. VIP-
KO intestinal tissues had a significant increase in goblet and inflammatory
cells. As previously reported, in VIP-KO lungs we observed lymphocyte
aggregations, increased airway secretions, alveolar thickening and edema. In
the pancreas, increased secretions and increases in inflammatory cells sur-
rounding ducts were found. These pathological changes were largely
reversed by VIP treatment.

Taken together, these results indicate that VIP stimulation is required to
maintain CFTR membrane localization in vivo as well as for the integrity of
the intestinal, lung and pancreatic tissues. Importantly, defective CFTR
localization and tissue damage were reversed by injection of exogenous VIP.
These molecular data reinforce the initial observation that the absence of
VIPergic innervation could play a central role in CF pathophysiology. Sup-
ported by: CFC, CIHR, NSERC, CFI, NSHRF, NIH.

32
CFTR IS EXPRESSED ON MUCIN GRANULES FROM
AIRWAY EPITHELIAL CELLS AND INFLUENCES
MUCUS RHEOLOGY
Lesimple, P.1,2; Chen, K.1; Robert, R.1; Goepp, J.1,2; Killfoil,
M.3,4; Hanrahan, J.W.1,2 1. Physiology, McGill University,
Montreal, QC, Canada; 2. Research Institute of the McGill
University Health Centre, Montreal, QC, Canada; 3. Physics,
McGill University, Montreal, QC, Canada; 4. Physics, University
of Massachussetts, Amherst, MA, USA

Mutations in the cystic fibrosis transmembrane conductance regulator
(CFTR) anion channel cause CF, which is characterized by the accumulation
of viscous, sticky mucus in multiple organs. How this anion channel defect
leads to altered mucus properties remains a central question in CF research,
although there is growing evidence that bicarbonate may play an important
role. The sites of CFTR expression in airway epithelium remain controver-
sial, with recent immunostaining detection predominantly in surface ciliat-
ed cells, and extensive functional studies indicating expression in the glands.
Mucus-secreting airway goblet cells, which derive from a common precur-
sor, do not express sufficient CFTR to be detected by conventional
immunostaining in situ. Therefore we examined permeabilized mucin gran-
ules that were isolated from human airway epithelial cell lines and well-dif-
ferentiated primary cells cultured at the air-liquid interface. CFTR and
MUC5AC co-immunostaining was clearly observed on single granules iso-
lated from control Calu-3 cells, whereas only MUC5AC was detectable
when granules were isolated from a stable CFTR knock-down Calu-3 cell
line [1]. Western blots obtained after electrophoresis of apical and basolat-
eral samples in non-denaturing agarose gels showed that MUC5AC was
secreted exclusively to the apical side and had a more homogeneous size
distribution when produced by CFTR-deficient Calu-3 monolayers than by
control cells. The total amount of high molecular weight glycoconjugates
(HMGs) in secretions aspirated from CFTR-deficient cells was greatly
reduced as measured by spectrocolorimetry and this was due, at least in
part, to increased adhesion of the mucin to the cells. We compared the bio-
physical properties of mucus collected from control vs CFTR-deficient
monolayers using two point microrheology. Secretions from CFTR knock-
down Calu-3 cells were more viscous than those from control cells. When
mucus was collected from non-CF primary epithelial cells, mucus viscosity
and elasticity were both reduced by activation of CFTR with forskolin, and
this effect was abolished by removing bicarbonate. The results indicate that
CFTR is expressed at low levels on mucin granules from Calu-3 cells and
highly differentiated primary cells, and modulates the properties of secreted
mucus.

Reference: [1] Palmer ML, Lee SY, Carlson D, Fahrenkrug S and
O’Grady SM. Stable knockdown of CFTR establishes a role for the channel
in P2Y receptor-stimulated anion secretion. J Cell Physiol 206: 759-770,
2006.

33
TGF-β1 IMPAIRS FORSKOLIN RESPONSE THROUGH
DOWN-REGULATION OF CFTR IN CULTURED VAS
DEFERENS CELLS
Yi, S.; Pierucci-Alves, F.; Schultz, B.D. Kansas State University,
Manhattan, KS, USA

Transforming growth factor β1 (TGF-β1) is a cytokine that affects the
severity of cystic fibrosis lung disease. Experiments were conducted to
determine the impact of TGF-β1 on vas deferens epithelial cells since cys-
tic fibrosis is commonly associated with male infertility. PVD9902 cells,
derived from porcine vas deferens, were cultured for 14 days followed by
exposure to TGF-β1 or vehicle for 24 hr. Previous results showed that
forskolin increases anion secretion via a cAMP pathway. TGF-β1 attenuat-
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ed forskolin-stimulated anion secretion by >60%, although cAMP genera-
tion was reduced by only 20%. Semi-quantitative RT-PCR revealed that
TGF-β1 down-regulates cystic fibrosis transmembrane conductance regula-
tor (CFTR) mRNA abundance. Western blots revealed reduced protein lev-
els for both fully glycosylated (C-band) and core-glycosylated (B-band)
CFTR. Biotinylation indicated that TGF-β1 decreases apical cell surface
CFTR expression. These results suggest that TGF-β1 causes a reduction in
CFTR expression, which limits CFTR-mediated anion secretion. Initial sig-
naling pathway studies showed that exposure to TGF-β1 substantially
increased phospho-Smad3, suggesting that TGF-β1 may affect PVD9902
cells through a Smad pathway. Men harboring profound CFTR mutations
exhibit infertility and reproductive duct anomalies, whereas mild mutations
have variable presentations. These results suggest that TGF-β1 expression
can reduce CFTR activity and thus would likely compound the effects asso-
ciated with mild CFTR mutations (i.e., compromise CFTR expression or
activity). [NIH HD058398 and RR017686.]

34
F508DEL AND I539T MODULATE THE DYNAMICS OF
THE FIRST NUCLEOTIDE BINDING DOMAIN OF CFTR
Chong, P.1; Hudson, R.1; Forman-Kay, J.D.1,2 1. Molecular
Structure and Function, Hospital for Sick Children, Toronto, ON,
Canada; 2. Department of Biochemistry, University of Toronto,
Toronto, ON, Canada

The first nucleotide binding domain (NBD1) of CFTR is critically
involved in proper folding and processing of full length CFTR and channel
gating. Deletion of phenylalanine 508 in this domain, a prevalent cystic
fibrosis causing mutation, destabilizes the domain and results in processing
and gating defects. Structural studies show that this mutation has only a
minor effect on the structure of the ground state of F508del NBD1. Howev-
er, several lines of evidence indicate that F508del causes a decrease in
NBD1 thermostability that is likely a major contributor to CFTR processing
defects. Our goal is to study dynamic and thermodynamic differences
between WT and mutant NBD1s using NMR in order to better understand
the underlying gating and processing defects. We have completed backbone
NMR chemical shift assignments for 89, 82 and 91 percent of WT, F508del
and I539T NBD1, respectively, using protein constructs stabilized by dele-
tion of the Regulatory Insertion. Missing assignments, which mainly corre-
spond to regions undergoing ms-us timescale conformational exchange,
map to the Q-loop, the signature sequence, Helix 5 and the loop preceding
Helix 6 in all 3 variants. NOE distance restraints measured for I539T, a
NBD1 and CFTR stabilizing mutation, are consistent with the previously
published crystal structures. Although, chemical shifts indicate that all three
variants share the same basic fold, differences in the shifts suggest differ-
ences between WT, F508del and I539T dynamics or possibly small structur-
al changes. NMR relaxation studies were used to measure quantitative site-
specific ns-ps timescale dynamics and revealed differences between the
three variants. Although the crystal structures provide detailed information
on the NBD1 ground state, they provide little information on excited states,
which may play a critical role in F508del processing, stability and gating.
NMR dispersion studies to examine the properties and populations of NBD1
excited states are ongoing, and suggest that F508del may enhance the pop-
ulation of an excited state. This work was supported by the CF Foundation.

35
CFTR-ASSOCIATED LIGAND (CAL) BINDS CFTR AT
THE GOLGI TO REDUCE CFTR EXPRESSION AT THE
CELL SURFACE
Lee, H.; Cheng, J.; Guggino, W.B. Physiology, Johns Hopkins
University, Baltimore, MD, USA

CFTR is localized at the cell surface to transport chloride. Previously,
our lab showed that CAL binds CFTR and downregulates the total and cell
surface expression of CFTR. CAL is predominantly localized at the Golgi,
however precisely how it interacts with CFTR at the Golgi is still unclear. To
begin to address this, we studied here, the in vivo binding of CAL and CFTR
at the Golgi using acceptor photobleaching Fluorescence Resonance Ener-
gy Transfer (FRET). We constructed YFP-CFTR and CAL-CFP expression
vectors by tagging YFP on N-terminus of CFTR (YFP-CFTR) and tagging
CFP on C-terminus of CAL (CAL-CFP). Their expression and binding were

confirmed with co-immunoprecipitation. We measured the FRET efficiency
between YFP-CFTR and CAL-CFP by measuring the CFP fluorescence
emission intensity before and after YFP photobleaching. Positive FRET effi-
ciency did indeed confirm the in vivo binding of CAL and CFTR. Fluores-
cence images of YFP-CFTR and CAL-CFP showed the colocalization of
CFTR and CAL at the Golgi. To confirm the binding of CFTR and CAL at
the Golgi, after disrupting the Golgi with the treatment of brefeldin A
(BFA), the binding was again tested with FRET. With BFA, the binding of
CFTR and CAL was reduced. To take this one step further, the roles of CAL
on the cell surface expression of CFTR were investigated using forskolin. It
is known that forskolin increases the cell surface expression of CFTR in
HeLa cells. Using cell surface biotinylation, CFTR expression at the surface
in HeLa cells was measured. Forskolin increased the surface expression of
CFTR. However, when CAL was overexpressed, the forskolin-induced
increase of the surface expression of CFTR was inhibited, suggesting that
CAL inhibits the forskolin-mediated increase of CFTR expression at the sur-
face. Fluorescence images of YFP-CFTR and CAL-CFP in HeLa cells
showed that forskolin increases the surface expression of YFP-CFTR with-
out changing the localization of CAL-CFP at the Golgi. These data show
that CAL binds CFTR in vivo at the Golgi, and CAL at the Golgi inhibits the
increase of CFTR expression at the cell surface during the short term treat-
ment of forskolin.

Supported by CFF and NIH-NIDDK.

36
MEMBRANE CHARACTERISTICS OF FERRET AND
HUMAN WILD-TYPE AND ∆F508-CFTR
Fisher, J.T.1; Liu, X.1; Lukacs, G.L.3; Engelhardt, J.F.1,2 1.
Anatomy and Cell Biology, Univ Iowa, Iowa City, IA, USA; 2.
Center for Gene Therapy, Univ Iowa, Iowa City, IA, USA; 3.
Department of Physiology, McGill Univ, Montreal, QC, Canada

Recently developed ferret and pig CF models have been generated that
develop lung, pancreatic, liver, and intestinal pathologies that reflect disease
in CF patients. Species-specific biology in the processing of CFTR has
demonstrated that pig and mouse ∆F-CFTR proteins are more effectively
processed to the apical membrane of airway epithelia than human ∆F508-
CFTR protein. Understanding the membrane characteristics of ferret WT-
and ∆F-CFTR is essential to the development of a ∆F-CFTR mutant ferret
model. We have previously shown by metabolic pulse chase assays that fer-
ret WT-CFTR has a significantly longer half-life (~3 fold) relative to its
human counterpart. Furthermore, we have shown that the processing of
human and ferret ∆F-CFTR was negligible in both BHK21 and COS7 cells,
while low level processing of ∆F-fCFTR could be seen in HT1080 and 293
cells. In the present study we have compared the membrane characteristics
including surface stability and function between human and ferret WT- and
∆F-CFTR proteins containing an extracellular HA tag. As expected by sur-
face HA IF staining under non-permeabilization conditions, we found that
both fCFTR and hCFTR are present at the cell surface in BHK21, HT1080,
and polarized CuFi cells. Furthermore, we found that the surface staining of
the ferret and human ∆F-CFTR in BHK21 and CuFi cells was negligible,
while low level HA staining was seen in HT1080 cells only with ∆F-fCFTR.
We used surface HA On Cell Western blots to quantitatively assess CFTR at
the cell membrane in BHK21 and HT1080 cells. We observed a ~3 and ~4.5
fold increase in fCFTR surface staining relative to hCFTR in BHK21 and
HT1080 cells respectively. We observed negligible surface staining for both
human and ferret ∆F-CFTR in BHK21 cells, while low level surface stain-
ing for only ∆F-fCFTR was present in HT1080 cells, consistent with the IF
studies in these cell lines. Next we sought to compare functionality of these
proteins in human and ferret CF polarized airway epithelial cells using short
circuit current and potential difference (PD) measurements. We found that
both human and ferret WT-CFTR proteins were able to correct the cAMP-
inducible chloride (Cl-) conductance defect in polarized human CF airway
epithelial cells as ascertained by stimulation with IBMX/forskolin and sub-
sequent inhibition with bumetanide and GlyH101. The combined
bumetanide and GlyH101 responses were 3.5 +/- 0.8 and 4.6 +/- 0.4 µA/cm2

for human and ferret respectively. Importantly both human and ferret ∆F-
CFTR proteins were unable to mediate Cl- currents in CF airway epithelium.
Next we expressed ferret WT- and ∆F-CFTR in ferret CFTR-/- tracheal
xenografts and measured PD in response to cAMP stimulation. We found
that only the WT protein was able to correct the Cl- permeability defect. We
are currently exploring the rates of internalization, recycling, and endolyso-
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somal degradation of WT human and ferret CFTR to elucidate the mecha-
nism responsible for enhanced fCFTR stability. In conclusion, although we
observed cell line-dependent low-level surface staining of ∆F-fCFTR, its
lack of functionality in both human CF and ferret CFTR-/- airway epithelia
suggests generation of a ferret ∆F-CFTR animal model may be useful.

37
14-3-3 INTERACTIONS PROMOTE CFTR BIOGENESIS
Da Paula, A.; Liang, X.; Bertrand, C.A.; Peters, K.W.; Frizzell,
R.A. Cell Biology and Physiology, University of Pittsburgh
School of Medicine, Pittsburgh, PA, USA

The most prevalent mutation in CF, F508del, gives rise to a protein fold-
ing defect, evidenced by the failure of full-length protein to mature and
reach the plasma membrane, and by its reduced activity as an anion channel.
F508del-CFTR is known to be retained intracellularly in the endoplasmic
reticulum (ER) and rapidly degraded by ER quality control (ERQC) (1).
Increased understanding of the underlying QC mechanisms is important, not
only to provide additional strategies for therapeutic targeting, but also to
identify protein interactions that support trafficking to the plasma mem-
brane of WT- but not F508del-CFTR. Prior studies have implicated 14-3-3
proteins in the forward trafficking or cell surface stability of ion channels
and receptors through interactions with phosphorylated motifs (2) or by
shielding ER retention motifs (e.g. RXR) (3). Therefore, we examined the
possible physical and functional interactions of 14-3-3 proteins with CFTR.
We found that 14-3-3β, γ and ε isoforms were expressed in Calu-3, HEK293
and primary HBE cultures using RT-PCR and immunoblot analysis. Physi-
cal interactions between CFTR and the β, γ and ε 14-3-3 isoforms were
identified using co-IP experiments. 14-3-3β was found to associate with
both the immature (band B) and mature (band C) forms of CFTR, implying
that these interactions may be significant in different cellular compartments.
To evaluate CFTR’s domain interaction with 14-3-3 proteins, we performed
in vitro pull-down experiments using GST-CFTR fusion proteins. In this
pairwise binding assay, we found that 14-3-3β directly interacted with the
N-terminus and R-domain of CFTR. Overexpression of 14-3-3β in HEK293
cells was increased by 76% (band B) and 69% (band C) whereas overex-
pression of 14-3-3ε enhanced the expression of band B by 76% and band C
by 77%. Conversely, 14-3-3β knockdown by siRNA transfection in CFTR
transduced HEK293 cells reduced the expression of bands B and C by ~90%
and ~65%, respectively. 14-3-3 protein knockdown reduced CFTR channel
function in mammalian cells, as detected by SPQ fluorescence assays. To
determine the impact of 14-3-3 proteins in CFTR biogenesis, we performed
pulse-chase experiments in HEK293 cells co-expressing WT- or F508del-
CFTR plus 14-3-3β. We found that pulse labeling of the immature form of
WT- or F508del-CFTR was increased by 14-3-3β co-expression and that the
efficiency of conversion of immature-to-mature CFTR was increased 1.5
fold. In addition, the rate of degradation of F508del-CFTR was reduced
when the mutant was co-expressed with 14-3-3β. The data imply that 14-3-
3 protein interactions stabilize CFTR during its biogenesis. To elucidate
these mechanisms, we are attempting to identify the sites of 14-3-3/CFTR
interaction and determine whether these proteins target ER retention motifs
(RXR) and/or phosphorylated residues as a means of reducing the degrada-
tion of WT and mutant CFTR. A better understanding of these processes
may identify novel targets for therapeutic modulation of CFTR biogenesis. 

[Work supported by CFF LIANG09F0, NIH DK054814 and
DK072506.]

References:
1. Cheng, S. H., et al. (1990) Cell 63, 827-834
2. O’Kelly, I., et al. (2002) Cell. 111, 577-588
3. Bonifacino, J. S., et al. (2006) Nat. Rev. Mol. Cell Biol. 7, 568-579

38
CYSTIC FIBROSIS-CAUSING MISSENSE MUTATIONS IN
THE CFTR GENE PREDICTED USING PHENOTYPE-
OPTIMIZED SEQUENCE ENSEMBLES
Masica, D.L.1; Sosnay, P.R.2; Cutting, G.R.2; Karchin, R.1 1.
Department of Biomedical Engineering/Institute for
Computational Medicine, Johns Hopkins University, Baltimore,
MD, USA; 2. McKusick-Nathans Institute of Genetic Medicine,
Johns Hopkins University School of Medicine, Baltimore, MD,
USA

The recently established CFTR2 database contains CFTR mutation and
clinical data for ~35,000 cystic fibrosis (CF) patients, including ~300 unique
missense mutations. To confirm the disease liability of these mutations, clin-
ical information is compared with cell-based functional assays, but rare and
“private” missense mutations occur too infrequently to make statistical com-
parisons. Computational methods can predict the impact of missense muta-
tion, and typically focus on phylogenetic analysis, comparing amino-acid
substitution patterns among sets of genes related to the target gene. Unfor-
tunately, existing methods perform too poorly for clinical utility, often
because it is difficult to know a priori what set of sequences best describe
the target gene (for instance, CFTR) and phenotype being predicted (for
instance, CF). 

Dorfman et al. showed that the most successful and popular computa-
tional methods fail to accurately predict CF disease from CFTR missense
mutation1. Here, we present a novel method for predicting CF from CFTR
missense mutation. The approach combines phylogenetic analysis of CFTR-
related sequences and a novel score function that includes amino-acid con-
servation and biophysical properties. During a “training” phase, the algo-
rithm aligns a randomly chosen subset of 547 CFTR homologs and par-
alogs, and uses the random set of sequences to score 65 known CF-causing
and 75 known CF-neutral CFTR missense mutations; this process is repeat-
ed 100,000 times (iterations). At each iteration, specific CFTR homologs
and paralogs determined to confer the greatest predictive ability, in previous
iterations, are chosen with a higher probability and have greater influence on
the score function; this entire training phase is repeated 50 times (i.e., 5x106

sequences sets are tested, beginning from 50 random starting alignments). In
a “testing” phase, the sequences determined to have the greatest predictive
power in the training phase are used to score 43 known CF-causing and 60
known CF-neutral CFTR missense mutations, and the overall performance
is assessed (note: training- and test-set mutations are disjoint). Training and
testing phases are repeated in triplicate to ensure the training phase con-
verges on a similar set of sequences and the performance is stable in the test-
ing phase. Preliminary results show that our Phenotype-Optimized
Sequence Ensembles (POSE) method can achieve a substantial perform-
ance increase relative to previous methods (see Table 1). 

1). Dorfman R. et al. (2010) Clinical Genetics, 77(5) 464-473

Table 1: Performance achieved for blind predictions on 43 CF-
causing and 60 CF-neutral CFTR missense mutations. †PPV = pos-
itive predictive value,*NPV = negative predictive value

39
MASSIVELY PARALLEL SEQUENCING OF THE CYSTIC
FIBROSIS GLOBAL TRANSCRIPTOME IN CULTURED
LUNG EPITHELIAL CELLS
Dalgard, C.L.; Jozwik, C.; Desai, S.; Sukumar, G.; Srivastava, M.;
Jacobowitz, D.; Pollard, H.B. Anatomy Physiology and Genetics,
USU, Bethesda, MD, USA

Pathological inflammation in the lung is a signature of cystic fibrosis.
Despite knowledge of alterations in the CFTR gene and functional defects
in the CFTR protein that cause CF disease, the mechanisms that associate
CFTR with inflammatory processes are not well understood. In previous
studies, we have utilized chemically rescued and genetically repaired CF
culture lung epithelial cells to investigate cellular mechanisms for hyperac-
tivation of inflammatory signaling in CF.  Through an integrative genomics
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and proteomics approach, we have previously identified CFTR-associated
differential expression of NF-kB signaling and molecular chaperone net-
works. In this study, our objective was to characterize the CFTR status-
dependent transcriptome of lung epithelial cells as an effort to identify cel-
lular networks for therapeutic targeting. In our initial experiment, we deter-
mined the global transcriptome of culture CF lung epithelial cells (IB3-1)
and its genetically repaired daughter cell (S9) by massive parallel sequenc-
ing (RNA-seq) using an Illumina platform (Genome Analyzer IIx) and pro-
tocols. This approach generated approximately 40 million sequencing reads
of 40 bp length on average per sample. Reads were aligned to a reference
human genome using the Tophat algorithm and expression data was calcu-
lated using the Cufflinks algorithm to determine the reads per kb exon per
million mapped reads (RPKM) value. The Cuffdiff algorithm was used to
determine differentially expressed genes between IB3-1 and S9 cells.
Eighty-eight percent of the reads were accurately aligned to the human
genome and corresponded to 12,634 genes. From this dataset, we observed
a high correlation between differentially expressed genes revealed in both
microarray-based versus RNA-seq-based analysis. Additionally, we
observed a significant number of differentially expressed genes between
IB3-1 and S9 cells that were not detected in microarray-based analysis.
Using qPCR, we validated 19 of 20 selected differentially expressed tran-
scripts in independent IB3-1 and S9 samples. A subset of 119 differentially
expressed genes was enriched for response to biotic stimuli function (p =
0.0003). These genes displayed network connectivity centered on inter-
leukin-8 (IL8), prostaglandin E synthase (PTGES), interferon-induced pro-
tein with tetratricopeptide repeats 1 (IFIT1), and serpin peptidase inhibitor
member 4 (SERPINB4) transcripts. We also observed a high correlation
between differential gene expression and protein expression of the high
abundance proteome in the cultured lung epithelial cells. Most notably, 7 of
8 differentially expressed proteins with differential protein synthetic rates
also possessed differential transcript expression levels. Interestingly, this
high confidence transcriptomic-proteomic correlation included keratin 18,
which has been demonstrated to interact with mutated CFTR and been
observed to be differentially expressed during lung epithelial tissue develop-
ment. We conclude that further analysis of cultured and primary CF lung
epithelial cells using next-generation RNA sequencing techniques will iden-
tify the cellular consequences of CFTR defects and provide novel targets for
therapeutic intervention for CF disease.

40
MICRORNA REGULATION OF CFTR GENE
EXPRESSION
Gillen, A.E.1,2; Gosalia, N.1,2; Leir, S.1,2; Harris, A.1,2 1.
Department of Pediatrics, Northwestern University Feinberg
School of Medicine, Chicago, IL, USA; 2. Human Molecular
Genetics Program, Children’s Memorial Research Center,
Chicago, IL, USA

The expression pattern of the cystic fibrosis transmembrane conduc-
tance regulator gene (CFTR) is spatially and temporally complex, and
understanding how this is regulated is an important goal in the development
of new therapies for cystic fibrosis. While cis-acting genomic elements are
critical to the regulation of CFTR expression, microRNAs (miRNAs) may
also play a significant role. These short (~22nt), endogenously expressed,
noncoding RNAs generally suppress gene expression by binding to the 3’
UTR of mammalian transcripts and blocking translation or promoting the
degradation of the transcript. Despite the potential importance of miRNA
regulation of CFTR, it has not yet been the subject of intense investigation.

We aimed to determine whether candidate miRNAs, that are predicted
to bind the CFTR 3’ UTR in silico, function to regulate expression of wild-
type or artificial transcripts carrying the CFTR 3’ UTR. To accomplish this,
candidate miRNAs were identified using the TargetScan 5.1 prediction algo-
rithm and available cell type expression data. Thirteen of these candidate
miRNAs with the highest TargetScan context scores were evaluated in rele-
vant human cell lines. The ability of miRNA mimics (dsRNA molecules
which are processed like endogenous miRNAs) to repress endogenous
CFTR expression and luciferase expression from a reporter construct carry-
ing the CFTR 3’ UTR was determined. Twelve of the thirteen miRNAs
reproducibly repressed endogenous CFTR mRNA expression by 40-80% in
the Caco2 cell line (CFTR+, human colorectal adenocarcinoma). Four of the
12 miRNAs also reproducibly down-regulated expression of the luciferase
reporter by 30-50% relative to a negative control miRNA in Caco2 and

PANC-1 cells (CFTR-, human pancreatic duct carcinoma), verifying that
knockdown is occurring, at least partially, through sites in the CFTR 3’
UTR. Each of the four miRNAs also reduced endogenous CFTR protein by
30-60% in Caco2. Three additional miRNAs down-regulated reporter
expression in PANC-1, but not Caco2. Expression profiling of three of the
miRNAs which repress the 3’ UTR reporter in Caco2 cells revealed that all
three are expressed in primary human tracheal and bronchial epithelial cell
cultures at levels similar to the cell lines used in this study. Further studies
will elucidate the effect of these miRNAs on endogenous CFTR protein
function and the mechanism by which it occurs. These may provide novel
therapeutic opportunities for CF.

This work was supported by the Cystic Fibrosis Foundation.

41
MECHANISMS OF CHROMATIN LOOPING AT THE
ACTIVE CFTR LOCUS
Gosalia, N.1,2; Ott, C.J.3; Harris, A.1,2 1. Department of Pediatrics,
Northwestern University Feinberg School of Medicine, Chicago,
IL, USA; 2. Human Molecular Genetics Program, Children’s
Memorial Research Center, Chicago, IL, USA; 3. Dana-Farber
Cancer Institute, Harvard Medical School, Boston, MA, USA

The cystic fibrosis transmembrane conductance regulator gene (CFTR)
encodes a large gene that has a complex pattern of expression. We recently
showed that tissue-specific CFTR expression is regulated by multiple cis-
acting regulatory elements, including intronic enhancers that are looped to
the promoter creating a transcriptional hub. The mechanism by which the
higher order chromatin is organized is not fully understood though it may
involve the recruitment of protein complexes such as SATB1 and cohesin.

SATB1 is one member of a class of proteins called BUR binding pro-
teins (BURBPs) that interact with base-unpairing regions (BURs) within the
genome. We are investigating whether SATB1 and other BURBPS create
and/or stabilize the CFTR looped chromatin structure by binding to BURs in
CFTR and recruiting chromatin remodelers that establish specific histone
modifications. Eight BURs were identified within the CFTR locus and we
are evaluating their functions. In vitro binding assays show that several of
the CFTR BUR sequences are able to form complexes with SATB1. Chro-
matin immunoprecipitation (ChIP) experiments are now underway to eval-
uate the in vivo binding of BURBPs to the CFTR BURs. The recruitment of
chromatin remodelers and associated histone modifications at the BURs is
also being evaluated by ChIP.

Cohesin is essential for maintaining the three-dimensional structure of
chromatin. ChIP data showed that cohesin was enriched at several critical
regions of open chromatin that are found flanking the CFTR locus and with-
in introns. We are now modulating the expression levels of cohesin compo-
nents in vitro to determine whether this alters CFTR expression levels and
the three-dimensional, looped structure of the CFTR locus.

This work was supported by the Cystic Fibrosis Foundation and NIH
R01 HL094585.

42
CHARACTERIZATION OF AN INTRONIC CFTR CIS-
REGULATORY ELEMENT
Kerschner, J.L.1,2; Ott, C.J.3; Zhang, Z.1,2; Harris, A.1,2 1.
Department of Pediatrics, Northwestern University Feinberg
School of Medicine, Chicago, IL, USA; 2. Human Molecular
Genetics Program, Children’s Memorial Research Center,
Chicago, IL, USA; 3. Dana-Farber Cancer Institute, Harvard
Medical School, Boston, MA, USA

Long-range chromosomal interactions are often important for the regu-
lation of gene expression. Control of the cystic fibrosis transmembrane con-
ductance regulator (CFTR) gene is spatially and temporally regulated,
though the promoter lacks tissue-specific regulatory elements. While intron-
ic and flanking regions of the CFTR locus contain some cell-type specific
control elements, the mechanism by which they regulate expression is not
fully understood. One element that is critical to the regulation of CFTR is
located within a DNase I hypersensitive site (DHS) in intron 11 of the gene.
Identified in intestinal and male genital duct epithelial cells, this element,
which interacts with the CFTR promoter in vivo and encompasses a potent
enhancer, acts cooperatively with another CFTR enhancer to augment CFTR
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promoter activity. The intron 11 DHS region also associates with p300, a
marker of enhancer elements, and is enriched for enhancer-associated his-
tone modifications. Our aim is to identify and characterize additional regu-
latory proteins and transcription factors that bind to this element in vitro and
in vivo. In vitro DNase I footprinting identified multiple cell-type specific
regions protected from DNase I digestion, implicating the binding of specif-
ic nuclear factors. These protected regions are also nucleosome free in vivo,
confirming that they are likely sites of DNA:protein interaction. Additional
in vitro and in vivo studies have identified multiple proteins that interact with
these protected sequences and are crucial for enhancer function. These pro-
teins include several well-characterized intestinal transcription factors. Fur-
ther investigation of the intron 11 enhancer element, its associated chro-
matin modifications, and its role in organizing the active CFTR locus is
underway. 

This work was supported by the Cystic Fibrosis Foundation and NIH
R01 HL094585.

43
CFTR AND SLC26A9 EXHIBIT COORDINATED
REGULATION THAT COMMENCES DURING PROTEIN
MATURATION AND EXTENDS TO FUNCTIONAL
ACTIVITY
Bertrand, C.A.1; Liao, Y.1; Pilewski, J.M.2; Frizzell, R.A.1 1. Cell
Biology and Physiology, University of Pittsburgh School of
Medicine, Pittsburgh, PA, USA; 2. Pulmonary, Allergy, and
Critical Care Medicine, University of Pittsburgh School of
Medicine, Pittsburgh, USA

Several members of the SLC26A family of anion transporters have been
found to associate with CFTR and participate in a coordinated regulation of
both CFTR function and SLC26A activity. Since the different SLC26A fam-
ily members show significant diversity in function, substrate, and tissue
specificity, their coordinated regulation by CFTR may confer the unique
anion permeability characteristics of the different organs that are affected by
CF. Our lab has recently characterized the activity of SLC26A9, found in
lung and gastric epithelia, and its coordinated regulation by wt CFTR (J Gen
Physiol 133:421 2009). In HEK293 cells, SLC26A9 exhibits chloride chan-
nel-like properties, is inhibited by CFTR channel blockers, and interacts
with CFTR to enhance both constitutive and cAMP/PKA-stimulated chlo-
ride secretion. In primary human bronchial epithelia (HBE) from non-CF
donors, constitutive anion secretion bears the pharmacological fingerprint of
SLC26A9. Importantly, SLC26A9 activity is absent in HBE from ∆F508
donors even though SLC26A9 mRNA is abundant, suggestive of an interac-
tion between CFTR and SLC26A9 that commences at an early stage of pro-
tein maturation. In support of this, SLC26A9 immunoprecipitates (IPs) con-
tain both immature (band B) and mature (band C) wt CFTR. In the present
study, we examined whether the loss of SLC26A9 constitutive activity could
be attributed to a loss of CFTR trafficking or function. SLC26A9 protein
expression was observed when co-expressed with wt, ∆F508, or G551D
CFTR, indicating that loss of CFTR maturation or function does not inhibit
SLC26A9 protein synthesis. HEK293 expressing SLC26A9 ± wt CFTR
exhibit similar constitutive currents (22 ± 6 pA/pF, n=5, vs. 25 ± 3 pA/pF,
n=19). When SLC26A9 is co-expressed with ∆F508 CFTR, however, the
constitutive current is significantly reduced (10 ± 3 pA/pF, n=8, p<0.005).
Since SLC26A9 does not require co-expression with CFTR to produce con-
stitutive currents, the attenuation of its activity when co-expressed with
∆F508 CFTR suggests that the proteins must interact at an early stage of
protein maturation, and indeed SLC26A9 co-IPs band B ∆F508 CFTR. Co-
expression of SLC26A9 with the functionally impaired mutant G551D
CFTR results in normal constitutive currents (28 ± 8 pA/pF, n=13), and
SLC26A9 co-IPs both band B and C G551D CFTR. However, co-expression
of SLC26A9 does not confer a synergistic increase in the minor
cAMP/PKA-stimulated current of G551D CFTR (-16 ± 10 pA/pF, G551D
CFTR alone vs. -10 ± 6 pA/pF, SLC26A9 + G551D CFTR, n = 3 each). Yet,
maintenance of SLC26A9 constitutive activity may explain results obtained
in patients with the G551D mutation and a second severe mutation, which
are more frequently reported to show a milder clinical phenotype compared
with ∆F508 CFTR homozygous patients. We conclude that the presence of
physiological levels of SLC26A9 currents at the plasma membrane appears
to only require CFTR trafficking, while both the presence of CFTR at this
site and its regulated channel activity are required for enhanced activity.
Supported by CFF R883-CR02 and NIH P30 DK072506.

44
A CHAPERONE COMPLEX PROMOTES CYSTIC
FIBROSIS
Hutt, D.M.1; Coppinger, J.A.1; Razvi, A.1; Koulov, A.V.1; Yates,
J.R.1,2; Balch, W.E.1,3 1. Cell Biology, The Scripps Research
Institute, LaJolla, CA, USA; 2. Chemistry, The Scripps Research
Institute, LaJolla, CA, USA; 3. Molecular Biology, Chemistry,
Chemical Physiology, The Skaggs Institute for Chemical Biology,
The Institute for Childhood and Neglected Diseases, The Scripps
Research Institute, LaJolla, CA, USA

Protein folding is the primary role of the proteostasis network (PN),
although the stoichiometry(s) of chaperone interactions with wild-type and
mutant folds are largely unknown. Also, the principles driving the activity of
the PN in normal and disease biology remain elusive. To address the issue of
protein folding complexes facilitating wild-type and ∆F508 cystic fibrosis
transmembrane conductance regulator (CFTR) biogenesis, we have applied
state-of-the-art absolute quantification mass spectrometry (MS). Using
labeled chaperone proteins and single ion reaction monitoring (SRM) we
have defined the in vivo role(s) of the PN in the defective folding of ∆F508
CFTR responsible for cystic fibrosis (CF). Our studies now show the pres-
ence of a stalled ∆F508 CFTR folding intermediate in stoichiometric asso-
ciation with the heat shock protein 70 (Hsp70) and 90 (Hsp90) PN systems.
Temperature correction of ∆F508 restores the substoichiometric association
of the Hsp70 and 90 chaperones observed with wild-type CFTR. We pro-
pose that this energetically uncoupled chaperone trap kinetically restricts
∆F508 from the productive folding pathway and therefore represents a crit-
ical step in CFTR biogenesis that must be resolved to restore normal func-
tion. We suggest that such energetically destabilized folding intermediates
present a challenge to proteostasis biology, serving as a nidus for CF and
other misfolding diseases.

45
THE SMALL-MOLECULE CORRECTOR CF-106951
IMPROVES F508DEL-CFTR CHLORIDE CHANNEL
EXPRESSION, GATING AND STABILITY AT THE CELL
SURFACE
Liu, J.; Sheppard, D.N. School of Physiology and Pharmacology,
University of Bristol, Bristol, United Kingdom

F508del is the commonest cystic fibrosis (CF) mutation, which causes
defects in trafficking, channel gating and stability of the cystic fibrosis trans-
membrane conductance regulator (CFTR) Cl- channel. To rescue these
defects in F508del-CFTR, small-molecule correctors and potentiators are
being developed. Here we investigate the effects of a CFTR small-molecule
corrector CF-106951 (C18 from the CFFT compound collection) on the
expression, single channel activity and the stability of F508del-CFTR at the
cell surface. To address our aim, we studied CFTR Cl- channels in inside-out
membrane patches excised from BHK cells stably expressing wild-type (wt)
and F508del-CFTR incubated at 37°C. As a control, we studied low temper-
ature corrected F508del-CFTR. The pipette (external) solution contained 10
mM Cl- and the bath (internal) solution contained 147 mM Cl-, 1 mM ATP
and 75 nM PKA at 37°C; voltage was -50 mV.

The gating behavior of wt-CFTR is characterized by bursts of channel
openings interrupted by brief closures and separated by longer closures
(open probability (Po) = 0.416 ± 0.043, mean burst duration (MBD) = 187 ±
24 ms, interburst interval (IBI) = 155 ± 19 ms, n ≥ 5). In contrast, low tem-
perature (27°C for 48-72 hours) corrected F508del-CFTR is characterized
by short bursts of channel openings separated by prolonged channel closures
(Po = 0.054 ± 0.006, MBD = 95 ± 6 ms, IBI = 1584 ± 149 ms, n ≥ 20). When
pre-treated with corrector C18 (5 µM) for 24h at 37°C, F508del-CFTR
channel gating is characterized by intermediate bursts of openings separat-
ed by shortened long closures (Po = 0.158 ± 0.023, MBD = 140 ± 25 ms, IBI
= 894 ± 108 ms, n ≥ 6, p < 0.05, Student’s t-test). When compared with low
temperature corrected F508del-CFTR, drug correction caused a three-fold
increase in Po through prolonging MBD by 47% and reducing IBI by 44%.
Therefore, C18 is more effective at restoring wild-type channel gating to
F508del-CFTR than low temperature incubation.

In contrast to wt-CFTR, at 37°C, F508del-CFTR Cl- channels are unsta-
ble and rapidly run-down in excised membrane patches (t1/2 ≈ 2 min). We
therefore investigated whether C18 could restore channel stability to
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F508del-CFTR at 37°C. Like low temperature incubation, C18 correction
did not eliminate channel run-down. However, it alleviated the defect by
delaying the complete run-down of F508del-CFTR (t1/2 ≈ 8 min). Therefore,
C18 improved channel stability, although it failed to eradicate the instabili-
ty of F508del-CFTR. 

In summary, small-molecule corrector C18 restored channel expression,
partially rescued F508del-CFTR channel gating and improved stability at
the cell surface. The fact that C18 is much more effective at correcting
defective F508del-CFTR Cl- channels suggests that this small-molecule cor-
rector may act by a different mechanism from low temperature incubation. 

We thank CFFT for CF-106951 and MD Amaral for the BHK cells.
Supported by the CF Trust, Universities UK and University of Bristol.

46
ENGINEERING A CYS-LESS HUMAN NBD1 FOR USE IN
VISIBLE FLUORESCENCE ASSAYS OF DOMAIN
STABILITY AND INTERMOLECULAR ASSOCIATIONS
Wang, C.1; Protassevitch, I.2; An, J.2; Kota, P.3; Dokholyan, N.3;
Brouillette, C.2; Hunt, J.1 1. Department of Biological Sciences,
Columbia University, New York, NY, USA; 2. Department of
Chemistry, The University of Alabama at Birmingham,
Birmingham, AL, USA; 3. Department of Biochemistry and
Biophysics, The University of North Carolina at Chapel Hill,
Chapel Hill, NC, USA

Deletion of a single phenylalanine residue at position 508 (F508del) is
the most prevalent disease-causing mutation among the ~1800 known muta-
tions in the cystic fibrosis transmembrane conductance regulator (CFTR)
[1]. F508del-CFTR is rapidly degraded by the quality control systems in the
endoplasmic reticulum (ER) [2], and there is still no drug that can fully
reverse this degradation. The exact molecular mechanisms underlying the
degradation process remain unclear. Recent studies from this group and oth-
ers indicate that the F508del mutation causes misfolding and aggregation of
the first nucleotide-binding domain in human CFTR (hNBD1) [3, 4]. This
misfolding of hNBD1 may be the central contributor to F508del-CF patho-
genesis. These findings suggest new approaches to the development of in
vitro high-throughput screening assays to identify chemicals that can pre-
vent aggregation of F508del-hNBD1 and thereby inhibit degradation of
F508del-CFTR in vivo. Interdomain associations in CFTR are believed to be
important factors in controlling the activity and stability of CFTR and may
also be compromised by the F508del mutation [5, 6]. Therefore, there is also
interest in developing high-throughput screening assays to identify com-
pounds that strengthen interdomain interactions in CFTR.

To support the development of both aggregation and interdomain-asso-
ciation assay using visible fluorescence methods, we have engineered a sta-
ble version of hNBD1 that only reacts with maleimide-conjugated fluo-
rophores at an engineered terminal cysteine residue. Native hNBD1 cannot
be used for such assays because reaction with the four endogenous cys-
teines causes irreversible protein aggregation during labeling. Initial
attempts to substitute the endogenous cysteines with other amino acids leads
to such serious destabilization of hNBD1 that it is impossible to work with
the F508del variant. Therefore, we used computational methods to predict
the influence of different amino acids substitutions on domain stability. The
corresponding mutant proteins were made and evaluated experimentally for
their stability before and after labeling with a visible fluorophore, as well as
for their utility for high-throughput assays of domain associate and aggrega-
tion. The current status of the project will be reported.

References:
1. Riordan, JR. et al. Science 245, 1066, 1989.
2. Jensen, TJ. et al. Cell 83, 129, 1995.
3. Protasevich, I. et al. Protein Science 19, 1917, 2010
4. Wang, C. et al. Protein Science 19, 1932, 2010
5. Serohijos, AWR. et al. Proc. Nat. Acad. Sci. 105, 3256, 2008.
6. Du K. et al. Nat Struct Mol Biol. 12, 17, 2005.
Acknowledgments: This work was supported from a grant from CFFT.
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NEW MODEL OF CFTR PROPOSES CONDUCTING
STATE CONFORMATION
Dalton, J.1; Kalid, O.2; Villà-Freixa, J.1; Ben-Tal, N.2; Lalinde,
W.3 1. Ciències Experimentals i de la Salut, Universitat Pompeu
Fabra, Barcelona, Spain; 2. George S. Wise Faculty Of Life
Sciences, Tel Aviv University, Tel Aviv, Israel; 3. O2 Health Link
Inc, Barcelona, Spain

Several models of cystic fibrosis transmembrane conductance regulator
(CFTR) have been published so far, all derived by homology to the bacteri-
al transporter Sav1866. While these models mostly agree with experimental
data relating to overall CFTR structure, all present the channel in an out-
ward-facing conformation that does not correspond to the conducting state.
Here, a new model of CFTR has been developed that is in its “channel-like”
conducting state, derived by a unique modeling approach combining multi-
ple-template homology modeling and Rosetta refinement. In contrast to
those previously published, the model is in agreement with expected chan-
nel properties such as pore shape and dimensions, relative solvent accessi-
bility of pore residues and experimentally derived pairwise distances. The
model also allows for an exploration of the interaction of anionic open chan-
nel blockers within the pore, revealing a common binding mode at the lower
vestibule dominated by ionic interactions with K95 in agreement with
experimental data, as well as interactions with W1145 and R352. The bind-
ing site structure and binding mode hypothesis have been further validated
with a virtual screening experiment, showing known blockers significantly
enriched compared to a random set of drug-like compounds. In addition, a
model of mutant F508del CFTR has been derived from the wt, with both
proteins subjected to molecular dynamics (MD) simulations. These reveal a
destabilizing effect of the F508 deletion, in agreement with experimental
data. Modeling and MD suggest previously unaddressed salt-bridge interac-
tions that may be important for structural stability, as well as identifying
pore-lining residues that likely confer ion selectivity.

48
SGK1 INCREASES PLASMA MEMBRANE CFTR BY
PHOSPHORYLATING SHANK2E IN HUMAN AIRWAY
EPITHELIAL CELLS
Koeppen, K.; Coutermarsh, B.; Bomberger, J.; Stanton, B.A.
Department of Microbiology and Immunology, Dartmouth
Medical School, Hanover, NH, USA

Background: Dexamethasone (Dex) upregulates serum-and glucocorti-
coid-induced protein kinase (SGK1) mRNA and protein, which increases
the amount of CFTR in the plasma membrane of Xenopus oocytes (Sato et
al., 2007)1 and CFPAC-1 pancreatic carcinoma cells (Caohuy, et al, 2009)2.
However, the effect of Dex and SGK1 in regulating plasma membrane
CFTR in human bronchial epithelial cells has not been reported. Thus, the
goal of this study was to test the hypothesis that Dex, via up-regulation of
SGK1, increases plasma membrane wt-CFTR in bronchial epithelial cells.

Methods: Polarized, human airway epithelia cells (CFBE41o- cells
(∆F508/∆F508)) stably expressing wt-CFTR (CFBE cells) grown on Tran-
swell permeable supports were used in all studies. CFBE cells were treated
with Dex (50 nM) for 4 h. siRNA, cell surface biotinylation and transfection
studies were conducted as described previously (Swiatecka-Urban et al.,
2002)3. 

Results: Dexamethasone increased plasma membrane CFTR by 191%
(P<0.05), and increased SGK1 mRNA and protein by 171% and 323%,
respectively (P<0.05). Because CFTR has four partial SGK1 consensus
phosphorylation sites, studies were conducted to test the hypothesis that
SGK1 increased plasma membrane CFTR by phosphorylating CFTR. How-
ever, SGK1 did not phosphorylate CFTR (N=3). As positive controls, SGK1
phosphorylated a peptide with an SGK1 consensus phosphorylation site and
PKA phosphorylated CFTR. Thus, SGK1 does not directly phosphorylate
CFTR and thereby increase its plasma membrane abundance. Recent stud-
ies have shown that Shank2, a PDZ domain containing scaffold protein,
binds to CFTR (Lee et al., 2007)4 and that over-expression of Shank2
increased CFTR in the plasma membrane of NIH 3T3 cells (Kim et al.,
2004)5. Because Shank2E contains two SGK1 consensus phosphorylation
sites, studies were conducted to test the hypothesis that SGK1 phosphory-
lates Shank2, and that phosphorylated Shank2 increases plasma membrane
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CFTR. Shank2E is endogenously expressed in CFBE cells, as determined
by Western blot, and siRNA for Shank2 reduced the Dex-mediated increase
in plasma membrane CFTR by 55% (P<0.05). In addition, expression of
Shank2E in which the SGK1 phosphorylation sites were mutated reduced
the Dex-induced increase in plasma membrane CFTR by 56% (P<0.05). 

Conclusion: Taken together, these data suggest that Dex induces the
expression of SGK1, which phosphorylates Shank2E, a PDZ domain con-
taining scaffold protein that increases the plasma membrane expression of
wt-CFTR, perhaps by stabilizing wt-CFTR in the plasma membrane. 

Support: CF RDP (STANTO07R0), and the NIH (P20-ES007373 and
R01 HL074175).

1 Sato JD, Chapline MC, Thibodeau R, Frizzell RA, Stanton BA. Cell
Physiol Biochem. 2007;20(1-4):91-8.

2 Caohuy H, Jozwik C, Pollard HB. J Biol Chem. 2009;
11;284(37):25241-53. 

3 Swiatecka-Urban A, Duhaime M, Coutermarsh B, Karlson KH,
Collawn J, Milewski M, Cutting GR, Guggino WB, Langford G, Stanton
BA. J Biol Chem. 2002; 18;277(42):40099-105. 

4 Lee JH, Richter W, Namkung W, Kim KH, Kim E, Conti M, Lee MG.
J Biol Chem. 2007, 6;282(14):10414-22. 

5 Kim JY, Han W, Namkung W, Lee JH, Kim KH, Shin H, Kim E, Lee
MG. J Biol Chem. 2004, 12;279(11):10389-96.

49
CELLULAR MECHANISM OF CFTR POLARIZED
EXPRESSION IN RESPIRATORY AND KIDNEY
EPITHELIA
Bossard, F.; Veit, G.; Borot, F.; Barrière, H.; Lukacs, G.
Physiology, McGill University, Montreal, QC, Canada

Rationale: Despite its fundamental role in electrolytes and fluid home-
ostasis, the cellular mechanism of polarized expression of cystic fibrosis
transmembrane conductance regulator (CFTR) at the apical (Ap) plasma
membrane remains poorly understood. Both direct Ap, as well as non-polar-
ized random delivery with Ap retention have been invoked to account for
CFTR polarized distribution in epithelia (1). 

Methods: Here we used filter-grown human bronchial (CFBE41o-) and
Madin-Darby Canine Kidney (MDCK) epithelial cells to dissect CFTR traf-
ficking route. To this end, we employed CFTR channels containing either a
triple extracellular hemagglutinin (HA) tag or the horseradish peroxidase
(HRP) enzyme. 

Results: Domain-selective anti-HA antibody capture in concert with
contra-lateral immunoperoxidase detection or immunostaining as well as
Nanogold-based electron microscopy showed that CFTR undergoes both
basolateral (Bl)-to-Ap and Ap-to-Bl transcytosis. Bl-to-Ap CFTR transcyto-
sis was decreased by inhibiting either translation or Ap endocytosis. Togeth-
er with simultaneous appearance of newly secreted HRP-CFTR at both Ap
and Bl plasma membranes, these results suggest that Bl-to-Ap transcytosis,
along with direct Ap recycling and biosynthetic delivery play a fundamen-
tal role in maintaining CFTR Ap expression in respiratory and kidney
epithelia. As interactions with PDZ (PSD-95, disc large, zonula occludens-
1) domain containing proteins have been described to influence protein
dynamics at the plasma membrane (2), we studied the trafficking of C-ter-
minally truncated CFTR. Preventing PDZ domain protein binding to CFTR
augmented the Bl-to-Ap transcytosis without influencing the channel
steady-state expression level and stability at the Ap cell surface. In accord,
the truncated CFTR lacking the COOH-terminal six residues underwent
accelerated endocytosis and slower Ap recycling than its wild-type counter-
part, consistent with the proposed role of PDZ interaction in endocytic recy-
cling (2, 3). The results, however, demonstrate that basolateral missorting of
the CFTR-∆6 is efficiently compensated by accelerated Bl-to-Ap transcyto-
sis.

Conclusion: Based on these observations we propose a novel model for
CFTR polarized expression. On one hand, newly synthesized CFTR is deliv-
ered to both Ap and Bl plasma membranes in polarized epithelia. Then, Bl-
to-Ap transcytosis ensures Ap targeting of the Bl CFTR pool. On the other
hand, Ap expression of CFTR, followed by its constitutive internalization is
maintained by not only preferential recycling facilitated by PDZ domain
protein interactions from apical sorting endosomes, but also by indirect,
transcytotic recycling via the Bl plasma membrane. Therefore, transcytosis
is responsible for the Ap targeting of Bl CFTR, delivered by biosynthetic
and Ap endocytic pathways. 

This work was supported by CIHR, Richard & Edith Strauss, EMBO
and FRSQ Fellowships.
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MASS SPECTROMETRY STUDIES OF SITE SPECIFIC
PHOSPHORYLATION OF CFTR
Pasyk, S.1,2; Taylor, P.1; Ramjeesingh, M.1; Moran, M.F.1,3; Bear,
C.E.1,2 1. Molecular Structure & Function, Hospital for Sick
Children, Toronto, ON, Canada; 2. Department of Biochemistry,
University of Toronto, Toronto, ON, Canada; 3. Banting and Best
Department of Medical Research, University of Toronto, Toronto,
ON, Canada

CFTR is a chloride channel belonging to the ABC superfamily of pro-
teins. Absence of functional CFTR at apical membranes of epithelial cells
leads to cystic fibrosis. The chloride channel activity of CFTR is regulated
by the binding and hydrolysis of nucleotides at the nucleotide binding
domains, and by the phosphorylation of the R domain by PKA. Currently, it
is understood that certain PKA consensus sites (including serines 737 and
768) are phosphorylated in the resting cell and that phosphorylation at these
sites may act to maintain the channel in a closed state. On the other hand,
PKA mediated phosphorylation of distinct sites, including serines 660, 795
and 813, is enhanced by agonists of cAMP and promotes CFTR activation.
However, this model is based primarily on the analysis of PKA site muta-
tions which could lead to structural changes in the R domain as well as
changes in the phosphorylation status. Therefore, we assessed the propor-
tional phosphorylation of two PKA sites amenable to quantification by mass
spectrometry, S660 and S737. 

We studied the phosphorylation status of CFTR heterologously
expressed in BHK cells. CFTR was immunoprecipitated using the CFTR
specific antibody: L12B4, from either resting or stimulated cells (treatment
with 10 µM forskolin and 200µM IBMX). Immunoprecipitated CFTR was
subjected to complete trypsin proteolysis and analyzed by LC-MS using a
selected reaction monitoring (SRM) approach. Proportional phosphoryla-
tion was determined for each site as the abundance of CFTR phosphopep-
tides detected from either resting or cells activated in vivo relative to the
maximal achievable, ie. the abundance of phosphopeptide detected from
immunoprecipitated CFTR treated to high concentrations of purified PKA
catalytic subunit in-vitro (200nm, 1h, 25°C). 

Phosphorylation was detected at both sites S660 and S737 (repeated
over 2 biological samples with 3 technical replicates) in CFTR from unstim-
ulated, resting cells. The proportional phosphorylation at S660 was meas-
ured as 16.2%, and this proportion increased to 58.6% following in-vivo
stimulation of PKA. The resting proportional phosphorylation at S737 was
12.3%, increasing to 51.1% upon stimulation. In contrast to the prediction of
the model described above, these sites cannot be distinguished with respect
to their phosphorylation status in resting or stimulated cells.  Furthermore,
the relatively high phosphorylation of both sites in resting cells was surpris-
ing and prompted us to investigate whether phosphorylation could occur in
the biosynthetic compartment. The forward trafficking of CFTR from the
ER to post-ER compartments was inhibited by treating cells for 24h with
brefeldin A (5µg/mL). In initial studies, we found that there was no
detectable reduction in the phosphorylation status of CFTR from brefeldin
A treated cells, suggesting that phosphorylation was occurring in the ER.
Future studies will focus on phosphorylation at additional sites in the ER
and in post-ER compartments. Studies supported by CFC grant (CB) and a
CFC Studentship supported SP.
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EFFECTS OF CFTR BLOCKERS ON INTACT NATIVE
HUMAN SWEAT DUCT
Reddy, M.1; Garcia, A.M.1; Quinton, P.M.1,2 1. Department of
Pediatrics and Rady Children’s Hospital 0830, University of
California,San Diego, La Jolla, CA, USA; 2. Division of
Biomedical Sciences, University of California Riverside,
Riverside, CA, USA

Cystic fibrosis transmembrane conductance regulator (CFTR) is a pre-
dominant anion channel that plays a central role in both the absorption and
secretion of electrolyte fluid by exocrine glands. Specific blockers of CFTR
not only serve as useful tools in identifying and characterizing CFTR func-
tions, but could also play a role in treating diseases mediated by CFTR such
as polycystic kidney disease and secretory diarrheas. We have now investi-
gated the effects of recently identified CFTR blockers including CFTRInh-172
(20 µM), GlyH-101 (GlyH; 50 µM), PPQ-102 (50 µM) and PPQ-27 (50
µM) on CFTR-Cl- conductance (CFTR-gCl) of native human sweat duct
using electrophysiological methods as previously described (Reddy and
Quinton, 2002). Since the sweat duct is an extremely rich source of native
CFTR, it should be an ideal system for assaying drug effects on its function.
Thus, in intact, isolated, microperfused ducts, we found that the inhibitors,
CFTRInh-172 and GlyH, had little effect on CFTR-gCl in the absence of a Cl-

gradient (150 mM NaCl in bath and lumen). However, all blockers signifi-
cantly inhibited CFTR-gCl with varying degrees of efficacy in the presence
of a Cl- gradient (150 mM NaCl (bath) and 150 mM NaGlu (lumen)), Fur-
thermore, from the cytoplasmic side, CFTRInh-172 and GlyH blocked about
75% of the cAMP+ATP activated CFTR-gCl in basolaterally α-toxin per-
meablized ducts. Even after irreversibly phosphorylating CFTR (Reddy and
Quinton, 2002), both CFTRInh-172 and GlyH blocked CFTR-gCl, indicating
a direct effect on the channel. Lack of effect of luminal CFTRInh-172 and
GlyH in symmetrical NaCl solution (no luminal amiloride) suggests that
these blockers do not inhibit amiloride sensitive epithelial Na+ channels
(ENaC) in the apical membrane. 

Conclusion: The new class of inhibitors appear to selectively block
CFTR in the native human tissue. CFTRInh-172 is more potent than GlyH
when applied from the cytoplasmic side. Relative potency, specificity and
sidedness of action of PPQ-27 and PPQ-102 is currently being investigated.

Acknowledgements: We thank Mr. K. Taylor for expert technical assis-
tance. Funded by the NIH-R01 HL096732 and Nancy Omsted Trust.
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ROLE OF E3 UBIQUITIN LIGASES IN CAL-MEDIATED
DEGRADATION OF CFTR
Cheng, J.; Lee, H.; Guggino, W.B. Physiology, Johns Hopkins
University School of Medicine, Baltimore, MD, USA

Ubiquitination plays critical roles in the proteasomal degradation of
misfolded immature CFTR in ER as well as in the lysosomal degradation of
misfolded mature CFTR in the cell periphery. Previously, we have shown
that the CFTR-associated protein CAL retains and degrades mature CFTR
in the lysosomal system. To investigate the possible involvement of the ubiq-
uitination system in CAL-mediated CFTR degradation, we tested a number
of E3 ubiquitin ligases that (1) bind to CAL (2) enhance mature CFTR
degradation and (3) depend on CAL for its activity. We reasoned that CAL
as a scaffold protein may recruit an E3 ubiquitin ligase(s) into CAL-CFTR
complexes to facilitate CFTR degradation. By using co-immunoprecipita-
tion assay in transfected HEK293 cells we identified the interaction of CAL
with MARCH II and MARCH III proteins. Members of the membrane asso-
ciated ring CH (MARCH) E3 ubiquitin ligase family were first identified as
proteins related to immune-evasion strategies in viruses that degrade the
host MHC class I molecules in the lysosome. MARCH II and MARCH III
are the most closely related proteins in the MARCH family with 63% iden-
tify. MARCH II is ubiquitously expressed in all human tissues examined
while MARCH III is enriched in lung, colon and spleen. Overexpression of
either HA-tagged MARCH II or MARCH III led to dose-dependent degra-
dation of CFTR. Since MARCH II is ubiquitously expressed, we focused on
it for the subsequent studies. Overexpression of MARCH II had no effect on
∆F508-CFTR or on a CFTR mutant lacking PDZ motif (∆TRL-CFTR). Fur-
thermore, silencing of endogenous CAL inhibited the effect of MARCH II
on CFTR. These data suggest both CAL and the PDZ motif on CFTR are

involved in MARCH II degradation of mature CFTR. MARCH II and
MARCH III were previously identified by others as a syntaxin 6 interacting
protein. Interestingly, we have previously demonstrated that syntaxin 6
binds to CAL and CFTR and that syntaxin 6 is a component of CAL-com-
plex involved in mature CFTR degradation. Confocal fluorescence
microscopy showed the colocalization of HA tagged MARCH II with GFP-
CAL and with GFP-syntaxin 6 in transfected HEK293 cells. In addition,
syntaxin 6 enhanced the binding of MARCH II to CAL as assayed by coim-
munoprecipitation. Taken together, our data indicated that E3 ubiquitin lig-
ases MARCH II/ MARCH III are new components of CAL-complexes and
suggested that the multiple interactions of MARCH II / MARCH III with
CAL, and syntaxin 6 are necessary for CAL-mediated lysosomal degrada-
tion of mature CFTR. Supported by the Cystic Fibrosis Foundation and the
National Institutes of Health.
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SMALL-MOLECULE POTENTIATORS OF F508DEL-
CFTR PARTIALLY RESTORE CHANNEL FUNCTION TO
THE PORTUGUESE CF MUTANT A561E
Wang, Y.; Liu, J.; Bugeja, L.; Warner, R.; Sheppard, D.N.; Li, H.
School of Physiology and Pharmacology, University of Bristol,
Bristol, United Kingdom

Small-molecule potentiators have been identified which target the gat-
ing defects of F508del-CFTR, the commonest cystic fibrosis (CF) mutation
(1). However, relatively little is known about the effects of potentiators on
other CF mutations. Here, we investigate the effects of potentiators on
A561E-CFTR, the second most common CF mutation in Portugal. Like
F508del, A561E is a temperature-sensitive processing mutant located in the
first nucleotide-binding domain (2); our preliminary studies suggest that it
also severely disrupts channel gating. For this study, we used baby-hamster-
kidney (BHK) cells stably expressing A561E-CFTR and the iodide efflux
assay. As controls, we studied wild-type-CFTR (WT-CFTR) and F508del-
CFTR. We tested the potentiators PG-01 (P2), SF-03 (P3), UCCF-853 (P4),
∆F508act-02 (P5) and UCCF180 (P9) (all obtained from CFFT Compound
Collection, and used at 10µM in the presence of the cAMP agonist
forskolin, 10µM); genistein (50µM) was used as a reference potentiator. At
37°C, forskolin and genistein failed to elicit iodide efflux from A561E- and
F508del-CFTR expressing cells, whereas WT-CFTR expressing cells pro-
duced a large transient iodide efflux. When cells were incubated at 27°C for
24hr, Cl- channel activity was partially restored to A561E (83%) and
F508del (74%), relative to the response evoked by WT-CFTR expressing
cells treated with forskolin and genistein. All potentiators tested enhanced
iodide efflux from both A561E- and F508del-CFTR expressing cells (n = 4,
P<0.05, unpaired T-test versus vehicle). However, none of them restored
channel activity to WT-CFTR levels. For A561E-CFTR cells, the rank order
of potentiation was P4 ≥ P9 ≥ P2 > P5 > P3 (44 ± 6, 38 ± 5, 33 ± 2, 20 ± 4,
14 ± 1, respectively, %WT-CFTR Genistein, n = 4). For F508del-CFTR, the
rank order was P2 ∼ P5 ≥ P4 > P3 > P9 (22 ± 2, 22 ± 5, 19 ± 3, 15 ± 3, 10 ±
1, respectively, %WT-CFTR Genistein, n = 4). In conclusion, all of the small
molecules tested that potentiate F508del-CFTR also enhance A561E-CFTR
channel function, and the overall potentiating effects are better in A561E-
CFTR expressing cells. However, variation in the rank order may indicate
differences in the channel behavior of A561E- and F508del-CFTR, which
require further investigation using single-channel recording. 

Supported by CF Trust (UK). We thank Prof. MD Amaral (University of
Lisboa), and CF Foundation Therapeutics for BHK cells and small mole-
cules, respectively. 
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2. Mendes F, Roxo Rosa M, Dragomir A, Farinha CM, Roomans GM,

Amaral MD, Penque D. (2003) Unusually common cystic fibrosis mutation
in Portugal encodes a misprocessed protein. Biochem Biophys Res Com-
mun. 311, 665-671.
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54
STRUCTURAL ANALYSIS OF PDZ:PEPTIDE
INTERACTIONS THAT REGULATE CFTR HALF-LIFE
Amacher, J.1; Cushing, P.R.2; Vouilleme, L.2; Boisguerin, P.1;
Madden, D.R.1 1. Biochemistry, Dartmouth College, Hanover,
NH, USA; 2. Institute of Medical Immunology, Charite Institute,
Berlin, Germany

The PDZ domain is the most common protein interaction module in the
human genome, typically recognizing the C-terminal residues of its target
proteins. Individual PDZ binding motifs reveal interactions with up to seven
residues, denoted by their distance from the terminus, e.g., P0, P-1. In many
cases, however, binding motifs reveal only two or three sequence constraints
on the target sequence, and PDZ binding is notoriously promiscuous, with
one domain binding multiple targets. Nevertheless, individual domains also
exhibit significant affinity differences among sequences with shared motifs.
The basis for these “cryptic” stereochemical preferences remains unclear.

CFTR is a target protein recognized by multiple PDZ domains, includ-
ing NHERF1, NHERF2, NHERF3, and the CFTR-associated ligand (CAL).
Of these PDZ partners, CAL is the only one which negatively regulates the
abundance of CFTR at the cell surface, making it an attractive therapeutic
drug target. Global motif analysis of the CAL PDZ domain shows strong
residue preferences only at the P0 and P-2 positions. Using a peptide array
engineering approach however, we identified robust affinity determinants
reaching back to the P-5 position. The result was the inhibitor peptide
iCAL36 (ANSRWPTSII), which increases apical abundance of functional
∆F508-CFTR in CFBE cells. We also previously showed that applying
iCAL36 to an epithelial monolayer increases the activity of ∆F508-CFTR
by about 25%. However, studies using siRNA to inhibit CAL expression in
the same system show a >200% increase in chloride efflux by ∆F508-CFTR.
In order to design a better inhibitor of the CFTR:CAL interaction, and more
effectively recapitulate the effect of siCAL, we first need to understand the
basis, and extent, of selectivity of our inhibitor peptide. 

Consistent with the sequence engineering approach, iCAL36 binds the
CAL, but not the NHERF, PDZ domain(s). However, iCAL36 is capable of
binding an additional PDZ domain-containing protein, Tax Interacting Pro-
tein 1 (TIP-1), which is known to inhibit β-catenin in Wnt signaling path-
ways. To understand CAL and TIP-1’s upstream affinity, as well as design
better CAL inhibitors, we co-crystallized their PDZ domains with iCAL36,
revealing interactions along the length of the peptide. By varying the P-5
position, and by comparing the structures of peptides with different C-termi-
nal sequences, we can also visualize the interplay between C-terminal and
upstream binding determinants. Our results suggest different C-terminal
“core” sequences impose different upstream preferences for PDZ domain
interactions. Understanding how CAL binds its peptide targets will hopeful-
ly allow us to improve inhibition of CFTR:CAL, as well as gain an insight
into how CFTR interacts with its other PDZ domain binding partners.

This work was supported in part by NIH grants R01DK075309 and
T32GM008704.

55
DYNAMIC COUPLING WITHIN NBD1 INFLUENCES
THERMOSTABILITY AND FUNCTION OF CFTR
Kota, P.1; Aleksandrov, A.A.2; Riordan, J.R.1; Dokholyan, N.V.1 1.
Biochemistry and Biophysics, UNC Chapel Hill, Chapel Hill, NC,
USA; 2. Biomedical Engineering, UNC Chapel Hill, Chapel Hill,
NC, USA

Assembly of the cystic fibrosis transmembrane conductance regulator
(CFTR) epithelial anion channel is perturbed by the deletion of F508 from
the first nucleotide-binding domain (NBD1) responsible for most cystic
fibrosis. The mutant polypeptide is recognized by cellular quality control
systems and is proteolyzed. CFTR NBD1 contains a 32-residue segment
termed the regulatory insertion (RI) absent in other ATP-binding cassette
(ABC) transporters. We have reported that complete removal of RI enables
delF508 CFTR to mature and traffic to the cell surface where it mediates
regulated anion efflux and exhibits robust single chloride channel activity,
none of which are possible via partial removal of RI (Aleksandrov et al
2010). Now using discrete molecular dynamics (DMD) simulations of
NBD1, we have identified unprecedented dynamic coupling between RI and
other regions of NBD1. In particular, RI dynamically influences the F508

and I539 containing loops, the importance of which has been realized pre-
viously. Our results indicate that RI may indirectly influence the interaction
of NBD1 with the rest of the protein by attenuating the coupling of the
F508-containing loop with the F1-like ATP-binding core subdomain so that
RI removal overcomes the perturbations caused by F508 deletion. We con-
clude that restriction of RI to a particular conformational state may amelio-
rate the impact of this disease-causing mutation.

References: Aleksandrov AA, Kota P, Aleksandrov LA, He L, Jensen T,
Cui L, Gentzsch M, Dokholyan NV, and Riordan JR. “Regulatory insertion
removal restores maturation, stability and function of DelF508 CFTR”, J
Mol Biol, 401:194-210 (2010)

56
CIGARETTE SMOKE NEGATIVELY REGULATES CFTR
VIA ACTIVATION OF THE ERK1/2 PATHWAY
Cormet-Boyaka, E.1; Hassan, F.1; Nuovo, G.J.2; Davis, I.C.3;
Rennolds, J.1; Boyaka, P.3 1. Department of Internal Medicine,
The Ohio State University, Columbus, OH, USA; 2. Department
of Pathology, The Ohio State University, Columbus, OH, USA; 3.
Department of Veterinary Biosciences, The Ohio State University,
Columbus, OH, USA

We have evidence that CFTR expression is suppressed in the lung of
smokers with severe chronic obstructive pulmonary disease (COPD). We
therefore investigated the effect of cigarette smoke on CFTR expression and
function. We found that cigarette smoke negatively regulates CFTR expres-
sion in human bronchial epithelial cells by decreasing CFTR mRNA tran-
script and protein levels as measured by quantitative RT-PCR and
immunoblotting, respectively. Cigarette smoke also decreased CFTR func-
tion in human bronchial epithelial cells as assessed by Ussing chambers.
CFTR function was evaluated in vivo in the lung of mice and we found that
cigarette smoke decreased alveolar fluid clearance by around 30% in 24
hours. In order to understand the mechanism by which cigarette smoke reg-
ulates CFTR expression, we explored the role of MAPK pathways. Cigarette
smoke activated the three major MAPK pathways (i.e. P38, JNK and
Erk1/2) in a time- and dose-dependent manner in bronchial epithelial cells.
Inhibition of the p38 or JNK pathway had no effect on CFTR protein. Con-
versely, inhibition of the Erk1/2 pathway, using a specific inhibitor, pre-
vented the cigarette smoke-induced loss of CFTR protein in the human
bronchial epithelial cells Calu-3 and 16HBE41o-. The involvement of this
latter MAPK pathway in CFTR regulation was further confirmed by treating
16HBE41o- cells with phorbol myristate acetate (PMA), an Erk1/2 activa-
tor, leading to the loss of CFTR protein. Since Erk1/2 activity has been
reported to be elevated in the lung of COPD patients, we propose that target-
ing this MAPK pathway could restore CFTR expression and function.

57
AP5A INHIBITS CFTR CURRENT BY INTERACTING
WITH ATP-SITE 2 OF CFTR AND AN AMP-SITE
Randak, C.O.1; Ver Heul, A.1; Dong, Q.1; Welsh, M.J.2,3 1.
Pediatrics, University of Iowa, Iowa City, IA, USA; 2. Internal
Medicine, University of Iowa, Iowa City, IA, USA; 3. Howard
Hughes Medical Institute, Iowa City, IA, USA

Previous work showed that CFTR interacts with AMP (adenosine 5’-
monophosphate) at a site distinct from its two well characterized ATP
(adenosine 5’-triphosphate) binding-sites. The data further indicated that in
the presence of AMP, CFTR adenylate kinase activity (ATP+AMPÄ2 ADP)
is coupled to channel activity. Ap5A (P1,P5-di(adenosine-5′) pentaphosphate)
and Ap4A (P1,P4-di(adenosine-5′) tetraphosphate) are compounds that inhib-
it the activity of adenylate kinases and CFTR gating. Both molecules contain
two adenosine groups connected by a phosphate linker allowing them to
bind simultaneously to an ATP and an AMP binding-site of an adenylate
kinase. We hypothesized that Ap5A inhibits CFTR channel opening by inter-
acting simultaneously with an ATP- and an AMP-site. To test this hypothe-
sis, we labeled CFTR with a radioactive 8-azido-photoreactive analogue of
ATP, [α32P]8-N3-ATP, in the absence and presence of non-radioactive ATP
or Ap5A. We then partially proteolized CFTR and fractionated the fragments
on 16% tricine gels. We found that photolabeling of some CFTR fragments
was prevented by both ATP and Ap5A. In other fragments labeling was pre-
vented only by ATP. These results suggest that Ap5A competed with ATP,
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but not at all ATP binding-sites. To identify the ATP-site with which Ap5A
interacts, we studied two CFTR variants with the single amino acid substi-
tutions A462F and S1248F. These mutations introduced a phenylalanine
residue into the phosphate-binding loop of either ATP-site 1 (A462F) or site
2 (S1248F). Therefore, the interaction of ATP (and Ap5A) with one ATP-site
is impaired in these mutants: mutation A462F interferes with binding to
ATP-site 1 and mutation S1248F with binding to ATP-site 2. Both CFTR
mutants exhibited low channel open probabilities. Ap5A inhibited channel
opening in A462F CFTR but not in S1248F CFTR, suggesting that Ap5A
interacts with ATP-site 2. To test whether Ap5A interacts also with an AMP-
site, we photolabeled CFTR with [β3

32P]8-N3-Ap4A, [γ32P]8-N3-ATP, or
[α32P]8-N3-AMP and then studied labeling of proteolytic CFTR fragments.
We found that [β3

32P]8-N3-Ap4A labeled a subset of those fragments that
were also labeled by [γ32P]8-N3-ATP. In addition, we identified a proteolyt-
ic digestion product that was labelled by [β3

32P]8-N3-Ap4A and [α32P]8-N3-
AMP but not by [γ32P]8-N3-ATP, indicating that this CFTR fragment was
part of the AMP binding-site. Non-radioactive ATP prevented labeling of
this fragment by [β3

32P]8-N3-Ap4A but not by [α32P]8-N3-AMP. These find-
ings confirm that CFTR contains a binding-site for AMP that is distinct
from the ATP binding-sites. The data further indicate that photolabeling of
the AMP-site by [β3

32P]8-N3-Ap4A required simultaneous interaction of this
compound with an ATP-site. Thus the results suggest that Ap4A/Ap5A inter-
act with CFTR in a similar manner as with other adenylate kinases. Since
our previous work showed that adding AMP or AMP analogues can increase
or decrease CFTR current, identifying key amino acids that are involved in
the interaction of AMP with CFTR may aid development of therapeutics
useful for treating cystic fibrosis.

Supported by CFF, Francis Family Foundation, and HHMI.

58
THE EFFECT OF REGULATORY INSERTION
DELETION ON CO-TRANSLATIONAL FOLDING OF
CFTR NBD1
Matsumura, Y.; Kim, S.; Skach, W.R. Biochemistry & Molecular
Biology, Oregon Health & Sciences University, Portland, OR,
USA

CFTR misfolding and subsequent degradation constitute a primary
pathophysiological defect in most cases of cystic fibrosis. The most com-
mon mutation, F508del, is located in the first nucleotide binding domain
(NBD1, residues 389–673) where it confers a temperature sensitive pheno-
type to CFTR, decreases thermal stability of purified NBD1, and interferes
with channel gating by disrupting intramolecular interactions between
NBD1 and the second membrane spanning domain. CFTR NBD1 consists
of three subdomains: an N-terminal ATP binding subdomain (residues
389–495), an alpha-helical subdomain (residues 495-564) and a mixed
alpha, beta-sheet F1-type ATPase core. CFTR NBD1 also contains a unique
unstructured regulatory insertion (RI) (residues 405–436) of uncertain func-
tion and a C-terminal regulatory extension (RE) (residues 656–673), the lat-
ter of which controls channel gating in response to phosphorylation. Recent
studies have shown that RI deletion partially restores maturation, stability,
and function of full-length F508del CFTR in cells. This suggests that the RI,
located within the N-terminal subdomain, is functionally and structurally
coupled to the folding defect induced by F508del in the alpha-subdomain.

Using a FRET-based approach, we recently showed that NBD1 folding
is initiated co-translationally by rapid compaction of the N-terminal ATP
binding subdomain. We therefore examined whether deletion of the RI
might affect subdomain structure and/or alter the NBD1 co-translational
folding pathway. To test this hypothesis, a donor, fluorophore (eCFP) was
placed at the N-terminus of NBD1 (residue 389) via an in-frame N-terminal
fusion. A small acceptor dye ([N-6-(7-nitrobenz-2-oxa-1,3-diazole]-Lys])
was co-translationally incorporated into the nascent chain at residue 450,
using a synthetic suppressor tRNA. Because residue 450 is located in close
proximity to the eCFP fusion site in the NBD1 crystal structure, the FRET
efficiency provides a measure of the folded state of the N-terminus subdo-
main in the nascent polypeptide. As expected, RI deletion had no effect on
FRET for nascent chains truncated prior to subdomain folding, i.e. residue
460 (FRET <10% for WT and RI deletion). In contrast, after the subdomain
had exited the ribosome (truncation 550), RI deletion increased FRET from
45% to ~55%. This implies that the N-terminus subdomain achieves a more
compact conformation in the absence of RI. FRET was also measured in the
presence of a monoclonal antibody whose binding epitope overlaps with the

RI (L12B4, residues 386–412) or a control antibody (M3A7). Addition of
L12B4 (but not control) to the ribosome-bound subdomain resulted in a
33% decrease in the relative FRET efficiency (from 45% to 30%). These
results suggest that RI structure induces subtle changes to the folded state of
the NBD1 N-terminal subdomain. Effects of RI deletion on FRET efficien-
cy to other regions of NBD1 are under investigation. (Supported by CFFT,
NIH, and the Manpei Suzuki Diabetes Foundation.)

59
THE SNARE PROTEIN, SYNTAXIN 8, PLAYS A ROLE IN
THE PROCESSING OF THE B BAND OF ∆F508-CFTR
Mardari, G.1; Guggino, W.B.1; Cebotaru, L.1,2 1. Physiology,
Johns Hopkins University, Baltimore, MD, USA; 2.
Ophthalmology, Johns Hopkins University, Baltimore, MD, USA

Human syntaxin 8, a member of the t-SNARE receptor family, was orig-
inally cloned using the R domain of CFTR as bait in a yeast-two-hybrid
screen of human fetal lung library (Thoreau et al. Biochem. Biophys. Res.
Comm. 257:577-583, 1999). Subsequent experiments showed that STX8 is
involved in the post-Golgi, endosomal recycling pathway of wt CFTR. Over
expression of STX8 has been shown to both disrupt the recycling of CFTR
and inhibit chloride channel currents (Bilan et. al. J. Cell Sci. 117:1923-
1935, 2004). The aim of our study is to understand whether STX8 plays a
role in the processing and trafficking of ∆F508-CFTR.  To accomplish this
we cotranfected STX8 and ∆F508-CFTR into Cos7 cells and noticed a dose-
dependent decrease in the steady state levels of the B band. Over expression
did not cause any rescue of ∆F508-CFTR to C band. To study this further,
we determined the effect of cycloheximide (CHX) treatment to assess the
rate of degradation of STX8 and its impact on ∆F508-CFTR degradation.
Our results showed that STX8 is a long-lived protein which is relatively sta-
ble over a 24 hr CHX treatment period.  Treating cells with the proteasome
inhibitor, MG132 showed that STX8 is slowly degraded in the proteasome.
Lysosomal inhibition with E64 did not have any effect suggesting that STX8
is not degraded in the lysosome. CHX treatment as expected showed that
∆F508-CFTR is rapidly degraded.  The rate of degradation of ∆F508-CFTR
was not noticeably changed when ∆F508-CFTR and STX8 were co-
expressed. Inhibiting the proteasome with MG132 caused a significant
increase in the B band of ∆F508-CFTR in the absence of STX8. This
increase in the B band of ∆F508-CFTR following proteasome inhibition
still occurred in ∆F508-CFTR and STX8 co-transfected cells. Our data
shows that STX8 does affect the steady-state levels of the B band of ∆F508-
CFTR but does not affect its degradation in the proteasome.  The data sug-
gests that STX8 does play a role in the processing of ∆F508-CFTR in the
ER in addition to its known effects on recycling of wt-CFTR at the plasma
membrane. One possibility is that STX8 might be involved in the early bio-
genesis of ∆F508-CFTR. 

Funded by CFFT Folding Consortium.

60
ROLE OF TM1, ICL1, AND ICL2 IN MULTIDOMAIN
FOLDING OF CFTR
Patrick, A.E.1,2; Millen, L.2; Thomas, P.J.1,2 1. Molecular
Biophysics Graduate Program, University of Texas Southwestern
Medical Center, Dallas, TX, USA; 2. Physiology, University of
Texas Southwestern Medical Center, Dallas, TX, USA

The cystic fibrosis transmembrane conductance regulator (CFTR) pro-
tein is comprised of two transmembrane spanning domains (TMDs), two
nucleotide binding domains (NBDs) and a unique regulatory region (R).
The domains obtain cotranslational structure that is required to interact with
the other domains as they are produced and folded. The first domain trans-
lated, TMD1, forms extensive interdomain interactions with the other
domains in CFTR homology models. In TMD1, long intracellular loops
extend into the cytoplasm and interact with both NBDs via coupling helices
and with TMD2 via transmembrane spans (TMs). In this study, mutations
within this domain, either in a TM span or in the cytosolic ICLs, only
become apparent in constructs containing different CFTR domains, sug-
gesting they interfere with specific steps in the hierarchical folding of
CFTR. TM1 CF-causing mutants, G85E and G91R, directly affect TMD1,
whereas most ICL1 and ICL2 mutant effects became apparent only after
TMD2 production. A single mutant in ICL2 altered levels only in the pres-
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ence of NBD2, suggesting it perturbs the ICL2-NBD2 interface. Notably,
mutation of hydrophobic residues in the ICL coupling helices increased lev-
els of pre-TMD2 biogenic intermediates, but caused ER accumulation in the
presence of TMD2. This result suggests a tradeoff between transient stabil-
ity during translation and final structure. NBD2 increased the efficiency of
mutant trafficking from the ER, consistent with stabilization of the intact
CFTR. While the G85E and G91R mutants in TM1 have immediately
detectable effects, the influence of most of the studied mutants are apparent
only after production of TMD2, suggesting this intermediate is a major point
of recognition by protein quality control.

Supported by NIH (to AP and PJT) and CFF (to PJT).

61
PORCINE CFTR-∆F508 DEVELOPS A CONFORMATION
IN THE ER THAT PERMITS PARTIAL ESCAPE TO THE
GOLGI
Ostedgaard, L.1; Welsh, M.1,2 1. Internal Medicine, Carver
College of Medicine, University of Iowa, Iowa City, IA, USA; 2.
Molecular Physiology and Biophysics, Carver College of
Medicine, University of Iowa, Iowa City, IA, USA

Studies of recombinant CFTR showed that the most common CF-asso-
ciated mutation, ∆F508, disrupts processing of the protein. The mutant pro-
tein is retained in the endoplasmic reticulum (ER) and degraded, preventing
glycosylation at the Golgi and maturation to the plasma membrane. Like
human CFTR-∆F508 (h∆F), pig CFTR-∆F508 (p∆F) was mostly degraded.
However, some p∆F escaped the ER and was processed to the fully glyco-
sylated protein. Moreover, when expressed in a CF airway epithelial model
or when studied in the airway of CFTR∆F508/∆F508 pigs, p∆F generated a small
amount of transepithelial Cl- transport, suggesting that some of the ∆F508
protein reached the apical surface. To begin to understand the basis for the
small proportion of p∆F that matures, we did several studies to compare the
biosynthesis of recombinant human and pig CFTR. We found that the disap-
pearance of the band B form of human and pig wild-type CFTR and CFTR-
∆F508 did not differ. However, maturation of pig wild-type CFTR (pWT)
was greater than human wild-type CFTR (hWT). Furthermore, maturation
of h∆F to band C was less than 2%, whereas maturation of p∆F was 15-20%.
Processing of h∆F is temperature-dependent; reducing the temperature to
26°C caused a 4-5-fold increase in maturation of h∆F. In contrast, lowering
the temperature did not increase the amount of p∆F band C. Disruption of
the Golgi by Brefeldin A (BFA) prevents exit of protein from ER. In both
hWT and pWT, a portion of band B accumulates in the ER after BFA treat-
ment, the same proportion that processes to mature band C. In h∆F, there is
no such accumulation. Unlike h∆F, a portion of p∆F accumulates in the ER,
approximately the same proportion of the protein that becomes fully glyco-
sylated. We also compared the trypsin sensitivity of pig and human wild-
type and CFTR-∆F508 in membrane vesicles. In contrast to the marked sen-
sitivity of h∆F to proteolysis, p∆F was only slightly more susceptible to
trypsin than pWT. These in vitro studies indicate that a small portion of p∆F
forms a relatively protease-resistant conformation that is less susceptible to
degradation than h∆F. This stable form of p∆F is competent to leave the ER
and enter the Golgi. Moreover, these data suggest that this small proportion
of p∆F is able to overcome a step in ER processing that is temperature sen-
sitive for h∆F. In addition, our studies suggest the feasibility of using differ-
ences in human and pig CFTR sequence to guide us to targeted therapies
that could improve processing of human CFTR-∆F508.

62
ENHANCEMENT OF CFTR CORRECTION BY BRIEF
HYPERTHERMIC TREATMENT AND DNA
METHYLTRANSFERASE INHIBITOR
Illek, B.1; Bustillo, M.E.1; Spence, S.1; Fischer, H.1; Gruenert,
D.C.2 1. Children’s Hospital Oakland Research Institute,
Oakland, CA, USA; 2. Departments of Otolaryngology - Head
and Neck Surgery and Laboratory Medicine, Center for
Regenerative Medicine and Stem Cell Research, University of
California San Francisco, San Francisco, CA, USA

CFTR transgene expression in CF airway epithelial cells is character-
ized by a gradual decline over time. To circumvent this, novel strategies that
prolong CFTR activity at critical threshold levels above 6-10% are therefore

needed. Brief hyperthermic treatment (BHT; 41-43°C for 20-60 min) of the
airways has been used in clinical studies and is known to induce heat shock
protein 72 (iHsp72). Recent studies suggest that BHT might affect the DNA
methyltransferases (DNMTs) and histone deacetylases (HDACs), and a reg-
ulatory link between HDAC7 and CFTR was described in CF bronchial
epithelial cells (CFBE41o-; Hutt et al. 2010). The goals of this study were i)
to examine the utility of BHT as an enhancer of episomal CFTR expression
using the pCEP4-CFTR plasmid, and ii) to quantify the efficacy of BHT as
an enhancer of CFTR-mediated Cl currents in comparison to inhibitors of
DNMTs and HDACs. CFBE41o- monolayers were grown on Snapwell
inserts, exposed to BHT, and allowed to recover at 37°C for increasing time
periods. Measurements of CFTR Cl currents (ICl) were carried out in the
presence of a Cl gradient in Ussing chambers at specific time points. BHT
induced time-dependent increases in iHsp72 protein expression and
forskolin/VRT-532 stimulated ICl (1.4, 2.7, 4.0, and 4.7-fold after 2, 4, 6, and
24 hours, respectively). BHT effects on ICl were validated in three
CFBE41o- clones complemented with the wtCFTR cDNA open reading
frame (ORF; 4.7 kb) and in one CFBE41o- clone with the entire wtCFTR
cDNA (ORF plus the 5’ and 3’ untranslated regions, UTR; ~6.2kb) inserted
into the pCEP4 expression plasmid. Both the 4.7 kb and 6.2 kb constructs
responded to BHT, and ICl peaked at 161±30 µA/cm2 (4.7 kb) and 386±30
µA/cm2 (6.2 kb) suggesting that untranslated regions in the 6.2 kb CFTR
sequence provide a 2-fold higher efficacy for the correction of CFTR activ-
ity in CFBE41o- cells. Treatment with actinomycin D abolished the
response to BHT suggesting that BHT affects CFTR transcription. Con-
versely, exposure of the 6.2 kb clone to 5-aza-dC, a DNMT inhibitor, result-
ed in a time-dependent activation of ICl similar to BHT, and ICl peaked at
301±43µA/cm2. Combined treatment of BHT and 5-aza-dC had no additive
effects, suggesting that BHT and 5-aza-dC act through a similar mecha-
nism. Treatment of the 6.2 kb clone with HDAC inhibitors for 24 hours was
less effective than either BHT or 5-aza-dC, and ICl peaked at 166±14
µA/cm2 (Trichostatin A), 135±6.0 µA/cm2 (SAHA), and 75±1.0 µA/cm2

(Scriptaid). In summary, the efficacy to enhance forskolin/VRT-532-stimu-
lated ICl was BHT (4.2-fold) > 5-aza-dC (3.3-fold) > trichostatin A (1.8-fold)
> SAHA (1.5-fold) > Scriptaid (no effect). In conclusion, it appears that
BHT and 5-aza-dC induce changes in CMV promoter methylation that lead
to enhanced CFTR transgene expression. Furthermore, these studies suggest
that the use of BHT may provide a novel means to enhance correction of
CFTR function during gene transfer. Supported by CFF, CFRI, PACFI, Eliz-
abeth Nash Foundation, Folger Foundation.
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INVESTIGATING THE ROLES OF THE
INTRACELLULAR LOOPS IN THE CONFORMATIONAL
MATURATION AND GATING OF CFTR
Molinski, S.1,2; Huan, L.2; Bear, C.E.1,2 1. Department of
Biochemistry, University of Toronto, Toronto, ON, Canada; 2.
Molecular Structure & Function, The Hospital for Sick Children,
Toronto, ON, Canada

CFTR is a plasma membrane phosphoglycoprotein, belonging to the
ATP-Binding Cassette transporter superfamily. CFTR functions as an ATP-
and PKA-dependent chloride channel, regulating chloride ion flux across
apical membranes of polarized epithelial cells. Mutations in CFTR cause
cystic fibrosis disease; the major disease-causing mutation, F508del, is
located in the first nucleotide binding domain (NBD1). This and many other
(>1800) mutations affect protein folding and channel gating, presumably by
destabilizing interdomain interfaces; the NBD1:intracellular loop 4 (ICL4)
interface is implicated in F508del. Current small molecule ‘correctors’ lead
to partial rescue of the processing defect with some functional (but ineffi-
cient) expression at the cell surface, and although the mechanism of action
is poorly understood, the NBD1:ICL4 interface is likely repaired to some
extent. Consequently, there is a need to understand the roles of this and
other interdomain interactions in the biogenesis and functional expression of
CFTR. 

Functionally important interdomain interfaces include: NBD1:ICL4,
NBD1:2, NBD1:2:ICL1:2:4, ICL3:Regulatory-domain, and membrane
spanning domain (MSD) 1:2. Identification of other interfaces along the
pore axis of CFTR is desired. Upon inspection of Sav1866-based atomic
homology models of CFTR, and using HOLE software, previously unex-
plored ICL interfaces (ICL1:2, ICL1:3) were predicted to play important
roles in biosynthesis and gating. Further analysis identified a cluster of
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hydrophobic residues comprised of six ICL amino acids (all of which are
located in the helical extensions, two of which are associated with disease)
that may be involved in gating. These residues include: Ile177 (ICL1),
Val181 (ICL1), Leu259 (ICL2), Val260 (ICL2), Leu973 (ICL3) and Val1056
(ICL4). Individually mutating Ile177 and Leu259, two residues which form
the narrowest constriction in the putative permeation pathway, did not affect
maturation (as shown by immunoblots), but the double substitution of
Ile177Ala/Leu259Ala decreased the rate of functional activation by 40%,
presumably by altering the ICL1:2 interface, as measured by a cell-based
iodide efflux assay using the halide-sensitive fluorophore 6-methoxy-N-(3-
sulfopropyl)quinolinium. Substitution of the ICL3 residue Leu973 with dis-
ease-causing Pro, but not disease-causing Phe, affected CFTR processing,
suggesting that a conserved residue is required at this position for proper
assembly and maintenance of alpha-helical structure. Further characteriza-
tion of these and other ICL mutants is currently in progress. By understand-
ing how the ICLs transmit signals between the MSDs and NBDs via inter-
domain interfaces, gating mechanisms will become more apparent, and
could potentially allow for the design of next generation correctors to treat
cystic fibrosis by improving the folding/assembly of mutant CFTR. Elucida-
tion of such molecular events would contribute not only to our understand-
ing of CFTR activity, but also to our understanding of channels and trans-
porters in general. This work is supported by the Canadian Institutes of
Health Research and Cystic Fibrosis Canada.

64
IDENTIFICATION OF CFTR POST-TRANSLATIONAL
MODIFICATION BY MASS SPECTROMETRY
McClure, M.1,2; Wilson, L.3; DeLucas, L.J.4; Ray, M.5; Rowe,
S.M.1,6; Wu, X.6; Dai, Q.6; Hong, J.1,7; Kappes, J.C.6; Sorscher,
E.J.1,6; Barnes, S.3 1. Gregory Fleming James Cystic Fibrosis
Research Center, University of Alabama at Birmingham,
Birmingham, AL, USA; 2. Genetics, University of Alabama at
Birmingham, Birmingham, AL, USA; 3. Pharmacology and
Toxicology, University of Alabama at Birmingham, Birmingham,
AL, USA; 4. Optometry, University of Alabama at Birmingham,
Birmingham, AL, USA; 5. Center for Biophysical Sciences and
Engineering, University of Alabama at Birmingham,
Birmingham, AL, USA; 6. Medicine, University of Alabama at
Birmingham, Birmingham, AL, USA; 7. Cell Biology, University
of Alabama at Birmingham, Birmingham, AL, USA

Post-translational modifications (PTMs) are important contributors to
protein biogenesis and function. CFTR in particular is known to be regulat-
ed by multiple PTMs, including glycosylation, phosphorylation, and ubiqui-
tination. The functional significance and specific CFTR residues responsible
for the majority of PTMs within CFTR are not known. We recently
employed a combination of tandem (MS/MS) and multiple reaction ion
monitoring (MRM) mass spectrometry using 4000 QTRAP and 5600
TripleTOF mass spectrometers (AB SCIEX, Concorde, Ontario, Canada) to
globally identify specific positions of PTM within full length CFTR.
Recombinant His-CFTR was expressed at high levels using an inducible tet-
on lentivirus-based strategy in HEK293 cells. CFTR was purified from cul-
ture (10 liter bioreactors) using nickel affinity chromatography, fragmented
by enzymatic digestion, and scanned for sites of modification. Using a vari-
ety of proteolytic enzymes and a source of CFTR comprising both properly
folded and unfolded conformations, we achieved coverage of approximate-
ly 72% of the full length gene product. The proteomic survey revealed loca-
tions of numerous PTMs, including several modifications not previously
reported for CFTR, such as methylation, ethylation, and palmitoylation. The
analysis verified CFTR phosphorylation at S660, S686, S700, S712, S737,
and S795, and also identified novel phosphate attachments at T717, S1444,
and S1456. A putative site of CFTR ubiquitination, a modification known to
participate in degradation from both the ER and plasma membrane compart-
ments, was observed at K688. These results describe the first comprehensive
analysis of PTMs within CFTR and will help elucidate mechanisms that
govern ion channel trafficking and function.

Supported by CFF and NIH.

65
S-PALMITOYLATION IS A REGULATOR OF CFTR
PROCESSING
McClure, M.1,2; Wilson, L.3; DeLucas, L.J.4; Ray, M.5; Rowe,
S.M.6; Wu, X.6; Dai, Q.6; Hong, J.S.1,7; Kappes, J.C.6; Barnes, S.3;
Sorscher, E.J.1,6 1. Gregory Fleming James Cystic Fibrosis
Research Center, University of Alabama at Birmingham,
Birmingham, AL, USA; 2. Genetics, University of Alabama at
Birmingham, Birmingham, AL, USA; 3. Pharmacology and
Toxicology, University of Alabama at Birmingham, Birmingham,
AL, USA; 4. Optometry, University of Alabama at Birmingham,
Birmingham, AL, USA; 5. Center for Biophysical Sciences and
Engineering, University of Alabama at Birmingham,
Birmingham, AL, USA; 6. Medicine, University of Alabama at
Birmingham, Birmingham, AL, USA; 7. Cell Biology, University
of Alabama at Birmingham, Birmingham, AL, USA

Lipid modifications are known to play a crucial role during biogenesis
of numerous membrane proteins, including receptor molecules, epithelial
ion channels, and members of the ABC gene family. S-palmitoylation is a
reversible lipid modification defined by the addition of palmitate, a 16-car-
bon saturated fatty acid, to sulfhydryl groups of cysteine residues. Using a
mass spectrometry (MS) approach, we have established that CFTR under-
goes S-palmitoylation at two positions: cysteine 524 (located within NBD1)
and cysteine 1395 (in the C-terminal region of the protein). Metabolic label-
ing with [3H]-palmitic acid was confirmed in both wildtype and F508del
mutant forms of CFTR. Blocking attachment of palmitic acid with 2-bro-
mopalmitate (2-BP) decreased levels of mature (Band C) CFTR in HeLa,
HEK293, and CFBE (cystic fibrosis bronchial epithelial) cells. In addition,
anion transport as measured by the fluorescent indicator 6-methoxy-N-(3-
sulfopropyl)quinolinium (SPQ) and studies of CFBE monolayers in the Uss-
ing chamber showed significantly less CFTR surface activity following
treatment with 2-BP. Treatment with 2-BP also blocked CFTR maturation as
judged by [35S]-pulse chase. While disruption of C1395 by replacement with
alanine had no measurable effect on steady state levels of Band C, CFTR
encoding C524A demonstrated a 90% decrease in the mature glycoform.
C524 is located in the canonical α helical subdomain of NBD1, arguing
against a role in palmitate-dependent membrane association. Moreover,
C524A misprocessing was partially rescued by low temperature in a manner
similar to correction of F508del, indicating that this substitution may have
direct effects on NBD folding. In either case, our results indicate that palmi-
toylation contributes to CFTR biogenesis as part of a previously unrecog-
nized step in the maturational pathway. Identification of additional palmi-
toylation sites in CFTR by mass spectrometry will be necessary to clarify
the role of this side chain attachment during CF pathogenesis.

Supported by CFF and NIH.

66
OVEREXPRESSION OF NHERF1 PROMOTES
RECYCLING OF A NATURALLY OCCURRING CFTR C
TERMINUS TRUNCATION MUTANT
Sharma, N.; Kapa, L.; Park, J.; Sosnay, P.R.; Cutting, G.R.
Institute of Genetic Medicine, JHU, Baltimore, MD, USA

The cystic fibrosis transmembrane conductance regulator (CFTR) inter-
acts with EBP50/NHERF1 via a C-terminal Post-synaptic density 95/Disc-
Large/Zona occludens-1 (PDZ) binding motif (1). Proteins with PDZ
domain–interacting motifs have well-established roles in protein scaffolding
at the cell surface and are proposed to act as cis-acting determinants direct-
ing the molecular sorting of transmembrane cargo from endosomes to the
plasma membrane. Recently, several groups have shown that overexpression
of NHERF1 can localize mutant CFTR to apical membrane suggesting a
potential therapy for CF (2-4). To assess whether other regions of CFTR
interact with NHERF1, we have been investigating how CFTR bearing the
S1455X mutation that deletes the PDZ binding motif partially localizes to
apical membrane. The present study was conducted to investigate whether
NHERF1 overexpression affects the localization of S1455X CFTR.
NHERF1 was transiently overexpressed in MDCK cells stably expressing
GFP tagged S1455X CFTR. Plasma membrane proteins were biotinylated at
4°C using EZ-Link-Sulfo-NHS-SS-Biotin and cells were warmed to 37°C
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for 2.5, 5, 7.5, or 10 min to load endocytic vesicles with biotinylated pro-
teins, including CFTR with Sulfo-NHS-SS-Biotin. There was no significant
difference observed in the rate of endocytosis of S1455X. To evaluate recy-
cling, cells were warmed again to 37°C at different time points to allow
endocytosed and biotinylated CFTR to recycle to the plasma membrane. It
was observed that overexpression of NHERF1 increased the recycling of
internalized S1455X CFTR to the apical membrane. This finding was con-
sistent with observations by confocal microscopy where the abundance of
S1455X CFTR on the apical surface was increased in cells with NHERF1
overexpression. Since PDZ binding motif is absent in S1455X CFTR, these
results suggest that NHERF1 overexpression and increased recycling oper-
ates via interaction with sequences other than the PDZ binding motif. We are
currently exploring whether an internal C terminal sequence
(1417EENKVR1422) previously proposed by our group to interact with
NHERF1 (5) may play a role in the increased recycling. Elucidation of
mechanisms that promote the recycling of CFTR may provide a path to
increase the abundance of CFTR mutants at the cell surface. 

(Supported by NIDDK grant R37DK99003.) 
1. Li, C., and Naren, A. P. Integr. Biol. (Camb. ) 2010: 2, 161-177.
2. Bossard, F. et al. AJP-Lung Cell and Mol Physiol. 2007: 292, L1085-

L1094.
3. Fanelli, T. et al. Biol. Cell 2008: 100, 399-412.
4. Favia, M. et al. Mol. Biol. Cell 2010: 21, 73-86.
5. Sharma et al. Ped. Pulm. Supp. 2010: 33, 225.

67
ADVANCING HIGH THROUGHPUT SCREENING OF
CFTR MODULATORS WITH HUMAN EPITHELIA CELL
LINES
Sui, J.; Shang, H.; Kanawade, A.; Fitzpatrick, R. Flatley
Discovery Lab, Charlestown, MA, USA

The YFP-based iodide flux assay has been widely deployed in high-
throughput screening (HTS) approaches for small molecule CFTR modula-
tors. The most robust cell line developed for this assay is the Fisher Rat Thy-
roid (FRT) cell, transfected with halide–sensitive YFP and CFTR F508del
(Pedemonte et al., 2005, JCI 115; Sui et al., 2010, ADDT 8). The use of FRT
cells in this assay is inevitably associated with strong concerns of potential
false positives and negatives in discovery lead identification relative to
human cell models. To advance the HTS capability with human epithelial
cell models in the drug discovery program at Flatley Discovery Lab (FDL),
two human epithelial cell lines were adapted to the iodide flux HTS assay:
A549 cells stably transfected with YFP and CFTR F508del (Pedemonte et
al., 2010, AJP 298), and human cystic fibrosis bronchial epithelial cells
(CFBE) transiently transfected with YFP and CFTR F508del. 

The A549 cells used at FDL have been sub-cloned from the A549 cells
that were kindly provided by Dr. Galietta (see above). Optimized A549 cell
assay protocols were developed for the Hamamatsu 384-well plate reader
FDSS-6000.

For CFBE cells, a suitable stably transfected cell line has not been avail-
able. We introduced a high volume transient transfection method (STX by
MaxCyte) to transfect CFBE cells with halide–sensitive YFP and CFTR-
F508del for the HTS assay. This method allows plasmid titration in order to
achieve desirable expression level of each protein, and to optimize the
expression ratio of YFP and CFTR-F508del for best assay signals (Figure 1).
Viability of the transfected cells is over 90%, and the target expression lev-
els were consistent across experiments and for variable freezing durations.
The high transfection volume and consistent transfection parameters make
this transient transfection method a suitable approach for HTS.

Data generated from FRT, A549, and from CFBE cells against a set of
selected compounds are compared, showing the benefits of using human
epithelial cells in the HTS assay.

Advancing the iodide flux assay on HTS platforms from Fisher Rat
Thyroid cells to human cells is a significant step towards the ideal CF cellu-
lar model. The human cell-based iodide flux assay is currently the primary
HTS assay in the CFTR modulator screening campaign at FDL.

Figure 1. YFP quenching rate signal windows between negative
control (DMSO) and positive control (C18, 10 µm) among the three
tested cell lines (FRT, A549, and CFBE) in the YFP assay

68
RESCUING EXPRESSION OF CFTR F508DEL IN HEK293
CELLS BY ALTERING THE SYNONYMOUS CODONS
Shah, K.1,2; Cheng, Y.2; Bridges, R.J.2; Bradbury, N.A.2; Mueller,
D.M.1 1. Biochemistry and Molecular Biology, Rosalind Franklin
University, North Chicago, IL, USA; 2. Physiology and
Biophysics, Rosalind Franklin University, North Chicago, IL,
USA

Cystic fibrosis is caused by a loss in the expression of a chloride chan-
nel, CFTR. Of the patients with cystic fibrosis, 90% have a 3bp deletion,
which eliminates codon 508 (F508del). This mutation alters CFTR folding
such that CFTR does not get to the plasma membrane, but instead, is degrad-
ed by endoplasmic reticulum associated protein degradation (ERAD). While
the F508del mutation is commonly responsible for cystic fibrosis, little is
known on why the mutation alters the folding of CFTR or how it can be cor-
rected by a rational approach. The results in this study demonstrate that the
expression and localization of both wild type and F508del CFTR are dra-
matically dependent on which synonymous codons are used in the open
reading frame of CFTR.  There is a striking dependence on the synonymous
codon usage on the total amount of CFTR expressed in the cell, the traffick-
ing to the plasma membrane, and on the level of functional CFTR for both
the wild type and mutant, F508del, forms of CFTR. Surprisingly, by opti-
mizing the synonymous codons, we are able to express the F508del form of
CFTR on the plasma membrane of HEK293 cells at levels that are compa-
rable to that observed by expression of wild type CFTR using the native
codons. 

Constructs were designed using the Codon Adaptation Index (CAI), a
measure of synonymous codons used in a gene, in reference to codons used
in genes whose proteins are highly expressed. This report describes the
results from a number of constructs including two that use the codon
sequence of endogenous/native, wild type or F508del CFTR and two that
that are strongly biased for high expression (high CAI). The constructs were
integrated into a single site using the “Flip-in” system in HEK293 cells.
Western blot analysis indicates expression of wild type CFTR increased by
15 fold for the hCAI constructs as compared to the native codons. Surpris-
ingly, expression of CFTR F508del in the hCAI codons resulted in expres-
sion that was 2 fold higher than that observed for expression of wild type
CFTR using native codons. Expression of codon optimized CFTR F508del
in FRT cells showed a 20 fold increase in activity, as measured by forskolin
induced current, in comparison to expression of CFTR F508del using the
native codons. Analysis of the ratio of the relative amount of CFTR to the
level of mRNA (Translation Efficiency, TE) indicates that the TE of the
codon optimized CFTR F508del increased from near 0, to 0.075, as com-
pared to a TE of 1 for wild type CFTR. Analysis of the RNA levels by real
time PCR indicates that the level of mRNA closely tracks the level of pro-
tein expression, however the half-lives of the mRNA does not vary (t1/2 =
~4hrs). While transcription is not expected to differ, we are currently under-
taking nuclear run-on experiments to assess the promoter strengths for all
the constructs. Overall, these results have profound implications on the cou-
pling of translation and folding and on the effect of codon usage on transla-
tion and transcription in the mammalian cell. Supported by grants from the
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Cystic Fibrosis Foundation (MUELLER08P0) and National Institutes of
Health (R21-HL094951).

AIRWAYS PHYSIOLOGY &
PATHOPHYSIOLOGY 

69�
MUC5B MUCIN ASSEMBLY AND EXTRACELLULAR
ORGANIZATION
Ridley, C.; Hughes, G.A.; Bonser, L.; Ford, R.C.; Thornton, D.J.
Faculty of Life Sciences, University of Manchester, Manchester,
United Kingdom

The airway mucus gel performs a critical function in defending the res-
piratory tract from pathogenic and environmental challenges. In cystic fibro-
sis (CF), overproduction of mucus with abnormal transport properties is an
important pathologic feature. Early changes in CF are characterized by
adherence of mucus plaques to the airway epithelium, blocking small air-
ways and providing an environment within which bacteria can flourish. This
results in chronic inflammation and a vicious cycle of airway damage and
mucus hypersecretion, key aspects of morbidity and mortality. The develop-
ment of effective reagents targeted at reducing mucus adherence in CF is an
important unmet clinical need. However, our current understanding of
mucin biology is incomplete, particularly with regards to mucin assembly
and how they are organized within mucus. To address these issues we have
analyzed MUC5B in apical secretions and lysates from normal human
bronchial epithelial cells (HBE) grown at air-liquid interface, as well as
from saliva. 

Recent work has identified different conformations of MUC5B follow-
ing granular release suggesting a maturation process (1). During maturation
of the related glycoprotein von-Willebrand factor, the N-terminus undergoes
proteolytic cleavage in order for vWF to attain its correct conformation (2).
To investigate processing, MUC5B was extracted from HBE cell apical
secretions and lysates, purified by density gradient centrifugation and tryp-
tic peptides were analyzed by tandem mass spectrometry (MS/MS). The
results identified peptides throughout the MUC5B polypeptide, including
peptides from the N- and C-terminal domains. This suggests there is no evi-
dence for the vWF-like processing mechanism in MUC5B maturation.
However, the MS/MS analyses are non-quantitative and a proportion of mol-
ecules may be proteolytically modified. Work is ongoing to develop a quan-
titative MS approach to measure the proportion of MUC5B molecules that
are intact and/or processed.

Additionally, an important, and largely under-researched, aspect of air-
way mucus is the native structure and organization of mucins within the
mucus gel. At least 250 proteins are present in airway mucus (3), but how
these components come together to result in functional mucus is not known.
To investigate the organization of MUC5B within mucus, we have used
cryo-electron tomography to generate a 3-D model of a MUC5B mucin net-
work in its native physiological state. Using saliva, we have developed an
effective method for sample preparation. Native mucin-complexes are sub-
jected to centrifugal concentration using a 1MDa molecular weight cut-off
centrifuge filter. After filtration, MUC5B is retained above the filter along
with the majority of the lower molecular weight proteins in the secretion,
indicating they are associated with MUC5B in mucus. Preliminary cryo-EM
data on MUC5B-protein complexes reveals a network of interlinked fibres.
We are currently using MUC5B-domain-specific antibodies in combination
with cryo-EM to obtain new insight into the molecular organisation of the
mucins within this network.

1. Kesimer et al., (2010) Am J Physiol Lung Cell Mol Physiol 298, L15-
L22.

2. Huang et al., (2008) Proc Natl Acad Sci 105, 482-487.
3. Kesimer et al., (2009) Am J Physiol Lung Cell Mol Physiol 296, L92-

L100.

70�
EARLY CF AIRWAY STRUCTURAL CHANGES AS A
DETERMINANT OF AIRFLOW AND REGIONAL
PARTICLE DEPOSITION PATTERN
Awadalla, M.1,4; Fuld, M.3; Choi, J.2; Miyawaki, S.2; Hoffman,
E.3; Reynolds, K.4; Lin, C.2; Stoltz, D.A.1 1. Internal Medicine,
University of Iowa Hospital and Clinic, Iowa City, IA, USA; 2.
Mechanical engineering, University of Iowa Hospital and Clinic,
Iowa City, IA, USA; 3. radiology, University of Iowa Hospital and
Clinic, Iowa City, IA, USA; 4. biomedical and electronic
engineering, Flinders University, Adelaide, SA, Australia

The loss of cystic fibrosis transmembrane conductor regulator (CFTR)
function causes the genetic disease cystic fibrosis (CF). Despite the
advancement in many areas of CF research, the pathogenesis of CF airway
disease is still not well understood. This is, in part, due to the lack of an ani-
mal model with lung disease that resembles human CF disease. Therefore,
a CF pig model was recently developed. Within months after birth, the CF
pig developed lung disease similar to that observed in humans with CF.
Interestingly, at birth CF pig airways were less circular than controls, had
smaller diameters, had irregularly appearing cartilage rings, and contained
abnormal appearing smooth muscle bundles. We hypothesized that these
early airway structural abnormalities will affect airflow patterns and particle
deposition in the CF airways. An in-house computational fluid dynamics
(CFD) code was applied to study the effect of airway structural abnormali-
ty in CF newborn pigs on airflow pattern and particle deposition. The code
uses parallel large-eddy simulation (LES) technique, which solves filtered
continuity and incompressible Navier-Stokes equation. The two airway geo-
metric models of a newborn CF and non-CF pig, were reconstructed from
multi-row detector CT (MDCT: Siemens Sensation 64) image datasets.
After analyzing the two geometric models we found that CF airways were
less circular and smaller in diameter compared to the non-CF airways. When
airflow in the upper airways was simulated using CFD the CF upper airways
exhibited high turbulence intensity and high wall shear stress caused by the
vortices created in the glottis. Moreover, in the CF airways we observed
higher airflow velocity, and air pressure near the airway wall causing high
wall shear stress compared to non-CF airways. We mathematically modeled
airway particle deposition by releasing 1 µm particles evenly into the larynx
above the glottis. We found that 24% of the particles went to the porpoise
lobe in the CF lung compared to only 5% in the non-CF lung. In addition,
we observed that in CF lung the number of particles deposited in the por-
poise lobe was higher than the number of particles deposited in the left and
right lung. Interestingly, in older CF pigs the lung disease tends to occur in
the porpoise lobe. These data show that the CF airway structural abnormal-
ity has a significant effect on airflow pattern in the lung, and subsequently
on particle deposition. The findings from this model suggest that early struc-
tural abnormality in the newborn CF airways might contribute to CF disease
pathogenesis and be an important determinant of the regional distribution of
CF lung disease.

71�
VISUALIZING RESPIRATORY CILIARY MOTION AND
MECHANOSENSITIVITY OF CILIATED CELLS USING
1-µM RESOLUTION OPTICAL COHERENCE
TOMOGRAPHY (µOCT)
Liu, L.1; Shastry, S.2; Sloane, P.A.2; Mazur, M.2; Parker, S.4;
Grizzle, W.4; Bouma, B.E.1; Rowe, S.M.3,2; Tearney, G.J.1 1.
Wellman Center for Photomedicine, Harvard Medical School and
Massachusetts General Hospital, Boston, MA, USA; 2. Cystic
Fibrosis Research Center, University of Alabama at Birmingham,
Birmingham, AL, USA; 3. Department of Medicine, University of
Alabama at Birmingham, Birmingham, AL, USA; 4. Department
of Pathology, University of Alabama at Birmingham,
Birmingham, AL, USA

It has been recognized that mucociliary clearance is an integral part of
lung defense. However, our understanding of the mechanism which regu-
lates ciliary activities has been limited by our inability to capture ciliary
motion and interactions between cilia and mucus in intact epithelia and in
three dimensions. Current imaging modalities that study ciliary motion are
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either destructive (SEM) or lack anatomical information (video
microscopy). We hypothesize that visualizing cilia motion and mucus trans-
port in intact respiratory epithelia in three dimensions could yield new find-
ings in a variety of important topics such as ciliary motion patterns and
mechanosensitivity of respiratory epithelial cells. 

µOCT is an optical microscopic technique capable of providing video-
rate cross-sectional images at the sub-cellular level. We have developed a
desktop µOCT system with spatial resolution 2 µm x 2 µm x 1 µm (x,y,z)
and a focal depth of 200 µm. The imaging speed is from 32 ~128 fps. Pre-
viously we demonstrated that µOCT can be used to measure ciliary beat fre-
quency, airway surface liquid depth, mucus transport rate, and periciliary
layer depth, and demonstrated clear difference between CF and non-CF cul-
tures and tissues. Here we show that using our µOCT system resting phase,
recovery phase and effective phase in a ciliary beat cycle can be clearly rec-
ognized and quantified and is abnormal in CF, with a greater proportion of
cilia in the effective position (30%, P<0.05). In addition, we observed that
respiratory epithelial cells dynamically respond to mucus loads anticipated
to occur in CF and other lung diseases by increasing CBF upon small
degrees of periciliary layer compression by mucus in both fully differentiat-
ed primary human bronchial epithelial cells (13%, P<0.005) and swine tra-
cheal tissue (15%, P<0.005). In contrast, CF epithelia do not respond to
mucus loads, likely due to interdigitation of mucus within the cilia that pre-
vents increased CBF. Using dual imaging with Furo-2 to simultaneously
detect intracellular Ca2+, we further identify that CBF acceleration in
response to PCL compression is calcium dependent, providing a mechanis-
tic basis for autoregulation of CBF.

Using µOCT to monitor ciliary motion and the mechanosensitivity of
the cell in an intact mucociliary system, we have identified a new mecha-
nism that allows normal epithelia to respond to mucus loads and is dysfunc-
tional in CF. Future development of a catheter could allow three or four-
dimensional imaging (three spatial dimensions and time) in vivo and pro-
vide new avenues for improving our understanding of activities of the motile
cilia and the mechanisms by which mucociliary transport is disrupted in CF.

72�
ABNORMAL MUCUS RELEASE BUT NOT
HYPERPLASIA IS AN INTRINSIC PROPERTY OF
GOBLET CELLS IN THE CF MOUSE INTESTINE
Liu, J.1; Walker, N.M.1; Clarke, L.L.1,2 1. Dalton Cardiovascular
Research Center, University of Missouri, Columbia, MO, USA; 2.
Biomedical Sciences, University of Missouri, Columbia, MO,
USA

In cystic fibrosis (CF) intestine, abnormal mucus accumulation leads to
compromised innate immunity, impairment of absorption and obstructive
disease. The major pathological features are goblet cell hyperplasia and
accumulation of mucus with abnormal viscoelasticity. Both these features
are recapitulated in the intestine of Cftr-null mice. Previous studies have
shown that the small intestine of Cftr-null mice have abnormal populations
of gram-negative bacteria, increased Toll-like receptor (TLR) signaling and
low-grade inflammation (Clarke et al., Am. J. Physiol.: 286: G1050, 2004;
Norkina, et al., Am. J. Physiol.: 286: G1032, 2004; Canale-Zambrano et al.,
Am. J. Physiol. 299: 381, 2010). Therefore, we questioned whether goblet
cell hyperplasia and abnormal goblet cell function in the CF intestine result
from the abnormal endogenous environment of the intestine or are intrinsic
properties of the Cftr-null epithelium. To investigate these questions, we
compared goblet cell number and TLR-2/4 expression between wild-type
and Cftr-null littermate mice in vivo and in regenerating primary 3D gel cul-
tures of the intestinal epithelium (i.e., ‘enteroids’). Sterile enteroid culture
provides regenerating intestinal epithelium in the absence of luminal bacte-
ria, inflammatory elements or systemic factors. Consistent with previous
reports of TLR-4, Western blot analysis of freshly isolated intestinal epithe-
lium indicated that TLR-2 was significantly up-regulated in the Cftr-null as
compared to WT intestine (n =6 littermate pairs). Goblet cell counts of
paraffin-embedded histological sections stained with PAS/AB were signifi-
cantly greater in Cftr-null as compare to WT intestine, especially in the
lower villus epithelium (n = 7 littermate pairs). Examination of the sections
also revealed defective degranulation of Cftr-null goblet cells as indicated by
the retention of PAS-positive masses within goblet cells that extended into
the intestinal lumen. In contrast to the in vivo studies, goblet cell numbers,
TLR-2 protein and TLR4 protein expression were not significantly different
between WT and Cftr-null enteroid (n = 3, 8 and 5 littermate pairs, respec-

tively).  However, real-time video microscopy of Cftr-null enteroids during
treatment with 100 µM carbachol revealed defective mucus release as indi-
cated by mucus strands retained within the goblet cell body and extending
into the crypt lumen to form refractile blebs. In WT enteroids, goblet cell
degranulation occurred rapidly with brief “flashes” of refractivity within
the crypt lumen. We conclude from these studies that goblet cell hyperpla-
sia of the CF intestine is secondary to the abnormal endogenous environ-
ment (bacterial flora, inflammation) whereas defective mucus release by
goblet cells is an intrinsic property of the Cftr-null epithelium. Supported by
CFF and NIH.

73�
REDUCED PH AND ELEVATED VISCOSITY OF
PORCINE CYSTIC FIBROSIS AIRWAY SURFACE
LIQUID
Tang, X.1,2; Moninger, T.O.1; Welsh, M.J.1,2 1. Internal Medicine,
University of Iowa, Iowa City, IA, USA; 2. Howard Hughes
Medical Institute, Iowa City, IA, USA

Abnormalities of airway surface liquid (ASL) are hypothesized to con-
tribute to cystic fibrosis (CF) lung disease. We previously found that new-
born CFTR-/- pigs manifest a host defense defect against bacteria, and with
time they spontaneously develop lung disease like that in humans with CF.
Therefore, we asked if CF pigs have abnormal ASL. We assessed ASL vis-
cosity in differentiated primary cultures of porcine airway epithelia by
measuring fluorescence recovery after photobleaching (FRAP) of FITC-
dextran. Diffusion of FITC-dextran was slower in ASL of CFTR-/- than wild-
type epithelia, suggesting an elevated ASL viscosity. Previous studies sug-
gested that an altered ASL pH and/or HCO3

- concentration might change
mucus properties. Electrical measurements across airway epithelia revealed
that CFTR-/- epithelia had markedly reduced HCO3

- secretion. We also meas-
ured ASL pH in differentiated cultures of airway epithelia using SNARF-
dextran and found that CFTR-/- epithelia had a reduced pH. Methacholine-
stimulated ASL removed from the trachea and analyzed with a pH microsen-
sor also revealed a reduced pH in CFTR-/- animals. Likewise, pH was
reduced in the lumen of the gallbladder of newborn CFTR-/- pigs, another
organ that shows abnormal mucus. Calculations of the HCO3

- concentration
suggest a reduced concentration in CFTR-/- ASL and gallbladder contents.
These results suggest that CF ASL has an increased viscosity that might be
due to a reduced pH and/or HCO3

- concentration.
Supported by CFF, NHLBI and HHMI.

74�
MECHANISMS OF INNATE IMMUNITY IN THE FERRET
AIRWAY REQUIRE CFTR
Keiser, N.W.; Sun, X.; Zhang, Y.; Stroebele, E.; Fisher, J.T.; Liu,
X.; Liang, B.; Lei-Butters, D.C.; Engelhardt, J.F. Anatomy and
Cell Biology, Univ Iowa, Iowa City, IA, USA

Lung infections are the primary cause of morbidity and mortality in
cystic fibrosis (CF). The airway possesses several mechanisms of innate
immunity by which foreign pathogens are cleared or killed. However, it
remains unclear whether these mechanisms are inherently defective in indi-
viduals with CF at birth, or whether CF airways become more susceptible to
infection due to altered host responses to inhaled pathogens (i.e., excessive
inflammatory responses). In order to begin to address this question, we eval-
uated several mechanisms of innate immunity in the airway of the CFTR-/-
ferret. These animals are highly susceptible to lung infections early in life,
suggesting defects in the basic pathways of innate immunity of the lung. We
first evaluated mucociliary clearance in CF and non-CF neonatal ferrets.
Ciliogenesis and submucosal gland development occurs post-natally in the
ferret airway. Analysis of β tubulin IV staining in the ferret trachea indicat-
ed that the apical epithelial surface is less than 10% ciliated at birth, but that
this percentage increases to ~80% by 24 days of age. We analyzed the per-
centage of ciliation in the tracheal epithelium of CF ferrets and found no
major differences in the development of ciliated cells in the trachea com-
pared to wild-type animals. Mucociliary clearance rates were also similar
for CF and non-CF kits until after the first week of life, suggesting that the
progressive buildup of thickened mucus and/or dehydration of the airways,
but not the absence of or specific dysfunction of ciliated cells, contributes to
impaired airway clearance in CF animals. Analysis of bronchial alveolar



Poster Session Abstracts

237

lavage fluid (BAL) indicated that neonatal ferrets lacked submucosal gland-
secreted proteins important for bacterial killing, irrespective of genotype,
and no difference in bacterial growth of several species in newborn ferret
BAL was detected between wild-type and CF animals. However, direct chal-
lenge of newborn ferret airways and tracheal xenografts with P. aeruginosa
showed that CF airways failed to eradicate infection. To assess the role of
CFTR in this process, we transduced CF ferret tracheal xenografts with an
adenoviral vector expressing ferret CFTR, and observed that this complete-
ly rescued bacterial killing. These xenograft experiments are particularly
informative since they lack a CF immune system and mucociliary clearance,
and can directly index CFTR function in the surface airway epithelium. In
conclusion, we find that bacterial killing is defective in the CF ferret airway
early in life. This mechanism of bacterial clearance requires CFTR, and
does not appear to require large numbers of ciliated cells or submucosal
glands. Correction of CFTR defects only in the surface airway epithelium of
CF tracheal xenografts restored bacterial clearance, suggesting that gene
targeting to this region may be sufficient to correct CF lung disease.

75�
CONSTITUTIVE CHLORIDE CHANNEL ACTIVITY
REDUCES PRO-INFLAMMATORY CYTOKINE
SECRETION IN CF RESPIRATORY EPITHELIA
Veit, G.1; Bossard, F.1; Galietta, L.J.2; Lukacs, G.L.1 1.
Physiology, McGill University, Montreal, QC, Canada; 2.
Laboratorio di Genetica Moleculare, Istituto Giannina Gaslini,
Genoa, Italy

Accumulating evidence suggests that defective function/expression of
CFTR contributes to hyperactive innate immune response and delayed bac-
terial clearance upon infection of respiratory epithelia in cystic fibrosis (CF).
The ongoing debate whether a defect in the innate immune response exists
prior to infection has been fuelled by contradicting results obtained on
genetically non-matched cell lines and CF animal models. 

To avoid the limitations of having to compare between cell lines with
different genetic backgrounds we generated tetracycline-inducible wtCFTR
expressing epithelial models using the CFBE41o- human bronchial epithe-
lial cell line, harbouring undetectable ∆F508CFTR. When cultured under
air-liquid conditions, limited induction of wtCFTR expression attenuated
pro-inflammatory cytokine secretion (IL-8, IL-6, CCL5, and CXCL1/2/3)
by >50%. Focusing on the neutrophil chemoattractant interleukin-8, we
found that wtCFTR inhibition increased IL-8 secretion, while activation
decreased IL-8 secretion from cells with low CFTR plasma membrane
expression. 

After the recent identification of TMEM16A, a calcium-activated plas-
ma membrane chloride channel, we asked whether activation of this channel
could compensate for the lack of CFTR activity in CF epithelia. The endoge-
nous TMEM16A was activated by P2Y receptor stimulation with ATP or
UTP, leading to cytoplasmic calcium signalling and transiently increased
transepithelial chloride current (3-5 µA/cm2). IL-4 induced the endogenous
expression of TMEM16A and increased ATP/UTP stimulated chloride cur-
rent by ~1.5 fold. Chelation of cytoplasmic calcium transients with BAPTA-
AM or TMEM16A knockdown by shRNA strongly inhibited the ATP/UTP
stimulated chloride current. These treatments alone or in combination with
ATP or UTP stimulation did not influence IL-8 secretion of CFBE41o-
epithelia cultured under air-liquid conditions. 

Overexpression of TMEM16A under control of a tetracycline-inducible
transcription factor increased both the constitutive and the ATP/UTP-stimu-
lated chloride current in CFBE41o- epithelia. The ATP/UTP-stimulated
chloride current was augmented by 4 to 200 fold depending on the doxycy-
cline concentration, relative to that of the endogenous TMEM16A. Strong
induction of TMEM16A expression without exogenous activation was suf-
ficient to attenuate IL-8 secretion to a similar extent as observed in wtCFTR
expressing CFBE41o-. This could be attributed to constitutively increased
wtCFTR (~3.5 µA/cm2) and TMEM16A (~2 µA/cm2) mediated chloride
current, determined by using specific channel blockers. Intriguingly, ATP,
UTP or their non-hydrolysable -γS analogs failed to suppress IL-8 secretion
presumably due to the transient nature of TMEM16A activation or down-
stream signalling effects. These results indicate that contrary to short-lived
activation through P2Y receptor, modest, but constitutive activation of
TMEM16A may help to suppress the hyperinflammatory phenotype of CF
epithelia. 

Supported by CIHR and NIH, as well as EMBO and FRSQ fellowships
to GV and “Richard & Edith Strauss” fellowship to FB.

76�
CFTR IS NECESSARY FOR INDUCTION OF THE HEME
OXYGENASE-1/CARBON MONOXIDE PATHWAY
DURING INFLAMMATORY STRESS
Zhang, P.1; Murray, T.S.1,2; Motterlini, R.3; Roberta, F.4; Caputo,
C.2; Krause, D.S.1,5; Egan, M.L.2,6; Bruscia, E.M.2 1. Laboratory
Medicine, Yale University School of Medicine, New Haven, CT,
USA; 2. Pediatrics, Yale University School of Medicine, New
Haven, CT, USA; 3. University Paris Est, Creteil, France; 4.
Italian Institute of Technology, Genova, Italy; 5. Cell Biology,
Yale University School of Medicine, New Haven, CT, USA; 6.
Cellular and Molecular Physiology, Yale University School of
Medicine, New Haven, CT, USA

Heme oxygenase-1 (HO-1) has been identified as a modifier gene of
cystic fibrosis (CF) lung disease, which is associated with chronic P. aerug-
inosa (PA) infection and declining lung function in children and adults. The
main function of HO-1, an inducible enzyme that is activated under cellular
stress such as inflammation and infection, is to degrade heme groups that are
released under cellular stress by proteins such as hemoglobin, cytochromes,
catalases and peroxidases. Heme degradation leads to the endogenous gen-
eration of anti-oxidants (biliverdin and bilirubin) and carbon monoxide
(CO), which mediates potent anti-inflammatory, anti-oxidant and anti-apop-
totic activity. 

We and others have shown that CF macrophages and airway epithelial
cells have a hyper-inflammatory response to PA and PA-LPS (lipopolysac-
charide). Given that oxidative stress is a significant complication in CF, we
hypothesized that CF cells are unable to activate the HO-1/CO pathway in
response to stress, leading to intracellular ROS accumulation and hyper-
inflammation.

To test this hypothesis, primary wild type (WT) and CF macrophages
(murine and human) and human bronchial epithelial cells lines (CFBE41o-
, and 16HBE14o-) were treated with PA-LPS (100ng/mL) or PA (PAO1;
multiplicity of infection=1:2) and HO-1 expression was assessed by West-
ern blot. Under all activating conditions, WT cells induced expression of
HO-1 (1-2 fold over baseline), whereas CF cells had a minimal or absent
increase of HO-1. As a consequence of reduced HO-1 induction, CF cells
treated with PA-LPS or PA exhibited significantly higher intracellular ROS
compared to WT cells as assessed by CM-H2-DCF staining (p<0.03).

To test whether the decreased activation of the HO-1/CO pathway con-
tributes to the hyper-inflammation observed in CF cells, we aimed to nor-
malize this pathway in CF cells by the exogenous administration of low dose
of CO via CO-releasing molecules (CORM-2). Control cells were treated
with an inactive negative control (iCORM), which has the same structure as
CORM-2 but is unable to release CO. In the presence of CORM-2 (50µM -
100µM), CF cells challenged with LPS or PA increased HO-1 expression to
almost normal levels. In addition, in the presence of CORM2, challenged
CF cells had lower secretion of several pro-inflammatory cytokines (KC,
TNF-α, IL-6, IP-10, RANTES) compared to CORM-2-untreated CF cells.
iCORM did not affect HO-1 expression or cytokine secretion. 

Thus, we have compelling evidence that cells lacking functional CFTR
have impaired induction of the cytoprotective HO-1/CO pathway during
inflammatory stress, which may contribute to intracellular ROS accumula-
tion and hyper-inflammation. Moreover, modulation of this pathway by
exogenous administration of CO re-established a controlled inflammatory
response in CF cells. This study may help to identify new molecular thera-
peutic drug targets to treat CF. Funded by NIH.
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77�
PSEUDOMONAS AERUGINOSA BIOFILM-ASSOCIATED
QUORUM-SENSING MOLECULE, N-3-
OXODODECANOYL HOMOSERINE LACTONE (C12)
TRIGGERS APOPTOSIS IN AIRWAY EPITHELIAL
CELLS
Schwarzer, C.1; Fu, Z.1; Patanwala, M.1; Hum, L.1; Lopez-
Guzman, M.1; Shuai, S.1; Wu, T.1; Wu, T.1; Ravishankar, B.1; Yen,
S.1; Illek, B.2; Kong, W.3; Lynch, S.V.3; Machen, T.1 1. University
of California, Berkeley, CA, USA; 2. Children’s Hospital Oakland
Research Institute, Oakland, CA, USA; 3. UCSF, San Francisco,
CA, USA

Pseudomonas aeruginosa (PA) forms biofilms that both prevent attack
by white cells and also reduce mucociliary clearance in CF lungs. Produc-
tion of PA biofilms is regulated by quorum sensing molecules including
C12. In addition to regulating gene expression in PA, C12 also affects host
cells. We tested the hypothesis that C12 produced by PA biofilms triggered
apoptosis in airway epithelia. We examined synthetic purified C12 as well as
biofilms of PAO1 and PAO1∆lasI (C12 deficient) for effects on airway
epithelial cells - CaLu-3 (wtCFTR), JME (∆F/∆F) and primary airway
epithelia (non-CF) - on Snapwell inserts for electrophysiology and imaging,
on coverglasses for imaging or on plastic plates for biochemical assays. PA
biofilms were grown on nylon membrane for 48 hours prior to application
either directly onto the epithelial cells or as a suspension in sterile Ringers
solution following removal from the membrane by vortexing. Adding syn-
thetic C12 (50 µM) apically to confluent CaLu-3 monolayers caused
transepithelial resistance to decrease nearly to zero over 1-1.5 hrs. Immuno-
fluorescence showed that loss of barrier function was accompanied by, first,
release of cytochrome C (cytoC) from mitochondria (mitos) into the cytosol
and, next, degradation of tight junctions (loss of ZO1). As measured with
targeted redox-sensitive GFP (roGFP), C12 caused (after 30-45 mins) the
cytosol to become markedly oxidized, changes that were accompanied by
leakage of ER-roGFP into the cytosol. C12 activated caspase 3/7 (beginning
at 20 mins, max within 60 mins), and also caspases 8 and 9. C12 caused
mito membrane potential (ψmito, JC-1 imaging) to depolarize by 50-100%
within 5 mins. C12 also triggered increases in cytosolic [Ca] (Cacyto, fura-2
imaging) within 5 mins. PAO1 but not PAO1∆lasI biofilms caused similar
depolarization of ψmito and increases in Cacyto. It is concluded that C12
induces apoptosis very rapidly in airway epithelia in the sequence, (i) depo-
larization of ψmito and release of Ca from the ER, (ii) permeabilization of the
outer mito membrane that releases cytoC and also the ER that releases its
oxidized contents, and (iii) activation of caspases 3/7, 8 and 9 and tight
junction breakdown and loss of barrier function. Qualitatively similar results
occurred in all cell types, suggesting that CFTR plays no direct role in con-
trolling apoptotic responses to C12 and also that cell lines and primary cells
respond similarly. Finally, the data suggest that [C12] in PAO1 biofilms is
sufficient to trigger apoptosis-related depolarization of ψmito and increases in
Cacyto like those triggered by 10-50µM C12. C12 produced by PA biofilms
may contribute to accumulation of apoptotic cells that cannot be cleared by
macrophages in CF. Preventing pro-apoptotic effects of C12 in CF airways
may be clinically beneficial. We have identified five small molecule com-
pounds that prevent C12-triggered caspase activation. We will present
results testing their efficacy in preventing the multiple C12-triggered pro-
apoptotic steps identified. Support: CFF and CFRI.

78�
RSV INFECTION RAPIDLY DISRUPTS AIRWAY CELL
MONOLAYER INTEGRITY IN CELLS EXPRESSING
F508DEL CFTR, BUT NOT IN MONOLAYERS
EXPRESSING WTCFTR
Maeng, P.1; Kong, M.1; Hong, J.1; Sorcher, E.1; VanDyke, R.2;
Clancy, J.2 1. University of Alabama at Birmingham,
Birmingham, AL, USA; 2. Cincinnati Children’s Hospital Medical
Center, Cincinnati, OH, USA

Viral respiratory infections are a common cause of pulmonary exacerba-
tions and clinical decline in CF patients, and RSV is the most common viral
respiratory infection encountered in the first year of life. In this study, we
examined the effects of RSV infection on monolayer integrity in CFBE41o-

cells stably expressing wt or F508del CFTR. Cells were cultured until
monolayers had a resistance of ~ 1000 ohm.cm2, followed by infection with
RSV2 (MOI of 1). Monolayer resistance was monitored following infection
to assess integrity and tight junction status. Repeated measures ANCOVA
was used to assess differences between groups across days with adjustment
for baseline resistance. Linear mixed effects models were used to examine
group-specific increasing and decreasing trends in resistance. An autore-
gressive lag-1 covariance structure with unequal group variances was used
to account for longitudinal measurements of resistance for each group. Prior
to RSV infection, CFBE41o- cells expressing wtCFTR had a resistance of
971.67±12.72, and F508del CFTR transduced cells had a resistance of
990.83±9.88 (P=NS). In the absence of RSV infection, both wtCFBE41o-
and F508del CFBE41o- monolayers demonstrated steady and parallel
increases in resistance of 440.14±37.19 and 515.24±31.12 per day, respec-
tively. RSV-infected F508del CFBE41o- monolayer resistance decreased by
-236.62±27.96 (P<0.0001) per day. Significant decreases were observed for
days 1-2: -118.33±101.04 (P<0.0001) 2-3: -515.00±101.04 (P<0.0001) and
3-4: -288.33.±101.04 (P=0.0053). RSV-infected wtCFBE41o-monolayers
had a mixed pattern of change, increasing at a daily rate of +447.17±59.80
(P<0.0001) for the first 4 days, then decreasing by -523.33±70.51
(P<0.0001) per day for the remainder of the experiment. F508del CFBE41o-
cells with RSV infection had lower mean resistance than non-infected
F508del CFBE41o- cells on days 2-6 (all P<0.0001). RSV-infected wtCF-
BE41o-monolayers had lower mean resistance than non-infected wtCF-
BE41o (days 3-6, P<0.0001 to 0.0294). RSV-infected F508del CFBE41o-
monolayers had decreased resistance compared to RSV-infected wtCF-
BE41o- cells for days 2-6 (all P<0.0001). RSV-infected wtCFBE41o- and
F508del CFBE41o-monolayers had lower mean resistance than non-infect-
ed monolayers (days 3-6, P<0.0001 to 0.0294). This difference increased by
588.58±48.77 per day (P=0.0012). The reduction in resistance in F508del
CFTR expressing cells was associated with enhanced pathologic change
and syncytia formation. wtCFTR-expressing cells retained CFTR currents
over four days of RSV infection [CFTRinh172-sensitive (10 µM) currents
following forskolin/IBMX and genistein (50 µM) = -19.39 µA/cm2 (3.40) in
control cells, and = -8.79 µA/cm2 (2.91) in RSV-infected cells], indicating
that cellular regulation of wtCFTR was diminished but remained intact dur-
ing RSV infection in the absence of a cellular immune response. The find-
ings indicate that the absence of wtCFTR expression and function leaves
human airway cells vulnerable to epithelial disruption by RSV, which may
contribute to the more severe pulmonary manifestations seen in the CF air-
way during RSV infection.

79�
DEFICIENT FLUID SECRETION FROM SUBMUCOSAL
GLANDS OF NASAL TURBINATES FROM CFTR-/- AND
CFTR∆F508/∆F508 PIGS
Cho, H.; Joo, N.; Wine, J.J. Cystic Fibrosis Research Lab,
Stanford university, Stanford, CA, USA

Cystic fibrosis (CF), caused by defective CFTR function, includes
severe sinonasal disease which may contribute to lung disease. Newly devel-
oped CF pigs provide models to study the onset of CF lung disease. We
asked if glands from nasal turbinates of pigs are identical to tracheal glands
and if CF glands show defective fluid secretion. Unexpectedly, we found
that nasal glands differed from tracheal glands in five ways: they were small-
er, more numerous (density per airway surface area), more sensitive to car-
bachol (EC50 (nM), nasal (114 ± 18) vs. tracheal (590 ± 16)), more sensitive
to forskolin (EC50 (nM), nasal (1691 ± 135) vs. tracheal (6635 ± 1836)), and
they were nonresponsive to Substance P, which is a potent agonist for tra-
cheal glands. To determine if the secretory function of nasal glands is com-
promised in CF pigs, fluid secretion (rate; pl/min/gl) from newborn piglets
(12 controls and 12 CF) was measured optically using digital imaging of
mucus bubbles formed under oil. The secretion rate in CF piglets following
3 µM forskolin (0.6 ± 0.3) was not significantly increased from the basal
rate and was significantly less than responses of control piglets (9.2 ± 2.2).
CF piglet nasal glands also responded significantly less to stimulation with
1 µM carbachol (control (143.5 ± 35.5, n=7) vs. CF (52.2 ± 10.3, n=9)) and
the combination (3 µM forskolin + 0.1 µM carbachol) (control (25.8 ± 5.8,
n=8) vs. CF (4.5 ± 0.9, n=9)); We also compared CFTR∆F508/∆F508 with
CFTR-/- piglets. The mean secretion forskolin-stimulated rate for the
CFTR∆F508/∆F508 piglets (1.4 ± 0.8, n=4) was significantly greater than CFTR-

/- piglets (0.2 ± 0.1, n=7). These findings reveal differences between nasal



Poster Session Abstracts

239

and tracheal glands and show that nasal gland fluid secretion is defective in
CF pigs of both genotypes, with some spared function in CFTR∆F508/∆F508

pigs.
Acknowledgement: We thank Michael Welsh and Phil Karp for provid-

ing CF piglet tissues, and Michael Welsh, David K. Meyerholz, David A.
Stoltz for valuable discussions. These studies were supported by National
Institute for Digestive and Kidney Diseases research grant R01 DK051817
to JJW and by an award from Cystic Fibrosis Foundation Therapeutics.

80�
DELETION OF MUC5B IN SCNN1B TRANSGENIC MICE
REDUCES AIRWAY MUCUS OBSTRUCTION BUT
PERTURBS LUNG IMMUNE HOMEOSTASIS: A NEW
ROLE FOR SECRETED MUCINS?
Livraghi-Butrico, A.1; Duncan, E.A.2; Kelly, E.J.1; Waxer, D.L.1;
Gilmore, R.C.1; Evans, C.M.3; Doerschuk, C.M.2; Boucher, R.C.1;
O’Neal, W.K.1 1. UNC - CF/Pulmonary research and treatment
center, Chapel Hill, NC, USA; 2. UNC - Center for Airway
Disease, Chapel Hill, NC, USA; 3. University of Texas - M.D.
Anderson Cancer Center, Houston, TX, USA

Mucins are the principal macromolecular component of airway mucus
and the gel-forming mucins, MUC5AC and MUC5B, dominate its rheolog-
ical properties. Recent details regarding mucin maturation, secretion, and
interaction with other proteins have generated novel hypotheses concerning
the etiology of CF airway mucus obstruction and its role in CF pathogene-
sis. In Scnn1b-Tg mice, airway-targeted overexpression of the epithelial
sodium channel β subunit (βENaC protein, Scnn1b gene) recapitulates many
features of human CF pulmonary disease, including airway surface dehydra-
tion, impaired mucus clearance, bacterial infection, and chronic inflamma-
tion. We hypothesized that the lung phenotype in Scnn1b-Tg mice would be
altered in the absence of gel-forming mucins and that these differences
would provide evidence for mucin-specific functions. In this study, Muc5b
knock-out mice were bred to Scnn1b-Tg mice, and the pulmonary pheno-
type was evaluated. Muc5b-deficient Scnn1b-Tg mice exhibited significant-
ly less mucus obstruction than their Muc5b-sufficient littermates, as meas-
ured morphometrically in AB-PAS stained lung sections (14±3 vs. 7±2
nl/mm2 for 5 week-old Muc5b +/+ vs. -/- Scnn1b-Tg mice, n≥7). Muc5b
Western blots confirmed a gene dose-dependent reduction in Muc5b secre-
tion (Muc5b +/+ mice > Muc5b +/-) and its complete absence in Muc5b -/-
mice. Intuitively, therapies aimed at reducing the mucin content of mucus
are predicted to ameliorate airway obstruction. We tested this hypothesis by
exploiting a Scnn1b-Tg mouse variant that exhibits extremely poor survival
due to the severe mucus obstruction, i.e., FVB Scnn1b-Tg mice. Heterozy-
gosity for Muc5b rescued the survival of FVB Scnn1b-Tg mice (from
10±9% to 86±10% at postnatal day 6, n=5 litters), indicating that reduction
of secreted Muc5b levels can improve clearance and reduce obstruction.
Although Muc5b-deficient Scnn1b-Tg mice exhibited a beneficial reduction
in airway mucus plugging, they also exhibited more robust neutrophilia
(23±5 vs. 48±8 neutrophils/mL BALF×103, for 5 week-old Muc5b +/+ vs. -
/- Scnn1b-Tg mice, n≥7) and higher incidence of bronchus-associated lym-
phoid tissue (BALT, 0.0016±0.001 vs. 0.023±0.005 mm2/lung section, for
Muc5b +/+ vs. -/- Scnn1b-Tg mice, n=8). This increased inflammatory sig-
nature was present even though the bacterial burden in adult Muc5b-defi-
cient Scnn1b-Tg mice was similar to Muc5b-sufficient littermates. We are
currently testing whether absence of Muc5b influences the burden/compo-
sition of lung microflora in neonatal Scnn1b-Tg mice, and whether the
immunophenotype of lung lymphocytes in adult mice can provide clues for
the immune imbalance caused by Muc5b deletion. We hypothesize that this
“adverse” outcome may reflect a role for Muc5b in organizing an anti-
inflammatory host defense network. As pharmaceutical strategies aimed at
reducing mucin secretion are being evaluated to treat airway mucus obstruc-
tion in CF, we believe that our genetic approach to testing risk/benefit of this
strategy is warranted.

81�
C-REACTIVE PROTEIN AS A POTENTIAL BIOMARKER
PREDICTIVE FOR INPATIENT EXACERBATION IN
CYSTIC FIBROSIS
Sabbatini, G.M.; Xu, X.; Gaggar, A. Medicine, University of
Alabama at Birmingham, Birmingham, AL, USA

Inpatient cystic fibrosis (CF) exacerbations are characterized by ongo-
ing systemic and airway inflammation. Previous studies have suggested that
C-reactive protein (CRP) correlates with specific clinical parameters in sta-
ble CF patients (Moreton et al. 1988) and does not show a relationship with
lung function during inpatient exacerbation (Friesen et al. 1995). However,
it is not known if CRP levels or change of these levels during hospitalization
may predict frequency of exacerbations or time-to-next exacerbation.

Eighteen individuals were admitted for uncomplicated CF exacerbation
at a single adult care CF center. Mean age was 28.1 yrs, and 66% of patients
were male. Admission CRP levels and discharge CRP levels were measured,
and the percentage of decline of CRP was calculated. The number of inpa-
tient CF exacerbations was assessed over a 9 month period after initial dis-
charge. Time-to-next hospitalization was also determined and compared
against CRP drop. FEV1 was also measured at time of admission and dis-
charge.  Descriptive statistics were obtained for each measure (mean, SD).
Nonparametric testing between groups was conducted with Mann-Whitney
statistic and Spearman correlation; statistical significance was established at
p<0.05.

Mean admission and discharge CRP among all individuals was 64.5
mg/L and 11.8 mg/L respectively (74.1% decline over hospitalization,
p<0.01). For individuals with 2 or more admissions over the ensuing 9
months, the average CRP decline during hospitalization was 60.6% vs. an
84.8% decline in individuals with less than 2 admissions (p=0.058) .  In
addition, the time-to-next hospitalization correlated closely with both dis-
charge CRP (p=0.025, r=0.57) and decline in CRP levels (p=0.048, r=0.52)
but not admission CRP values. In comparison, discharge FEV1 and
improvement in FEV1 during hospitalization did not correlate with time-to-
next inpatient exacerbation (p=0.16 and p=0.15, respectively). 

In this small cohort of patients, the degree of decline in CRP trends
with the number of inpatient exacerbations over a 9 month period. Both
CRP decline and the discharge CRP value correlated with time to next CF
in-hospital exacerbation. These measures paralleled with number and time-
to-next exacerbation better than FEV1 values. Initial results suggest that
CRP persistence may serve as a unique biomarker for predicting future
exacerbations. Further studies will focus on a larger population of patients
hospitalized for CF exacerbation to validate these preliminary findings.

Supported by Cystic Fibrosis Foundation and NIH.

82�
EVALUATION OF SERUM DERIVED BIOACTIVE
BIOMARKER OF INFLAMMATION IN CYSTIC
FIBROSIS
Bergin, D.1; Reeves, E.1; Fitzgerald, S.1; Vega-Carrascal, I.1;
Hayes, E.F.1; Keenan, J.2; Clynes, M.2; Low, T.1; Gunaratnam,
C.1; McElvaney, N.G.1 1. Medicine, Royal College of Surgeons in
Ireland, Dublin 9, Ireland; 2. National Institute for Cellular
Biotechnology, Dublin City University, Dublin, Ireland

People with cystic fibrosis (PWCF) are predisposed to a continuous
cycle of lung infections and a disproportionate neutrophil dominated
response. As a result, PWCF incur numerous pulmonary exacerbations,
which results in progressive decline of lung function. Pulmonary exacerba-
tions in PWCF are currently defined by a variety of clinical criteria. The use
of inflammatory biomarkers represents a potential diagnostic tool to help
indicate an increased state of inflammation in PWCF and provide an objec-
tive addition to the clinical criteria defining exacerbations in PWCF. Recent
work by our group has shown that chemokines such as IL-8 induce the rapid
shedding of a novel marker of neutrophil priming, CD16b-alpha-1 antit-
rypsin (AAT) complex, from the neutrophil membrane [1]. Neutrophil prim-
ing is a prerequisite prior to neutrophil migration towards the lung. The aim
of this work was to evaluate the use of CD16b-AAT in serum as a bioactive
biomarker of IL-8 priming as an indicator of the inflammatory status of
PWCF.



2011 Cystic Fibrosis Conference

240

Membranes from neutrophils of PWCF during an exacerbation and
post-antibiotic treatment and normal healthy controls were analyzed by 2D-
PAGE using CyDye™ labeling. Levels of CD16b and AAT were quantified
by flow cytometry and Western blot analysis of neutrophil membranes and
supernatants. Serum was obtained from PWCF, individuals with chronic
obstructive pulmonary disease, AAT deficient patients and healthy controls.
Levels of IL-8 and CD16b-AAT complex were quantified utilizing a modi-
fied ELISA protocol employing a capture antibody against CD16b and a
detection antibody against AAT. 

The CD16b-AAT complex is rapidly released from neutrophils upon
stimulation with low levels of IL-8. Decreased levels of CD16b-AAT com-
plex were detected on CF neutrophil membranes compared to CF cells post-
antibiotic treatment and healthy controls (P<0.05). Quantification of IL-8 in
serum resulted in detection of significantly higher levels in PWCF compared
to the patient groups and healthy controls (P<0.0001). A similar result was
observed with regards to the marker of neutrophil priming, CD16b-AAT
complex, as significantly higher levels were detected in plasma of PWCF
(P<0.0001). A positive correlation existed between PWCF serum levels of
IL-8 and levels of CD16b-AAT complex. In serum samples collected from
PWCF pre- and post-exacerbation, levels of IL-8 and CD16b-AAT complex
decreased in individuals following successful antibiotic treatment (P=0.03).
Furthermore a correlation was demonstrated between FEV1 percentage and
IL-8/ CD16b-AAT serum levels in PWCF pre- and post-exacerbation. 

This study has demonstrated the potential use of serum levels of CD16b-
AAT as a bioactive biomarker of the inflammatory status of PWCF.

1. Bergin, D.A., et al., alpha-1 Antitrypsin regulates human neutrophil
chemotaxis induced by soluble immune complexes and IL-8. J Clin Invest,
2010.

Funding sources: Alpha One Foundation Ireland, US Alpha 1 Founda-
tion, Medical Research Charities Group, Health Research Board.

83�
VITAMIN D STATUS IS NOT ASSOCIATED WITH THE
RATE OF DECLINE IN FEV1% IN CHILDREN WITH
CYSTIC FIBROSIS
McPhail, G.L.; Fenchel, M.; VanDyke, R.; Boesch, R.P.; Ednick,
M.; Chini, B.; Seid, M. Pulmonary ML 2021, University of
Cincinnati, Cincinnati Children’s Hospital Medical Center,
Cincinnati, OH, USA

Background: In the lung, Vitamin D plays an important role in pul-
monary development, inflammation, host defense, and repair. Vitamin D
levels are associated with lung function in adults with asthma and COPD.
An investigation of Vitamin D status and lung function in patients with CF
is needed.

Methods: Data was used for patients ages 6-18.9 years during the years
2000-2010 from our local CF database. Models were created to investigate
the association of Vitamin D 25-OH levels and lung function. Vitamin D 25-
OH levels were introduced into these models as either continuous or cate-
gorical variables (> 30 vs. <30). Assessment of association between contin-
uous variables was conducted using Pearson correlations. Descriptive statis-
tics were calculated comparing categorical Vitamin D 25-OH groups (>30
vs. <30). Descriptive statistics are reported as mean ± SD. For evaluating the
association of FEV1% predicted slope with relevant predictor variables, ran-
dom intercepts and slopes mixed models were used, with an unstructured
variance-covariance matrix. Results of mixed model regression are reported
as mean +/- SE.

Results: The number of patients with at least one Vitamin D 25-OH
level measured was 228. Vitamin D 25-OH insufficiency was associated
with older age (10.9+/-3.9 years vs. 9.5+/-3.3 years, p 0.01) and pancreatic
insufficiency (p 0.0032). The correlation of serum Vitamin D levels with
FEV1%, FVC%, and BMI-for-age Z-score was low and declined with age.
For patients ages 6-12.9 years, the correlation of Vitamin D levels with
FEV1% was r = 0.13 (p 0.003), with FVC% was r = 0.09 (p 0.05), and with
BMI-for-age Z-score was r = -0.06 (p 0.2). For patients ages 13-18.9 years,
the correlation of Vitamin D level with FEV1% was r = -0.01 (p 0.76), with
FVC% was r = -0.02 (p 0.62), and with BMI-for-age z score was r = -0.09
(p 0.07). In a model of annual Vitamin D categorical status and annual
FEV1% (FEV1% closest to Vitamin D measurement) as the response vari-
able, there was no association between Vitamin D status and FEV1% (p
0.85) or FEV1% slope (p 0.65). Vitamin D sufficiency in this model was
associated with a mean FEV11% of 94.4+/-4.7% and FEV1% slope of -

0.91+/-0.28%, while Vitamin D insufficiency was associated with a mean
FEV1% of 93.8+/-4.3% and FEV1% slope of -0.80+/-0.38%. These results
remained insignificant when Vitamin D levels were introduced as continu-
ous variables. In a model assigning lifetime Vitamin D categorical status
(averaging all values for a patient over time and categorizing as >30 vs. <30)
with all FEV1% values as the response variable, there was an association of
Vitamin D sufficiency with FEV1% (p 0.01) but no association with FEV1%
slope (p 0.25). Vitamin D sufficiency in this model was associated with a
mean FEV1% of 105.9+/-4.2% and FEV1% slope of -1.20+/-0.31%, while
Vitamin D insufficiency was associated with a mean FEV1% of 95.0+/-3.2%
and FEV1% slope of -0.77+/-0.20%.

Conclusions: The correlation between Vitamin D 25-OH status and
FEV1% is low in children with CF. In mixed model regression, Vitamin D
25-OH status was not associated with the rate of decline in FEV1% .

84�
METABOLITE PROFILING OF CF AIRWAY FLUID
SUGGESTS A ROLE FOR CATECHOLAMINES IN
EARLY AND CHRONIC DISEASE
Gudiputi, L.1; Aronov, P.2; Makam, M.1; Zirbes, J.3; Conrad, C.3;
Milla, C.3; Herzenberg, L.1; Moss, R.3; Tirouvanziam, R.3 1.
Department of Genetics, Stanford University School of Medicine,
Stanford, CA, USA; 2. Vincent Coates Mass Spectrometry
Laboratory, Stanford University, Stanford, CA, USA; 3. Center of
Excellence for Pulmonary Biology, Stanford University School of
Medicine, Stanford, CA, USA

Background: Cystic fibrosis (CF) airway disease is linked to alterations
in the properties of the airway surface fluid. While the ion and protein con-
tents of CF airway fluid have prompted many studies, less is known about its
metabolite content. 

Methods: Airway fluid was collected from 4 groups of subjects: (i)
CF1, infants and toddlers with early CF disease, N=12; (ii) CF2, children
and adults with chronic CF disease, N=14; (iii) DC, control infants and tod-
dlers with diseases other than CF, N=5; and (iv) HC, healthy adult controls,
N=3. After two spins (1500G, to remove cells, and 3000G, to remove
debris), the airway fluid was submitted to column separation and derivatiza-
tion according to the EZ:faast method (Phenomenex), which targets amino
acid (AA)-containing metabolites. Samples were run in an Agilent 1100
chromatograph (Agilent) coupled to a Quattro Premier triple quadrupole
mass spectrometer (Waters) and metabolites were quantified using internal
standard correction with the QuantLynx software (Waters).

Results: Consistent with our previous observations, CF airway fluid
contained high levels of total AA, reflecting intense proteolysis and loss of
clearance (due to stasis and lack of re-uptake), starting early and intensify-
ing with severity. GLY, THR were particularly high, as well as the anabolic
AA, LEU and ILE. CF airway fluid was also enriched in MET, MET-SO,
PHE and TYR, four metabolites known to trigger auxotrophic adaptation
within the CF microflora. In addition, catecholamine derivatives of
PHE/TYR, L-DOPA, dopamine -DA- and norepinephrine -NorEPI-, were
markedly enriched in CF airway fluid. Early vs. chronic CF disease were
similar with regards to the presence of high DA levels, but distinct with
regards to L-DOPA and NorEPI, which were higher in early than in chron-
ic disease. By contrast, the end product of the catecholamine pathway, epi-
nephrine -EPI-, derived from NorEPI by a redox-dependent step, was lower
in CF than in control airway fluid, consistent with the high oxidative stress
present in CF airways.

Conclusions: This study uncovers the presence in CF airway fluid of
catecholamines, which are potent regulators of epithelial / neutrophil /
microbial function. Notably, NorEPI favors S. aureus growth, while DA
favors P. aeruginosa growth, and catecholamine pathway intermediates are
used as melanin precursors by bacteria and fungi. Thus, catecholamines
may play a role in triggering critical host and bacterial adaptations at vari-
ous stages of CF airway disease.

Supported by the Frank Foundation and the Stanford SCCTER Pro-
gram
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Table 1. Chosen metabolites, by group

Data presented in nM (mean±SEM).

85�
CD203C AND CD63 EXPRESSION IN BLOOD
BASOPHILS DISCRIMINATE BETWEEN CF PATIENTS
WITH ASPERGILLOSIS COLONIZATION AND THOSE
WITH CF-ABPA
Gernez, Y.1; Tirouvanziam, R.2; Dunn, C.E.2; Everson, C.2; Davis,
Z.A.2; Herzenberg, L.A.1; Moss, R.B.2 1. Department of Genetics,
Stanford University School of Medicine, Stanford, CA, USA; 2.
Center for Excellence in Pulmonary Biology, Stanford University
School of Medicine, Stanford, CA, USA

Specific objective of the study: The opportunistic fungus A. fumigatus
(Af) colonizes a significant fraction of cystic fibrosis (CF) patients, with
some further progressing towards allergic bronchopulmonary aspergillosis
(ABPA). ABPA significantly impacts short- and long-term prognoses in CF,
yet may be avoided by early diagnosis and treatment. However, the diagno-
sis of CF-ABPA is clinically challenging, due in large part to the absence of
an objective biological test. Since blood basophils play a major role in aller-
gic responses, we hypothesized that discrete changes on their surface activa-
tion pattern could discriminate CF patients with ABPA from those without.

Method: We used a direct flow cytometry assay to measure surface
CD203c and CD63 levels on blood basophils, at baseline and upon rapid in
vitro activation with Af allergen, in 4 groups of subjects: (A) CF patients
with Af colonization but without ABPA (N=10); (B) CF-ABPA patients
(N=8); (C) CF-ABPA patients under anti-immunoglobulin E (omalizumab)
treatment (N=2); and (D) healthy controls (N=8).

Results: In the CF-ABPA group, basophil CD203c and CD63 levels
increased significantly upon Af allergen stimulation (P<10-2 for both, com-
pared to the three other groups). This increase was Af allergen-specific,
since stimulation with a non-offending allergen did not increase surface
CD203c or CD63 levels in basophils from subjects in any of the groups.
Basophil CD203c levels upon Af allergen stimulation provided excellent
predictive value for discriminating CF-ABPA from CF patients with Af col-
onization but without ABPA (area under the receiver operating characteris-
tics curve = 0.88, P<10-2). 

Conclusion: These results support the notion that basophils play a role
in the pathogenesis of CF-ABPA and can be used to diagnose and monitor
this condition clinically with a simple and minimally invasive blood assay.

86�
IDENTIFICATION OF CIRCULATING BIOMARKERS OF
PULMONARY EXACERBATION USING A MULTIPLEX
SOMAMER ASSAY
Zemanick, E.T.1; Harris, J.K.1; Nikrad, M.P.2; Stewart, A.2;
Williams, S.A.2; Sagel, S.D.1; Accurso, F.J.1 1. Pediatrics,
University of Colorado Denver, Aurora, CO, USA; 2. SomaLogic,
Inc., Boulder, CO, USA

Background: Pulmonary exacerbations are important contributors to
lung disease in patients with CF. Identification of circulating biomarkers
during exacerbation may help elucidate mechanisms of disease. In addition,
biomarkers that change rapidly with clinical response could serve as out-
come measures to efficiently test promising new therapies. SOMAmers are
DNA-based aptamers that can be multiplexed to simultaneously profile hun-
dreds of circulating proteins with high sensitivity. 

Objective: We sought to determine if changes in the circulating pro-
teome determined using SOMAmer technology correlate with clinical out-
come measures (lung function, pulmonary exacerbation score) and with
quantitative sputum culture in patients treated with IV antibiotics for a pul-
monary exacerbation. 

Methods: CF subjects hospitalized for pulmonary exacerbation were
evaluated at admission (day 0-2), discharge (day 6-14) and a follow-up clin-
ic visit (1-3 months). Sputum and blood samples were collected along with

lung function and pulmonary exacerbation score. Quantitative CF cultures
were performed on sputum samples. Plasma samples were analyzed using a
Multiplex SOMAmer Assay (1033-plex). Changes in circulating protein lev-
els were determined between admission, discharge and clinic follow-up and
compared to changes in lung function and pulmonary exacerbation score. 

Results: Nine CF subjects (median age 18.2 yrs, range 15.4-20.7) were
enrolled, and 24 sputum and 26 blood samples were collected at three time
points. Sputum culture on admission most frequently grew S. aureus (67%)
and P. aeruginosa (44%). Admission FEV1 (median, % predicted) was 67%
(range, 40-102%) and median pulmonary exacerbation score was 9 (range,
6-14 with score ≥5 defined as exacerbation). Lung function improved at
discharge with a mean increase in FEV1 of 17.5% predicted ± 16.2%, but
decreased at clinic follow-up by 15% predicted ± 16%. Pulmonary exacer-
bation score decreased compared to admission at both discharge and clinic
follow-up visit. SOMAmer analysis found a non-significant decrease in 9
circulating proteins and increase in 14 proteins on discharge compared to
admission, including several previously identified biomarkers in CF [C-
reactive protein (p=0.08), serum amyloid A (p=.28) and lipopolysaccharide-
binding protein (p=0.08)]. At the time of clinic follow-up, circulating pro-
tein levels for these markers were approaching the level seen on admission,
although no patients required hospitalization at the time of clinic follow-up.
The circulating proteome differed between subjects with P. aeruginosa and
S. aureus. 

Conclusions: Analysis of the circulating proteome using a multiplex
SOMAmer assay detects changes following IV antibiotic treatment of a pul-
monary exacerbation. These changes were not sustained at the time of clin-
ic follow-up, and most subjects experienced a significant drop in lung func-
tion following discharge despite symptomatic improvement. SOMAmers
may provide an early indication of worsening lung health. 

Supported by: CF Foundation (ZEMANI08A0) and the Colorado Clin-
ical Translational Research Center, NCRR, NIH (1UL1 RR025780)

87
ACID AND BASE SECRETION IN FRESHLY EXCISED
NASAL TISSUE FROM CYSTIC FIBROSIS PATIENTS
WITH ∆F508 MUTATION
Cho, D.1,2; Illek, B.2; Hwang, P.H.1; Fischer, H.2 1.
Otolaryngology, Stanford University, Stanford, CA, USA; 2.
Children’s Hospital Oakland Research Institute, Oakland, CA,
USA

Airway defenses and mucus properties have been shown to be affected
by the pH of the airway surface liquid (ASL). CFTR has been shown to con-
tribute to ASL pH regulation in cell culture studies. The purpose of this
study was to determine acid and base secretion in freshly excised human
nasal tissues from ∆F508 CF patients. Human nasal mucosa was collected
during sinus surgery from normal subjects and chronic rhinosinusitis (CRS)
patients with and without CF. Tissues were mounted in Ussing chambers
and the mucosal equilibrium pH values and the rate of acid and bicarbonate
secretion into the mucosal medium were determined using the pH-stat tech-
nique. Acid secretion was measured in bicarbonate free conditions at a
mucosal pH of 8.0 (to increase driving forces) and base secretion was meas-
ured with 25 mM serosal bicarbonate/CO2 and a mucosal pH of 6.0 (to
inhibit H+ secretion). The equilibrium pH of nasal epithelia from patients
with CRS from ∆F508/∆F508 CF patients (pH=7.08±0.09, N=6) was signif-
icantly lower compared to nasal epithelia from CRS without CF (pH
=7.33±0.06, N=5, p = 0.041) or normal subjects (pH=7.33 ± 0.06, N=7).
The rate of HCO3

- secretion in CF nasal tissues (n = 4) was 11.8 ± 2.4
nmol•min-1•cm-2, which was significantly lower than normal (57.2 ± 9.2
nmol•min-1•cm-2, n = 5; p=0.004). HCO3

- secretory rate was further
increased by forskolin by 16.1% in normal, but not in CF tissues. Our data
suggests that CF patients exhibited significantly lower bicarbonate secretion
by the nasal mucosa. We suggest that reduced HCO3

- secretion and the con-
comitantly reduced ASL pH in CF negatively affects epithelial functions.
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Distribution of equilibrium pH of freshly excised sinonasal epithelia.
Individual equilibrium pH values are plotted and average values are
shown as horizontal bars. Nasal epithelia from homozygous ∆F508
CF individual had significantly lower equilibrium pH (pH = 7.08 ±
0.09), compared to nasal epithelia from normal and CRS without
asthma (p = 0.041). N refers to the number of tissue from different
individuals. Error bars represent SEM (standard error of the mean);
* denotes a significant difference (p < 0.05);  •: normal nasal
epithelia; �: CRS; Ο: homozygous ∆F508 CF tissues.

88
FORCED EXPIRATORY FLOWS AND VOLUMES
IMPROVE BY ONE YEAR OF AGE IN INFANTS WITH CF
DIAGNOSED BY NEWBORN SCREENING
Nguyen, T.1,9; Hoo, A.2,9; Thia, L.P.1,9; Wade, A.3,9; Ahmed, D.1;
Lum, S.1,9; Balfour-Lynn, I.4,9; Bush, A.4,9; Carr, S.5,9; Chavasse,
R.6,9; Shankar, A.7,9; Wallis, C.2,9; Wyatt, H.A.8,9; Stocks, J.1,9 1.
Portex Respiratory Unit, UCL Institute of Child Health, London,
United Kingdom; 2. Respiratory Unit, Great Ormond Street
Hospital, London, United Kingdom; 3. Epidemiology and
Biostatistics, UCL Institute of Child Health, London, United
Kingdom; 4. Respiratory Unit, Royal Brompton Hospital,
London, United Kingdom; 5. Respiratory Unit, Royal London
Hospital, London, United Kingdom; 6. Department of
Paediatrics, Epsom and St.Helier University Hospitals, London,
United Kingdom; 7. Department of Paediatrics, Lewisham
Hospital, London, United Kingdom; 8. Respiratory Unit, King’s
College Hospital, London, United Kingdom; 9. The London CF
Collaborative Study of Lung Function, UCL Institute of Child
Health, London, United Kingdom

Introduction: CF newborn screening (NBS) has been universal in the
UK from 2007 but little is known about the origin and progression of lung
disease in such infants. We have observed significant abnormalities in lung
clearance index (LCI) and forced expiratory volumes and flows (FEV0.5 and
FEF75) by 3 months of age in NBS CF compared to healthy controls.1 The
AREST CF program has recently reported progressive decline in lung func-
tion in NBS CF infants by age 1 year.2

Hypothesis: Lung function deteriorates between 3 months and 1 year of
age in NBS CF infants.

Methods: Multiple breath washout and raised volume techniques (to 30
cmH2O) were performed in NBS CF infants from 6 tertiary CF centres in

London, UK and treated according to a standardized protocol. Healthy con-
trols were recruited prospectively. 

Results: After adjustment for age, sex and body size there were no
changes in any outcome over the 1st year of life in controls (Table), where-
as there were significant improvements in anthropometry, FEV0.5 and FEF75
z-scores in those with CF. LCI was higher in those with CF on both test
occasions, but there was no significant change in LCI in either group over
the first year of life.

Conclusions: In contrast to previous reports and against our hypothesis,
forced expired volumes and flows improved over time in NBS CF infants
with our management, with no significant difference from controls by age 1
year. Results also emphasize the importance of recruiting contemporary
controls and, for the first time, suggest that early diagnosis and treatment
may change the progression of lung disease in infants with CF diagnosed by
NBS. 

References: 1Thia L. Ped Pulm 2010 Supplement 33, 390; 2Pillarisetti
N. AJRCCM 2011 online

Acknowledgements: Funded by the GOSH Special Trustees, the CF
Trust and the Local Clinical Research Network.

Anthropometry and LF results

Results expressed as mean (SD) *p< 0.05 (paired t test within-
group, between-visits)

89
HSP70 PROMOTES ENAC FUNCTIONAL EXPRESSION
AND ASSOCIATION WITH THE COPII COMPLEX
Chanoux, R.1; Shubin, C.1; Robay, A.1; Rubenstein, R.C.1,2 1.
Pulmonary Medicine, CHOP, Philadelphia, PA, USA; 2.
Pediatrics, University of Pennsylvania, Philadelphia, PA, USA

Defects in the cystic fibrosis transmembrane conductance regulator
(CFTR), including the ∆F508 mutation that impairs CFTR trafficking, are
associated with increased activity of the epithelial sodium channel (ENaC)
in the CF airway. This increased activity may result in the airway surface liq-
uid depletion, decreased mucociliary clearance and increased bacterial col-
onization of the airway seen in CF patients (Matsui et al., Cell, 1998). We
hypothesize that restoration of proper airway surface liquid volume and
mucociliary clearance in the CF airway will require both corrected CFTR
function and decreased ENaC activity.

Evidence suggests that CFTR and ENaC trafficking may involve simi-
lar mechanisms (e.g., Lang et al., Cell Physiol Biochem, 2003; Dieter et al.,
Obes Res, 2004; Wagner et al., Cell Physiol Biochem, 2001; Sato et al., Cell
Physiol Biochem, 2001), leading us to examine control of CFTR trafficking
to better understand the regulation of ENaC trafficking. We are particularly
interested in the influence of ∆F508-CFTR correctors on ENaC trafficking
and functional expression. Previous work suggests that the prototype
∆F508-CFTR corrector, 4-phenylbutyrate (4PBA), can differentially alter
the expression of highly homologous 70kDa heat shock proteins Hsc70 and
Hsp70 (Rubenstein and Zeitlin, Am J Physiol Lung, 2000; Choo-Kang and
Zeitlin, Am J Physiol Lung, 2001). Furthermore, the 4PBA-mediated
decrease in Hsc70 expression, and increase in Hsp70 expression could both
promote correction of ∆F508-CFTR trafficking. Because of the similarities
in trafficking between ENaC and CFTR, we hypothesized that ENaC traf-
ficking is also regulated by Hsc70 and Hsp70.

Our group’s previous studies of ENaC regulation in Xenopus oocytes
demonstrated that Hsc70 and Hsp70 had opposite effects on ENaC function
and surface expression. Hsc70 overexpression decreased ENaC expression,
while Hsp70 had the opposite effect (Goldfarb et al., PNAS, 2006). Here, we
tested whether these findings were relevant in epithelial cells, and further
probed the mechanism underlying these differential effects. We selected
MDCK epithelial cells that stably express αβγ-ENaC and have tetracycline-
inducible overexpression of Hsp70. We found that Hsp70 overexpression
increased ENaC functional expression (amiloride-sensitive Isc) in Ussing
chambers. This increase in functional expression correlated with increased
surface expression of ENaC in biotinylation experiments, suggesting that the
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increased current resulted from an increase in ENaC channels at the apical
surface. Hsp70 overexpression did not alter the rate at which functional
ENaC was retrieved from the cell membrane, suggesting that delivery of
channel to the membrane was responsible for the increased surface expres-
sion. In addition, in co-immunoprecipitation experiments, Hsp70 overex-
pression increased ENaC’s association with the Sec24D cargo recognition
component of the COP II ER exit complex. These data support the hypoth-
esis that Hsp70 increases ENaC functional and surface expression in epithe-
lial cells by promoting ENaC’s exit from the ER and trafficking to the api-
cal surface.

This research is supported by grants T32 DK-07748 to RAC and R01
DK-58046 to RCR.

90
REGULATION OF ENAC EXPRESSION AND
PROTEOLYSIS BY ERP29
Grumbach, Y.S.1; Suaud, L.1; Rubenstein, R.C.1,2 1. Pulmonary
Medicine and Cystic Fibrosis Center, Children’s Hospital of
Philadelphia, Philadelphia, PA, USA; 2. Department of
Pediatrics, University of Pennsylvania School of Medicine,
Philadelphia, PA, USA

The epithelial Na+ channel (ENaC) is a key regulator of airway surface
liquid. In the cystic fibrosis (CF) airway, hyperactivity of ENaC is hypothe-
sized to cause impaired mucociliary clearance and portend bacterial colo-
nization of the airway. In our group’s studies of the correction of ∆F508-
CFTR trafficking by 4-phenylbutyrate (4PBA), we identified a novel 29 kDa
molecular chaperone in the lumen of the endoplasmic reticulum (ER),
ERp29, that had increased abundance in CF epithelial cells after treatment
with 4PBA, and that promoted trafficking of both WT and ∆F508 CFTR
(Suaud, et al, JBC, 2011). ERp29 is homologous to thioredoxin proteins,
which are enzymes that catalyze the formation and rearrangement of disul-
fide bridges. However, ERp29 has only a single cysteine residue (C157)
and lacks the C-X-X-C motif that is characteristic of the thioredoxins. We
tested the hypotheses that ERp29 would regulate ENaC trafficking, and that
its single cysteine, C157, would have a critical role in ERp29’s regulation of
ENaC. In Xenopus laevis oocytes, co-injection of ERp29 RNA with αβγ-
ENaC RNA caused a ~2-fold increase in amiloride-sensitive whole oocyte
current compared with oocytes injected with αβγ-ENaC RNA alone, sug-
gesting that ERp29 can regulate ENaC functional expression. To further
examine ERp29 function in epithelial cells, we selected ENaC-overexpress-
ing MDCK cell lines with tetracycline-inducible expression of either WT
ERp29 or ERp29 where C157 was mutated to serine (C157S ERp29). In
Ussing chambers, induced overexpression of WT ERp29 caused an increase
in amiloride-sensitive Isc, or ENaC functional expression. In contrast, over-
expression of C157S ERp29 caused a decrease in amiloride-sensitive Isc.
These opposite effects correlated with the influence of WT or C157S ERp29
on the whole cell expression of β-ENaC and the cleaved form of γ-ENaC.
Overexpression of WT ERp29 increased whole cell expression of β-ENaC
and the cleaved form of γ-ENaC, while overexpression of C157S ERp29
decreased whole cell expression of these species. In contrast, siRNA-medi-
ated depletion of ERp29 decreased β-ENaC expression, but did not alter γ-
ENaC expression. We also tested the influence of C157S ERp29 on the frac-
tion of cleaved, higher Po versus uncleaved, lower Po ENaC at the apical
surface by addition of trypsin in Ussing chambers. Application of 10 µg/mL
trypsin to the apical surface of MDCK cells overexpressing ERp29 C157S
cells caused a significantly greater fractional increase of amiloride-sensitive
Isc compared to the control cells, suggesting that C157 influences ENaC
cleavage. Finally, WT or C157S ERp29 overexpression increased the recov-
ery of β-ENaC after immunoprecipitation of ERp29. These data support the
hypothesis that ERp29 interacts with ENaC and can regulate its functional
expression by regulating ENaC trafficking and/or subunit proteolysis and
that C157 is critical for the regulation of ENaC by ERp29, but is not a deter-
minant of ERp29’s interaction with ENaC.

This study was supported by grants from R01 DK58046 and R01
DK73185 to RCR.

91
EFFECT OF INTERLEUKIN-1β ON AIRWAY
SUBMUCOSAL GLAND MUCUS SECRETION IN SWINE
Luan, X.; Baniak, N.; Ianowski, J.P. Department of Physiology,
University of Saskatchewan, Saskatoon, SK, Canada

Airway submucosal glands contribute most of the mucins and antimi-
crobial factors in the upper airways, which are important for the lung host
defense. Airway submucosal glands are complex structures that consist of
four parts: serous acini, mucous tubules, collecting duct, and ciliated duct.
The serous acini express high levels of CFTR and generate most of the fluid
secreted by the glands. In CF patients, secretion by the submucosal gland is
abnormal. CF submucosal glands fail to produce mucus in response to
vasoactive intestinal peptide and substance P and produce mucus that is
more acidic and viscous. Thus, CF airways suffer from reduced delivery of
antimicrobial factors and mucus, which would abate mucociliary clearance
and facilitate infection with bacteria. However, the effect of inhalation of
bacteria on submucosal gland mucus secretion is not fully understood.
Inhaled pathogens trigger the release of proinflammatory signals including
the cytokine interleukin (IL)-1β. Our objective is to study the effects of IL-
1β on submucosal gland mucus secretion and the role of CFTR. The data
show that IL-1β stimulates submucosal gland mucus secretion through
CFTR-dependent mechanism. Stimulation with IL-1β (50 ng mL-1)
increased mucus secretion rate from 60 ± 25 pL min-1 to 134 ± 30 pL min-1.
Incubation with CFTRinh172 (100 µmol L-1) reduced IL-1β-stimulated
secretion rate to 80 ± 10 pL min-1. Our data also show that IL-1β stimulation
triggers a cAMP intracellular second messenger pathway. Inhibition of
adenylate cyclase with the blocker SQ22536 (0.5 mmol L-1) reduced mucus
secretion by IL-1β-stimulated submucosal glands from 134 ± 30 pL min-1 to
44 ± 6 pL min-1 while treatment with the phosphodiesterase inhibitor IBMX
(1 mmol L-1) increased mucus secretion to 231 ± 41 pL min-1. Moreover, our
experiments show IL-1β stimulates ion transport across the serous acini. We
directly measure the movement of Na+, K+, and Cl- across the serous acini
in isolated submucosal glands from swine using Scanning Ion-selective
Electrode Technique (SIET). When IL-1β was applied the serous acini dis-
play an increased uptake of Na+ and Cl- while K+ flux was unchanged. The
results indicate that IL-1β stimulates CFTR-mediated transport, suggesting
that this response may be lost in CF airways resulting in reduced delivery of
antimicrobial factors and facilitating infection. The data also show that IL-
1β stimulates Na+ and Cl- transport across the serous acini of airway submu-
cosal glands, thus driving mucus secretion. This is the first direct measure-
ment of ion transport across a single anatomical domain of the submucosal
glands. In the future, we plan to use the same technique to determine the role
of the other segments of the gland and their possible role in modulating the
ion composition of the secreted fluid. 

Supported by Cystic Fibrosis Canada.
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CELLULAR OXIDATIVE STRESS IN BRONCHIECTASIS
Jimeno, M.1; Dorado, A.1; Olveira, C.1; Espíldora, F.1; Atencia,
J.2; Olveira, G.2; De la Cruz, J.1 1. Pneumology, Carlos Haya
Regional University Hospital, Málaga, Spain; 2. Endocrinlogy,
Carlos Haya Regional University Hospital, Málaga, Spain

Introduction: The imbalance in the oxidant/antioxidant (redox) of
patients with bronchiectasis, both with cystic fibrosis (CF) and without cys-
tic fibrosis, appears to be related to the severity of the clinical and inflamma-
tory status. Cellular biomarkers could reflect the redox status in these
patients better than plasma biomarkers. The study objective was to evaluate
oxidative stress in adult bronchiectasis patients, with or without CF, by
measuring new cellular biomarkers of oxidative stress.

Design and measurements: We selected 90 adult bronchiectasis
patients: 36 with CF, 15 with atypical CF and 39 without CF (non-CF), and
50 healthy controls. We measured biomarkers of cellular oxidative stress (in
fresh) by flow cytometry (dual-laser FACSCalibur Becton Dickinson,
Mountain View, CA) in total leukocytes, neutrophils, lymphocytes and
monocytes. Measurements were made of the mitochondrial membrane
potential (MMP), levels of superoxide, hydrogen peroxide and intracellular
glutathione.

Results: All groups of patients (CF, atypical CF and non-CF) had signif-
icantly higher levels of hydrogen peroxide (greater oxidative stress) in all
cell populations studied compared with the controls, with no significant dif-
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ferences between the patient groups. Concerning intracellular glutathione
(IG), the non-CF bronchiectasis patients showed significantly lower levels
(increased oxidative stress) than the controls in all the cell populations stud-
ied, the atypical CF patients had lower levels in monocytes and lympho-
cytes, and the CF patients only in monocytes. The IG levels were signifi-
cantly lower in the non-CF patients compared to the CF patients in neu-
trophils and total lymphocytes. Compared with controls, the non-CF and the
atypical CF patients showed significantly higher levels (higher stress) of
superoxide in all the cell populations studied and the CF only in monocytes
and leukocytes; there were no significant differences between patient
groups. Compared to controls, the levels of MMP were significantly lower
(higher oxidative stress) in the atypical CF patients in monocytes and lym-
phocytes and in the CF patients in monocytes. MMP levels in monocytes
were significantly lower in the atypical CF patients compared to the CF and
non-CF patients.

Conclusions: Cellular oxidative stress biomarkers are significantly ele-
vated in patients with bronchiectasis compared to controls. Few differences
exist between the different groups of patients.

RESULTS

93
TGF-BETA DOWN-REGULATES CFTR AND TMEM16A
EXPRESSION AND FUNCTION IN POLARIZED T84
CELLS
Sanders, Y.1; Harris, T.1; Li, Y.1; Clancy, J.P.2 1. Pediatrics, UAB,
Birmingham, AL, USA; 2. Pulmonary Medicine, Cincinnati
Children’s Hospital Medical Center, Cincinnati, OH, USA

TGF-beta is a pleiotropic signaling molecule that regulates tissue
response to injury, and has been demonstrated to modify the CF phenotype.
The mechanism by which TGF-beta influences CF, however, is unknown.
We hypothesized that TGF-beta may regulate Cl- transport pathways rele-
vant to CF, potentially providing a mechanism to modify the CF phenotype.
We tested the effect of TGF-beta on the two dominant Cl- transport path-
ways expressed in many CF affected epithelia, focusing on effects in colonic
enterocytes (T84 cells) that both express CFTR and TMEM16A. Cells were
grown to confluence on fibronectin-coated permeable supports (Costar
Transwell filters) until they achieved high resistance (>1000 ohm.cm2).
Cells were then serum starved for 24 hours (MEM media + 0.1% FBS), and
subsequently exposed to 5 ng/mL TGF-beta for 48-72 hours. Monolayers
were studied in Ussing chambers under voltage clamp conditions. To acti-
vate CFTR currents, T84 cells were stimulated with forskolin/IBMX
(10/100 µM) followed by carbachol (100 µM, serosal). Cells were then
treated with CFTRinh172 (10 µM, mucosal) to confirm CFTR-dependence
of currents. To activate TMEM16A, cells were stimulated with ionomycin (2
µM), and all studies were performed in symmetric Ringers solution + 25
mM HCO3. Following completion of the functional studies, cells were lysed
and stored in RNA later at -80o C, and expression was quantified by real
time RT-PCR. Primers for hCFTR or hTMEM16A were designed by using
Primer3 software or from published data and purchased from IDT.  TGF-
beta treatment (5 ng x 48 hrs) reduced mean (SD) forskolin/IBMX currents
from 44.85 µA/cm2 (5.4) to 20.38 (2.81) µA/cm2, and
forskolin/IBMX+CCh-stimulated currents from 172.12 (10.83) to 75.68

(11.02) µA/cm2 (P<0.005 for both stimulated currents). TGF-beta treatment
reduced TMEM16A currents from 122 µA/cm2 (27) to 2 µA/cm2 (42)
(P=0.008). CFTR and TMEM16A transcripts in T84 cells were also reduced
by TGF-beta treatment for 72-hour treatment (~90% and ~50%, respective-
ly, P<0.001), and TGF-beta treatment also led to histone modifications. In
control studies conducted in wtCFTR-transduced CFBE41o- cells (lentivi-
ral transduction of cells with wtCFTR cDNA under control of the CMV pro-
moter, with undetectable expression of chromosomal F508del CFTR), TGF-
beta treatment had no effect on either transduced CFTR currents or CFTR
transcript levels. The results indicate that TGF-beta treatment of polarized
colonocytes expressing chromosomal CFTR and TMEM16A rapidly
reduced expression and function of both Cl- channels. The inhibitory effects
were transcriptional and limited to native expression of both Cl- channels,
pointing towards TGF-beta regulation of CFTR and TMEM16A through
promoter or chromatin modification.

94
BIOLUMINESCENCE GENE EXPRESSION WITH A
LENTIVIRAL VECTOR IN AIRWAYS OF CYSTIC
FIBROSIS MICE
Cmielewski, P.1,2; Parsons, D.W.1,3 1. Respiratory and Sleep
Medicine, Women’s and Children’s Hospital, Adelaide, SA,
Australia; 2. Department of Paediatrics, University of Adelaide,
Adelaide, SA, Australia; 3. Centre for Stem Cell Research,
University of Adelaide, Adelaide, SA, Australia

Introduction: Non-invasive bioluminescence imaging has allowed for
rapid in vivo quantification of long-lasting gene transfer in wildtype exper-
imental animals. Bioluminescence assays can be performed repeatedly on
the same individual throughout its lifetime. We have begun to examine the
role of circulating antibodies on the presence of sustainability of lentiviral
(LV) reporter gene transfer over the lifetimes of cystic fibrosis (CF) knock-
out mice.

Methods: The nasal airway of anaesthetized CFtm1unc mice was pre-
treated with either PBS (control) or 0.3% lysophosphatidylcholine (LPC) 1
hour prior to delivery of a LV vector containing the luciferase (LV-Luc)
reporter gene. In a third group LPC was followed with an empty LV vector
control (LV-MT). Bioluminescence was measured at 1 wk and at 1, 3, 6, 9,
12, 15, 18 and 21 months after treatment. The substrate D-Luciferin (50µl)
was instilled intra-nasally 10 minutes prior to imaging for luciferase biolu-
minescence. At all time points, circulating antibodies to the luciferase trans-
gene were analyzed in sera by ELISA.

Results: No bioluminescence was detected in the airways of mice treat-
ed with LPC/LV-MT. Nasal bioluminescence was significantly increased
with LPC/LV-Luc compared to controls for 12 months (p<0.05, ANOVA).
Unexpectedly, luciferase activity was also detected in the lung. There was no
difference in lung luminescence between the LPC and PBS pre-treated mice
that received LV-Luc. At later time points, the low sample size due to animal
attrition altered statistical analyses.

There was a significant increase in the presence of circulating antibod-
ies to the luciferase transgene in those mice that received LPC prior to LV-
Luc compared to both control groups (p<0.05, ANOVA). Antibodies to
luciferase persisted from 1 month to 21 months, peaking at 3 months, fol-
lowing a single gene therapy dose of LPC/LV-Luc.

Conclusion: Lentiviral luciferase gene expression was significantly
improved in mouse nasal airways using LPC pre-treatment, but circulating
antibodies were also increased. However, LPC pre-treatment made no dif-
ference to luciferase expression in the lungs of CF mice. Circulating anti-
bodies to the luciferase transgene peaked at 3 months: this suggests a poten-
tial time in which to trial early repeat dosing protocols designed to achieve
maximal gene expression.

Acknowledgements: Dr Don Anson for LV vector design and develop-
ment. Supported by NH&MRC and Cure4CF Foundation.
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95
IL-17A PRIMES CYSTIC FIBROSIS AIRWAY
EPITHELIAL CELLS TO INCREASE IL-8 EXPRESSION
IN THE PRESENCE OF BACTERIAL COMPONENTS
Mizunoe, S.1; Tsuyoshi, S.1; Suzuki, S.1; Matsumoto, C.1;
Watanabe, K.1; Ueno-Shuto, K.2; Suico, M.1; Scholte, B.J.3;
Gruenert, D.C.4; Kai, H.1 1. Molecular Medicine, Graduate
School of Pharmaceutical Sciences, Global COE “Cell Fate
Regulation Research and Education Unit”, Kumamoto University,
Kumamoto, Japan; 2. Pharmacology, Sojo University Pharmacy
School, Kumamoto, Japan; 3. Cell Biology, Erasmus MC,
Rotterdam, Netherlands; 4. Otolaryngology - Head and Neck
Surgery and Laboratory Medicine, Eli and Edythe Broad Center
for Regenerative Medicine and Stem Cell Research, Helen Diller
family Comprehensive Cancer Center, and Institute for Human
Genetics, University of California, San Francisco, San Francisco,
CA, USA

The CF lung expresses a profound proinflammatory phenotype, due to
especially constitutive hypersecretion of IL-8 from airway epithelial cells in
response to microbial infection. Since overproduction of IL-8 in CF ulti-
mately contributes to massive bronchial infiltrates of neutrophils, identifica-
tion of the pathways underlying IL-8 induction could provide novel drug tar-
gets for treatment of neutrophil-dominated inflammatory diseases such as
CF. Recent reports indicate increased expression of IL-17A and its CD4+ T
cell subset source, T helper 17 (Th17) cells, in bronchoalveolar lavage
(BAL) fluid and sputum from bacterially infected CF patients. IL-17A over-
production has been shown to be associated with the pathophysiology of
multiple inflammatory diseases that involve induction of chemokines such
as IL-8. In this study we evaluate whether IL-17A is responsible for neu-
trophil inflammation in CF airways during bacterial infection. The studies
show that IL-17A and KC (an IL-8 homologue) were upregulated after a 24h
intratracheal exposure to bacteria-derived peptidoglycan (PGN) or
lipopolysaccharide (LPS) in homozygous Cftr mutant (F508del-CFTR)-
expressing mice (Cftrtm1eurBL/6) compared to their wild-type littermate mice
(N=3-4, P<0.05). A positive correlation was observed between IL-17A and
KC expression (N=24, R2=0.984, P<0.001). Further, neutrophil recruitment
was increased in the PGN- or LPS-treated CftrF508del/F508del mice compared to
normal, suggesting that IL-17A may be a key molecule for the induction of
bacteria-induced neutrophil-associated CF inflammation in vivo. Notably,
IL-17A induced IL-8 expression in human airway epithelial cell lines
derived from an F508del/F508del CF patient (CFBE41o-) and an
F508del/W1282X CF patient (IB3), but not in human non-CF airway cell
lines, 16HBE14o- and A549 cells, implying a CF airway-specific induction
of IL-8 by IL-17A. Moreover, co-treatment of the CF airway cell lines with
IL-17A and PGN or LPS significantly enhanced IL-8 expression. The syn-
ergistic effects observed appeared to be due to enhanced PGN- or LPS-
induced phosphorylation of p38 MAP kinase (MAPK). Taken together,
these studies provide evidence that IL-17A is a critical factor in increasing
IL-8 expression in bacteria-infected CF airways possibly via a positive
cross-talk with p38 MAPK.

96
VENTILATION INHOMOGENEITY IN CYSTIC
FIBROSIS PATIENTS AS MEASURED BY MEANS OF
ELECTRIC IMPEDANCE TOMOGRAPHY
Zhao, Z.2; Moeller, K.2; Mueller-Lisse, U.3; Fischer, R.1 1.
Pneumology, Medizinische Klinik Innenstadt, Munich, Germany;
2. Department of Biomedical Engineering, Furtwangen
University, Villingen-Schwenningen, Germany; 3. Department of
Radiology, University of Munich, Munich, Germany

Background: The distribution of ventilation within the lung is inhomo-
geneous. The degree of inhomogeneity reveals information about the
patients’ respective lung conditions. However, routine diagnosis tools for
cystic fibrosis (CF) patients such as spirometry and body plethysmography
are unable to assess ventilation distribution. Other methods such as comput-
ed tomography (CT) are inconvenient or even potentially harmful to the
patient and therefore not suitable for outpatients. 

Electrical Impedance Tomography (EIT) is a noninvasive, radiation-free
imaging technique, which can monitor both regional lung ventilation and
tidal volume distribution, by measuring the electrical potentials at the chest
wall surface. We hypothesized that due to disease-related airway obstruc-
tion, ventilation inhomogeneity in CF patients varies during forced respira-
tion and it can be detected with EIT.

Method: Three patients with CF (1 male and 2 female; body height,
180, 165 and 156 cm; body weight, 64, 58 and 55 kg; age at examination,
32, 35 and 30 years, respectively) and two healthy volunteers (2 male; body
height, 178 and 168 cm; body weight, 62 and 60 kg; age at examination, 50
and 28 years, respectively) were investigated to the time point of abstract
submission. All subjects were asked to breathe in as deep and exhale as
hard as possible three times at the spirometer, according to standard ATS
spirometry guidelines. EIT measurements were performed during spirome-
try tests. The global inhomogeneity index (GI) was applied to assess the
degree of ventilation homogeneity. GI index has been described in previous
studies [1, 2]. For every forced respiration, four difference images, which
represent the respective differences of impedance between 25%, 50%, 75%,
100% of maximum inspiratory volume and inspiration begin (0%), were
generated. The median value of the pixels in the lung area is calculated for
each difference image. The GI index is defined as the sum of the absolute
differences between the median value and every pixel value, which is nor-
malized with the sum of the impedance values within the lung area.

Results: Airway obstruction was detected in CF patients but not in
healthy volunteers during spirometry tests. GI decreased as inspiratory vol-
ume increased in CF patients (0.59±0.20 at 25% and 0.39±0.09 at 100%,
p<0.01, Mean±SD) while GI remained unchanged in healthy subjects
(0.40±0.05 at 25% and 0.37±0.03 at 100%, p=0.31). 

Conclusion: Degree of ventilation homogeneity appears to vary during
forced respiration in CF patients, but not in healthy volunteers. Lung func-
tion tests with spirometry or body plethysmography deliver only global
information while EIT detects also regional ventilation. EIT is a practical
method to measure the inhomogeneity of ventilation distribution and has the
potential to be a routine diagnosis tool for CF patients. 

References:
1. Zhao Z, et al., Intensive Care Med, 35(11), 1900-6, 2009
2. Zhao Z, et al., Crit Care, 14(1), R8, 2010

97
CHANNEL ACTIVATING PROTEASES (CAPS):
IDENTIFICATION OF NOVEL TARGETS FOR
CORRECTING SODIUM CHANNEL DYSFUNCTION IN
CYSTIC FIBROSIS
Reihill, J.A.1; Walker, B.1; Elborn, J.2; Martin, S.L.2 1. School of
Pharmacy, Queens University Belfast, Belfast, United Kingdom;
2. Respiratory Medicine Research Group, Queens University
Belfast, Belfast, United Kingdom

Background: Abnormal regulation of airway epithelium sodium chan-
nels (ENaC) result in surface dehydration which is a key contributor to the
development of chronic bacterial infection seen in CF, through the build-up
of retained airway secretions (mucus). Recently it has become abundantly
clear that proteolytic processing of ENaC subunits by channel activating
proteases (CAPS) is associated with dramatically stimulated channel activ-
ity. However, at present the role of CAPS on ENaC function is poorly
defined in CF bronchial epithelium. To this end our group has developed
active site-directed affinity probes which target trypsin-like proteases. As
well as determining the effect of protease inhibition on ENaC activity the
presence of a reporter group (biotin) on these affinity probes enables the
detection, visualisation and affinity purification of the captured proteases. 

Objectives: Through the employment of our affinity based probes we
aim to identify specific proteases with the potential to modulate ENaC activ-
ity in bronchial epithelial cells. 

Methods: Cystic fibrosis bronchial epithelial cells (CFBE) or human
bronchial epithelial cells (HBE) were incubated in the presence or absence
of 50 µM biotinylated trypsin-like inhibitor (QUB-TLI) for 1h before solu-
bilisation with lysis buffer. Probed samples were resolved by SDS-PAGE
and captured proteases visualised by streptavidin-HRP. Similar experiments
were performed with concentrated cell-conditioned media (CCM) collected
from HBE and CFBE cultures. 

Data: Preliminary studies confirm that QUB-TLI detects and inhibits
recombinant proteases (trypsin and prostasin). Treatment of 1) intact HBE
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and CFBE cells and 2) CCM from cultured HBE and CFBE, with our broad-
spectrum QUB-TLI resulted in the visualisation of several trypsin-like
species in each of our samples. At present we are working to identify these
captured proteases and are performing studies to assess the impact of pro-
tease inhibition on ENaC subunit processing, not only in transformed
epithelial cell lines but also in primary CF and non-CF nasal epithelial cells
grown at air/liquid interface. 

Conclusions: Our broad-spectrum inhibitor has captured several
trypsin-like proteases in non-CF and CF bronchial epithelial cells. This
paves the way for characterisation of these proteases and an assessment of
their effect on ENaC activity in CF bronchial epithelium.

Acknowledgements: This work is supported by the Cystic Fibrosis
Trust, UK.

98
CARDIAC GLYCOSIDES BLOCK FORMATION OF THE
TNFR1 SIGNALING COMPLEX IN CF LUNG
EPITHELIAL CELLS
Yang, Q.; Caohuy, H.; Jozwik, C.; Pollard, B.S.; Pollard, H.B.
APG, usuhs, Bethesda, MD, USA

Background: Cystic fibrosis (CF) is a proinflammatory genetic disease
which is caused by mutations such as [∆F508] in the CFTR gene.  The
proinflammatory phenotype in the CF airway is driven, in part, by mutation-
dependent hypersecretion of the neutrophil chemokine Interleukin-8 (IL-8)
from lung epithelial cells. We have previously reported that cardiac glyco-
sides such as digitoxin and oleandrin potently and efficaciously block the
process of IL-8 hypersecretion in cultured CF lung epithelial cells (Srivas-
tava et al PNAS, 2004). Furthermore, we have reported that the mechanism
of this inhibitory effect is to block the interaction between TNFR1 and
TRADD, which occurs when TNFα activates the TNFR1 Signaling com-
plex formed by TNFα and TNFR1, and the intracellular adaptor proteins
TRADD, TRAF2 and RIP (Yang et al, PNAS, 2005). Consequently, the
downstream activation of NFκB is inhibited, with consequent reduction in
IL-8 expression. However, the details of how this process works in CF lung
epithelial cells have yet to be fully understood. 

Results: We report here that both oleandrin and digitoxin potently
inhibit hypersecretion of IL-8 from CF lung IB3-1 epithelial cells, as previ-
ously found. Furthermore, we find that oleandrin protects IκBα from TNFα-
activated phosphorylation and degradation, when studied in either CF IB3-
1, or [wildtype]CFTR-repaired IB3-1/S9 daughter cells. Thus, consistent
with our earlier work, the downstream inhibitory effect on IκBα is inde-
pendent of the mutation state of CFTR. In addition, in studies with a DNA-
based NFκB reporter construct fused to luciferase, we find that TNFα-caus-
es a profound increase in NFκB promoter activity, which is potently inhib-
ited by both oleandrin, and digitoxin. Finally, we co-transfected IB3-1 cells
with both the NFκB-reporter construct and plasmids expressing TNFR1,
TRADD, and other canonical elements in the TNFα/NFκB signaling path-
way. In this case, the most profound increases in NFκB signaling were
found when the IB3-1 cells were transfected with TNFR1 and TRADD,
both of which were profoundly and potently inhibited by either oleandrin or
digitoxin. To identify the components of the TNFR1 Signaling Complex
most affected by the cardiac glycosides, we treated CF IB3-1 and repaired
IB3-1/S9 cells with exogenous TNFα, and immunoprecipitated the resulting
signaling complex with anti-TNFR1. Analysis of the immunoprecipitates by
Western blot show that the entire complex (TNFR1, TRADD, TRAF2, and
RIP) could be identified in both cell types, and that both active cardiac gly-
coside drugs potently blocked complex formation. 

Conclusions: The present data are consistent with our previous report
showing that oleandrin and digitoxin potently inhibit IL-8 secretion from CF
lung IB3-1 epithelial cells. The drug mechanism, also as previously report-
ed in a different cell type, depends on blocking formation of the TNFR1 Sig-
naling Complex, very likely by interfering with interaction between the acti-
vated TNFR1 and the principal intracellular adaptor protein TRADD. 

References: Srivastava et al, PNAS 101:7693-7698, 2004; Yang et al
PNAS 102:9631-9636, 2005.

99
VAMP8 IS THE V-SNARE THAT REGULATES AIRWAY
MUCIN SECRETION
Kreda, S.M.; Jones, L.; Moussa, L.; Fulcher, L.; O’Neal, W.;
Lazarowski, E.; Boucher, R. Cystic Fibrosis/Pulmonary Research
and Treatment Center, Univ North Carolina Chapel Hil, Chapel
Hill, NC, USA

Mucin secretion into the airway lumen is regulated by calcium-depend-
ent exocytosis of specialised granules from epithelial goblet cells. Imbal-
ance of mucin secretion leads to mucus accumulation in the airway lumen
and the development of severe CF lung disease. Specific protein complexes
are recruited to regulate the exocytosis of the mucin granule, but the SNARE
exocytotic core have not been defined in airway goblet cells. In this study,
we identify VAMP8 as one of the SNAREs regulating mucin granule exocy-
tosis. VAMP8 mRNA was expressed in human airway tissues, lung, and air-
way epithelial cells, and deep-sequencing and expression analyses of airway
epithelial cells revealed that the VAMP8 transcripts were expressed >10
times higher than other VAMP mRNAs. VAMP8 was immunolocalised
mainly to goblet cell mucin granules in human airway epithelial cell cultures
and freshly-excised tissues. The function of VAMP8 in airway mucin secre-
tion was tested by RNA interference techniques. Three independent siRNAs
and shRNAs targeting VAMP8, reduced mucin secretion induced by PAR
agonists, neutrophil elastase, and ATP in two airway epithelial cell culture
models. Basal (non-agonist elicited) mucin secretion was also reduced in
these experiments. Notably, VAMP8 knockdown was effective in decreasing
mucin secretion in airway epithelial cell cultures with induced mucous
metaplasia/mucin hypersecretion. Unlike VAMP8 silencing, knockdown of
VAMP2 or VAMP3 did not affect mucin secretion. Our data suggest that
VAMP8 is an essential SNARE in airway mucin granule exocytosis. Reduc-
tion of VAMP8 activity/expression may provide a novel therapeutic target to
ameliorate airway mucus obstruction in lung diseases.

Supported by CFF KREDA10I0 and NIH P01-HL034322

100
THE ∆F508 MUTATION IN CFTR ENHANCES IRON
RELEASE INTO THE ASL BY UPREGULATING DMT1
AND FERROPORTIN EXPRESSION
Moreau-Marquis, S.; Stanton, B.A. Microbiology and
Immunology, Dartmouth Medical School, Hanover, NH, USA

In previous studies, we showed that the ∆F508-CFTR mutation
enhances the iron concentration inside CF-derived airway epithelial cells
and in the apical medium of CF-derived airway cells, which stimulates the
formation of antibiotic-resistant biofilms by P. aeruginosa on live human
airway epithelial cells (1). To identify the mechanism(s) involved in
enhanced iron accumulation and release observed in CF cells, compared to
WT-corrected cells, we tested the hypotheses that the expression of DMT1,
the major divalent metal transporter involved in human iron metabolism, and
ferroportin, the only known iron exporter in human cells, were altered by the
∆F508-CFTR mutation. Western blot analysis revealed that CFBE+∆F508
cells and their isogenic WT-corrected counterpart (CFBE+WT) constitu-
tively express an 80-90 kDa DMT1 isoform. Surprisingly, CFBE+∆F508
cells also express an additional DMT1 isoform with an apparent molecular
mass of 70-80 kDa. Upon deglycosylation, the molecular masses of both
isoforms shifted to ~50 ± 2 kDa, in accordance with the predicted masses of
the (+)IRE and (-)IRE isoforms of DMT1. When the cDNA for the
DMT1(+)IRE was expressed in CFBE+WT cells, DMT1(+)IRE located to
the apical membrane, as shown by cell surface biotinylation, and resulted in
enhanced intracellular iron accumulation compared with cells transformed
with an empty vector (4.19 ± 1.17 vs 1.80 ± 0.67 µg/g respectively), as
measured by ICP-MS. CFBE+∆F508 cells also constitutively express ~3
times more ferroportin protein than CFBE+WT cells. Overexpression of the
DMT1(+)IRE isoform in CFBE+WT cells enhanced protein expression of
ferroportin at the apical membrane and led to a 1.5-fold increase in iron
release into the apical medium compared with cells transfected with an
empty vector. Furthermore, overexpression of the (+)IRE isoform in
CFBE+WT cells enhanced biofilm formation at the apical surface of these
cells. The (+)IRE isoform expressed in CFBE+WT cells increased P. aerug-
inosa biomass compared to CFBE+WT cells expressing the vector alone
(1.59 ± 0.10 vs 1.10 ± 0.09 µm3/µm2 respectively, P=0.0009).
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In conclusion, the ∆F508 mutation in CFTR induces the expression of
the DMT1(+)IRE isoform and upregulates ferroportin expression. Both pro-
teins are expressed in the apical membrane of polarized airway epithelial
cells, and are accompanied by increased intracellular iron accumulation and
release into the apical medium. The enhanced accumulation and release of
iron stimulate the formation of antibiotic resistant P. aeruginosa biofilms,
which are responsible, in part, for chronic airway infections in CF.

Supported by the NIH (RO1-HL-074175, P20-RR018787, T32-DK-
07301) and the CFF (STANTO97RO).

(1) Moreau-Marquis S. et al. (2008) Am J Physiol Lung Cell Mol Phys-
iol, 295:L25-L37.

101
PROPERTIES OF HCO3

- TRANSPORT IN THE NATIVE
SMALL AIRWAY EPITHELIA
Shamsuddin, A.1; Quinton, P.M.1,2 1. Pediatrics, University of
California San Diego School of Medicine, La Jolla, CA, USA; 2.
Biomedical Sciences, University of California Riverside,
Riverside, CA, USA

Abnormal mucus formation and consequent obstruction of the small
airways is the foremost cause of morbidity and mortality in cystic fibrosis
(CF) patients. Since the discovery of Cl− impermeability, CF pathology has
largely been recognized as a defect in epithelial Cl− transport. However, loss
of bicarbonate (HCO3

−) transport also plays a major role, especially in the
pancreas where the absence of HCO3

− secretion leads to the destruction of
the organ. In other organs, reduced HCO3

− transport may cause pathological
changes in CF. In duodenum, bile duct, small intestine, and female repro-
ductive tract, CFTR also supports HCO3

− secretion and in an early study,
Smith and Welsh (1992) reported that HCO3

− secretion is through an apical
CFTR that is defective in CF cultured airway cells. However, whether
HCO3

− is secreted in native small airways is not known. We have developed
a novel, micro-Ussing system to investigate the properties of HCO3

− trans-
port in native porcine small airways and shown that the small airways are
capable of secreting HCO3

− when stimulated with cAMP and Ca2+ mediat-
ed agonists. We assayed HCO3

− transport indirectly as the equivalent short
circuit current (Isc

eq) with bilateral 25 mM HCO3
− plus 125 mM NaGlu

Ringers’ in presence of amiloride (10 µM) in the lumen and stimulated with
different agonists. With apical Fsk (10 µM) plus IBMX (100 µM), PGE2 (1
µM), UTP (100 µM), ATP (100 µM) and Isoproteronol (ISP,10 µM),
increased Isc

eq significantly by (mean ± S.E.) 13.8 ± 3.2 (n=10), 20.9 ± 5.7
(n=7), 8.3 ± 1.5 (n=5), 15.5 ± 3.2 (n=4) and 9.6 ± 1.4 (n=4) µA/cm2 respec-
tively (Table). We tested for the inhibition by known blockers GlyH-101 (50
µM), DIDS (100 µM) and acetazolamide (100 µM) and measured the
changes of transepithelial potential (Vt), conductance (Gt) and Isc

eq. Since
there is no permeable anion other than HCO3

−, the changes in Isc
eq following

stimulation and effectively blocked by inhibitors provide strong indirect evi-
dence of HCO3

− transport in small airway epithelia (Table). These results
also suggested that HCO3

− secretion is physiologically regulated, which may
have a critical role in abnormal mucus clearance in CF affected organs
(Quinton, 2010).

Supported by the Nancy Olmsted Trust, NIH (R01-HL084042) and Cys-
tic Fibrosis Foundation.

Table. Effects of cAMP and Ca2+ mediated agonists and antagonists
in bilateral 25 mM HCO3

− in native small airway epithelia§.

§ENaC inhibitor amiloride was present in the lumen; †added in
presence of Fsk/IBMX; *significantly different; n=numbers of
experiments;
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COMPENSATORY INDUCTION OF CGRP IN CYSTIC
FIBROSIS AIRWAYS ALTERS THE BIOLOGIC
PROPERTIES OF THE SUBMUCOSAL GLAND
PROGENITOR CELL NICHE
Xie, W.1,2; Fisher, J.T.2; Lynch, T.J.2; Luo, M.2; Evans, T.I.2; Neff,
T.4; Zhou, W.2; Zhang, Y.2; Ou, Y.2; Bunnett, N.W.7; Russo, A.F.6;
Goodheart, M.J.4; Parekh, K.R.5; Liu, X.2; Engelhart, J.F.2,3 1.
Molecular and Cellular Biology Graduate Program, The
University of Iowa, Iowa city, IA, USA; 2. Department of
Anatomy and Cell Biology, The University of Iowa, Iowa city, IA,
USA; 3. Center for Gene Therapy of Cystic Fibrosis and Other
Genetic Diseases, The University of Iowa, Iowa city, IA, USA; 4.
Department of Obstetrics and Gynecology, The University of
Iowa, Iowa City, IA, USA; 5. Department of Cardiothoracic
Surgery, The University of Iowa, Iowa City, IA, USA; 6.
Department of Molecular Physiology & Biophysics, The
University of Iowa, Iowa City, IA, USA; 7. Department of Surgery
and Physiology, University of California, San Francisco, San
Francisco, CA, USA

Submucosal glands (SMGs) are a source of slow-cycling progenitor
cells in the proximal airway, and in cystic fibrosis (CF) these structures have
defective secretions due to a lack of functional CFTR chloride channels. Lit-
tle is known about the biologic properties that regulate these nucleotide
label-retaining (LRC) progenitor cells or how CFTR defects may influence
homeostatic properties of this niche. We discovered that calcitonin gene-
related peptide (CGRP) activates CFTR-dependent SMG secretions and that
this signaling pathway is hyperactivated in the absence of CFTR in humans,
pigs, ferrets, and mice. Since CGRP expressing neuroendocrine cells are
known components of distal airway progenitor LRC niches, we investigat-
ed whether dysregulated CGRP expression in CF SMGs might alter proper-
ties of progenitor cells in the glandular niche. In wild-type mice, transient
induction of glandular CGRP following airway injury induced SMG pro-
genitor cell proliferation, while maintaining glandular retention of LRC pro-
genitors with a highly proliferative phenotype in vitro. By contrast, CFTR-
deficient mice with persistent dysregulated CGRP expression failed to main-
tain glandular LRC progenitors and formed adaptive niches in the surface
airway epithelium where the highly proliferative LRC progenitors resided.
In vitro clonal analysis studies demonstrated that CGRP stimulates expan-
sion of airway progenitors with limited potential for self-renewal at the
expense of more highly proliferative progenitor cells. The CGRP receptor
components (RAMP1 and CLR) were expressed in SMGs, but rarely local-
ized to glandular LRCs, suggesting that CGRP acts to regulate slow cycling
progenitors through paracrine effectors. Collectively, these findings demon-
strate that CGRP-dependent pathways for CFTR activation are abnormally
upregulated in CF SMGs and that the sustained mitogenic signals caused by
elevated CGRP expression alters properties of the SMG progenitor cell
niche in CF airways. This discovery may have important implications for
injury/repair mechanisms in the CF airway.

103
BIOPHYSICAL AND PHARMACOLOGICAL
PROPERTIES OF THE VOLUME REGULATED ANION
CURRENT (VRAC) IN HUMAN (HBES) AND CYSTIC
FIBROSIS BRONCHIAL EPITHELIAL CELLS (CFBES)
Stott, J.1,2; deCourcey, F.1; Zholos, A.2; Ennis, M.1 1. Centre for
Infection and Immunity, Queens Univerity Belfast, Belfast, United
Kingdom; 2. Centre for Vision and Vascular Science, Queens
University Belfast, Belfast, United Kingdom

As a result of abnormal CFTR production/function there is limited chlo-
ride secretion into the airways of CF patients leading to dehydration of the
pericilliary layer and the formation of thick mucus characteristic of the CF
lung. However, other chloride channels exist which may be able to compen-
sate for the defective chloride conductance seen in CF cells. One such chan-
nel, which is highly permeable to chloride, mediates the ubiquitous Volume
Regulated Anion Current (VRAC), which is highly permeable to chloride.
VRAC normally functions in cells to maintain cell volume through Regula-
tory Volume Decrease (RVD), in combination with other ion channels, but
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it can be activated independently of volume increase by receptor agonists
(Zholos et al., 2005). By exploiting the chloride secreting properties of
VRAC, it may be possible to thus restore airway hydration in CF.

This study aimed to identify and compare VRAC properties in normal
and CF cells using the established cell models (HBE and CFBE cells,
respectively) through the biophysical characteristics of the current, as well
as with pharmacological tools. With patch clamp technology, using the
whole cell configuration, it was possible to examine the VRAC current char-
acteristics. A voltage step protocol was employed to test the steady state
channel activity and kinetics at 10mV increments from -100mV and 120mV.
To investigate the current-voltage relationship of the channel and the time
course and concentration dependence of VRAC pharmacological modula-
tion, a voltage ramp protocol of -100mV to 120 mV over 500ms was used
at 20s intervals. A pharmacological profile of the VRAC current was then
established using three different agents: 4,4’-Diisothiocyano-2,2’-stil-
benedisulfonic acid (DIDS), 5-Nitro-2-(3phenylpropylamino) Benzoic Acid
(NPPB) and 4-[(2-Butyl-6,7-dichloro-2-cyclopentyl-2,3-dihydro-1-oxo-1H-
inden-5-yl)oxy]butanoic acid (DCPIB).

Both HBE and CFBE cells were found to be sensitive to changes in
osmolarity, resulting in stimulation of the VRAC current. Analysis of the
current density proved it to be similar in both cell types (HBE - 130.2 ±85.6
pA/pF, n=7; CFBE - 141.2 ±60.6 pA/pF at 120mV, n=10, p= 0.77). The cur-
rent could also be inhibited by three different chloride channel blockers, and
showed identical pharmacological profile in both cell types. Specifically, the
pIC50 values were:

CFBE(mean±SEM) HBE(mean±SEM) P(two tailed)
NPPB   4.48±0.1µM(n=5)  4.49±0.05µM(n=5) 0.896
DIDS   5.17±0.15µM(n=6) 4.78±0.13µM(n=6) 0.079
DCPIB 5.48±0.07µM(n=5) 5.48±0.12µM(n=5) 1
These results demonstrate the presence and functionality of the VRAC

current in CF and importantly, demonstrate that it is not impaired compared
with healthy cells. This suggests that this pathway may prove to be a viable
alternate route of chloride transport in CF.

References: Zholos A, Beck B, Sydorenko V, Lemonnier L, Bordat P,
Prevarskaya N, & Skryma R (2005). Ca2+- and volume-sensitive chloride
currents are differentially regulated by agonists and store-operated Ca2+

entry. J Gen Physiol 125, 197-211.

104
REGULATION OF TRANSEPITHELIAL SODIUM
TRANSPORT BY CF-RELATED CHOLESTEROL
PROCESSING MANIFESTATIONS
Kelley, T.; Cotton, C. Pediatrics, Case Western Reserve
University, Cleveland, OH, USA

Hyperabsorption of sodium across CF airway epithelium was identified
over twenty years ago and is a key factor in the progression of airway dis-
ease. Much has been learned about mechanisms regulating the function of
the epithelial sodium channel (ENaC), but why sodium transport is specifi-
cally increased in CF and how its regulation relates to CFTR function has
remained largely elusive. Earlier data suggest that the presence of function-
al CFTR inverted the cAMP-PKA regulation of ENaC from positive regula-
tion to negative regulation. We have recently reported that the loss of CFTR
function triggers a feedback response in epithelial cells leading to increased
cAMP signaling that results in cholesterol accumulation. We demonstrated
in this work that the cAMP binding competitor Rp-cAMPS reverses choles-
terol accumulation to wt distribution. Previous data demonstrating the
impact of Rp-cAMPS on cholesterol processing in CF leads to the hypoth-
esis that cholesterol processing contributes to hyperabsorption of sodium
across CF airway epithelium. Given the broad impact of Rp-cAMPS in CF
epithelial cells and mouse models on CF cell biology, we were interested in
determining if Rp-cAMPS could influence amiloride-sensitive transepithe-
lial potential difference (TEPD) in CF mice. Preliminary data demonstrate
that treatment of Cftr-/- mice for 12 days with 5 mg/kg/day Rp-cAMPS via
osmotic pump reduces amiloride sensitive transepithelial potential differ-
ence to wt levels. Baseline TEPD in Cftr-/- mice is reduced from -19.2 +/-
2.7 mV in untreated mice to -7.7 +/-0.8 mV (n=6) in Rp-cAMPS treated
mice (p < 0.001). The ∆amiloride is reduced from 10.8 +/- 0.6 mV to 4.3 +/-
0.8 mV (p < 0.01). Membrane cholesterol content in Rp-cAMPS treated
mice is reduced to near wt levels, supporting a possible role of cholesterol
in this phenotype. In cellular studies, statin treatment of primary renal col-
lecting duct epithelial cells significantly reduces amiloride-sensitive base-

line Isc from 28.9 +/- 4.1 µA/cm2 to 15.7 +/- 1.8 µA/cm2 (n=7, p < 0.01).
The ∆amiloride is reduced from 25.0 +/- 3.7 µA/cm2 to 12.5 +/- 1.2 µA/cm2

(n=7, p < 0.01) in the presence of mevastatin suggesting sodium transport is
being influenced. This reduction is reversible by adding back mevalonate.
Studies examining Cftr-/- mice also lacking the cholesterol processing pro-
tein NPC1 (Cftr/Npc1 DKO mice) demonstrate a clear reduction in baseline
TEPD compared to Cftr-/- mice. Baseline TEPD is reduced from -22.9 +/-
1.7 mV in Cftr-/- mice (n=8) to -10.0 +/- 0.6 mV in Cftr/Npc1 DKO mice
(n=4; p < 0.001). These data demonstrate that secondary effects of the loss
of CFTR function on cholesterol processing likely contribute to the pheno-
type of hyperabsorption of sodium. Supported by NIH/NHLBI grant
HL104358-01.

105
THE PRESENCE OF MUCOUS BIOMOLECULES LIMITS
TRANSEPITHELIAL ABSORPTION OF LIQUID ACROSS
PORCINE TRACHEAL EPITHELIUM
Ballard, S.T.; Cooper, J.L. Department of Physiology, University
of South Alabama, Mobile, AL, USA

Sputum from cystic fibrosis (CF) patients contains an unusually high
percentage (≥10%) of non-volatile solids. This abnormally thick mucus is
thought to be generated by excessively high rates of salt and water absorp-
tion across the airway surface epithelium. Because normal porcine tracheal
epithelium and CF human nasal epithelium absorb Na+ at very similar rates,
we tested the hypothesis that porcine tracheas are capable of concentrating
native mucus to similarly high percent solids as seen in CF sputum. Porcine
tracheas were excised, cannulated, and mounted in a chamber where the tis-
sues were kept in a warm (37°C), humidified atmosphere. Known volumes
(87.3±3.9 µl) of mucus, collected the previous day from cannulated tracheas
induced to secrete by acetylcholine treatment, were initially placed on the
caudal luminal surface of the tracheas and later harvested from the cranial
ends at 1 hr, 2 hr, and 4 hr intervals. To minimize mucous liquid secretion by
the tracheas during the absorption experiments, these tissues were pretreat-
ed with bumetanide and dimethylamiloride, to respectively block transep-
ithelial Cl- and HCO3

- secretion. Of the total initial mucus volume instilled,
we observed that 66.9±4.2%, 62.5±3.8%, and 62.3±6.6% remained after 1
hr, 2 hr, and 4 hr, respectively. The percent solids of the collected mucus
(initially 2.0±0.1%) were 3.0±0.3%, 3.5±0.3%, and 4.1±0.3% at 1 hr, 2 hr,
and 4 hr, respectively. When the small quantity of basal mucus secretion was
accounted for at each time point, the percent solids were 3.0±0.3%,
3.2±0.4%, and 3.5±0.4% at 1 hr, 2 hr, and 4 hr. When comparable instillate
volumes (89.9±3.1 µl) of Krebs solution (which contained no biomolecular
solids) were added to the tracheas, we observed that 43.1±0.6%, 32.1±5.5%,
and 25.8±5.0% remained after 1 hr, 2 hr, and 4 hr, respectively. The residual
Krebs instillate volumes were significantly lower than mucus instillate vol-
umes at 1 hr (P<0.05), 2 hr (P<0.001), and 4 hr (P<0.001). The percent
solids in the Krebs instillates (initially 1.3±0.4%) were 2.2±0.1%, 3.9±0.5%,
and 5.7±0.5% at 1 hr, 2 hr, and 4 hr, respectively. The percent solids in the
Krebs instillates increased during the incubations presumably from mixing
with the existing mucus on the airway surface and from the basal mucus
secretion. These findings suggest that the presence of biomolecules in air-
way mucus impedes the absorption of salts and water from the airway
lumen. From our data, cessation of liquid volume absorption from native
mucus appears to occur at about 4% solids. Thus, in porcine trachea,
transepithelial absorption of liquid alone appears to be incapable of gener-
ating 10% solids mucus. (Supported by CFFT BALLAR07XX0).

106
IRE1β REGULATES TRANSCRIPTION OF AIRWAY
MUCIN GENES AND GENES INVOLVED IN MUCIN
PRODUCTION AND GLYCOSYLATION
Martino, M.; Brighton, B.; Dang, H.; O’Neal, W.K.; Ribeiro, C.P.
Cystic Fibrosis Center, The University of North Carolina, Chapel
Hill, NC, USA

CF airways exhibit inflammation and mucus overproduction. Airway
inflammation induces endoplasmic reticulum stress mediated by activation
of Inositol Requiring Enzyme 1 (IRE1α or β). We have reported that IRE1α
is functionally relevant for airway epithelial cytokine secretion. In contrast,
we have shown that IRE1β is expressed in Clara cells and in mucous airway
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epithelial cells, but not in ciliated or alveolar type II cells, and regulates
mucin production during airway inflammation (Martino, M. E. B. et al:
Role of the ER stress transducer IRE1 beta in airway inflammation-induced
mucin production. Pediatric Pulmonol. Suppl. 32, 259, 2010). Utilizing Cel-
sius, a gene expression tool (http://genome.ucla.edu/projects/UGET), we
found that IRE1β gene expression is associated with the expression of
mucin genes and genes involved in mucin glycosylation/mucin production.
These findings led us to hypothesize that IRE1β is required for mucin pro-
duction by airway mucous cells and regulates the transcription of mucin
genes and/or genes involved in mucin glycosylation or mucin production. To
test this hypothesis, we performed studies with Calu3 cells, an airway
epithelial cell line that expresses mucous cells and secretes mucins. Calu3
cultures exhibiting IRE1β knock-down (via pSIREN IRE1β shRNA) were
used to test the mechanism of IRE1β-regulated mucin production. In RT-
PCR studies, IRE1β mRNA was up-regulated by interleukin-13 (IL-13), a
response coupled to mucous cell metaplasia. Baseline and IL-13-induced
IRE1β mRNA levels were knocked-down by ~ 50% in Calu-3 cultures sta-
bly expressing IRE1β shRNA, an effect coupled with inhibition of IL-13-
induced mucus cell metaplasia. While IL-13 up-regulated MUC5AC and
MUC5B mRNA levels, and genes involved in mucin production (SAM
pointed domain containing ets transcription factor and anterior gradient
homolog 2) in control cultures, this effect was blunted in cultures express-
ing the IRE1β shRNA. Moreover, knock-down of IRE1β inhibited baseline
and IL-13-stimulated MUC5AC and MUC5B protein production. To evalu-
ate global effects of IRE1β-regulated gene expression, RNA microarray
studies were performed in the two Calu3 cell lines. Knocking down IRE1β
blunted IL-13-stimulated transcription of mucins and critical enzymes
involved in mucin glycosylation (GALNT12, GALNTL2 and GCNT1).
These studies also revealed that IRE1β is functionally coupled to down-reg-
ulation of cell cycle/mitosis genes, energy metabolism genes, and, notably,
the CFTR gene. Additional studies showed that over-expression of IRE1β
facilitates the production of MUC5AC and MUC5B protein in Calu-3 cells.
Our findings corroborated the notion that IRE1β is a key regulator of mucin
production during airway epithelial inflammation, and suggest that IRE1β
stimulates mucin production, at least in part, via inhibition of cell
cycle/mitosis genes involved in cell proliferation and stimulation of cell dif-
ferentiation towards the mucous cell phenotype. Together with our observa-
tions that IRE1β is specifically expressed in airway mucous cells, these
findings lead to the proposal that IRE1β is an ideal candidate for targeted
therapy for airway mucin overproduction in CF. Supported by NIH and the
American Asthma Foundation.

107
SMALL-MOLECULE TMEM16A ACTIVATORS
STIMULATE CHLORIDE CONDUCTANCE AND FLUID
SECRETION IN AIRWAY SUBMUCOSAL GLANDS AND
IL-4-TREATED SURFACE EPITHELIA
Namkung, W.1; Yao, Z.1; Phuan, P.1; Finkbeiner, W.E.2; Verkman,
A.S.1 1. Medicine & Physiology, University of California-San
Francisco, San Francisco, CA, USA; 2. Pathology, University of
California-San Francisco, San Francisco, CA, USA

Calcium-activated Cl- channels (CaCCs) are widely expressed in epithe-
lial and non-epithelial cell types, where they facilitate epithelial fluid secre-
tion, smooth muscle contraction, neurosensory signaling, and other func-
tions. TMEM16A (alternative name, anoctamin-1, ANO1) was identified as
a CaCC, as its heterologous expression in oocytes and mammalian cells
produced outwardly rectifying, Ca2+-sensitive Cl- currents. TMEM16A is
expressed in epithelial cells in salivary gland, airways, intestine and other
tissues, as well as in sensory neurons, smooth muscle and various tumors.
Though TMEM16A knockout mice die just after birth because of tracheo-
malacia, electrophysiological measurements in the neonatal knockout mice
suggested TMEM16A involvement in chloride secretion in salivary gland
and airway epithelia. Evidence has also been reported for TMEM16A
involvement in nociception, intestinal and vascular smooth muscle contrac-
tion, and bile formation. TMEM16A activators could be useful research
tools for pharmacological dissection of TMEM16A function, and as poten-
tial drug candidates for treatment of cystic fibrosis, as well as salivary gland
dysfunction, dry eye syndrome and other disorders associated with Cl- chan-
nel dysfunction. Cell-based functional screening of ~110,000 compounds
revealed compounds that activated TMEM16A CaCC conductance without
increasing cytoplasmic Ca2+. By patch-clamp, Eact ‘activators’ strongly

increased Cl- current at zero Ca2+, whereas Fact ‘potentiators’ were not
active at 0 Ca2+ but reduced the EC50 for activation by Ca2+. Of 682 analogs
tested, the most potent activator (Eact) and potentiator (Fact) produced
large, sustained CaCC Cl- currents with EC50 of 3-6 µM, and Cl- conduc-
tance comparable to that induced transiently by Ca2+-elevating purinergic
agonists. Analogs of both activator classes were identified that inhibited
TMEM16A Cl- conductance, support action by direct binding to
TMEM16A. Eact strongly increased CaCC conductance in airway submu-
cosal gland epithelial cells, and IL-4-treated bronchial cells, and in human
salivary gland epithelial cells. The potential clinical utility of TMEM16A
activators was supported by demonstration of increased submucosal gland
secretion in human bronchi, salivary gland secretion, and intestinal smooth
muscle contraction. TMEM16A activators may thus be useful for drug ther-
apy of cystic fibrosis, dry mouth and slow transit constipation, as well as for
pharmacological dissection of TMEM16A function.

108
RESVERATROL HAS SALUTARY EFFECTS ON
MUCOCILIARY TRANSPORT AND INFLAMMATION IN
SINONASAL EPITHELIUM
Skinner, D.; Alexander, N.S.; Hatch, N.; Zhang, S.; Fortenberry,
J.; Sorscher, E.J.; Woodworth, B.A. University of Alabama at
Birmingham, Birmingham, AL, USA

Background:: Dysfunctional mucociliary clearance (MCC) and inflam-
mation are hallmarks of many airway diseases, including cystic fibrosis (CF)
and chronic rhinosinusitis (CRS). Enhancing transepithelial Cl- secretion in
the upper airways by topical administration of Cl- secretagogues represents
a novel approach to treatment that has not been investigated previously, but
could provide advantages over conventional therapies for sinus disease.
Resveratrol, a natural polyphenol, is found in vegetables and fruits and has
well-known anti-inflammatory properties attributable to the inhibition of
NF-κB. Agents with an excellent safety profile that inhibit inflammation and
promote epithelial Cl- secretion could be of benefit to individuals suffering
from mucus-obstructive airway diseases, including CRS. The objectives of
the present study were to investigate whether resveratrol promotes transep-
ithelial Cl- transport and inhibits KC/IL-8 secretion in sinonasal epithelium.
Primary murine nasal septal epithelial (MNSE) [wild type (wt) and trans-
genic CFTR-/-] and human sinonasal epithelial (HSNE) cultures were used
to investigate a mechanistic rationale for an intervention of this type. Cul-
tures were subjected to transepithelial ion transport measurements using
pharmacologic manipulation in Ussing chambers. CFTR R-domain phos-
phorylation and cAMP levels were examined as a test of PKA-dependent
activation. In vitro LPS-induced KC/IL-8 secretion was quantified and com-
pared to a panel of intranasal steroids. Cl- secretion was also measured in
murine models in vivo by nasal potential difference (NPD). 

Results: Resveratrol (100µM) significantly increased CFTR-mediated
Cl- transport (change in short-circuit current, ∆ISC) in both MNSE
[13.51+/-0.77 vs. 4.4+/-0.66 (control); p<0.05] and HSNE [12.28+/-1.08
vs. 0.69+/-0.32 (control); p<0.05]. Cl- secretion across in vivo murine nasal
epithelium was also enhanced [-4+/-1.8 vs. -0.8+/-1.7mV (control), p<0.05].
There was no increase in cellular cAMP attributable to resveratrol at the
concentrations studied. R-domain phosphorylation, as judged by a biochem-
ical gel shift assay of recombinant R-domain, was also unchanged. Resver-
atrol significantly inhibited KC/IL-8 secretion in a dose-dependent fashion
(pg/mL) at 100, 200, and 500 µM of the compound in MNSE [181+/-39
(100µM) vs. 94+/-16 (200µM) vs. 16+/-22 (500µM) vs. 1195+/-355 (con-
trol); p<0.001]. The drug robustly abrogated KC/IL-8 secretion when com-
pared to ciclesonide (765+/-139), triamcinolone (561+/-124), and budes-
onide (742+/-428), but had similar activity to fluticasone proprionate (65+/-
47). Similar effects were demonstrated in HSNE [975+/-244 (100µM) vs.
1825+/-144 (control); p<0.001] with inhibition comparable to fluticasone
proprionate (785+/-277). 

Conclusion: The observation that resveratrol stimulates transepithelial
Cl- secretion and inhibits IL-8 release indicates a topical formulation is like-
ly to enhance MCC and provide therapeutic benefit following instillation for
non-CF CRS. The same intervention could be used to activate residual
CFTR activity (e.g. in the setting of F508del-CFTR pharmacologic correc-
tion) and ameliorate underlying mucus obstruction and airway inflammation
in CF associated sinusitis.
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109
TRANSEPITHELIAL ION TRANSPORT THROUGH
CFTR AND TMEM16A IS SUPPRESSED IN HYPOXIC
SINONASAL EPITHELIUM
Zhang, S.; Blount, A.; Chestnut, M.; Hixon, B.; Skinner, D.;
Sorscher, E.J.; Woodworth, B.A. University of Alabama at
Birmingham, Birmingham, AL, USA

Introduction: Normal respiratory epithelial mucociliary clearance
(MCC) is dependent upon the biological properties of the airway surface liq-
uid (ASL) and transport of ions, such as Cl-. The cystic fibrosis transmem-
brane conductance regulator (CFTR) represents a predominant Cl- transport
conduit within respiratory epithelial cells. Secondary Cl- transport pathways
through calcium-activated chloride channels (CaCCs) also contribute to air-
way surface liquid homeostasis and provide a potential mechanism to cir-
cumvent CF-related airway defects in mucus clearance. Sinus ostia closure
from edema is thought to lead to hypoxia and a resultant propagation of
sinusitis due to the development of mucus stasis and anaerobic infection.
Hypoxic surface airway epithelium has been shown previously to develop
acquired defects in CFTR-mediated anion transport, but a link to persistent,
defective mucociliary clearance in chronic rhinosinusitis (CRS) has yet to be
elucidated.  In the present experiments, primary murine nasal septal epithe-
lial (MNSE) - wild type (wt) and transgenic CFTR-/- and human sinonasal
epithelial (HSNE) cultures were incubated under hypoxic conditions (1%
oxygen, 5% CO2). Cultures were mounted in Ussing chambers for ion trans-
port measurements. ASL depth was monitored using confocal laser scanning
microscopy. CFTR and TMEM16A expression were measured using quan-
titative RT-PCR. Protein expression and apical localization of TMEM16A
protein was confirmed with immunoblot and immunofluorescence, respec-
tively. 

Results: The change in short-circuit current (∆ISC(µA/cm2)) attributable
to both CFTR (forskolin-stimulated) and TMEM16A (UTP-stimulated)
transport was significantly decreased by hypoxia at 12 hours in both MNSE
[CFTR, 12.2+/- 0.84 vs. 22.2+/-0.88 (control); TMEM16A, 19.5+/-0.95 vs.
44.7+/-4.4 (control), p<0.05] and HSNE [CFTR, 19.5+/-0.56 vs. 26.1+/-1.0
(control); TMEM16A, 16.75+/-0.7 vs. 26.1+/-1.3(control), p<0.05]. Quan-
titative PCR (reported as relative mRNA levels+/-S.D.) demonstrated a sig-
nificant reduction in CFTR (55.2+/-16.1 vs. 102.8+/-10.3, p<0.05) and
TMEM16A (54.6+/-12.1 vs. 134.3+/-26.1, p<0.05) mRNA expression due
to airway epithelial hypoxia. ASL (µm) was significantly decreased in
hypoxic cultures [5.3+/-0.9 vs. 8.9+/-0.6 (control), p<0.05]. Western blot-
ting confirmed that the TMEM16A channel protein was present in MNSE
with apical localization verified at the base of cilia. 

Conclusions: Sinonasal epithelial CFTR and TMEM16A-mediated Cl-

transport, mRNA expression, and ASL were strongly decreased in an oxy-
gen restricted environment. These findings indicate persistent hypoxia may
lead to acquired defects in Cl- transport and have broad implications for res-
cue strategies aimed at restoring CFTR and TMEM16A in both CF-and
non-CF related CRS.

110
THE ROLE OF TYROSINE PHOSPHORYLATION IN
REGULATING CFTR FUNCTION IN EPITHELIAL
CELLS
England, A.K.1,2; Muimo, R.1; Robson, L.2 1. Academic Unit of
Respiratory Medicine, University of Sheffield, Sheffield, United
Kingdom; 2. Biomedical Sciences, University of Sheffield,
Sheffield, United Kingdom

The coordinated activity of protein kinases and phosphatases controls
the phosphorylation state of CFTR and may play an important part in its
physiological regulation. However, the role of tyrosine phosphorylation in
CFTR function remains unclear as both genistein and sodium orthovanadate
(tyrosine kinase and phosphatase inhibitors, respectively) are reported to
increase CFTR function. The current study investigates the role of tyrosine
phosphorylation in CFTR function through the use of the cell-permeable
tyrosine phosphatase inhibitor sodium orthovanadate (Na3VO4). Based on
previous work using expression systems, it is hypothesised that Na3VO4 [i.e.
increased tyrosine phosphorylation] will increase the activity of CFTR,
resulting in an increase in the CFTRinh172-sensitive outward and inward con-
ductances (Gout and Gin respectively), measured using the whole cell patch

clamp technique. However, pre-incubating cells in 10mM Na3VO4 prior to
stimulation with 10µM forskolin/100µM IBMX resulted in a significant
decrease in Gout from 796 ± 154 µS/cm2 to 220 ± 76 µS/cm2 (P<0.005
unpaired t-test) and Gin from 658 ± 127 µS/cm2 to 200 ± 71 µS/cm2

(P<0.005 unpaired t-test). We found 10mM Na3VO4 also acted as a direct,
reversible blocker of CFTR when applied directly to the bath solution after
cAMP stimulation, causing a similar and significant decrease in Gout and Gin.
The pre-incubation experiments were repeated at 1mM Na3VO4 with no
effect, suggesting that there may be a dose-dependent effect of Na3VO4 on
the function of CFTR. So far, these data suggest that, in 16HBE14o- cells,
10mM Na3VO4 has an inhibitory effect on CFTR, potentially by maintain-
ing the phosphorylation of CFTR itself or an associated regulatory protein.
Further work is underway to shed more light on the role of tyrosine kinases
and phosphatases in CFTR function.

Funded by the BBSRC and The Wellcome Trust.

111
INCREASED STORE-OPERATED CALCIUM ENTRY
THROUGH ORAI1 ENHANCES PROLIFERATION OF CF
AIRWAY EPITHELIAL CELLS
Balghi, H.1; Liu, B.1; Evagelidis, A.1; Thomas, D.Y.3; Hanrahan,
J.W.1,2 1. Physiology, McGill University, Montreal, QC, Canada;
2. McGill University Health Centre Research Institute, McGill
University, Montreal, QC, Canada; 3. Biochemistry, McGill
University, Montreal, QC, Canada

Background: We recently showed that store-operated Ca2+ entry
(SOCE) is elevated in CF human airway epithelial cells (hAEC) due to
increased insertion of Orai1 calcium channels into the plasma membrane,
and that SOCE is normalized by the trafficking of CFTR to the plasma
membrane (Balghi et al., submitted). Elevated Orai1 expression has also
been implicated in the proliferation of smooth muscle and endothelial cells
(Abdullaev et al., Circ Res.103:1289-1299, 2008), and increased prolifera-
tion has been demonstrated in CF airways and the gastrointestinal tract of
CF mice. Although mechanisms remain uncertain, the increased prolifera-
tion of CF cells is proposed to be a secondary consequence of inflammation,
perhaps mediated by upregulation of EGFR signalling in basal cells.
Increased proliferation could exacerbate CF symptoms, but it may also play
a beneficial role during epithelial repair, therefore we examined the possible
role of Orai1-mediated Ca2+ influx in CF airway epithelial cell proliferation
in vitro.

Methods: SOCE-dependent proliferation was assessed using CFBE
cells expressing WT- or F508del-CFTR. Cells were synchronized at the G1
phase of the cell cycle by incubation in low serum medium containing
aphidicolin (0.4µg/mL). The number of viable cells was determined at four
time points (24, 48, 72 and 96 h), and cells were sorted by flow cytometry,
immunostained for a marker of proliferation (the nuclear protein KI-67), and
imaged by confocal microscopy as a parallel assay of cell proliferation. The
dependence of cell proliferation on Orai1-mediated SOCE was determined
using the Orai1 channel blocker 2-APB and also by silencing Orai1 gene
expression using siRNA.

Results: The proliferation of CFBE cells expressing F508del-CFTR
was significantly increased compared to those expressing WT-CFTR when
cultured for 48, 72 and 96 h in complete medium containing 10% FBS
(increased by 25%, 75% and 45%, respectively). Confocal images of
F508del-CFTR cells immunostained for KI-67 confirmed a larger prolifer-
ative cell population compared to WT-CFTR cells. Most importantly, the
proliferation rates of CFBE cells expressing WT-CFTR and F508del-CFTR
were both decreased significantly in the presence of the Orai1 blocker 2-
APB (50µM).

Conclusion: These results suggest: 1) proliferation of CF airway epithe-
lial cells (CFBE) is increased compared to cells expressing WT CFTR, and
2) this increase in proliferation depends on abnormal calcium signaling (i.e.
elevated SOCE) in CF cells. Orai1 has been identified as a potential target
for anti-inflammatory drugs (Di Sabatino et al., J Immunol. 183:3454-62,
2009; Roberts-Thomson et al., Pharmacol Ther. 127:121-30, 2010), howev-
er the present results show that Orai1 blockers can also inhibit airway
epithelial cell proliferation, therefore new pharmacotherapies that target
Orai1 in inflammation will need to be tested for adverse effects on epithe-
lial repair.

Supported by a Cystic Fibrosis Canada (CFC) fellowship to H.B. and
grants from CFC (JWH) and CIHR (DYT, JWH).
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112
CFTR-DEPENDENT REGULATION OF MICROTUBULE
STABILITY AND FUNCTION
Rymut, S.2; Corey, D.1; Kelley, T.1,2 1. Pediatrics, Case Western
Reserve University, Cleveland, OH, USA; 2. Pharmacology, Case
Western Reserve University, Cleveland, OH, USA

A prominent feature of cultured cystic fibrosis (CF) cells is perinuclear
cholesterol accumulation. It is altered as a consequence of the loss of CFTR
function, but exact mechanisms linking this accumulation to CFTR function
are unknown. The hypothesis of this study is that loss of CFTR function
alters microtubule (MT) structure impeding endosomal trafficking. Acute
treatment of wt epithelial (9/HTEo-) cells with the CFTR inhibitor,
CFTRinh172, results in a shortening of MTs as determined by immunoflu-
orescent staining of alpha-tubulin. Dose and time curves reveal that 6 h
exposure to 10 µM CFTRinh172 results in maximized MT effects that are
stable through 24 h. Re-elongation occurs by 48 h posttreatment. Treatment
of CF-model cells with CFTRInh172 has no effect on MT structure, sup-
porting the hypothesis that acute inhibition of CFTR function has a direct
impact on microtubules. To examine MTs in response to chronic loss of
CFTR function, two cultured cell lines (IB3 and 9/HTEo-pCEPR) were
examined for MT stability by assessing the level of MT acetylation.
Immunofluorescent staining of both cell lines exhibit distinct reductions in
MT acetylation with distribution in CF cells being centered near the nucle-
us in comparison to respective controls.  To quantify alpha-tubulin acetyla-
tion and to provide an in vivo correlation to cultured cell studies, Western
blot analysis of acetylated-alpha-tubulin was performed. Both IB3 cells and
mouse nasal epithelium exhibit at least a two-fold decrease relative to con-
trols. These data suggest that a loss of CFTR function has acute impact on
MT structure, which has a chronic influence on MT stability markers. To
address whether reduced MT acetylation has an impact on CF phenotypes,
cholesterol accumulation and related signaling protein profiles were exam-
ined in response to the treatment of CF cells with the HDAC6 inhibitor,
tubacin (10 µM). HDAC6 is a histone deacetylase family member that
specifically deacetylates alpha-tubulin. HDAC6 inhibition results in restored
distribution of acetylated MTs and increased acetylated-alpha-tubulin in CF
model cells. CF cells treated with tubacin exhibit reduced cholesterol accu-
mulation with a normalized distribution pattern. Increased expression of the
signaling proteins RhoA and STAT1, characteristic of CF cells that we pre-
viously demonstrated, are related to cholesterol processing changes also
exhibit wt levels of expression in response to HDAC6 inhibition. Restora-
tion of wt profiles of RhoA and STAT1 expression levels offer further evi-
dence that cholesterol processing is being restored in CF cells in response to
tubacin. Reduced MT acetylation can reduce kinesin binding leading to a
potential bias towards dynein-mediated retrograde transport. To begin test-
ing this hypothesis, the effect of dynein inhibition with EHNA on choles-
terol accumulation in CF cells was examined. EHNA alleviates cholesterol
accumulation in a time and dose dependent manner. It is concluded from
these studies that loss of CFTR function reduces MT stability, leading to
reduced endosomal trafficking and increased cholesterol accumulation,
which initiates downstream signaling events. 

Supported by NIH/NHLBI grant HL104358-01 and a grant from the
CFF.

113
TRACHEAL SMOOTH MUSCLE ABNORMALITIES IN
THE CF MOUSE
Wallace, H.L.1; Connell, M.G.2; Wray, S.1; Southern, K.W.2;
Burdyga, T.1 1. Cellular and Molecular Physiology, University of
Liverpool, Liverpool, United Kingdom; 2. Child Health,
University of Liverpool, Liverpool, United Kingdom

Introduction: Recent data point toward changes in tracheal cartilage
structure and altered airway smooth muscle (ASM) exacerbating respirato-
ry dysfunction in cystic fibrosis (CF). To date, no clear role of altered con-
traction has been established and the possible mechanisms involved are
unclear. We performed functional smooth muscle studies and morphological
analysis to determine the extent and implications of ASM abnormalities in
the CF mouse trachea. 

Methods: Smooth muscle function was measured using tracheal rings
isolated from 6 week old heterozygous (+/-) and homozygous (-/-) cftrtm1Cam

MF1/129 mice. Contractile responses to the agonist carbachol (CCh 50µm)
in Ca++ free solution were measured and normalised to a 40 second applica-
tion of 120 mM high K+ solution (100%). The role of Rho-kinase in contrac-
tion was determined by measuring changes in contraction after incubating
rings with Rho-kinase inhibitor H-1152 for 15 minutes. For morphological
analysis, whole tracheas were fixed in 4% paraformaldehyde, embedded in
5% gelatine and 20% sucrose and snap frozen. Seven micron cryosections
were stained with haematoxylin and eosin and labelled with anti-actin, α-
smooth muscle–Cy3 monoclonal antibody. Sections were observed and pho-
tographed under a fluorescent microscope.

Results: The amplitude of contraction in response to CCh was
decreased in CF mice compared to controls (89.6±5% (cftr -/-) n=6,
118.5±5% (cftr +/-) n=6, p<0.01). The duration of contraction after K+ depo-
larisation was also decreased in CF mice after incubation with H-1152 com-
pared to controls (30.2±6.3s shorter in cftr -/-, 10.7± 5.4s,(cftr +/-) p<0.01).
Cross sectional areas of CF trachea were 25.2% smaller (p<0.01) and less
circular than controls (0.73±0.02 (cftr -/-) 0.84±0.008 (cftr +/-) p<0.01).
Trachea lumens were also smaller when normalised to cross sectional area
(40.7±2.5% (cftr -/-) 48±1.7% (cftr +/-) p<0.01). Smooth muscle area was
reduced in CF tracheas; however when normalised to whole trachea area,
there was no significant difference between genotypes (2.88±0.18% (cftr -/-
), 3.25±0.3% (cftr +/-).

Conclusion: These data indicate a loss in contractile capacity of the tra-
chea in Ca++ free conditions. This suggests a reduction in the release of Ca++

from the sarcoplasmic reticulum leading to a decrease in force. Data also
suggest that the role of calcium dependent activation of Rho kinase in con-
traction may be elevated in the mouse CF airway. Morphological analysis
showed that the reduction in ASM contractility is not due to a reduction in
smooth muscle area, but is a consequence of altered ASM function.

114
COMPARISON OF CFTR AND CILIARY BEAT
FREQUENCY ACTIVATION BY THE CFTR
MODULATORS VX-770, VRT532, AND UCCF-152 IN
PRIMARY SINONASAL EPITHELIAL CULTURES
Woodworth, B.A.1,2; Zhang, S.1,2; Skinner, D.1,2; Sorscher, E.J.2;
Rowe, S.M.2 1. Surgery, University of Alabama at Birmingham,
Birmingham, AL, USA; 2. Gregory Fleming James CF Research
Center, University of Alabama at Birmingham, Birmingham, AL,
USA

Background: Recent drug discovery efforts have identified small mol-
ecules that activate CFTR, including potentiators under development for
treatment of cystic fibrosis (CF). One of these, VX-770, is now in Phase III
clinical testing, and increases channel open probability (Po) in both G551D
and wild type CFTR, resulting in enhanced anion transport. The potentiator
VRT-532 is also thought to increase CFTR-mediated Cl- transport by aug-
menting channel opening, while other molecules, such as the isoxazole
UCCF-152, induce PKA-dependent phosphorylation of the CFTR R domain.
Little information is available regarding the properties of CFTR modulators
and their effects on ciliary beating, including ciliary beat frequency (CBF).
In addition, although the ion transport properties of the nasal airways are a
key testing site for CFTR potentiators (e.g. nasal potential difference meas-
urement), the impact of potentiator agents on ciliary beat frequency in
sinonasal epithelium – a crucial mechanism responsible for mucociliary
clearance (MCC) of the sinus cavities – has not been tested previously. In
the present experiments, we used a primary respiratory cell culture model of
human sinonasal epithelium (HSNE) to compare stimulation of CFTR-
mediated Cl- conductance and ciliary beat frequency (CBF) by the potentia-
tors VX-770, VRT-532, and UCCF -152.  

Results: HSNE cultures were examined in Ussing chambers using phar-
macologic manipulation of ion transport (∆ISC, expressed as µA/cm2). CBF
was analyzed with high speed digital imaging following apical exposure
and compared to controls (under submerged conditions). VX-770 activated
CFTR-dependent anion transport (VX-770 16.52+/-1.95) in the absence of
forskolin greater than VRT-532 (8.83+/-0.44, p<0.001), UCCF-152 (4.24+/-
0.33, p<0.001) and DMSO vehicle control (0.82+/-0.03, p<0.001). Maximal
stimulation of CFTR (potentiator + forskolin(100 nM) was similar between
groups (VX-770: 28.44+/-2.11; VRT-532: 32.11+/-1.37; UCCF-152:
29.17+/-2.35) indicating a consistent ion transport phenotype between cul-
tured cells. Blockade of ISC by CFTRINH-172 was robust in all groups, sig-
nifying CFTR dependence. All potentiators activated CBF compared to
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baseline and were significantly greater than cells treated with vehicle control
(VX-770: 1.47+/-0.06 fold over baseline; (p<0.05); VRT-532: 1.38+/-0.16
(p<0.05); UCCF-152: 1.44+/-0.02 (p<0.05) versus DMSO: 1.27+/-0.01).

Conclusion: VX-770 strongly activates transepithelial Cl- transport and
CBF in primary cultured sinonasal epithelium, indicating pronounced activ-
ity in a CF relevant tissue other than the lower respiratory epithelium. While
anion transport varied across 3 different CFTR modulators, the degree of
CBF stimulation did not depend on the magnitude of Cl- secretion, suggest-
ing a threshold of activation may be required to augment cilia beating. In
addition, these studies establish a basis for clinical testing CFTR activators
on markers of sinonasal mucociliary clearance.

115
DRY DEPOSITION OF POLLUTANT AND MARKER
PARTICLES ONTO LIVE MOUSE AIRWAY SURFACES
REVEALS HETEROGENEOUS MUCOCILIARY
TRANSIT BEHAVIOUR
Donnelley, M.1,2; Siu, K.K.5,6; Morgan, K.S.4; Parsons, D.W.1,3 1.
Respiratory and Sleep Medicine, Women’s and Children’s
Hospital, North Adelaide, SA, Australia; 2. Paediatrics and
Reproductive Health, University of Adelaide, Adelaide, SA,
Australia; 3. Centre for Stem Cell Research, University of
Adelaide, Adelaide, SA, Australia; 4. School of Physics, Monash
University, Clayton, VIC, Australia; 5. Monash Biomedical
Imaging, Monash University, Clayton, VIC, Australia; 6.
Australian Synchrotron, Clayton, VIC, Australia

Introduction: Airborne pollutants are a considerable health concern
and can worsen respiratory diseases such as cystic fibrosis (CF). We have
previously described new synchrotron imaging techniques for examining
the mucociliary transit (MCT) behavior of solid particulates in the nasal air-
ways and trachea of anaesthetised mice. Our previous studies delivered par-
ticulates in a fluid bolus, however the presence of the carrier fluid perturbed
the airway surface and would have altered both the manner of deposition and
post-deposition MCT behaviour that we sought to measure. The aim of this
study was to verify that synchrotron phase contrast X-ray imaging (PCXI)
can be used to detect, monitor and compare the deposition and MCT behav-
iour of pollutant and marker particles after dry deposition into the trachea of
live mice.

Material and Methods: Intubated (flexiVent ventilation) C57Bl/6 mice
(n=6) were imaged on the BL20B2 beamline at the SPring-8 synchrotron in
Japan. Particles of fibreglass, quarry dust and lead ore (ground galena) as
well as reference 14 µm hollow glass beads and tantalum carbide powder
were delivered to the trachea via the ET tube using a DP-4 dry powder
insufflator and AP-1 air pump (PennCentury, Wyndmoor, PA, USA). Images
of the trachea with an effective pixel size of 0.45 µm were captured at a rate
of one per breath (in an end-inspiratory pause) for five minutes using a high-
resolution camera. Images were enhanced post-experiment and assembled
into movies showing particle motion.

Results: The first movement of particulates appeared 2-3 minutes after
delivery. As in previous studies the particle transit was heterogeneous: after
deposition some particles did not move, while others transited the field of
view rapidly. The large and heavy particles lead and tantalum moved sub-
stantially less than the other particulates after deposition. In addition, most
particles did not follow a linear path along the airway: many followed seem-
ingly random, tortuous paths. There was more movement of particles along
the bottom quarter of the tracheal surface than the remainder of the trachea,
possibly due to the quantity of fluid present and gravitational effects. In
some animals we also saw radial and axial contraction of the tracheal airway
throughout the imaging period.

Conclusion: PCXI permits detection of particle transit via MCT along
live mouse trachea after dry deposition. We are continuing with studies to
improve our direct and non-invasive MCT assessment methods to assist our
understanding and treatment of respiratory diseases such as CF.

Acknowledgements: Studies supported by NH&MRC Australia and
Cure4CF Foundation. SPring-8 experiments performed under proposal
2010B1137. Travel funding provided by the Australian Synchrotron Interna-
tional Synchrotron Access Program.

116
ACID PRODUCTION BY DUOX IN JME AIRWAY CELLS
IN RESPONSE TO CA2+ AGONISTS
Wunderlich, E.; Leedie, M.; Fischer, H. Children’s Hospital
Oakland Research Institute, Oakland, CA, USA

DUOX1 is an NADPH oxidase expressed apically in airway epithelial
cells. DUOX generates intracellular protons, which are secreted into the air-
way surface liquid along a pH gradient that is thought to be maintained in
vivo by bicarbonate secretion through CFTR. This study describes the
effects of Ca2+ agonists on DUOX function measured by intracellular acid
production. We performed experiments on JME nasal surface cells loaded
with the pH-reporter dye BCECF and examined by fluorescent microscopy.
Experiments were done in nominally bicarbonate-free, HEPES-buffered
solutions. A 3 to 5 point calibration was used to determine the pH and the
intracellular acid production was calculated using the buffer capacity of
JME cells. Baseline pH was 7.34 +/- 0.08 (n = 23) in JME cells. The addi-
tion of 500 µM amiloride acidified pHi based on a cellular acid concentra-
tion increase of 91.5 nM. When 100 µM ATP or 200 nM ionomycin were
added in the presence of amiloride to stimulate DUOX-dependent proton
release, JME cells generated an additional 220 nM or 76 nM acid increase
respectively. In the presence of 2 µM DPI (a DUOX inhibitor), JME cells
generated significantly less protons. In separate experiments, JME cells
loaded with the Ca2+ reporter dye fura-2 exhibited [Ca2+]i spikes averaging
600 nM and 300 nM over baseline intracellular levels when stimulated with
ATP or ionomycin respectively. These data indicate that JME cells produce
substantial intracellular acid when stimulated with Ca2+ agonists. Approxi-
mately 80% of this acid is produced by a Ca2+-dependent DUOX mecha-
nism. Funded by NIH/NHLBI HL86323, CF Foundation (FISCHE10G0),
and the Beverly M. Folgers Foundation.

117
Gα12 AND Gα13 MODULATE THE BARRIER FUNCTION
OF BRONCHIAL EPITHELIAL CELL MONOLAYERS
Chauvet, S.; Micoud, J.; Charbonnier, P.; Alfaidy, N.;
Benharouga, M. iRTSV-LCBM-UMR.5249, DSV-CEA Grenoble,
Grenoble, France

In cystic fibrosis (CF), the role of tight junctions (TJ) in the binding and
cytoxicity of P. aeruginosa to apical or basolateral membranes of airway
epithelial cells (AEC) has been proposed, and the apical targeting of CFTR
was shown to be controlled by the level of AEC polarization. However, the
mechanisms underlying the relationship between alteration of the perme-
ability in CF AEC, TJ, and CFTR remains uninvestigated. 

While investigating the role of Gα12 and Gα13, two heterotrimeric G
proteins, in the development of TJ in AEC, we observed that treatment of
confluent monolayers of normal (16HBE14o-) and corrected CFBE41o-
(CFBE41o-wt), but not CF (CFBE41o-), AEC lines with AlF-4 (activator of
heterotrimeric G protein α subunits) results in a 3-4-fold increase in transep-
ithelial resistance (TER), a reliable indicator of TJ integrity. These results
suggest a potential role of the G proteins in the airway TER.

Using semi- and quantitative-PCR, and Western blotting, we found that
CFBE41o- cell lines exhibit a marked increase in Gα12 and Gα13 and a
decrease in Ecad and ZO-1 that has been corrected in CFBE41o-wt. These
results were confirmed in non-CF and CF (∆F/∆F) freshly excised bronchus.
By confocal microscopy we detected disrupted tight and adherent junction
proteins with increased actin stress fibers in CFBE41o- compared to
16HBE14o- and CFBE41o-wt. We also showed that the interaction of Gα12
and Gα13 to ZO-1 and Ecad was perturbed in CFBE41o- cell line. Gα12
and Gα13 phosphorylations under chronic activation of PKC decreased the
level of TER in CFBE41o-wt and 16HBE14o-. Down-regulation, using
siRNA, of either Gα12 or Gα13 mRNA, or pharmacological treatment
designed to inhibit the downstream activity of Gα12 and Gα13 increased
the TER level in CFBE41o-. Compared with 16HBE14o- (high TER), the
CFBE41o (low TER) and EGTA-treated 16HBE14o- monolayers were more
susceptible to green fluorescent P. aeruginosa binding throughout the mono-
layer.

Altogether these results showed that the increase of Gα12 and Gα13
expression observed in CF might be responsible for the loss of airway
epithelial barrier.
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118
EXPRESSION AND FUNCTION OF TMEM16A PROTEIN
IN HETEROLOGOUS AND NATIVE EXPRESSION
SYSTEMS
Sondo, E.1; Ferrera, L.1; Scudieri, P.1; Caci, E.1; Tomati, V.1;
Gianotti, A.1; Bruno, S.2; Zegarra-Moran, O.L.1; Pedemonte, N.1;
Galietta, L.J.1 1. Laboratorio di Genetica Molecolare, Istituto
Giannina Gaslini, Genova, Italy; 2. Istituto di Anatomia,
Università di Genova, Genova, Italy

Expression of the recently discovered TMEM16A protein is associated
with chloride channel activity (Ferrera et al., Physiology 25: 357-363,
2010). Transfection of TMEM16A in null cells elicits the appearance of
calcium-activated chloride channels (CaCCs) whose properties can be
altered by site-specific mutagenesis of TMEM16A amino acid sequence.
TMEM16A protein may represent a potential drug target in cystic fibrosis.
Indeed, its pharmacological stimulation in airway epithelial cells may result
in enhanced chloride secretion. However, it has been recently proposed that
TMEM16A has a minimal role in calcium-activated chloride secretion in
epithelial cells and that other channel proteins are instead more relevant
(Namkung et al., J. Biol. Chem. 286: 2365-2374, 2011).

To elucidate this issue, we have analyzed the properties of TMEM16A
protein in native and heterologous expression systems by functional (patch-
clamp, Ussing chamber) and biochemical assays. We have compared the
endogenous calcium-activated chloride currents of pancreatic CFPAC-1
cells with the currents elicited by stable transfection of TMEM16A in FRT
cells. The currents were similar in terms of calcium sensitivity, voltage-
dependence and requirement for intracellular ATP. In particular the half
effective intracellular calcium concentration in whole-cell patch-clamp
experiments was 140 and 160 nM in CFPAC-1 and FRT cells, respectively.
Furthermore, CaCCs were equally abolished in both cell types when ATP
was removed from the intracellular solution. Western blot and immunofluo-
rescence experiments detected high levels of TMEM16A protein in CFPAC-
1 cells. In primary cultures of human bronchial epithelial cells from CF
patients and control individuals, TMEM16A protein was instead expressed
at very low levels. However, treatment with IL-4 (10 ng/mL) for 24 hours
caused a more than 10-fold increase in TMEM16A protein expression and
a nearly 6-fold increase in calcium-dependent chloride secretion. Silencing
of TMEM16A by siRNA caused a significant inhibition of chloride trans-
port in both treated and untreated bronchial epithelial cells. Confocal
microscopy confirmed the large increase in expression of TMEM16A pro-
tein after IL-4 treatment, with a predominant localization in the apical mem-
brane.

Our results suggest that TMEM16A protein works as a CaCC in
CFPAC-1 cells and bronchial epithelial cells treated with IL-4. It is possible
that another protein mediates CaCC function in untreated bronchial cells.
Alternatively, it may be hypothesized that relatively low levels of
TMEM16A protein in unstimulated cells are enough to support significant
chloride secretion.

Supported by Telethon Foundation, Italian Foundation for Cystic Fibro-
sis (FFC), and CFF.

119
MECHANISMS OF ANION AND FLUID SECRETION BY
HUMAN AIRWAY EPITHELIAL CELLS
Shan, J.1; Liao, J.1; Huang, J.1; Robert, R.1; Palmer, M.L.2;
Fahrenkrug, S.C.2; O’Grady, S.M.2; Hanrahan, J.W.1,3 1. Dept. of
Physiology, McGill University, Montreal, QC, Canada; 2. Dept.
of Physiology and Animal Science, University of Minnesota, St.
Paul, MN, USA; 3. Health Centre Research Institute, McGill
University, Montreal, QC, Canada

CF is characterized by defects in chloride, bicarbonate and fluid trans-
port across epithelia, however the cellular mechanisms of secretion in some
tissues remain poorly understood. We have examined the interdependence of
Cl- and HCO3

- fluxes and their involvement in cAMP stimulated fluid secre-
tion using the model human airway cell line Calu-3. To study anion transport
in Ussing chambers we measured the short-circuit current (Isc) under voltage
clamp and calculated the equivalent short-circuit current (Ieq) under open
circuit conditions. We quantified net HCO3

- (JnetHCO3-) and Cl- (JnetCl-) trans-
port using pH-stat and unidirectional 36Cl- flux measurements, respectively.

We measured the volume and composition of secretions aspirated from the
surface of Transwells® under control conditions and following ion substitu-
tions, and compared normal Calu-3 monolayers with CFTR-deficient cells.

Forskolin stimulated Ieq from 0.8±0.1 to 2.7±0.1 µeq h-1 cm-2, and this
CFTR-dependent current was accounted for by increases in JnetCl- from
0.6±0.1 to 1.5±0.02 and JnetHCO3- from 0.2±0.1 to 1.1±0.1 µeq h-1 cm-2.
Forskolin also stimulated fluid secretion from 1.9±0.3 to 45.1±2.7 µl day-1

cm-2. Bumetanide reduced fluid secretion by ~20%, but had no effect on
HCO3

- transport. Although forskolin-stimulated anion and fluid secretion
were both abolished in Na+-free or HCO3

--free solution, JnetHCO3- was
increased slightly in Cl--free solution. DIDS, which inhibits Na+,HCO3

-

cotransporters (NBC) and many anion exchangers, reduced Ieq and JnetHCO3-
in both normal and Cl--free solution. Using apically-permeabilized mono-
layers we demonstrated an exchange of intracellular HCO3

- for basolateral
Cl- or NO3

-, but not for basolateral gluconate, consistent with the selectivi-
ty of anion exchangers. Adding NO3

- to low-Cl- medium restored fluid
secretion, indicating an important role for the anion exchanger in fluid
secretion. The carbonic anhydrase inhibitor acetazolamide reduced anion
and fluid secretion by ~50%.

Our data show that basolateral anion exchange plays an important role
in Cl- loading and fluid secretion by Calu-3 monolayers. NBC mediates
basolateral HCO3

- entry and carbonic anhydrase contributes significantly to
the intracellular accumulation of HCO3

-. Although HCO3
- is essential for

fluid secretion, most intracellular HCO3
- that is accumulated by NBC and

synthesis is recycled to the basolateral side in exchange for extracellular Cl-

, and fluid transport depends on JnetCl- rather than JnetHCO3-. Na+,K+,2Cl-

cotransporter contributes a small fraction of the Cl- loading in this prepara-
tion, which may be secondary to cell shrinkage. Finally, HCO3

- secretion
persists in Cl--free solution and is sensitive to CFTR blockers, therefore api-
cal HCO3

- exit is mediated by CFTR channels, not anion exchangers. Sup-
ported by Cystic Fibrosis Canada.

120
MUCIN SECRETION IS MECHANICALLY SENSITIVE
Zhu, Y.; Abdullah, L.H.; Wolber, C.; Davis, C. Cystic Fibrosis
Center/ Pulmonary Medicine, Univ North Carolina Chapel Hil,
Chapel Hill, NC, USA

Mechanical stimulation has long been known to play a significant role
in lung physiology, beginning with alveolar type II cell surfactant release. In
part, the effects in both alveoli and the airways have been attributed to a
mechanically sensitive release of ATP and subsequent stimulation of P2Y2
receptors (P2Y2-R). Though mucin secretion has been suspected for being
mechanically sensitive for nearly as long (e.g., Am J Physiol 284:L945-954,
2003; Respir Physiol Neurobiol. 163:208-213, 2008), there has been no for-
mal investigation of the phenomenon. Using HBE cell culture and perfused
mouse trachea models, we have tested whether mucin secretion is mechan-
ically sensitive, and have investigated its possible mechanism.  In HBE cells
subjected to a series of carefully applied luminal washes to removed accu-
mulated mucus, the rate of mucin release during a subsequent incubation in
the absence of exogenous agonist was dependent on the length of the incu-
bation. That is, a short incubation yielded a much higher rate of mucin
release than a long one, suggesting that the stress of the preceding luminal
wash procedure stimulated mucin secretion. Further results revealed that
mucin secretion declines exponentially after the luminal wash procedure,
reaching static levels with a significantly low rate in 8 hours. Similarly, the
rate of mucin release from mouse tracheas in the absence of exogenous ago-
nist was higher in those that were perfused continuously, relatively to tra-
cheas in which perfusion was stopped for a period, then restarted to wash out
the secreted mucins. More interesting, in preliminary experiments this per-
fusion-induced mucin secretion was not diminished when using tracheas
dissected from P2Y2-R knockout mice, suggesting that the mechanical sen-
sitivity is not dependent on ATP secretion. The tracheas from OVA sensi-
tized and challenged mice, which contain more mucin material, demonstrate
higher rates of both baseline and mechanically-stimulated mucin secretion.
Interestingly, basal mucin release under two different flow rates (10µl/min
vs. 35µl/min) were similar, suggesting that mechanical sensitive mucin
secretion has a threshold. Munc13-2, an important exocytotic protein regu-
lating baseline mucin secretion, is not involved in mechanically-stimulated
mucin secretion. In conclusion, mechanical stimulation induces mucin
secretion from both mouse and human airway epithelium. This sensitivity
likely plays an important physiological role in stimulating mucin secretion
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in the mechanically dynamic lung, both under ‘basal’ conditions and during
work or exercise. The strength of basal mucin secretion appears to correlate
with the amount of mucins stored in the airway epithelium, and mucin
release may have a threshold. Finally, our results indicate that pathways reg-
ulating mucin release in response to mechanical stimulation may differ from
known regulatory pathways, since two major mucin secretion mediators,
P2Y2-R and Munc13-2, do not appear to be involved. These studies were
supported by grants from the NIH (HL063756) and the Cystic Fibrosis
Foundation.

121
NEUTROPHIL ELASTASE INCREASES EXPRESSION OF
SENESCENCE BIOMARKERS IN NORMAL HUMAN
BRONCHIAL EPITHELIAL CELLS
Fischer, B.M.; Wong, J.K.; Kummarapurugu, A.; Voynow, J.A.
Pediatrics, Duke University Medical Center, Durham, NC, USA

Background: Cystic fibrosis (CF) is a chronic lung disease that is char-
acterized by increased neutrophil elastase (NE) in the airways and lungs. We
have previously reported that NE treatment increased expression of p27, a
cyclin dependent kinase inhibitor, and cell cycle arrest. Importantly, cell
cycle arrest can lead to senescence, a complete loss of replicative capacity.

Objective: We propose that NE may trigger premature senescence in
chronic inflammatory respiratory diseases, like CF. We hypothesize NE trig-
gers epithelial senescence by upregulating expression of the senescence bio-
marker cyclin-dependent kinase inhibitor, p16, which inhibits cyclin
dependent kinase 4 (CDK4). We also evaluated a senescence biomarker and
indicator of telomere dysfunction phospho-Histone H2A.X (γH2A.X), as
well as phospho-Chk2, a protein kinase that is involved with cell cycle arrest
and is activated in response to DNA damage. Additionally, we tested
whether NE treatment increases p16 protein expression and corresponding-
ly decreases CDK 4 activity in normal human bronchial epithelial (NHBE)
cells in culture.

Methods: Sections from formalin-fixed paraffin-embedded airway tis-
sue from CF patients and corresponding normal subjects were obtained from
Duke Pathology with appropriate IRB approval. Immunohistochemistry was
performed with high temperature antigen retrieval and mouse monoclonal
anti-human antibodies for p16 or γH2A.X, and a rabbit monoclonal anti-
human antibody for phospho-Chk2.

NHBE cells were grown in serum-free growth factor supplemented
DMEM:F12 in air-liquid interface cultures. Cells were treated with NE (0,
200 and 500 nM) for 2-5 hours to induce visible injury. Total cell lysates
were collected and then evaluated by Western analysis for p16 protein
expression and CDK4 kinase activity.

Results: Compared to normal controls, CF patients demonstrated
increased p16, γH2A.X, and phospho-Chk2 expression in airway epithelial
cells.

Both 200 and 500 nM NE significantly increased p16 expression and
decreased CDK4 kinase activity in NHBE cells.

Conclusions: CF patient airways, which have chronic high levels of
NE, have epithelial cells with increased p16, γH2A.X, and phospho-Chk2
expression. In addition, in vitro NE treatment of NHBE cells significantly
increased p16 expression and decreased CDK4 activity. These results sug-
gest that NE-induced epithelial injury triggers premature senescence in CF.
This may cause abnormal airway repair as well as exaggerated inflammation
in CF patients.

Support: NIH, Alpha-1 Foundation, Duke School of Medicine.

122
PURINERGIC-MEDIATED RECIPROCAL REGULATION
OF CFTR AND ENAC IN ALVEOLAR TYPE II CELLS
Bove, P.F.; Gentzsch, M.; Caldwell, R.A.; Randell, S.H.; Boucher,
R.C. Cystic Fibrosis and Pulmonary Research Center, University
of North Carolina, Chapel Hill, Chapel Hill, NC, USA

The thin liquid layer lining the alveolar space is essential for maintain-
ing efficient gas exchange, surfactant homeostasis, and defense against
inhaled toxins/pathogens. Airway epithelial cells actively secrete or absorb
ions in response to local stimuli to coordinately regulate the liquid layer lin-
ing airway surfaces. However, it remains unclear whether the alveolar
epithelium exhibits similar purinergic-mediated regulation of the alveolar

surface liquid (AvSL) layer, and if so, what is the mechanism(s) of regula-
tion. Since it has been difficult to achieve a unified understanding of the sur-
face liquid physiology within the intact alveolus, in vitro studies were per-
formed using primary human alveolar type II (AT2) cells. In marked con-
trast to primary human bronchial epithelial (HBE) cells, β-agonists
coordinately activate ENaC and CFTR in AT2 cells. This observation may
suggest that these two channels reside in “separate” compartments at the
surface and do not interact with each other as proposed for HBE cells. Pre-
liminary immunoprecipitation data may suggest that CFTR and ENaC are
not in the same “IP-able” compartment. Studies in other cell types have
suggested P2YR/Gq/11 regulation of CFTR via PKC, activation of Ca+2-
sensitive adenylate cyclase cAMP, or PG synthase-PIP2/E2 autocrine stim-
ulation of CFTR. In our studies, we demonstrate that UTP/ATP raises cAMP
by a Ca+2-dependent adenylate cyclase signaling pathway in human AT2
cells. The increase in cAMP activates CFTR-mediated Cl- current that
reflects both activation of P0, as well as an increase in apical membrane
CFTR channel number (N). On the other hand, few studies have tried to par-
tition P2YR regulation of ENaC into effects on P0 or N with no such data
reported in AT2 cells. We observe P2YR/Gq/11 signaling through
PLCβ/PKC to inhibit ENaC in AT2 cells. Furthermore, our preliminary
patch and bioelectric data suggest Na+ currents may be regulated by both P0
and N-dependent mechanisms. Therefore, our data demonstrates that
UTP/ATP inhibition of ENaC is: 1) a relatively slow process [t1/2 = 1-2 min];
2) is equally effective with apical or basolateral administration; and 3) is
BAPTA- and PKC inhibitor-sensitive. Understanding how this complex
interaction of the purinergic signaling pathway and ion/liquid transport are
integrated to maintain the delicate thin AvSL layer may aid in the design of
more effective therapies to treat certain alveolar diseases.

123
ROLE OF AE2 IN SECRETION BY THE HUMAN AIRWAY
EPITHELIAL CELL LINE CALU-3
Huang, J.1; Shan, J.1; Alper, S.L.2; Hanrahan, J.W.1,3 1.
Physiology, McGill University, Montreal, QC, Canada; 2.
Medicine, Harvard Medical School and Molecular and Vascular
Medicine Unit and Renal Unit,Beth Israel Deaconess Medical
Center, Boston, MA, USA; 3. Research Institute, McGill
University Health Centre, Montreal, QC, Canada

The anion exchanger type 2 (AE2) carries out Na+-independent Cl-

/HCO3
- exchange in non-epithelial cells and at the basolateral membrane of

many epithelia, however its role in transport across airway epithelial cells is
poorly understood. We have identified the splice variants AE2a and AE2b2
in the Calu-3 cell line, a commonly used model for human airway submu-
cosal gland serous cells. To assess their physiological role, we targeted both
variants using lentivirus-mediated RNA interference to generate a stable
AE2 knock-down Calu-3 cell line (AE2-KD). AE2 mRNA expression was
reduced by 87% according to real-time PCR (n=6), and Western blots
revealed ~89% reduction in AE2 protein expression. Stimulation of fluid
secretion by cpt-cAMP (200 µmoles/L) and forskolin (10 µmoles/L) was
reduced by 60% in AE2-KD cell monolayers when compared with control
monolayers (AE2-KD: 36.6±0.6 µL/72h vs Control: 95.8±5.3 µL/72h, n=6,
p< 0.0001). Residual secretion by AE2-KD cells was 4-fold more sensitive
to basolateral bumetanide (AE2-KD: ~39% inhibition, Control: 10% inhibi-
tion; n=6), suggesting a larger fraction of the basolateral Cl- entry was medi-
ated by the Na+-K+-2Cl- cotransporter NKCC1. Forskolin stimulated
transepithelial currents calculated under open circuit conditions were also
attenuated in AE2-KD cells (1.15±0.27 µEq cm-2 h-1 vs 2.18±0.19 µEq cm-

2 h-1, n=3, p<0.0001). pH-stat measurements of basolateral HCO3
- flux in the

absorptive direction (produced by imposing an apical-to-basolateral HCO3
-

gradient and permeabilizing the apical membrane with 360µg/mL nystatin)
indicated that basolateral Cl-/HCO3

- exchange in AE2-KD cells was negligi-
ble (0.01±0.01 µEq cm-2 h-1) compared to control Calu-3 cells (0.48±0.08
µEq cm-2 h-1, n=3, p<0.0001). Thus AE2 appears to be the predominant
anion exchanger mediating basolateral HCO3

- flux in these cells. Finally,
suppressing AE2 levels increased the level of cystic fibrosis transmembrane
conductance regulator (CFTR) protein by 70% without altering expression
of NKCC1 or the sodium bicarbonate cotransporter NBC1 (n=3), perhaps in
response to alterations in intracellular pH. These results demonstrate that
AE2 mediated Cl-/HCO3

- exchange contributes to basolateral Cl- entry and
plays an important role in anion and fluid secretion by Calu-3 airway epithe-
lial cells.
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124
A MODEL FOR AIRWAY EPITHELIAL
INFLAMMATION-INDUCED MUCIN PRODUCTION AND
DEGRADATION: RELEVANCE TO CF
Abdullah, L.H.; Zhu, Y.; Davis, C.; Ribeiro, C.P. CF Center, The
University of North Carolina, Chapel Hill, NC, USA

CF airways exhibit chronic inflammation associated with mucus
obstruction. Utilizing an in vitro model consisting of mucosal exposure of
primary cultures of well-differentiated human bronchial epithelia (HBE) to
supernatant from mucopurulent material (SMM) from CF airways, we have
shown that SMM induces inflammation coupled to up-regulation of mucin
gene and intracellular protein expression (Ribeiro et al, PLoS ONE;
4(6):e5806, 2009). The present study was performed to characterize the
effects of SMM on HBE gene expression and production/secretion of
MUC5AC and MUC5B protein. HBE exposure to SMM for 48 hr resulted
in an up-regulation of MUC5AC and MUC5B mRNA levels in a dose-
dependent manner (1:0 > 1:3 > 1:10 > 1:30 > 1:100 SMM dilution) vs. con-
trol (PBS-exposed) HBE (n=4-5). Time course studies utilizing Western
blots from agarose gels with whole cell extracts revealed that SMM at a 1:10
dilution significantly induced immature MUC5B at 16 hr, indicating an
increased MUC5B synthesis. In contrast, SMM significantly increased
mature MUC5B at 48 hr. Dose response experiments were next conducted
to evaluate the effect of SMM on mucin protein production. Histological
evaluation of 48 hr SMM-exposed HBE stained with alcian blue-periodic
acid Schiff suggested that SMM increased both intracellular and secreted
mucins in a dose dependent manner. Additionally, Western blots illustrated
that SMM increased in a dose-dependent way both the immature and mature
forms of MUC5AC protein (n=5). In contrast, while a direct correlation was
found for the SMM-up-regulated immature form of MUC5B (1:0 > 1:3 >
1:10 SMM dilution), the increase in mature MUC5B was inversely related
to the SMM concentration (1:10 > 1:3 > 1:0 SMM dilution). These findings
indicated that SMM differentially affects MUC5AC and MUC5B. We next
evaluated the effect of SMM on mucin secretion by ELISA utilizing an anti-
body that recognizes both MUC5AC and MUC5B. Similar to the findings
from Western blots for SMM-induced MUC5B, mucin secretion was
inversely correlated with the SMM concentration. These data suggested that
SMM might play a role in degradation of secreted mucins. In agreement
with this notion, 60 min incubation of HBE secreted mucins with SMM
resulted in a dose-dependent decrease in mucin content, whereas addition of
protease inhibitors to SMM prevented its degrading effect. These novel data
1) illustrate that HBE exposure to SMM provides a relevant model for CF
airways disease typified by mucin overproduction and 2) demonstrate that
the infectious and inflammatory milieu of CF airways induces an adaptive
HBE response consisting of increased mucin production, which should con-
tribute to the mucus obstruction in CF airways. Funded by CFF.

125
NEWBORN CYSTIC FIBROSIS PIG TRACHEAL LOBE
AIRWAY DIAMETER AND COMPLIANCE MEASURED
WITH MICRO-CT
Adam, R.1,2; Bauer, C.3; Beichel, R.3; Meyerholz, D.K.4;
Reinhardt, J.2; Stoltz, D.A.1,2 1. Internal Medicine, University of
Iowa, Iowa City, IA, USA; 2. Biomedical Engineering, University
of Iowa, Iowa City, IA, USA; 3. Electrical and Computer
Engineering, University of Iowa, Iowa City, IA, USA; 4.
Pathology, University of Iowa, Iowa City, IA, USA

Newborn cystic fibrosis (CF) pig airways exhibit a host of abnormalities
including reduced tracheal diameter, cartilage ring defects, and abnormal
appearing smooth muscle bundles. We hypothesize that the aforementioned
abnormalities will affect airway compliance. Additionally, we hypothesize
the airway narrowing to extend from the trachea into the airway tree. The
objectives of this study were to develop an airway nomenclature to facilitate
morphometric comparison across specimens, to quantitate CF and non-CF
airway compliance, and to assess the extent of CF airway narrowing. To cap-
italize upon micro-CT’s superior resolving power a single newborn pig lobe
was scanned: the tracheal lobe (the porcine equivalent to a human’s right
upper lobe). Each excised tracheal lobe was cannulated and micro-CT
scanned five times, each at a different inflation pressure including 0, 2.5, 5,
10, and 20 cm H2O. The airways were segmented with a custom designed,

substantially-automated computer algorithm. Quantitative analysis was
completed with the Pulmonary Workstation 2 software package. Measure-
ments included airway inner major diameter and inner cross sectional area;
both were attained perpendicular to the airway centerline. The CF tracheal
lobe’s main caudal and cranial bronchi had an inner cross sectional area that
was as little as two-thirds of their non-CF counterparts. In conclusion, an
airway nomenclature was successfully implemented, and the tracheal lobe
airway narrowing was most pronounced in the main bronchi and tapered
with additional airway generations. These findings may provide insight into
the pathogenesis of CF lung disease.

126
ABSENCE OF CFTR DISRUPTS AIRWAY SMOOTH
MUSCLE FUNCTION IN A PORCINE MODEL OF
CYSTIC FIBROSIS
Rector, M.1; Gansemer, N.1; Hornick, E.L.1; Pezzulo, A.A.1;
Seow, C.Y.3; Meyerholz, D.K.2; Stoltz, D.A.1 1. Internal
Medicine, Carver College of Medicine, University of Iowa, Iowa
City, IA, USA; 2. Pathology, Carver College of Medicine,
University of Iowa, Iowa City, IA, USA; 3. Pathology and
Laboratory Medicine, St. Paul’s Hospital, University of British
Columbia, Vancouver, BC, Canada

Airway disease and obstruction is the major cause of morbidity and
mortality in cystic fibrosis (CF). To better understand the pathogenesis of
CF lung disease, a porcine model of CF was recently developed. At birth, CF
pigs developed airway structural abnormalities including a narrowed lumen,
irregular appearance of cartilage rings and airway smooth muscle (ASM)
bundles. The aim of this study was to determine if loss of CFTR affects
ASM function in newborn CF pigs. Isometric force studies of contraction
and relaxation were performed on tracheal ASM from newborn non-CF and
CF pigs. Tissue segments were mounted in an organ perfusion bath/myo-
graph system. Acetylcholine (ACh) and isoproterenol (ISO) were used to
induce airway contractile and relaxation responses, respectively. Fifty per-
cent maximal contractile response (EC50) and the half-maximal relaxation
values were calculated. We first confirmed that ASM expresses CFTR by
using RT-PCR. CFTR mRNA was detected in non-CF ASM, but was absent
in CF ASM samples. We next performed isometric force measurements on
isolated tracheal rings and found that the maximum isometric force genera-
tion in response to ACh was reduced by nearly 50% in specimens from CF
compared to non-CF, but similar sensitivity to ACh was observed. A similar
response to ISO was observed between the two groups. To exclude the pos-
sibility that the irregular cartilage found in the CF pig airway was contribut-
ing to the response, ASM bundles were isolated from tracheal rings and
ASM strips were subjected to the same experimental protocols. Similar to
that in tracheal rings, ACh-induced force generation was significantly
reduced in CF ASM samples. However, a greater response to ISO was
observed in CF compared to non-CF samples (~100% vs. 125% relaxation
in response to ISO). These data suggest that CFTR is important for the nor-
mal ASM contractile and relaxation responses. Further, the reduced
response to ACh, the enhanced relaxation response to ISO treatment, and the
morphological appearance of the CF ASM bundles suggest that the CF ASM
might be in a hyper-contracted state. The altered mechanical properties of
ASM may have important implications in CF airway disease and contribute
to the pathogenesis of the airway structural abnormalities observed in CF.

127
HYPERPROLIFERATION IN THE CF MOUSE
INTESTINE IS ASSOCIATED WITH INCREASED WNT/β-
CATENIN SIGNALING
Liu, J.2; Walker, N.M.2; Clarke, L.L.1,2 1. Biomedical Sciences,
University of Missouri, Columbia, MO, USA; 2. Dalton
Cardiovascular Research Center, University of Missouri,
Columbia, MO, USA

Previous studies have demonstrated that CF patients have an increased
risk for digestive tract cancers (Neglia et al., N Engl J Med 1995;332:494-
9), a morbidity that is likely to have greater impact with increasing life
expectancy. The cause of increased gastrointestinal cancer risk is likely mul-
tifactorial including pancreatic enzyme supplementation, disease stress,
immune compromise and malnutrition, thereby complicating etiological
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studies in CF patients. Studies of Cftr-null mice have also shown increased
intestinal epithelial cell proliferation (Gallagher and Gottlieb, Am J Physiol
2001, 281: G681-87) in mice which do not exhibit many confounding fac-
tors such as attendant pancreatic insufficiency and therapeutic intervention.
However, Cftr-null mice demonstrate reduced motility, bacterial overgrowth
with increased gram-negative species, abnormal Toll-like receptor signaling
and low-grade inflammation of the gastrointestinal tract. We questioned
whether the intestinal hyperproliferation in the Cftr-null intestine is depend-
ent on the abnormal endogenous environment or a property of the Cftr-defi-
cient epithelium. Proliferation in the crypt compartment is largely depend-
ent on canonical Wnt signaling, whereby extracellular Wnt signaling results
in the accumulation of the transcription co-factor β-catenin to activate
LEF/TCF genes of proliferation, so we first investigated the protein levels of
β-catenin. In freshly isolated intestinal epithelium from WT and Cftr-null
mice pairs, Western blot analysis demonstrated significantly increased β-
catenin protein in the Cftr-null mice. To determine whether increased β-
catenin signaling and epithelial proliferation were evident in the Cftr-null
intestine in the absence of inflammation and systemic factors, crypt epithe-
lium from WT and Cftr-null mice was cultured in a 3D gel system that
enabled the development of self-organizing organoids which generate nas-
cent crypts (termed ‘enteroids’). Proliferation studies using EdU incorpora-
tion to identify cells in the S phase of the cell cycle revealed a marginal
increase in proliferation in the Cftr-null enteroids relative to WT. However,
when growth factors were removed from the medium, the Cftr-null enteroids
showed ~50% greater proliferation than WT enteroids. Analysis of β-catenin
showed significantly greater protein expression in the Cftr-null enteroids at
a proportion similar to that measured in vivo. Since cell proliferation is facil-
itated by cell alkalinity and Cftr has demonstrated properties of HCO3

-

export from epithelia, we compared intracellular pH (pHi) between WT and
Cftr-null enteroids using the pH-sensitive dye SNARF and confocal micro-
fluorimetry. Cftr-null epithelial cells exhibited a significantly greater pHi
(~0.2 pH units) relative to WT cells. We conclude that hyperproliferation in
the Cftr-null intestine exists in the absence of the intestinal microenviron-
ment. The findings are consistent with intestinal hyperproliferation as an
intrinsic defect in the Cftr-null epithelium resulting from increased Wnt/β-
catenin signaling and a cellular alkaline pH. Supported by CFF and NIH.

128
PHYSIOLOGICAL CHARACTERIZATION OF
MULTIPLE CFTR GENOTYPES IN PRIMARY HUMAN
BRONCHIAL EPITHELIAL CULTURES
Myerburg, M.M.; Harvey, P.R.; Brown, S.; Pilewski, J.M.
Department of Medicine,, Pittsburgh, PA, USA

Background: dF508 CFTR is the most common disease causing muta-
tion in cystic fibrosis and has been extensively characterized in heterologous
systems, animal models, and primary human bronchial epithelial (HBE)
cells. Other CFTR mutations, however, that also lead to end stage lung dis-
ease are not as well characterized. While genotype is largely responsible for
determining the clinical phenotype, we investigated whether HBE cultured
from individuals with dF508 and other CFTR genotypes differ in regard to
their airway surface liquid (ASL) volume and electrophysiological proper-
ties. Given the high volume of lung transplants performed at our institution
(>100 annually), we have the unique opportunity to examine the relationship
between CFTR genotype and airway epithelial phenotype.

Methods: HBE cells were cultured on an air liquid interface from
excess pathological tissues following lung transplantation. The ASL vol-
ume was measured using a novel optical scanning method that capitalizes on
light refraction as it passes though the liquid meniscus that surrounds HBE
cultures. The short circuit (Isc) response was measured in an Ussing cham-
ber. Thus far, several samples with different combinations of wild type,
R553X, G542X, 1154insTC, dF508, D1152H, R117H, and S1235R CFTR
have been studied.

Results: The mean ASL volume was 9.6 ± 1.1 µL for non-CF and 2.8 ±
1.1 for CF HBE (p<0.001, n=16 non-CF and 15 CF tissue donors).  CF HBE
cultures with severe CFTR mutations had minimal forskolin stimulated Cl-
secretion and nearly undetectable ASL volumes. CF HBE cultures that had
mild mutations occasionally had small forskolin responses and maintained
an ASL volume that was greater than what was observed in cultures with
severe mutations. In limited cases we observed an intermediate ASL vol-
ume; however, the development of ASL was typically an “all or none” event.

Interestingly, HBE with R117H/S1235R displayed near normal forskolin
responses and maintained a normal ASL volume.

Conclusions and Future Directions: These findings suggest that par-
tial activation of CFTR will increase the ASL volume, in agreement with
recent corrector and viral rescue studies. We are in the process of determin-
ing whether factors other than Cl- secretion contribute to the maintenance of
ASL volume in HBE with mild CFTR mutations.

Supported by the NIH, CFF.

129
AIRWAY SURFACE LIQUID REHYDRATION:
COMPARISON OF THE MECHANISM OF ACTION OF
HYPERTONIC SALINE VERSUS HIGH MOLECULAR
WEIGHT DEXTRAN IN A FLUID-DEPLETED AIRWAY
MODEL
O’Brien, D.W.; King, M. Medicine, University of Alberta,
Edmonton, AB, Canada

Introduction: Hypertonic saline (HS), as an inhaled osmolyte, has been
shown to improve lung function in cystic fibrosis (CF) patients. In CF, it has
been suggested to reduce entanglements in the mucus gel by reducing cross
linking and lowering mucus rigidity. It may also act osmotically by drawing
water into the mucous gel and the periciliary layer, counteracting the pri-
mary physiological defect in CF, that being dehydration of the airway sur-
face liquid layer. However, the action of HS is short-lived as salt balance
across the epithelium is quickly restored after its administration. Low-
molecular weight dextran has also been shown to reduce mucus rigidity in
CF sputum and improve clearance of healthy dog mucus. This action is not
attributed to mucolysis, but rather to disruption of hydrogen bonding in the
mucus gel. An osmotic effect of the dextran in the luminal mucosa could
also cause the movement of water from the epithelial cells into the airway.
Since dextran, a neutral saccharide, is too large to cross the cell membrane,
its action in the airway may be prolonged compared to HS. HS is already
being used in the management of CF, but other osmolytes with similar action
may augment current treatment regimens. Hypothesis: For use in CF, we
have compared the action of HS and high molecular weight dextran on
mucus clearance time (MCT), mucus rigidity (Log G*), and cilia height
(CH) as an indicator of changes in surface liquid depth under normal and
fluid depleted (FD) conditions. Method: Experiments were conducted
under normal (N) and FD conditions (created by ion channel blockade with
bumetanide and amiloride) on the frog palate airway model. MCT, was the
time for carbon particles to be moved 4mm on the palate, tissue for cilia
height (CH) immediately following MCT measurement, and mucus for
micro-rheology were taken at the end of each experimental period. All treat-
ments were delivered to the palate in a chamber maintained at 100% humid-
ity by constant nebulization of frog Ringers (FR), the drug-delivery vehicle.
Results:TABLE.Group 1: 2%Saline, Group 2: 0.4% Dextran. Conclusions:
In both Groups, MCT, after ion channel blockade, was dramatically
decreased and CH reduced, consistent with a depleted surface liquid layer.
With 2% saline, Log G* decreased from normal after blockade and
increased after 2% saline, contrary to expectations whereas mucus rigidity
was decreased with dextran after treatment. Cilia height was restored after
saline and dextran following FD. Dextran was more effective than HS in
restoring near normal conditions for mucociliary clearance in these experi-
ments and warrants further investigations.
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130
MONITORING CLEAVAGE, SURFACE EXPOSURE AND
CONFORMATION OF THE EXTRACELLULAR
DOMAINS OF ENAC BY SCANNING CYSTEINE
ACCESSIBILITY MUTAGENESIS
Gentzsch, M.1,2; Kota, P.1,3; Dang, Y.1; Dokholyan, N.V.1,3; Stutts,
M.1,4 1. Cystic Fibrosis/Pulmonary Research and Treatment
Center, University of North Carolina, Chapel Hill, NC, USA; 2.
Cell and Developmental Biology, University of North Carolina,
Chapel Hill, NC, USA; 3. Biochemistry and Biophysics,
University of North Carolina, Chapel Hill, NC, USA; 4.
Medicine, University of North Carolina, Chapel Hill, NC, USA

Hyperactivation of the epithelial sodium channel (ENaC) results in
dehydration of airway surfaces. ENaC is known to be stimulated by limited
proteolysis of the extracellular domains and this proteolytic cleavage is
modulated by intracellular signals and extracellular conditions. Mutations in
CFTR result in defective regulation of ENaC and consequent sodium hyper-
absorption in human cystic fibrosis airways. ENaC is activated by limited
proteolysis of extracellular domains of the α- and γ-subunit. While the sites
in α- and γ-ENaC that are susceptible to proteolytic cleavage have been
mapped, the accessibility of these sites to proteases is poorly understood. We
applied scanning cysteine accessibility mutagenesis (SCAM) to study the
exposure of the protease cleavage sites. First, we introduced cysteine
residues into specific sites flanking the cleavage sites in γ-ENaC and modi-
fied these residues at the surface of intact oocytes, that were also expressing
α- and β-ENaC, with maleimide that was coupled to IR Dyes. Altering posi-
tioning of the cysteine residues in the extracellular domain of γ-ENaC result-
ed in label of either N- or C-terminal fragments at the cell surface. Introduc-
tion of a cysteine at residues 132 to 136 of rat γ-ENaC led to labeling of an
N-terminal 15 kDa fragment known to be produced by cleavage mediated by
endogenous proteases at or near the furin site. Introduction of cysteine at
position 142 resulted in labeling of the 70 kDa C-terminal fragment. Besides
these fragments, we detected a small proportion of ubiquitinated high
molecular weight species of ENaC, but did not detect full length γ-subunits
at the cell surface. However, mutation of the furin site or addition of protease
inhibitors resulted in labeling of the full length protein. 

Homology models have provided structural insight into the organization
of ENaC subunits, but the structure and orientation of the cleavage sites for
multiple proteases is not known. Our future studies will provide structural
information regarding the accessibility of various cleavage sites in ENaC.

131
DYNAMIC SIGNATURES IN MUCUS RHEOLOGY MAY
PLAY A ROLE IN SUCCESSFUL MUCOCILIARY
TRANSPORT
Cribb, J.1; Vasquez, P.2; Moore, P.3; Norris, S.4; Shah, S.5; Forest,
M.G.2; Superfine, R.1 1. Physics & Astronomy, UNC Chapel Hill,
Chapel Hill, NC, USA; 2. Applied Math, UNC Chapel Hill,
Chapel Hill, NC, USA; 3. Boston University, Boston, MA, USA; 4.
Univ. of Michigan, Ann Arbor, MI, USA; 5. UCLA, Los Angeles,
CA, USA

Understanding the mechanism of successful mucociliary transport and
designing new therapies requires an understanding of the rheology of mucus
in terms of its molecular properties. In addition, we need to characterize
mucus at the length and time scales appropriate for phenomena such as cilia
propulsion and cough clearance. These phenomena occur at shear rates that
place mucus into a nonlinear, shear thinning regime. Our driven microbead
rheology (DMBR) techniques allow us to apply cilia-like forces to a micron-
sized bead and measure its displacement through a polymer fluid. Bead
motion under the applied force gives us information about its linear and non-
linear properties, both at steady state and as dynamic phenomena. While
steady state shear thinning behavior would predict that a bead under high
applied forces would experience a lower effective viscosity, we observe an
initial stiffening of the polymer fluid before the bead reaches a steady state
shear thinning regime. We model this phenomena as a nonlinear dynamic
strain-thickening event (DSTE) that occurs experimentally for microspheres
driven through mucus and other biopolymer systems and confirm its pres-
ence through fluid modeling. We employ a constitutive model that allows us

to interpret the rheology in terms of the polymer and solution properties.
The rate at which mucus deforms around the microsphere controls the pres-
ence or absence of the DSTE, with a higher shear rate predicted to undergo
DSTE. Because probe size is inversely related to deformation rate we
believe that cilia invoke the DSTE response in mucus propulsion and may be
fundamentally important in its successful transport.

132
QUANTITATION OF BACTERIA-DERIVED CYANIDE IN
THE CYSTIC FIBROSIS AIRWAY AND ITS IMPACT ON
NEUTROPHIL MYELOPEROXIDASE
Eiserich, J.; Kadir, T.; Ott, S.; Hayakawa, K.; Morrissey, B.;
Cross, C. Internal Medicine, University of California, Davis,
Davis, CA, USA

Cystic fibrosis (CF) is a lethal hereditary disease caused by mutations in
a single gene encoding the CF transmembrane conductance regulator
(CFTR). Loss of CFTR function in the respiratory tract ultimately leads to
reduced mucociliary clearance, chronic airway bacterial colonization, and
robust neutrophilic inflammation. Despite the high level of neutrophils in
the CF airway, bacteria such as Pseudomonas aeruginosa thrive and evade
neutrophil-dependent killing. Several pathways have been proposed to
account for the survival of Pseudomonas, however the precise mechanisms
remain incompletely characterized. One potential explanation is that
Pseudomonas synthesize biomolecular factors that can cripple neutrophil-
dependent oxidative pathways of host defense. Previous studies have
revealed that Pseudomonas is capable of biosynthesizing cyanide (CN-),
and it is thought that this species may be a relevant virulence factor. Recent
studies have revealed extremely high levels of CN- (20-150 µM) in sputum
obtained from CF patients, however, the compartmentalization and impact
that CN- has on host-defense has remained uncharacterized. Based upon
these premises and our preliminary data, we hypothesized that cyanide (CN-

) produced by bacteria colonizing the CF airway compromises neutrophil-
dependent host defense pathways by inhibiting myeloperoxidase (MPO).
Herein, we demonstrate an optimized method for CN- measurements in CF
sputum, reveal that CN- exists in both free and protein-bound forms in CF
sputum from adult patients, and establish that CN- in CF sputum inhibits
MPO. Our studies have revealed that electrode responses in CF sputum
overestimate actual CN- levels by as much as 2-fold. To more accurately
quantify CN- levels in CF sputum, we have developed a novel method that
utilizes excess hydroxocobalamin to sequester CN- and unmask non-specif-
ic responses of the electrode. Using low molecular weight cut-off filters (3
kD), we have found that a significant quantity of CN- in CF sputum is bound
to proteins in CF sputum. Our data indicate that heme proteins are major tar-
gets of CN- in CF sputum and have established, through various approach-
es, that MPO is the major heme protein responsible for sequestering CN- in
CF sputum, and that this important host-defense pathway can be inhibited
by CN-. Our studies have demonstrated, for the first time, the impact that
bacterial cyanogenesis may have on neutrophil oxidative host defense mech-
anisms. The data indicate that novel strategies aimed at targeting CN-

sequestration and/or detoxification may be useful for the treatment of CF,
and other debilitating lung diseases associated with chronic Pseudomonas
infections such as non-CF bronchiectasis.

133
ENERGETIC AND STRUCTURAL BASIS FOR
ACTIVATION OF THE EPITHELIAL SODIUM CHANNEL
BY CHANNEL ACTIVATING PROTEASE-3
Kota, P.1; Garcia-Caballero, A.3; Dang, H.2; Stutts, J.2;
Dokholyan, N.V.1 1. Biochemistry and Biophysics, UNC Chapel
Hill, Chapel Hill, NC, USA; 2. CF Pulmonary research and
treatment center, UNC Chapel Hill, Chapel Hill, NC, USA; 3.
Hotchkiss Brain Institute, Calgary, AB, Canada

Limited proteolysis, accomplished by endopeptidases, is a ubiquitous
phenomenon underlying the regulation and activation of many enzymes,
receptors and other proteins synthesized as inactive precursors. Serine pro-
teases are one of the largest and conserved families of endopeptidases
involved in diverse cellular activities including wound healing, blood coag-
ulation and immune responses. Heteromeric α,β,γ-epithelial sodium chan-
nels (ENaC) mediating marked increase in Na+ absorption in lung epithelia
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of cystic fibrosis (CF) patients, are irreversibly stimulated by type II trans-
membrane serine proteases (TTSP) and furin-like convertases. Channel acti-
vating protease-3 (CAP3) is one of the several TTSPs that potently activate
ENaC. Despite identification of protease cleavage sites, the basis for
enhanced susceptibility of α- and γ-ENaC to proteases remains elusive.
Here, we elucidate the energetic and structural bases for activation of ENaC
by CAP3. We find a region near the γ-ENaC furin site that is previously
unidentified as a critical cleavage site for CAP3-mediated stimulation. We
also report that CAP3 mediates cleavage of ENaC at basic residues down-
stream of the furin site. Our results indicate that surface proteases alone are
sufficient to fully activate uncleaved ENaC, and explain how ENaC in
epithelia expressing surface-active proteases can appear refractory to solu-
ble proteases. Our results support a model in which proteases prime ENaC
for activation by cleaving at the furin site, and cleavage at downstream sites
is accomplished by membrane surface proteases or extracellular soluble pro-
teases. Based on our results, we propose a dynamics-driven “anglerfish”
mechanism that explains less stringent sequence requirements for substrate
recognition and cleavage by CAP3 compared to furin.

AIRWAYS DEFENSE

134�
THE ROLES OF MACROPHAGES IN DETERMINING
THE INITIATION, PROGRESSION AND RESOLUTION
OF LUNG INFLAMMATION IN A MOUSE MODEL OF
CHRONIC BRONCHITIS
Saini, Y.; Terrell, K.; Waxer, D.; Livraghi-Butrico, A.; O’Neal,
W.K.; Boucher, R.C. Cystic Fibrosis Center, University of North
Carolina at Chapel Hill, Carrboro, NC, USA

Chronic bronchitis, defined as airway inflammation associated with
muco-obstruction, is a characteristic manifestation of cystic fibrosis (CF)
and other serious pulmonary diseases, such as chronic obstructive pul-
monary disease (COPD). Scnn1b-Tg mice overexpresses the Scnn1b gene
(coding for the epithelial Na+ channel subunit, βENaC) in airway Clara
cells, resulting in increased Na+ absorption, airway surface liquid depletion,
mucus adhesion to airway surfaces, and, finally, airway inflammation. These
mice provide an excellent animal model to investigate the pathogenesis of
chronic bronchitis. The characterization of pathophysiology of lung disease
in Scnn1b-Tg mice has revealed increased macrophage number, alterations
in macrophage morphology, and persistent neutrophilic and transient
eosinophilic infiltrates. Macrophages are thought to play a pivotal role in
regulating the initiation, maintenance, and resolution of inflammation. How-
ever, the specific role of macrophages in the development of pulmonary dis-
ease in the Scnn1b-Tg mice is still unknown. We adopted a genetic approach
(cre-lox system) to deplete macrophages in the context of the Scnn1b-Tg
mice in order to evaluate the effect on disease development. The approach
utilized macrophage-specific LyzM promoter to induce the expression of cre
recombinase leading to diphtheria toxin-induced macrophage depletion.
Preliminary studies using double reporter mice have shown that the LysM
promoter activity is specific to the macrophage populations and that >75%
macrophage depletion is achievable. Further, we have generated
macrophage-deficient Scnn1b-Tg mice. These mice show no observable
abnormalities at birth. However, in comparison to control littermates
(macrophage-deficient mice without Scnn1b-Tg), macrophage-deficient
Scnn1b-Tg mice show significant weight loss resulting in poor growth with
high degree of mortality in the first 2 weeks of life. Analyses of cells from
lung lavage (BALF) samples at birth and at the age of 5-7 days show pro-
found neutrophilic infiltration with occasional giant cells. Microbiological
evaluation of BALF shows micro-aerophilic bacterial growth similar to
macrophage-sufficient Scnn1b-Tg mice. The small percentage of
macrophage-deficient Scnn1b-Tg mice that survive past 2 weeks exhibit
significantly lower weight gain and persistent neutrophils in BALF. 

Taken together, our data suggest that the macrophages play a critical
role in the resolution of airway inflammation.

135�
TLR5 ACTIVATION/IL-1B SIGNALING AND
ASPARAGINE ENDOPEPTIDASE ACTIVATION : A NEW
PATHWAY FOR ALVEOLAR MACROPHAGE
PHAGOCYTOSIS AND BACTERIAL KILLING OF
PSEUDOMONAS AERUGINOSA
Descamps, D.1,2; Le Gars, M.1,2; Balloy, V.1,2; Barbier, D.1,2;
Maschalidi, S.3; Tohme, M.3; Chignard, M.1,2; Ramphal, R.4;
Manoury, B.3; Sallenave, J.1,2 1. Défense Innée et Inflammation,
Institut Pasteur, Paris, France; 2. INSERM U 874, Paris, France;
3. Hopital Necker – Enfants Malades,, INSERM U1013, Paris,
France; 4. Department of Medicine, University of Florida,
Gainesville, FL, USA

Objective: A deficit in lung early clearance of bacteria, such as
Pseudomonas aeruginosa (P.a), is suspected to be key in cystic fibrosis
chronic lung infections. Although Toll-like receptor (TLR) 4 and TLR5 are
implicated in the recognition of LPS and flagellin of P.a, very little is known
about their roles in early bacterial recognition and phagocytosis by alveolar
macrophages (AMs). We aimed here to study the molecular mechanisms
underlying the recognition, phagocytosis, and killing of P.a by AMs.

Methods: Bacterial strains used were either WT PAK (a wild-type P.a
strain), ∆flic PAK (an unflagelled PAK strain) or PAKL94, a strain express-
ing a flagellin mutated into the TLR5-recognition site. PAK labelled with
FITC were used for measuring bacterial uptake and phagocytosis.

Cells used were either primary AMs from C57/Bl6 WT, TLR5-/-, TLR4-
/-, Myd88-/-, AEP-/- mice or the AM cell line MH-S. 

In vitro: cells were infected with bacterial strains at a multiplicity of
infection of 1 to 10. Cell lysates were used to measure bacterial killing (on
LB agar plates); FACS analysis was used to determine AM phagocytosis of
PAK-FITC strains; IL-1B maturation and secretion by AMs were measured
by ELISA and Western blot analysis; asparagine endopeptidase (AEP) acti-
vation in AMs was measured by Western blot analysis, immunofluoresence
and enzymatic hydrolysis of its specific substrate.

Results: We showed reduced uptake of unflagellated or flagellin-mutat-
ed PAK in MH-S cells and primary AMs, when compared to WT PAK. Fur-
thermore, primary AMs from TLR5-/- mice (but not from TLR4-/- mice)
were unable to phagocytose and kill PAK, compared to primary AMs from
WT mice. Moreover, TLR5-mediated PAK recognition and uptake by AMs
were associated with high IL-1β synthesis, which was reduced with PAK
mutants or with primary TLR5-/- AMs. We demonstrated that IL-1β release
was associated with killing of WT PAK since adding IL-1β restored the
capacity of AMs to kill mutant bacteria (PAKL94) and conversely, recombi-
nant IL-1RA inhibited significantly clearance of WT PAK by AMs. 

We further dissected mechanisms by showing that IL-1β induced endo-
somal acidification, the latter being essential for activation of the endosomal
protease AEP. Indeed, that protease was activated in the presence of WT
PAK, but not with PAKL94, while adding IL-1β restored AEP activation in
the presence of PAKL94. In accordance with this phenotype, primary AMs
from AEP-/- mice were unable to kill WT PAK.

Conclusions: We demonstrate for the first time that TLR5 plays a major
role in the early clearance of P.a by AMs and that the flagellum-TLR5 inter-
action is required for effective phagocytosis of P.a and for the induction of
IL-1β synthesis and activation of AEP. The discovery of this new pathway
may provide new pharmacological targets in the context of cystic fibrosis.

The authors thank ‘Vaincre la Mucoviscidose’ (VLM) for generous sup-
port.

136�
DYSREGULATION OF HUMAN NEUTROPHIL DEATH
IN MYCOBACTERIUM ABSCESSUS INFECTION IS
ASSOCIATED WITH ALTERED NEUTROPHIL GENE
EXPRESSION
Nichols, E.1,2; Malcolm, K.2; Caceres, S.2; Kret, J.2; Poch, K.2;
Nichols, D.2; Nick, J.2 1. University of Colorado, Denver, CO,
USA; 2. National Jewish Health, Denver, CO, USA

Introduction: Mycobacterium abscessus infections are increasingly
detected, usually in settings of impaired host defense, including the CF air-
way. The organism demonstrates ability to survive (and perhaps exploit) the
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neutrophil-rich environment of the CF airway. Although macrophages are
classically described in mycobacterial lesions, several pathologic reviews of
tissue infected with rapidly growing mycobacteria suggest that the cellular
reaction is often distinct from the granulomatous reaction manifested in
mycobacterial infections caused by slow-growing organisms.  Rather, a sup-
purative reaction characterized by polymorphonuclear neutrophils has been
described in infections with rapid growers. We hypothesize that the human
neutrophil response to M. abscessus infection is dysregulated and is associ-
ated with alterations in gene expression in key cell death pathways.

Methods: M. abscessus (ATCC 19977) was propagated in 7H9 broth.
Separate rough and smooth populations were identified visually, subcul-
tured and maintained. Clinical isolate S. aureus was grown in tryptic soy
broth as the control in all experiments. Neutrophils were isolated from
healthy volunteers by the plasma Percoll method. Neutrophils were exposed
to rough and smooth M. abscessus and S. aureus. Assays for superoxide
anion release, apoptosis, necrosis and bacterial killing were analyzed with-
in the same experiment. At 2 hours of infection, neutrophils were pelletized
and resuspended in Trizol. RNA was isolated, and the neutrophil genome
was characterized using the Affymetrix GeneChip Microarray (U133 Plus
2.0).

Results: Human neutrophils failed to kill M. abscessus under conditions
in which S. aureus killing was substantial. Necrotic neutrophil death in the
presence of both rough and smooth M. abscessus was not different from
untreated cells (p= 0.4375), while S. aureus induced increased necrosis (p=
0.0625). Neutrophils exposed to M. abscessus demonstrated levels of apop-
tosis similar to that of control neutrophils (p= 0.1563), whereas S. aureus
exhibited an appropriate inhibition of apoptosis (p= 0.0313) in the setting of
infection. Oxidative burst as represented by superoxide anion release, was
significantly higher for all bacteria than for that measured in unstimulated
neutrophils (p<0.05), suggesting that initiation of an injury pattern occurs
with stimulation of neutrophils by M. abscessus. Analysis of gene array data
is in progress. Preliminary data demonstrate a marked difference in multiple
cellular pathways in M. abscessus infected neutrophils when compared to
cells stimulated with S. aureus, including those related to inflammation and
cell death.

Conclusion: The neutrophil response to M. abscessus is characterized
by an inappropriate level of apoptosis in the setting of acute infection.
Despite an intact respiratory burst, there are low rates of mycobacterial
killing and necrosis, suggesting that there is altered regulation in the neu-
trophil response to mycobacteria when compared with S. aureus. Gene
expression data reflect the difference in the neutrophil response to M.
abscessus infection when compared to S. aureus and control.

137�
ALTERED EXPRESSION OF THE NF-κB INHIBITOR A20
REFLECTS CFTR MUTATION AND FEV1
Kelly, C.1,2; Williams, M.T.1,3; Elborn, J.S.1; Ennis, M.1; Schock,
B.C.1 1. Centre for Infection and Immunity, Queen’s University,
Belfast, United Kingdom; 2. Institute for Science and Technology
in Medicine, Keele University, Stoke-on-Trent, United Kingdom;
3. Institute for Infection, Immunity and Inflammation, University
of Glasgow, Glasgow, United Kingdom

Introduction: A20 (TNFAIP3) is an endogenous gene, found in consti-
tutively low levels in most tissues and induced in response to bacterial or
viral stimuli. A20 acts together with an adaptor protein called TAX1BP1 to
inhibit NF-κB signalling by inactivating TRAF6. A20 cannot deubiquitinate
and inactivate TRAF6 and cannot inhibit NF-κB activation in the absence of
TAX1BP1 (Shembade et al. EMBO J. 2007). A modeling derived hypothe-
sis suggests that desensitized pathogen recognition is secondary to hyperac-
tive TRAF6 signalling in chronic lung diseases (Zhang et al. PLoS One
2009). In primary CF nasal epithelial cells (NECs), LPS stimulation pro-
vokes a reduction in A20 and TAX1BP1 mRNA expression (Kelly et al.
Pediatr Pulmonol 2010; Am J Respir Cell Mol Biol. 2011 ). Here, we assess
the role of CFTR in the down-regulation of A20 and TAX1BP1 and deter-
mine if these genes are related to lung function (FEV1) and could act as
novel predictors of inflammation and disease severity. 

Methods: 16HBE41o- cells were transfected with CFTR siRNA
(knockdown of 72 ± 5.34%, n=3). NECs from CF patients (F508del
homozygous (n=8), or R117H/F508del heterozygous (n=7)) and age-
matched controls (n=8) were fully differentiated at air-liquid interface and
treated with LPS (P.aeruginosa, Sigma) for 24h. Patients’ demographics

including FEV1 were collected at time of sampling. A20, TAX1BP1 and p65
mRNA expression was assessed by qPCR and analysed by non-parametric
Kruskal-Wallis Test. 

Results and Discussion: To determine a basic relationship between
A20, TAX1BP1 and inflammation in CF, we assessed expression of p65
(NF-κB subunit) by qPCR. Following LPS stimulation, p65 expression was
higher in F508del homozygotes than R117H heterozygotes (P<0.05). There-
fore, A20 and TAX1BP1 expression appears to be inversely proportional to
p65 levels. CFTR knockdown in 16HBE41o- cells confirmed a link between
A20 and CFTR expression (43% reduction (P<0.001) in basal A20 expres-
sion), but basal TAX1BP1 levels were not altered. LPS exposure induced
A20 and TAX1BP1 mRNA expression in control NECs, but expression was
significantly reduced in CF-NECs (P<0.001). Furthermore, genotype spe-
cific differences were observed in the expression of A20 and TAX1BP1 fol-
lowing LPS stimulation. F508del homozygotes showed more pronounced
reductions in the expression of both genes which were significantly
(P<0.05) lower than in R117H/F508del heterozygotes. Finally, we assessed
the relationship between A20 and TAX1BP1 mRNA expression and FEV1 in
our CF cohort. The median FEV1 (% predicted) for the R117H/F508del het-
erozygous and F508del homozygous groups was 82.5% and 50.05% respec-
tively. Therefore, the mRNA expression of A20 and TAX1BP1 are altered
with CF genotype and are reduced in a manner that reflects FEV1. These
genes may represent novel predictors of inflammation and lung function in
CF. 

This work is supported by the CF Trust UK (PJ541).

138�
IN VITRO AND IN VIVO EXPRESSION OF PENDRIN IN
RESPONSE TO PRO-INFLAMMATORY STIMULI
Wilber, M.1; Zhao, K.2; Cohen, N.A.2; Salathe, M.A.3; Kolls,
J.K.4; Conner, G.E.3; Kreindler, J.L.1 1. Pediatrics, Children’s
Hospital of Philadelphia, Philadelphia, PA, USA; 2.
Otorhinolaryngology - Head and Neck Surgery, University of
Pennsylvania School of Medicine, Philadelphia, PA, USA; 3.
Pulmonary, Critical Care, and Sleep Medicine, University of
Miami School of Medicine, Miami, FL, USA; 4. Genetics, LSU
Health Sciences Center, New Orleans, LA, USA

The epithelium plays an active role in host defense against inhaled
pathogens through changes in chemokines expression, antimicrobial peptide
secretion and ion transport. We previously demonstrated that interleukin-
17A (IL-17), which is critical for lung host defense against extracellular bac-
teria, significantly altered airway surface pH in vitro. Using microarray
analysis of normal human bronchial epithelial (HBE) cells, we identified the
electroneutral chloride/bicarbonate exchanger Pendrin (SLC26A4) as a
potential mediator of this effect. These data were verified by real-time,
quantitative PCR that demonstrated an approximately 50-fold increase in
Pendrin mRNA in HBE cells treated with IL-17A for 48 h. Using immuno-
precipitation followed by immunoblotting and immunofluorescence, we
confirmed that Pendrin protein expression is increased in IL-17 treated HBE
cells and that it is primarily localized to the mucosal surface of the cells.
Functional studies using SPQ and SNARF-5 to measure intracellular chlo-
ride and pH are currently on-going to define the activity of Pendrin in HBE
cells treated with IL-17. 

To investigate the expression of Pendrin in vivo we studied a pneumo-
nia model in mice, and we studied human lung explants. Wild-type mice
were infected with Klebsiella pneumoniae (Kp) and sacrificed at 18, 24, and
48 h. Consistent with the critical role of IL-17 in host defense against Kp in
mice, Pendrin expression was significantly increased in the lungs of infect-
ed mice compared with control mice at each time point. Maximum mRNA
expression was measured at 24 h, concomitant with neutrophil influx into
the lungs as measured in bronchoalveolar lavage fluid. Finally, Pendrin
mRNA in explanted lungs from non-CF patients, CF patients, and smokers
was measured by quantitative PCR and was found to be significantly
increased in the lungs from CF patients compared with non-CF patients.
Interestingly, there appeared to be a subset of CF patients with elevated Pen-
drin expression and another subset with Pendrin expression comparable to
non-CF patients, though no obvious correlation with genotype or bacterial
colonization was apparent to explain this difference.

Taken together, these data suggest a role for Pendrin in the immune
response to bacterial lung infections. On-going studies of Pendrin deficient
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mice will be performed to determine the specific role of Pendrin in host
defense against bacterial bronchopneumonia.

139�
MESENCHYMAL STEM CELLS DECREASE PRO-
INFLAMMATORY CYTOKINE EXPRESSION IN
PSEUDOMONAS AERUGINOSA
DiMarino, A.2,1; Nolan, M.1; Joffi, N.1; vanHeeckeren, C.1;
Frischmann, S.1; Bonfield, T.L.1 1. Pediatrics, Case Western
Reserve University, Cleveland, OH, USA; 2. Division of Pediatric
Pulmonology, Rainbow Babies and Children’s Hospital,
Cleveland, OH, USA

Background: Cystic fibrosis (CF) is characterized by progressive pul-
monary decline as a result of abnormal chronic inflammation and recurrent
pulmonary infections. Mainstays of therapy for CF include modalities aimed
at the hyper-inflammatory response, airway clearance, and anti-infective
medications. A novel therapeutic approach to inflammation is human mes-
enchymal stem cell (hMSCs) therapy. hMSCs have show profound anti-
inflammatory effects and regenerative capacity in other diseases such as
asthma, stroke, infarct, spinal cord injury and heart disease. We hypothesize
that hMSCs will provide a beneficial anti-inflammatory benefit in the δF508
murine model of Pseudomonas aeruginosa infection and inflammation. 

Methods: C57BL/6 (WT) or Cftrtm1Kth(δF508 Cftr deficient) animals
were infected with Pseudomonas aeruginosa-impregnated agarose beads to
mimic chronic infection and inflammation on day 1, given 106 hMSCs or
PBS on day 2 and euthanized on day 4 post-infection (day 3-post-MSCs). At
day 4 post-infection, mice were euthanized, followed by bronchoalveolar
lavage (BAL). BAL fluid and cell pellets were separated. BAL fluid was
saved for soluble cytokine analysis. Cell pellets were evaluated for total cell
counts and differentials using H&E. Cell pellets were processed into RNA,
followed by first strand synthesis (cDNA) for gene expression. Primers and
probes for IL-6, IL-10, GM-CSF, TNFα, KC and IL-17 were purchased
from Applied Biosystems Incorporated.

Results: Although there was significant variability between the two sets
of animals studies for these experiments, infection increased δF508 BAL
pellet expression of IL-6 ( +1.04ddCt, +4.63ddCt, for δF508 cell pellet #1
and δF508 cell pellet #2 respectively), IL-10 (+15ddCt,+31ddCt), KC
(+1.104ddCt, +4.63ddCt) while decreasing the expression of IL-17 (-
8.29ddCt, -22.09ddCt) relative to the WT infected control. Treatment with
hMSCs decreased IL-6 (to +0.01ddCt, +5.55ddCT for each #1 and #2 δF508
cell pellet), IL-10 (to +10.00ddCt, +20.34ddCt), KC (to -0.032ddCt,
+1.44ddCt) while increasing IL-17 expression (to -24ddCt, -5.2ddCt.) again,
relative to the WT infected control. δF508 BAL pellet expression of TNFα
and GM-CSF, were comparable to the infected control with and without
hMSCs. hMSCs did not significantly impact, the expression of these
cytokine genes in the infected WT control. 

Conclusions: These data suggest that hMSCs can alter the inflammato-
ry profiles found in BAL cell pellets of Pseudomonas aeruginosa infected
δF508 Cftr defective mice. Furthermore, hMSCs are well-tolerated with no
documented adverse events despite xenographic and allogeneic use in this
animal model.

Acknowledgments: This work was supported by the George and Vir-
ginia Baldwin Fund, NIH: NIDDK27651 and the Cystic Fibrosis Founda-
tion.

140
EXAGGERATED INFLAMMATORY RESPONSES IN
HUMAN CYSTIC FIBROSIS MACROPHAGES DURING
BURKHOLDERIA CENOCEPACIA INFECTION
Kopp, B.T.1; Abdulrahman, B.2; McCoy, K.S.1; Amer, A.O.2 1.
Division of Pediatric Pulmonology, Nationwide Children’s
Hospital, Columbus, OH, USA; 2. Division of Pulmonary,
Allergy, Critical Care and Sleep Medicine, Center for Microbial
Interface Biology, The Ohio State University, Columbus, OH,
USA

Background: Cystic fibrosis (CF) is a multi-organ disease character-
ized by disordered inflammation with increased levels of pro-inflammatory
mediators such as IL-1β, IL-8, TNF-α and anti-inflammatory IL-10 demon-
strated in CF patients even in the absence of infection. Prominent bacterial

threats to CF patients with disordered inflammation include members of the
multi-drug resistant Burkholderia cepacia complex, due to their ability to
cause rapid and severe inflammation and a persistently heightened inflam-
matory state. In particular, the highly transmissible and virulent B. ceno-
cepacia, which prohibits infected CF patients from lung transplantation eli-
gibility, is in need of new therapies due to high antibiotic resistance. Recent-
ly, we demonstrated that a murine model of CF had increased IL-1β release
from macrophages in response to B. cenocepacia infection in comparison to
normal controls. We hypothesized that human CF macrophages would have
similar exacerbated pro-inflammatory responses to B. cenocepacia, in hopes
of obtaining identifiable targets for anti-inflammatory therapies aimed at
alleviating symptoms related to infections with Burkholderia species.

Methods: Peripheral blood monocyte derived macrophages and alveo-
lar macrophages were obtained from 17 CF and 17 non-CF donors at the
Nationwide Children’s Hospital, aged 2-46 years. Macrophages were infect-
ed with B. cenocepacia clinical isolate strains K56, J23 and XOA8, a mutant
strain of K56-2 containing a truncated LPS oligosaccharide core, at an MOI
of 10 and supernatants were analyzed for cytokines.

Results: Human CF macrophages demonstrated an almost two-fold
increase in IL-1β secretion in response to infection in comparison to non-CF
controls along with a 1.7 fold increase in IL-10 secretion.  There was no sig-
nificant difference in IL-8 or TNF- α production.  XOA8 infected human
macrophages had significantly more IL-1β and IL-10 production in CF and
non-CF patients than other clinical strains.  In a smaller subset of CF
patients acutely on prednisone 60mg daily at the time of blood collection, all
4 cytokines analyzed were significantly diminished in production in com-
parison to controls and other CF patients not on steroids.

Conclusions: IL-1β and IL-10 are exaggerated in human CF
macrophages, but not in non-CF macrophages in response to B. cenocepa-
cia. Macrophages from both CF and non-CF patients have exaggerated IL-
1β and IL-10 production in response to B. cenocepacia LPS mutant XOA8.
Corticosteroids may have a role in blunting the heightened pro and subse-
quent anti-inflammatory response to B. cenocepacia infections, and will
serve as a catalyst for further human studies into drug therapies aimed at
regulating inflammatory responses to B. cenocepacia in CF. Additionally,
directed anti-IL-1β therapies, which have already proven useful in certain
auto-inflammatory and auto-immune diseases characterized by persistently
heightened IL-1β secretion, may be an additional alternative to traditional
antibiotic therapy for B. cenocepacia infections.

141
THE GENE MODIFIER OF CF AIRWAY DISEASE, IFRD1,
IS UPREGULATED IN CF AIRWAY NEUTROPHILS
UPON RECRUITMENT FROM BLOOD AND
DELINEATES TWO DISTINCT FUNCTIONAL SUBSETS
Miglianico, M.2; Gudiputi, L.2; Laval, J.3; Conrad, C.K.1;
Herzenberg, L.2; Tirouvanziam, R.1 1. Center of Excellence for
Pulmonary Biology, Stanford University School of Medicine,
Stanford, CA, USA; 2. Department of Genetics, Stanford
University School of Medicine, Stanford, CA, USA; 3. IGMM,
CNRS UMR 5535, Montpellier, France

Background: Recessive mutations of the cystic fibrosis (CF) gene
cause airway destruction under combined epithelial dysfunction, bacterial
infection and neutrophilic inflammation. In a recent study, ifrd1 (interferon-
related developmental regulator 1), a gene coding for an intracellular histone
deacetylase-dependent transcriptional co-regulator (highly expressed in neu-
trophils, among other cells), was identified as a modifier gene for CF airway
disease. However, the mechanisms underlying this process remain unclear.

Methods: We collected blood and airway neutrophils from CF patients
(N=26) at various stages of the disease and used intracellular flow cytome-
try to compare their expression levels of IFRD1, as well as of histone H4 cit-
rulline 3 (H4cit3), cholera toxin B (CTB, a ligand for ganglioside M1, a
phospholipid enriched in lipid rafts), and Ki67, which reflect chromatin
decondensation, signaling platform assembly, and mitosis, respectively.

Results: IFRD1 expression was higher in CF airway neutrophils than in
their blood counterparts (median +59.9%, P < 10-4). In airway neutrophils,
IFRD1 expression was bimodal, delineating an IFRD1+ subset (comprised
within the 99% confidence interval of IFRD1 expression in blood neu-
trophils) and an IFRD1++ subset (beyond this interval). IFRD1 expression
in IFRD1++ neutrophils exceeded that in IFRD1+ neutrophils by a median
of 334%. Significantly upregulated expression of H4cit3 and CTB, but not
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Ki67, was also seen in IFRD1++ vs. IFRD1+ neutrophils. These results sug-
gest chromatin decondensation and increased signaling (without mitosis) in
the IFRD1++ subset of CF airway neutrophils. Interestingly, CF patients
clustered in 3 groups according to the % of IFRD1++ neutrophils (CF-Hi,
above 50%; CF-In, between 20 and 50%; CF-Lo, below 20%). When cor-
rected for treatment confounders, CF-In and CF-Lo cohorts differed signif-
icantly in levels of systemic inflammation (absolute count of blood neu-
trophils) and to a lesser extent, airway inflammation (absolute count of air-
way neutrophils). 

Conclusion: IFRD1 is expressed highly in a subset of live CF airway
neutrophils and correlates with levels of inflammation. Changes seen in the
chromatin-associated proteins IFRD1 and H4cit3 expression within a large
subset of airway neutrophils, further suggest that neutrophils go through an
active process of chromatin remodeling upon recruitment to CF airways.
Taken together, these results support the notion that neutrophils are active,
not passive, contributors to the CF airway ecosystem, alongside epithelial
cells and bacteria.

Supported by the Sidney and Skippy Frank Foundation

142
ABERRANT TRANSCRIPTION AND SPLICING OF IL8
CONTRIBUTE TO INTRINSIC HYPERACTIVATION OF
PROINFLAMMATORY IL8 IN CYSTIC FIBROSIS
BRONCHIAL EPITHELIUM
Torosyan, Y.1; Dalgard, C.L.1; Dobi, A.2; Mueller, G.P.1;
Srivastava, M.1; Pollard, H.B.1 1. APG, USUHS, Bethesda, MD,
USA; 2. CPDR, Rockville, MD, USA

Introduction: Cystic fibrosis (CF) is the most common genetic disorder
in Caucasians, caused by mutant-CFTR, and is characterized by the lung
inflammation due to cytokine IL8 hyperactivation.

Approach: We have used a Proteotranscriptomics approach to elucidate
the molecular mechanism for IL8 transcriptional hyperactivation in [mutant-
CFTR]IB3-1 vs. control [WT-CFTR]S9 bronchial epithelial cells. Platforms
employed include mass-spectrometry (MALDI-TOF), Illumina, Q-PCR,
and ELISA. The data were analyzed by Genomatix, GenePattern, Ingenuity
Pathways Analysis and other Bioinformatics algorithms. 

Results: Using mass-spectrometry to identify nuclear proteins, capable
of binding to the NFkB-containing IL8 promoter, we identified
TNFAIP3/A20, which limits inflammation by terminating TNF-induced
NFkB responses. We also detected the ribonucleoproteins hnRNP-A1 and -
A2B1, which are predicted (EBI) to bind to IL8 promoter near the NFkB
and OCT1 sites. Gelshift experiments confirm direct occupancy of the IL8-
promoter by both hnRNPA2B1 and OCT1. These data suggest that hnRN-
PA2B1 may interfere with the OCT1-inhibition of AP1/NFkB-activated
IL8-transcription. Regarding two hnRNPA1-sites, the upstream hnRNPA1-
site overlaps with OCT1/AP1-sites. Therefore, hnRNPA1 may mediate
opposing AP1 and OCT1 effects on the NFkB-mediated IL8-transcription.
The downstream hnRNPA1-site overlaps with a second OCT1-site and an
adjacent small nuclear snRNA-activating SNAP-site. These sites are locat-
ed in the 5’UTR of IL8-001. However, they remain in the promoter of splice
variants IL8-002 and IL8-003. OCT1 is known to activate the SNAP, which,
subsequently, may upregulate the small non-coding IL8-003 RNA. As a
result, by influencing OCT1/SNAP-mediated IL8 transcription, and by dif-
ferentially binding to the 5’-end of IL8-transcripts, hnRNPA1 may regulate
the IL8 splicing and nuclear export. The expected hnRNPA1-silencing of
IL8 splicing is consistent with an experimentally determined 10-fold
increase of the primary IL8-001 splice variant vs. the alternative IL8-002
splice variant in both CF- and control cells. Transfection with hnRNPA1
promotes baseline IL8 secretion, especially in [mutant-CFTR]IB3-1 with
the initially reduced OCT1 and A20 mRNAs. Hence, in the IB3-1 cells,
lacking the inhibition of NFkB-mediated IL8-transcription, the hnRNPA1,
bound to the 5’-UTR-IL8-001, may preserve the major IL8-001 splice vari-
ant and promote its transport. Ultimately, this is expected to increase the
secretion of corresponding IL8-peptide. By contrast, in the [WT-CFTR]S9
cells with upregulated SNAPC4 and non-coding IL8-003, alternative tran-
scripts with no hnRNPA1-binding sites in their mRNA (IL8-002) may lack
the hnRNPA1-mediated nuclear export. As a result, the translation and, sub-
sequently, secretion of IL8 in S9 cells decrease. 

Summary: The IL8 transcription, splicing, and translation alterations
by TNFAIP3/A20, and ribonucleoproteins hnRNP-A1 and -A2B1, can con-

tribute to the pathophysiological basis for the IL8-dependent intrinsic
inflammation in the CF airway.

143
DYSREGULATION OF P38 MAP KINASE ACTIVITY
DRIVES INCREASED PRO-INFLAMMATORY IMMUNE
RESPONSES IN CF AIRWAY CELLS
Blohmke, C.J.1; Mayer, M.L.2; Fjell, C.D.2; Hirschfeld, A.F.1;
Hancock, R.E.2; Turvey, S.E.1 1. Child & Family Research
Institute, University of British Columbia, Vancouver, BC, Canada;
2. Centre for Microbial Diseases and Immunity Research,
University of British Columbia, Vancouver, BC, Canada

Introduction: New treatments are needed to improve the health of peo-
ple with cystic fibrosis (CF). Controlling lung-damaging inflammation is
likely to be beneficial but specific anti-inflammatory targets have not been
identified. To design effective anti-inflammatory therapies, it is critical to
understand the mechanisms underlying the exaggerated immune response to
CF pathogens such as P. aeruginosa.

Objective: Identify pathways responsible for the dysregulation of the
pro-inflammatory immune response by CF airway cells.

Methods: We performed gene expression arrays using the Illumina plat-
form and compared the gene expression in CF (IB3-1) versus non-CF (C38)
airway cells at baseline and 2 hours after flagellin stimulation. Pathway,
Transcription Factor (TF) and Gene Ontology (GO) term over-representa-
tion analyses (ORA) were performed and a comprehensive network was
built using Cytoscape. We used quantitative PCR (qPCR), Western blots
and inhibitor studies to validate the activation of signaling pathways
returned by the systems biology analysis.

Results: Our computational analysis returned an intriguing signature of
elevated stress levels in the CF cells compared to the non-CF cells, which
was enhanced after flagellin stimulation. Specifically, GO terms indicating
a role by MAP kinase pathways (GO:0032874, p=0.02; GO:0000165,
p=0.03; GO:0000187, p=0.04) as well as TFs downstream of the p38 MAP
kinase pathway were returned by the analysis. Western blotting confirmed
an increased and prolonged activation of p38 MAP kinase in CF airway cells
and treatment with a p38 MAP kinase inhibitor significantly reduced
immune responses to flagellin (p=0.01).

Conclusion: Our data indicates that CF airway epithelial cells experi-
ence increased levels of stress, potentially due to misfolded CFTR, oxidative
stress, infection and other factors potentially unbalancing cellular home-
ostasis. Specifically, our data confirms reports by Berube et al. showing that
p38 MAP kinase activity is dysregulated in CF cells. Understanding the
mechanisms and pathways underlying MAP kinase dysregulation in CF air-
way cells may identify novel targets for anti-inflammatory therapy.

144
SERUM VITAMIN D (VITD) LEVEL IN CHILDREN WITH
CYSTIC FIBROSIS (CF) AND ITS CORRELATION WITH
FREQUENCY OF RESPIRATORY INFECTIONS,
RESPIRATORY SEVERITY SCORE, AND PULMONARY
FUNCTION
Beattie, S.; Srivastava, T.; Geheb, J.; Black, P.; Carver, T. The
Children’s Mercy Hospitals and Clinics, Kansas City, MO, USA

Background: Vitamin D has recently been shown to have a role outside
of its well known effect on mineral metabolism. An immunological role for
VitD in pediatric infections is being increasingly recognized. Toll like recep-
tors (TLRs) are part of the innate immune system and function as sentinels
of the immune system. Activation of TLRs is associated with production of
antimicrobial peptides such as cathelicidin and others which are regulated
by VitD. Serum from individuals with low VitD has poor cathelicidin induc-
tion which can be normalized by correction of serum VitD levels. Children
with CF are vulnerable to VitD deficiency from malabsorption of fat soluble
vitamins and are at risk for recurrent/chronic respiratory infections. We
hypothesized that CF patients with low levels of VitD are at risk for
increased respiratory infections, worse severity score, and lower pulmonary
function.

Methods: With Institutional Review Board (IRB) approval, data was
collected over a one year period on 79 children with CF aged 6 to 17 years.
We analyzed the prevalence of VitD deficiency (<15 ng/mL) or insufficien-
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cy (15-30 ng/mL), and compared these vitamin levels to the frequency of
antibiotic use, severity score per CF Pulmonary Guidelines, and forced expi-
ratory volume in one second (FEV1). We also analyzed the data using the
new recommended VitD cut-off level of 20 ng/mL from Institute of Medi-
cine (IOM). Statistical analysis was performed using SAS software. 

Results: There was significant correlation between serum VitD level
and treatment with intravenous antibiotics (IVAbx) (p=0.036), worse sever-
ity scores (p=0.005) and lower FEV1 measurements (p=0.02). In the 3 group
comparison using Kruskal-Wallis test between deficient, insufficient and
normal VitD levels, children with CF and VitD deficiency were more likely
to receive IVAbx (p=0.016), have worse respiratory severity scores
(p=0.006) and lower FEV1 measurements (p=0.038). In 2 group analysis
using Wilcoxan Rank Sum test with IOM cut-off of 20 ng/mL for VitD, chil-
dren with CF and VitD deficiency had higher IVAbx use (p=0.009), worse
respiratory severity scores (p=0.037) and lower FEV1 measurements
(p=0.05). 

Conclusions: The results suggest that VitD may have a role in infectious
and pulmonary complications in children with CF. Additional studies are
needed to confirm our preliminary observations from this retrospective
analysis. Until further literature becomes available, we must strive to main-
tain normal serum VitD levels in children with CF.

145
DIFFERENT LUNG DISTRIBUTION OF PSEUDOMONAS
AERUGINOSA DETERMINES THE PULMONARY
INFLAMMATORY RESPONSE IN A MOUSE MODEL OF
CHRONIC LUNG INFECTION
Christophersen, L.J.1; Malling, D.S.1; Bjarnsholt, T.1; Jensen,
P.ØSTRUP.1; Hougen, H.P.2; Høiby, N.1; Moser, C.1 1. Clinical
Microbiology, Rigshospitalet, Copenhagen, Denmark; 2. Forensic
medicine, University of Copenhagen, Copenhagen, Denmark

The chronic Pseudomonas aeruginosa lung infection in patients with
cystic fibrosis (CF) is characterized by biofilm mode of growth, making the
infection tolerant to antibiotics and the host response. Instead, the induced
inflammation and adaptive immune response is believed to contribute to the
gradual lung tissue damage and loss of lung function in CF patients. How-
ever, the induced inflammatory response and lung tissue damage may
depend on the distribution of the biofilm infection – whether the infection is
located in the upper conductive or in the peripheral respiratory zone.

To further investigate this we produced two distinct sizes (small beads
(SB) 40 µm vs large beads (LB) 136 µm) of P. aeruginosa PAO579 contain-
ing seaweed alginate beads using an Encapsulation Unit – Nisco Var J30. In
total 175 BALB/c female mice 12 weeks of age were infected with 0.04 mL
of 0.7x109 CFU/mL. All mice received the same amount of bacteria and
alginate, only the size of the beads varied between the two groups. Mice
were sacrifized at day 1, day 2/3 or at day 5/6.

At day 1, the quantitative bacteriology was significantly higher in the
SB group as compared to the LB group (p<0.003) but no significant differ-
ence was observed at other time points. For all time points smaller biofilms
were identified by alcian blue staining in the SB group (p<0.003). Likewise,
the areas of the airways in which biofilms were identified were significant-
ly smaller in the SB group at all time points (p<0.0001). The content of P.
aeruginosa within the biofilms was confirmed using specific PNA-FISH
staining. By histopathological evaluation a significant shift from exclusive-
ly endobronchial to both parenchymal and endobronchial localisation of
inflammation from day 1 to day 2/3 was observed in the SB group (p<0.05)
as well as a significantly faster resolution of inflammation at day 5/6 in the
SB group (p<0.03). For both groups a polymorphonuclear neutrophil (PMN)
inflammation and an increase in degree of inflammation from day 1 to day
2/3 was observed (p<0.01). Finally, both the PMN mobilizer G-CSF and the
PMN chemoattractant MIP-2 were significantly increased at day 1 in the SB
group (p<0.0001). Both cytokines decreased significantly during the study,
but no further significant differences between the two groups were observed.

In conclusion, we have established a model enabling studies of host
responses to infection in different lung niches. The present study demon-
strated a more effective recognition of infection and a more pronounced
host response to infection in the peripheral lung zones, indicating increased
lung damage in the respiratory zone. This supports the hypothesis that treat-
ment of the chronic P. aeruginosa lung infection should primarily be direct-
ed at the peripheral lung niches by combined IV and inhalation antibiotic
treatment.

146
CF EPITHELIAL CELLS LACK THE ZINC FINGER
DOMAIN OF A20 AND THEREFORE CANNOT
TERMINATE NF-KB SIGNALLING
Kelly, C.1,2; Wiliams, M.T.1,3; Ennis, M.1; Elborn, J.S.1; Schock,
B.C.1 1. Centre for Infection and Immunity, Queen’s University of
Belfast, Belfast, United Kingdom; 2. Institute for Science&
Technology in Medicine, Keele University, Keele, United
Kingdom; 3. Institute for Infection, Immunity and Inflammation,
University of Glasgow, Glasgow, United Kingdom

Introduction: A20 is an inducible zinc finger protein responsible for
termination of NF-κB signalling in response to bacterial or viral stimuli.
A20 inhibits Toll-like Receptor induced NF-κB signalling by inactivating
TRAF6, but must form a complex with Ring Finger protein (RNF)11, the E3
ligase Itch and an adaptor protein called TAX1BP1 (Shembade et al. 2009).
Previously we have shown that following LPS stimulation, NF-kB activation
was prolonged in CF cells and that A20 expression fell below basal levels in
CF primary nasal epithelial cells (NECs) and CFBE41o- cells, but not in
control cells (Kelly et al. 2009, 2010). In CFBE41o - A20 did not interact
with RNF11 or TRAF6, while both interactions were observed in
16HBE41o- (Kelly et al. 2010). Here, we sought to investigate the underly-
ing mechanism(s) for dysfunctional A20 in CF epithelium.

Methods: Experiments used 16HBE41o- and CFBE41o- cell lines and
primary nasal epithelial cells obtained from patients homozygous for
F508del and age-matched controls. Cell lines were grown in submersion
while primary cells were fully differentiated at air-liquid interface. All cells
were stimulated with LPS (P. aeruginosa, Sigma) for 0-24h. The mRNA
expression of A20, RNF11, Itch and TAX1BP1 was assessed in cell lines
and primary cells by qPCR. To investigate why A20 expression is reduced
in CF cells, cell lines were treated with inhibitors of E1 ubiquitin activating
enzymes (PYR-41, CalBiochem) and the 26S proteasome (MG-132, Cal-
Biochem) for 4h prior to LPS stimulation. In addition, expression of A20
was assessed by Western blot using specific antibodies against full length
A20 and the C-terminal end of A20 (both Abcam).

Results and Discussion: Following LPS stimulation A20, RNF11, Itch
and TAX1BP1 mRNA expression was reduced (P<0.001) in CFBE41o-
cells but not in 16HBE41o- cells. These findings were confirmed in primary
NECs. Pre-treatment of CFBE41o- cells with PYR-41 or MG-132 had no
effect on the expression of A20 following 24h LPS stimulation, suggesting
that the reduction in A20 expression in CF does not result from increased
ubiquitination or proteasomal degradation. Western blot analysis confirmed
a reduction of the ~80kD full length A20 protein in CF cells basally and
after stimulation with LPS. Furthermore, an antibody against the C-terminal
end (696-790 AA) showed an additional ~50kD band in both cell lines.
Overall, CFBE41o- cells showed less A20 (full length and C-terminal) than
16HBE41o- cells, but the 50kD band was more prominent than the 80kD
band in CFBE41o-, suggesting increased proteolytic cleavage of A20 in CF
epithelium with the potential for therapeutic intervention with anti-proteas-
es. A20 uses C-terminus located zinc finger (ZnF)4, to interact with other
complex members and to terminate TRAF6 mediated NF-kB signalling.
Reduced A20 and especially the C-terminal end in CF cells may explain the
inability of A20 to terminate NF-kB activation in CF epithelial cells.

This work is supported by the CF Trust UK (PJ541).

147
MYELOID HISTONE ACETYLASE/DEACTYLASE
ACTIVITY: DEFICIENCY IN PPARγAND PRO-
INFLAMMATION IN CYSTIC FIBROSIS
Jennings, B.; Nolan, M.; Bonfield, T.L. Pediatrics, Case Western
Reserve University, Cleveland, OH, USA

PPARγ, a repressor of NFκB inflammation is significantly decreased in
CF alveolar macrophages and airway epithelium, suggesting a propensity
for producing inflammatory cytokines. Studies in wild type (WT) murine
macrophages haves shown that PPARγ through the prevention of LPS
induced dissociation of the nuclear receptor co-repressor (NCoR)-histone
deacetylase-3 (HDAC3) inhibits transcription of pro-inflammatory media-
tors. In addition, studies in CF airway epithelial cells have shown an imbal-
ance in histone acetyl-transferase (HAT)/deacetylase (HDAC) activity cor-
relating to enhanced IL-8 gene expression. HAT/HDAC inefficiency in
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myeloid cells has been previously implicated in contributing to dysfunction-
al cytokine regulation in CF. These studies suggest that CFTR function may
directly regulate efficient HAT/HDAC activity. Our hypothesis is that
myeloid CFTR deficiency contributes to the sustained pro-inflammatory
lung milieu in CF through PPARγ/NFκB dysregulation and the HAT/HDAC
balance. To investigate the mechanisms behind the elevated sensitivity of
myeloid cells to Pseudomonas aeruginosa infection we evaluated bone mar-
row derived macrophages (BMDM) from WT and Cftrtm1Unc at baseline and
after stimulation with LPS for Iκβ. Cftrtm1Unc baseline BMDM Ikβα was
decreased at baseline and after LPS stimulation compared to WT BMDM,
suggesting elevated NFκB activity. This is consistent with deficient PPARγ
and the in vivo and in vitro hyper-response of the Cftrtm1Unc cells to
Pseudomonas aeruginosa infection. NFκβ and PPARγ activity is regulated
by histone modifications such as acetylation. At baseline, Cftrtm1Unc global
HAT activity was elevated (n=3, P=0.05) while global HDAC activity was
comparable to the WT control. Post-infection, both HDAC (63±1.5 units of
activity vs 90±4 for WT, p<0.05) and HAT (77±2 vs 87±5 for WT, p≤0.05)
activity decreased in the Cftrtm1Unc compared to WT, resulting in a higher
HAT/HDAC ratio in Cftrtm1Unc BAL pellets (1.5) compared to WT (1.0). To
begin to investigate the specific mechanisms which contribute to the
changes in HDAC/HAT activity in Cftrtm1Unc BAL, we evaluated BMDM
from Cftrtm1Unc and WT mice before and after LPS stimulation. At baseline,
Cftrtm1Unc BMDM had decreased HDAC2 mRNA (n=3, p≤0.001) compared
to BMDM from WT mice. LPS stimulation decreased expression of
Cftrtm1Unc HDAC2 mRNA expression even further (n=3, p≤0.0.02). PPARγ
represses inflammation through a co-repressor complex. HDAC2 is
decreased in CF cells and HAT activity is elevated, suggesting a
HAT/HDAC imbalance enhancing susceptibility to pathogen initiated
inflammatory response in CF. These studies provide new directions for
potential therapeutic intervention up-stream to PPARγ and NFκB. This work
was supported by the Cystic Fibrosis Foundation Pilot and Feasibility Grant
and NIH: NIDDK 27651.
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MESENCHYMAL STEM CELLS: IN VIVO ANTI-
INFLAMMATORY AND ANTI-BACTERIAL
THERAPEUTICS FOR CYSTIC FIBROSIS
Bonfield, T.L.1; Lennon, D.2; Caplan, A.2 1. Pediatrics, Case
Western Reserve University, Cleveland, OH, USA; 2. Skeletal
Research Center, Case Western Reserve University, Cleveland,
OH, USA

Cystic fibrosis (CF) patients have mutations in the chloride transport
protein gene CFTR which results in significant pulmonary morbidity and
eventual mortality. Although dysfunctional airway clearance, mucous plug-
ging and epithelial chemokine production are major contributors to CF pul-
monary disease, the inability of the immune response to efficiently clear
bacteria and attenuate the inflammatory response also contributes to CF dis-
ease pathophysiology. Mesenchymal stem cells (hMSCs), which are both
anti-inflammatory and anti-bactericidal have the potential to be developed as
alternative therapeutic strategy combating the infection and inflammation
associated with CF lung disease. In our in vivo studies, CFTR deficient
mice (congenic B6.129S6-Cftrtm2Uth) and C57Bl/6 controls (WT) were
chronically infected with 105 CFU Pseudomonas aeruginosa impregnated
agarose beads followed 24 hours later by retro-orbital infusion of 106

hMSCs or vehicle (PBS). Mice were followed for either 3 days or 10 days
post-hMSC administration with daily evaluation of clinical scores and
weight loss. Cftrtm2Uth animals given Pseudomonas aeruginosa, had greater
mortality, lost significant weight and remained sickly (high clinical score)
compared to C57Bl/6 mice given the same batch and dosing of
Pseudomonas aeruginosa (n=3 different experiments with n=5-8
animals/group). Cftrtm2Uth given 106 hMSCs retro-orbitally initially lost
weight, but resolved weight issues by day 5, returning to values comparable
to WT without infection (n=3 different experiments with n=5-8 animals
/group, p<0.05). hMSC treated Cftrtm2Uth mice also had better survival com-
pared to the Cftrtm2Uth infected mice. When the animals were assessed for
clinical score, Cftrtm2Uth mice with infection but without hMSCs had signif-
icantly more variation in their clinical scores compared to animals receiving
the hMSCs, which ultimately improved. When animals were sacrificed and
evaluated for gross lung pathology, Cftrtm2Uth animals had greater focal lung
consolidation and pathology scores compared to C57Bl/6 controls (p<0.05,
n=5), which was resolved by administration of hMSCs. The hMSCs were

well-tolerated in the Cftrtm2Uth and WT mice despite the xenographic source.
To investigate how the hMSCs impact the murine model of CF lung infec-
tion and inflammation, animals were euthanized at 3 days-post-MSC admin-
istration followed by bronchoalveolar lavage (BAL) for total cell counts, dif-
ferentials and cytokine analysis by Luminex multianalyte assays for MIP-
1α, KC, IL-6 and IL-1β. hMSC treatment resulted in decreased KC (p=0.07)
and IL-1β (p=0.06) and IL-6 (p<0.05). To investigate the effect of hMSCs
on bacterial load in vivo, BAL aliquots and whole lung lysates from our in
vivo model were cultured on TSA plates for 24 hours. hMSC administration
in the Cftrtm2Uth animals significantly decreased BAL (n=3, p<0.05) and
whole lung lysate (n=2, p<0.05) Pseudomonas aeruginosa CFUs. These
studies implicate the potential utilization of hMSCs in CF lung disease due
to both anti-inflammatory and anti-bactericidal properties. This work was
funded by the George and Virginia Baldwin Fund, the Cystic Fibrosis Foun-
dation and NIH: NIDDK 27651.
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QUANTITATIVE PROTEOMIC ANALYSIS OF PRIMARY
GLANDULAR MUCUS FROM HUMAN AIRWAYS
Evans, T.I.1; Joo, N.2; Cho, H.2; Fisher, J.T.1; Wine, J.J.2;
Engelhardt, J.F.1,3 1. Anatomy and Cell Biology, Carver College
of Medicine, University of Iowa, Iowa City, IA, USA; 2. Cystic
Fibrosis Research Laboratory, Stanford University, Stanford, CA,
USA; 3. Center for Gene Therapy of Cystic Fibrosis and Other
Genetic Diseases, Carver College of Medicine, University of
Iowa, Iowa City, IA, USA

Defects in CFTR result in diminished fluid secretion from submucosal
glands (SMG) in the airways. Airway gland secretions (mucus) contains a
variety of antimicrobial proteins and anti-proteases that help protect the air-
ways from the environmental pathogens and toxins. It remains unclear if
defense proteins are reduced or absent in CF glandular secretions. We took
a proteomics approach to identify and quantify proteins from both non-CF
(donor and disease control) and CF (disease) human SMG secretions
obtained directly from gland orifices after stimulation with carbachol, which
produces fluid secretion via pathways that are at least partially CFTR inde-
pendent. LC-MS/MS analysis of the tryptic digests obtained from in-gel
digestion of human SMG secretions identified various antibacterial and
antimicrobial proteins. A total of 56 proteins had decreased levels and 132
proteins had increased levels in CF samples as calculated by the mass spec-
troscopy (MS) ion intensities. Among the proteins with decreased levels in
CF samples compared to matching non-CF controls were lactoferrin,
lysozyme and antichymotrypsin. In contrast peroxiredoxin, heat shock pro-
teins, retinal dehydrogenase and cathepsin D were found to be higher in CF
samples compared to non-CF controls. These results prompted us to further
investigate SMG secretions by quantitative MS. Proteins in human SMG
samples were quantified by using isobaric tags for relative and absolute
quantification (iTRAQ). A single injection of iTRAQ-labeled non-CF and
CF sample after 2 hour LC gradient identified most of the proteins previous-
ly identified without labeling. Up to 70 iTRAQ labeled proteins were quan-
tified from 3 repeated injections of the same sample. Fifty-eight of them did
not differ between non-CF and CF, including Mucin-5B. Six of the quanti-
fied proteins were down regulated in the CF sample. The two most statisti-
cally significant reductions were in surfactant pulmonary associated protein
A2 (SFTPA2) and lysozyme. There was an increase in a total of 8 proteins
in CF sample but the increase was not statistically significant. Further analy-
sis will be performed by fractionation of SMG samples before applying to
MS to improve protein profiling and hence increase the number of quanti-
fied proteins. Our preliminary tests for pre-fractionation on unlabeled sam-
ples using a strong cation-exchange chromatography resulted in 3-fold
increase in the number of total proteins identified. These results suggest that
the protein composition of primary mucus from CF airway glands is altered.
However, the present experiments were carried out with mucus obtained
from glands in inflamed airways. It will be important to determine if altered
protein composition occurs in CF mice, ferrets and pigs prior to the onset of
disease.
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CHLORIDE EFFLUX AND CYTOKINE SECRETION ARE
INCREASED IN ACTIVATED CF MACROPHAGES
Shenoy, A.1; Kopic, S.2,3; Bruscia, E.M.1; Caputo, C.1; Geibel,
J.P.2,3; Egan, M.E.1,3 1. Pediatrics, Yale University, New Haven,
CT, USA; 2. Surgery, Yale University, New Haven, CT, USA; 3.
Cell & Molecular Physiology, Yale University, New Haven, CT,
USA

Rationale: Cystic fibrosis (CF) lung disease is characterized by a hyper-
inflammatory response to chronic bacterial colonization, which leads to pro-
gressive airway remodeling. Studies suggest that macrophages contribute to
this process. We have shown that CFTR is present and functional in WT
macrophages but absent in CF macrophages, which exhibit a reduced chlo-
ride (Cl-) efflux compared to WT cells. Previous reports suggest that ion
conductances influence immune cell function, therefore we hypothesize
reduced Cl- efflux in CF macrophages leads to aberrant responses to bacte-
rial stimulation. 

Methods: Bone marrow derived macrophages were cultured from WT,
cftr-/- (Cftrtm1UNC) and ∆F508 (Cftrtm1Kt) mice. An N-[ethoxycarbonyl-
methyl]-6-methoxy-quinolinium bromide (MQAE) assay was used to meas-
ure Cl- efflux. Cl- efflux was quantified as the rate of change in MQAE (a Cl-

-specific indicator dye) fluorescence as macrophages transition from Cl--
containing to Cl--free solutions in the presence or absence of pseudomonal
lipopolysaccharide (LPS-10 ng/mL). To assess macrophage responses to
bacterial (LPS) stimulation, levels of the pro-inflammatory cytokines: IL-6,
KC, and G-CSF were quantified via LINCOplex assay at 0h and 6h from the
supernatants of 106 WT or CF cells. 

Results: At baseline Cl- efflux is significantly reduced in CF cells com-
pared to WT cells (1.64 AFU/s vs. 3.08 AFU/s, n= 4-5 mice, p= 0.0008).
However, following LPS stimulation, CF macrophages demonstrate a dra-
matic augmentation of Cl- efflux (5.21 AFU/s, n=3 mice) which is not
observed in WT cells (2.831AFU/s, n= 2 mice). These data suggest that
although there is a decrease in Cl- efflux at baseline, following activation,
CF macrophages demonstrate a Cl- flux that is greater than WT cells. With
regard to function, CF and WT cells secrete negligible levels of IL-6, KC,
and G-SCF prior to activation. However, after LPS stimulation, CF
macrophages demonstrate significantly increased levels of IL-6 (12,115
pg/mL), KC (1438pg/mL), and G-CSF (537.7 pg/mL) compared to WT cells
(IL-6=2980 pg/mL, p= 0.03, KC=824 pg/mL, p= 0.03, G-CSF=134 pg/mL,
p= 0.02; n=2 mice/genotype).

Conclusions: Our findings show that despite reduced Cl- efflux at base-
line, following LPS stimulation, CF macrophages demonstrate a robust
increase which exceeds that observed in WT cells. These data suggest there
must be alternate Cl- efflux pathways present in CF macrophages to allow
for this substantial increase. Moreover following LPS stimulation, as Cl-

efflux increases 3-fold in CF macrophages there is a marked enhancement of
cytokine secretion compared to WT cells. We are currently investigating if
alternative Cl- efflux pathway function is required for the significant rise in
cytokine release in CF cells. It is possible that up-regulation of alternative
Cl- pathways, such as Ca2+ modulated Cl- channels, may not only compen-
sate for the differences in Cl- flux observed between macrophage genotypes,
but may also predispose cells to a hyperinflammatory response. Supported
by CFF and NIH.

151
ELEVATED LAMBDA AND KAPPA CHAINS OF CF
PATIENTS: JUST EPIPHENOMENA?
Broekaert, I.J.1; Moser, O.2; Simon, A.3; Schreiner, F.1; Lentze,
M.J.1; Schmitt-Grohe, S.1 1. General Pediatrics, Children’s
Hospital, University of Bonn, Bonn, Germany; 2. Pediatric
Haematology and Oncology, Children’s Hospital, University of
Bonn, Bonn, Germany; 3. Pediatric Haematology and Oncology,
University of Saarland, Homburg, Germany

Background: Elevated free light chains have been described in several
(auto-) immune diseases. By coincidence, we found elevated β-globulins in
routine protein electrophoresis in several cystic fibrosis (CF) patients. To
rule out lymphoproliferative disease further work-up was started. 

Methods: Seven patients (median age 32 years, m/f 3/4, FEV1 43 %)
with mainly pulmonary manifestation of CF out of a total of 65 CF patients

at our CF outpatient clinic were investigated. Sputum microbiology, κ-, λ-
chains, α1-, α2-, β-, γ-globulins, CRP in serum, WBC in blood was meas-
ured. Immunofixation of serum, testing of urine for Bence-Jones proteins,
and ultrasound abdomen were performed.

Results: All patients were asymptomatic regarding B-symptoms, had no
lymphadenopathy and a normal liver and spleen ultrasound (except patient
1: inhomogenous liver, mild splenomegaly and patient 7: mildly elevated
liver echogenicity).

Seventy-one percent of the patients were colonized with P. aeruginosa,
29% with MRSA, 71% with S. aureus, 43% with A. fumigatus and 14% with
S. apiospermum.

Median CRP was 11.4 mg/l (normal <3), WBC 8620/µl (3900-10200),
κ-chains 4520 mg/l (2000-4400), λ-chains 3060 mg/l (1100-2400), free κ-
chains 19.4 mg/l (3.3-19.4), free λ-chains 25.4 mg/l (5.71-26.3), α1-globu-
lins 5 g/l (1.9-4.1), α2-globulins 10.1 g/l (4.5-9.7), β-globulins 12.1 g/l (5.4-
10.8), γ-globulins 19.4 g/l (7.1-15.4).

There was a negative correlation between lung function and CRP (r=-
0.79, p<0.05) and α1-globulins (r=-0.92, p<0.05). There was a trend for a
negative correlation between lung function and free κ- and λ-chains (both
r=-0.77, p=0.072). There was a positive correlation between CRP and free
κ- and λ-chains (both r=0.89, p<0.05), α1-globulins (r=0.94, p<0.05), γ-
globulins (r=0.89, p<0.05) and κ-chains (r=0.79, p<0.05). κ- and λ-chains
correlated to each other (r=0.86, p<0.05). α1-globulins correlated to free κ-
and λ-chains (both r=0.90, p<0.05), and γ-globulins correlated to κ-chains
(r=0.97, p<0.05) and λ-chains (r=0.82, p<0.05). WBC correlated only to α2-
globulins (r=0.96, p<0.05) and not to any other globulin fraction. Interest-
ingly, there was no correlation between levels of globulins and light chains
and age and no correlation between β-globulins and light chains. A
matched-pair analysis is pending.

On immunofixation 2 patients showed monoclonal IgG κ, controls were
negative. No patient had Bence-Jones proteinuria. The ratio of free κ- to λ-
chains ranged from 0.53 to 1.6 (normal: 0.26-1.65) as a highly divergent
ratio would be indicative of neoplastic disorder.

Conclusion: It is known that there is polyclonal B-cell stimulation in
chronic inflammation and autoimmune disease with consecutive increase of
κ- and λ-chains. In our patients, chronic inflammation triggered by chronic
bacterial infection could be the cause of a proportional increase in κ- and λ-
light chains. The level of κ- and λ-chains correlates with the severity of
inflammation. Therefore, we suggest that an increase in κ- and λ-light
chains is epiphenomena.

152
INTERLEUKIN-10 SUPPRESSES INFLAMMATORY
CYTOKINES OF CYSTIC FIBROSIS AIRWAY CELLS
Do, P.C.1; Kwong, K.Y.2; Randhawa, I.1; Chin, T.1; Nussbaum, E.1

1. Pediatric Pulmonology, University of California Irvine, Irvine,
CA, USA; 2. Allergy and Immunology, Harbor-UCLA, Torrance,
CA, USA

Introduction: Cystic fibrosis (CF) is a genetic disorder resulting in
CFTR abnormality leading to chronic pulmonary inflammation as well as
mucoid impaction of the airways. Interleukin (IL) 10, an anti-inflammatory
cytokine is produced at higher levels in non-CF bronchial epithelial cells
(BEC) than CF BEC. Previous studies reported airway neutrophils did not
inhibit IL-8 production with IL-10 exposure when compared to serum neu-
trophils. This study describes CF pulmonary migratory immune cells
response to direct IL-10 exposure when compared to non-CF patients.

Methods: Bronchoalveolar lavage (BAL) fluid was obtained from 11
CF and 3 non-CF subjects aged 0-18 years and immediately centrifuged at
1000 rpm for 10 minutes. Cell-free supernatants were removed and stored at
-80°C. Cell pellets were washed in PBS and centrifuged again at 1000 rpm
for 10 minutes. Supernatants were discarded and cells were resuspended in
RPMI +10% fetal calf serum (FCS) to a final concentration of 1 x 106

cells/mL. Aliquots of the cells were incubated with 0, 10, 100, and 1000
ng/mL of recombinant human IL-10 (R&D Systems, Inc; Minneapolis, MN)
for 24 hours at 37° in 5% CO2 incubator. Supernatants were again obtained
and stored at -80°C until enzyme-linked immunosorbent assays (ELISA)
(R&D Systems, Inc; Minneapolis, MN) were performed for levels of IL-8,
IL-1beta, and tumor necrosis factor alpha (TNF-alpha) cytokines.

Results: IL-10 inhibition on CF migratory immune cells is present for
IL-8, IL-1beta, and TNF-alpha across all concentrations of IL-10 exposure
when compared to null IL-10. IL-8 inhibition is not as high in CF immune
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cells as it is for controls (47.2% vs. 85.9%). However inhibition of IL-1beta
and TNF-alpha is higher in CF immune cells compared to control (54.8%
vs. -0.8%, 61.2% vs. 37.4% respectively).

Conclusion: When compared to controls, CF airway immune cell
cytokines demonstrate an attenuated response of inhibition of IL-8 by IL-10.
This may be due to the previously described airway neutrophil hypo-respon-
siveness to IL-10. Alternatively, differential inhibition of other proinflam-
matory cytokines by IL-10 reflect the potential of IL-10 targeted CF
immune therapy.

Speculation: IL-10 demonstrates variable in vivo inhibition of airway
cell secretory cytokines. IL-10 pathways remain a potential augmentation
treatment focus for development in CF therapeutics. Future correction of
CFTR may be extrapolated better to incorporate IL-10 response in mitiga-
tion of airway inflammation.

153
SERUM BRAIN NATRIURETIC FACTOR (BNP) DOES
NOT PREDICT RIGHT VENTRICULAR DYSFUNCTION
IN CF ADULTS AND CHILDREN
McKee, A.J.1; Davies, J.C.1; Muthurangu, V.2; Balfour Lynn,
I.M.1 1. Peadiatric respiratory medicine, Royal Brompton
Hospital, London, United Kingdom; 2. Great Ormond Street
Hospital, London, United Kingdom

Background: BNP has natriuretic, diuretic and vasodilating properties
and is released by cardiac ventricles in response to myocyte stretch. In
patients with idiopathic pulmonary hypertension it serves as a useful mark-
er of ventricular dysfunction and correlates well with the severity of haemo-
dynamic impairment. It has been suggested that the measurement of serum
BNP in patients with less advanced lung disease could provide a means of
screening for the early development of cardiac complications. The hypoth-
esis of this study was that levels of BNP would correlate with evidence of
right ventricular dysfunction in patients with severe CF lung disease.

Methods: This was a case controlled study of adults and children set in
2 specialist London CF centres. Using real-time cardiac magnetic resonance
imaging, ventricular and haemodynamic flow images were obtained. Pos-
timaging assessment of ventricular volumes, aortic, pulmonary artery and
systemic vascular resistance, was made using commercially available open-
source software with in-house plugins. Serum BNP and C-reactive protein
(CRP) were measured in our clinical laboratory. Measurements were made
during a period of disease stability. The normal range of serum BNP is
between 1-4pmol/l. Patients with normal and abnormal levels were com-
pared using the Mann-Whitney test and correlation using Spearmans coef-
ficient. 

Results: Thirty-eight participants have completed the study protocol to
date (Table). Ten (26%) had an abnormally high serum BNP (median 9
pmol/l). There were no patients with CMR defined morphological features
of pulmonary hypertension.  There was no significant difference between
the 2 groups in any right ventricular haemodynamic or pulmonary artery
flow parameter. Patients with abnormal serum BNP levels had significantly
lower systemic vascular resistance, lower FEV1, and raised levels of sys-
temic inflammation measured by CRP. There was a small positive correla-
tion between CRP and serum BNP (r2 = 0.26 p=0.005). 

Conclusions: A significant number of this population had an abnormal
serum BNP in the absence of CMR evidence of cardiac disease, despite
more severe CF lung disease, manifest by reduced lung function and

increased inflammation. It would appear that in this group of patients ven-
tricular stretch plays a less important role in serum BNP levels, which may
be affected by chronic inflammation and cytokine release.

Table: A comparison between those patients with normal and
abnormal serum BNP (median with IQR).

154
THE INFLAMMATORY RESOLUTION PROTEIN
ANNEXIN A1 AND THE PAEDIATRIC CF AIRWAY
Brown, S.M.1; Dalli, J.2; Perretti, M.2; Bush, A.1; Davies, J.C.1;
Lloyd, C.M.1 1. Pediatric Respiratory Medicine, Royal Brompton
Hospital and Imperial College, London, United Kingdom; 2.
William Harvey Research Institute, Barts and the London School
of Medicine, London, United Kingdom

Cystic fibrosis (CF), primary ciliary dyskinesia (PCD), bronchiectasis
and persistent bacterial bronchitis (PBB) are characterised by persistent neu-
trophilic inflammation. Persisting acute inflammation may be due to failure
of mechanisms terminating neutrophilic inflammation. Differences in prog-
nosis between childhood inflammatory lung diseases may be related to the
ability to resolve inflammation. Annexin A1 (AnxA1), is an endogenous
anti-inflammatory protein shown to be reduced in adult CF nasal epithelial
cells and bronchoalveolar lavage (BAL). However, AnxA1 and its receptor
ALX have not been studied in other neutrophilic airway diseases, or in chil-
dren. 

Methods: Following ethical approval and informed consent, BAL and
endobronchial biopsies (Bx) were obtained for research at clinical broncho-
scopies in children with CF, PCD, bronchiectasis, PBB and controls (isolat-
ed upper airway disease). Samples were also collected from babies with CF
diagnosed by newborn screening (CF NBS). CF NBS are generally well
without signs of lung disease, although there is emerging evidence they have
occult airway infection. However, they provide an opportunity to establish
whether any differences in the CF group are due to the primary CFTR
defect, or are secondary to chronic bacterial infection. RT-PCR analysis of
AnxA1 and ALX mRNA levels was undertaken in Bx and BAL cell pellets.
If overall group medians varied significantly (Kruskal-Wallis), analysis of
inter group statistical differences was undertaken (Dunn’s post test).  

Results: (Table) Levels of AnxA1 and ALX mRNA in BAL cell pellets
were lower in all disease groups compared to controls; this reached statisti-
cal significance for a) AnxA1 in patients with PCD / bronchiectasis com-
pared to controls (p<0.01) and b) ALX in patients with CF and PBB as com-
pared to controls (p<0.01 and p<0.05 respectively). There was no significant
difference in AnxA1 and ALX mRNA levels between patients with estab-
lished CF and CF NBS. No differences were seen for either gene in Bx. No
correlation was seen between AnxA1 and ALX mRNA levels and BAL neu-
trophilia (Spearman correlation). Of CF NBS, 2 had positive bacterial
growth, 1 had BAL neutrophilia (15%) and 4 samples were too degenerate
for a cell differential.  

Conclusions: Changes in AnxA1 and ALXR mRNA may be secondary
to chronic bacterial infection and inflammation which overwhelm inflam-
matory pro-resolution mechanisms, irrespective of the underlying disease.
Numbers were too small to correlate with BAL neutrophils. Since there are
no differences in levels of AnxA1 and ALXR mRNA between CF and CF
NBS patients, a primary CFTR-related mechanism may also be important.
However, there was evidence of occult airway infection and inflammation in
some CF NBS, which may go against this.



2011 Cystic Fibrosis Conference

266

Table: Fold change in mRNA levels of AnxA1 and ALX in BAL cell
pellets as compared to controls

155
PLCB3 IN PRO-INFLAMMATORY SIGNALING IN
BRONCHIAL EPITHELIAL CELLS
Bezzerri, V.1; Rimessi, A.2; Nicolis, E.1; Tamanini, A.1;
Dechecchi, M.1; Tebon, M.1; Agnoletto, C.2; Donida, B.1; Lovato,
V.1; Pinton, P.2; Cabrini, G.1 1. Laboratory of Molecular
Pathology - Dept Pathology and Diagnostics, University Hospital
of Verona, Verona, Italy; 2. Signal Transduction Lab, Department
of Experimental and Diagnostic Medicine, University of Ferrara,
Ferrara, Italy

An excessive neutrophilic inflammation, mainly orchestrated by the
release of IL-8 from bronchial epithelial cells, leads to progressive tissue
destruction in the airways of patients affected by CF. The anti-inflammato-
ry drugs presently utilized have several limitations, indicating the need for
identifying novel molecular targets, to open the way to more effective anti-
inflammatory drugs. CF bronchial epithelial cells play a pivotal role in trans-
lating the presence of infectious agents into the release of chemokines.
However, the transmembrane signal transduction machinery implicated in
the recruitment of leukocytes is characterized by redundancy, as inhibition
of one of the multiple receptors recognizing bacterial components, of the
different kinases, adapters, phospholipases, etc., could be bypassed by alter-
native signaling pathways. Thus understanding the real relevance of each
single component as a therapeutic target is critical. We started addressing
this issue by a candidate gene association study of 135 genes of the pro-
inflammatory signal transduction machinery. The top ranking association
with the progression of lung disease was found for a nonsynonymous SNP
of the phospholipase C beta 3 (PLCB3) gene (Bezzerri et al., 2011). Studies
on the role of PLCB3 were performed in bronchial epithelial cells exposed
to P. aeruginosa in vitro. Silencing the expression of PLCB3 reduced signif-
icantly the P. aeruginosa-dependent transcription and release of IL-8 in IB3-
1 and in polarized CuFi-1 cells. This was associated with a parallel reduction
of a) the sustained increase of cytosolic calcium, b) the activation of the clas-
sical calcium-dependent protein kinase C isoforms alpha and beta, c) the
activation of NF-kB, one of the key nuclear transcription factors involved in
IL-8 transcription, that were all induced by P. aeruginosa infection. We
found that PLCB3-mediated pathway is dependent on the release of ATP in
the extracellular milieu, upon interaction of P. aeruginosa with bronchial
epithelial cells. Importantly, we found that the extracellular
nucleotides/PLCB3 pathway is not sufficient to activate autonomously the
transcription and release of IL-8 but acts by potentiating the Toll-like Recep-
tors’ signaling cascade. In this respect, PLCB3 can represent an interesting
molecular target to attenuate the excessive recruitment of neutrophils with-
out completely abolishing the inflammatory response.  

Bezzerri V et al. Phospholipase C-beta3 Is a Key Modulator of IL-8
Expression in Cystic Fibrosis Bronchial Epithelial Cells. J Immunol.
2011;186:4946-58.

Supported by the Italian Cystic Fibrosis Research Foundation (grants
FFC # 3/2008, FFC # 8/2009, FFC # 13/2009, FFC # 18/2009, FFC #
12/2010 to G.C. and P.P.), the Italian Association for Cancer Research,
Telethon (GGP09128), University of Ferrara to P.P. V.B. is fellow of the Ital-
ian Cystic Fibrosis Research Foundation.
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EFFECT OF FUNGAL INFECTION ON PRO-
INFLAMMATORY RESPONSE IN CYSTIC FIBROSIS
EPITHELIUM
Reihill, J.A.1,2; Moore, J.E.3; Elborn, J.2; Ennis, M.2 1. School of
Pharmacy, Queens University Belfast, Belfast, United Kingdom;
2. Respiratory Medicine Research Group, Queens University
Belfast, Belfast, United Kingdom; 3. Northern Ireland Public
Health Laboratory, Belfast City Hospital, Belfast, United
Kingdom

Background: The identification of filamentous fungi and/or yeasts in
the airway secretions of individuals with CF is becoming increasingly preva-
lent. The frequency of Aspergillus fumigatus recovery from individuals with
CF has been reported anywhere between 25-60%. Candida albicans, ubiq-
uitous commensal dimorphic yeast, is the most common fungal pathogen of
humans and accounts for more than 50% of all fungal systemic infections
and is frequently isolated from the sputum of CF patients. Although previ-
ous studies using non-CF derived epithelia have shown Aspergillus fumiga-
tus or Candida albicans infection can elicit a pro-inflammatory response,
the effect of such infection in a CF setting remains very poorly defined. 

Objective: We aimed to determine whether Aspergillus fumigatus or
Candida albicans modulates the pro-inflammatory response in CF epithelial
cells. 

Methods: Candida albicans and Aspergillus fumigatus isolated from a
female and male F508del/F508del CF patient respectively was co-incubat-
ed with cystic fibrosis bronchial epithelial cells (CFBE) or human bronchial
epithelial cells (HBE) for 24h prior to the measurement of the pro-inflam-
matory cytokines IL-6 and IL-8 by ELISA. 

Data: Treatment of HBE or CFBE with Candida albicans whole cells
did not alter cytokine secretion. However treatment of CFBE with
Aspergillus fumigatus conidia resulted in a 1.45-fold increase in IL-6
(p<0.05) and a 1.65-fold increase in IL-8 secretion (p<0.01) in comparison
to basal levels; an effect that was not apparent in HBE.

Conclusion: Our data indicate that Aspergillus fumigatus infection
modulates a pro-inflammatory response in individuals with CF while Can-
dida albicans does not.

Acknowledgements: This work was supported by the CF Trust, UK.
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GLIOTOXIN SECRETION IS RESPONSIBLE FOR
VITAMIN D RECEPTOR DOWN-REGULATION AND A
HEIGHTENED T-HELPER 2 RESPONSE IN
ASPERGILLUS FUMIGATUS COLONISED CYSTIC
FIBROSIS AIRWAYS
Coughlan, C.A.1; Reeves, E.P.1; Bergsson, G.1; Greene, C.M.1;
Chotirmall, S.H.1; Kavanagh, K.2; McElvaney, N.G.1 1.
Respiratory Medicine, Royal College of Surgeons, Dublin,
Ireland; 2. Medical Mycology Unit, National Institute for
Cellular Biotechnology, NUI Maynooth, Maynooth, Co.Kildare,
Ireland

Lung disease in cystic fibrosis (CF) is characterised by chronic micro-
bial colonisation and repeated acute exacerbations of pulmonary infection.
Vitamin D has been shown to modulate the production of T helper type 2
(Th2) cytokines, IL-5/IL-13. The vitamin D receptor (VDR) a nuclear hor-
mone receptor mediates the activity of vitamin D3. Low serum vitamin D
levels were found in an allergic bronchopulmonary aspergillosis (ABPA)
cohort of patients with cystic fibrosis (CF) (1), the latter characterised by a
heightened Th2 response. As the fungal pathogen Aspergillus fumigatus (A.
fumigatus) in CF individuals leads to clinical deterioration of the lungs, the
aim of this study was to investigate the effect of Aspergillus secreted
gliotoxin on VDR expression in vitro, and in vivo in Aspergillus colonised
patients with CF, pre- and post- anti-fungal drug treatment.

The effect of A. fumigatus on VDR expression was investigated in vitro
in CF bronchial and tracheal epithelial cells and in vivo, in CF bronchial
brushings of A. fumigatus colonised individuals, employing qRT-PCR and
Western blotting. The effect of the Aspergillus secondary metabolite gliotox-
in, on VDR expression was also examined and levels of gliotoxin in bron-
choalveolar lavage fluid (BALF) and culture filtrates were quantified by
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high-performance liquid chromatography on a reverse phase C-18 column.
The Th2 cytokines interleukin 5 (IL-5) and IL-13 were quantified in BALF
pre/post-itraconazole treatment by enzyme linked immunosorbent assay
(ELISA).

A. fumigatus culture filtrates or purified gliotoxin significantly down-
regulated VDR mRNA and protein expression (P<0.05). In vivo, analysis of
bronchial brushings of Aspergillus colonised versus non-colonised patients
with CF, revealed significantly reduced VDR gene expression in fungal
colonised individuals (P<0.05). In addition, increased gliotoxin levels in
BALF of Aspergillus colonised individuals correlated with diminished VDR
expression. Post-anti-fungal itraconazole treatment, increased VDR gene
expression correlated with decreased gliotoxin and lower IL-5/IL-13 levels
in vivo. 

This data indicates that A. fumigatus secreted gliotoxin dose-dependent-
ly regulates VDR mRNA and protein expression in CF cells. Aspergillus
colonised patients with CF are characterised by distinct down-regulation of
VDR gene expression and elevated levels of gliotoxin in vivo. Via inhibition
of VDR expression, Aspergillus may directly impact upon the Th2 cytokine
(IL-5/IL-13) expression profile thereby altering the inflammatory response
within the CF lung. Results indicate gliotoxin as a bona fide therapeutic tar-
get for resolution of inflammation.

1. Kreindler JL, Steele C, Nguyen N, Chan YR, Pilewski JM, Alcorn JF,
et al. Vitamin D3 attenuates Th2 responses to A. fumigatus mounted by
CD4+ T cells from cystic fibrosis patients with allergic bronchopulmonary
aspergillosis. J Clin Invest. 2010 Sep 1;120(9):3242-54.
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DYSFUNCTIONAL CFTR IMPACTS PULMONARY
INFLAMMATORY RESPONSES TO ASPERGILLUS
FUMIGATUS
Chaudhary, N.1; Datta, K.1; Askin, F.B.2; Staab, J.F.1; Marr, K.A.1

1. Department of Medicine, Johns Hopkins University, Baltimore,
MD, USA; 2. Department of Pathology, Johns Hopkins
University, Baltimore, MD, USA

Objective: Filamentous fungi colonize airways of patients with cystic
fibrosis (CF); A. fumigatus is the most prevalent, occurring in up to 50% of
patients. Although the significance of A. fumigatus airway colonization is
not clear, up to 7-15% of CF patients mount inappropriate Th2- immune
responses to A. fumigatus leading to allergic bronchopulmonary aspergillo-
sis (ABPA). Whether colonization itself is a cause of dysregulated inflam-
mation, or a result of deteriorated lung function, is controversial. Recent ret-
rospective studies have generated conflicting conclusions regarding the role
of fungus in evoking lung dysfunction. However, results of recent animal
studies suggest that mutation and/or deletion in CFTR does cause dysregu-
lated inflammatory responses, in part due to aberrant T cell responses. Rel-
atively little is known about the interaction of airway epithelial cells (EC)
and A. fumigatus. The goal of this study was to elucidate how CFTR muta-
tions impact airway EC interactions with A. fumigatus.

Methods: Bronchial epithelial cell lines (∆F508 IB3 and wild-type S9)
and mouse tracheal epithelial cells (MTEC) isolated from CFTR-/- and wild
type (WT) mice (C57BL/6) were co-cultured with GFP-expressing A. fumi-
gatus conidia (clinical isolate Af293). Binding/uptake and intracellular via-
bility of conidia inside EC were examined after 3 and 7 hr, respectively.
Conidial-induced apoptosis of EC was measured by M-30, PARP-1 and
Annexin-propidium iodide (PI) staining. Secretions of
cytokines/chemokines were measured from well-differentiated WT and
CFTR-/- MTEC treated with heat-inactivated conidia, germ tubes (GT) and
LPS by luminex assay after 24 h. Lung-cellular populations and histopathol-
ogy were assessed in A. fumigatus-challenged CFTR-/- and WT mice.

Results: Fungal spores (conidia) were rapidly ingested by EC derived
from bronchial cell lines and murine tracheas, supporting a role for EC in
early airway clearance. Bronchial EC harboring CFTR mutations (∆F508)
or gene deletion demonstrated impaired uptake and killing of conidia, and
EC with the ∆F508 CFTR mutation or deletion underwent more conidial-
induced apoptosis. Only germinated (hyphal) forms of the fungus evoked
secretion of inflammatory mediators, with the CFTR deficiency resulting in
increased secretion of MCP-1. After inhaled A. fumigatus delivery, CFTR-/-

mice, but not wild type mice, developed exaggerated Th2-biased pulmonary
inflammation and lung injury. 

Conclusions: These data demonstrated a critical role for CFTR in medi-
ating EC responses to A. fumigatus. Results also suggested that the fungus

elicits aberrant pulmonary inflammation in the setting of a CFTR mutation.
These findings support a therapeutic paradigm in which antifungal therapy
may be efficacious in halting the progression of CF lung disease. 

This work was supported by a Cystic Fibrosis Foundation grant.
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CFTR INHIBITION ALTERS INTERLEUKIN-1β
PRODUCTION IN HUMAN MONONUCLEAR CELLS
Tang, A.1; Turvey, S.E.2,1 1. Microbiology & Immunology,
University of British Columbia, Vancouver, BC, Canada; 2.
Pediatrics, Child & Family Research Institute, Vancouver, BC,
Canada

Purpose: Inflammasome complexes mediate the production of inter-
leukin-1β (IL-1β). IL-1β is a pro-inflammatory cytokine that has been
implicated in CF disease pathogenesis as IL-1β is found at high levels in the
CF lung and IL-1β gene (IL1B) polymorphisms may modulate the severity
of CF lung disease. However, the relationship between CFTR-dependent
chloride ion homeostasis and IL-1β production and its potential as a thera-
peutic target has yet to be examined. The transcription factor NFκB has
emerged as a master regulator of inflammatory cytokine production and the
current literature supports a role for NFκB dysregulation in driving an
excessive inflammatory response in CFTR-deficient cells. This study will
elucidate the relationships between the CFTR, NFκB activation, and the
inflammasome in driving IL-1β production. 

Objective: To determine the interplay between the CFTR and NFκB
activation in inflammasome-mediated IL-1β secretion.

Methods: CF bronchial epithelial cell lines (S9/IB3-1 and Nuli/Cufi),
healthy adult peripheral blood mononuclear cells (PBMCs), and the NFκB
reporter Thp-1 X Blue cell line were stimulated with inflammasome stimuli
including ATP and Pseudomonas aeruginosa. Secreted and intracellular
cytokines were analyzed by ELISA. NFκB activity and pro-inflammatory
cytokine secretion was correlated using Thp-1 reporter cells. Caspase-1
activity was quantified by flow cytometry using FLICA, a cell-permeable
fluorescent probe that stains active caspase-1.

Results: Neither CF nor non-CF bronchial epithelial cells strongly
increase caspase-1 activation or secrete significant amounts of IL-1β upon
inflammasome stimulation. However, inflammasome stimulation in
hematopoietic cells (PBMCs and Thp-1 cells) results in significant caspase-
1 activation and secretion of large quantities of IL-1β (> 1000-fold over
baseline) that reaches maximal levels at 6 and 24 hours, respectively. In
both PBMCs and Thp-1 cells, the quantity of IL-1β secreted is dependent on
the degree of NFκB priming. Prior stimulation with heat-killed P. aerugi-
nosa and subsequent stimulation with live P. aeruginosa considerably
increases IL-1β production over conditions without prior priming (p <
0.005). Similarly, chemical inhibition of NFκB diminishes IL-1β production
to background levels (p < 0.005). Finally, treatment of Thp-1 reporter cells
with a CFTR inhibitor (CFTRinh-172) does not result in an increase in
NFκB activity or IL-8 production but seems to decrease the amount of IL-
1β secreted. The mechanisms by which CFTR function influences IL-1β
secretion are currently under investigation.

Conclusions: Bronchial epithelial cells do not show a substantial
increase in caspase-1 activity following incubation with P. aeruginosa or
other stimuli and do not secrete significant amounts of IL-1β. Consequent-
ly, airway epithelial cells are unlikely to contribute to increased IL-1β lev-
els detected in the CF lung. Conversely, hematopoietic cells produce sub-
stantial amounts of IL-1β that is dependent on the degree of prior NFκB
activation which may be influenced by CFTR function.

160
DECREASED RAB27A ACTIVATION AND IMPAIRED
RELEASE OF SECONDARY AND TERTIARY GRANULES
FROM NEUTROPHILS IN CYSTIC FIBROSIS
Reeves, E.; Pohl, K.; McElvaney, N.G. Medicine, Royal College
of Surgeons in Ireland, Dublin, Ireland

Neutrophils in cystic fibrosis (CF) are recruited to the site of infection,
yet paradoxically fail to eradicate pathogens. Reports indicate that both
inflammatory and intrinsic factors contribute to dysregulated neutrophil
activity in CF. Current studies focusing on innate differences have illustrat-
ed delayed apoptosis, altered gene expression and increased extracellular
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release of proteases from primary granules. Degranulation of secondary
granules is mediated by Rab27a and its effector protein Munc13-4, that reg-
ulates SNARE complex formation. The aim of this study was to provide
support for additional intrinsic alterations by investigating the pattern and
mechanism of degranulation of secondary and tertiary granules by CF neu-
trophils.

Circulating neutrophils were purified from blood of patients with CF
and healthy control individuals. The CF group included 31 clinically stable
patients (mean age: 24 ± 1 yr, mean FEV1: 60 ± 6 %) and the control group
included 31 healthy donors (mean age: 27 ± 1 yr). Degranulation assays
were performed by exposing neutrophils to TNF-alpha (10 ng) for 0, 5, 10
and 20 min. The level of degranulated proteins in surrounding supernatants
was determined by Western blot analysis and ELISA. In addition, surface
expression of CD66b, a marker for release of secondary and tertiary gran-
ules, was determined by flow cytometry. Translocation of Rab27a and the
vSNARE VAMP2 to the neutrophil membrane was analysed by Western
blotting. For analysis of Rab27a activation, bound GTP was measured by
employing a coupled enzymatic assay of immunoprecipitates. 

CF neutrophils released 50 % and 75 % less secondary and tertiary gran-
ules, respectively, post-TNF-alpha stimulation when compared to neu-
trophils of healthy controls (p<0.05). Furthermore, upregulation of CD66b
to the cell surface was decreased by 40% on CF neutrophils (p<0.05).
Rab27a and VAMP2 levels on membranes of healthy control neutrophils
increased 2-fold at 5 min post-stimulation, whereas levels on CF neutrophils
remained unchanged (p<0.05). In addition, levels of GTP-bound Rab27a in
healthy control cells doubled after 1 min. In contrast, the observed maxi-
mum increase of GTP-bound Rab27a in CF neutrophils was 40 % and
occurred after 4 min indicating decreased and delayed activation of Rab27a
in these cells.

In conclusion, dysregulated activation of Rab27a causes decreased
degranulation of antimicrobial proteins from secondary and tertiary granules
by CF circulating neutrophils. These results provide further evidence for an
intrinsic alteration of these innate immune cells. Rab27a and its activation
may represent an important therapeutic target in the treatment of CF.

This abstract is funded by: HRB in Ireland under Grant No.
PHD/2007/11
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IGG AND IGA TITRE AGAINST PSEUDOMONAS
AERUGINOSA IN CYSTIC FIBROSIS PATIENTS –
MARKERS OF SURVIVAL?
Moffitt, K.L.1; Wei, L.1; Jones, A.2; Webb, K.2; Martin, S.3;
Tunney, M.1; Elborn, J.1 1. CF and Airways Microbiology
Research Group, Queen’s University, Belfast, United Kingdom; 2.
Manchester Adult CF Centre, Wythenshawe Hospital,
Manchester, United Kingdom; 3. Biomolecular Sciences Group,
Queen’s University, Belfast, United Kingdom

Introduction: Chronic P. aeruginosa pulmonary infection is associated
with a decline in clinical status and is the leading cause of morbidity in CF
patients. To date there has been little agreement upon the clinical value of
measuring serum antibody response against such pathogens. The initial
humoral response to bacteria in the lungs is the production of secretory IgA
by plasma cells in the pulmonary mucosa, followed if necessary by the sys-
temic release of IgG. Specific antibodies against P. aeruginosa antigens
increase when the infection becomes chronic and a poor prognosis has been
shown to correlate with a high number of anti-Pseudomonas precipitins. In
particular, an increase in IgG titre correlates with a decrease in lung function
and longitudinal studies clearly associate the increase in IgG titre with poor
clinical condition. Furthermore, it has been suggested that the ratio between
IgA and IgG titre is more indicative of prognosis than individual measure-
ments.

Aims: To determine whether serum IgG or IgA antibody titre against P.
aeruginosa in CF patients is associated with survival over 10 years.

Methods: Serum samples were retrospectively analysed from 118
healthy volunteers and 103 CF patients from two Adult CF centres (Man-
chester (n=40) and Belfast (n=63)). Of these CF patients, 36 had no P.
aeruginosa infection and 67 were chronically infected. IgG and IgA titre
was measured by ELISA against P. aeruginosa antigens and antibody
response was compared with a 10-year survival outcome.

Results: A significant positive correlation was observed between IgG
and IgA in all subgroups (r-value 0.5, p= <0.0001). In comparison to control

patients, there was an increase in both IgG and IgA titre in patients chroni-
cally infected with P. aeruginosa (p=<0.0001). Whilst a significant differ-
ence was observed in IgG titre between P. aeruginosa negative patients and
those with chronic infection (p= <0.0001) this was not detected for IgA
(p=0.2). Antibody levels were compared between patients who were still
alive and patients who had died within the last 10 years. There was a signif-
icant difference in IgG titre (p=0.013) between P. aeruginosa patients still
surviving and those who died which was not detected for IgA (p=0.17).
Comparing IgA:IgG ratio between all groups, a significant difference was
only found between control patients and those with chronic infection
(p=0.004).

Conclusion: An increase in IgG titre was shown to be associated with
mortality. Therefore, our results suggest that IgG, and not IgA, is a potential
immunological marker of chronic infection and survival. 

Acknowledgements: This work was funded through a US-Ireland Proj-
ect Partnership Grant by the Health and Social Care Research and Develop-
ment, Public Health Agency, Northern Ireland.

162
EFFECT OF AZITHROMYCIN ON CORRELATIONS
BETWEEN INFLAMMATORY CYTOKINES AND
FIBROTIC MARKERS IN HUMAN SPUTUM
Birket, S.1; Cory, T.1; Murphy, B.2; Feola, D.1 1. Pharmacy
Practice and Science, University of Kentucky, Lexington, KY,
USA; 2. Internal Medicine, University of Kentucky, Lexington,
KY, USA

Background: CF is characterized by chronic pulmonary inflammation
causing damage and repair mechanisms that lead to fibrosis. Inflammatory
markers such as interleukin 8(IL-8), interleukin 1-β(IL-1β) and matrix met-
alloproteinase-9(MMP-9) have been shown to be increased in patients with
CF compared to controls, as have fibrotic markers such as transforming
growth factor-β(TGF-β). Azithromycin(AZM), a common therapy for
patients with CF, has been shown previously by our lab to increase MMP-9
and decrease TGFβ expression in patients’ sputa. IL-1β and IL-8 are both
produced by macrophages during an inflammatory response - AZM has
been demonstrated to affect macrophage production of inflammatory
cytokines, as well as mediators of fibrosis in vitro and in mouse models.
Because these are all important molecules in the immune response in CF, we
decided to examine them in context of AZM therapy in human subjects.

Objective: To determine whether AZM affects correlations between
inflammatory proteins and fibrotic marker expression in sputum of patients
with CF.

Methods: Patients with CF between the ages of 8 and 48, not currently
experiencing an exacerbation were enrolled from pulmonology clinics at
UK Medical Center. Non-induced sputum samples were collected,
processed, and supernatants isolated for protein analysis by ELISA and
cytometric bead array. Clinical data at the time of the sputum sample,
including current medications and pulmonary function, was also recorded.

Results: Subjects receiving AZM displayed IL-1β protein expression
that was positively correlated with both MMP-9 and TGFβ expression.
MMP-9 and TGFβ expression were positively correlated to each other in the
subjects receiving AZM. Overall, IL-1β was not correlated to FEV1,
changed significantly by presence of AZM in these subjects. However, in the
subset of subjects not receiving AZM, IL-1β expression was positively cor-
related to FEV1 and with TGF-β. IL-8 was not correlated with any marker
in any of the subjects.

Conclusions: Treatment with AZM eliminated the association of IL-1β
and disease severity (FEV1), yet induced the correlation with TGF-β and
MMP-9. Correlations of IL-1β to fibrotic markers could indicate a classic
damage and repair cycle in these patients, whereby IL-1β is part of an
inflammatory response causing damage, and TGF-β is upregulated in
response to initiate repair mechanisms. Further, the fact that IL-1β and IL-8
are not correlated, in either AZM or non AZM patients, suggests a more
complicated role for IL-1β than simple early inflammation.
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163
PRODUCTION OF ANTIMICROBIAL PEPTIDES IS
PRESERVED IN THE AIRWAYS OF PIGS WITH CYSTIC
FIBROSIS
Pezzulo, A.A.1; Gansemer, N.D.1; Wohlford-Lenane, C.L.2;
Bartlett, J.A.2; McCray, P.B.2; Stoltz, D.A.1; Welsh, M.J.1; Zabner,
J.1 1. Internal Medicine, University of Iowa Carver College of
Medicine, Iowa City, IA, USA; 2. Pediatrics, University of Iowa
Carver College of Medicine, Iowa City, IA, USA

Rationale: Production of antimicrobials by airway epithelial cells and
submucosal glands results in concentration-dependent antimicrobial activi-
ty in the airway surface liquid (ASL). The airways of cystic fibrosis (CF)
pigs have a bacterial killing host defect at birth, before inflammation and
infection become evident. The absence of CFTR has been proposed to
impair production of airway antimicrobials under basal conditions and fol-
lowing stimulation of submucosal glands. In this study, we hypothesized
that production of airway antimicrobials would be impaired in epithelial
cells from CF pigs. 

Methods: Following methacholine stimulation, we collected ASL from
the airways of newborn non-CF and CF pigs. Concentration of multiple
antimicrobials was measured with Western blot. We also collected ASL from
primary cultures of airway epithelial cells. Antimicrobial activity was meas-
ured in radial diffusion assays in agar and by direct incubation of diluted
ASL with S. aureus and E. coli. Since airway antimicrobial activity is sen-
titive to pH and cation concentration, these parameters were adjusted in the
assays to maximize function. 

Results: The concentration of all antimicrobials tested was not signifi-
cantly different between samples from non-CF and CF pigs. Moreover, the
antimicrobial activity of ASL from non-CF and CF epithelial cells was sim-
ilar in radial diffusion and direct incubation assays. 

Conclusion: These data suggest that absence of CFTR does not impair
production of airway antimicrobials. The defect in bacterial eradication in
the airways of CF pigs is therefore more likely to be dependent upon anoth-
er abnormal mechanism.

164
ENVIRONMENTAL INFLUENCES OF PSEUDOMONAS
EXOPROTEASES IN THE CF LUNG
Zhang, L.; Butterworth, M.; Thibodeau, P.H. Department of Cell
Biology, University of Pittsburgh School of Medicine, Pittsburgh,
PA, USA

A hallmark of cystic fibrosis is the chronic colonization of the lungs
with pathogenic bacteria. The persistent infection and consequent sustained
immune and inflammatory responses result in damage to the lung tissue,
loss of lung function and contribute to the high mortality of CF. Pathogenic
bacteria utilize a variety of systems to adapt to, and remodel, their local
environments to establish and maintain colonization of the host.
Pseudomonas aeruginosa secretes multiple virulence factors that facilitate
airway colonization and modulate virulence. Among these, several exopro-
treases have been identified in the CF airway, including elastase and alkaline
protease. Proteolytic cleavage of ENaC has recently emerged as a model for
the regulation of ASL volume. Cleavage of the extracellular domains of
ENaC results in the activation of the channel and increased sodium absorp-
tion, putatively resulting in decreased ASL volume. Local alterations in
secreted fluid and ASL volume may, in turn, facilitate the adherence of
pathogens in the lung by decreasing mucocilliary clearance. 

To evaluate the impact of Pseudomonas exoproteases on the regulation
of ENaC, alkaline protease was purified and characterized for in vitro bio-
chemical studies and electrophysiological studies using human bronchial
epithelial cells. In vitro biochemical studies demonstrate that Ca2+ and pH
regulate protease activity and stability and that the purified protease has sig-
nificant activity under physiological conditions of airway pH and Ca2+. In
Ussing chamber experiments, current recordings of CF and non-CF human
bronchial epithelial cells demonstrate a significant increase in ENaC
(amiloride sensitive) current as a result of protease addition. The magnitude
of activation is similar to that elicited by trypsin, though the kinetics of acti-
vation are slowed. These data suggest that one mechanism by which alkaline
protease contributes to Pseudomonas colonization and virulence may be
through the regulation of ENaC. Structural studies suggest that alkaline pro-

tease adopts multiple structural conformations as a function of autoproteol-
ysis. The resulting peptides are consistent with fragments identified in CF
airway. These proteolytic products display distinct structural and biochem-
ical properties from the full-length protein, producing highly ordered protein
oligomers. From these data we present a model for the potential roles of
alkaline protease in the colonization of the CF lung wherein multiple struc-
tural states of the protein contribute to bacterial adherence and virulence
through distinct structural and functional activities.

165
CFTR DYSFUNCTION INDUCES VEGF SYNTHESIS IN
AIRWAY EPITHELIUM IN VITRO AND IN VIVO IN MICE
Burgel, P.1,2; Coolen, N.1,2; Touqui, L.3; Thevenot, G.2; Coste, A.4;
Papon, J.4; Dusser, D.1,2; Fajac, I.2; Martin, C.1,2 1. Service de
Pneumologie, Hôpital Cochin, APHP, Paris Descartes University,
Paris, France; 2. UPRES EA 2511, Université Paris-Descartes,
Faculté de Médecine,, Paris, France; 3. Unité de Défense Innée et
Inflammation, Institut Pasteur, Paris, France; 4. U955, INSERM,
Créteil, France

Aims: Peribronchial angiogenesis in cystic fibrosis is associated with
increased expression of the angiogenic factor VEGF (vascular endothelial
growth factor)-A in airway epithelium. We hypothesized that CFTR dys-
function induced peribronchial angiogenesis via the expression of VEGF-A
and its receptors.

Methods: Airway epithelial NCI-H292 cells, which expressed function-
al CFTR and primary cultures of non-CF human nasal polyp epithelial cells,
were treated with selective CFTR inhibitors (CFTR-inh 172 and PPQ-102,
10 µM). NCI-H292 cells were also transfected with a specific CFTR siRNA.
VEGF-A concentrations were measured by ELISA in cell culture medium.
Expression and localization of VEGF-A and its receptors (VEGFR1 and
VEGFR2) and peribronchial vascularity were examined in Cftr-/-
(C57BL/6J Cftrm1UNC) and homozygous F508del-CFTR (Cftrtm1Eur/
Cftrtm1Eur; FvB) mice and wild-type littermates, using immunocytochem-
istry and quantitative morphometric analysis. 

Results: CFTR inhibition using chemical inhibitors or siRNA induced
a two-fold increase in VEGF-A synthesis in NCI-H292 cells (P<0.05 com-
pared to Control). During the first week of culture, polyp epithelial cells
expressed low levels of functional CFTR and produced high levels of
VEGF-A protein. After three weeks, higher levels of functional CFTR cor-
related with a marked decrease in VEGF-A synthesis. At this latter time-
point, treatment with CFTR chemical inhibitors increased VEGF-A synthe-
sis (P<0.05 compared to control). In both cftr deficient mice strains, VEGF-
A expression was increased in airway epithelium as compared with
wild-type littermates (P<0.01); VEGFR2 expression was also increased in
epithelium (P<0.05) but not in the endothelium. No significant differences
in VEGFR1 expression and peribronchial vascularity were found between
cftr deficient or wild-type mice.

Conclusions: CFTR dysfunction induced VEGF-A synthesis in airway
epithelium in vitro and in vivo in mice. These changes were not sufficient to
increase peribronchial vascularity in cftr deficient mice.

166
MUCINS INHIBIT NEUTROPHIL
CHEMILUMINESCENCE ASSOCIATED WITH
PHAGOCYTOSIS
Cantin, A.M.; Cloutier, D.; Bilodeau, G. Medicine, Pulmonology
Division, University of Sherbrooke, Sherbrooke, QC, Canada

Introduction: Despite the continuous arrival of massive numbers of
neutrophils, patients with cystic fibrosis are unable to avoid bacterial infec-
tions in their airways. The neutrophil is a professional phagocyte particular-
ly effective at killing bacteria through oxidative and non-oxidative mecha-
nisms. The paucity of systemic bacterial infections in CF suggests that the
mucosal environment may be interfering with the neutrophil’s bactericidal
function. The resistance of Burkholderia cepacia to non-oxidative killing
and the increased susceptibility of CF patients to this organism led us to
hypothesize that the neutrophil oxidative burst may be defective in the local
environment of the CF respiratory mucosa, and that such a defect is linked
to secreted mucins.
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Methods: Neutrophils were isolated fro the peripheral blood of healthy
volunteers. Mucins were purified from CF (dF508/dF508) sputum, saliva
and from the saliva of non-CF volunteers. Pseudomonas aeruginosa
(PAO1), B. cepacia (strain C5424 from Dr. David Speert), or Zymosan were
opsonized with homologous serum and added to neutrophils in varied ratios
for 2 h. Killing of bacteria was subsequently assessed by culture and colony
counts. The respiratory burst was determined by chemiluminescence using
luminol. The capacity of mucins to scavenge superoxide and hydrogen per-
oxide was determined using ferricytochrome-c and phenol red. Phosphory-
lation of the NADPH oxidase complex protein p40PHOX was determined
by Western blot.

Results: Neutrophils clearly ingested PAO1, C5424 and Zymosan par-
ticles and effectively killed all bacteria within 2 hours. However the addition
of 2 mg/mL mucin to the bacteria completely inhibited the bacterial killing
by neutrophils. Whereas chemiluminescence of neutrophils that had phago-
cytosed opsonized bacteria or Zymosan markedly increased within minutes,
the presence of mucins from CF sputum, CF saliva and non-CF saliva each
suppressed all chemiluminescence (p < 0.01). The suppression of chemilu-
minescence was also observed in the presence of pure sialic acid or sulfated
aminoglycans. P40 PHOX phosphorylation was partially decreased by
mucins after phagoctyosis of bacteria but not of Zymosan, suggesting that
deficient NADPH oxidase cannot entirely explain the suppression of the
neutrophil oxidative burst by mucins. Mucins did not scavenge superoxide
or hydrogen peroxide, however sialic acid, a component of mucin that sup-
pressed neutrophil chemiluminescence, is a known scavenger of hydroxyl
radical.

Conclusion: Mucins from CF sputum and saliva, and from non-CF sali-
va suppress the oxidative burst of neutrophils that have phagocytosed
opsonized PAO1 or Zymosan. The mechanisms are likely related to the oxi-
dant scavenging properties of mucins and their anionic sugars such as sial-
ic acid. These observations may have potential relevance to repeated bacte-
rial infections that occur in CF airways.

GENETICS 

167�
A FORWARD GENETICS APPROACH FOR FISHING
NEW REGULATORS OF CFTR AND FLUID SECRETION
Bagnat, M. Duke University, Durham, NC, USA

Transport of chloride through the cystic fibrosis transmembrane conduc-
tance regulator (CFTR) channel is a key step in regulating fluid secretion in
vertebrates. Loss of CFTR function leads to cystic fibrosis, a disease that
affects the lungs, pancreas, liver, intestine and vas deferens. Conversely, un-
controlled activation of the channel leads to increased fluid secretion and
plays a major role in several diseases and conditions including secretory
diarrheas and Polycystic Kidney Disease. Understanding how CFTR activ-
ity is regulated in vivo has been limited by the lack of a genetic model.
Recently, using forward genetics in zebrafish we identified a mutation in the
cse1l gene that leads to the sudden and dramatic expansion of the gut tube.
We showed that this phenotype results from a rapid accumulation of fluid in
the lumen due to the un-controlled activation of the CFTR channel. Analy-
ses in zebrafish embryos and mammalian cells indicate that Cse1l is a neg-
ative regulator of CFTR-dependent fluid secretion. This work prompted us
to carry out a new zebrafish forward genetic screen to identify more regula-
tors of CFTR and fluid secretion. We have thus far identified 25 mutations
causing excessive fluid accumulation in the gut (12), ear (2) and kidney
(11). In addition, we are also using the zebrafish model to study the role of
CFTR and fluid secretion in organ development and function.

These approaches provide a new genetic model system for studying the
regulation of the CFTR channel and fluid secretion.

168�
RELATING RESPIRATORY MUCIN GENES TO CF LUNG
DISEASE SEVERITY: OBTAINING MORE ACCURATE
GENETIC MAPS AND IDENTIFICATION OF
FUNCTIONAL VARIANTS
Guo, X.; Dang, H.; Jones, L.C.; Dang, A.T.; O’Neal, W.K.;
Knowles, M.R. Cystic Fibrosis/Pulmonary Research and
Treatment Center, University of North Carolina at Chapel Hill,
Chapel Hill, NC, USA

The polymorphic gel forming mucins, MUC5AC and MUC5B, play
important roles in innate defense of the airways. Their over-secretion and
dehydration has been implicated as important in CF, thus, MUC5AC and
MUC5B are biologically relevant candidate gene modifiers for CF lung dis-
ease. Southern blots, to determine the length of the MUC5AC variable num-
ber tandem repeats (VNTR), were used to define the distribution of VNTR
allele sizes by severity of lung phenotype, using F508del homozygous Cau-
casians at UNC/CWRU. MUC5AC VNTR allele lengths were highly poly-
morphic, ranging in size from 5.6 to 8.5 kb, with a bimodal distribution sur-
rounding 6.3/6.4 kb and 6.9 kb. Although there was no indication that sever-
ity of CF lung disease was directly correlated with VNTR allele length, a
highly significant association (p=0.0006 after Bonferroni correction) was
discovered between the 6.4 kb allele and CF lung disease severity. In order
to add relevance to this finding, it is now important to understand the nature
of the MUC5AC polymorphisms on the risk and non-risk genotypes carry-
ing the 6.4 kb VNTR allele. Additional SNP genotyping and development of
linkage disequilibrium maps are being used to further characterize the
genetic architecture. A MUC5B promoter polymorphism has recently been
reported to associate with idiopathic pulmonary fibrosis (Seibold et al,
NEJM, 364:1503-12, 2011), and preliminary results show association of
this SNP with severity of CF lung disease in UNC/CWRU patients. Howev-
er, understanding the detailed polymorphic structures of MUC5AC and
MUC5B is hampered by the poor mapping of their genomic structures in
widely used public databases, as exemplified by the incomplete mRNA
sequence from RefSeq and the gapped partial genomic map in hg18 and
hg19 assembly from the UCSC genome browser. To obtain a more complete
genomic map around the MUC5AC gene, a full coding mRNA sequence was
constructed from four partial nucleotide sequences. Search by BLAST from
NCBI returned 99 genomic sequences and contigs from shotgun sequencing
conducted during the development of human reference genome sequence.
This, and other next-generation sequence data, will be used to assemble
larger contigs of the MUC5AC gene than are presently available in public
databases. The genomic contigs will then be used to retrieve high-coverage,
longer paired-end sequencing reads from selected samples of the 1000
Genomes project that utilized the LS454 GS FLX sequencing platform.
These longer sequences will be used to further refine the genomic assembly.
Alignments of sequence reads from the 1000 Genomes samples to both the
genomic contigs and coding mRNA of MUC5AC will help to elucidate the
details of polymorphic structure, thus, providing the basis for identifying
polymorphisms that are hypothesized to alter function and/or expression.
Similar studies will be undertaken for MUC5B. These polymorphisms will
then be tested in the larger gene modifier cohort to establish the link between
the identified phenotypic association and the functional variants. Supported
by: CFF KNOWLE00A0; NIH HL068890; NIH HL071798
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169�
FROM GENES TO FUNCTION: EXPLORING THE
MECHANISM OF ASSOCIATION BETWEEN CF LUNG
DISEASE SEVERITY AND GENETIC VARIATION AT
CHR11P13
O’Neal, W.K.1; Guo, X.1; Dang, H.1; Pace, R.G.1; Stonebraker,
J.R.1; Polineni, D.1; Gallins, P.J.2; Jones, L.C.1; Dang, A.T.1;
Doerschuk, C.M.1; Wright, F.A.2; Harris, A.3; Knowles, M.R.1 1.
CF/Pulmon Res Treat Center, Univ of North Carolina at Chapel
Hill, Chapel Hill, NC, USA; 2. Department of Biostatistics, Univ
of North Carolina at Chapel Hill, Chapel Hill, NC, USA; 3.
Human Molecular Genetics Program, Northwestern Univ,
Chicago, IL, USA

A recently completed genome-wide association study (GWAS) has
identified a highly significant genetic signal on chr11p13 associated with CF
lung disease severity. The region is intergenic, lying 3’ to two genes of
potential relevance to CF biology, APIP, a regulator of apoptosis, and EHF,
an epithelial-specific transcription factor with very high expression in
human tracheal tissue. It is now critical to define the mechanistic link
between the genetic variation in this region and the phenotypic lung conse-
quences. Careful evaluation of the region suggests that it is regulatory, e.g.,
it contains highly significant regions of cross-species conservation, and
regions of open chromatin identified by DNase seq and FAIRE, and methy-
lated DNA. Analysis of ENCODE data from airway epithelial cells has also
identified regions that suggest cell-type specific regulation of nearby genes.
Deep sequencing across the entire region is being conducted to provide a
complete picture of the risk and non-risk haplotypes. In other studies, analy-
ses of mRNA expression levels from >750 lymphoblastoid cell lines (LCLs)
from the UNC/Case Western F508del cohort has identified a strong eQTL
for APIP, suggesting that polymorphisms in the region are linked to alter-
ations in APIP expression. Because EHF is not expressed in LCLs, it can-
not be queried using this approach, but the potential for the polymorphisms
to also regulate EHF is very real.  Indeed, analysis of mRNA levels by real-
time quantitative PCR from ~120 nasal scrape samples from CF GWAS
patients demonstrate highly correlated gene expression between EHF and
APIP. Additional preliminary analysis of the LCL mRNA expression data
found that APIP is differentially expressed in severe versus mild CF
patients, with higher levels associated with patients that have more severe
lung disease. Because APIP is an “anti-apoptotic” protein, our results sug-
gest that reduced levels of apoptosis are associated with increased severity.
This concept is in line with the general understanding of apoptotic process-
es in CF lung diseases. Neutrophils from CF patients have been reported to
have reduced apoptosis with reduced clearance and increased inflammation;
plus, goblet cell metaplasia/hyperplasia, which is a consistent feature in the
CF lung, is reported to occur upon inhibition of apoptosis. Since APIP is
expressed in both airway epithelium and neutrophils, its potential to play a
significant role in the chronic disease burden in the CF lung is high. Inter-
estingly, apoptosis pathways are also significantly over-represented in Gene
Set Enrichment analysis of LCL expression data. As this region is dissected,
using a variety of in vivo and in vitro models, the mechanistic importance of
APIP and other genes in the region will become clear and offer insights for
therapeutic targets with a significant effect on CF lung burden. 

Supported by: CFF KNOWLE00A0; NIH HL068890; NIH HL071798;
NIH HL094585; CFFPOLIN09F0.

170�
HERITABILITY OF RESPIRATORY INFECTION WITH
PSEUDOMONAS AERUGINOSA IN CYSTIC FIBROSIS
Green, D.M.1; Watson, C.2; Doshi, V.2; Collaco, J.M.1; McDougal,
K.3; Naughton, K.2; Blackman, S.M.1; Cutting, G.R.2 1.
Pediatrics, Johns Hopkins University, Baltimore, MD, USA; 2.
McKusick-Nathans Institute of Genetic Medicine, Johns Hopkins
University, Baltimore, MD, USA; 3. Epidemiology, Johns Hopkins
University, Baltimore, MD, USA

Introduction: Respiratory infections with Pseudomonas aeruginosa
(Pa) and the mucoid form of Pa (MPa) are significant contributors to mor-
bidity and mortality in cystic fibrosis (CF). While the CFTR genotype and
environmental factors are known to play a role in the acquisition of Pa, the

relative contribution of host factors (i.e. modifier genes) is unknown. We
therefore quantified the contribution of modifier genes to the variability in
Pa infection and performed linkage to localize regions containing potential
modifiers.

Methods: Forty-four monozygotic (MZ) and 17 dizygotic (DZ) twin
pairs with two CFTR class mutations I-III were included. Two definitions
were created: first infection defined as the first positive culture for Pa or
MPa; persistent infection defined as having 3 consecutive years of culture
data with at least one positive culture in at least 2 of the 3 years. Genetic
contribution to infection was estimated by subtracting the concordance in
the DZ twins from the MZ twins and multiplying by 2. Logistic regression
was also performed to account for age differences. Finally an age of onset
phenotype was created for each definition using residuals calculated from
Cox regression and adjusted for lung function and the number of cultures
obtained per year for the subject. Non-parametric linkage analysis utilizing
MERLIN was performed using 1726 subjects (siblings with CF and avail-
able parents) from 419 families enrolled in the CF Twin and Sibling Study.
Genotypes were provided from the North American Cystic Fibrosis Modifi-
er Consortium genome wide association study using the Illumina 610 Quad
array.

Results: Concordance for persistent infection with Pa was higher in
MZ twins (0.83; 25 of 30 pairs) than DZ twins (0.45; 5 of 11 pairs) generat-
ing a heritability estimate of 0.76. Logistic regression adjusting for patient
age corroborated genetic control of persistent infection with Pa. The corre-
lation for age at persistent infection was higher in MZ twins (0.589; 95% CI:
0.222-0.704) than DZ twins (0.162; -0.352 - 0.607) generating a heritabili-
ty estimate of 0.85. Heritability was not evident for first infection with Pa,
age at first infection with Pa, first infection with MPa or persistent infection
with MPa. Linkage was performed utilizing persistent infection with Pa. For
presence of persistent infection, one locus was suggestive of linkage with a
LOD score of 2.1 at 16q24. Suggestive linkage was also found for absence
of persistent infection at the following loci: 2q12-13 (LOD=2.2); 3p26
(LOD=2.2); 8q24 (LOD=2.9); 20p11-p12 (LOD=2.5). Finally for age at
onset of persistent infection, 5 loci were found with suggestive linkage:
1q25 (LOD=2.6); 2q14-q21 (LOD=2.6); 7q36 (LOD=2.1); 8q24
(LOD=2.8); 20p11 (LOD=2.0).

Conclusions: Modifier genes have a substantial role in the establish-
ment and timing of persistent infection with Pa. Multiple loci contribute to
this phenotype suggesting that several genes other than CFTR govern this
trait and provide the basis for further investigation.

171�
IDENTIFYING TRANSCRIPTIONAL NETWORKS
CONTRIBUTING TO CF PATHOPHYSIOLOGY USING
LIVER CHOLESTEROL SYNTHESIS AS TEST MODEL
Perez, A.; Bederman, I.; Henderson, L.; Drumm, M.L. Pediatrics,
CWRU, Cleveland, OH, USA

Lack of chloride secretion, by itself, cannot explain the diverse biolog-
ical manifestations observed in the CF patient. Gene modifiers and environ-
ment have been suggested as contributors to CF phenotypic variability.
Another possible contributor could be transcriptional dysregulation as a
response to CFTR’s absence. Homeostatic mechanisms within the cell
mobilize the transcriptional machinery to make more CFTR and in the
process influence other genes. Furthermore, the complement of genes affect-
ed may be cell type specific, as transcriptional networks themselves differ
between cell types due to tissue-specific transcription factors (TFs). We
devised a strategy to identify elements of the transcriptional regulatory net-
works altered in CF. The strategy combines transcriptome data generated
from specific tissues, with bioinformatics to sift through the transcript data
to find common promoter elements in genes showing altered expression.
This will be done first tissue-by-tissue and when data from several tissues
are available we will look for regulatory elements common to most or all CF
cells. Clinical relevance of the identified transcriptional networks will be
assessed using the Gene Modifier Study. As a proof of concept, we started
with liver as we have functional data from CF mouse liver that can be used
to evaluate the physiological significance of our findings.

RNA was extracted from livers of pristine 2-3-week-old ∆F508 female
mice and their WT littermates, C57BL/6J background (4 mice per group).
cRNA was amplified and hybridized to Illumina’s MouseRef-8 v2 Expres-
sion BeadChip. Out of the 1,257 differentially expressed genes in the CF
liver of young mice vs. their WT littermates, 634 were down-regulated and
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623 were up-regulated. Functional analysis indicated that cholesterol
biosynthesis was one of the Biological Go Terms over-represented in the dif-
ferentially expressed genes. All of the cholesterol synthesis related genes
present in the chip exhibited significant reduction in mRNA. This message
reduction has functional consequences since de novo cholesterol synthesis
was also significantly reduced in these mice. Cholesterol fractional synthe-
sis in CF livers was 9.62 ± 0.85 vs. 37.64 ± 4.04 % synthesized/day in WT,
p = 0.03 (mean ± SE, n=4). Genomatix software was used to identify TFs
families over or underrepresented in promoters of genes down-regulated in
CF livers. This analysis revealed that genes responsible for cholesterol syn-
thesis clustered together in two main groups, and have an over-representa-
tion of 6 TFs, one of which V$ZF02, stood out. A member of this family
Zfp202 (ZNF202 in humans) is a transcriptional repressor that binds to ele-
ments found predominantly in lipid metabolism related genes and a candi-
date for human dyslipidemia. Therefore, Zfp202 may be a good candidate
responsible for the decrease in cholesterol synthesis observed in our CF
mice. Zfp202, itself, was below the array detection levels, but 3 other mem-
bers of the family showed a modest increase in message in CF liver: Zfp219,
Zfp281, and Zkscan3. 

Our transcriptional profiling was able to accurately predict changes in
cholesterol synthesis, therefore it may be effective in identifying other meta-
bolic pathways altered in CF. Supported by NIH grant GM088823.

172�
A TRANSLATIONAL APPROACH TO THE
IDENTIFICATION OF NOVEL GENES ASSOCIATED
WITH CF
Levy, H.1,2; Jia, S.3,4; Reske, M.1,2; Schneck, K.1,2; Lai, H.6;
Laxova, A.7; Farrell, P.M.7; Hessner, M.4,5 1. Department of
Pediatrics, Section of Pulmonary and Sleep Medicine, Medical
College of Wisconsin, Milwaukee, WI, USA; 2. Children’s
Research Institute, Children’s Hospital of Wisconsin, Milwaukee,
WI, USA; 3. Human Molecular Genetics Center, Medical College
of Wisconsin, Milwaukee, WI, USA; 4. Department of Pediatrics,
Section of Endocrinology, Medical College of Wisconsin,
Milwaukee, WI, USA; 5. Max McGee National Center for
Juvenile Diabetes, Department of Pediatrics, Medical College of
Wisconsin, Milwaukee, WI, USA; 6. Nutritional Sciences,
University of Wisconsin Madison, Madison, WI, USA; 7.
Pediatrics, Section of Pulmonary Medicine, University of
Wisconsin Madison, Madison, WI, USA

Introduction: CF is a genetic disorder caused by mutations in the
CFTR gene, and in which lung disease is characterized by chronic infection
by Pseudomonas aeruginosa and is the major cause of morbidity and mor-
tality among CF patients. While the median age of survival among patients
with CF is only 38 years, there is a range of disease severity. We used a
novel genomics approach to generate genome-wide expression profiles with
the purpose of identifying non-invasive gene expression markers for CF
severity. Transcription was induced by culturing peripheral blood mononu-
clear cells (PBMCs) with autologous serum (self-baseline control), allo-
geneic serums (healthy unrelated controls), serum of previously healthy
individuals with newly acquired respiratory infections and CF patient
serums. We chose this methodology because the serum assay generated a
more robust signature than did directly profiling PBMCs, the technique cur-
rently used for expression arrays.

Methodology: We completed expression profiling of RNA derived from
the serum of 38 CF patients, 14 of whom have been diagnosed and followed
as part of the Wisconsin Newborn Screening Project (WNBS), who pos-
sessed varying degrees of colonization status with P. aeruginosa (never,
transient, intermittent or persistent) as well 11 patients with recently
acquired respiratory tract infections for comparison. RNA was amplified
and labeled using the GeneChip 3’ IVT Express Kit (Affymetrix) and
hybridized to Affymetrix HGU133plus2.0 array. RNA from each culture
was independently analyzed. Image data were quantified with Affymetrix
Expression Console Software and normalized with Robust Multichip Analy-
sis to determine signal intensity using the autologous signal |log2 ratio| as the
baseline. ANOVA, false discovery rates (multiple testing using step-up
method) and principal components analysis plots were conducted using
Partek Genomics Suite version 6.2. False discovery rates (FDRs) were based
on the ANOVA p-value. Differentially expressed probe sets were defined as

those possessing an FDR <20% and |log2 ratio >0.5| among comparison
groups. Hierarchical clustering was performed using Genesis.

Results: We identified differential expression in several sets of genes
generated. Pathway analysis indicates that the most significant differences in
gene expression among infection status include those involved with airway
defense, antigen presentation, transcription, and intracellular trafficking. 

Conclusion: Our methodology consistently identified a number of
genes that are unique to CF and for CF patients with differing P. aeruginosa
infection status as targets for further study.

173
NUTRITIONAL STATUS OF CHILDREN WITH CYSTIC
FIBROSIS IS INFLUENCED BY GENES BEYOND CFTR
Bradley, G.M.1; Blackman, S.M.1; Watson, C.P.2; Cutting, G.R.1,2

1. Department of Pediatrics, Johns Hopkins University,
Baltimore, MD, USA; 2. McKusick-Nathans Institute of Genetic
Medicine, Johns Hopkins University, Baltimore, MD, USA

Improved nutrition early in life is associated with better pulmonary
function years later for CF patients. Nutrition and growth are affected by
factors such as pancreatic insufficiency (PI) and meconium ileus (MI). We
have also previously shown that genes independent of CFTR contribute to
average lifetime nutritional status in CF (Blackman et al. 2008. Ped Pulm
43(S31):271). This study investigated the influence of genetic and non-
genetic factors on nutrition in young CF patients who experience the great-
est changes in growth rates. 

Methods: Data from the CF Twin and Sibling Study and the CF Foun-
dation Patient Registry were used to estimate the genetic effect on body
mass index (BMI), a marker of nutritional status. Longitudinal height and
weight data were collected for 1618 twins and siblings with CF from 800
families, totaling 120,245 clinic visits and 17,140 patient-years (average
10.6 years per patient). For each clinic visit, a BMI was calculated. Z-scores
for height, weight and BMI were generated using CDC reference equations.
Phenotypes were derived for each individual by averaging BMI Z-scores
from 2 to 4 years (BMIZ 2to4) and 5 to 10 years (BMIZ 5to10). 

Results: The mean BMIZ 2to4 phenotype for 1282 individuals was 0.09
(SD 0.89) corresponding to the 54th CDC percentile. The mean BMIZ 5to10
phenotype for 1375 patients was -0.07 (SD 0.84) corresponding to the 47th
CDC percentile. Both phenotypes correlated negatively with PI (decrease of
0.17 units for BMIZ 2to4 and 0.29 units for BMIZ 5to10) and history of MI
(decrease of 0.13 units for BMIZ 2to4 and 0.2 units for BMIZ 5to10). BMIZ
5to10 correlated positively with lung function (average CF-specific FEV1
percentile from 6 to 10 years) with an increase of 0.11 units for every 10-
percentile increase in FEV1. Correlation for BMIZ 2to4 was high within 63
monozygous (MZ) twin pairs (r=0.80) and lower within 13 same-sex dizy-
gous (DZ) twin pairs (r=0.55). One hundred thirty-two pairs of same-sex DZ
twins plus same-sex siblings born within 3 years were used as a proxy for
DZ twins and had a similar correlation (r=0.47). Heritability for this trait
was estimated at 0.66. Similar results were obtained for BMIZ 5to10 (69
MZ pairs, 13 same-sex DZ pairs and 156 same-sex DZ plus sibling pairs)
with a heritability estimate of 0.82. Heritability estimates remained high
(BMIZ 2to4=0.83, BMIZ 5to10=0.93) when adjustments were made for PI
and MI. Linkage analysis was performed on 474 families typed with a
genome-wide array of 20,066 markers; genome-wide significance of p<0.05
corresponds to a log odds ratio (LOD) score>3. Linkage for BMIZ 2to4 was
detected to a locus at chromosome 18q12 (LOD=2.66). Using BMIZ 5to10,
evidence suggestive for linkage was also found for loci at chromosomes
5q33 (LOD=2.24) and 18q21 (LOD=1.64). We further investigated BMIZ
5to10, and the strength of the evidence was increased after adjusting for PI
and MI (LOD=2.53 and 1.8 respectively). 

Conclusion: Both environmental and genetic factors contribute to the
nutritional status of children with CF. Our study of twins and siblings sug-
gests a substantial influence on two BMI traits by genes outside of CFTR,
possibly including loci on chromosomes 5 and 18.
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174
SWEAT CHLORIDE AND GENOTYPE DETERMINE
CLINICAL OUTCOME IN CHILDREN WITH POSTIVE
NEWBORN SCREEN FOR CYSTIC FIBROSIS
Chin, C.I.; Wee, C.; Keens, T.G.; Salinas, D.B. Pediatric
Pulmonology, CHLA-USC, Los Angeles, CA, USA

Background: Newborn screen (NBS) for cystic fibrosis (CF) in Califor-
nia follows a 4 Step (IRT/DNA/Expanded Genetic Analysis/Sweat Test)
model. An initial panel of the 40 most common CFTR mutations from Cal-
ifornia CF patients is tested, followed by full gene sequencing. Children
with 2 identified mutations are referred to a CF center for sweat chloride
testing and clinical follow up. This model allows identification of children
who carry rare and novel CFTR mutations. However, these mutations have
uncertain clinical relevance, as children with rare mutations and negative
sweat chloride have an unpredictable clinical outcome. 

Hypothesis: A negative sweat chloride concentration and specific geno-
type lead to a favorable clinical outcome for children with a positive NBS
for CF.

Methods: A retrospective study was conducted on 125 consecutive
referrals received by Children’s Hospital Los Angeles CF center from July
16, 2007 through July 1, 2010. Sweat chloride concentration and genotype
were compared to clinical outcome parameters such as growth (weight for
age Z score and weight < 10th percentile) and Pseudomonas aeruginosa
(PSA) infection. 

Results: Of the 98 children who had a sweat test, 72 had sweat chloride
< 60 mEq/L (“negative chloride”) and 26 had sweat chloride ≥60 mEq/L
(“positive chloride”). 

One hundred percent of the “negative chloride” group had fecal elastase
> 200 mcg/g, indicating pancreatic sufficiency, compared to 14% of the
“positive chloride” group (p< 0.0001). Average weight for age Z score was
significantly higher in the “negative chloride” group compared to the “pos-
itive chloride” with pancreatic insufficiency group (p=0.003). The average Z
score was similar for the “negative chloride” group and the “positive chlo-
ride” with pancreatic sufficiency group (p=0.183). 

The rate of PSA infection was significantly lower for the “negative chlo-
ride” group: any positive culture for PSA was 18% for the “negative chlo-
ride” and 50% for the “positive chloride” (p=0.0016) and persistent positive
culture after eradication treatment was 1.4% and 15% respectively
(p=0.005). Children who had positive sweat chloride were 4.5 times more
likely to acquire PSA compared to those who had negative sweat chloride
(p=0.002). Children with weight < 10th percentile and “positive chloride”
were 5.3 fold more likely to acquire PSA (p<0.0001).

In the genotype analysis, compared to children with 2 panel mutations
(n=28), children with one panel mutation (n=72) had a lower proportion of
sweat chloride ≥60 mEq/L (3% vs. 88%, p<0.0001), of positive culture for
PSA (19% vs. 45%, p=0.007), of pancreatic insufficiency (1.4% vs. 64%, p<
0.0001), and of weight < 10th percentile (37% vs. 63%, p=0.003).

Conclusion: Children with positive NBS for CF with only one mutation
from the 40 panel and sweat chloride <60 mEq/L, are more likely to be pan-
creatic sufficient, have normal growth, and less likely to have PSA infection.
Children with two panel mutations had a remarkably worse clinical out-
come. We speculate that as these children are followed, it will become clear-
er which genotypes are most predictive of disease. These data may modify
the definition of positive NBS for CF and thereby increase the positive pre-
dictive values of the 4 step model.

175
GENETIC VARIATION OF THE BETA-2 ADRENERGIC
RECEPTOR AND THE BRONCHODILATORY RESPONSE
TO ALBUTEROL IN PATIENTS WITH CYSTIC FIBROSIS
Herko, K.K.1; Guthrie, B.T.1; Morgan, W.J.2; Wheatley, C.M.1;
Foxx-Lupo, W.T.1; Morgan, M.A.1; Daines, C.L.2; Phan, H.1,2;
Snyder, E.M.1 1. Pharmacy Practice and Science, University of
Arizona, Tucson, AZ, USA; 2. Pediatrics, Univeristy of Arizona
Medical Center, Tucson, AZ, USA

Rationale: β-agonist bronchodilators are commonly prescribed in
patients with cystic fibrosis (CF) to improve airway clearance and reduce
work of breathing. Previous research has demonstrated significant variabil-
ity in the airway response to β-agonists in patients with CF, suggesting a

genetic influence in drug response. Genetic variation of the β2 adrenergic
receptor (ADRB2) at amino acid 16 is one of the common genetic variants
that has been studied previously. Although one report explored the influence
of this genetic variation on bronchodilation following inhaled β-agonist,
spirometry was performed only five minutes following administration,
which may not have allowed enough time for the drug to take full effect. We
sought to determine the influence of genetic variation of ADRB2 on the air-
way response to albuterol in patients with CF when compared to matched
healthy controls at baseline and at 60 minutes following the administration
of albuterol (2.5mg diluted in 3ml normal saline).  

Methods: Baseline pulmonary function (forced vital capacity, FVC,
forced expiratory flow in 1-second, FEV1, mid-maximal expiratory flow,
MMF, and forced expiratory flow at 50% of the FVC) was assessed in 17
patients with CF and 31 healthy subjects. 

Results: As expected, the healthy group had higher baseline pulmonary
function when compared to the CF group (FVC=97±3 vs. 83±5;
FEV1=95±3 vs. 72±6; % predicted for healthy and CF, respectively,
mean±SE, p<0.05 for all). Due to a low number of CF patients who were
homozygous for Gly at amino acid 16 (n=2), and previous data by our group
that has demonstrated that Gly16Gly and Arg16Gly subjects tend to have
similar phenotypes, we compared Arg16Arg to Arg16Gly/Gly16Gly sub-
jects. There was no effect of genotype on the response to albuterol in healthy
subjects. However, in the CF group, we found that the Arg16Arg group
(n=6) had an attenuated response to β-agonist when compared to the Gly-
containing group (n=11) (FVC=0±0.9 vs. 6±3: FEV1=3±1 vs. 7±4: %
change for Arg16Arg and Gly-containing groups, respectively, p<0.05 for
FVC, p=0.06 for FEV1). 

Conclusion: These results demonstrate a differential response to β-ago-
nists according to genetic variation of the ADRB2 at amino acid 16 in CF
patients. Due to the differences in FVC and FEV1 but not in MMF, these
data suggest that the genetic difference in airway function is primarily in
bronchodilation of the larger airways.

176
RESIDUAL CFTR CHLORIDE CHANNEL FUNCTION IN
CF PATIENTS CARRYING R117H MUTATIONS
Bronsveld, I.1; Vernooij, A.2; de Jonge, H.3; Bot, A.3; Dankert, J.4;
de Rijke, Y.3 1. Pulmonology & Tuberculosis, University Medical
Centre Utrecht, Utrecht, Netherlands; 2. RIVM, Bilthoven,
Netherlands; 3. Clinical Chemistry, Erasmus Medical Centre,
Rotterdam, Netherlands; 4. Paediatrics, Atrium Medical Centre,
Heerlen, Netherlands

Aim: To determine chloride secretory responses in R117H/F508del
patients.

Introduction: To test the outcome of CF newborn screening in the
Netherlands, a pilot was conducted in 2008 to 2011 in which families could
voluntarily participate in CF newborn screening. This inevitably resulted in
a group of patients with equivocal diagnosis, like the patients with
R117H/F508del mutations. Since all R117H/F508del (7T) patients reported
are pancreas sufficient (PS) and mainly CBAVD is seen in combination with
the R117H mutation, the question was whether the impaired conductance
and Po of R117H CFTR reduces transepithelial chloride transport across
distal colon.

Methods: There were 2 parallel screening protocols IRT-DNA-EGA
and IRT-PAP. If one of these tests was positive, a sweat test was performed
and with equivocal results newborns were scheduled for assessment of chlo-
ride transport properties in rectal suction biopsies by intestinal current meas-
urement (ICM). We selected the patients carrying the R117H/F508del muta-
tions for these analyses.

Results: Ten R117H/F508del patients were detected. They had normal
or borderline sweat test results. In order to determine chloride secretion in
the intestinal tissues they were analysed further by ICM. The ICM results in
these 10 newborns could be divided into 3 subclasses with different degrees
of colonic chloride secretion. A group with clearly impaired chloride secre-
tion (4/10), a subclass with subnormal secretory responses (3/10) and a
group with normal chloride transport (3/10).

Conclusion: Despite pancreatic sufficiency and borderline sweat test,
4/10 R117H/F508del patients showed a severe defect in colonic chloride
secretion, approaching values in F508del homozygotes. In 1/4 of these
patients, basal and carbachol-induced secretion, but not cAMP-induced
secretion was severely impaired; in 3/4 both calcium- and cAMP-induced
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secretion were impaired. The variability in presentation of the CF defect in
this group of individuals with identical genotype within the same tissue can-
not be explained by impaired conductance of the R117H CFTR channel.
Possible explanations could be 1) differences in CFTR protein expression,
2) differences in sensitivity to CFTR regulators, or 3) variable expression of
non-CFTR, calcium and/or cAMP-sensitive apical chloride channels.

Supported by ZonNW.

MODEL SYSTEMS 

177�
IDENTIFICATION OF A CONGENIC VARIANT OF
SCNN1B-TG TRANSGENIC MICE REVEALS THE
CONTRIBUTION OF EARLY LESIONS TO THE
DEVELOPMENT OF OBSTRUCTIVE LUNG DISEASE
DUE TO AIRWAY SURFACE DEHYDRATION
Livraghi-Butrico, A.1; Grubb, B.R.1; Kelly, E.J.1; Yang, H.2;
Geiser, M.2; Boucher, R.C.1; O’Neal, W.K.1 1. UNC -
CF/Pulmonary research and treatment center, Chapel Hill, NC,
USA; 2. University of Bern, Institute of Anatomy, Bern,
Switzerland

Airway mucus clearance is an essential innate defense mechanism, and
its failure is a primary trigger in the development of obstructive lung dis-
eases. Experimentally, a pathologic imbalance in epithelial ion and water
transport has been achieved by airway-targeted overexpression of the epithe-
lial Na+ channel β subunit (βENaC, encoded by the Scnn1b gene) in murine
lungs, resulting in early onset airway mucus obstruction, inflammation, and
air space enlargement. Congenic lines of this model have been generated,
revealing a striking effect of genetic background on survival, ranging from
5 to 80% among strains (FVB/NJ < BALB/cJ < C3H/HeN < C57Bl/6N). At
least as estimated by histopathological examination, airway mucus obstruc-
tion, inflammation and air space enlargement, were present in all Scnn1b-Tg
strains, regardless of their survival rates. In mouse strains exhibiting
extremely high mortality, selective pressure for survivors is common. We
have isolated a substrain of BALB/cJ Scnn1b-Tg mice (Line B), originating
from an N9 founder male, and identified as having increased survival
(79±5% vs. 26±4% at 20 postnatal days, for BALB/cJ Scnn1b-Tg Line B vs.
the original BALB/cJ strain, renamed BALB/cJ Line A, n>58). Scnn1b
transgene Southern blot, mRNA and immunohistochemistry analyses reveal
that the transgene is present and overexpressed in both Line A and Line B,
suggesting that a large rearrangement in the transgene insertion site was not
the cause of the phenotypic variation in these lines. However, as measured
by Ussing chamber, ENaC hyperactivity was reduced in Scnn1b-Tg Line B
vs. Line A in 3 and 10 day-old pups, but fully resumed in 6 week-old mice.
As compared to Line A, the absence of early ENaC hyperactivity in Line B
correlated with the absence of spotty airway epithelial necrotic degenera-
tion, obvious mucus plugging and airway inflammation in 5 day-old mice
(18.7±11 vs. 22.9±15 neutrophils/mL BALF×103, WT vs. Scnn1b-Tg mice,
n≥9), as assessed by morphometry and BAL. Preliminary data indicate that
BALB/cJ Line B Scnn1b-Tg pups were also protected from spontaneous
bacterial infection, typically associated with inefficient mucus clearance in
neonatal Scnn1b-Tg mice. Further analysis revealed that the functional
“reactivation” of ENaC hyperactivity in adult BALB/cJ Line B Scnn1b-Tg
mice was associated with establishment of persistent neutrophilic inflamma-
tion (1.3±0.9 vs. 165±23 neutrophils/mL BALF×103, for 4 week-old WT vs.
Scnn1b-Tg mice, n≥6) and airway mucus plugging. However, adult
BALB/cJ line B Scnn1b-Tg mice exhibited no evidence of air-space enlarge-
ment, as assessed by unbiased stereology, for the first time separating the
chronic bronchitis phenotype from the alveolar phenotype in the Scnn1b-Tg
lines. Collectively, these data suggest that: 1) neonatal lung
inflammation/airway surface dehydration contributes to the emphysematous
phenotype observed in Scnn1b-Tg mice; and 2) neonatal lesions are not nec-
essary for the development of obstructive lung disease due to airway surface
dehydration in this model.

178�
A PRO-BIOGENESIS COMPLEX FOR F508DEL-CFTR
DISCOVERED WITH A YEAST MODEL AND VALIDATED
IN HUMAN CELLS
Hong, J.1; Guo, J.1,2; Louie, R.3; Wen, H.1; Sorscher, E.J.1; Miller,
E.3; Hartman, J.L.1,2 1. Gregory James Cystic Fibrosis Center,
University of Alabama at Birmingham, Birmingham, AL, USA; 2.
Genetics, University of Alabama at Birmingham, Birmingham,
AL, USA; 3. Biological Sciences, Columbia University, New York,
NY, USA

We have been investigating yeast Yor1-∆F670 as a genetic model for
identifying novel factors that contribute to F508del-CFTR biogenesis. A
quantitative high throughput cell array phenotyping (Q-HTCP) assay that
measures shifts in growth kinetics elicited by inhibitory concentrations of
oligomycin (extruded from the cell by Yor1) was used to search for gene-
gene interactions (epistasis factors) that mediate ABC protein folding and
maturation. Yor1-∆F was introduced into the genomic ordered array of yeast
gene deletion strains. Strains that grew more robustly than expected in the
presence of oligomycin suggested genes involved in ERAD and other pro-
degradation pathways, whereas strains that grew less well than matched
controls indicated potential pro-Yor1-∆F biogenesis factors. 

Seven members (EMC1-6 and SOP4) of an evolutionarily conserved
ER membrane complex (EMC), which was recently described in yeast but
has not yet been characterized in human cells, exerted a similar pro-biogen-
esis effect on Yor1-∆F. The pattern of interactions suggests that the EMC
complex, as a whole, could be involved in Yor1-∆F biogenesis, such that a
deletion of any single component elicits an equivalent cellular response.
Additionally, members of the EMC clustered together based on gene-drug
interaction profiles that incorporated other classes of perturbation. Since
EMC was identified by quantitative assessment of UPR activation, we con-
sidered whether upregulation of the UPR (i.e. non-specific effects on Yor1-
∆F) could account for reduced Yor1-∆F biogenesis. However, we did not
observe enrichment for UPR-activating functions among other gene dele-
tions found to negatively impact Yor1-∆F processing. An alternative expla-
nation- that EMC exerts a direct effect on Yor1-∆F maturation- was tested by
pulse chase analysis. Deletion of SOP4 or other members of the EMC did
not alter the half-life of Yor1-∆F, but reduced the initial protein pool, indi-
cating an effect on Yor1-∆F production.

We noticed from published work regarding the CFTR ‘interactome’
(Wang et al., Cell 2006, 127(4):803-815) that a human ortholog of EMC2
(TTC35) was observed to bind F508del-CFTR but not the wild type protein.
We therefore examined the effect of disrupting EMC2/TTC35 during tem-
perature correction of F508del-CFTR. HeLa cells were transiently transfect-
ed with F508del-CFTR, co-transfected with control or TTC35-directed
siRNA, shifted to 27 degrees, and monitored for expression of Band C.
TTC35 knock down was demonstrated by quantitative RT-PCR and con-
firmed by Western blot. Consistent with the effect of knocking out yeast
EMC genes during Yor1-∆F biogenesis, suppression of TTC35 resulted in
loss of F508del-CFTR-associated Band C. Our findings establish the Yor1-
∆F model in yeast as a means to discover new factors regulating the process-
ing of WT and mutant CFTR. Future application of Q-HTCP will allow
additional molecular targets for F508del-CFTR correction to be identified,
and enable characterization of the gene interaction network that modulates
ABC transporter biogenesis.

This project is supported by CFF.

179�
CFTR FUNCTIONS DURING ZEBRAFISH
ORGANOGENESIS
Navis, A.; Bagnat, M. Cell Biology, Duke University, Durham,
NC, USA

Cystic fibrosis is characterized by a loss of CFTR activity which leads
to defects in the function of several organs including the lung, intestine,
liver, and pancreas. The recent development of pig and ferret CFTR knock-
out models will greatly improve our understanding of CF pathophysiology;
however, defining how CFTR functions during organogenesis requires a
more accessible model. To address the role of CFTR during organ develop-
ment we are using the zebrafish, a model that is genetically tractable, easily
manipulated, and optically clear during development. Zebrafish Cftr shares
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high homology with human CFTR in key channel domains and is responsive
to many activators and inhibitors of the human channel. In addition, previ-
ous work from our lab has introduced zebrafish forward genetics for the
identification of new CFTR regulators. To better understand how CFTR
functions during embryonic development and how its loss leads to defects in
organ function, we have developed several tools that utilize the strengths of
the zebrafish model. Using in situ hybridization, antibody staining, and
transgenesis, we have observed that cftr is expressed in the developing gut,
liver, and pancreas, similar to what has been reported for human CFTR. We
have also developed transgenic zebrafish expressing a halide sensitive YFP
to assay Cftr’s chloride channel activity in these organs in vivo. To target
Cftr channel activity we have used several methods, including antisense
morpholinos, short hairpin RNAs, pharmacological inhibitors, and mutants.
Loss of Cftr activity leads to early organogenesis defects in the liver and
pancreas which are reminiscent of the pathology observed in patients with
advanced CF. In addition, we have observed defects in organ laterality and
in the embryonic axis which are specific to the zebrafish model. Altogether,
our data suggest that the pancreatic and liver defects seen in cystic fibrosis
may arise during embryonic development. The accessibility of the zebrafish
will help advance our understanding of the role CFTR plays during organo-
genesis and the pathophysiology of CF.

180�
CYSTIC FIBROSIS BONE DISEASE: MECHANISMS OF
REDUCED PROLIFERATION AND DELAYED
OSTEOGENIC DIFFERENTIATION OF CFTR
DEFICIENT MESENCHYMAL STROMAL CELLS
Stalvey, M.S.1,2; Cass, S.1; Gaur, T.2; Flotte, T.R.1; Lian, J.B.2;
Stein, G.S.2; Clines, K.L.3; Chung, W.J.4; Clines, G.A.3,5 1.
Pediatrics and Gene Therapy Center, University of
Massachusetts, Worcester, MA, USA; 2. Cell Biology, University
of Massachusetts, Worcester, MA, USA; 3. Medicine, University of
Alabama, Birmingham, AL, USA; 4. Neurobiology, University of
Alabama, Birmingham, AL, USA; 5. VA Medical Center,
Birmingham, AL, USA

The incidence of cystic fibrosis (CF) bone disease is growing as life
expectancy continues to increase. Cftr-null mice (Cftr S489X-/- mice, fur-
ther identified as Cftr-/-) have reduced bone density, despite lack of lung or
pancreatic disease, suggesting an inherent defect in bone metabolism.
Defects in bone homeostasis in CF individuals and mouse models imply
reduced bone formation. To further pursue mechanisms for reduced bone
mineral density, we tested effects of CFTR, utilizing ex vivo osteoblast dif-
ferentiation of bone marrow stromal cells (BMSCs) from Cftr-/- and wild-
type (Cftr+/+) mice. 

We collected BMSCs from femurs of Cftr-/- and Cftr+/+ mice at 8-9
wks of age. BMSCs from two female mice, of each study group, were
pooled to develop osteoblast cultures for 3 independent experiments. Cellu-
lar growth was documented at day 4, 6, 8, 10, 12, and 14 by imaging. Stain-
ing for alkaline phosphatase activity was performed to examine osteoblast
differentiation. Using RNA collected from the cultures at 7, 14, 21 and 28
days, a detailed cellular environment was described. CFTR expression in
osteoblast was determined by mRNA analysis and immunostaining.

During the osteoblast proliferative stage, Cftr-/- BMSCs displayed
reduced proliferation at 6, 8 and 10 days, compared to Cftr+/+ cells. There
was greater expression of Osterix and Runx2 in Cftr-/- BMSCs, during this
phase, which is consistent with a more differentiated state of the cells. Fur-
thermore, increased BMPr1b expression was found, which contributes to
increased levels of Runx2 and Osterix. In the differentiation phase, alkaline
phosphatase staining was also reduced in Cftr-/- cultures compared to
Cftr+/+. Increased levels of collagen 1a1, a bone matrix protein were detect-
ed during early differentiation, but Cftr-/- cultures fail to mineralize by day
28. This reflected a delayed induction of osteocalcin, a bone marker protein
of calcified matrix formation. Cftr message was detected in murine primary
osteoblasts by mRNA analysis. CFTR protein expression by immunostain-
ing was also detected in osteoblasts, but was not localized to the cell mem-
brane characteristic of epithelial cells. CFTR staining appeared to be con-
tained in the cytoplasmic compartment. 

Expression of cytoplasmic CFTR in osteoblasts suggests a contribution
not limited to cell membrane function. Ex vivo CFTR-deficient osteoblasts
exhibit reduced growth rate and osteogenic differentiation. Reductions in

cellular proliferation may be related to the increased levels of Osterix and
Runx2, which are consistent with a more committed cell, instead of an early
progenitor cell. Discordant inductions of osteocalcin and collagen 1a1, in
the differentiation and mineralization phases, are consistent with delayed
maturation of osteoblasts, noted in the reduced alkaline phosphatase stain-
ing. This mechanistic profile lends evidence to findings of reduced bone for-
mation seen in CF bone disease.

181�
ALTERED PANCREATIC ISLET MORPHOLOGY AND
FUNCTION IN NEWBORN FERRETS WITH CYSTIC
FIBROSIS
Olivier, A.K.1; Yi, Y.2; Sun, X.2; Sui, H.2; Liang, B.2; Lei, D.2;
Fisher, J.T.2; Keiser, N.W.2; Zhou, W.2; Li, G.2; Stewart, Z.3;
Norris, A.W.4; Engelhardt, J.F.2 1. Pathology, University of Iowa,
Iowa City, IA, USA; 2. Anatomy and Cell Biology, University of
Iowa, Iowa City, IA, USA; 3. Surgery, University of Iowa, Iowa
City, IA, USA; 4. Pediatrics, University of Iowa, Iowa City, IA,
USA

Cystic fibrosis related diabetes (CFRD) is a common co-morbidity in
cystic fibrosis which worsens prognosis. Pancreatic endocrine disruption
and dysregulated insulin responses are features of CFRD. We have devel-
oped a CFTR knockout ferret model that demonstrates abnormal glycemia
at birth prior to pancreatic destruction. In this study, we focused on defining
both the structural and functional characteristics of the newborn CF and
non-CF ferret endocrine pancreas at birth, a time point when only minimal
histopathology is observed, limited to acinar duct swelling. Structural char-
acterization involved quantitative morphometry of insulin (beta cells) and
glucagon (alpha cells) expression by immunohistochemistry, while glucose
tolerance tests (GTT) and L-arginine tolerance tests (ATT) were performed
to assess endocrine pancreatic function. The percentage of lobular pancreat-
ic area expressing insulin or glucagon, which included the total cellular area
of exocrine and endocrine tissue, was not significantly different between CF
and non-CF pancreata. However, newborn CF pancreata had fewer large
islets (>100µm in diameter) with significantly more islet cell clusters
(<100µm in diameter) and individual insulin positive cells as compared to
non-CF pancreata. Although the number of large islets was significantly
decreased in newborn CF pancreata, the average diameter of this population
of islets was not significantly different between genotypes. To compare beta-
cell replication, neonatal CF versus non-CF pancreas sections were dual
stained with insulin and PCNA to calculate the percent proliferation. This
showed no significant difference in beta cell proliferation. The results of
these studies demonstrate morphologic differences in size and number of
islets in the newborn CF pancreas without significant differences in overall
insulin and glucagon expression. By contrast, progressive loss of insulin
and glucagon staining was observed as CF animals aged (21-32 days), asso-
ciated with extensive exocrine pancreas pathology classic for CF. To evalu-
ate whether functional abnormalities in the endocrine pancreas exist prior to
overt histopathologic disease, GTT and ATT assays were performed in new-
born animals. The CF kits demonstrated significantly elevated peak blood
glucose levels during GTT as compared to non-CF kits. This was associat-
ed with a 4-fold blunting of first phase insulin secretion in the CF newborns,
determined 2 minutes after intraperitoneal arginine administration. By con-
trast, in CF newborns second phase insulin secretion was elevated 4-fold as
determined at 2 hours during the GTT. These findings suggest that early
abnormalities in endocrine pancreas function may occur in CF prior to overt
exocrine pancreas destruction. Future studies utilizing the CF ferret model
should aid in understanding the multiple factors that contribute to the devel-
opment of CFRD.
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182�
INTESTINAL EXPRESSION OF CFTR ALLEVIATES THE
MECONIUM ILEUS PHENOTYPE IN CYSTIC FIBROSIS
PIGS
Stoltz, D.A.1; Meyerholz, D.K.2; Pezzulo, A.A.1; Rokhlina, T.1;
Chen, J.4,1; Ostedgaard, L.S.1; Karp, P.H.4,1; Ernst, S.E.1; Ludwig,
P.S.1; Rector, M.V.1; Reznikov, L.1; Taft, P.J.1; Wohlford-Lenane,
C.3; Dohrn, C.6; Hornick, E.E.1; Gansemer, N.D.1; Hoegger, M.1;
Samuel, M.S.5; Brogden, K.A.7; Uc, A.3; McCray, P.B.3; Zabner,
J.1; Prather, R.S.5; Welsh, M.J.4,1 1. Internal Medicine, University
of Iowa Hospital and Clinics, Iowa City, IA, USA; 2. Pathology,
University of Iowa Hospitals and Clinics, Iowa City, IA, USA; 3.
Pediatrics, University of Iowa Hospitals and Clinics, Iowa City,
IA, USA; 4. Howard Hughes Medical Institute, Chevy Chase,
MD, USA; 5. Division of Animal Science, University of Missouri,
Columbia, MO, USA; 6. Microbiology, University of Iowa Carver
College of Medicine, Iowa City, IA, USA; 7. Dows Institute of
Research, University of Iowa College of Dentistry, Iowa City, IA,
USA

In order to better understand cystic fibrosis (CF) disease pathogenesis,
a porcine model of CF was recently developed. CF pigs display many of the
same features as humans with CF including meconium ileus, exocrine pan-
creatic destruction, focal biliary cirrhosis, micro-gallbladder, vas deferens
abnormalities, and airway disease. In contrast to humans, there is a 100%
penetrance of meconium ileus in both CFTR-/- and CFTR∆F508/∆F508
newborn piglets. Features of the CF pig meconium ileus closely replicate
that observed in humans with CF including distal bowel obstruction, atretic
intestinal segments, and microcolon. In this study, we hypothesized that
transgenic expression of CFTR in the intestinal epithelium of CF pigs would
reduce or alleviate the meconium ileus phenotype. We generated CFTR-/-
pigs expressing CFTR under the control of the rat intestinal fatty acid bind-
ing protein (FABP) promoter (hereafter called CFTR-/-;TgFABP-pCFTR).
Using somatic cell nuclear transfer, five different transgenic CFTR-/-
;TgFABP-pCFTR lines were generated. From the lines studied, piglets from
2 lines (1a and 1e) had a favorable intestinal phenotype at birth. In these ani-
mals, there was a relatively normal-appearing small intestine, no evidence of
atretic intestinal segments, and a normal-sized spiral colon. In contrast,
piglets from the other three lines (1b, 1c, 1d) had evidence of severe meco-
nium ileus at birth. Both ileal CFTR mRNA levels and CFTR-mediated Cl−
transport were greater in the intestines of lines 1a and 1e, compared to 1b,
1c, and 1d. In all of the lines studied, we observed a similar degree of pan-
creatic destruction, micro-gallbladder, and focal biliary cirrhosis compared
to CFTR-/- pigs suggesting that the pathogenesis of meconium ileus is not
dependent upon abnormal pancreatic or gallbladder function. Importantly, in
Ussing chamber studies there was no evidence of CFTR-mediated Cl− trans-
port in either freshly excised tracheal tissue or cultured tracheal and nasal
turbinate epithelial samples. Similar to older CFTR-/- and
CFTR∆F508/∆F508 pigs, the older gut-corrected pigs in this study also
developed varying severity of CF-like lung disease. These data demonstrate
a successful non-surgical approach to correction of meconium ileus in CF
pigs and provide valuable insight into the underlying pathogenesis of meco-
nium ileus in CF. These gut-corrected CF pigs may be a useful model to
study CF lung disease pathogenesis over time and the effects of therapeutics.

183
HIGH THROUGHPUT CULTURE OF NORMAL AND CF
PRIMARY BRONCHIAL EPITHELIAL CELLS
Danahay, H.1,2; Jaffe, A.B.1 1. Developmental & Molecular
Pathways, NIBRI, Cambridge, MA, USA; 2. Respiratory Diseases,
NIBR, Horsham, United Kingdom

Primary cultures of human bronchial epithelial cells (HBE) grown at air-
liquid interface (ALI), retain many features of the native tissue: a pseudos-
tratified structure composed of basal, ciliated and goblet cells, functional
cilia and ion transport capabilities to maintain fluid homeostasis on the air-
way mucosa. Although an elegant and powerful model system, ALI cul-
tured cells require growth on a permeable support (e.g. Transwell) that is
both expensive and limits throughput. The aims of the present study were to:

1) establish whether HBE could be cultured in 3D, and 2) to characterize the
phenotype and function of the 3D structures that formed.

Normal (non-CF) HBE were established to be p63+ITGA6+NGFR+,
markers of basal cells. Cells were seeded in Matrigel (growth factor
reduced) in 384 well glass bottom plates and were cultured for 14-21 days.
Within 12h of seeding, spherical, multi-cellular structures had formed that
developed a central lumen during days 8-14. By day 11, functional cilia
could be observed on the cells lining the surface of the central lumen. Stain-
ing of the 3D spheroids, “bronchospheres,” revealed p63+ITGA6+ cells in
the basal position, with acetylated α-tubulin+ and MUC5AC+ cells lining
the central lumen. MUC5AC+ and MUC5B+ material was also observed in
the lumen of the bronchosphere. These data were consistent with HBE form-
ing a pseudostratified, polarized epithelial structure in 3D, composed of
basal, ciliated and goblet cells, similar to that of ALI cultures and the native
tissue. Importantly, these structures could be cultured in high throughput in
384 well plates.

We next examined the genesis of the central lumen. We hypothesized
that the lumen formation was due to the CFTR-mediated secretion of Cl- at
the apical membrane. To test this, normal bronchospheres were cultured for
6 days before the addition of pharmacological modulators of airway ion
transport. On day 9, 26.5±3.7% of vehicle treated bronchospheres contained
an observable central lumen whilst this had increased to 46.2±1.0% in bron-
chospheres treated with forskolin (5µM), a manipulation that enhances
CFTR-mediated apical Cl- flux in ALI cultures of HBE (P<0.05). Converse-
ly, Inh172 (30µM) and bumetanide (60µM), agents that block CFTR-medi-
ated anion transport, attenuated lumen formation by 100.0±0.0% (P<0.05)
and 56.0±8.1% (P<0.05) respectively.

p63+ITGA6+NGFR+ HBE from 5 F508delCFTR homozygote donors
were next seeded into Matrigel and were also observed to form bronchos-
pheres. In contrast to the normal HBE-derived bronchospheres, lumen for-
mation was delayed by approximately 7 days. For example by day 10,
37.0±0.9% of normal bronchospheres (n=3 donors) had developed a lumen
that compared with 5.0±2.7% (P<0.001) in the CF bronchospheres (n=5
donors). By day 21, there was no statistically significant difference in lumen
formation between normal and CF bronchospheres.

Together, these data illustrate that HBE can be cultured in a 384 well
plate-based assay format and retain several of the key phenotypes of both the
native epithelium and ALI cultures, including CFTR-mediated ion trans-
port. This system is now being used to study the regulation of airway epithe-
lial function in a high throughput modality.

184
TGF-β PRODUCTION AND MYOFIBROBLAST
DIFFERENTIATION IN CYSTIC FIBROSIS
Harris, W.T.1; Nicola, T.2; Macewen, M.1; Li, Y.1; Ambalavanan,
N.2; Clancy, J.P.3 1. Pediatric Pulmonology, UAB, Birmingham,
AL, USA; 2. Neonatology, UAB, Birmingham, AL, USA; 3.
Pediatric Pulmonology, CCHMC, Cincinnati, OH, USA

Background: TGF-β is a genetic modifier of CF, with increased protein
levels associated with lung disease severity. Histopathologic evaluation of
end-stage CF lung tissue demonstrates prominent TGF-β signaling, myofi-
broblast differentiation and airway remodeling. Whether these findings are
a consequence or contributor to CF lung disease pathogenesis is uncertain.

Hypothesis: Increased TGF-β production from bronchial epithelial
cells stimulates myofibroblast differentiation in cystic fibrosis.

Methods: TGF-β production from primary airway epithelial cells
(AECs) and established airway cell lines was measured with a TGF-β bioas-
say and real-time RT-PCR. CFTR siRNA was used to reduce CFTR expres-
sion in 16HBE cells. Primary AECs were grown on permeable supports
with an underlying fibroblast layer to assess cell communications. IHC of
neonatal porcine lung tissue (CFTR+/+, CFTR+/- and CFTR-/-; Exemplar
Genetics) was used to identify TGF-β staining, signaling and myofibroblast
differentiation. Flow cytometry quantified myofibroblast differentiation
based on positive staining for α-smooth muscle actin (α-SMA). 

Results: TGF-β transcription was increased >2 fold in F508del
CFBE41o- cells compared to both wtCFTR CFBE41o- and 16HBE cells (p
< .01). TGF-β protein levels were increased in cultured media from F508del
CFBE cells (1620 ± 170 pg/mL) compared to wtCFBE (354 ± 77 pg/mL, p
< .005) and 16HBE cells (174 ± 25 pg/mL, p < .005). CFTR knockdown
increased TGF-β production from 16HBE cells vs siRNA scramble controls
(910 ± 31 pg/mL vs. 234 ± 23 pg/mL, p <.005). In primary human AECs,
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TGF-β in the CF epithelial:fibroblast culture media was increased compared
to wt controls (210 ± 44 pg/mL vs. 69 ± 22 pg/mL, p < .05). In neonatal
porcine lung tissue, IHC detected enhanced TGF-β staining and signaling
(pSmad2) in bronchial and bronchiolar epithelial cells, with prominent
myofibroblast staining in the alveolar interstitium. Early passage lung
fibroblasts from CFTR-/- pigs released more TGF-β compared to CFTR+
controls (314 ± 20 pg/mL vs. 90 ± 8 pg/mL, p<.005). TGF-β activity was not
detectable in CFTR+ culture media but was significantly increased in CF pig
fibroblast cultures (150 ± 8 pg/mL, p<.005). In early passage primary
porcine lung fibroblasts, an increased proportion of CF pig lung fibroblasts
had undergone myofibroblast differentiation compared to controls following
10% FBS exposure (0.72 ± .02 vs. 0.54 ± .01, p < .005). 

Conclusions: CF airway epithelial cells appear to be an important
source of TGF-β as determined by cell culture and in vivo model systems.
Myofibroblast differentiation is an early feature of cystic fibrosis in pigs,
with lung fibroblasts demonstrating increased myofibroblast differentiation
compared to CFTR+ controls. Future directions will explore the mecha-
nisms through which CFTR dysfunction alters TGF-β transcription and the
mechanisms through which fibroblast phenotype is altered in the porcine
model of cystic fibrosis.

185
A CONSERVED BIOGENESIS NETWORK FOR YEAST
YOR1-∆F AND CFTR-∆F
Guo, J.1,4; Louie, R.2; Rodgers, J.W.1; White, R.3; Hong, J.4;
Sorscher, E.J.4; Bryan, J.A.3; Miller, E.A.2; Hartman, J.L.1,4 1.
Genetics, University of Alabama at Birmingham, Birmingham,
AL, USA; 2. Biological Sciences, Columbia University, New York,
NY, USA; 3. Biostatistics, University of British Columbia,
Vancouver, BC, Canada; 4. Gregory James Cystic Fibrosis
Center, University of Alabama at Birmingham, Birmingham, AL,
USA

To understand the basic biology of ABC transporter biogenesis and
identify potential sources of epistasis underlying CF disease variability, a
yeast model system was developed to screen for deletion of genes that alter
oligomycin sensitivity after a mutation corresponding to F508del-CFTR
was placed within the first nucleotide binding domain of the CFTR ortholog,
YOR1 (yor1-∆F670). Yor1-∆F was expressed in the genomic library of
~5000 haploid yeast single gene deletion strains. The potential role of each
gene as a Yor1-∆F biogenesis factor was assessed individually by growth
curve analysis to quantify gene-gene interactions as a function of growth on
oligomycin, a toxin that is extruded from the cell primarily by Yor1.

The genomic collection of Yor1-∆F / yeast gene deletion double mutants
were evaluated for gene-gene interactions, using a method developed by
our laboratory for growth analysis termed quantitative high throughput cell
array phenotyping (Q-HTCP). The method quantitatively identified evolu-
tionarily conserved biogenesis factors that might have been missed if ana-
lyzed using a less sensitive assay. The Princeton Protein Orthology Database
was used to map mammalian orthologs to yeast genes. The overall results
indicate that yeast phenomic (genome-wide assessment of phenotype)
analysis of Yor1-∆F can facilitate understanding of the gene interaction net-
works modulating F508del-CFTR biogenesis. Multiple conserved genes in
protein families that contribute to ABC protein biogenesis were found to
modulate the analogous misfolded proteins including chaperones, including
Rab-related protein trafficking genes, syntaxins, and components of the
ubiquitination and proteasome pathways. 

The power of the system moving forward is to ascertain a hierarchy of
potential targets for F508del correction by evaluating epistasis deriving
specifically from the ABC protein maturational phenotype. RNAi-based
strategies have been used in mammalian cells to identify potential drug tar-
gets that might enhance CFTR biogenesis. A high degree of concordance
was found in our genome wide analysis between orthologs previously estab-
lished to act as gene modifiers of CFTR processing and shown here to
increase Yor1-∆F biogenesis in yeast. Modifiers were also discovered by our
analysis that promote transport of misfolded Yor1-∆F protein to the plasma
membrane, since gene deletion worsened the processing defect. 

Yeast is appreciated as a genetic model for understanding the biogene-
sis of integral membrane and secreted proteins. However, the relevance of
Yor1-∆F gene interactions to modulation of F508del-CFTR processing
appears greater than previously recognized. Given conserved ∆F-biogenesis
factors, the power of yeast genetics may expedite identification of 3-way

gene interactions that could help further explain CF disease variability, lead
to the discovery of novel genetic network modules regulating ∆F protein
biogenesis, and facilitate development of novel combinatorial therapeutic
strategies.

The project is supported by CFF.

186
GENISTEIN-STIMULATED INCREASES IN INTESTINAL
CHLORIDE SECRETION ARE MEDIATED BY
ADENYLATE CYCLASE IN FEMALE MICE ONLY
Al-Nakkash, L.; Batia, L. Physiology, Midwestern University,
Glendale, AZ, USA

The major route for cAMP-mediated chloride (Cl) secretion across the
intestinal epithelial apical membrane is presumed to be via the CFTR chlo-
ride channel widely known to be activated in vitro by genistein. We have
previously shown that a 1-2 week period of daily injections with genistein
(600 mg/kg body weight, 600G) mediates significant increases in basal
intestinal Cl secretion (Isc, µA/cm2) in both male and female C57BL/6J
wild-type mice, when compared to DMSO control injected mice (0G). This
study aimed to determine whether 600G-induced increases in intestinal Cl
secretion were attributed to changes in intracellular signaling mechanisms
using basolateral application of: MDL-12330A (adenylate cyclase inhibitor,
10 µM), KT-5720 (PKA inhibitor, 1 µM), LY-294002 (PI3K inhibitor, 20
µM) and PD-98059 (MAPK inhibitor, 10 µM). In female 600G mice, basal
intestinal Isc was 215.9±13.1 µA/cm2 (n=15), and application of forskolin
(10 µM, bilateral) significantly increased Isc to 316.6±23.4 µA/cm2 after 1
week of injections. There was no effect of KT-5720 (n=8), LY-294002
(n=12), or PD-98059 (n=8) on the basal or forskolin-stimulated Isc. Appli-
cation of MDL-12330A, significantly decreased (n=8, P<0.05) both basal
Isc by 27% (from 215.9±13.1 to 157.0±22.9 µA/cm2) and forskolin-stimu-
lated Isc by 39% (from 316.6±23.4 to 192.6±19.1 µA/cm2). In male 600G
mice, basal intestinal Isc was 186.6±7.6 µA/cm2 (n=5), and application of
forskolin significantly increased Isc to 259.8±17.7 µA/cm2 after 2 weeks of
injections. There was no effect of KT-5720 (n=7), LY-294002 (n=11), PD-
98059 (n=7) or MDL-12330A (n=11), on the basal Isc or forskolin-stimulat-
ed Isc. These data suggest that gender differences exist in how genistein-
mediated increases in intestinal Isc are mediated: via adenylate cyclase in
wild-type female mice but not in male mice. Supported by NIH
(1R15DK071625-01A2).

187
EVALUATION OF PULMONARY PHENOTYPES IN LOW-
MORTALITY AIRWAY-SPECIFIC β-EPITHELIAL NA+

CHANNEL-TRANSGENIC MICE BY DNA MICROARRAY
AND INVASIVE LUNG FUNCTION MEASUREMENTS
Ono, T.; Matsumoto, C.; Sakaguchi, Y.; Shuto, T.; Sugahara, T.;
Mizuno, A.; Suico, M.; Kai, H. Molecular Medicine, Graduate
School of Pharmaceutical Sciences, Kumamoto University,
Kumamoto, Japan

Airway mucus hypersecretion, overproduction and obstruction are
pathophysiological characteristics of severe lung diseases including CF,
asthma and chronic obstructive pulmonary disease (COPD). Despite the
enormous impact of these disorders, there is only limited murine model that
reproduces the mucous-related airway obstruction. Increasing evidence sug-
gests that these pulmonary phenotypes are due to increased airway Na+

absorption mediated by the amiloride-sensitive epithelial Na+ channel
(ENaC), which results in depletion of airway surface liquid (ASL). Interest-
ingly, a recent report showed the mice, which overexpress epithelial Na+

channel β subunit (βENaC) in the lower airway, as a possible murine model
of CF lung disease (Mall et al., Nat. Med. 2004). However, these mice most-
ly die within 4 weeks after birth due to severe airway obstruction, which
limits potential to further analyze the pulmonary phenotypes of these mice.
In the present study, a low-mortality βENaC-transgenic (Tg) mouse line
was established by crossing commercially available βENaC-Tg mice (Jack-
son Laboratories, Bar Harbor, ME) and C57/BL6 mice for 3 generations.
Consistent with the previous finding, mucus hypersecretory, airway inflam-
matory and emphysema-like phenotypes were observed in our low-mortali-
ty βENaC-Tg mouse line by the analysis of fucose concentration and num-
ber of immune cells (leukocytes, neutrophils, lymphocytes, eosinophils) in
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BAL fluid (BALF), number of Alcian blue/PAS positive cells in lung tissue,
expression of goblet cells- and mucin-related genes (Clca1, gob5, MUC4,
MUC5AC and MUC5B) and inflammatory cytokine genes (KC, TNFα, IL-
2, IL-13) in lung tissue, and alveolar mean linear intercept (MLI). Notably,
DNA microarray analysis by the “3D-Gene” mouse oligo chip 24k (Toray
Industries, Kanagawa, Japan) further confirmed the pulmonary phenotypes
observed in our Tg mouse line. Lastly, clinically acceptable respiratory
parameters, such as elastance (E), compliance (C = 1/E), hysteresivity (eta;
characterizes the ratio of energy dissipation to energy conservation in the
lung tissues), forced vital capacity (FVC), forced expiratory volume in 0.1
second (FEV0.1) and FEV0.1% (FEV0.1/FVC), were analyzed by invasive
lung function measurements using the flexiVent (SCIREQ Inc. Montreal,
Quebec, Canada), which is known to result in relatively precise and physio-
logical variables. Importantly, airway elastance was decreased and compli-
ance and hysteresivity were increased in the Tg mice compared with their
wild-type littermate mice, and FEV0.1/FVC, a marker of airflow obstruction
during expiration, was significantly decreased in this Tg line, suggesting the
impaired pulmonary mechanics in our established βENaC-Tg mice. Taken
together, the studies establish a low-mortality βENaC-Tg mouse line that
stably exhibits mucus hypersecretory, inflammatory and emphysema-like
phenotypes, which may be useful for further evaluation of mucous-overpro-
ducing lung diseases such as CF and COPD.

188
CAMOSTAT MESILATE IMPROVES THE MUCUS
HYPERSECRETORY AND EMPHYSEMA-LIKE
PHENOTYPES IN AIRWAY-SPECIFIC β-EPITHELIAL
NA+ CHANNEL-TRANSGENIC MICE
Matsumoto, C.; Ono, T.; Sakaguchi, Y.; Shuto, T.; Sugahara, T.;
Mizuno, A.; Suico, M.; Kai, H. Molecular Medicine, Global COE
“Cell Fate Regulation Research and Education Unit”, Graduate
School of Pharmaceutical Sciences, Kumamoto University,
Kumamoto, Japan

Airway mucous obstruction and depletion of airway surface liquid
(ASL) are the important hallmarks of severe lung diseases including CF,
asthma, and chronic obstructive pulmonary disease (COPD). Recently, oth-
ers and we demonstrated that the mice which overexpress amiloride-sensi-
tive epithelial Na+ channel β subunit (βENaC) in the lower airway, show
key abnormalities of CF, including mucus hypersecretory, inflammatory and
emphysema-like phenotypes, due to increased airway Na+ absorption medi-
ated by the ENaC, which results in depletion of ASL (Mall et al., Nat. Med.
2004; Ono et al., unpublished data). Although these suggested that the
βENaC-transgenic (Tg) mice might serve as useful animal models for CF,
therapeutic evaluation by drugs that control channel-activating proteases
(CAPs), positive regulators of ENaC activation, has not been performed.
Here, we evaluated the effect of camostat mesilate (CM), a trypsin-like pro-
tease inhibitor that is shown to inhibit ENaC activity in vitro and in vivo on
the pulmonary phenotypes in our βENaC-Tg mice. Our data demonstrated
that oral administration of CM twice daily for up to two weeks in βENaC-
Tg mice reduced the fucose concentration in bronchoalveolar lavage fluid
(BALF) and the expression of goblet cells- and mucin-related genes (Clca1,
gob5, MUC5AC and MUC5B), but not inflammatory cytokine genes (KC,
TNFα, IL-2, IL-13) in lung tissue, indicating the improvement of mucus
hypersecretory phenotypes by CM treatment. Furthermore, oral treatment of
CM significantly reduced the alveolar mean linear intercept (MLI), suggest-
ing that CM also improves emphysema-like phenotype. Lastly, invasive lung
function measurements using the flexiVent (SCIREQ Inc. Montreal, Que-
bec, Canada), which is known to result in relatively precise and physiologi-
cal variables, demonstrated that CM treatment also improves clinically
acceptable respiratory parameter FEV0.1% (FEV0.1/FVC; forced expirato-
ry volume in 0.1 second/forced vital capacity), a marker of airflow obstruc-
tion during expiration, in our βENaC Tg mice. Taken together, the studies
demonstrate that CM improves the mucus hypersecretory and emphysema-
like phenotypes in the airway-specific βENaC-Tg mice, and our data expand
the potential usefulness of the βENaC-Tg mice for therapeutic evaluation of
pulmonary phenotypes of CF.

189
TOWARDS PROTEOMIC ANALYSIS OF AN IN VITRO
CYSTIC FIBROSIS GLANDULAR ACINAR CELL
MODEL SYSTEM
Peters-Hall, J.R.1,2; Wu, X.1,3; Mimms, R.W.1; Brown, K.J.1,3;
Rose, M.C.1,3 1. Center for Genetic Medicine Research,
Children’s National, Washington, DC, USA; 2. Biochemistry and
Molecular Biology, The George Washington University School of
Medicine and Health Sciences, Washington, DC, USA; 3.
Integrative Systems Biology, The George Washington University
School of Medicine and Health Sciences, Washington, DC, USA

Mutations in the cystic fibrosis transmembrane conductance regulator
(CFTR) affect the functioning of multiple organs in patients with cystic
fibrosis (CF), but it is the progression of disease in the lungs that is fatal. In
the respiratory tract, CFTR is most highly expressed in the submucosal
glands (SMG) where it localizes to the apical surface of ductal and serous
cells. In addition, CF glandular acinar cells specifically account for the aber-
rant physiological functioning of ion fluid in CF glands. Since CF mucus
has decreased microbicidal activity and glandular cells are the predominant
source of innate immune mediators, we hypothesized that expression and
secretion of innate immune mediators is altered in CF glandular acinar cells
of the respiratory tract. To test the hypothesis, an in vitro three-dimensional
acinar model that we had developed with primary human bronchial epithe-
lial cells (Wu X. et al. 2010) was extended to three sets of life-extended CF
(∆F508/∆F508) and non-CF human bronchial epithelial cell lines (Fulcher
M. et al. 2009). The cells were differentiated into glandular acini on a base-
ment membrane matrix. No significant difference was detected (student’s t-
test) between the average diameters of acini formed by three CF and three
non-CF cell lines on day 13, demonstrating reproducibility between cell
lines. Fluorescent immunostaining and confocal microscopy demonstrated
formation of a polarized mature lumen by day 15 in CF and non-CF acini.
Expression of MUC5B mucin (mucous cell marker) and lysozyme (serous
cell marker) on day 17 was also demonstrated in non-CF acini, while the cil-
iated cell marker β-tubulin IV was not detectable on day 17. The same mark-
ers are being used to characterize CF acini. Proteins in basal and apical
secretions will be compared between CF and non-CF cohorts using pro-
teomic technologies. Differentially identified proteins will be further ana-
lyzed using bioinformatics techniques to better understand the pathophysi-
ology of the disease.

(Supported by Children’s National Board of Vistors grants to XW and to
MCR.)

190
LEAD IDENTIFICATION OF CFTR F508DEL
CORRECTORS THROUGH A COMBINATION OF
FUNCTIONAL AND MECHANISTIC ASSAYS
Liang, F.1; Harrington, J.1; Layer, E.1; Valdez, R.1; Bhatt, P.1;
Amarnani, D.1; Sui, J.1; Cole, B.1; Bihler, H.1; Mense, M.2;
Fitzpatrick, R.1 1. Flatley Discovery Lab, Charlestown, MA, USA;
2. Cystic Fibrosis Foundation Therapeutics, Bethesda, MD, USA

In recognition of the need for more efficacious molecules the search for
a second generation of correctors has become the focus of several CF drug
discovery programs, and the main goal at Flatley Discovery Lab is the iden-
tification of molecules with the desired efficacy. 

To that end, we use an approach that combines functional cell based
assays with mechanistic and biochemical cell-free assays to identify active
compounds that directly interact with CFTR, our target protein. Hit com-
pounds are prioritized for those that show i) significant corrector activity in
primary human bronchial epithelial (hBE) cells obtained from CF patient
lungs; and ii) increase NBD1-F508del thermal stability towards wild-type
levels. Greater thermal stability has been reported to be a facilitator of CFTR
mutant protein rescue. 

Follow-up assays to a primary screen of a chemically diverse library of
100K compounds led to the identification of a few promising leads with the
desired profile. After 24 h incubation at 10 micromolar concentration one of
these compounds achieved a significant 100 percent current increase over
DMSO and 50 percent of reference corrector C18 (CFTR compound pro-
gram by CFFT) current with respect to the CFTR inhibitor (CFTRinh-172)
specific response in Ussing chamber recordings from CF hBE cells. The



Poster Session Abstracts

279

compound is also able to increase the melting temperature of mouse NBD1
F508del by 5-6 degrees C, and preliminary SAR has been established. These
early successes suggest that our assay platform will enable the identification
of additional novel leads from the continuously ongoing primary screening. 

Supported by CFFT and the Flatley Foundation.

191
AUTOMATED EQUIVALENT CURRENT
MEASUREMENTS IN PRIMARY CULTURES OF HUMAN
BRONCHIAL EPITHELIAL CELLS
Bridges, R.J.1; Thakerar, A.1; Cheng, Y.1; Randell, S.H.2; Pilewski,
J.M.3; Penland, C.M.4; van Driessche, W.1 1. Physiology and
Biophysics, Rosalind Franklin University, North Chicago, IL,
USA; 2. University of North Carolina, Chapel Hill, NC, USA; 3.
University of Pittsburgh, Pittsburgh, PA, USA; 4. Cystic Fibrosis
Foundation, Bethesda, MD, USA

A major bottleneck in drug development for the treatment of cystic
fibrosis (CF) has been the electrophysiological evaluation of compounds in
primary cultures of human bronchial epithelial (hBE) cells. Demonstrating
efficacy in CF hBE cells is considered critical in the drug development path-
way. Several recent developments in the procurement of CF lung tissue, air-
way cell harvesting and cell expansion without loss of transport phenotype
now allow for the greater use of CF hBE cells. These advancements come
largely from CF Foundation initiatives and sponsorship. Here we report the
development of an automated electrophysiological workstation to measure
transepithelial equivalent currents (Ieq) in primary cultures of CF hBE cells.
Until now current measurements have been limited to the Ussing chamber
format where both voltage clamp short circuit current (Isc) and current
clamp Ieq studies have been in routine use for over 50 years. When utilized
properly the Ussing chamber format provides robust reliable results. Unfor-
tunately with the Ussing chamber format the through-put for drug testing
can at best be considered modest and then only after significant investment
in equipment, technical training and recurring labor costs. To overcome
these limitations we have made use of CF hBE cells grown on 24 well
Costar filter plates at an air/liquid interface. We designed a 24 channel
transepithelial current clamp and a 24 channel electrode manifold to meas-
ure transepithelial voltage (Vt) and conductance (Gt) from all 24 filters
simultaneously. Ieq was calculated using Ohm’s law where Ieq = Vt × Gt.
Up to six 24 well plates were measured at 2.5 min intervals on a robotic plat-
form. To validate this approach CF hBE cells homozygous for F508del-
CFTR were treated for 48 hours with 6 µM CF-106951 (CFFT panel com-
pound C18) or an equivalent amount of DMSO. Measurements were made
in culture media at 36°C. CF-106951 had no effect on the benzamil-sensitive
Ieq. However, as expected for the improved expression of F508del-CFTR,
CF-106951 increased the Ieq in response to forskolin and VX770 stimula-
tion and this increase was inhibited by bumetanide and Inh-172. Well-to-
well and plate-to-plate variations in the responses were remarkably low with
coefficients of variation (CV) of less than 10% and Z’-factor values of
greater than 0.75. Automated Ieq measurements with this 24 well format can
now be used to evaluate up to 500 compounds per week in CF hBE cells fur-
ther accelerating the discovery of drugs for the treatment of CF. Supported
by Cystic Fibrosis Foundation Therapeutics BRIDGE07XX0 and Cystic
Fibrosis Foundation BRIDGE05G1.

192
MORPHOMETRIC ANALYSIS OF EXOCRINE PIG
PANCREAS SUGGESTS A SEQUENTIAL
PATHOGENESIS FOR FETAL CF PANCREAS DISEASE
Meyerholz, D.K.1; Stoltz, D.A.2; Uc, A.3; McCray, P.B.3; Welsh,
M.J.4,5 1. Pathology, Univ of Iowa, Iowa City, IA, USA; 2. Internal
Medicine, University of Iowa, Iowa City, IA, USA; 3. Pediatrics,
University of Iowa, Iowa City, IA, USA; 4. Molecular Physiology
and Biophysics, University of Iowa, Iowa City, IA, USA; 5.
Howard Hughes Medical Institute, University of Iowa, Iowa City,
IA, USA

While cystic fibrosis (CF) produces lesions in multiple organs, the pan-
creas is prone to disease and has the highest genotype to phenotype relation-
ship. In humans, pancreas lesions begin in fetal life. To study the sequential

changes during early disease pathogenesis, we morphometrically studied
early fetal development of CF pig pancreas in CF and non-CF pigs. We
examined fetal pig pancreas from day 41-82 of gestation (term ~114 days)
in CF and non-CF groups. As early as day 41, both CF and non-CF groups
had detectable amphiphilic to eosinophilic, slightly fibrillar material within
lumens; however, CF pancreata had an increased incidence of this material
within lumens compared to non-CF pancreata (P<0.01, unpaired T-test).
This increased incidence in CF pancreata remained significant through the
time course. By day 54, CF pancreata had detectable increases in mean
lumen diameter (P<0.05, unpaired T-test) with rare detection of dilated acini
overtly filled with eosinophilic material. Lumen size remained significantly
larger in CF acini through the remainder of the time course. CF pancreata
had increased lumen to whole acinus ratio, first detected at day 60 (P<0.01,
unpaired T-test) and this continued through the remainder of the time course.
Our data together with previous work shows that accumulation of luminal
material is one of the earliest observed changes in the CF pig pancreas and
this begins as early as day 41 of gestation. Furthermore, this early change (at
day 41) was not qualitative in nature, but rather a quantitative change detect-
ed only through morphometry. Interestingly, the accumulation of luminal
material leading to dilated acini at early time points preceded detection of
well differentiated acini, goblet cells in ducts or leukocyte infiltration. As
has been speculated in humans, this suggests that altered luminal secretions
are likely a primary lesion in the pathogenesis of CF pancreas disease. The
luminal material leads to obstruction and sequential pathologic changes
including secondary inflammation, mucous cell change and duct prolifera-
tion. Future studies will work to define the composition of this lumen mate-
rial as well as the environmental conditions and cellular processing in acini
that may further contribute to its formation.

193
DEVELOPING A CFTR DEFICIENT PKD MOUSE
MODEL
Havasi, V.1; Buckley-Lanier, J.2; Childress-Roper, V.3;
Fortenberry, J.A.1; Schoeb, T.R.4; Bedwell, D.M.2; Yoder, B.K.3;
Sorscher, E.J.1,5 1. Gregory Fleming James Cystic Fibrosis
Research Center, University of Alabama at Birmingham,
Birmingham, AL, USA; 2. Department of Microbiology,
University of Alabama at Birmingham, Birmingham, AL, USA; 3.
Department of Cell Biology, University of Alabama at
Birmingham, Birmingham, AL, USA; 4. Department of Genetics,
University of Alabama at Birmingham, Birmingham, AL, USA; 5.
Department of Medicine, University of Alabama at Birmingham,
Birmingham, AL, USA

Background: In vitro and in vivo evidence suggests a possible connec-
tion between the mechanisms underlying pathogenesis of cystic fibrosis and
polycystic kidney disease (PKD). Cysts in ADPKD (autosomal dominant
PKD) have been reported to develop in a CFTR dependent fashion (Sullivan
et al, 1998), and a similar etiology has been implicated for the autosomal
recessive PKD phenotype (Nakanishi et al, 2001). Individuals with ADPKD
and CF may exhibit less severe disease, including absence of hepatic cyst
formation, fewer renal cysts and improved residual kidney function (O`Sul-
livan et al, 1998; Xu et al, 2006). 

Objectives and Methods: Based on these earlier findings, we bred the
hypomorphic Ift88TG737RpW PKD murine strain onto CFTRtm1Unc/J mice to
investigate whether homozygous recessive PKD animals that also possess
CFTR mutations would exhibit a milder renal phenotype than PKD mice
with wild-type CFTR. 

Results: Autopsy of PKD heterozygous/CF heterozygous mice revealed
no signs of either CF or PKD, and no gene dosing effect was discernible at
the level of carriers for either mutant allele. PKD homozygous/CF heterozy-
gous animals demonstrated PKD findings similar to PKD mice with two
functioning CFTR alleles. In addition, CF mice with one mutant PKD allele
exhibited a very similar CF phenotype to conventional CFTR -/- animals.
Notably, from among 338 mice genotyped at 3 weeks, we observed no dou-
ble homozygous mice on either the Balb/C or C57BL/6 backgrounds,
although approx. 6.25% incidence would be expected. Timed mating exper-
iments, genotyping of newborn pups and analysis of mice in utero con-
firmed that double homozygous animals die either during embryonic life or
by postnatal day 1. Histopathology from double homozygous embryos will
be presented.
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Conclusions: CFTR has recently been suggested to participate in
human airway wound healing (Schiller et al, 2010) and prenatal tracheal
maturation in pigs (Ostedgaard, Meyerholz et al, 2011). Taken together with
earlier studies, our findings support the notion that CFTR serves a crucial
role during embryonic development. Our results point to a new murine
model for testing the influence of CFTR and Ift88 during in utero growth,
and suggest epistasis between two distinct pathways mediating epithelial
integrity. Supported by CFF and NIH.

194
SINUS DISEASE IN CFTR-/- PIGS
Chang, E.H.1; Pezzulo, A.A.2; Potash, A.1; Meyerholz, D.K.3;
Stoltz, D.A.2; Welsh, M.4; Zabner, J.2 1. Otolaryngology,
University of Iowa Hospitals and Clinics, Iowa City, IA, USA; 2.
Internal Medicine, University of Iowa Hospitals and Clinics,
Iowa City, IA, USA; 3. Pathology, University of Iowa Hospitals
and Clinics, Iowa City, IA, USA; 4. Howard Hughes Medical
Institute, University of Iowa Hospitals and Clinics, Iowa City, IA,
USA

Background: Nearly 100% of patients with cystic fibrosis (CF) have
sinus hypoplasia and chronic sinus disease. On exam, CF patients have
opacified sinuses, thick mucus and chronic bacterial infections. Because
sinus disease often precedes symptoms in CF, there has been limited data
about its timing and onset. In addition longitudinal radiologic studies of
humans are difficult. The CFTR-/- pig provides a unique opportunity to
investigate the paranasal sinuses in a CF animal model beginning at birth.

Methods: We harvested sinus epithelia from newborn CFTR-/- and WT
pigs, detected CFTR expression by RT-PCR and localized CFTR by
immunohistochemistry. We then grew in vitro cultures of CFTR-/- and WT
pig sinus epithelia in an air-liquid interface, and investigated ion transport by
Ussing chamber studies. We performed CT scans of the sinuses of newborn
CFTR-/- and WT pigs and 3-dimensional volumetric analysis of the sinus
and skull. We followed CFTR-/- pigs longitudinally to assess for the devel-
opment of sinus disease. We assessed for disease by established radiologic
criteria including mucosal thickening and sinus opacification. We supple-
mented our findings with necropsy results, and when available, microbio-
logic studies of infected sinuses.

Results: We identified both respiratory and olfactory epithelia in the
sinuses, and there were no obvious differences on histopathology between
CFTR-/- and WT pigs at birth. As expected CFTR mRNA was not amplified
from the CFTR-/- pig sinuses, but did amplify in the WT pig sinus. We inves-
tigated the localization of CFTR in pig sinus epithelia by immunocytochem-
istry. Similar to the lower airways in pigs, CFTR in WT pigs was localized
apically in sinus airway epithelia and was absent in CFTR-/- pig sinus airway
epithelia. We were able to grow well-differentiated pseudostratified ciliated
airway epithelia from sinus tissue of CFTR-/- and WT pigs. Electrophysiol-
ogy studies confirmed the absence of chloride transport in CFTR-/- in sinus
cultures. At birth, we also found that CFTR-/- pigs had smaller sinuses than
litter-matched WT pigs, without any differences seen in skull size. Longitu-
dinally, CFTR-/- pigs developed sinus disease evident on radiologic sinus CT
scans and by gross necropsy. On histopathology, diseased CFTR-/- sinus
epithelia displayed airway remodeling and mucus production from goblet
cells and submucosal glands. On microbiology, two pigs were infected with
Pseudomonas aeruginosa.

Conclusions: We have shown that CFTR is present in the sinuses of WT
pigs but not CFTR-/- pigs. At birth, CFTR-/- pigs have smaller sinuses than
WT pigs. We have previously reported that CFTR-/- pigs also have smaller
tracheas than WT pigs. This exciting finding suggests that CFTR can influ-
ence both bone and cartilage development. In addition, CFTR-/- pigs spon-
taneously develop sinus disease that presents similar to human CF sinus
disease. This may allow us to answer the long-standing question of the rela-
tionship between sinus and lung disease in CF.

195
CLEARING THINGS UP: A NOVEL CELL CULTURE
SYSTEM THAT EXPLORES MUCOCILIARY
CLEARANCE AS A FUNCTION OF GRAVITY
Carpenter, J.1; Lynch, S.2; Kylstra, S.3; Millard, M.5; Superfine,
R.4 1. Curriculum in Applied Sciences and Engineering, Univ
North Carolina Chapel Hil, Chapel Hill, NC, USA; 2. Biological
and Biomedical Sciences Program, UNC, Chapel Hill, NC, USA;
3. Mathematics, UNC, Chapel Hill, NC, USA; 4. Physics and
Astronomy, UNC, Chapel Hill, NC, USA; 5. Medicine, Saint Louis
University, Saint Louis, MO, USA

In vitro models play a critical role in both understanding the mecha-
nisms of mucociliary clearance and developing/improving treatments. Pos-
tural draining therapy (PDT) is an important treatment in assisting with
clearance for cystic fibrosis patients, but existing cell culture models are not
capable of measuring mucus clearance as a function of gravity. We present
a novel cell culture model capable of measuring mucociliary clearance at a
variety of angles, ranging from flat to vertical. In our model we grow pri-
mary human bronchial epithelial cells in a bilayer fluidics channel. The sep-
arate enclosed compartments allow us to perfuse the system basally while
the system is tilted. We have successfully grown well-differentiated, well-
ciliated cultures and characterized the transport in our system with particle
image velocimetry (PIV). By coupling our microscope to a custom-built
rotating platform, we gained the ability to rotate the entire optical path of the
scope while maintaining the same field of view. This innovation enabled us
to perform PIV over a specific region of the culture and then repeat the
measurement at varying tilt angles. Additionally, access ports in the apical
channel made it possible to not only sample and characterize the endoge-
nous airway surface liquid (ASL), but to entirely replace the ASL with
exogenous mucus, or mucus mimics that simulate specific rheological and
biochemical properties of mucus. We have measured transport rates as a
function of tilt angle and in fluids that range from buffer to pathological
mucus, such as the types found in CF and bronchiectasis. Understanding the
effects of gravity on mucus clearance gives us insight into the mechanisms
and limitations of PDT. Furthermore, our system provides a platform to
examine how pharmacological agents modify the efficacy of the treatment.

NEW THERAPIES, BIOMARKERS &
OUTCOME MEASURES

196�
A MULTI-CENTER, PHASE IIB, RANDOMIZED,
PLACEBO-CONTROLLED, DOUBLE-BLIND STUDY OF
THE EFFECTS OF N-ACETYLCYSTEINE (NAC) ON
REDOX CHANGES AND LUNG INFLAMMATION IN
CYSTIC FIBROSIS PATIENTS
Tirouvanziam, R.1; Lymp, J.2; Thompson, V.2; Chatfield, B.A.3;
Nicholls, D.4; Clancy, J.P.5; Vender, R.6; Egan, M.7; Quittell, L.8;
Michelson, P.9; Antony, V.10; Spahr, J.11; Rubenstein, R.C.12;
Herzenberg, L.1; Conrad, C.K.1 1. Pediatrics, Stanford University,
Palo Alto, CA, USA; 2. CFFT TDN Coordinating Center, Seattle,
WA, USA; 3. Primary Children’s Medical Center, Salt Lake City,
UT, USA; 4. Children’s Hospital, National Jewish Med Center,
Denver, CO, USA; 5. Children’s Hospital Alabama, Univ. of
Alabama, Birmingham, AL, USA; 6. Hershey Children’s Hospital,
Hershey Medical Center, Hershey, USA; 7. New Haven Hospital,
Yale University, New Haven, CT, USA; 8. Morgan Stanley
Children’s Hospital, Columbia Univ., New York, NY, USA; 9.
Duke University Medical Center, Durham, NC, USA; 10.
University of Florida, Gainesville, FL, USA; 11. Children’s
Hospital of Pittsburgh, Pittsburgh, USA; 12. Philadelphia
Children’s Hospital, Philadelphia, USA

We performed a 6-month proof-of-concept clinical trial to evaluate the
effect of N-acetylcysteine (PharmaNAC®) 900 mg effervescent tablets
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taken orally 3 times a day on airway inflammation in CF patients. 70 sub-
jects were recruited to provide 80% power to detect a difference between
groups. Randomization stratified by study site, FEV1, age, gender, chronic
azithromycin, inhaled aztreonam or TOBI, and ibuprofen use. Primary
objective: to determine the effect of NAC on chronic airway inflammation as
measured by the change in the logarithm of HNE activity measured in spu-
tum from enrollment to the end of the trial. Secondary objective: to deter-
mine the effect of NAC on neutrophil infiltration, lung function, pulmonary
and sinus exacerbations, as measured by: change in sputum neutrophil
count, change in IL-8 concentration in sputum and plasma, change in glu-
tathione in whole blood, incidence of pulmonary exacerbations, number of
and time to first pulmonary exacerbation, incidence and number of antibi-
otics for any reason, change in FEV1. PRO were measured by the CFQ-R
and CFRD. Safety objectives to evaluate the potential of NAC to promote
the development of pulmonary hypertension in subjects with CF were
assessed with both clinical and molecular studies performed at 6-week inter-
vals. The panel included level of NAC measured in whole blood, βFGF and
VEGF in plasma and urine, and in a sub-cohort, levels of S-nitrosylated
NAC (SNOAC) in whole blood, HIF-1α in blood cells, ECHO and DLCO
tests were reviewed by the CFF DSMC for safety prior to proceeding to ini-
tiation of all other sites. 

Results: Safety criteria were met, and there was no evidence of the
development of PH. The dataset will be locked June 30, 2011. Further
results will be provided at the time of poster presentation. Supported by the
CFF.

Baseline demographics

197�
MULTIPLE DOSES OF LIPID-MEDIATED GENE
THERAPY NEBULISED TO THE MOUSE LUNG SHOW
ROBUST AND SUSTAINED CFTR EXPRESSION
Hyde, S.C.1; Sumner-Jones, S.G.1; Pringle, I.A.1; Cheng, S.H.2;
Scheule, R.K.2; Alton, E.W.1; Davies, J.C.1; Higgins, T.1; Boyd,
A.1; Innes, J.1; Porteous, D.J.1; Gill, D.R.1; Griesenbach, U.1 1.
UK Cystic Fibrosis Gene Therapy Consortium, Edinburgh,
London, Oxford, United Kingdom; 2. Genzyme Corporation,
Framingham, MA, USA

The nebulisation of multiple doses of a non-viral gene therapy formula-
tion to the lungs of individuals with CF is being considered as a treatment
for chronic CF lung disease. The success of such a strategy depends on the
selection of a formulation capable of CFTR expression that is high-level,
sustained, and can be repeatedly administered. Plasmid pGM169 is free of
CG dinucleotides and contains the novel synthetic hCEFI promoter specifi-
cally designed for long-term expression of CFTR in the lung; when com-
plexed with cationic liposome GL67A (supplied by Genzyme) CFTR
expression lasts for several months in the mouse lung after a single nebu-
lised dose (Hyde et al 2008 Nature Biotech 26:549). A clinical trial to assess
the safety and CFTR expression of a single nebulised dose of
pGM169/GL67A in 35 CF patients has just been completed (separate
abstract). In order to progress into multiple-dose studies a GLP toxicology
(separate abstract) and biodistribution study was performed in mice to eval-
uate the CFTR expression profile of up to 12 doses of pGM169/GL67A.
Mice were exposed to aerosolised pGM169/GL67A at 2 weekly intervals for
0.5, 2 or 6 hours (Low, Medium and High dose groups respectively); mice
exposed to air for 6 hours were used as controls. Groups of mice (males and
females; n=4-10) were sacrificed after one, six and 12 doses and organs
(lung, cervical lymphnodes, spleen, gut (proximal ileum), liver, kidney,
testes/ovaries, and blood) analysed for the presence of plasmid DNA and/or
vector-specific CFTR mRNA using quantitative RT-PCR. A significant
dose-response was observed between duration of inhalation and the quanti-
ty of plasmid DNA present in the lungs 1 day after delivery of one, six and
12 doses (p<0.0001; Spearman correlation). Plasmid DNA remained

detectable in the lungs of animals for up to 21 weeks after the final (High)
dose. Levels of plasmid DNA in non-target organs were several orders of
magnitude lower than the lungs at day 1. When CFTR mRNA was measured
in the lungs, low levels were detected after a single dose in the Low and
Medium groups, with increased signal in the High group (p<0.001; equiva-
lent to ≥100% endogenous levels). Importantly, after 12 doses, a cumulative
treatment effect was noted such that high mRNA levels were observed for all
animals in all treatment groups. Robust levels of CFTR mRNA remained in
the lung for at least 21 weeks after the final exposure. This is the first time
that multiple nebulised doses of a lipid-based formulation have been shown
to achieve a long-lasting and cumulative CFTR expression that can build
with successive doses; importantly this confirms our clinical strategy to
deliver multiple doses in order to maximise CFTR expression. In conclu-
sion, these studies further support progression into our planned multi-dose
clinical trial designed to generate clinical benefit in CF patients.

This work was funded by the Cystic Fibrosis Trust.

198�
SAFETY AND EXPRESSION OF A SINGLE DOSE OF
LIPID-MEDIATED CFTR GENE THERAPY TO THE
UPPER AND LOWER AIRWAYS OF PATIENTS WITH CF
Davies, J.C.1,5; Davies, G.1,5; Gill, D.2,5; Hyde, S.2,5; Boyd, C.3,5;
Innes, J.A.3,5; Porteous, D.3,5; Cheng, S.4; Scheule, R.4; Higgins,
T.1,5; Griesenbach, U.1,5; Alton, E.W.1,5 1. Imperial College
London, London, United Kingdom; 2. Oxford University, Oxford,
United Kingdom; 3. Edinburgh University, Edinburgh, United
Kingdom; 4. Genzyme Corp, Framingham, MA, USA; 5. UK CF
Gene Therapy, Consortium, United Kingdom

In preparation for a multi-dose clinical trial (MDT) of CFTR gene ther-
apy, we undertook a study to assess safety and dose-ranging with a single
nebulised dose of pGM169/ GL67A [a CpG-free human CFTR plasmid with
a CpG-free CMV enhancer and human elongation factor 1 alpha (hCEFI)
promoter complexed with Genzyme Lipid 67A]. We also assessed transgene
expression in the lung and upper airway with QRT-PCR on airway brushings
and nasal and bronchial potential difference measurements. 

Thirty-five adult patients with a baseline FEV1 of at least 60% predict-
ed received a nebulised dose of 20 mL (n=17), 10 mL (n=10) or 5 mL (n=8).
A short-lived, dose-related drop in FEV1 was observed over the next 6 hours
(mean [SD]: 20 mL 25.7[10.2]%; 10 mL 17.7[9.9]%; 5 mL 13.0[4.4]%);
this was well-tolerated, not accompanied by desaturation, showed a restric-
tive pattern and was unresponsive to bronchodilators. Subjects also experi-
enced a systemic inflammatory response, the symptoms of which respond-
ed well to anti-pyretics. This was similarly dose-related and limited, in gen-
eral, to the first 24-48 hours post-dosing. A significant correlation between
the magnitude of the FEV1 drop and the rise in white blood count, suggests
that the former may be an inflammatory phenomenon. A cohort of 6 patients
(4@10 mL; 2@5 mL) received 4 g paracetamol over an 18 hour period post-
dosing; none of these patients developed a fever. Intriguingly, these subjects
also appeared to have reduced systemic inflammatory responses. 

Ten patients underwent pre- and post-dosing bronchoscopies, the latter
at either day 6 or day 14 post-dose. Molecular (mRNA) evidence of gene
transfer was observed in some individuals. The majority of the patients’
zero chloride isoproterenol responses increased towards non-CF values after
gene therapy. Nineteen patients received a 2 mL nasal dose. Based on an a
priori definition of a ‘positive response’ as a chloride secretory response out-
side the range of their personal pre-dose measurements, 11/19 patients
responded. The plasmid has been engineered to produce slow onset of trans-
gene expression, but with extended duration. Interestingly, PD was notably
more frequently positive when measured at later, rather than earlier time
points. In the two most positive individuals, maximal zero chloride respons-
es exceeded 10 mV (ie. in the normal non-CF range) and persisted to days
63 and 91 respectively. 

In conclusion, we consider the pulmonary and systemic side effects after
20 mL nebulised dose are excessive for repeated application. Those at 10
mL were more acceptable, whilst 5 mL produced only small changes.
Symptoms are amenable to simple antipyretic treatment and the MDT will
use either 5 or 10 mL. Gene expression was confirmed in both the lower and
upper airways, and restoration of CFTR function in to the non-CF range has
been observed out to 13 weeks following a single dose to the nose. These
data, together with our preclinical toxicity packages (see abstracts) support
progression of this agent to the multi-dose clinical trial. 
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Funded by the UK Cystic Fibrosis Trust.

199�
CF AND NON-CF INTESTINAL BIOPSY CURRENTS:
DEFINING CFTR FUNCTION THROUGH ROC CURVE
ANALYSES AND EX VIVO MODULATION
Clancy, J.P.1; Sun, H.1; Donaldson, S.H.2; Gabriel, S.2; Starner,
T.D.3; Ahrens, R.3; Hornick, D.B.3; Liu, B.4; Rowe, S.M.4 1.
Cincinnati Children’s Hospital Medical Center, Cincinnati, OH,
USA; 2. University of North Carolina, Chapel Hill, NC, USA; 3.
University of Iowa, Iowa city, IA, USA; 4. University of Alabama
at Birmingham, Birmingham, AL, USA

We hypothesized that ICM performed on human rectal biopsies would
quantify CFTR function ex vivo, discriminate between CF and non-CF sub-
jects, detect partial CFTR function, and test CFTR modulators in patient-
derived tissues. Fifty-seven subjects (45 non-CF controls, 12 CF adults)
were enrolled in a prospective trial across three sites. Common voltage
clamps, tissue mounts (Physiologic Instruments, San Diego, CA), buffer
conditions, and tissue dissection were used. Biopsies were warmed to 37°C
and gassed with 95%O2/5%CO2 in RPMI 1640 media + 25 mM HCO3. Tis-
sues were voltage clamped to continuously monitor short circuit current
(Isc) and resistance. Tissue was treated with 10 µM indomethacin (20 min)
followed by amiloride (100 µM, 15 min). CFTR currents were stimulated
with 10 µM forskolin + 100 µM IBMX (20 minutes), followed by carbachol
(100 µM, serosal) to activate basolateral K+ channels and further potentiate
CFTR-dependent Isc. Serosal bumetanide (100 µM) was then added to
block Cl- transport. The mean (SD) amiloride-sensitive currents in CF and
non-CF subjects were -12.5 (34.75) and -21.4 (27.79) (p=0.005). The mean
(SD) forskolin/IBMX-stimulated currents in CF and non-CF subjects were
-3.6 (11.57) and 99.5 (71.84) (p<0.001). The mean CCh-stimulated currents
in CF and non-CF subjects were 6.9 (8.96) and 102.2 (69.21) (p<0.001). The
mean forskolin/IBMX + CCh-stimulated currents in CF and non-CF sub-
jects were 3.4 (16.77) and 201.7 (131.98) (p<0.001). The mean bumetanide-
sensitive currents in CF and non-CF subjects were 9.6 (8.53) and -35.8
(31.35) (p<0.001). Receiver Operating Characteristic (ROC) curve analysis
indicated that the current changes in response to cAMP/forskolin, CCh,
cAMP/forskolin + CCh and bumetanide all had good discrimination
between CF and non-CF subjects, with Area Under the ROC Curve (AUC)
ranging from 0.94 to 0.98. Biopsies from one F508del/F508del demonstrat-
ed residual CFTR function (forskolin/IBMX + CCh-stimulated Isc = 31.80
µA/cm2 +/- 12.27; or 15.8% of normal response). Ex vivo gentamicin treat-
ment (200 µgm/mL, 18 hours) of rectal biopsies from an E60X/621G-T CF
patient was associated with new CFTR-dependent currents. Pre-treatment
forskolin/IBMX + CCh-stimulated Cl- currents in biopsies were < 0.20% of
wt control Isc. After 18 hours of ex vivo exposure in chambers, control Isc
(no gent) was 1.79 µA/cm2 (0.25), and Isc in gentamicin-treated biopsies
was 12.43 µA/cm2 (0.90). These represented 0.89% and 6.21% of wtCFTR
Isc, respectively. Ex vivo treatment of biopsies from a F508del/S945L pan-
creatic sufficient CF subject with Vrt325 + corr4d (10 µgm/mL each, 18
hours) increased the forskolin/IBMX + CCh-stimulated Isc >6-fold (from
25.66 µA/cm2 to 171.53 µA/cm2). The results indicate that multicenter
analysis of ICM segregates CF from non-CF subjects with excellent dis-
crimination, and can detect residual CFTR function in F508/F508 subjects,
subjects with partial function mutations, and following ex vivo exposure to
CFTR modulators. 

Supported by CFF and conducted through CFF-TDN.

200�
PILOT STUDY FOR OPTIMIZATION OF SEROLOGIC
ANALYSIS TO DETECT INITIAL PSEUDOMONAS
AERUGINOSA INFECTION IN CYSTIC FIBROSIS
PATIENTS
Lymp, J.1; Khan, U.1; Anstead, M.2; Langkamp, M.3; Barbieri, J.4;
Döring, G.5; Ramsey, B.1 1. Seattle Children’s Research Institute,
Seattle, WA, USA; 2. University of Kentucky College of Medicine,
Lexington, KY, USA; 3. Mediagnost, Reutlingen, Germany; 4.
Medical College of Wisconsin, Milwaukee, WI, USA; 5. Institute
of Medical Microbiology and Hygiene, University of Tübingen,
Tübingen, Germany

Rationale: Diagnosis of Pseudomonas aeruginosa (Pa) infection based
on specific serum antibodies is being developed as an adjunct to oropharyn-
geal (OP) culture in patients with cystic fibrosis (CF). 

Objectives: To assess the repeatability and reproducibility of three
ELISAs with different Pa antigens in different laboratories. 

Methods: The Mediagnost® ELISA (alkaline protease, elastase, exo-
toxin A), an ELISA using components of the type III secretion system
(PopB, ExoS), and a PA01 whole-cell lysate ELISA were used. Serum sam-
ples were derived from German CF patients with no documented history of
infection (n=25), intermittently infected (n=23), and chronically infected
(n=26). Patient information was blinded to each lab. For the Mediagnost®
panel, a titer above 500 indicates borderline positive and above 1250 indi-
cates positive. For the other antigens, a titer above 100 indicates positive. 

Results: Repeatability appears good for all six antigens (Kappa range
0.86-1.00, Pearson correlation range 0.98-1.00). Reproducibility across lab-
oratories appears good (Kappa range 0.88-0.95, Pearson correlation range
0.89-0.97), although one of the two labs tended to produce higher titer esti-
mates for all three antigens. 

Conclusions: This study provides repeatability and reproducibility
information for an expanded panel of pseudomonal antigens. This panel
will be used in two recently completed and one ongoing study to assess
serum antibody response and to establish a cutpoint for positivity using up
to six antigens.

201�
LUNG CLEARANCE INDEX AS AN OUTCOME
MEASURE IN CYSTIC FIBROSIS CLINICAL TRIALS
Ratjen, F.1; Sheridan, H.2; Lee, P.3; Song, T.3; Stone, A.3; Davies,
J.C.4 1. The Hospital for Sick Children, Toronto, ON, Canada; 2.
University of Edinburgh, Edinburgh, United Kingdom; 3. Vertex
Pharmaceuticals Incorporated, Cambridge, MA, USA; 4. Royal
Brompton Hospital and Imperial College, London, United
Kingdom

Currently, there are limited objective measures available to evaluate
lung function in patients with CF with mild lung disease. While spirometry
(e.g., FEV1) is the most widely used lung function test, a significant propor-
tion of patients with “normal” lung function have lung disease based on
other test modalities. Lung clearance index (LCI) derived from inert gas
multiple-breath washout (MBW) testing is a technique being evaluated in
early lung disease. LCI has detected abnormalities in a high percentage of
children with CF with normal spirometry (Aurora et al, Thorax 2007), and
the technique has been shown to predict the presence of structural abnormal-
ities, such as bronchiectasis in patients with CF (Gustafsson et al, Thorax
2008). In addition, two interventional studies with hypertonic saline and
dornase alfa suggest that LCI can sensitively detect a treatment effect in
patients with mild disease (Amin et al, Thorax 2010, Eur Respir J 2011).
The current study explores LCI as a potential measure of lung function
changes in response to an investigational CFTR modulator, VX-770. This
multicenter study is a Phase 2, randomized, double-blind, placebo-con-
trolled, crossover study. Patients with CF aged 6 years and older with the
G551D mutation on at least one CFTR allele are being enrolled at 8 sites in
both Europe and North America. Multiple breath washout measurements are
performed using 0.2% sulphur hexafluoride (SF6) as a tracer gas and an
open circuit Innocor system (Odensa, Denmark). Measurements performed
at the local centers are analyzed centrally using the UK CF Gene Therapy
Consortium algorithm by one of the investigators (HS). Subjects are
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required to have a screening FEV1 >90% predicted and an LCI >7.4, which
is above the 95% confidence interval of healthy individuals. VX-770 150 mg
or placebo is administered every 12 hours for two 4-week periods with a 4-
week washout period in between. To date, 18 subjects have been screened
and 10 have been enrolled. The mean age of the subjects was 13.3 years
(range: 8-33). Screening FEV1 values ranged from 91-125% predicted
(mean: 97.4%). Of the 10 subjects enrolled, 5 were female. Of the 18 sub-
jects screened, only 3 subjects were not enrolled due to a screening LCI of
≤7.4. An additional 4 subjects were excluded due to an FEV1 <90% predict-
ed and 1 subject was not enrolled due to a non-CF-related illness on the first
day of treatment. Screening LCI values for enrolled patients ranged from 7.8
to 12.89 with a mean of 9.37. Study recruitment is ongoing and expected to
be completed at the time of the meeting. These preliminary data support pre-
vious single center data that LCI is abnormal in the majority of patients with
CF with normal spirometry and support the feasibility of using LCI as a
measure of lung function abnormality in a multicenter interventional study.
Results from this Phase 2 study will help guide the design of future studies
utilizing LCI in infants and children with CF.

Supported by Vertex Pharmaceuticals Incorporated.

202
VARIABILITY OF NASAL POTENTIAL DIFFERENCE
MEASUREMENTS IN CLINICAL TESTING OF CFTR
MODULATORS
Clancy, J.P.1; Rowe, S.M.2; Liu, B.2; Hathorne, H.2; Dong, Q.3;
Wisseh, S.3; Ordonez, C.3 1. Cincinnati Children’s Hospital,
Cincinnati, OH, USA; 2. University of Alabama at Birmingham,
Birmingham, AL, USA; 3. Vertex Pharmaceuticals Incorporated,
Cambridge, MA, USA

Background: CFTR dysfunction is the underlying defect in CF dis-
ease. Loss of CFTR function disrupts salt sodium and chloride transport
across affected mucosal epithelia. Measurements of potential difference
across the nasal mucosa (NPD) are used as a biomarker in trials of CFTR
modulators, reflective of CFTR-dependent sodium and chloride transport. 

Methods: Standardized NPD testing was recently evaluated in two mul-
ticenter, placebo-controlled trials of 14 to 28-day treatment of subjects with
CF with either VX-770, an investigational CFTR potentiator, or VX-809, an
investigational CFTR corrector. Eight subjects who had the G551D-CFTR
mutation on one allele in the VX-770 study and 17 subjects who were
homozygous for the F508del-CFTR mutation in the VX-809 study were
randomized to placebo. All subjects had documented CF disease with sweat
chloride values above 60 mmol/L. 

Results: NPD was applied using a uniform protocol in the VX-770
study. Due to the cross-over design of the first cohort of subjects in the VX-
770 trial, 12 observations were available at baseline and study Day 14. The
mean (SD) average basal potential difference, a measure of sodium trans-
port, was -34.7 mV (6.9) at baseline and -34.6 mV (11.8) at Day 14; the
mean change from baseline using a linear effects mixed model was -1.8 mV
(9.3). The mean zero chloride plus isoproterenol response, a measure of
CFTR-mediated chloride transport, was 1.5 mV (3.3) at baseline and 1.8
mV (3.3) at Day 14; the modeled mean change was -0.33 mV (5.7). The
amiloride plus zero chloride plus isoproterenol response, or total Delta PD,
was 30.9 (9.3) at baseline and 28.6 mV (10.2) at Day 14; the modeled mean
change was 1.2 mV (11.3).

Based on the experience in the VX-770 study, the NPD protocol was
modified for the larger VX-809 trial. In this study NPD was an optional
assessment, and data was available for 13 placebo subjects. The mean (SD)
average basal potential difference was -27.5 mV (9.4) at baseline, -24.8 mV
(8.9) at Day 14, and -23.4 (11.2) at Day 28; the change from baseline to Day
28 using ANCOVA was 4.8 mV (13.0). The mean zero chloride plus isopro-
terenol response was 1.2 mV (4.6) at baseline, 1.1 mV (4.1) at Day 14, and
0.27 mV (4.6) at Day 28; ANCOVA change from baseline to Day 28 was -
1.0 mV (4.0). The total Delta PD, was 21.4 (8.4) at baseline, 23.2 mV (10.6)
at Day 14, and 18.0 mV (10.6) at Day 28; ANCOVA change from baseline
to Day 28 was -6.0 mV (11.4).

Conclusions: NPD evaluations in placebo-treated subjects from CFTR
modulator studies showed consistent results over time. Analyses of com-
bined data from the two trials will be presented.

These studies were sponsored by Vertex Pharmaceuticals with support
from Cystic Fibrosis Foundation Therapeutics. The VX-770 study was also

supported by a grant from the FDA Office of Orphan Products Develop-
ment.

203
VX-770 IN SUBJECTS 6 TO 11 YEARS WITH CYSTIC
FIBROSIS AND THE G551D-CFTR MUTATION
Aherns, R.1; Rodriguez, S.2; Yen, K.2; Davies, J.C.3 1. University
of Iowa, Iowa City, IA, USA; 2. Vertex Pharmaceuticals
Incorporated, Cambridge, MA, USA; 3. Royal Brompton
Hospital, London, United Kingdom

Background: VX-770 has been shown to improve FEV1, respiratory
symptoms, pulmonary exacerbation risk, and weight gain compared to
placebo in subjects with CF greater than 12 years of age with the G551D-
CFTR mutation with safety comparable to placebo. Since earlier treatment
may offer the greatest potential for long-term benefits, this study was con-
ducted to evaluate the efficacy and safety of VX-770 in younger patients
with the G551D-CFTR mutation. 

Methods: This was a Phase 3, two-part, randomized, double-blind,
placebo-controlled, multicenter study of orally administered VX-770 in sub-
jects with CF 6 to 11 years of age and the G551D-CFTR mutation with an
FEV1 of 40-105% predicted. Fifty-two subjects with CF were randomized to
receive VX-770 150 mg every 12 hours (n=26) or placebo (n=26) for 48
weeks. Data through 24 weeks of treatment are reported here. 

Results: Baseline characteristics were similar between the groups. The
mean age of the subjects was 8.9 years in both the placebo (SD: 1.9) and
VX-770 (SD: 2.0) groups. In the placebo group, baseline mean (SD) FEV1
was 83.7% predicted (20.4%) as compared to 84.7% predicted (15.8%) in
the VX-770 group. Baseline mean (SD) sweat chloride was 104.8 mmol/L
(8.9) and 104.3 mmol/L (14.5) in the placebo and VX-770 groups, respec-
tively. In the placebo group at baseline, the mean (SD) weight was 30.0 kg
(7.2) as compared to 31.8 kg (9.9) in the VX-770 group. The mean absolute
change from baseline in percent predicted FEV1, the primary endpoint, was
12.57 percentage points in the VX-770 group compared to 0.04 percentage
points in the placebo group (treatment effect: 12.52%; p<0.0001). The mean
relative change in FEV1 was 21.7% and 4.3% in the VX-770 and placebo
groups, respectively (treatment effect: 17.4%; p<0.0001). In the VX-770
group, the mean absolute change in sweat chloride, a biomarker of CFTR
chloride transport activity, was –55.53 mmol/L compared to –1.21 mmol/L
in the placebo group (treatment effect: –54.32; p<0.0001). The mean
absolute change from baseline in weight was 3.69 kg and 1.79 kg in the VX-
770 and placebo groups, respectively (treatment effect: 1.90; p=0.0004).
The mean absolute change from baseline in the CFQ-R respiratory domain
score was 6.31 in the VX-770 group, which exceeded the MCID of 4, com-
pared to 0.25 in the placebo group (p=0.1092). Adverse events were compa-
rable between treatment groups. The most commonly reported adverse
events included cough, headache, CF pulmonary exacerbation, throat pain,
and vomiting. Pulmonary exacerbations were uncommon regardless of treat-
ment arm. No discontinuations occurred due to adverse events in either
group. 

Conclusions: Compared to placebo, VX-770 demonstrated a substantial
and statistically significant improvement in pulmonary function, CFTR
activity, as measured by the sweat chloride biomarker, and weight through
24 weeks in patients who are younger and healthier compared to previously
studied populations. A clinically meaningful trend towards improvement in
respiratory symptoms was also observed. The improvements and safety
noted in this interim analysis were consistent with those determined in ado-
lescent and adult patients with CF with a G551D-CFTR mutation.

Supported by Vertex.
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204
LONG-TERM SAFETY AND EFFICACY OF
INVESTIGATIONAL CFTR POTENTIATOR, VX-770, IN
SUBJECTS WITH CF
McKone, E.F.1; Borowitz, D.2; Drevinek, P.3; Griese, M.4;
Konstan, M.W.5; Wainwright, C.E.6; Ratjen, F.7; Sermet-
Gaudelus, I.8; Rodriguez, S.9; Yen, K.9; Davies, J.C.10 1. St.
Vincent’s University Hospital, Dublin, Ireland; 2. State University
of New York at Buffalo, Buffalo, NY, USA; 3. 2nd Medical School,
Charles University, Prague, Czech Republic; 4. Childrens’
Hospital, University of Munich, Munich, Germany; 5. Case
Western Reserve University School of Medicine, Rainbow Babies
and Children’s Hospital, Cleveland, OH, USA; 6. Royal
Children’s Hospital Brisbane, Herston, QLD, Australia; 7. The
Hospital for Sick Children, Toronto, ON, Canada; 8. Centre
d’Investigation Clinique - Hopital Necker, Paris, France; 9. Vertex
Pharmaceuticals Incorporated, Cambridge, MA, USA; 10. Royal
Brompton Hospital, London, United Kingdom

Background: Based on its mechanism of action, the investigational
CFTR potentiator VX-770 is expected to be used as chronic therapy if
approved for the treatment of CF. So far, the safety and efficacy profile of
VX-770 has been studied for 48 weeks in the STRIVE study. 

Methods: This 96-week open-label extension study (PERSIST) was
planned to evaluate the safety of long-term VX-770 treatment as well as the
durability of treatment effects in subjects who have completed the prior 48-
week randomized, controlled trials. All subjects in PERSIST received VX-
770 150 mg every 12 hours. Evaluations were planned at 2, 12, 24, 36, 48,
60, 72, 84, and 96 weeks after initiation of open-label dosing. Here we
report the results of the first 12 weeks of the study.

Results: Of 144 enrolled subjects, 67 were previously treated with
placebo and 77 previously received VX-770 for 48 weeks in STRIVE. At
time of entry into PERSIST, 52.8% were female and the mean (SD) age was
26.9 years (9.7) for the overall study population. The mean (SD) FEV1 was
71.9% predicted (18.5%) in subjects previously treated with VX-770 in
STRIVE and 62.2% predicted (18.7%) in subjects previously treated with
placebo. Effects of VX-770 therapy on lung function (FEV1 % predicted) in
PERSIST are shown in Table 1. Absolute and relative changes in FEV1 %
predicted that were observed in the STRIVE VX-770 group continued
through to week 12 of PERSIST (Week 60 of VX-770 therapy). Improve-
ments in FEV1 in the STRIVE placebo group after 12 weeks of the PER-
SIST study were similar to that seen in the VX-770 group at week 12 of the
STRIVE study. The most common AEs (reported by at least 5% of subjects
overall) were pulmonary exacerbations, cough, productive cough, upper res-
piratory tract infection, hemoptysis, headache, and abdominal pain. Overall,
13 (9.0%) subjects had SAEs during 12 weeks of treatment with VX-770 in
PERSIST and 6 (4.2%) subjects had AEs that resulted in study drug inter-
ruption. One subject who received placebo in STRIVE discontinued study
drug dosing.

Conclusions: This study extends the time period of observed effect with
VX-770 to 60 weeks of chronic treatment and suggests that changes in lung
function over this period are sustained.

Supported by Vertex Pharmaceuticals.

*STRIVE plus PERSIST **baseline defined as FEV1 at time of start-
ing VX-770

205
HYPERPOLARIZED HELIUM-3 MAGNETIC
RESONANCE IMAGING OF CFTR POTENTIATOR
THERAPY IN SUBJECTS WITH CYSTIC FIBROSIS AND
THE G551D MUTATION
Altes, T.1; Johnson, M.A.2; Miller, G.W.1; Mugler, J.P.1; Flors, L.1;
Mata, J.1; Salinas, C.L.1; Tustison, N.1; Lee, P.2; Song, T.2; Yen,
K.2; Froh, D.1; Botfield, M.C.2 1. University of Virginia,
Charlottesville, VA, USA; 2. Vertex Pharmaceuticals
Incorporated, Cambridge, MA, USA

FEV1 is currently the most widely accepted measure of lung function in
pulmonary diseases such as CF, COPD, asthma, and alpha-1 antitrypsin
deficiency. However, FEV1 has limited applicability in young patients and is
not sensitive to early pathological changes in the lung. Hyperpolarized heli-
um-3 MRI provides high spatial and temporal resolution images of lung
ventilation in pediatric and adult patients during a single short breath-hold
following inhalation of the non-radioactive, inert gas. In contrast to images
from healthy controls, images from patients with CF show numerous “ven-
tilation defects” – areas of the lung into which inhaled gas does not flow due
to airway obstruction. Ventilation defects appear to correlate with disease
severity. Clinical studies have demonstrated the safety profile of VX-770, an
investigational CFTR potentiator. VX-770 has also previously been shown
to improve FEV1 in patients with CF and the G551D-CFTR mutation. This
single-center, Phase 2, single-blind, placebo-controlled study was designed
to evaluate the effects of VX-770 on ventilation as revealed by helium-3
MRI in subjects with CF who have the G551D mutation and assess the util-
ity of helium-3 MRI as a biomarker of lung disease in clinical trials. Sub-
jects must have FEV1 ≥40% predicted to enroll and receive VX-770 150 mg
every 12 hours for 4 weeks and matching placebo for a total of 4 weeks. To
date, 4 subjects have completed the study. The mean age of the subjects at
study entry was 20.3 years. Screening FEV1 values ranged from 62-100%
predicted (mean: 80.0%). Substantial ventilation defects were observed at
baseline in all subjects, including those with high FEV1. A consistent pattern
of change in response to VX-770 was observed in both FEV1 and helium-3
MRI for 3 of 4 subjects. In the representative subject shown, the response
observed by helium-3 MRI appeared to be of greater magnitude than that
observable by FEV1. Additionally, different spatial patterns of pathology
were observed in different subjects. Algorithms for quantification of lung
defects detected using helium-3 MRI are being refined through this work.
These results suggest that helium-3 MRI may be a sensitive measure of lung
dysfunction and therapeutic response in CF and other pulmonary disorders.

Supported by Vertex Pharmaceuticals Incorporated.

206
VX-770 IN SUBJECTS WITH CF AND HOMOZYGOUS
FOR THE F508DEL-CFTR MUTATION
Flume, P.A.1; Borowitz, D.2; Liou, T.3; Li, H.4; Yen, K.4; Ordoñez,
C.4; Geller, D.E.5 1. Medical University of South Carolina,
Charleston, SC, USA; 2. Women & Children’s Hospital of
Buffalo, Buffalo, NY, USA; 3. University of Utah, Salt Lake City,
UT, USA; 4. Vertex Pharmaceuticals Incorporated, Cambridge,
MA, USA; 5. Nemours Children’s Clinic, Orlando, FL, USA

Design: This was a Phase 2, randomized, double blind, placebo con-
trolled, parallel group study (Part A) with an open label extension (Part B)
of orally administered VX-770 in subjects with CF. The primary objective
was to evaluate the safety profile of VX-770 in the F508del-CFTR homozy-
gous population. Evaluating the efficacy of VX-770 in this population was
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a co-primary objective. VX-770 was evaluated in subjects who have CF and
a G551D-CFTR allele in another study. A total of 140 subjects ≥12 years
were enrolled in Part A and received VX-770 150 mg (n=112) or placebo
(n=28) every 12 hours for 16 weeks. Of these, 38 subjects (33 treated with
VX-770 in Part A and 5 treated with placebo) met predefined FEV1 or sweat
chloride change criteria and were enrolled in Part B where they received
VX-770 150 mg every 12 hours for up to 96 weeks. Data through 40 weeks
of treatment are reported.

Results: The most common adverse events in Part A were cough
(21.1%), pulmonary exacerbation (21.1%), upper respiratory tract infection
(21.1%), and nasal congestion (15.8%). The most common adverse events in
Part B were pulmonary exacerbation (44.7%), cough (21.1%), abdominal
pain (10.5%), bronchitis (7.9%), and nausea (7.9%). Most were mild or
moderate in severity. Through 16 weeks, the frequency of serious adverse
events was 13.4% and 21.4% in the VX-770 and placebo groups, respective-
ly. Through 40 weeks, 13 subjects (34.2%) had serious adverse events. Dis-
continuations due to adverse events were similar between the VX-770
(2.7%) and placebo (7.1%) groups through 16 weeks. One subject in Part B
discontinued due to adverse events. In the VX-770 group, the adjusted mean
absolute change in % predicted FEV1 from baseline through Week 16 did
not demonstrate a statistically significant change compared to placebo; esti-
mated treatment difference of 1.7% (95%CI: -0.6, 4.1; P=0.15). No
improvement in FEV1 was observed with VX-770 treatment from Week 16
to Week 40 in Part B (mean absolute change of -3.5% predicted). There was
no change in the CFQ-R respiratory domain score nor was there an increase
in weight during either part of the study. From baseline through Week 16 of
Part A, sweat chloride in the VX-770 group decreased slightly, while there
was effectively no change in the placebo group; estimated treatment differ-
ence was -2.9 mmol/L (95%CI: -5.6, -0.2; P=0.04). This difference was not
sustained through Week 40 for the population of subjects who continued on
VX-770 in Part B; mean change from Week 16 to Week 40 was 2.2 mmol/L.
However, sweat chloride levels remained below baseline through Week 40
for 3 of the 4 subjects who entered Part B on the basis of sweat chloride
improvements ≥15 mmol/L on Day 15 and Week 8 of Part A; the other sub-
ject discontinued.

Conclusions: This study extends the safety profile of VX-770. Potenti-
ation with VX-770 alone yielded no apparent clinical benefit in F508del-
CFTR homozygous subjects at the dosage studied. The optimal therapeutic
approach for patients with CF and the F508del-CFTR mutation requires fur-
ther exploration.

Supported by Vertex.

207�
A NOVEL APPROACH TO RESCUE CELL SURFACE
EXPRESSION OF F508DEL-CFTR VIA RHO GTPASE
SIGNALLING
Moniz, S.2; Moraes, B.1,2; Sousa, M.1,2; Mendes, A.I.2; Jordan, P.2;
Amaral, M.S.1,2; Matos, P.2 1. Chemistry & Biochemistry,
Universidade de Lisboa-Faculty of Sciences, Lisboa, Portugal; 2.
Genetics, National Health Institute ‘Dr. Ricardo Jorge’, Lisbon,
Portugal

Despite its residual channel function, the F508del-CFTR protein has
severely impaired traffic to the surface of epithelial cells and a highly
decreased stability at the plasma membrane (PM). Our goal was to assess
the impact of small GTPases, namely RhoA, Rac1 and Cdc42 in the late
stages of CFTR traffic, so as to further understand the mechanisms of its PM
stability.

Using dominant negative and constitutive active variants of those 3
small GTPases, we found that both RhoA and Rac1 (but not Cdc42) small
GTPases have a key role in the regulation of CFTR cell surface expression
and activity in mammalian cells. Moreover, using biochemical, physiologi-
cal and confocal imaging approaches, we found that both Rac1 and RhoA
endogenous signalling are required for proper, NHERF-1-mediated CFTR
expression at the PM. However, whereas RhoA acts through ROCK kinase
to promote stress fibre-mediated recycling of CFTR-containing vesicles to
the PM, Rac1 signals enhances Ezrin-mediated anchoring of CFTR to (F)-
actin and its consequent retention at the PM. Our data also reconcile previ-
ous findings that NHERF-1 rescues F508del-CFTR to the cell surface by
showing that this effect is abrogated in the absence of active Rac1, thus sug-
gesting a novel overall model for the regulation of CFTR cell surface
expression. Most significantly, our data leads to the proposal of a novel ther-

apeutic approach for CF, based on the induction of an epithelial morphogen-
esis factor that activates endogenous Rac1 signalling. We show that the
physiological stimulation of the correct signalling cascades is sufficient to
increase and stabilize F508del-CFTR at the PM of human airway cells, res-
cuing CFTR-mediated ion transport to levels comparable to those achieved
by wt-NHERF-1 overexpression. Importantly, this physiological stimulator
is already in clinical trials for other pathologies.

At these exciting times when CFTR modulators start to emerge as fea-
sible therapies, but still stall in providing clear outcomes, such novel physi-
ological approaches, to be plausibly used in combination with existing
CFTR modulators, may certainly bring an important contribution to the
field. 

Work was supported by the Ciência2007 and BioFig Pluriannual Fund-
ing programmes from FCT (Portugal).

208�
IDENTIFICATION OF NOVEL TARGETS FOR ∆F508-
CFTR RESCUE BY RNA INTERFERENCE-MEDIATED
SILENCING
Pedemonte, N.; Caci, E.; Sondo, E.; Tomati, V.; Galietta, L.J.
Laboratorio di Genetica Molecolare, Istituto Giannina Gaslini,
Genova, Italy

The most severe defect caused by ∆F508 is the mistrafficking of CFTR
that remains trapped in the endoplasmic reticulum and is subsequently
degraded. The trafficking defect can be rescued by molecules called correc-
tors, that are able, in different cell models, to restore the function of the
mutant CFTR protein. However, the efficacy of these compounds, on human
bronchial cells derived from CF patients, is reduced. Indeed, it has been
shown that activity of ∆F508-CFTR correctors is largely influenced by cell
background. The development of new drugs requires a better understanding
of the cellular processes responsible for the fate of the mutant protein and its
possible rescue. To identify key proteins involved in the processing of
∆F508-CFTR we adopted a functional genomics approach, using a siRNA
library.

We generated a list of ~150 relevant targets to be silenced with siRNAs.
We included proteins with known interaction with CFTR like RMA1, CHIP,
Derlin-1, p97/VCP, and CAL. The list was further expanded by adding pro-
teins of the quality control system and trafficking like ubiquitin E3 ligases,
heat shock proteins, and proteins of the vesicular transport system. In addi-
tion, we considered also data obtained by microarray analysis of human
bronchial epithelial cells under control conditions, and treated with low tem-
perature or different correctors of ∆F508-CFTR trafficking defects, like
corr-4a. 

For the screening, we used the CFBE41o- cell line, with stable expres-
sion of ∆F508-CFTR and the halide-sensitive YFP. CFBE41o- cells were
derived by immortalization from the bronchial epithelium of a CF patient
homozygous for ∆F508 mutation. The established conditions for high-
throughput siRNA transfection in 96−well format were as follow:
CFBE41o- cells were reverse transfected using 10 nM siRNAs and lipofec-
tamine 2000. After 48 hours, the functional YFP-based assay was performed
to determine the extent of ∆F508−CFTR activity in the plasma membrane.

The results have highlighted RMA1, AHA1 and Derlin-1 as targets
whose silencing causes a significant ∆F508-CFTR rescue in CFBE41o-
cells (65-95% increase relative to control-transfected cells). In addition,
silencing of Ubc9 (the main SUMO E2 conjugating enzyme), CBX4 and
PIAS3 (two SUMO E3 ligases, together with RanBP2) was also effective
(45-65% increase relative to control-transfected cells). These data suggest
that sumoylation has a role in ∆F508-CFTR processing. Indeed, microarray
analysis of human bronchial epithelial cells treated with corr-4a showed an
upregulation of a number of genes that seemed to be connected to the
SUMO pathway. Interestingly, we also found that silencing of NHERF1
prevents CFTR rescue in CFBE41o- cells incubated at low temperature.

The possible existence of other proteins with equal or even greater
importance remains to be elucidated. Therefore, our studies will be contin-
ued with an unbiased siRNA screening to identify novel targets for ∆F508-
CFTR rescue, using a Human Druggable Genome siRNA library.

Supported by CFFT, Italian Ministry of Health, Telethon Foundation,
and Italian Foundation for Cystic Fibrosis.
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209�
SMALL MOLECULE REGULATORS OF THE
PROTEOSTASIS NETWORK IMPROVE FOLDING AND
TRAFFICKING OF ∆F508 CFTR RESULTING IN
ENHANCED PROTEIN LEVELS AND CELL SURFACE
CHANNEL ACTIVITY
Tait, B.D.1; Hutt, D.M.2; Chalfant, M.2; Roth, D.M.2; Khanna, S.1;
Garza, D.1; Zhu, Y.1; Ge, H.1; Vemula, M.1; Reinhart, P.1; Balch,
W.E.3,1 1. Proteostasis Therapeutics Inc., Cambridge, MA, USA;
2. Cell Biology, The Scripps Research Institute, La Jolla, CA,
USA; 3. Departments of Cell Biology, Molecular Biology,
Chemical Physiology, The Skaggs Institute of Chemistry, Institute
for Childhood and Neglected Disease, The Scripps Research
Institute, La Jolla, CA, USA

Proteostasis is the biological folding system responsible for generating
and maintaining protein stability and function in the cell. Cystic fibrosis
(CF), and other protein misfolding disorders, arise as a result of an imbal-
ance in the capacity of the proteostasis environment (the proteostasis net-
work or PN) to handle the reduced energetic stability of misfolded mutant
proteins, an effect detrimental to normal human physiology. CF is caused by
mutations in the cystic fibrosis transmembrane conductance regulator
(CFTR) gene. The majority of CF patients have a deletion of phenylalanine
508 (∆F508) on at least one allele. This mutation results in disruption of the
energetics of the protein fold leading to defective trafficking of CFTR to the
plasma membrane and a concomitant loss of cell surface chloride channel
activity resulting in dysfunctional cellular ionic homeostasis (Cl-, Na+,
HCO3

-) and airway surface hydration. Restoring the proper folding energet-
ics of ∆F508 CFTR can be achieved by targeting mutant CFTR itself by a
small molecule that binds and stabilizes the protein or by altering the cellu-
lar folding environment with proteostasis regulators that manage the folding
capacity of the PN. 

We performed high throughput screens (HTS) to identify modulators of
proteostasis pathways including: heat shock response (HSR), unfolded pro-
tein response (UPR), and oxidative stress. The active compounds from these
screens were subsequently analyzed in ∆F508 CFTR expressing CFBE41o-
cells. 

Our results have identified proteostasis modulators exhibiting signifi-
cant benefit to ∆F508 trafficking and function. The most effective com-
pounds exhibited a channel activity resembling that seen with suberoy-
lanilide hydroxamic acid (SAHA) and temperature correction (Hutt et al.
(2010) Nat. Chem. Biol. 6:25). Our data serves as a proof of principle that
small molecule modulators of the PN can be beneficial in the correction of
∆F508 CFTR trafficking and function, and likely other misfolding diseases.

210�
THERAPEUTIC DEVELOPMENT OF CYSTIC FIBROSIS
CORRECTORS: GSK339A AS A CASE STUDY
Robert, R.1; Carlile, G.W.3; Matthes, E.1; Goepp, J.1; Liao, J.1;
Sampson, H.M.3; Birault, V.4; Sneddon, H.4; Richmond, N.4;
Solari, R.4; Thomas, D.Y.3; Hanrahan, J.W.1,2 1. Physiology,
McGill University, Montreal, QC, Canada; 2. McGill University
Health Centre Research Institute, McGill University, Montreal,
QC, Canada; 3. Biochemistry, McGill University, Montreal, QC,
Canada; 4. Allergic Inflammation DPU, Respiratory Therapeutic
Area, GlaxoSmithKline Inc., Stevenage, United Kingdom

The F508del mutation impairs CFTR maturation and trafficking to the
plasma membrane, resulting in a partially functional anion channel which is
retained in the endoplasmic reticulum and degraded. We previously devel-
oped a robust and sensitive BHK cell-based F508del-CFTR trafficking assay
to identify novel families of small molecule correctors. This assay was used
to screen diverse compound libraries (total 107,310 compounds), and yield-
ed 185 strong hits (defined as >15% trafficking correction compared to wild
type BHK cells). We then implemented validation and optimization steps to
evaluate hit compounds from the screens. Here we present studies of a cor-
rector called GSK339A, which was identified using a 3D similarity search-
ing tool (Cresset) based on one of the hits. We compared its efficacy with the
known correctors corr4a and VRT325, GSK281 (equivalent to VX-809),
and GSK47-1 (similar to VX-809) in-vitro and in-vivo. After 24 h, exposure

to GSK339A partially corrected F508del-CFTR processing and increased its
surface expression in BHK cells to ≈44% that for wt-CFTR, comparable to
the other correctors mentioned above. The rescue of F508del-CFTR-medi-
ated anion transport was confirmed in two cell lines expressing heterologous
F508del-CFTR (FRT and CFBE41o-) and in well-differentiated human
bronchial epithelial cells (HBE) from CF patients. Despite robust correction
of the short-circuit current (Isc) response to forskolin and genistein in CFBE
cells, GSK339A gave little or no correction in FRT cells or primary cultures
of HBE cells from 5 CF patients (Table 1). To study correction in-vivo, mice
homozygous for F508del-CFTR were treated with correctors twice per day
for 2 days. GSK339A (10mg/kg) restored salivary secretion rates to ≈6.7%
of wild-type littermate controls, comparable to GSK281 (≈6.4%) and
GSK47-1 (≈5.5%), and this rescue was abrogated in cftr (-/-) null mice. On
the other hand, exposing CF mouse ileum ex-vivo to 1-10µM GSK339A for
4h did not increase the Isc response to forskolin and genistein, although it
was partially restored by GSK281 and GSK47-1 (8.6 and 9.6% of wt respec-
tively). These results emphasize intriguing differences between the correc-
tor efficacy in different cell and animal models and suggest that GSK339A
requires further medicinal chemistry to exceed the potency of GSK281. This
work was supported by the CFC and CIHR. RR and CGW participate equal-
ly to this work.

Table 1: Comparison of correction potency of GSK339A to other
known correctors

211�
EFFICACY AND SAFETY OF VX-770 IN SUBJECTS
WITH CYSTIC FIBROSIS AND THE G551D-CFTR
MUTATION
Ramsey, B.1; Dong, Q.2; Yen, K.2; Elborn, J.3 1. Seattle Children’s
Hospital, Seattle, WA, USA; 2. Vertex Pharmaceuticals
Incorporated, Cambridge, MA, USA; 3. Queen’s University,
Belfast, United Kingdom

Background: Restoring dysfunctional CFTR-mediated ion transport is
a potential treatment for cystic fibrosis (CF). VX-770 is an investigational
CFTR potentiator shown in a Phase 2 study to improve CFTR activity and
FEV1 in subjects with CF who have a G551D-CFTR gating mutation.

Methods: This Phase 3, randomized, double-blind, placebo-controlled
trial evaluated the efficacy and safety of VX-770 in subjects at least 12 years
of age with CF and a G551D-CFTR allele. Subjects received VX-770 150
mg every 12 hours (n=83) or placebo (n=78) for up to 48 weeks.

Results: Absolute change from baseline through Week 24 in percent
predicted FEV1 (primary endpoint) for VX-770 was 10.6 percentage points
higher than placebo (P<0.0001), and 10.5 percentage points higher through
Week 48 (P<0.0001) (Figure 1). This corresponded to a relative treatment
effect for VX-770 over placebo of 16.7% (P<0.0001) through Week 48.
FEV1 in predefined subgroups (<70 or ≥70 percent predicted FEV1 at base-
line), age group (<18 or ≥18 years of age at baseline), and gender increased
significantly in each subgroup compared to placebo. Through Week 24,
change from baseline in sweat chloride levels in the VX-770 group was
–48.7 mmol/L compared to –0.8 mmol/L in the placebo group. This treat-
ment effect (–47.9 mmol/L) was statistically significant through 24 weeks
(P<0.0001) and maintained through 48 weeks. Through Week 24, change
from baseline in the VX-770 group versus placebo was +8.1 points in the
CFQ-R respiratory domain (P<0.0001) and this change was maintained
through Week 48. Subjects taking VX-770 gained on average 2.7 kg more
than those taking placebo at Week 48 (P=0.0001) and had a 55% risk reduc-
tion for pulmonary exacerbation compared to placebo through Week 48
(P=0.0012). The incidence of adverse events through Week 48 was similar
between groups, with a lower rate of serious adverse events in VX-770 com-
pared to placebo (13.3% versus 33.3%, respectively; the difference being
due primarily to a higher rate of pulmonary exacerbations in the placebo
group). 

Conclusions: VX-770 resulted in statistically significant improvements
in FEV1, respiratory symptoms, pulmonary exacerbation risk, and weight
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gain compared to placebo over 48 weeks. Mean sweat chloride levels were
reduced below the diagnostic cutoff limit for CF of 60 mmol/L. The safety
profile of VX-770 was comparable to placebo.

Supported by Vertex Pharmaceuticals Incorporated.

Figure 1: Absolute change in percent predicted FEV1.

212�
VX-809, AN INVESTIGATIONAL CFTR CORRECTOR, IN
COMBINATION WITH VX-770, AN INVESTIGATIONAL
CFTR POTENTIATOR, IN SUBJECTS WITH CF AND
HOMOZYGOUS FOR THE F508DEL-CFTR MUTATION
Boyle, M.P.1; Bell, S.2; Konstan, M.W.3; McColley, S.A.4; Wisseh,
S.5; Spencer-Green, G.5 1. Johns Hopkins Hospital, Baltimore,
MD, USA; 2. The Prince Charles Hospital, Brisbane, QLD,
Australia; 3. Rainbow Babies and Children’s Hospital,
Cleveland, OH, USA; 4. Children’s Memorial Hospital, Chicago,
IL, USA; 5. Vertex Pharmaceuticals, Cambridge, MA, USA

Background: The F508del mutation affects folding and trafficking of
the CFTR protein, resulting in little or no CFTR at the epithelial surface and
defective gating. VX-809 is an investigational CFTR corrector designed to
enhance trafficking of F508del-CFTR. Addition of the investigational CFTR
potentiator VX-770 to VX-809-corrected F508del-CFTR increased chloride
transport in vitro.

Methods: In this Phase 2, randomized, double-blind, placebo-con-
trolled, multi-center, cohort study, subjects in the first cohort received VX-
809 200 mg qd alone or placebo for 14 days followed by VX-809 200 mg qd
together with VX-770 at either 150 mg or 250 mg q12h or placebo for 7
days. Primary endpoints were safety and change from Day 14 to Day 21 in
sweat chloride, a biomarker of CFTR function. Change from Day 14 to Day
21 in FEV1 was the key secondary endpoint.

Results: Sixty-one of 62 (98.4%) subjects completed dosing. At base-
line, the 62 subjects had a mean age of 29.1 years, predicted FEV1 of 66.9%
(range 32.8-117.1), and sweat chloride of 101.9 mmol/L (range 87.5-121.0).

From baseline to Day 14, there was a significant reduction in sweat
chloride in the combined group of subjects receiving VX-809 alone. At Day
21 there was an approximate 2-fold greater reduction in sweat chloride over
Day 14 levels in the subjects receiving VX-809 coadministered with 250 mg
of VX-770, but not when coadministered with 150 mg VX-770. At Day 21,
a within-group improvement (3.5 percentage points) in FEV1 was seen in the
VX-770 150 mg group, but not in the VX-770 250 mg group.

Versus pretreatment baseline (Day 0), the VX-809 plus 250 mg VX-770
combination led to a total sweat chloride change of -13.2 mmol/L. Of sub-
jects in this arm with evaluable data, 8/17 (47%) had a change > -15 mmol/L
and 4/17 (24%) had > -20 mmol/L.

No clinically important differences were seen among groups in the fre-
quency or type of adverse events. Overall, 82.9% of subjects on drug and
85.7% on placebo had an adverse event; most (50%) were respiratory and
none was serious.

Conclusions: VX-809 coadministered with the 250 mg dose of VX-770
led to >2-fold reduction in sweat chloride compared to VX-809 alone. A
slight increase in lung function was evident in the VX-809 plus 150 mg VX-
770 group, but not for 250 mg VX-770, though the small sample size chal-
lenges interpretation. The safety profile was comparable between groups.

These early data support the hypothesis that the coadministration of VX-770
plus VX-809 can significantly improve CFTR function compared to VX-809
alone in patients homozygous for F508del-CFTR and supports further clin-
ical investigation.

Sponsored by Vertex.

Within-group mean changes

213
VALIDATION OF SWEAT GLAND POTENTIAL
DIFFERENCE MEASUREMENTS AS A PRACTICAL IN
VIVO METHOD OF ASSESSING CFTR FUNCTION
Gonska, T.2,1; Ip, W.2; Avolio, J.2; Kennan, K.2; Solomon, M.1;
Tullis, E.3; Dupuis, A.2; Quinton, P.M.4; Durie, P.1,2; for the Sweat
Secretion Consortium, -.2,4 1. Department of Pediatrics,
University of Toronto, Toronto, ON, Canada; 2. Research
Institute, Hospital for Sick Children, Toronto, ON, Canada; 3.
Adult CF Clinic, St. Michael’s Hospital, Toronto, ON, Canada; 4.
Department of Pediatrics, UCSD School of Medicine, San Diego,
CA, USA

Objective: To determine the accuracy and reliability of sweat gland
potential difference (SPD) measurements in comparison to the classic sweat
test.

Methods: We ascertained healthy controls (HC), obligate heterozygotes
(Hetero), patients with CFTR-related disease (CFTR-R), and pancreatic suf-
ficient (CFPS) and pancreatic insufficient (CFPI) CF patients as surrogates
for different levels of CFTR function. SPD measurements were performed
following: a) cholinergic and b) sequential cholinergic + beta-adrenergic
sweat stimulation. Sweat [Cl-] was determined concurrently using the
Wescor® method. Tests were repeated 3 times for CFTR-R, CFPS and
CFPI.

Results: Preliminary results showed good group discrimination for
cholinergic induced SPD, similar to the discrimination achieved with sweat
[Cl-] (Table). Sequential cholinergic+β-adrenergic sweat stimulation
induced a more positive SPD (∆SPD) in CF (p<0.001) ), but not in HC or
Hetero. Within subject variability for SPD was higher among CFPI, where-
as it was higher for sweat [Cl-] among CFPS.

Conclusions: SPD is an accurate and reliable test to detect different lev-
els of CFTR function compared to the classic sweat [Cl-] test. Real-time
monitoring of sweat PD may serve as a practical diagnostic tool in settings
where laboratory sweat [Cl-] determination is problematic. Further, SPD
shows promise as a realtime technique to measure outcome in CFTR-rescue
therapies.

Table 1

*Statistically significant between neighboring groups. # Statistical-
ly significant difference compared to HC and Hetero.
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214
GLUTAMINE SUPPLEMENTATION FOR CYSTIC
FIBROSIS – A RANDOMISED CONTROLLED TRIAL
Forrester, D.1,2; Knox, A.1,2; Smyth, A.7,2; Barr, H.1,2; Simms, R.2;
Pacey, S.4; Pavord, I.6; Honeybourne, D.5; Fogarty, A.3,2 1. Resp
Med, Univ. of Nottingham, Nottingham, United Kingdom; 2.
Respiratory Biomedical Research Unit, Univ. of Nottingham,
Nottingham, United Kingdom; 3. Public Health and
Epidemiology, Univ. of Nottingham, Nottingham, United
Kingdom; 4. Pharmacy, NUHNHS Trust, Nottingham, United
Kingdom; 5. Resp Med, Heartlands Hospital, Birmingham,
United Kingdom; 6. Resp Med, Glenfield Hospital, Leicester,
United Kingdom; 7. Child Health, Univ. of Nottingham,
Nottingham, United Kingdom

Background: The important role of glutamine in immune cell function
and glutathione (GSH) generation has made the potential therapeutic bene-
fits of supplementation a target for study in many disease states. Previous
work has shown some benefit in trauma and burns victims, low-weight
neonates and bone marrow transplant patients in terms of infection (specif-
ically Pseudomonas aeruginosa (PA)), sepsis, pneumonia and survival. Glu-
tamine has been shown to have specific anti-PA action in mouse models of
infection [1].

The mechanism by which glutamine mediates this activity is unknown.
It may be by promoting the host immune response or via activity on antiox-
idant pathways by increasing GSH levels. The concept that supplemental
glutamine may be of benefit in CF is supported by the observation of deplet-
ed neutrophil glutamine levels in CF patients[2], possibly as a consequence
of poor absorption or increased metabolic activity and pulmonary inflamma-
tion.

We hypothesised that supplemental glutamine may have a beneficial
effect on neutrophil function, antioxidant balance in the lung and may have
a specific effect upon PA resulting in improved clinical and inflammatory
markers.

Study Design, Selection Criteria and Recruitment:
Study design: Double-blind, placebo-controlled parallel study
Study population: Nottingham University Hospitals NHS Trust and

Birmingham Heartlands Hospital.
Intervention: 21g/day oral glutamine or matched placebo (isonitroge-

nous asparagine/glycine).
Recruitment: We aimed to recruit 44 individuals to the study with the

assumption of an 80% completion rate.
Inclusion criteria: age 14-60yrs, FEV1 25-80%, chronic PA infection.
Exclusion criteria: Lung transplant, pulmonary exacerbation or change

of pulmonary therapy in prior 4 weeks, recently diagnosed or uncontrolled
DM, liver failure (>3x normal LFT or cirrhosis), inclusion in another clini-
cal trial, pregnancy, breastfeeding, lack of informed consent.

We recruited 45 participants from two ECFS Clinical Trials Network
centres; 36 participants have completed the study. 

Endpoints:
Primary outcome measure: Change in induced sputum neutrophil count.
Secondary outcome measures: Induced sputum neutrophils, levels of

elastase, IL8, IL6, TNFα and IL1β.
Serum CRP and IL8. Infectious load of PA - quantitative microbiology.

Systemic blood neutrophil activity in sub-set of patients. FEV1. Clinical
score [3]. Quality of life (CFQ-R). Sputum and serum total and reduced
GSH. Change in body weight. Acceptability of supplement.

Study power: Using the placebo group as a control with 36 individuals
providing data, the study has over 80% power to detect a 75% reduction in
sputum neutrophil count[4].

Ethical Approval and Registration: Nottingham Research Ethics
Committee 08/H0408/26; EudraCT2007-006204

ISRCTN22534872
Funding: CFF RK0811
References:
[1] DeWitt R et al. J Surg Res 1999;84:13-8
[2] D’Eufemia P et al. Ped Res 2006;59:13-6.
[3] Jensen T et al. J Antimicrob Chemother 1987;19:831-8.
[4] Ordonez C et al. AJRCCM 2003;168:1471-5

215
DESIGN, SYNTHESIS AND EVALUATION OF FRET
REPORTERS TO DETECT NEUTROPHIL ELASTASE
ACTIVITY ON NEUTROPHILS IN AIRWAY
INFLAMMATION
Gehrig, S.1,2; Mall, M.2,3; Schultz, C.1,2 1. Cell Biology and
Biophysics Unit, European Molecular Biology Laboratory
(EMBL), Heidelberg, Germany; 2. Molecular Medicine
Partnership Unit, EMBL and University of Heidelberg,
Heidelberg, Germany; 3. Div. of Pediatric Pulmonology and CF
Center, Dept. of Pediatrics III, University of Heidelberg,
Heidelberg, Germany

Neutrophil elastase (NE) plays a critical role in the pathogenesis of CF
lung disease due to its proteolytic and proinflammatory functions. So far,
these damaging effects have mainly been attributed to the soluble form of
the enzyme, which is secreted in high amounts by activated neutrophils into
the airway surface liquid. However, little is known about the contribution of
cell surface bound NE and suitable tools for detection of cell surface asso-
ciated NE activity are missing. Therefore, we aimed to develop NE specific
Foerster resonance energy transfer (FRET) reporters targeting the plasma
membrane of airway neutrophils via lipidation.

FRET reporters, consisting of a NE specific peptide target sequence,
coumarin 343 and carboxytetramethylrhodamine as fluorophores and
palmitic acid as lipid anchor, were synthesized on solid phase, mass-verified
and purified by HPLC. For evaluation of FRET reporter performance, non-
lipidated counterparts were tested in vitro for sensitivity and specificity with
NE and other lung disease related proteases, proteinase 3 (Pr3), cathepsin G,
several matrix metalloproteinases (MMPs) and trypsin. Lipidated FRET
reporters were first tested on liposomes. Live cell-microscopy with cultured
RAW macrophages and HeLa cells was performed to visualize insertion of
the lipidated FRET reporter into the plasma membrane and subsequent
reporter cleavage upon addition of NE. As a model of neutrophilic airway
inflammation, we treated Wt and NE deficient (NE-/-) mice with 20 µg
lipopolysaccharide (LPS) by intratracheal instillation. Bronchoalveolar
lavage (BAL) was performed after 4 hrs and BAL cells were incubated with
lipidated FRET reporter to determine NE activity.

In vitro studies using non-lipidated FRET reporters demonstrated that
soluble NE but not the closely related Pr3 was detected in subnanomolar
concentration. The lipidated FRET reporter inserted into the plasma mem-
brane of RAW macrophages and HeLa cells and was cleaved by NE. Fur-
ther, NE activity was detected on the surface of LPS stimulated Wt neu-
trophils, but not NE-/- neutrophils. By image analysis FRET donor/acceptor
ratio change upon reporter cleavage was calculated.

We conclude that our novel FRET reporters allow detection of NE activ-
ity on the cell surface of biological samples including BAL cells. We expect
that this novel tool will allow elucidating the role of membrane bound NE in
the pathogenesis of CF lung disease. Cell surface associated NE may serve
as a pool of NE less prone to inhibition by excess of anti-proteases present
in the lung and thus may become useful as biomarker and therapeutic target
in CF lung disease.

Supported by BMBF-DZL-011 and the EU (7FP research project LIVI-
MODE).
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216
CHANGE IN FEV1% PREDICTED IN RESPONSE TO
AZTREONAM FOR INHALATION SOLUTION (AZLI) VS.
TOBRAMYCIN INHALATION SOLUTION (TIS) IN AN
ACTIVE COMPARATOR STUDY: RESPONDER
ANALYSES
Oermann, C.M.1; Lewis, S.2; Bresnik, M.3; Assael, B.4 1. Baylor
College of Medicine, Houston, TX, USA; 2. Gilead Sciences,
Seattle, WA, USA; 3. Gilead Sciences, Foster City, CA, USA; 4.
Cystic Fibrosis Center, Verona, Italy

Objective: To evaluate the number of patients with cystic fibrosis (CF)
and chronic Pseudomonas aeruginosa (PA) infection who achieved specif-
ic levels of improvement in FEV1 % predicted in response to AZLI
(Cayston®) 75 mg TID vs. TIS (TOBI®) 300 mg BID over 3 intermittent
treatment courses in a randomized, active comparator trial. 

Background: Use of chronic, intermittent inhaled antibiotics is stan-
dard of care for patients with CF and PA infection. In a six month random-
ized trial of 3 on/off courses of AZLI vs. TIS, AZLI demonstrated superior-
ity to TIS at 28 days as well as over 3 treatment courses in improvement in
lung function (ClinicalTrials.gov NCT00757237). An alternative method of
assessing efficacy is to evaluate the number of patients in each treatment
group who achieve meaningful improvement in lung function. 

Methods: This responder analysis used levels of 8% and 12% improve-
ment in FEV1 % predicted to compare results of treatment with AZLI vs.
TIS. 

Results: Significantly higher percentages of AZLI-treated vs. TIS-treat-
ed patients had improvements from baseline in FEV1 % predicted of greater
than or equal to 8% and 12%, respectively, at the end of each 28-day treat-
ment course. 

Conclusion: A significantly higher percentage of AZLI-treated patients
had relative improvements in FEV1 % predicted of 8% and 12% at the end
of each treatment course compared to TIS-treated patients. These findings
support the superiority results in the primary endpoint analyses in this active
comparator study.

Supported by Gilead Sciences.

Percent Responders with Relative Change from Baseline in FEV1
% Predicted

Note: Patients with missing data were included as Non-Respon-
ders; p-value based on Fisher’s exact test.

217
COMPARISON OF NASAL POTENTIAL DIFFERENCE
AND INTESTINAL CURRENT MEASUREMENTS AS
POTENTIAL THERAPEUTIC ENDPOINT MEASURES IN
CYSTIC FIBROSIS
Omari, I.1; Yaakov, Y.1; Zaman, M.2; Martin, C.2; Cohen-
Cymberknoh, M.1; Shoseyov, D.1; Kerem, E.1; Freedman, S.2;
Wilschanski, M.1 1. CF Center, Hadassah Hebrew University
Medical Center, Jerusalem, Israel; 2. Gastroenterology, Beth
Israel Deaconess Medical Center, Boston, MA, USA

Background: Nasal potential difference (NPD) measurements are now
used routinely as an endpoint in clinical trials of correcting the basic defect
in CF. However, this test has its limitations particularly the age of the sub-
ject. Intestinal Current Measurement (ICM) measured ex vivo on a rectal
biopsy has been used to study CFTR function. This methodology may be
used especially in small children as a treatment marker but has not been
compared to NPD in adults and children.

Aim: To evaluate the potential usefulness of ICM as a surrogate mark-
er of CFTR function measurement. These results were compared to NPD
results from the same subject. 

Methods: ICM and NPD were performed on healthy controls and CF
patients in adults and children.

Results: In adult patients, ICM measurements demonstrated a median
(interquartile range) carbachol response in healthy control subjects (n=29
subjects; 40 analyzable biopsies) of 11.1 (7.9, 20.75) µA/cm2, histamine
response of 8.7 (5.0, 12.9) µA/cm2, and a forskolin response of 3.9 (2.3, 7.4)
µA/cm2. These responses were inverted in CF subjects (n=8, 10 analyzable
biopsies) with a mean carbachol response of −2.5 (−4.8, −1.6) µA/cm2, his-
tamine of −1.0 (−1.6, 0) µA/cm2, and no forskolin response. Similar to ICM,
NPD measurements distinguished between healthy controls (n=7) and CF
patients (n=8). In non-CF children similar results were observed: carbachol
9.5 (6.2, 14) µA/cm2; histamine 7.4 (2.65, 17.7) µA/cm2, forskolin 6 (3.5,
12) µA/cm2 and normal NPD. In CF the ICM and NPD were abnormal. Cor-
relation tests and Wilcoxon rank tests showed the comparatibility of ICM
and NPD.

Conclusion: ICM is equivalent to NPD in the ability to distinguish CF
patients from controls in adults and children. ICM, like NPD, allows meas-
urement of CFTR mediated chloride transport which has the potential for
use as a therapeutic endpoint in drug trials. This is of particular importance
in evaluating young children who are less likely to tolerate several NPD tests
as part of a treatment protocol.

218
MODIFIED NASAL CATHETER FOR MEASUREMENT
OF NASAL POTENTIAL DIFFERENCE IMPROVES
REPRODUCIBILITY
Vermeulen, F.; Feyaerts, N.; Proesmans, M.; De Boeck, K. CF
centre, University Hospital Leuven, Leuven, Belgium

Nasal potential difference (NPD) measurement evaluates changes in
chloride transport through respiratory epithelia of CF subjects induced by
novel treatments. The poor reproducibility hampering the usefulness of the
measurement could be improved by measurement over a larger area on a
fixed place.

A new catheter was designed with a 360° contact area over 2 cm. NPD
was measured using a 8Fr catheter with a side hole positioned on the most
negative spot on the nasal floor. In the other nostril, the large surface catheter
was placed at 3 cm depth. NPD was repeated after a median of 2 days (range
1-60). Twenty subjects completed 2 measurements.

Correlation between first and second measurement for total chloride
secretion was significantly better with the large surface than with the side-
hole catheter (R=0.108 vs -0.689, p = 0.038), as were within-subject vari-
ance (26.7 mV2 vs 220.1 mV2) and mean coefficient of variation (35.2 % vs
59.7 %, p=0.042). Power calculations for a double-blind placebo controlled
study with change in total chloride secretion as primary endpoint favors the
use of the large surface catheter (nnt = 20 vs 40 for a correction to 33% of
the chloride secretion in normal subjects).

Measurements with the conventional catheter resulted in more negative
NPD during perfusion with Ringer ( 13.5 mV +/- 7.2 mV vs 10.0 mV +/- 4.4
mV, p= .004), larger amiloride response (+8.0 mV +/- 6.0 mV vs +4.8 mV
+/- 2.6 mV, p= .003), and larger total chloride secretion (-21.5 mV +/- 15.9
mV vs -14 mV +/- 9.1 mV, p= .011). 

Measurements of NPD with a large contact area on a constant place,
have a better reproducibility than measurements done with the small rou-
tinely used sidehole catheter.

219
ANTI-INFLAMMATORY EFFECTS OF MACROLIDES IN
A MODEL RELEVANT TO CF AIRWAY EPITHELIAL
INFLAMMATION
Ribeiro, C.P.1; Martino, M.B.1; Brighton, B.1; Fernandes, P.2 1.
CF/Pulmonary Research and Treatment Center, UNC at Chapel
Hill, Chapel Hill, NC, USA; 2. Cempra Pharmaceuticals, Chapel
Hill, NC, USA

Macrolide antibiotics prolong survival in patients with diffuse panbron-
chiolitis, a condition that shares features with cystic fibrosis (CF) lung dis-
ease. It has been considered that immuno-modulatory properties of
macrolides could mediate their therapeutic effects. Previous findings from
our laboratory are in accord with this notion. For example, we have report-
ed that exposure of primary cultures of well-differentiated human bronchial
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epithelia (HBE) to supernatant from mucopurulent material (SMM) from
CF airways up-regulates inflammatory and defense response genes. Utiliz-
ing a prophylactic protocol, we showed that pretreatment with the macrolide
azithromycin (AZT) prevents the SMM-induced up-regulation of genes rel-
evant to airway inflammation, such as MMP9 and MUC5AC (Ribeiro et al,
PLoS ONE; 4(6):e5806, 2009). The present study utilized a therapeutic pro-
tocol to further the understanding of anti-inflammatory effects of macrolides
on expression of inflammatory genes. We tested whether the novel fluoroke-
tolide, solithromycin (SOLI, CEM-101) modulates the inflammatory
responses of HBE exposed to SMM in a similar manner as compared with
AZT. In addition, because telithromycin (TELI), a macrolide that is a
ketolide, has been shown to inhibit LPS- or Chlamydophila pneumoniae-
induced MUC5AC in airway epithelia, we also compared the effects of
TELI with those from SOLI and AZT. HBE were mucosally exposed to 30
µL SMM for 24 hr, followed by serosal exposure to 5, 15 or 30 µg/mL
SOLI, TELI or AZT in presence of SMM. PBS served as a control for
SMM-induced effects. SMM-induced matrix metalloproteinase 9 (MMP9)
mRNA was inhibited (p<0.05) by all doses of AZT, by 5 and 15 µg/mL
TELI, and slightly inhibited (p=0.07) by 15 µg/mL SOLI. In contrast,
SMM-induced interleukin-8 mRNA was not affected by AZT (in agreement
with our published data) or SOLI and only decreased by 20% after 15
µg/mL TELI. We next evaluated the effect of the macrolides on SMM-up-
regulated mucin mRNA levels. AZT and SOLI blunted SMM-induced
MUC5AC mRNA in a dose-dependent manner, whereas the effect of TELI
was only significantly inhibitory at 30 µg/mL. On the other hand, all three
macrolides exhibited a dose-dependent significant inhibitory effect on
SMM-increased MUC5B mRNA levels. As we have previously shown for
AZT, preliminary studies with alcian blue-periodic acid Schiff-stained HBE
suggest that the inhibitory effect of the macrolides on SMM-induced mucin
genes corresponded to decreases in mucin protein expression. Time courses
are being currently performed to further evaluate the anti-inflammatory
action of the macrolides. Our findings demonstrate that macrolides inhibit
the airway epithelial gene expression of MMP9 and mucins in a model rel-
evant to CF. The inhibitory effect on MUC5AC and MUC5B is a novel find-
ing for SOLI. Because CF airways are characterized by chronic inflamma-
tion and overproduction of mucins, these effects are likely relevant to the
clinical activity of these compounds. Particularly, understanding the mech-
anisms behind SOLI-dependent gene expression changes should help direct
the use of this drug for therapeutic purposes in CF patients. Funded by Cem-
pra Pharmaceuticals.

220
PERIPHERAL TH1/TH2 CYTOKINE RESPONSE IN
CYSTIC FIBROSIS
Bensman, T.1; Nguyen, A.1; Ho, H.1; Messali, A.1; Benitez, D.3;
Rao, A.2,3; Beringer, P.1,2 1. School of Pharmacy, University
Southern California, Los Angeles, CA, USA; 2. School of
Medicine, University of Southern California, Los Angeles, CA,
USA; 3. Center for Cystic Fibrosis, University of Southern
California Univerisity Hospital, Los Angeles, CA, USA

Background: Preliminary studies indicate that chronic P. aeruginosa
infection is characterized by a predominant Th2 immune response, which is
associated with poor lung function. The objective of this study is to evaluate
the contribution of clinical variables as well as inflammatory cytokines on
severity of pulmonary function in the context of Th1/Th2 response. 

Methods: A cross-sectional study was conducted in 46 stable CF
patients and 9 healthy volunteers. Patients were excluded if on NSAIDs or
systemic corticosteroids. Patient demographics and clinical variables includ-
ing CFTR genotype, sputum cultures, FEV1, key pharmacologic therapies
and co-morbidities were collected. Peripheral blood samples were collected
and cultured for 24 hours with or without LPS, and the supernatant was har-
vested. A multiplex ELISA assay was used to quantify cytokines. Simulta-
neous-quartile regression was used to determine association between clini-
cal variables and cytokine response.

Results: CF patient demographics (mean±SD): Age 30.1 (8.4) years,
BMI 24.4 (3.6), and FEV1 54.5% (22.2). The Th2 response in CF was indi-
cated by a trend toward higher IL-4/IFN-γ (p=0.09) vs. healthy controls.
FEV1 was found to be significantly correlated with Th1 immune response:
IFN-γ (r2= 0.52; p=0.0.01) and IL-12p70 (r2=0.46; p=0.03) in CF patients.
Quartile regression of inter-patient variability revealed no significant inter-
action between age, BMI, genotype, CFRD, depression, key therapies, and

individual biomarkers. A weak association was identified between IL-1β in
unstimulated blood and the presence of mucoid PA (CI: -1279.9 to -51.4),
(r2=0.18; p=0.04). Cytokine covariates explained a much greater percentage
of effect on the dependent cytokine: IL-10 (r2=0.40; p=0.007) on IFN-γ at
Q3, IL-10 (r2=0.57; p=0.03) on TNF-α at Q1, and IL-10 (r2=0.57; p=0.003)
on GM-CSF at Q3. No difference was noted in unstimulated blood samples
for TNF-α, IFN-γ, IL-12p70, and IL-10, while MCP-1 approached signifi-
cance (p=0.06). In LPS stimulated samples no difference was noted for
CXCL-8, TNF-α, IFN-γ, IL-12p70, GM-CSF, IL-1β, IL-10, and MCP-1.

Conclusions: Despite key pharmacological therapy CF patients exhibit
a significant systemic inflammatory response, as well as intrinsic TNF-α
hyper-responsiveness to LPS challenge. In addition, our results confirm the
association between Th1 response and improved pulmonary function. New
findings include the association of IL-10 with IFN-γ and GM-CSF hyper-
producers and TNF-α hypo-producers indicating its potential importance in
regulating immune response.

Table 1: Peripheral Blood Cytokine Expression

221
A MULTI-CYCLE OPEN LABEL STUDY OF INHALED
LIPOSOMAL AMIKACIN (ARIKACE®) IN THE
TREATMENT OF CYSTIC FIBROSIS PATIENTS WITH
CHRONIC PSEUDOMONAS AERUGINOSA LUNG
INFECTION
Clancy, J.P.1,13; Minic, P.2,13; Fustik, S.3,13; Solyom, E.4,13;
Mazurek, H.5,13; Antipkin, Y.6,13; Feketeova, A.7,13; Senatorova,
A.8,13; Csiszer, E.9,13; Kostromina, V.10,13; Takac, B.11,13; Ujhelyi,
R.12,13; Gupta, R.14,13 1. Cincinnati Children’s Hospital Medical
Center, Cincinnati, OH, USA; 2. Institute for Health Protection of
Mother and Child, Belgrade, Serbia; 3. Pediatrics, University
Clinical Centre, Skopje, The Former Yugoslav Republic of
Macedonia; 4. Gyermekosztaly, BAZ Megyei Korhaz, Miskolc,
Hungary; 5. Inst. of TB & Lung Diseases, Rabka Zdrój, Poland;
6. Department of Respiratory Tract Diseases and Ecology-
Related Health Problem in Children              Department of
Respiratory Tract Diseases an, Institute of Pediatrics, Obstetrics
and Gynecology AMS Ukraine, Kyiv, Ukraine; 7. Pediatric
Department, Children University Hospital Košice, Košice,
Slovakia; 8. Hospital Pediatrics, Regional Child Clinical Hospital
No 2, Kharkiv, Ukraine; 9. Korányi TBC és Pulmonológiai
Intézet, Budapest, Hungary; 10. Children’s Pulmonology,
Yanovsky Institute of Phtisiology and Pulmonology, Kiev,
Ukraine; 11. Pneumologic Department, Children University
Hospital (DFNsP), Banská Bystrica, Slovakia; 12. Heim Pal
Gyermekkorhaz, Budapest, Hungary; 13. CF Arikace Study
Group, Monmouth Junction, NJ, USA; 14. Insmed Incorporated,
Monmouth Junction, NJ, USA

Objective: Arikace® is an aqueous liposomal dispersion of amikacin for
inhalation being developed for the treatment of P. aeruginosa (Pa) infection
in CF patients (pts). The primary objective of the study was to evaluate the
long-term effects of multiple cycles of treatment with Arikace®. 

Methods: This was a multi-cycle, open-label study conducted in 11
centers in Europe. Pts 6 years (yr) and older who were previously enrolled
in a placebo controlled study of Arikace® were consented to participate in
this 6 cycle, 72 week study. Each cycle was comprised of 28 days (d) of
treatment with 560 mg of Arikace® by inhalation with PARI eFlow® nebu-
lizer followed by 56 days off drug. Safety, pharmacokinetics, change in lung
function, Pa sputum density, quality of life as measured by the CFQ-R and
exacerbation rate were evaluated at regular intervals. 

Results: Forty-nine pts were enrolled; 45 pts have completed 6 cycles.
Baseline mean age: 17.3 yr; FEV1 (% pred): 60.1%; male 41.7%; female
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58.3%. Overall, Arikace® 560 mg administered once daily for 6 cycles was
well tolerated and demonstrated adverse effects consistent with those
expected in a population of CF pts. Available data from 6 cycles show an
average increase from baseline in FEV1 (%) of 11.7% at the end of treatment
for the 6th cycle (p<0.0001) and sustained increase in FEV1 of 5.7% 56d off
drug at end of the 6th cycle (p=0.0001). Significant reduction in Pa density
has also been seen, and there has been no significant shift in MIC90. Analy-
sis of complete data, including PRO measures will be available at the 2011
NACF Conference. 

Conclusion: Arikace® 560 mg given once daily for 28d for 6 cycles was
well tolerated in CF pts. An increase in FEV1 (%) significantly above base-
line is observed during the treatment period of each cycle which was sus-
tained during the 56d off study drug period, indicating prolonged drug
effect. Phase 3 studies are underway.

222
MARKERS OF EARLY KIDNEY INJURY RELATED TO
HIGH DOSE IBUPROFEN AND OTHER NEPHROTOXIC
AGENTS IN PATIENTS WITH CYSTIC FIBROSIS
Lahiri, T.1,3; Guillet, A.3; Diehl, S.1; Pecott, H.1; Allard, J.3;
Sabbisetti, V.2; Ferguson, M.A.2 1. Pediatric Pulmonology,
Vermont Children’s Hospital, Burlington, VT, USA; 2.
Nephrology, Children’s Hospital, Boston, MA, USA; 3. Pediatrics,
University of Vermont College of Medicine, Burlington, VT, USA

Background: Many patients with CF receive potentially nephrotoxic
agents as part of their treatment regimen, including antibiotics and high
dose ibuprofen. While most centers routinely prescribe systemic and inhaled
aminoglycosides (AG) as CF treatment, there has been hesitancy to adopt
the use of high dose ibuprofen (IBU). There is evidence that the use of IBU
in young patients may slow the decline of lung function over a 4 year peri-
od, and that this effect is sustained. Only 3.6% of eligible patients were pre-
scribed this therapy based on 2009 CFF Registry data. Our center has rou-
tinely prescribed IBU in our young, healthy patients (46.7% of eligible
patients in 2009). Acute and chronic renal injury and gastrointestinal
adverse effects are cited as reasons not to prescribe this treatment. Since
serum creatinine is a late marker of kidney injury, the use of more sensitive
markers of acute kidney injury may be more relevant. 

Specific Aim: To examine the association of IBU with markers of early
kidney injury. Secondary aims examined the effects of IV AGs and the effect
of CF related diabetes on kidney injury.

Methods: Patients between ages 3 and 25 years were approached for
participation. A single urine specimen was collected in the clinic setting or
prior to institution of parenteral antibiotics in the hospital. A total of 52
patients provided samples (mean age 11 years, range 3-24 years). Speci-
mens were analyzed for kidney injury molecule-1 (KIM-1), N-acetyl-β-glu-
cosaminidase (NAG) and protein, normalized for urine creatinine. Analyses
were performed to examine the association of KIM-1, NAG levels and pro-
tein with IBU treatment, IV AGs (0, 1-4 and 5 or > courses), lung function,
presence of CF related diabetes and gender. Results: Twenty six patients (50
%) were prescribed IBU. Fourteen (27%) had received no IV AGs, 22 (42%)
received 1-4 courses, and 16 (31%) had 5 or more courses. Median lung
function was 87% predicted FEV1 in patients old enough to perform
spirometry. Six patients had CFRD or impaired glucose tolerance. There
were no significant differences for KIM-1 (p=0.34), NAG (p=0.09), and uri-
nary protein levels (p=0.45) between IBU and non-IBU treated groups based
on analysis by t-test. KIM-1 and NAG levels were not significantly different
for patients treated with 0, 1-4 or more than 5 systemic AG courses,
although protein levels were higher in patients never treated with AGs
(p=0.04). Comparison of medians (Mann Whitney U test) for all groups did
not reveal any differences. Univariate analyses demonstrated increased pro-
tein levels for males on IBU, as well as increased NAG levels for all patients
on IBU (p= 0.01), but again this effect was pronounced in males. IBU treat-
ment and increasing numbers of IV AG courses were associated with high-
er NAG levels (p=0.04). Conclusions: There was no significant evidence of
acute or chronic renal injury in our patients on IBU. There may be an effect
of gender on kidney biomarkers with respect to IBU treatment. Further
exploration of the concomitant effect of IBU and IV AGs on acute kidney
injury is warranted.

223
CORRELATION OF A SEMI-QUANTITATIVE LUNG
MAGNETIC RESONANCE IMAGING SCORE WITH
BASELINE LUNG FUNCTION IN CYSTIC FIBROSIS
Taylor-Cousar, J.L.1,2; Jin, G.3; Nambu, A.4; Biederer, J.5; Newell,
J.6; Chung, J.6; St. Clair, C.1; Jones, M.1; Puderbach, M.7;
Nichols, D.2,1; Saavedra, M.1; Schroeder, J.6; Nick, J.A.1 1.
Internal Medicine, National Jewish Health, Denver, CO, USA; 2.
Pediatrics, National Jewish Health, Denver, CO, USA; 3.
Diagnostic Radiology, Chonbuk National University Medical
School, Jeonbuk, Republic of Korea; 4. Radiology, University of
Yamanashi, Chuo City, Japan; 5. Diagnositc Radiology,
University Hospital Schleswig-Holstein, Kiel, Germany; 6.
Radiology, National Jewish Health, Denver, CO, USA; 7.
Radiology, German Cancer Research Center, Heidelberg,
Germany

Background: As a result of improvements in clinical care, survival rates
have increased and the rate of decline of lung function in patients with cys-
tic fibrosis (CF) has slowed substantially. Thus, physiologic measurements
(FEV1) are insensitive to clinical changes in small cohorts. Therefore, a
major challenge in the evaluation of new therapies in CF is to identify appro-
priate outcome measures. Although resolution of lung Magnetic Resonance
Imaging (MRI) is inferior to that of chest Computed Tomography (CT), the
lack of ionizing radiation makes MRI appealing as a repeated measure in
clinical care and research.

Hypotheses: 1) There will be good correlation between MRI scores by
different radiologists. 2) Clinical parameters in subjects with CF will corre-
late with lung MRI score.

Methods: Twenty adult patients with mild to severe CF lung disease
(FEV1 and FVC range 27%-103% and 41 to 111% predicted, respectively)
were enrolled. Subjects underwent chest MRI with images obtained on a
1.5T Siemens Avanto MRI scanner with optimized proton MRI pulse
sequences for the assessment of lung disease without contrast media. Images
were scored by two sets of radiologists blinded to subjects’ lung function.
Each lobe of each subject’s lung was scored (as described by Eichinger et al
European Congress of Radiology, 2010) for the presence of bronchiecta-
sis/wall thickening, mucus plugging, abscesses/sacculations, consolidation,
and additional findings. Scores for the selected pulse sequence [T2-Fast
spin echo (FSE)] were assigned as follows: No disease involvement in lobe-
0, 1-50% lobe involvement-1, and >50% lobe involvement-2. Baseline FEV1
and FVC (% predicted) were calculated as a mean of available measure-
ments since 2007, with an average of 12.4+5.2 studies over 931+145 days of
follow-up per subject. Correlations were calculated using JMP software V
8.0.1.

Results: MRI studies have been scored by each duo of radiologists.
Correlation between the scores of experienced readers was excellent, (R2

0.76, p=0.005) and correlation between the scores of newly trained readers
was good (R2 0.66, p=0.001). Baseline FEV1 and FVC correlated with the
mean MRI score for the T2-FSE image. Correlation of lung MRI score with
other clinical parameters including bacterial colonization, CFQ-R score,
genotype and gender will be evaluated.

Conclusions: There was good correlation between readings by radiolo-
gists with varying levels of experience, although correlation was best
between radiologists more experienced in proton MRI imaging of the lung.
Semi-quantitative scoring of images correlated with baseline FEV1 and
FVC. Lung MRI appears to be a useful tool for the evaluation of structural
lung disease in CF without radiation exposure.
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224
THE IMPACT OF CONCOMITANT ADMINISTRATION
OF PANCREATIC ENZYMES ON THE
PHARMACOKINETICS OF ORAL SILDENAFIL
ADMINISTRATION IN SUBJECTS WITH CF
Taylor-Cousar, J.L.1,2; St. Clair, C.1; Jones, M.1; Nichols, D.P.2,1;
Saavedra, M.T.1; Nick, J.A.1; Curran-Everett, D.3; Felton, L.4 1.
Internal Medicine, National Jewish Health, Denver, CO, USA; 2.
Pediatrics, National Jewish Health, Denver, CO, USA; 3.
Biostatistics and Bioinformatics, National Jewish Health, Denver,
CO, USA; 4. College of Pharmacy, University of New Mexico,
Albuquerque, NM, USA

Background: Phosphodiesterase inhibitors such as sildenafil, may have
several benefits in cystic fibrosis (CF) including as an anti-inflammatory, as
a cystic fibrosis transmembrane conductance regulator (CFTR) modulator,
and as a therapy for secondary pulmonary hypertension. However, pharma-
cokinetics following oral administration of medications often differ in
patients with CF. Therefore, the pharmacokinetics of two dosing regimens
of sildenafil are being evaluated in subjects with CF.

Hypotheses: 1) The pharmacokinetics of sildenafil will be equivalent in
subjects with CF compared to that in normal subjects. 2) Concomitant
administration of oral sildenafil with food and pancreatic enzymes will
result in improved absorption in subjects with CF.

Methods: Adult subjects (mean age 25.9 years) with mild to moderate
CF lung disease (mean FEV1 79%) were enrolled. Eight subjects received
sildenafil 20 mg p.o. t.i.d. on an empty stomach, then returned to the
research clinic 6±2 days after initiation of sildenafil, at which time the morn-
ing dose of sildenafil was administered, and blood samples were drawn.*
[*30 minutes, 1 hour (h), 2h, 4h and 6h post-dosing] Subsequent subjects
received sildenafil 20 mg p.o. t.i.d. for the first week of the study, followed
by an increase to 40 mg p.o. t.i.d. during week two. Subjects were instruct-
ed to take all doses with food and pancreatic enzymes. Subjects returned to
the research clinic 6±2 days after dose escalation of sildenafil at which time
the morning dose of sildenafil was administered, and blood samples were
drawn.* Plasma sildenafil levels were determined by high-performance liq-
uid chromatography.

Results: Fifteen subjects have been enrolled in the study to date. Plas-
ma sildenafil levels have been determined on 9 subjects. Mean time-to-peak
concentration (Tmax) in CF subjects receiving sildenafil 20 mg p.o. t.i.d.
was 1.2 hours, similar to that reported for non-CF subjects (Br J Clin Phar-
macol 2002) (P = 0.66). Maximum plasma concentration (Cmax) and area
under the curve (AUC) were compared between the 8 subjects with CF and
224 subjects without CF. Cmax was significantly higher in subjects with CF
than in those without CF (159 ± 62 CF versus 84 ± 80 ng/mL non-CF; P =
0.01). AUC was similar in subjects with CF and those without CF (398 ±
281 CF versus 464±175 ng-h/mL non-CF; P = 0.53). For the subject who
received sildenafil 40 mg p.o. t.i.d. with food and enzymes, Tmax was 1 ± 0
hour, Cmax was 4.25.47 ± 20 ng/mL and AUC was 1553.24 ± 43 ng-h/mL. 

Conclusions: Although absorption of sildenafil in subjects with CF is
increased compared to that of subjects without CF, on average Tmax and
AUC were similar in subjects with CF and without CF. Therefore, standard
pulmonary hypertension dosing of sildenafil may be adequate to achieve
treatment effect in subjects with CF. Collection and analysis of samples for
subjects receiving a higher dose of sildenafil with concomitant administra-
tion of food and enzymes is ongoing and will be reported.

225
ANTI-INFLAMMATORY PULMONARY THERAPY OF CF
PATIENTS WITH AMITRIPTYLINE AND PLACEBO -A
RANDOMISED, DOUBLE-BLIND, PLACEBO-
CONTROLLED PHASE IIB MULTICENTER, COHORT-
STUDY
Riethmueller, J.2; Gulbins, E.1; Adams, C.1; Engel, C.2; Mainz,
J.G.3; Nährlich, L.4; Herrmann, G.1; Icheva, V.1; Graepler-Mainka,
U.1; Heyder, S.1; Stern, M.1; Döring, G.1 1. Molucular Biology,
University Essen, Essen, Germany; 2. Pulmonology, University
Childrens Hospital, Jena, Germany; 3. Pulmonology, University
Childrens Hospital, Jena, Germany; 4. Pulmonology, University
Childrens Hospital, Giessen, Germany

Cystic fibrosis (CF) is caused by mutations of the cystic fibrosis trans-
membrane conductance regulator molecule (CFTR) and characterized by
chronic pulmonary inflammation and infection. Our data on cystic fibrosis
mice demonstrate a change of the sphingolipid metabolism in these mice
with a massive accumulation of ceramide in the lung, trachea and gut of CF
mice. Ceramide mediates increased cell death, release of DNA in bronchi,
chronic inflammation and increased infection susceptibility of CF mice to
pulmonary P. aeruginosa infections. Genetic or pharmacological inhibition
of ceramide formation employing amitriptyline in lungs of CF mice normal-
izes all of these pathologies. Amitriptyline inhibits the acid sphingomyeli-
nase and thus, ceramide release. A first clinical study with 4 and a second
phase IIa study with 19 CF patients revealed a significant increase of lung
function after treatment with amitriptyline for 2 and 4 weeks.

To evaluate the positive data of the phase IIa trial, we initiated a phase
IIb randomised, double-blind, placebo-controlled study in 2009 with paral-
lel group design. Forty patients were treated with a maximum of 2 x 25 mg
amitriptyline for 28 days. The primary endpoint was the change of the lung
function parameter FEV1 % predicted between baseline and 4 weeks under
verum and placebo. Secondary endpoints were change of the lung function
parameter FEV1 % predicted relative to baseline, decrease of ceramide con-
centration, pulmonary P. aeruginosa counts, mucus composition and pro-
and anti-inflammatory cytokines in sputum. Special attention was kept on
safety. Here we present preliminary data.

Amitriptyline was well received in the patient group and only one SAE
was reported at the end of the 28-day-course. Two well-known AEs of
amitriptyline, i.e. xerostomia and tiredness, were different between placebo
and the amitriptyline treatment group, but occurred only transiently. We
found in 37 out of 40 patients remarkable differences in the intention-to-
treat analyses. After 28 days of treatment, the primary endpoint FEV1 %
predicted was higher compared to placebo (FEV1 difference 6.3% (±11.45);
p = 0.08). Eleven of the 40 patients did not fulfil the criteria for the per pro-
tocol (PP) analysis. After 28 days of treatment, in the PP analysis the end-
point FEV1 % predicted value was higher compared to placebo by 7.2%
(9.3%); p = 0.04.

The Intention-to-treat and per protocol analyses showed a remarkable
primary endpoint difference of FEV1 % predicted after 28 days of treat-
ment. These data confirm the findings of the previous studies. Altogether,
the results from the three studies support the notion of a positive anti-inflam-
matory effect of amitriptyline therapy in CF patients. These encouraging
results will be verified in a larger sample-sized phase III study.

226
F508DEL-CFTR CORRECTOR IDENTIFICATION:
GLAFENINE, A PROMISING STARTING POINT
Sneddon, H.1; Robert, R.2; Carlile, G.W.3; Matthes, E.2; Goepp,
J.2; Liao, J.2; Sampson, H.3; Vitulli, G.1; Birault, V.1; Solari, R.1;
Thomas, D.Y.3; Hanrahan, J.W.2 1. Respiratory Therapy Unit,
GSK, Stevenage, United Kingdom; 2. Physiology, McGill
University, Montreal, QC, Canada; 3. Biochemistry, McGill
University, Montreal, QC, Canada

Cystic fibrosis (CF) is caused by mutations in the cystic fibrosis trans-
membrane conductance regulator (CFTR) gene, which encodes a cAMP-
stimulated anion channel in the plasma membrane of epithelial cells. The
F508del mutation impairs CFTR maturation and trafficking to the plasma
membrane, resulting in a partially functional anion channel which is
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retained in the endoplasmic reticulum and degraded. We previously devel-
oped a robust and sensitive BHK cell-based F508del-CFTR trafficking assay
to identify novel families of small molecule correctors. This assay was used
to screen diverse compound libraries (total 107,310 compounds), and yield-
ed 185 strong hits (defined as >15% trafficking correction compared to wild
type BHK cells). Amongst the confirmed hits, we recently identified glafe-
nine, an anthranilic acid derivative with analgesic properties as a novel
F508del-CFTR corrector and validated its activity in various biological
assays(1). Here we present the SAR studies as well as our medicinal chem-
istry efforts to optimise the ability of glafenine analogues to rescue the
F508del-CFTR-mediated anion transport in human airway epithelial cells.

(1) Robert, Renaud; Carlile, Graeme W.; Liao, Jie; Balghi, Haouaria;
Lesimple, Pierre; Liu, Na; Kus, Bart; Rotin, Daniela; Wilke, Martina; de
Jonge, Hugo R.; et al Molecular Pharmacology (2010), 77(6), 922-930.

This work was supported by the CFC and CIHR. Helen Sneddon,
Renaud Robert and Graeme Carlile contributed equally to this work.

227
EFFECT OF BETA-SITOSTEROL IN PRO-
INFLAMMATORY GENE EXPRESSION IN BRONCHIAL
EPITHELIAL CELLS
Bezzerri, V.1; Nicolis, E.1; Lampronti, I.2; Borgatti, M.2; Guerrini,
A.3; Mancini, I.2; Sacchetti, G.3; Dechecchi, M.1; Tamanini, A.1;
Gambari, R.2; Cabrini, G.1 1. Laboratory of Molecular Pathology,
University Hospital of Verona, Verona, Italy; 2. BioPharmaNet,
Department of Biochemistry and Molecular Biology, University of
Ferrara, Ferrara, Italy; 3. Department of Biology and Evolution,
Agro-technological and Pharmaceutical Resources, University of
Ferrara, Ferrara, Italy

Previously, we reported that beta-sitosterol (bss), extracted from N.
arvensis seeds, was able to inhibit the expression of the pro-inflammatory
chemokine IL-8 in IB3-1 CF bronchial cells exposed to the P. aeruginosa
laboratory strain PAO1 [1]. Chemically, bss is steroid-like and recent in
vitro and clinical studies have shown that plants containing such steroids are
anti-inflammatory agents, also in respiratory inflammatory pre-clinical
models [2-3]. In the present study bss was tested in the human CF airway
epithelial cell line CuFi-1 exposed to PAO1 for 4 h. CuFi-1 cells seeded on
semipermeable filters, are capable of forming polarized differentiated
epithelia that exhibit transepithelial resistance and maintain the characteris-
tic CF defect of ion transport. CuFi-1 cells were pre-treated for 20 h with
100 nM bss. Total RNA was extracted and quantitative transcription of 92
target genes involved in the first line of response against pathogens and crit-
ical in chronic inflammatory diseases of the airways, were quantified by
TaqMan Low Density Array. Among the PAO1 induced genes, bss showed
an anti-inflammatory acitivity inhibiting the overexpression of IL-8, GRO-
alpha and GRO-beta genes. No changes in cell proliferation have been
observed with high concentration of bss (up to 150 mM). To exclude that the
inhibition of the P.aeruginosa-dependent induction of the three genes was
due to an indirect anti-bacterial effect on P.aeruginosa, we performed an

anti-bacterial array following the procedure for the Minimum Inhibitory
Concentration. In conclusion, we have explored the anti-inflammatory effect
of bss in a model of CF cell lines finding that bss is able to inhibit selective-
ly the expression of the pro-inflammatory chemokines IL-8, GRO-alpha and
GRO-beta. Recent mounting evidence suggesting that bss acts as anti-
inflammatory molecule warrants further mechanistic studies to determine
the full extent of its action. 

References:
1. Nicolis E, et al. Pediatr Pulmonol S33, 276, 2010
2. Valerio M et al. Int Immunopharmacol in press 2011
3. Mahajan SG et al. Eur J Pharmacol 650; 458, 2011 
Supported by the Italian Cystic Fibrosis Research Foundation (grants

FFC # 3/2008, FFC # 8/2009, FFC # 13/2009, FFC # 18/2009, FFC #
12/2010. V.B. is fellow of the Italian Cystic Fibrosis Research Foundation
and E.N. of the “Azienda Ospedaliera Universitaria Integrata di Verona.”

228
CLINIMETRIC PROPERTIES OF CFTR BIOMARKERS:
TIME FOR PROMOTION TO SURROGATE ENDPOINT?
Kent, L.1,2; De Boeck, C.3; Sermet-Gaudelus, I.4 1. University of
Ulster, Belfast, United Kingdom; 2. Belfast Health and Social
Care Trust, Belfast, United Kingdom; 3. University Hospital of
Leuven, Leuven, Belgium; 4. Hôpital Necker-Enfants Malades,
Paris, France

Introduction: Biomarkers are mainly used in Phase I or II clinical tri-
als and are useful for gaining information on mechanism of action and for
identifying treatment responders. Current Phase III trials in CF that are
using biomarkers as endpoints include VX-770 and Ataluren, which are
using nasal potential difference (NPD) and sweat chloride concentration.
These new therapies that address the basic defect may be most suitable for
people with early or mild lung disease. Traditional endpoints are not always
feasible in young children, require larger sample sizes and extended obser-
vation periods. When the small size of the population of people with CF is
considered it is apparent that alternatives are required. 

Aim: To review the literature on reliability, validity and responsiveness
of nasal potential difference (NPD), sweat chloride, and intestinal current
measurement (ICM).

Methods: As part of the work of the ECFS-CTN Standardisation Com-
mittee, data on clinimetric properties were collected for each biomarker and
reviewed by an international team of experts. The literature search was lim-
ited to full text original articles, from 1980 onwards. Data on reliability,
validity and responsiveness were tabulated. In addition, narrative answers to
4 key questions were discussed and agreed by the team of experts. 

Results: Data collected demonstrated the reliability, validity and
responsiveness of NPD. Fewer data were found on reliability of sweat chlo-
ride and none for ICM, however validity and responsiveness were demon-
strated for both. Norm values were collected for all three endpoints. Further
research requirements were proposed for each endpoint. 

Conclusion: This body of work adds useful information to support the
promotion of CFTR biomarkers to surrogate endpoints. 

ON BEHALF OF THE ECFS-CTN CFTR BIOMARKERS STAN-
DARDISATION COMMITTEE.

229
A RANDOMIZED PLACEBO CONTROLLED STUDY ON
THE EFFECTS OF L-ARGININE INHALATION IN
PATIENTS WITH CYSTIC FIBROSIS
Grasemann, H.1,3; Tullis, E.2,3; Ratjen, F.1,3 1. Division of
Respiratory Medicine, Department of Paediatrics, The Hospital
for Sick Children, Toronto, ON, Canada; 2. Division of
Respirology, St Michael’s Hospital, Toronto, ON, Canada; 3.
University of Toronto, Toronto, ON, Canada

Background: Airway nitric oxide (NO) is deficient in cystic fibrosis
(CF) which may have potential negative effects on airway obstruction and
bacterial infection. L-arginine is not only a substrate for nitric oxide synthas-
es, but can also be metabolized by arginases, enzymes that form ornithine,
the precursor of polyamines which may contribute to airway remodeling. A
single inhalation of nebulized L-arginine has been shown to transiently
improve the fraction of exhaled NO (FENO) and pulmonary function in
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patients with CF (Grasemann et al., AJRCCM 2006), but the effects of
longer term treatment has not yet been defined. 

Objective: To assess the safety and efficacy of repeated inhalations of
nebulized L-arginine in CF patients. 

Methods: This study was designed as a double-blind, randomized,
placebo-controlled crossover treatment trial of twice daily inhalation of 500
mg L-arginine for two weeks compared to inhalation of saline solution
(ClinicalTrials.gov Identifier: NCT00405665). Both solutions were matched
by tonicity and were indistinguishable by taste. FENO and pulmonary func-
tion testing were obtained before first inhalation and on the day following
discontinuation of the study medications, respectively. Expectorated sputum
samples were obtained at all study visits and assessed for markers of airway
inflammation as well as L-arginine metabolites. 

Results: Twenty patients with CF and Pseudomonas aeruginosa infec-
tion were recruited and 19 patients (11 males, 8 females) completed the
study. The mean age was 23 (range 13-52) years and mean FEV1 was 2.25
(0.83-3.37) liters or 81 (51-113) % of predicted values at baseline. Overall,
inhalations were well tolerated without significant adverse events. FENO
increased from baseline after 14 days of arginine inhalation (p=0.03). FEV1
increased by an average of 56 mL after L-arginine compared to –8 mL after
placebo, but this difference did not reach statistical significance. Sputum
arginine after 14 days of inhalation was increased in the L-arginine (p<0.05)
but not in the placebo group. Ornithine, the product of arginase activity, was
also increased after L-arginine inhalation (p<0.01), but there was no change
in sputum levels of the polyamine spermine after arginine or placebo inhala-
tion. The concentration of the endogenous NOS inhibitor asymmetric
dimethylarginine (ADMA) was also increased after L-arginine inhalation
(p<0.03) whereas ADMA and FENO did not change in the placebo group.
Inhaled L-arginine did not result in a change in inflammatory markers in
sputum including neutrophil cell counts, interleukin-8 levels and neutrophil
elastase activity. 

Conclusions: Fourteen days of twice daily L-arginine inhalation was
safe and well tolerated in CF patients. Inhaled L-arginine resulted in an
increase in airway NO production despite an increase in the concentrations
of the NOS inhibitor ADMA in sputum. Inhaled L-arginine also resulted in
increased sputum ornithine but not polyamine concentrations. There was no
evidence for increased airway inflammation in CF patients. 

This study was funded by the Canadian CF Foundation and the Irwin
Family Foundation.
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PHASE 1 PHARMACOKINETIC AND SAFETY STUDY OF
INTRAVENOUS GANITE™ (GALLIUM NITRATE) IN
CYSTIC FIBROSIS
Goss, C.H.1,2; Hornick, D.B.3; Aitken, M.L.1; Caldwell, E.1;
Wilhelm, E.1; Wolfstone, A.1; Teresi, M.4; Singh, P.K.1,5 1. Dept.
Medicine, University of Washington, Seattle, WA, USA; 2. Dept.
Pediatrics, University of Washington, Seattle, WA, USA; 3. Dept.
Medicine, University of Iowa, Iowa city, IA, USA; 4. Dept.
Pharmacology, University of Iowa, Iowa City, IA, USA; 5.
Microbiology, University of Washington, Seattle, WA, USA

Background: Novel anti-infective agents are needed in CF. The element
gallium kills P.aeruginosa (PA) (including antibiotic resistant strains), is
active against PA biofilms in vitro, and treats three different animal models
of chronic PA infections. Gallium nitrate (trade name, Ganite™) is Food and
Drug Administration (FDA) approved for intravenous (IV) administration
for other indications. The dearth of new antibiotics in development makes
gallium a promising novel therapeutic intervention against PA infections. 

Methods: This two site, open labeled, unblinded non-randomized study
is a phase 1 safety and pharmacokinetic (PK) study using a 5 day IV infu-
sion of gallium nitrate at two different doses (cohort 1: 100 mg/m2/day and
cohort 2: 200 mg/m2/day) in patients with CF infected with PA. A total of
eighteen CF subjects (nine in each cohort) will be enrolled. Inclusion crite-
ria include age 18 years and older, FEV1 > 30% of predicted, no evidence of
renal disease (creatinine < 2.0 mg/dl or < 1.5 the upper limit of normal), nor
osteoporosis and an ionized calcium level > the lower limit of normal. The
primary endpoints of the study are to evaluate both safety and pharmacoki-
netics of IV gallium in CF. Safety is evaluated by laboratory assessments
and collection of adverse events. PK is assessed to establish steady state lev-
els and also to evaluate sputum gallium levels. Secondary endpoints include

lung function, quantitative sputum microbiology and respiratory symptoms
as assessed using the CF Respiratory Symptom Diary. 

Results: To date, nine subjects completed cohort 1 after screening 15
subjects. Mean age was 32.2 yrs (± 11.4 SD), 56% female, with a mean
FEV1 of 2.19 liters (± 0.57 SD). There were 31 adverse events (AE’s) with
5 deemed related to study treatment. No serious AE’s were noted. Study
agent was not interrupted due to AE’s. Creatinine did not change from the
start of infusion to day 8: mean change 0.026 (95% CI: -0.04 to + 0.07).
Mean change in FEV1 at day 14 after dosing was +61 cc (95% CI: -79 to
+203) and at day 28 +107 cc (95% CI: -7 to +221). Mean sputum density of
PA change at day 14 was -93 million CFU per gram (95% CI:-256 to +71). 

Conclusions: IV gallium appears safe and shows encouraging trends on
both FEV1 and PA density results in the first cohort of this clinical trial.
Additional results from the higher dose cohort (cohort 2) will be presented.
IV gallium offers a novel therapeutic agent for the treatment of chronic
lower airway infection with P. aeruginosa in CF. 

Funding Sources: Food and Drug Administration 1 R01 FD003704;
Cystic Fibrosis Foundation Therapeutics, GOSS09A0; Institute of Transla-
tional Health Sciences, NIH/NCRR UL1 RR025014.
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ADVANCING PATIENT REPORTED OUTCOMES IN
CHILDREN WITH CYSTIC FIBROSIS
Goss, C.H.1,2; Dellon, E.P.3; Lymp, J.F.5; Gibson, R.2,5;
McNamara, S.5; Thompson, V.V.5; Rebovich, P.4; Ramsey,
B.W.2,5; Orenstein, D.M.4 1. Dept. of Medicine, University of
Washington, Seattle, WA, USA; 2. Dept. of Pediatrics, University
of Washington, Seattle, WA, USA; 3. Dept. of Pediatrics,
University of North Carolina, Chapel Hill, NC, USA; 4. Dept. of
Pediatrics, University of Pittsburgh, Pittsburgh, PA, USA; 5.
Dept. of Pediatrics, Seattle Children’s Hospital, Seattle, WA, USA

Background: The Food and Drug Administration (FDA) has put
increasing emphasis on endpoints for drug approval that elicit health status
directly from the patient based on how the patient feels or functions with
respect to his or her health condition. The primary goal of this proposal is to
assess the responsiveness and validity of a novel patient reported outcome
measure (PRO) in pediatric patients with cystic fibrosis (CF), the CF Respi-
ratory Symptom Diary (CFRSD). 

Methods: This is a non-randomized observational study assessing the
responsiveness of the CFRSD to the 14 day treatment of an acute pulmonary
exacerbation in children ages 6-18 years. Subjects had a confirmed diagno-
sis of cystic fibrosis, forced expiratory volume in one second (FEV1) of
greater than 25% of predicted, and a physician-diagnosed acute pulmonary
exacerbation requiring treatment with oral, inhaled or intravenous antibi-
otics. Subjects or their parents (if less than 12 years of age) completed the
CFRSD questionnaire at study entry and daily for 14 days. They also com-
pleted spirometry at the time of initiation of antibiotics and after 14 days of
antibiotic treatment. 

Results: Fifty-one subjects were enrolled. Fifty-five percent were
females. The average age was 13.2 yrs (± 3.1 SD)(range 7-18). Mean
FEV1% of pred. was 74.8% (± 4% SD). FEV1% pred. improved by 7.6%
(95% CI: 4.5-10.7%; p<0.001) liters with treatment. Only 6 subjects (12%)
experienced an adverse event (none of which was associated with study pro-
cedures). Of the 765 possible diaries, 670 (87.6%) were completed. The
mean number of respiratory symptoms from the CFRSD decreased by 1.5
(95% CI: 1.1-2.1; p<0.001)(Figure 1). The mean respiratory frequency score
decreased by 0.43 (95% CI: 0.33-0.62; p<0.001) on a scale of 0-4. 

Conclusions: Evaluation of the CFRSD demonstrates feasibility and
responsiveness of a novel outcome measure in pediatric CF clinical trials
and supports continued validation of this instrument. 

Supported by the National Institutes of Health (UL1 RR025014-03S5)
(UL1 RR025014) (UL1 RR024153) (UL1RR025747), Cystic Fibrosis
Foundation Therapeutics Inc.
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Figure 1: Number of symptoms with 95% CI over time with treat-
ment of acute pulmonary exacerbation.
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PRETREATMENT DATA FROM PHASE 3 STUDY OF
ATALUREN DOCUMENT SIGNIFICANT DISEASE
BURDEN IN A SUBPOPULATION OF PATIENTS WITH
NONSENSE MUTATION CYSTIC FIBROSIS
Konstan, M.W.1; Accurso, F.J.2; DeBoeck, K.3; Kerem, E.4; Rowe,
S.M.5; Sermet-Gaudelus, I.6; Wilschanski, M.4; Miller, N.7;
Elfring, G.L.7; Barth, J.7; Ajayi, T.7 1. Rainbow Babies &
Children’s Hospital, Cleveland, OH, USA; 2. The Children’s
Hospital, Aurora, CO, USA; 3. University Hospital Leuven,
Leuven, Belgium; 4. Hadassah University Hospital, Jerusalem,
Israel; 5. University of Alabama at Birmingham, Birmingham,
AL, USA; 6. Hôpital Necker, Paris, France; 7. PTC Therapeutics,
South Plainfield, NJ, USA

Background: In ~10% of patients with CF, the causative defect in the
CFTR gene is a nonsense mutation that truncates CFTR protein production
by introducing a premature stop codon into the CFTR transcript. Ataluren is
an investigational drug that is designed to induce readthrough of premature
stop codons to produce full length, functional CFTR in patients with non-
sense mutation CF (nmCF). Pharmacological proof-of-concept was demon-
strated in a mouse model of CF and Phase 2a open-label clinical trials. This
Phase 3, randomized, double blind, placebo controlled study being conduct-
ed at 36 sites internationally is the largest clinical trial to date in the nmCF
subpopulation; baseline data from this study provide insight into the pheno-
typic characteristics of patients with nmCF. 

Methods: Age ≥6 years, body weight ≥16 kg, sweat chloride >40
mEq/L, FEV1 ≥40% and ≤90% of predicted, and presence of a nonsense
mutation in at least 1 allele of the CFTR gene as documented by gene
sequencing were required for entry. Patients receive ataluren 10 (morning),
10 (midday), 20 (evening) mg/kg or placebo daily for 48 weeks. Outcome
measures include spirometry, frequency of pulmonary exacerbations as
assessed by the Exacerbation of Chronic Pulmonary Disease Tool
(EXACT), frequency of coughing as assessed by the LifeShirt, health-relat-
ed quality of life, nasal potential difference, and sweat chloride. EXACT
total score is derived from 14 questions that capture information on attrib-
utes of exacerbation and can range from 0 (best) to 100 (worst).

Results: A total of 238 patients (M:F = 121:117) were enrolled. Medi-
an [range] age was 23 [6-53] yrs overall, with 71 (30%) patients <18 years
and 167 (70%) ≥18 years. Median [range] %-predicted FEV1 was 61 [36-
90]. Median [range] sweat chloride was 102 [22-126] mEq/L. Median
[range] change chloride-free plus isoproterenol conductance was 1.7 [-5.0 -
12.3]. Median [range] CFQ-R respiratory domain score was 72 [11-100].
Median [range] EXACT total score was 26.2 [0-55]. Median [range] coughs
per hour while awake was 16 [0-76]. 

Conclusion: Pretreatment data from this study document that patients
with nmCF have significant CFTR dysfunction (demonstrated by the total
chloride conductance and sweat chloride values) which is accompanied by
substantial respiratory impairment, cough, and symptom burden. For this
subpopulation of patients, ataluren may offer a potential therapy that
addresses the underlying cause of the disease.  

Funded by PTC Therapeutics; Genzyme; Cystic Fibrosis Foundation
Therapeutics, Inc; and FDA Office of Orphan Products Development.
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DECREASED LEVELS OF ARYLSULFATASE B IN
PATIENTS WITH CYSTIC FIBROSIS
Sharma, G.1; Burke, J.1; Bhattacharya, S.2; Katyal, S.2; Park, L.2;
Sharma, N.2; Tobacman, J.2 1. Rush CF Center, Rush University
Medical Center, Chicago, IL, USA; 2. University of Illinois at
Chicago, Chicago, IL, USA

Background: Decreased arylsulfatase B (ARSB) activity has been
reported in the cultured airway epithelial cell lines with CFTR function. We
have reported an increase in the ARSB activity after the deficiency in CFTR
was corrected. Since the neutrophils play a key role in the airway inflamma-
tion in patients with cystic fibrosis (CF), we hypothesized that there is
decreased activity and expression of ARSB in peripheral leukocytes of CF
patients and correction of ARSB deficiency may have therapeutic implica-
tions. 

Methods: Blood samples were obtained from 16 CF patients and 22
non-CF patients (10 asthmatics and 12 non-asthmatics). Blinded quantita-
tive determination of ARSB in peripheral leukocytes, including neutrophils
and monocytes was done by standard method using 4-methylumbilliferyl
sulfate as substrate. The interleukin-6 (IL-6, a marker of inflammation) was
measured by ELISA (R&D, Minneapolis, MN). Leukocyte separation was
performed by Polymorphprep (AXIS-SHIELD, Oslo, Norway). Statistical
analysis was done using one-way ANOVA with Tukey-Kramer post-test for
multiple comparisons. 

Results: The ARSB activity was significantly lower in the neutrophils
and mononuclear cells from patients with CF compared to non-CF controls.
The results are summarized in the Table.

Conclusions: The ARSB activity was significantly less in the neu-
trophils and monocytes-lymphocytes of CF patients compared to non-CF
controls (asthmatic, non-asthmatic, and the total control groups). The asth-
matic patients have significantly lower ARSB activity in their mononuclear
population compared to non-asthmatics. The IL-6 activity was significantly
higher in the CF patients than in the total control group, the asthmatic con-
trol group, or the non-asthmatic control group. There was no association
between  ARSB activity and CF genotype, pulmonary function, sputum cul-
tures, age, or gender of the patients. Since recombinant ARSB is used clin-
ically in treatment of mucopolysaccharidosis VI, replacement therapy with
ARSB may have a potential role in the clinical management of CF.

Funded in part by Clinical and Translational Sciences Award
ULRR029879 from National Center for Research Resources to the Univer-
sity of Illinois at Chicago.

*** for p<0.001, * for p<0.05, one-way ANOVA with Tukey-Kramer
post-test for multiple comparisons, for differences between CF
patients vs. total controls, asthmatics, or non-asthmatic controls.
### for p<0.001, # for p<0.05 one-way ANOVA with Tukey-
Kramer post-test for multiple comparisons, for differences between
asthmatic group and non-asthmatic controls
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AZTREONAM FOR INHALATION SOLUTION (AZLI) IN
CYSTIC FIBROSIS (CF) PATIENTS WITH CHRONIC
BURKHOLDERIA SPECIES (BURK) INFECTION: INITIAL
RESULTS FROM A RANDOMIZED, PLACEBO-
CONTROLLED TRIAL
Tullis, E.1; Burns, J.L.2; Retsch-Bogart, G.3; Bresnik, M.4; Henig,
N.R.4; Lewis, S.4; LiPuma, J.J.5 1. University of Toronto, Toronto,
ON, Canada; 2. University of Washington, Seattle, WA, USA; 3.
University of North Carolina, Chapel Hill, NC, USA; 4. Gilead
Sciences, Foster City, CA, USA; 5. University of Michigan, Ann
Arbor, MI, USA

Objectives: Burk spp. infections cause significant morbidity/mortality
in CF patients (pts). Burk-infected CF pts have been excluded from prior
aerosolized antibiotic trials. Aztreonam has in vitro activity vs Burk and
there are anecdotal reports of responses to compassionate use AZLI in Burk-
infected pts. A 1 yr randomized placebo (PBO)-controlled blinded 2-part
trial of AZLI was conducted at 35 sites in the US and Canada to evaluate the
safety and efficacy of 24 and 48 weeks of continuous AZLI therapy in CF
subjects with Burk infection in the airways. Initial results of the 24 week
PBO-controlled phase are presented.

Methods: CF pts ≥6 yrs old with chronic Burk infection (>50% of res-
piratory cultures positive in past year; confirmed Burk spp. by a reference
lab) and stable pulmonary disease were enrolled. Pts were randomized to
receive 24 weeks of AZLI 75 mg or PBO TID every day via a Pari Investi-
gational eFlow® Nebulizer System, followed by 24 weeks of open label
AZLI 75 mg TID daily for all pts. Efficacy endpoints included change in
FEV1 and Burk CFU, use of additional antibiotics (Abx) and hospitaliza-
tions.

Results: One hundred pts (AZLI: 48, PBO: 52) were randomized and
treated. Mean age (yrs) AZLI: 28.0, PBO: 24.7; (83% >18 yrs). Mean base-
line FEV1 57% predicted (range 16%-115%). B. cenocepacia (40%) and B.
multivorans (27%) were the most common of the 9 Burk spp identified at
baseline. Pseudomonas aeruginosa (PA) was isolated in 30% of pts. Primary
endpoint (relative change from baseline in FEV1 % predicted, measured by
the time-adjusted area under the curve through week 24): AZLI: +0.16,
PBO: -0.75 (p=0.66). Pts receiving additional systemic or inhaled Abx for
respiratory indications: AZLI: 39; PBO: 49 (p=0.06). Number of respirato-
ry events requiring Abx: AZLI: 54, PBO: 73 (p=0.42). Median number of
days to first respiratory event: AZLI: 75, PBO: 51 (p=0.27). Total numbers
of adverse events were similar in both groups. More wheezing was reported
in AZLI: 28% vs. PBO: 6% (p=0.04). 

Conclusions: This is the largest randomized controlled trial evaluating
the safety and efficacy of aerosolized antibiotic treatment in Burk-infected
CF pts. Baseline lung function varied widely in the study population. No dif-
ference was seen in change of FEV1 % predicted for AZLI vs. PBO. Both
treatment groups received substantial amounts of additional Abx for respi-
ratory indications. AZLI pts received numerically fewer additional Abx for
respiratory indications and events, and greater time to need for additional
Abx, but the differences from PBO pts were not statistically significant.
Additional analyses from the PBO-controlled phase of the trial are ongoing,
including an evaluation of subsets of patients exhibiting favorable FEV1
responses, in an attempt to identify predictive factors for response. Results
from the open-label phase are pending.

Supported by Gilead Sciences.
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RANDOMIZED, DOUBLE-BLIND, PLACEBO-
CONTROLLED, MULTICENTER STUDY TO EVALUATE
THE SAFETY AND EFFICACY OF INHALED
CIPROFLOXACIN COMPARED WITH PLACEBO IN
PATIENTS WITH CYSTIC FIBROSIS – A PHASE IIB
STUDY OF CIPROFLOXACIN DRY POWDER FOR
INHALATION (DPI)
Dorkin, H.1; Criollo, M.2; Reimnitz, P.3; Alder, J.4; Hampel, B.5 1.
Children’s Hospital Boston, Boston, MA, USA; 2. Bayer Inc.,
Toronto, ON, Canada; 3. Bayer HealthCare, Wuppertal,
Germany; 4. Bayer HealthCare Pharmaceuticals Inc., Montville,
NJ, USA; 5. Bayer HealthCare, Berlin, Germany

Introduction: The primary cause of morbidity and mortality in patients
with cystic fibrosis (CF) is progressive obstructive lung disease associated
with chronic Pseudomonas aeruginosa (PA) infection, periodic endo-
bronchial infection and an intense neutrophilic inflammatory response.
Ciprofloxacin is a fluoroquinolone known to exhibit bactericidal activity
against Gram-negative bacteria, including Pseudomonas spp. Ciprofloxacin
dry powder for inhalation (DPI) is a drug–device combination with
ciprofloxacin formulated using Novartis’ PulmoSphere™ technology and a
small, handheld dry powder inhaler.

Objective: This phase IIb study was designed to assess the safety and
efficacy of 28 days of ciprofloxacin DPI in clinically stable CF patients
chronically colonized with PA.

Methods: Patients 12 years of age or older with a documented diagno-
sis of CF were recruited. Patients were stratified according to long-term
macrolide antibiotic use and randomized to ciprofloxacin DPI 32.5 mg,
48.75 mg or matching placebo bid for 28 days followed by a 28-day follow-
up. Patients had an FEV1 of ≥35% to ≤80% of predicted value, a stable reg-
imen of standard treatment and a chronic colonization with PA defined as a
positive respiratory tract culture within 12 months prior to screening. The
primary objective was change in FEV1 from baseline to day 28 (end of treat-
ment). Secondary endpoints included change in PA density in sputum, inci-
dence of ciprofloxacin-resistant PA, time to first pulmonary exacerbation
requiring any antipseudomonal intervention and patient-reported outcomes
(Cystic Fibrosis Questionnaire-Revised, CFQ-R).

Interim results: The total number of randomized patients was 288, with
286 being included in the intent-to-treat (ITT) population. The mean respec-
tive baseline characteristics of the ITT population for ciprofloxacin DPI
32.5 mg (n=93) and matching placebo (n=65) were: age, 27.7 and 31.6
years; BMI, 22.27 and 22.84 kg/m2; FEV1, 55.0% and 54.8% of predicted
value; and macrolide use, 70% and 72%. The mean respective characteris-
tics for ciprofloxacin DPI 48.75 mg (n=93) and matching placebo (n=35)
were: age, 29.2 and 29.1 years; BMI, 21.71 and 21.58 kg/m2; FEV1, 54.7%
and 52.7% of predicted value; and macrolide use, 71% and 54%. Overall,
ciprofloxacin DPI was well tolerated. Data analysis is ongoing and the
abstract will be updated to include the clinical results.
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EFFICACY AND SAFETY BY AGE GROUP FROM THE
PHASE III STUDIES OF BRONCHITOL (INHALED
MANNITOL) IN PATIENTS WITH CF
Aitken, M.L.1; Flume, P.A.2; Geller, D.E.3; Lapey, A.4;
Zuckerman, J.5; De Boeck, K.6; Bellon, G.7; Hebestreit, H.8;
Haarman, E.9; Robinson, P.10; Cooper, P.11; Kolbe, J.12; Gallagher,
C.13; Fox, H.14; Charlton, B.14; Bilton, D.15 1. Pulmonary &
Critical Care Medicine, University of Washington Medical
Center, Seattle, WA, USA; 2. Medical University of South
Carolina, Charleston, SC, USA; 3. Nemours Children’s Clinic,
Orlando, FL, USA; 4. Massachusetts General Hospital, Boston,
MA, USA; 5. Maine Medical Center, Portland, ME, USA; 6.
University Hospital of Leuven, Leuven, Belgium; 7. Hôpital
Femme-Mère-Enfants, HCL et Université Lyon, Lyon, France; 8.
Universität Kinderklinik, Würzburg, Germany; 9. Academic
Medical Centre Department Kinderlongziekten, Amsterdam,
Netherlands; 10. Royal Children’s Hospital, Melbourne, VIC,
Australia; 11. Children’s Hospital Westmead, Sydney, NSW,
Australia; 12. Respiratory Services, Auckland, New Zealand; 13.
St Vincent’s Hospital, Dublin, Ireland; 14. Pharmaxis Ltd,
Sydney, NSW, Australia; 15. Respiratory Department, Royal
Brompton Hospital, London, United Kingdom

Mannitol is an osmotic agent that increases water content of the airway
surface liquid and improves mucociliary clearance. Two 6 month Phase III
studies with 600 patients (mean FEV1 62.9% (±16.07SD)) assessing the
efficacy and safety of inhaled dry powder mannitol (400mg bid) or control
(50mg mannitol bid) daily have been performed.1,2

Results: Efficacy and safety data from two randomised, double-blind,
controlled studies demonstrated a FEV1 change of 5.8% ±2.3 (p<0.05) from
baseline.

Pooling the two studies optimizes exploration analysis of subgroups
based on age. The mean age (±SD) of children (6-11yrs), adolescents (12-
17yrs) and adults (≥ 18yrs) were 9.2 yrs ±1.57, 14.2 yrs ±1.69 and 28.5 yrs
±8.63 at the start of the study. Their corresponding FEV1 was 72.5% ±14.0,
64.5% ±15.6, and 59.2% ±15.7.

In each of the three age groups, mannitol (400 mg bid) demonstrated a
significant change from baseline (Table 1). There was greater variability in
the children and adolescents control arms. The improvement from baseline
in FEV1 in younger control patients may have led to a conservative effect
estimate if due to control (mannitol 50mg bid) having some activity. 

The serious adverse events (SAEs), treatment related SAEs (TSAEs)
and AEs were not changed by pooling the studies. Overall AEs and SAEs
were similar between the mannitol and control groups across all age groups.
The two most common TAEs (>5%) in any group (mannitol vs. control)
were cough (12.1% vs. 6.0% adults, 9.1% vs. 6.3% adolescents and 6.0% vs.
0% children) and haemoptysis (5.8% vs. 3.0% adults, 5.7% vs. 0% adoles-
cents, 3.0% vs. 0% children). 

Discussion: Mannitol 400mg bid shows significant improvement in
FEV1 from baseline across all age groups.

While inadequately powered to draw conclusions, efficacy was less
apparent in adolescents, with greater variability in the smaller subgroups
under 18 yrs. The safety profile was similar across the groups, though with
slightly more mannitol related cough and hemoptysis reported in adults.

References:
1. Bilton D, et al. Eur Resp J 2011(online) 
2. Aitken M, et al. Pediatr Pulmonol 2010; 45;S33:Ab225

Relative % change in FEV1 % predicted
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AN IN VITRO STUDY OF THE RHEOLOGY OF CYSTIC
FIBROSIS SPUTUM FOLLOWING TREATMENT WITH
OLIGOG ALGINATE OLIGOSACCHARIDE
Doull, I.1; Hawkins, K.2; Khan, S.3; Hill, K.3; Onsøyen, E.4;
Myrvold, R.4; Dessen, A.4; Thomas, D.W.3 1. Respiratory/Cystic
Fibrosis Unit, Children’s Hospital for Wales, Cardiff, United
Kingdom; 2. College of Medicine, Swansea University, Swansea,
United Kingdom; 3. Wound Biology Group, Cardiff University
School of Dentistry, Cardiff, United Kingdom; 4. AlgiPharma AS,
Sandvika, Norway

Pseudomonas aeruginosa infections in the lungs of cystic fibrosis (CF)
patients are characterised by bacterial overproduction of alginate or extra-
cellular polysaccharide (EPS). OligoG is a defined alginate oligomer com-
prised of blocks of α-L-guluronic acid which disrupts the EPS of bacterial
biofilms and potentiates antibiotic treatment in vitro; being proven safe in
preclinical animal and phase I human-volunteer studies (1). In potential
application for the treatment of CF patients with OligoG, we characterised
the ability of OligoG to modulate the viscoelastic and rheological properties
of CF sputum in vitro. Specifically, we measured the elasticity (G’), loss
modulus (G’’) and phase angle of sputum. Non-induced CF sputum samples
were collected from adolescent patients at the Cystic Fibrosis Unit at the
Children’s Hospital for Wales. Sputum aliquots (2.5 mL) were prepared and
gently inverted for 30 s with the following test agents: dornase alfa (Pul-
mozyme®; 2.5 µg mL-1), saline and the test agent OligoG at <2% (in dH2O).
Combinatorial effects of the agents with OligoG were studied, with control
samples treated with dH2O alone. Samples and test agents were incubated
for 4 h at 37°C prior to testing. Rheological measurements were conducted
using an AR-G2 Controlled Stress Rheometer (TA Instruments, UK) fitted
with a parallel plate geometry; the lower plate being maintained at 4°C.
Frequency sweep tests were employed over a range of frequencies (0.1-10
Hz) to provide viscoelastic data. Results showed that treatment with OligoG
resulted in an 8.7-66% decrease in log10 sample elasticity compared to the
control over the range of 0.1 Hz-4 Hz. In these experiments, the value of the
phase angle of the treated samples was approximately three-times greater
than that of the control. OligoG treatment also decreased the elasticity of
Pulmozyme®-treated samples, although this failed to reach the levels
observed with OligoG alone. These studies demonstrate the ability of Oli-
goG to effectively disrupt CF sputum in vitro, reduce elasticity and potenti-
ate the action of Pulmozyme®. The potential of OligoG in the treatment of
CF patients in vivo is under investigation in a phase IIa study. 

Supported and funded by Algipharma AS.
1. Clinicaltrials.gov identifier: NCT00970346. 
2. King et al.,(1997) Am J Respir Crit Care Med 156:173–177.
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TOXICOLOGY STUDIES IN SUPPORT OF THE UK CF
GENE THERAPY CONSORTIUM’S MULTI-DOSE
CLINICAL TRIAL
Griesenbach, U.1,5; McLachlan, G.2,5; Collie, D.2,5; Innes, J.2,5;
Higgins, T.1,5; Cheng, S.4; Scheule, R.3; Alton, E.W.1,5; Davies,
J.C.3,5; Hyde, S.C.3,5; Porteous, D.2,5; Boyd, A.C.2,5; on behalf of
the UK CF Gene Therapy Consortium, ..5 1. Imperial College,
London, United Kingdom; 2. University of, Edinburgh, United
Kingdom; 3. University of, Oxford, United Kingdom; 4. Genzyme,
Framingham, MA, USA; 5. UK CF Gene Therapy, Consortium,
United Kingdom

In preparation for a multi-dose clinical trial to assess whether 12 month-
ly doses of the CFTR gene can improve CF lung disease we have conduct-
ed two toxicology studies (TS). In addition to a GLP-mouse TS study (out-
sourced to a CRO) we also performed an in-house study in sheep. Mice
received 12 doses of pGM169 (a plasmid carrying the CFTR gene) com-
plexed to Genzyme lipid GL67A at fortnightly intervals by inhalation; expo-
sure to the complex was for 0.5 (low= ~5x human dose), 2 (mid= ~ 20x
human dose) or 6 hr (high dose=~60x human dose). Controls were exposed
to air for 6 hr. In addition to standard non-invasive assessments at regular
intervals and post-mortem toxicology undertaken 2 weeks and 3 months
after the last dose, molecular analyses were performed to assess gene
expression and biodistribution (separate abstract). Approximately 600 mice
were included in the study. Anesthetised sheep (n=8) received 9 doses (con-
sistent with EMEA guidelines) of aerosolized pGM169/GL67A at monthly
intervals. Similar assessments were made as for the mouse TS, in addition to
lung function measurements and bronchoalveolar lavage (BAL) at intervals
throughout the study. The amount (mg/kg) of pGM169/GL67A delivered to
sheep approximately mimics the proposed human dose. Anesthetised con-
trols (n=8) received air only. 

Results: All mice tolerated the treatment well. In the high dose group
(~60x human dose) small increases in lung weight and circulating neu-
trophils were seen 2 days after the last dose, but not in the cohort sacrificed
14 days after the last dose. Histology showed scattered alveolar
macrophages in the low and mid dose groups 2 weeks after administration
of the last dose. In the high dose group multifocal alveolar foamy
macrophage accumulations and occasional inflammation were noted. The
presence of fat in macrophages was confirmed by Oil Red O staining. There
was no evidence of structural remodelling. All other organs were unremark-
able. Three months after administration, findings in the low dose were not
different from baseline, but were still observed in the mid and high dose. All
sheep tolerated treatment well. In contrast to mice, haematology 2 or 14
days after dosing did not show any treatment related effects. Neutrophils
were transiently increased in BAL fluid 2 days after administration, but had
returned to baseline after 15 days. Observed changes in lung function or gas
transfer measurements were mild and not test item related. There were no
test item related histological findings in any organ. 

Conclusions: All animals tolerated the treatment well. The transient
and dose-related systemic inflammatory responses and drop in lung function
observed in the single-dose phase 1 trial (separate abstract) were not repli-
cated in non-CF sheep and non-CF mice only developed mild systemic
inflammation at the highest dose (~60x human dose) possibly highlighting
species-specific differences or an increased response to the lipid/DNA com-
plexes in the inflamed human CF lung. Both TS support progression into a
multi-dose CF gene therapy trial.

239
SINONASAL INHALATION OF MUCOLYTIC AND
ANTIBIOTIC AGENTS IN CF
Mainz, J.G.1; Schien, C.1; Schaedlich, K.1; Schiller, I.1; Koitschev,
A.2; Riethmüller, J.3; Wiedemann, B.4; Beck, J.F.1 1. CF-Center,
Pediatric Pneumology, University of Jena, Jena, Germany; 2.
Pediatric Otorhinolaryngology, Olgahospital, Stuttgart,
Germany; 3. Dept. of Pediatrics, University Children’s Hospital,
Tuebingen, Germany; 4. Medical Informatics and Biometrics,
Dresden University, Dresden, Germany

Rationale: Until now, involvement of the upper airways and paranasal
sinuses in CF did not receive much attention as only three decades ago the
inherited disease led to premature death in preschool age. However, in com-
puted tomography almost 100% of CF paranasal sinuses are pathologic and
only 7% of CF patients did not reveal clinical or cytological signs of rhinos-
inusitis. Recent studies showed, that chronic rhinosinusitis (CRS) impairs
quality of life and overall health in CF to a much higher extent than expect-
ed. In this regard, the upper airways were detected as a site of primary and
persistent pathogen colonization. Cross colonization between airway levels
was proven, as we previously identified 96% of P. aeruginosa pairs from the
upper and lower airways of CF patients as identical by genotype. 

Whereas conventional aerosols do not reach the paranasal sinuses the
new method of sinonasal inhalation with vibrating aerosols (Pari Sinus™)
was proven by in vitro and in vivo studies to deposit drugs in this segment.
We present the first studies on sinonasal inhalation with the device in CF
patients with CRS applying mucolytics (1.) or antibiotics (2.).

Methods:
1. In a DBPC-cross over study 23 CF patients inhaled dornase alfa and

isotonic saline for each 28 days. After a wash-out period of 28 days they
crossed over to the alternative treatment (each 2.5mL, once daily).

2. In a DBPC-parallel group pilot study 9 patients with chronic
sinonasal P. aeruginosa colonization inhaled tobramycin 80mg per day (6)
or isotonic saline (3) for 28 days.

Results: Sinonasal inhalations of dornase alfa and tobramycin were
well tolerated except in a few patients, who suffered self limiting nasal
bleeding. 

1. Sinonasal symptom scores (SNOT 20 GAV), the primary endpoint in
the mucolytic study, improved significantly with verum, compared to place-
bo (p=0.019). Surprisingly pulmonary function also improved significantly
with verum but not with isotonic saline (p=0.024).

2. The primary endpoint ‘reduction of P. aeruginosa counts in nasal
lavage’ was reached more frequently in the verum group of the antibiotic
trial (n.s.). 

Discussion:
1. The novel method of sinonasal inhalation of dornase alfa significant-

ly reduced sinonasal symptoms in patients with CF. Additionally, a positive
interaction between upper and lower airway segments was proven by the
effects of sinonasal therapy on pulmonary function.

2. Sinonasal inhalation of tobramycin 80mg per day was well tolerated.
The method appears promising for reduction of pathogens in chronically
colonized patients. According to the results of our preceding studies upper
airway assessment should be implicated in routine care to detect new P.
aeruginosa colonization and in order to improve chances of Pseudomonas
eradication. This could be effective by sinonasal inhalation of antibiotics but
this approach as well as the overall sinonasal involvement in CF require fur-
ther investigation.
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240
EFFECTS OF CHRONIC INTERMITTENT AZTREONAM
FOR INHALATION SOLUTION (AZLI) ON HEALTH-
RELATED QUALITY OF LIFE (HRQOL) IN PERSONS
WITH CYSTIC FIBROSIS (CF) AND P. AERUGINOSA
Quittner, A.L.1; Henig, N.R.2; Lewis, S.3; Derchak, P.A.2; McCoy,
K.S.4; Oermann, C.M.5; Retsch-Bogart, G.Z.6 1. University of
Miami, Coral Gables, FL, USA; 2. Gilead Sciences, Foster City,
CA, USA; 3. Gilead Sciences, Seattle, WA, USA; 4. Ohio State
University, Columbus, OH, USA; 5. Baylor College of Medicine,
Houston, TX, USA; 6. University of North Carolina at Chapel
Hill, Chapel Hill, NC, USA

Objective: To evaluate treatment-related changes in the non-Respirato-
ry Symptoms Domains of the Cystic Fibrosis Questionnaire-Revised (CFQ-
R) domains at 28-day of AZLI vs placebo (PBO) and to determine if
changes persisted over 18 months of open-label AZLI (75mg TID).

Background: The CFQ-R is a validated HRQOL measure for CF that
contains both generic and CF-specific scales. The CFQ-R includes 12
domains: Physical Functioning (PF), Role Functioning (RF), Vitality (V),
Emotional Functioning (EF), Social Functioning (SF), Body Image (BI),
Eating Disturbances (ED), Treatment Burden (TB), Health Perceptions
(HP), Respiratory Symptoms (RS), Digestive Symptoms (DS), and Weight
(BW). AZLI significantly improved RS vs PBO, as has been reported previ-
ously, but the non-respiratory domains have not yet been explored.

Results: A total of 268 subjects were treated three-times daily with
either PBO (N = 122) or AZLI (N = 146). At day 28 of the PBO-controlled
studies, statistically significant differences (p<0.01) in mean change from
baseline between treatment groups were observed at day 28 for 7 of 12
domains: PF, V, EF, ED, HP, RF, and RS. RS and EF were associated with
increased scores in the AZLI group, whereas significant AZLI-PBO differ-
ences in the other domains were largely based on stable domain scores with
AZLI vs declining PBO scores. When evaluated over 18 months of open
label AZLI use, mean change from baseline in domain scores varied as a
function of AZLI treatment, with improvement at the end of AZLI treatment
and worsening at the end of the off-AZLI periods. Notable responses to
AZLI treatment were observed for RS and BW, with scores remaining above
baseline at all visits during the 18 month study. V, HP, and DS were consis-
tently above baseline values following AZLI and occasionally following
off-periods. Other domains were less affected by treatment, with PF, RF, EF,
SF, BI and TB trending lower through the study. PF, RF, V, HP, RS, and BW
consistently increased during 28 day AZLI period and fell during each off-
period. Regardless of changes in magnitude, the directional changes in
domain scores consistently increased during the 28 day AZLI period and
declined during the off period in most domains. These trends and their con-
sistency suggest that AZLI affects the patients’ experience of CF, however
the clinical meaningfulness is not clear because the minimal important dif-
ference has not been defined for non-RS domains. 

Conclusion: These results suggest that there were detectable benefits of
a single treatment cycle of AZLI on CFQ-R domains other than RS. The
effects observed after 28 days of treatment were persistent over an 18 month
period of chronic intermittent AZLI.

Acknowledgements: Dutch VanDevanter for Medical Writing support.
Supported by Gilead Sciences.

241
CYTOKINE PROFILES IN CYSTIC FIBROSIS
ARTHROPATHY
Williams, K.E.1; Whitaker, P.1; Gooi, J.2; Cullen, K.2; Conway,
S.1; Peckham, D.1 1. Regional Adult CF Unit, St James University
Hospital, Leeds, United Kingdom; 2. Department of Immunology,
St James University Hospital, Leeds, United Kingdom

Background: Cystic fibrosis arthropathy (CFA) remains among the
least understood manifestations of CF. CFA is generally characterised by
transient bouts of mono- or polyarthritis that are usually recurrent, often
severe and occasionally debilitating. Currently there is little understanding
of its aetiology, pathogenesis or sequelae. CFA has been hypothesised to be
a reactive arthritis, a HLA-associated arthritis or even an enteropathic arthri-
tis.

Method: We studied the simultaneous presence of fourteen cytokines in
the serum of six patients (all female; age 22 - 43 years) with a known diag-
nosis of CFA. Serum samples were taken during an acute flare and convales-
cence. CRP and an auto-antibody screen were also collected at the time of
an acute flare.

Serum samples were screened using Millipore (Billerica,MA) Luminex
cytokine beads that assay Eotaxin, IL-1a, IL-1b, IL-4, IL-5, IL-6, IL-8, IL-
10, IL-13, IL-17, MIP 1α, MIP 1β, TNFγ and TNFα.

Results: IL-6, IL-8, MIP-1β and TNFα levels appear to be significant-
ly elevated in selected patients with CFA during an acute flare in compari-
son with convalescent and normal CF controls.

ILa, ILb, IL4, IL-5, MIP-1a were not detected. IL-10 and IL-13 were
detected in Patient 3 acute and convalescent sera.

See the Table for demographic data and results of auto-antibody screen.
Conclusions: The raised pro-inflammatory cytokines and chemokines

in the acute sera are consistent with the clinical status of the patients. They
do not shed light on the immunopathology of CFA. Further studies are on-
going as biomarkers are urgently needed to aid the investigation, diagnosis
and management of CFA.

Table. Demographic Data

Patient 2 was prescribed long term steroids.
Patient 5 was prescribed hydroxychloroquine.

242
ELEVATED MIR-155 PROMOTES INFLAMMATION IN
CYSTIC FIBROSIS BY DRIVING HYPER-EXPRESSION
OF INTERLEUKIN-8
Biswas, R.1,2; Bhattacharyya, S.1; Balakathiresan, N.1; Dalgard,
C.L.2; Jozwik, C.2; Srivastava, M.2; Pollard, H.B.2 1. Graduate
School of Nursing and School of Medicine, Uniformed Services
University, Bethesda, MD, USA; 2. School of Medicine, USUHS,
Bethesda, MD, USA

Cystic fibrosis (CF) is the most common life-limiting recessive disease
in the U.S. and Europe, and is due to mutations in the cystic fibrosis trans-
membrane conductance regulator (CFTR) gene. CF mutations, of which the
most common is ∆F508-CFTR, cause a massive pro-inflammatory pheno-
type in the lung arising from profound expression of inflammatory genes,
including interleukin-8 (IL-8). We have previously reported that IL-8
mRNA is stabilized in CF lung epithelial cells, and that IL-8 protein expres-
sion is concomitantly massively over-expressed. However, the mechanistic
link between mutations in CFTR, and acquisition of the pro-inflammatory
phenotype in the CF airway, has remained elusive. We have hypothesized
that specific microRNAs might mediate this linkage.  To identify the poten-
tial link, we have screened a miRNA library for differential expression in
∆F508-CFTR and WT-CFTR lung epithelial cell lines. Of the 22 differen-
tially and significantly expressed miRNAs, we find that expression of miR-
155 is more than 5-fold elevated in CF IB3-1 lung epithelial cells in culture,
compared to control daughter IB3-1/S9 cells, repaired with WT-CFTR.
Clinically, miR-155 is also highly expressed in lung epithelial cells, and cir-
culating CF neutrophils biopsied from CF patients. Our data indicate that
elevation in miR-155 expression is closely tied to failure of CFTR channel
activity. We report here that high levels of miR-155 specifically reduce lev-
els of SHIP1, thereby preventing Akt from being activated by the PI3K path-
way. However, raising the level of SHIP1 in CF cells, either by an expres-
sion SHIP1 vector, or by an anti-sense antagomir-155, results in destabiliza-
tion of IL-8 mRNA and reduced expression of IL-8 protein. Finally, we find
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that phospho-AKT levels are elevated in CF lung epithelial cells, and are
specifically lowered by either antagomir-155, the antisense construct for
miR-155, or elevated expression of SHIP1. We therefore suggest that elevat-
ed miR-155 contributes to the pro-inflammatory stabilization of IL-8 mRNA
in CF lung epithelial cells, by lowering SHIP1 expression, and thereby acti-
vating the PI3K/Akt signaling pathway. These data suggest that miR-155
may play an important role in the activation of IL-8 dependent inflammation
in CF lung epithelial cells. The efficacy of antagomir-155 will thus be fur-
ther analyzed in primary cells, both lung epithelial and circulating neu-
trophils, obtained from CF patients.

243
FENRETINIDE (4-HPR) CORRECTS THE COMMONLY
ALTERED FATTY ACID CONCENTRATIONS IN
CULTURED BRONCHIAL EPITHELIAL CELLS WITH
ABSENT CFTR
Aleryani, S.L.; Katrangi, W.; Seegmiller, A.; Laposata, M.
Department of Pathology, Vanderbilt University, Nashville, TN,
USA

Objectives: Individuals with CF exhibit consistent alterations in
polyunsaturated fatty acid (PUFAs) levels, including decreased linoleate
(18:2n-6; LA) and docosahexaenoate (22:6n-3; DHA), and variably
increased arachidonate (20:4n-6; AA). Finding a therapeutic drug to correct
these alterations is one attempt to improve the outcome of CF patients.
Recent studies have shown that N-(4-hydroxyphenyl) retinamide (4-HPR)
can modulate fatty acid levels, including PUFAs, in the plasma of CF mice.
The exact mechanism by which 4-HPR exerts its effect is still largely
unknown. In this study, we hypothesize that 4-HPR corrects fatty acid
imbalance in a cultured bronchial CF cell model through modulation of
desaturation and/or elongation of fatty acids.

Methods: Cell culture experiments were carried out in 16HBEo- human
bronchial epithelial cells stably transfected with the first 131 nucleotides of
human CFTR expressing either sense (CFTR wild-type) or antisense
(CFTR-negative) partial CFTR transcripts. Cells were treated with varying
concentrations of 4-HPR for 24 hours, and then fatty acids were extracted
and measured by gas chromatography/mass spectroscopy (GC/MS).

Results: In 4-HPR-treated cells, LA was increased and AA decreased to
wild-type levels in CFTR cells, indicative of decreased LA to AA metabo-
lism. In contrast, the n-3 pathway showed increased linolenic acid (LNA;
18:3n-3), but higher eicosapentaenoic acid (EPA; 20:5n-3) levels and DHA
levels were unchanged. This pattern may have resulted from suppressed
LNA to EPA metabolism, and increased retroconversion of DHA to EPA.
The degree of these changes is greater in CFTR-negative compared with
wild-type cells. 

Conclusions: These data indicate that 4-HPR can at least partially
reverse the fatty acid imbalance in CFTR-negative cultured bronchial
epithelial cells. The mechanism by which 4-HPR exerts this effect is under
investigation. 

Acknowledgements: This study was supported in part by a Clinical
and Translational Research Enhancement Award by the Pathology Depart-
ment, School of Medicine, Vanderbilt University to Dr. Aleryani.
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NASAL POTENTIAL DIFFERENCE STUDIES UTILIZING
THE CFTR MODULATOR QUERCETIN
Sabbatini, G.M.1; Frederick, C.2; Konstan, M.W.3; Rosenbluth,
D.4; Liu, B.1; Bucur, C.3; Burks, P.4; Li, Y.1; Lymp, J.5; Clancy,
J.P.6; Rowe, S.M.1 1. Medicine, University of Alabama at
Birmingham, Birmingham, AL, USA; 2. University at Buffalo,
Buffalo, NY, USA; 3. Case Western Reserve University School of
Medicine, Cleveland, OH, USA; 4. Washington University School
of Medicine, St. Louis, MO, USA; 5. TDN Coordinating Center,
Seattle, WA, USA; 6. University of Cincinnati, Cincinnati, OH,
USA

Previous studies demonstrated that the flavanoid quercetin enhances
CFTR dependent ion transport in surface localized F508del in vitro. We
hypothesized that the perfusion of quercetin during nasal potential differ-
ence (NPD) testing would improve detection of F508del CFTR at the cell

surface and thus better detect CFTR activity of rescued protein following
corrector therapies.

We performed a three center open-label study to determine if perfusion
of quercetin activates mutant CFTR including surface localized F508del. A
secondary goal was to assess safety of quercetin perfusion during the NPD
procedure and to determine whether quercetin stimulated Cl- conductance is
associated with CFTR expression. Among 49 subjects screened, 32 F508del
homozygotes and 14 with surface mutations were included in the analysis.
One subject had an excluded mutation and 2 others withdrew consent.  

The mean age was 27 years in F508del homozygotes and 31 years in
surface mutation subjects. Females were 38% and 43% of the study group,
respectively. Mean FEV1 was 70.3% predicted and 62.6% predicted, respec-
tively. The change in NPD with quercetin (20 mcg/mL) perfusion following
activation of chloride conductance with chloride-free plus isoproterenol in
subjects homozygous for F508del was +0.3 ± 0.4 mV (p=ns within subject),
and +0.2 ± 0.3 mV in subjects with surface mutations (p=ns). There was no
difference in quercetin between genotype groups. Traditional chloride con-
ductances (chloride-free plus isoproterenol) were in the expected range:
+1.4 ± 0.4 mV and +1.8 ± 1.3 mV, respectively. Of the F508 homozygotes,
3 (9.3%) had a change in chloride free + isoproterenol + quercetin of ≤ -
5mV, reflective of residual CFTR function outside of the normal CF range.
CFTR mRNA levels of nasal curettage specimen determined by real-time
RT-PCR were 6.1% and 4.3% (compared to Calu-3 cell standard) in F508del
and surface mutation subjects respectively. mRNA levels were correlated
with CFTR activity following quercetin perfusion (r=-0.36, p<0.05).
Quercetin was well tolerated upon nasal potential difference perfusion. One
adverse event occurred and was unrelated to quercetin. The mean change in
total nasal symptom score (4 point scale) following quercetin was +0.23 and
+0.71, and the mean change in nasal examination rating (4 point scale) was
+0.44 and +0.14 in F508del and surface mutation subjects, respectively. No
changes were statistically significant.

The results indicate that quercetin perfusion is safe by nasal perfusion,
but does not strongly activate mutant CFTR in F508del homozygotes or
individuals with surface mutations without prior CFTR correction, although
residual CFTR activity was identified in 9% of F508del homozygotes.
Change in PD induced by quercetin perfusion was linearly related to CFTR
mRNA expression, suggesting potential for quercetin to augment CFTR
detection following protein rescue or other interventions that increase
expression.

Supported by CFF and NIH.

245
PHARMACOLOGIC RESCUE OF ACQUIRED CFTR
DYSFUNCTION IN CHRONIC OBSTRUCTIVE
PULMONARY DISEASE
Sloane, P.A.6; Shastry, S.6; Wilhelm, A.1; Courville, C.1; Tang,
L.6; Mehta, N.6; Backer, K.6; Levin, E.6; Mazur, M.6; Van Goor,
F.7; Byan-Parker, S.4; Grizzle, W.4; Sorscher, E.J.1,3; Dransfield,
M.T.1,5; Rowe, S.M.1,2 1. Medicine, UAB, Birmingham, AL, USA;
2. Pediatrics, UAB, Birmingham, AL, USA; 3. Physiology and
Biophysics, UAB, Birmingham, AL, USA; 4. Pathology, UAB,
Birmingham, AL, USA; 5. Lung Health Center, UAB,
Birmingham, AL, USA; 6. CF Research Center, UAB,
Birmingham, AL, USA; 7. Vertex Pharmaceuticals, San Diego,
CA, USA

Cigarette smoke extract (CSE) inhibits CFTR activity in human
bronchial epithelial cell cultures, engendering reduced CFTR-mediated
anion transport. Cigarette smoke exposure is also associated with reduced
CFTR activity in healthy smokers in vivo, suggesting an acquired form of
CFTR dysfunction. VX-770, a CFTR potentiator, rescues Cl- transport in CF
but has not been evaluated in acquired forms of CFTR dysfunction. We
examined the effects of CSE exposure on mucus transport and tested
whether a CFTR potentiator can ameliorate effects in vitro, while demon-
strating in vivo effects of smoking on COPD airways. WT human bronchial
epithelial cells (HBE) were exposed to CSE (2%) for 24 h and mounted in
Ussing chambers to measure transepithelial Cl- conductance. Nasal potential
difference (NPD) studies measured in vivo Cl- conductance with KCl
calomel electrodes and 3% agar catheters. Lower airway potential difference
(LAPD) was performed similarly and under conscious sedation. HBE data
showed that 2% CSE exposure for 24 h reduced CFTR-dependent cAMP-
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mediated current in HBEs (65% of control, P<0.05) without altering
transepithelial resistance. Western blots confirmed reduced CFTR, as did
relative mRNA expression by real-time RT-PCR (0.66 CSE vs. 1.07 control,
P<0.01). CSE reduced MCT measured by particle tracking (0.17 µm/sec vs.
2.4 control, P<0.05) and was associated with increased mucus expression by
histologic analysis. NPD-derived Cl- conductance was reduced in healthy
smokers (-8.0 mV, P<0.005, n=14) and in COPD smokers (-6.3 mV,
P<0.005, n=12) but was normal in former smokers (-17.6 mV, n=11) com-
pared to healthy controls (-18.0 mV, n=14). CFTR-dependent Cl- conduc-
tance measured by LAPD was also reduced in healthy smokers (-6.8 mV vs.
-10.8 mV, P<0.05, n=6/group). VX-770 augmented WT CFTR-dependent
current in HBE (4.4 µA/cm2 VX-770 vs. -0.1 control, P<0.001). In CSE-
exposed cells, VX-770 rescued Isc, increasing CFTR activity from 72.7% of
WT following CSE treatment to 185.8% of WT with VX-770 (P<0.05). VX-
770 also augmented forskolin (100 nM)-dependent Isc in human trachea
explants (4.7 µA/cm2 VX-770 vs. 1.4 control, P<0.05), including those from
smokers (10.1 µA/cm2 vs. 3.3, P<0.05). Augmented ion transport also
increased ASL depth (11.7 µm CSE+VX-770 vs. 8.0 µm CSE, P<0.005) and
MCT (0.085 mm/min vs. 0.009, P<0.005). Cigarette smoke exposure is
causally related to reduced MCT in COPD by inhibiting CFTR activity and
enhancing mucus expression. CFTR potentiators may represent a therapeu-
tic strategy to address acquired CFTR dysfunction in smoking-related lung
disease.

246
EVALUATION OF SLOPE CONDUCTANCE TO
MONITOR CFTR FUNCTION IN RECTAL BIOPSIES
FROM CF AND NON-CF SUBJECTS
Wyatt, C.1; VanDyke, R.1,2; Clancy, J.P.1 1. Pulmonary Medicine,
Cincinnati Children’s Hospital Medical Center, Cincinnati, OH,
USA; 2. Biostatistics and Epidemiology, Cincinnati Children’s
Hospital Medical Center, Cincinnati, OH, USA

Examination of intestinal ion transport characteristics in human rectal
biopsies represents a flexible means to monitor CFTR function ex vivo, and
may provide a means to quantitate restored or partial CFTR function in
patient derived tissues. We investigated the capacity of real time tissue con-
ductance monitoring during intestinal current measurements (ICM) to quan-
titate CFTR activity in non-CF controls compared with CF patients possess-
ing two severe CFTR mutations. Sixty-three subjects (45 non-CF controls,
15 CF adults) were enrolled in a prospective trial across three study sites
using common equipment and SOPs. Data from 44 controls and 13 CF sub-
jects were suitable for analysis. Common voltage clamps, tissue mounts
(Physiologic Instruments, San Diego, CA), buffer conditions, and tissue dis-
section were used. Biopsies were warmed to 37°C and gassed with
95%O2/5%CO2 in RPMI 1640 media + 25 mM HCO3. Tissues were voltage
clamped to continuously monitor short circuit current and resistance. Tissue
was treated with 10 µM indomethacin (20 min) followed by amiloride (100
µM, 15 min). CFTR currents were stimulated with 10 µM forskolin + 100
µM IBMX (20 minutes), followed by carbachol (100 µM, serosal) to acti-
vate basolateral K+ channels and further potentiate CFTR-dependent Isc.
Serosal bumetanide (100 µM) was then added to block Cl- transport. The
change in conductance during the different reagent conditions were com-
pared between the CF and non-CF subjects, and data was analyzed as per-
cent of wildtype CFTR conductance observed in the CF patients (12
F508del/F508del, 1 E60X/621 G-T). Tissue slope conductance for the entire
tracing for the CF patients (percent of wildtype) was 21.42% (±36.5, SD).
The slope conductance following indomethacin and amiloride was 14.67%
(±30.8), 11.24% (±27.7) following stimulation with forskolin/IBMX, and
11.62% (±39.7) following treatment with the Na/K/2Cl tranporter blocker
bumetanide. The largest separation in slope conductance was seen following
CCh stimulation, with CF tissues achieving only 3.24% (±47.4) of wtCFTR
controls. The %wtCFTR conductance coefficient was calculated as the ratio
of CF to non-CF responses for each aligned time point. We used a linear
mixed model to assess changes in %wtCFTR over time overall and during
post-Amil, -Bum, -CCh and -cAMP. The overall %wtCFTR conductance
decreased over time by 0.0042±0.0023%/sec (p=0.0410). We observed sig-
nificant rates of change in %wtCFTR conductance post-Bum
(0.0127±0.0019%/sec), post-CCh (0.0391±0.0081%/sec), and post-cAMP (-
0.0207±0.0015%/sec); all p<0.0001. The %wtCFTR conductance was fair-
ly constant post-Amil. The results indicate that monitoring transepithelial
conductance after stimulation of CFTR (apical membrane) and K channels

(basolateral membrane) by the combination of forskolin/IBMX and CCh in
the presence of amiloride and indomethacin provided the greatest mean sep-
aration between CF and non-CF controls, and related analysis may represent
a valuable electrophysiologic tool to assess and quantify partial function or
restoration of mutant CFTR function in patient tissues ex vivo. Supported by
CFFT.

247
CHARACTERIZATION OF SERUM PROCALCITONIN AT
BASELINE AND DURING PULMONARY
EXACERBATIONS IN PATIENTS WITH CYSTIC
FIBROSIS
Maouelainin, N.; Hoag, J.B.; Hillman, J.; Hendry, M.A.
Pulmonary, Critical Care and Sleep Medicine, DUCOM,
Philadelphia, PA, USA

Background: Procalcitonin (PCT) is a prohormone of calcitonin that is
secreted by numerous organs in response to systemic bacterial infection and
is used as a marker of bacterial infections in non-cystic fibrosis populations.
PCT levels increase in the setting of systemic bacterial infections including
sepsis and pneumonia and decrease in response to clearance of infections.
To date, all previous studies of PCT have excluded patients with CF; there-
fore, no normative data exists in this group. Moreover, a marker of acute
bacterial infection in CF patients experiencing exacerbation would be use-
ful. The purpose of this study was to determine the baseline PCT levels in
patients with CF. Moreover; we sought to determine the ability of PCT to
serve as a biomarker of acute pulmonary exacerbation.

Methods: We performed a single center, prospective, observational
study of PCT in patients with CF. Demographic and clinical information
was obtained in conjunction with PCT levels at baseline (n=32). A subset of
patients with pulmonary exacerbation (n=7) requiring hospitalization had
PCT levels measured daily throughout the hospitalization. Baseline PCT
levels in patients with CF were compared to historical controls. Compar-
isons of baseline PCT and exacerbated levels were made. 

Results: The mean PCT in non-exacerbated cystic fibrosis patients was
0.057±0.012ng/mL (range 0.011 to 0.118ng/mL). The serum PCT concen-
tration in healthy persons is below 0.05 ng/mL; this is not different from the
mean PCT in non-exacerbated CF patients. The mean PCT in patients with
exacerbation was 0.078 ±0.028 ng/mL on day 1. PCT value trended down
within the first 24hrs. There was a 61.2 ± 13.2% decrease in PCT after ini-
tiation of antibiotics in hospital compared to baseline. Although PCT was
increased during exacerbations, values never reached the recommended val-
ues needed to initiate antibiotics >0.2ng/mL. On the basis of serum procal-
citonin concentrations during COPD exacerbation and lower respiratory
tract infection, use of antibiotics was discouraged when PCT was between
0.1 and 0.25 mcg/L and encouraged with PCT >0.25 mcg/L. 

Conclusions: Our finding demonstrated low baseline PCT levels in peo-
ple with CF during routine office visits; comparable to baseline PCT levels
in general populations in the absence of bacterial infections. During exacer-
bation, PCT levels doubled but did not reach the recommended value to ini-
tiate antibiotic therapy in septic patients. Elevated level of PCT is an inde-
pendent predictor of vesicoureteral reflux in children with a febrile urinary
tract infection. Furthermore, PCT allows early assessment of pancreatic
infections and stratification of patients at risk to develop major complica-
tions if PCT is above 3.5 mcg/L. Based on our results, pulmonary exacerba-
tions of CF may not generally be “systemic enough” to drive an increase in
PCT. However, as there was universally a decrease in PCT levels in associ-
ation with antibiotic therapy with concomitant clinical improvement, this
biomarker may provide a signal in improvement in pulmonary exacerbations
in patients with cystic fibrosis. Further study is required to determine the
time course of PCT in association with treatment of pulmonary exacerba-
tion.
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248�
SPONTANEOUS AND EXPERIMENTAL MUTATION OF
PSEUDOMONAS AERUGINOSA IN A MOUSE MODEL OF
CHRONIC PULMONARY INFECTION
Volmer, J.; Guyer, N.; Wolfgang, M.; Boucher, R. CF Center,
University of North Carolina, Chapel Hill, NC, USA

Mortality in cystic fibrosis is most commonly a result of persistent bac-
terial infection in the lungs due to reduced mucociliary clearance. The bac-
teria found in chronically infected CF lungs have been observed to have
undergone genetic changes over time that lead to adaptation to the lung
environment. Here we present a model of chronic infection using a mucus
simulant and mice overexpressing the β subunit of the epithelial sodium
channel scnn1 (βENaC) that produces spontaneous mutation of
Pseudomonas. In this model chronic, stable airways-specific infections can
be established and maintained for up to three weeks. The bacterial load in
this model does not significantly change over the course of the experiment
and leads to a chronic mucopurulent obstructive inflammatory response in
the airways characterized by neutrophil and lymphocyte infiltration, as well
as mucus overproduction leading to obstruction of the airways. Bacteria cul-
tured from these mice are observed to form phenotypically distinct colonies.
These distinct colony morphologies persist through passage, indicating that
the changes are genetic in nature. Among the colony morphologies found
was a mucoid phenotype, which was then found to possess a mutation in the
mucA repressor, a common mutation leading to mucoidy in bacteria found
in CF lungs, and associated with exacerbation in CF patients. To address the
role mucoidy and other phenotypes play in CF exacerbations, various
Pseudomonas mutants, including the mucoid mucA22 strain, were instilled
in C57/Black6 mice with mucus simulant at a dose that is completely
cleared within 14 days when control strain PAK Pseudomonas is used. How-
ever, mucA22 infected animals fail to clear infection and become rapidly
moribund. Furthermore, Pseudomonas possessing mutations that promote
pathways responsible for biofilm formation are capable of establishing
chronic infections in wild type mice using mucus simulant.

249�
UNIQUE NEIGHBORHOODS WITHIN THE CF LUNG:
DIFFERENT ANATOMICAL REGIONS OF CF LUNGS
HARBOR DISTINCT P. AERUGINOSA SUBPOPULATIONS
Staudinger, B.1; Goddard, A.F.4; Datar, A.3; Fligner, C.2; Aitken,
M.L.1; Singh, P.K.1,3 1. Medicine, University of Washington,
Seattle, WA, USA; 2. Pathology, University of Washington,
Seattle, WA, USA; 3. Microbiology, University of Washington,
Seattle, WA, USA; 4. Pediatrics, University of Washington,
Seattle, WA, USA

Most CF infections are clonal, meaning that the infecting population is
composed of the progeny of a single isolate. In preliminary studies, we
found that infecting P. aeruginosa strains evolve to produce genetically
diverse (but clonally-related) subpopulations during the course of infection.
Furthermore, these evolved subpopulations differ in traits known to affect
host inflammatory and injury responses. The mechanisms that drive and
sustain genetic diversity within the airway are poorly understood. 

One hypothesis is that the presence of heterogeneous conditions within
the CF lung creates unique selective pressures in different anatomic regions.
This effect, combined with the geographic isolation of bacteria caused by
their encasement in viscous mucus, could generate and maintain diversity.
To test this hypothesis, we obtained secretions from the major lobar divi-
sions of explanted CF lungs using a technique that minimized contamination
from adjacent anatomic areas. Several hundred P. aeruginosa isolates from
each major lobar segment were subjected to a battery of phenotypic tests,
which when used in combination, could identify distinct subpopulations.
DNA fingerprinting studies confirmed that these subpopulations were the
progeny of an ancestral strain. These experiments showed that unique P.
aeruginosa subpopulations inhabit specific anatomic regions of the CF lung.
In some cases, different regions contained mixtures of isolates that differed
in composition. In other cases, certain regions were dominated by a single
P. aeruginosa subpopulation that differed from the bacteria present else-
where. Future studies defining the functional characteristics of P. aerugi-

nosa subpopulations and the environmental conditions that differ in lung
segments, could increase our understanding of the mechanisms driving the
evolution of P. aeruginosa diversity during CF infections.

250
THE COMPOSITION OF INFECTING P. AERUGINOSA
POPULATIONS CHANGES DURING EXACERBATIONS
AND TREATMENT
Staudinger, B.1; Zheng, C.4; Goddard, A.F.3; Datar, A.2;
Angermeyer, A.2; Bruce, J.5; Singh, P.K.1,2 1. Medicine,
University of Washington, Seattle, WA, USA; 2. Microbiology,
University of Washington, Seattle, WA, USA; 3. Pediatrics,
University of Washington, Seattle, WA, USA; 4. Chemistry,
University of Washington, Seattle, WA, USA; 5. Genome Sciences,
University of Washington, Seattle, WA, USA

Recent work indicates that during infection, P. aeruginosa evolves to
produce a diverse population within CF airways. However, the effect of this
infecting population diversity on disease manifestations is not well under-
stood. Experiments in laboratory and natural ecosystems show that diverse
populations thrive over a greater range of conditions as compared to homo-
geneous populations. In addition, diverse populations can undergo changes
in the relative abundance of subpopulations, and these changes could affect
population functioning. Here we tested two hypotheses about the effect of P.
aeruginosa population diversity on CF infections. 

First, we hypothesized that increases in the relative abundance of specif-
ic subpopulations may sustain the infection during periods of antibiotic
treatment. Second, we hypothesized that changes in subpopulation abun-
dance occur during pulmonary exacerbations and may contribute to these
events. To test these hypotheses we collected sputum samples from CF
patients when they were clinically “well,” at the onset of an exacerbation,
and during antibiotic therapy. Several hundred P. aeruginosa isolates from
each clinical period were subjected to a battery of phenotypic tests that
measured heritable traits. These experiments showed that each CF patient
harbored a diverse population of P. aeruginosa isolates evolved from a sin-
gle unique ancestral strain. Furthermore we found marked changes in P.
aeruginosa subpopulation prevalence during transitions from the “well”
state, to exacerbation onset, and during antibiotic treatment. To better under-
stand the functional effects of these infecting population changes, we com-
pared the proteomes of isolates from dominant subpopulations when
patients were “well,” in exacerbation, and under treatment using reverse
phase LC/MS/MS. This analysis identified significant functional changes in
the bacterial population. Studies of additional patients may reveal bacterial
mechanisms that could explain the pathogenesis of exacerbations, and
mechanisms that lead to treatment resistance.

251�
MUCOID BURKHOLDERIA CEPACIA COMPLEX
BACTERIA IN CYSTIC FIBROSIS, LESS IS MORE
(DANGEROUS)
Zlosnik, J.E.1,2; Speert, D.P.1,2 1. Centre for Understanding and
Preventing Infection in Children, University of British Columbia,
Vancouver, BC, Canada; 2. Pediatrics, UBC, Vancouver, BC,
Canada

Infection with bacteria belonging to the Burkholderia cepacia complex
(BCC) in cystic fibrosis (CF) is marked by an unpredictable clinical course
that can range from an almost asymptomatic colonisation to a rapidly fatal
necrotizing pneumonia known as ‘cepacia syndrome.’  A distinguishing fea-
ture of Pseudomonas aeruginosa infections in CF is initial infection with
nonmucoid isolates, which upon establishment of chronic infection, subse-
quently convert to a mucoid phenotype through the elaboration of copious
quantities of exopolysaccharide (EPS). Conversion to the mucoid phenotype
in P. aeruginosa is generally considered to be associated with in an
increased decline in health. BCC are also capable of EPS production,
although until recently the prevalence of the ability to produce EPS in clin-
ical isolates of BCC bacteria was not fully appreciated. We have shown,
through a retrospective analysis of isolates from patients attending the Van-
couver clinics, that although EPS production is common in clinical isolates
of BCC bacteria, the more apparently virulent isolates were nonmucoid.
When an EPS phenotype switch occurred in a chronic infection it was usu-
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ally from mucoid to nonmucoid. Importantly, there was also an inverse rela-
tionship between EPS production and both lung function decline and sur-
vival.  Furthermore, transcriptomic and proteomic analyses of a clonal pair
of mucoid/nonmucoid isolates revealed an overexpression of factors known
to be associated with virulence in the nonmucoid isolate. Therefore, our
working hypothesis is that in BCC infections the mucoid phenotype is asso-
ciated with chronic and persistent infections, whereas the nonmucoid pheno-
type is more aggressive and results in a worse outcome for CF patients
infected with BCC.  Here we present data on the contribution of the mucoid
phenotype to virulence in human cellular models of infection. We also show
there is no apparent link between serum resistance and the mucoid pheno-
type.

252�
DOES CHRONIC STENOTROPHOMONAS MALTOPHILIA
INFECTION AFFECT CLINICAL OUTCOME
FOLLOWING PULMONARY EXACERBATIONS IN
CYSTIC FIBROSIS PATIENTS?
Waters, V.6; Atenafu, E.2; Salazar, J.G.1; Lu, A.6; Yau, Y.3;
Matukas, L.4; Tullis, E.5; Ratjen, F.1 1. Respiratory Medicine,
Hospital for Sick Children, Toronto, ON, Canada; 2. Biostatistics,
Princess Margaret Hospital, Toronto, ON, Canada; 3.
Microbiology, Hospital for Sick Children, Toronto, ON, Canada;
4. Microbiology, St Michael’s Hospital, Toronto, ON, Canada; 5.
Respirology, St Michael’s Hospital, Toronto, ON, Canada; 6.
Infectious Diseases, Hospital for Sick Children, Toronto, ON,
Canada

Background: Chronic Stenotrophomonas maltophilia infection is a risk
factor for pulmonary exacerbation in cystic fibrosis (CF) patients but its
impact on subsequent clinical outcomes is unknown. The aim of this study
was to determine the effect of chronic S. maltophilia infection and associat-
ed antimicrobial therapy on the recovery of forced expiratory lung volume
in 1 second (FEV1) following pulmonary exacerbation.

Methods: This was a retrospective cohort study of patients with CF fol-
lowed at the Hospital for Sick Children and St Michael’s Hospital from
1997-2008. The primary outcome was the difference in FEV1 % predicted
from baseline to follow up after a pulmonary exacerbation. Secondary out-
comes for the effect of antimicrobial therapy included time to subsequent
exacerbation.

Results: There were 1,667 pulmonary exacerbations in 440 CF patients.
Patients with chronic S. maltophilia infection did not recover their baseline
FEV1 following 31% of exacerbations and had an overall mean FEV1
decline of 1.84% predicted after exacerbation. Older (p=0.02), female
(p=0.02) patients with lower BMI z score (p=0.002) and B. cepacia complex
infection (p=0.005), but not chronic S. maltophilia infection (p=0.86), had a
greater decrease in follow up FEV1 % pred compared to baseline (Table 1).
The number of days of antibiotic therapy against S. maltophilia during a pul-
monary exacerbation was not associated with a significant difference in the
FEV1 recovery (p=0.69) or with a longer time to subsequent pulmonary
exacerbation (p=0.56).

Conclusions: Although CF patients experience significant decline in
lung function following exacerbation, chronic S. maltophilia infection and
associated antimicrobial therapy does not affect subsequent lung function
recovery.

Table 1. Adjusted model results of FEV1% predicted recovery fol-
lowing pulmonary exacerbation

253�
EVOLUTION OF DIVERSITY AND INTERDEPENDENCY
IN EXPERIMENTAL PSEUDOMONAS AERUGINOSA
BIOFILMS
Flynn, K.M.1; Johnson, T.M.2; Cooper, V.S.1,2 1. Graduate
Program in Microbiology, University of New Hampshire,
Durham, NH, USA; 2. Molecular, Cellular and Biomedical
Science, University of New Hampshire, Durham, NH, USA

Biofilm populations are known to harbor great diversity, but the impor-
tance of this diversity is not fully understood. For example, during chronic
infections Pseudomonas aeruginosa (PA) commonly diversifies into genet-
ically distinct colony morphologies from a single, founding clone. To study
this process we experimentally evolved three populations founded by strain
PA14 under conditions favoring a regular cycle of biofilm formation and dis-
persal (Poltak, S.R. and Cooper, V.S., ISME Journal 2010) for 90 days. Each
population evolved extensive ecological diversity, likely in response to the
lifestyle switch from planktonic to biofilm growth and reflecting distinct
strategies within the biofilm. Heritable colony phenotypes commonly asso-
ciated with CF infections and biofilm formation (small colony variants)
arose in each population; such mutants also associated with changes in the
regulation of virulence factors, autolysis, and auto-aggregative behavior.
Moreover, this diversity is critical for fitness of the biofilm community: sub-
traction of single variants reduced fitness of the diverse community, and the
loss of certain, rare variants caused large reductions in fitness and biofilm
productivity. These results suggest that the synergy of diverse biofilms
depends on a balance of ecotypes. Diversity appears to be maintained by
variation in the temporal dynamic of biofilm assembly, whereby early
founders in the 24h growth cycle create substrates for attachment of later
types. To probe the molecular basis of evolved biofilm diversity, we manip-
ulated concentrations of the molecule cyclic-di-GMP that underlies the
switch from planktonic to biofilm life at elevated concentrations. A plasmid
encoding an inducible phosphodiesterase (PDE) to degrade cyclic-di-GMP
was added to each of seven different members of this community. The fit-
ness of mixed populations containing a single ecotype expressing the PDE,
lacking an ecotype, or unaltered, was then quantified. Although some indi-
vidual mutants were more fit when expressing the PDE, community fitness
always declined, and usually to the extent observed when mutants were
removed entirely. This result demonstrates that cyclic-di-GMP contributes
to the fitness of populations as well as individuals and suggests a novel
testable mechanism for how mutants interact in biofilms. In summary, syn-
ergistic benefits of diversity may evolve in PA biofilms owing to niche par-
titioning that is partly defined by varying levels of cyclic-di-GMP. Certain
rare variants appear to disproportionately influence biofilm fitness and
hence targeting these types may substantially reduce biofilm resilience. This
experimental model can be used to rapidly and consistently generate diverse
biofilm communities that can elucidate mechanisms involved in the adapta-
tion of pathogens to a chronic biofilm lifestyle.

Supported by NIH 1R15AI082528-01 and NSF DEB-0845851

254�
PSEUDOMONAS AERUGINOSA SEROLOGY PREDICTS
RESPONSE TO TREATMENT AND RE-INFECTION IN
THE EPIC CLINICAL STUDY
Anstead, M.1; Lymp, J.2; Khan, U.2; Barbieri, J.3; Langkamp, M.4;
Doring, G.5; Gibson, R.6; Ramsey, B.6,2 1. Pediatrics, University
of KY, Lexington, KY, USA; 2. Seattle Children’s Research
Institute, Seattle, WA, USA; 3. Medical College of Wisconsin,
Milwaukee, WI, USA; 4. Mediagnost, Reutlingen, Germany; 5.
Universitätsklinikum Tübingen, Tübingen, Germany; 6.
Pediatrics, University of Washington, Seattle, WA, USA

Background: Serologic analysis to detect antibodies in the blood
against Pseudomonas aeruginosa (Pa) could potentially serve as an adjunct
to oropharyngeal culture in patients with cystic fibrosis (CF) to detect early
infection and response to therapy. 

Aim: Evaluate role of Pa serology to predict Pa eradication and evalu-
ate response to therapy.

Methods: A Pa antigen panel was chosen based on an international col-
laboration between Pa serology researchers. Serum samples were taken
from the EPIC-001 clinical trial whose patient population had recent Pa
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infection at baseline. This panel included the Mediagnost® panel (alkaline
protease, elastase, exotoxin A), and the “Wisconsin” panel (PopB+ExoS,
PA01 whole-cell lysate, exotoxin A). There were 304 subjects aged 1-12
years with at least one positive culture. All subjects had initial eradication
therapy and a maximum of four serum samples collected at weeks 0, 22, 46
and 70. A total of 975 samples across 303 participants had complete serolo-
gy results and corresponding culture. Seropositivity for a panel of antigens
was defined as at least one or more of the antigens being positive. Using a
“modified Leeds criterion,” participants were classified by whether at the
end of the study they were “free” from further Pa positive cultures, had less
than half of all cultures Pa positive (intermittent), or had more than half of
all cultures Pa positive (chronic). 

Results: Serology antigen titers were significantly higher for all six
antigens for samples corresponding to culture positive visits than culture
negative visits. ROC analysis indicates that all six antigens perform similar-
ly, with area under the ROC curve (AUC) ranging from 0.66 to 0.70. Respi-
ratory culture showed an initial sharp drop in Pa positivity whereas seropos-
itivity was slower to decline. In this study population with recent infection
at baseline, Pa serology offered little benefit over culture to detect early Pa
infection. However, both serologic panels demonstrated high NPV’s (0.89
for both panels with titer cutpoint of 100), suggesting utility as part of rou-
tine surveillance to exclude infection. Chronically infected participants had
considerably higher log10 titer values than patients classified as “free” of
infection (AUC ~ 0.80), indicating that persistence of high titers correlates
with chronic Pa infection. Pa serology was also useful to predict risk of Pa
recurrence in participants. If the Mediagnost panel of antigens was utilized
and culture positivity was followed from week 10 onwards, seropositivity at
baseline was found to increase the risk of Pa recurrence (H.R=1.68, 95% C.I
=[0.96, 2.95], p-value=0.07). 

Conclusion: In the EPIC clinical study, positive initial serology identi-
fied patients at higher risk for re-infection with Pa after eradication and seri-
al serology was helpful in identifying individuals who failed to clear Pa
infection. Further evaluation to better define Pa serology’s role to detect
early Pa infection is underway utilizing the EPIC observational study popu-
lation.

255�
NONTUBERCULOUS MYCOBACTERIAL INFECTION IN
CYSTIC FIBROSIS PATIENTS AT THE COLORADO CF
CENTER
Martiniano, S.L.1; Sontag, M.K.2; Nick, J.A.3; Sagel, S.D.1 1.
Pediatrics, The Children’s Hospital and University of Colorado
School of Medicine, Anschutz Medical Campus, Aurora, CO,
USA; 2. Epidemiology, Colorado School of Public Health and
University of Colorado at Denver, Aurora, CO, USA; 3. Internal
Medicine, National Jewish Medical and Research Center, Denver,
CO, USA

Rationale: Nontuberculous mycobacteria (NTM) are environmental
organisms with variable pathogenic potential in patients with cystic fibrosis
(CF). It is unknown what predisposes certain CF patients to clear the organ-
ism without treatment or to remain culture positive while asymptomatic or
with progression to NTM disease. The objective of this study was to retro-
spectively identify characteristics of those with positive NTM cultures at a
large CF center. We hypothesized that the majority of CF patients with a first
positive NTM culture do not progress to NTM disease and that increased
frequency of positive NTM cultures is associated with worse clinical course.

Methods: Clinical data was obtained from database review of the CF
program at the University of Colorado from 2000 to 2010. For those with a
first positive NTM respiratory culture after 2000 and at least one year of fol-
low-up data available, demographic information, forced expiratory volume
in one second (FEV1), and microbiologic data were collected. For sub-
analysis, subjects were placed into three phenotypic groups based on NTM
culture patterns: Group 1: One positive NTM culture only. Group 2: Multi-
ple positive NTM cultures without evidence of disease. Group 3: Persistent-
ly positive NTM cultures requiring treatment for NTM disease.

Results: Forty-four pediatric and 31 adult patients with CF were iden-
tified with at least one positive respiratory NTM culture. The average age of
first positive culture was 14 years in children and 41 years in adults. The
average FEV1% predicted at time of first positive culture was significantly
higher in children than in adults (87% versus 73%, p<0.01). The majority of
subjects (57%) had cultures positive for M. avium complex (MAC), 16%

had M. abscessus and 23% had more than one NTM type isolated (typical-
ly MAC and M. abscessus). More than 70% of pediatric subjects were co-
infected with methicillin-sensitive Staphylococcus aureus, Pseudomonas
aeruginosa and Aspergillus, and more than 60% were co-infected with
mucoid Pseudomonas aeruginosa, H. influenzae and Stenotrophomonas
maltophilia. Analysis of change in FEV1 around the first positive NTM cul-
ture revealed that among pediatric patients, Group 3 had a statistically sig-
nificant lower FEV1% predicted at time of first positive culture (78% versus
96% and 94%, p<0.05) as well as an accelerated rate of decline compared to
Groups 1 and 2 (-6%/yr versus -0.7%/yr and +0.7%/yr, p<0.001) for 3 years
of follow-up. Adults had similar FEV1% predicted at time of first positive
culture and similar trends following first positive culture for all Groups.

Conclusions: Over 50% of our CF patients with at least one positive
NTM culture did not progress to NTM disease requiring treatment. The
majority of positive NTM cultures were MAC in our Colorado population.
Pediatric subjects with persistent positive cultures and NTM disease experi-
ence an accelerated rate of decline in FEV1 in comparison to those with one
or multiple positive cultures without NTM disease.

256�
WHAT IS THE SIGNIFICANCE OF ASPERGILLUS
FUMIGATUS IN BAL IN CHILDREN WITH CYSTIC
FIBROSIS
Thursfield, R.M.1; Holden, K.1; Bush, A.1; Adams, A.1;
Nicholson, A.G.2 1. Paediatric Respiratory Medicine, Royal
Brompton Hopsital, London, United Kingdom; 2. Department of
Histopathology, Royal Brompton Hospital, London, United
Kingdom

Background: Aspergilllus fumigatus (AF) is frequently found in the
airways of children with cystic fibrosis (CF) and recent evidence suggests
this may be clinically important. (Chest 2006;130:222, Ped Pulm
2007;42:785) 

Aims: In this retrospective study, we hypothesised that children with CF
who have AF seen on direct staining of bronchoalveolar lavage (BAL) will
have a worse clinical state than both those who only culture AF (positive
controls) and those with no isolation (negative controls). Primary outcome
was FEV1; secondary outcomes included BMI, IgE, IV antibiotics, steroids
and antifungals. 

Methodology: A list of all paediatric patients with AF seen on direct
staining of their BAL was obtained and two control groups identified from
records of direct staining examination of BAL samples. Both control groups
had negative direct staining for AF and the first control group had AF isolat-
ed on MC&S and the second had no AF present. Patients were identified and
data was then collected on these three groups. Data was collected from elec-
tronic notes and electronic laboratory results system and then collated and
analysed.

Results: The mean age of the patient group was 110 months (range 4-
179) and 103 months (range 3-211) and 100 months (range 4-202) in the
positive and negative control groups respectively. There were less males in
the patient group (n=7, 27%) compared with the positive and negative con-
trol groups (n=14, 44% and n=22, 49%). In the year prior to bronchoscopy
(FOB), the groups were similar in terms of body mass index (BMI) centile,
IV antibiotics received and FEV1. Two years post-FOB, the groups with AF
in their BAL, on cytology or microscopy, had a lower FEV1 despite receiv-
ing more IV antibiotics and antifungal therapy (Table 1).

The group without AF had an overall increase in FEV1 whilst the con-
trols groups had an overall decrease. 

The AF negative group had greater BMI centiles in the follow-up peri-
od with BMI centile equal or greater than 50% for 37%, 31% and 57% of
patient group, positive and negative controls respectively. 

Conclusion: The results add to the growing evidence that AF in the air-
ways of children with CF is associated with a worse clinical state, whether
identified on direct smear or culture.

Table 1: FEV1 (percent predicted)
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257�
EFFECTS OF CONTINUOUS AZTREONAM FOR
INHALATION SOLUTION (AZLI) USE ON PATHOGENS
AND ANTIBIOTIC SUSCEPTIBILITY IN CYSTIC
FIBROSIS (CF) PATIENTS WITH CHRONIC
BURKHOLDERIA SPECIES INFECTION
Tullis, E.1; LiPuma, J.J.2; Retsch-Bogart, G.3; Bresnik, M.4;
Henig, N.4; McKevitt, M.4; Lewis, S.4; Burns, J.L.5 1. University
of Toronto, Toronto, ON, Canada; 2. University of Michigan, Ann
Arbor, MI, USA; 3. University of North Carolina, Chapel Hill,
NC, USA; 4. Gilead Sciences, Foster City, CA, USA; 5. University
of Washington, Seattle, WA, USA

Objectives: A six month double-blind, placebo-controlled trial in
patients (pts) with CF and chronic infection with Burkholderia species
(BURK) was conducted to assess the effect of continuous AZLI on BURK
and P. aeruginosa (PA) antibiotic susceptibility as well as the suppressive
effect of continuous AZLI on BURK sputum density (clinicaltrials.gov
#NCT01059565).

Methods: CF patients (pts) ≥6 yrs old with BURK infection (>50% of
respiratory cultures positive in past year; BURK confirmed by a reference
lab) and stable pulmonary disease were enrolled. Pts were randomized to
receive 24 weeks of AZLI 75 mg or placebo TID via a Pari Investigational
eFlow® Nebulizer System. Additional antibiotics were allowed. Expectorat-
ed sputum or throat swab samples were collected at baseline (Day 0), Day
28, Day 84 and Day 168 and shipped to the Therapeutics Development Net-
work Core Laboratory for CF Microbiology. Sample assessment included
qualitative and quantitative culture for principal CF pathogens, antibiotic
susceptibility testing of BURK and PA isolates, and species identification of
BURK at the CFF Burkholderia cepacia Research Laboratory and Reposi-
tory. The BURK and PA MIC50 of 5 antibiotics was calculated.

Results: One hundred pts (AZLI: 48, placebo: 52) were randomized and
treated. B. cenocepacia (43%) and B. multivorans (33%) were the two most
common species, followed by B. gladioli (8%), and B. dolosa (6%). Emer-
gence of other pathogens was similar or greater in placebo subjects com-
pared to AZLI pts: 45%, 39% and 39% of all pts were co-infected at least
once during the 6 month study with PA, MRSA and MSSA, respectively.
Suppressive effects on BURK sputum density were not observed in either
study group. Both groups received substantial amounts of additional antibi-
otics for respiratory indications. Changes from baseline in the BURK and PA
MIC50 of 5 antibiotics were similar between groups except for the BURK
MIC50 of aztreonam which increased 4 fold from baseline at the end of
study in AZLI subjects (Table).

Conclusions: Continuous AZLI therapy did not reduce the BURK spu-
tum density, nor did it lead to emergence of respiratory pathogens. Contin-
uous AZLI did not appear to compromise the susceptibility of the most
active agents, meropenem and ceftazidime, and except for BURK suscepti-
bility to aztreonam in AZLI subjects, changes in microbial susceptibility to
other agents was similar to placebo pts.

Supported by Gilead Sciences.

BURK and PA MIC50 (µg/mL) at Day 0 and end of study (Day 168)

258�
EFFICACY OF AN ERADICATION PROTOCOL TO
REDUCE MRSA COLONIZATION IN PEDIATRIC CF
PATIENTS
Garner, E.F.1; McKie, K.T.1; Johnson, M.H.2 1. Pediatric
Pulmonology, Georgia Health Sciences University, Augusta, GA,
USA; 2. Biostatistics, Georgia Health Sciences University,
Augusta, GA, USA

Background: Respiratory tract colonization is an important determi-
nant of morbidity and mortality in cystic fibrosis (CF) patients. Several stud-
ies have linked respiratory colonization of methicillin-resistant Staphyloc-

cous aureus (MRSA) with lower lung function and worse prognosis. Recent
research also suggests an increase in the prevalence of MRSA in CF
patients, and this CF center has observed a steady rise in MRSA coloniza-
tion rates. An MRSA eradication protocol was initiated among pediatric CF
patients at our center approximately three years ago. We have evaluated the
effectiveness of this protocol by examining clearance rate achieved and
comparing this rate with those obtained by similar studies.

Method: A retrospective chart review was performed and data was col-
lected on 55 pediatric CF patients at this center who had positive MRSA cul-
ture results. The data spanned from 1997-2009. The patients who had been
colonized with MRSA were arranged into two categories for analysis:
patients not treated for MRSA colonization and patients treated using our
MRSA decolonization protocol. The decolonization protocol included treat-
ment with oral and topical anti-staphylococcal antibiotics for 7 days, hex-
ochlorophene or bleach washes, and replacement of disposable respiratory
care equipment at the beginning and end of the treatment period. Cultures of
nose, groin, and airway or sputum were obtained after completion of the
protocol and re-treatment initiated if still positive for MRSA. Patients were
considered to be cleared of MRSA if they had 2 negative airway cultures and
2 negative nasal/groin surveillance cultures with no cultures positive for
MRSA over a 6 month time period following the last isolation of MRSA.
The clearance rate was obtained for each group. Group differences for treat-
ment protocol were determined using Fisher’s Exact test for categorical data
and a two-group T-test for continuous data. 

Results: Significantly more patients who received the treatment proto-
col were cleared (53%) of MRSA than patients who were not treated (20%)
(p=0.014). There were no statistical differences in age, lung function, BMI,
Pseudomonas colonization, or use of pulmozyme, azithromycin, or hyper-
tonic saline between patients who successfully cleared MRSA using the
treatment protocol and patients who failed to clear with treatment. 

Conclusion: This study shows that the decolonization protocol studied
is effective in clearing pediatric CF patients of MRSA. Given the association
between persistent MRSA colonization and increased rate of decline in lung
function, eradication of MRSA using a protocol such as the one studied
here may be an important clinical strategy in promoting long-term lung
health.

259�
REINTRODUCTION OF ANTIBIOTICS FOLLOWING
GRADED CHALLENGE IN CF PATIENTS WITH DRUG
REACTIONS
Nesta, E.1; Lombardo, C.2; Castellani, C.1; Assael, B.M.1;
Bonadonna, P.2 1. Verona Cystic Fibrosis Center, Azienda
Ospedaliera Universitaria Integrata, Verona, Italy; 2. Verona
Allergy Unit, Azienda Ospedaliera Universitaria Integrata,
Verona, Italy

Background: Twenty percent of CF patients (pts) admitted for antibiot-
ic IV treatment develop an immediate adverse reaction to the medication(s),
and it may sometimes be difficult evaluating if a proper desensitisation pro-
tocol may be needed before using the drug again. Desensitisation is a com-
plex, time-consuming and high-risk procedure, and it is ideally performed in
an intensive care unit. Besides, complications potentially connected with
desensitisation may be more difficult to manage in patients with severe lung
disease, as is often the case in CF. We performed skin tests in order to dif-
ferentiate IgE-mediated reactions and possibly non IgE-mediated reactions.
In the latter group the antibiotic which had given the reaction was gradual-
ly reintroduced according to a protocol which did not implicate desensitisa-
tion.

Material and Methods: We skin tested 20 CF patients (M/F 7/13, mean
age at reaction 29 yrs, min 10 max 43) with a history of immediate reactions
to one (8 pts) or more (12 pts) antibiotics. Reactions included: acute dysp-
nea (8 pts), erythema (8 pts), hives (9 pts), angioedema (5 pts), anaphylaxis
(2 pts), rush (4 pts), perioral paresthesias (2 pts), pruritus (2 pts). Skin tests
were performed at least one month after the acute event. Patients whose skin
tests were negative for the antibiotic they had reacted to were candidates for
a Graded Challenge (GC) procedure. This involves the administration of
consecutive and increasing IV doses of the antibiotic, spaced 30 minutes one
from the other. The doses administered were: meropenem 6 mg, 30 mg, 150
mg, 600 mg, 1200 mg, piperacillin-tazobactam 6 mg, 30 mg, 150 mg, 600
mg, 2000 mg, 4000 mg, ceftazidime 5 mg, 50 mg, 150 mg, 300 mg, 500 mg,
and tobramycin 0.2 mg, 2 mg, 20 mg, 200 mg.
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Results: Fourteen patients resulted negative to the antibiotic panel used,
5 positive to at least one of the antibiotics, in 1 the test results were incon-
clusive. GC was suggested for 24 antibiotics (18 pts), and it was performed
in 14 cases (13 pts). Eleven GCs (11 pts) were well tolerated, and followed
by a full antibiotic course without any complications; 3 GCs (3 pts) were
poorly tolerated, 2 resulting in immediate reactions (throat tickle in 1 pt,
bronchospasm in 1 pt), 1 in a delayed reaction (erythema 12 days after the
beginning of normal course of the antibiotic). None of these reactions were
particularly severe.

Conclusions: In CF pts with a history of reactions to antibiotics, skin
tests should be performed, and, if negative, they should be followed by GC.
Full doses may be administered if GC is well tolerated. Desensitisation
should be used in a subset of cases with proven allergic reactions, when skin
tests are positive and no alternative antibiotics are avaiable.

260�
BACTERIAL COMMUNITY DYNAMICS AND HOST
RESPONSE PULMONARY EXACERBATION IN CYSTIC
FIBROSIS AIRWAY
Kong, W.1; Dill, B.2; Verberkmoes, N.2; Lynch, S.1 1. Department
of Medicine, University of California, San Francisco, San
Francisco, CA, USA; 2. Chemical Sciences Division, Oak Ridge
National Laboratory, Oak Ridge, TN, USA

Chronic pulmonary disease is the leading cause of morbidity and mor-
tality in patients with cystic fibrosis (CF). Increasing evidence has demon-
strated that CF airways harbor a diversity of species and that airway commu-
nity composition is highly correlated with pulmonary health status. Howev-
er, the dynamics of airway microbiome and host immune response during
distinct clinical states (e.g. pulmonary stability and acute exacerbation)
remain unknown. To explore microbiota dynamics and host response, we
examined temporal sputum samples collected from four CF patients experi-
encing distinct pulmonary states. Bacterial communities were profiled using
a phylogenetic microarray (16S rRNA PhyloChip), and for two of the
patients we performed parallel high-resolution metaproteomic analyses of
their samples (n = 10). Our results demonstrate subtle shifts in gross bacte-
rial community composition upon onset of acute pulmonary exacerbation,
followed by dramatic changes upon antibiotic treatment, and an eventual
return towards a baseline community 1-3 months post-treatment with con-
comitant lung function recovery. Ordination analysis of the metaproteomic
profiles of 2 patients revealed distinct clustering of protein expression pro-
files from stable or exacerbation samples, irrespective of patient or antibiot-
ic administration. This suggests that a number of distinct and definable host
responses, including S100, myleoperoxidase and defensin proteins are dif-
ferentially expressed in stable and exacerbation states. This research estab-
lishes an effective global strategy to investigate the dynamic relationship
between airway microbiota and host response in CF patients.

261�
RELATIONSHIP BETWEEN LUNG MICROBIOME,
LUNG FUNCTION AND INFLAMMATION DURING
TREATMENT OF CF PULMONARY EXACERBATION
Zemanick, E.T.1; Harris, J.K.1; Wagner, B.D.2; Robertson, C.E.3;
Sagel, S.D.1; Laguna, T.A.4 1. Pediatrics, University of Colorado
Denver, Aurora, CO, USA; 2. Biostatistics and Informatics,
Colorado School of Public Health, University of Colorado
Denver, Aurora, CO, USA; 3. Molecular, Cellular and
Developmental Biology, University of Colorado Boulder, Boulder,
CO, USA; 4. Pediatrics, University of Minnesota Medical School
and the University of Minnesota Amplatz Children’s Hospital,
Minneapolis, MN, USA

Background: Pulmonary exacerbations are a leading cause of morbid-
ity and mortality in CF. The CF airway contains complex polymicrobial
communities that likely contribute to pulmonary exacerbation; however, lit-
tle is known about the airway microbiome during treatment of a pulmonary
exacerbation. 

Objective: We sought to determine the CF airway microbiome present
during pulmonary exacerbation, and the relationship between airway bacte-

rial communities, biomarkers of lung inflammation and injury, and lung
function. 

Methods: Expectorated sputum was collected at three time points dur-
ing hospitalization for a pulmonary exacerbation: admission, mid-treatment
and discharge. Spirometry was performed at all time points. Sputum was
analyzed with standard CF culture, parallel pyrosequencing and quantitative
real-time PCR (qPCR) for a panel of aerobic and anaerobic bacteria. Bio-
markers of inflammation (IL-8 and neutrophil elastase, NE) and lung injury
(sputum desmosine) were measured. 

Results: Twenty-four CF subjects (median age 17 years, range 6-37)
were enrolled, and 57 sputum samples collected. P. aeruginosa (67%) and S.
aureus (33%) were the most frequently cultured bacteria on admission. Par-
allel pyrosequencing of sputum detected 165 bacterial genera, although
most genera (80%) were present in low abundance (<1%). On admission,
Shannon Diversity was positively associated with FEV1 (p=0.01) and nega-
tively associated with sputum IL-8 (p<0.01) and NE (p<0.01). At least one
CF pathogen was identified in all admission samples by sequencing, but was
not the dominant organism in 38% of admission samples. Admission sputum
bacterial communities dominated by Pseudomonas were less diverse than
those dominated by Staphylococcus or anaerobic bacteria (Prevotella, Veil-
lonella, Porphyromonas and Leptotrichia). Quantity and relative abundance
of P. aeruginosa by qPCR and sequencing were positively associated with
IL-8 (p<0.01) and NE (p < 0.01), whereas relative abundance of Prevotella
and Veillonella were negatively associated with sputum inflammatory mark-
ers. Sixteen subjects provided sputum on both admission and discharge.
Bacterial communities in these subjects did not change significantly,
although P. aeruginosa quantities decreased by qPCR (p<0.01) and trended
down by sequencing (p=0.12). 

Conclusions: Lower bacterial diversity is associated with decreased
pulmonary function and increased airway inflammation at the time of CF
pulmonary exacerbation. A substantial number of patients have airway bac-
terial communities dominated by anaerobic bacteria. Bacterial communities
do not change significantly during treatment of pulmonary exacerbation. 

Supported by: Cystic Fibrosis Foundation (LAGUNA06A and
ZEMANI08A0) and the National Institutes of Health (1U01HL081335-01
and M01RR00069).

262�
LONGITUDINAL MICROBIAL ECOLOGY IN CYSTIC
FIBROSIS
Planet, P.J.1; Harasym, M.3; Quittell, L.1; Saiman, L.1; Fierer, N.2;
Prince, A.1 1. Pediatric Infectious Diseases, Columbia University,
New York, NY, USA; 2. Ecology and Evolutionary Biology,
University of Colorado at Boulder, Boulder, CO, USA; 3. Biology,
College of New Rochelle, New Rochelle, NY, USA

Background: Molecular, culture-independent techniques have greatly
enhanced the characterization of the microbial communities in the lungs of
patients with cystic fibrosis (CF), and have helped to identify new potential
pathogens. We hypothesized that specific changes in microbial diversity,
evenness, and species abundance would correlate with changes in clinical
status. 

Methods: Respiratory samples (swab, sputum, and bronchoalveolar
lavage) from CF patients ages 0 to 20 years are being collected prospective-
ly at every clinical encounter. Data on the current clinical status including
FEV1, clinical findings, and use of chronic medications such as
azithromycin, inhaled tobramycin, aztreonam, pulmozyme and acute antibi-
otic treatment are documented. We use two different small subunit rDNA-
based, culture-independent techniques (Sanger sequencing and 454 pyrose-
quencing) to carefully characterize, and cross-validate the microbial diver-
sity in samples. Every sample is also compared to duplicate culture data
obtained from our clinical microbiology laboratory. 

Results: To date, 150 patients have been enrolled in the study with 150
initial isolates and over 500 repeat specimens. We expect to enroll 160
patients who will be followed for 3 years with a projected total of >900
specimens. We have completed 16S sequencing for 90 samples. Preliminary
data suggests that exacerbations are associated with only modest changes in
microbial diversity with microbial communities remaining relatively stable.
Our results underscore the importance of anaerobic bacteria in cystic fibro-
sis. Greater than 92% of specimens are positive for organisms from the
genus Prevotella, and greater than 89% are positive for Veillonella. By com-
parison, only approximately 40%-50% are positive for Pseudomonas or
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Staphylococcus species. These data suggest that anaerobes are abundant and
important members of the CF respiratory microbiota.

263�
DIRECT SAMPLING OF CYSTIC FIBROSIS LUNGS
INDICATES THAT DNA-BASED ANALYSES OF UPPER
AIRWAY SPECIMENS CAN MISREPRESENT
INFECTING POPULATION COMPOSITION
Goddard, A.F.2; Staudinger, B.3; Dowd, S.4; Joshi-Datar, A.1;
Wolcott, R.D.4; Aitken, M.L.3; Fligner, C.L.5; Singh, P.K.3,1 1.
Microbiology Department, University of Washington, Seattle, WA,
USA; 2. Pediatrics, University of Washington, Seattle, WA, USA;
3. Medicine, University of Washington, Seattle, WA, USA; 4.
Research and Testing Laboratory, Lubbock, TX, USA; 5.
Pathology, University of Washington, Seattle, WA, USA

Recent work suggests that the airways of cystic fibrosis (CF) patients
harbor a vast array of bacteria not previously implicated in CF infections.
These findings have fundamentally altered understanding of CF lung dis-
ease.  However, sampling lung secretions in living subjects requires that
expectorated specimens or collection devices pass through the oropharynx,
which harbors extensive microbial diversity. Thus, contamination could con-
found results. Here we directly sampled CF lungs removed at the time of
transplantation and used non-culture based analysis of lung secretions to
compare throat and sputum samples obtained several hours earlier. To date
we have sampled ten lungs, seven having paired sputum and/or throat swab
samples. We found that CF lungs with advanced disease contained relative-
ly homogenous populations of typical CF pathogens, whereas upper airway
specimens from the same patients showed markedly higher levels of micro-
bial diversity. Furthermore, sputum samples exhibited significant day-to-
day variation in microbial composition, consistent with varying levels of
oropharyngeal contamination. These findings highlight the importance of
sampling procedures for microbiome studies, and suggest that new methods
are needed to validate data when DNA-based methods are used on speci-
mens prone to contamination.

264�
IDENTICAL OBLIGATE ANAEROBES IN DENTAL
POCKETS AND SPUTUM OF ADULTS AND CHILDREN
WITH CF
Worlitzsch, D.1; Huse, A.1; Klenner, F.1; Lehmann, A.1;
Wollschläger, B.2; Merkel, N.3; Bekes, K.5; Setz, J.4; Borneff-
Lipp, M.1 1. Institute of Hygiene, University Hospital Halle,
Halle, Germany; 2. Department of Internal Medicine, University
Hospital Halle, Halle, Germany; 3. Childrens Hospital,
University Hospital Halle, Halle, Germany; 4. Department of
Prosthodontics, University Halle-Wittenberg, Halle, Germany; 5.
Department of Operative Dentistry, University Halle-Wittenberg,
Halle, Germany

In addition to the well-known facultative anaerobic bacteria such as
Pseudomonas aeruginosa, Staphylococcus aureus, or Burkholderia cepacia
complex bacteria, also a variety of obligate anaerobes are found in sputum
of children and adults with CF. The derivation of the bacteria remains
unclear. Here, we investigated if periodontal pockets may present a potential
source for obligate anaerobes, if the bacteria can already be found in young
CF children, and if the bacteria in the lung and the oral cavity are related. 

Twenty-six CF adults, 18 CF children, 30 healthy adults, and 3 healthy
children participated. Dental pockets were explored using sterile paper tips.
Bacteria in sputum and/or dental pocket smears were identified using the
Crystal® (Becton Dickinson, Heidelberg, Germany), the Vitek® (Bio-
Mérieux) and the Rapid AnaII® (remel, Lenexa, KS, USA) identification
systems. Antibiotic susceptibility was investigated using e-tests (AB
Biodisk, Solna, Sweden). 

In dental pockets of all CF adults and all CF children (the youngest 18
months of age) at least one obligate anaerobic species was found. In 17 out
of the 24 CF adults producing sputum (70.8%), 22 pairs of identical anaer-
obes (S. saccharolyticus, Peptostreptococcus prevotii, Clostridium
butyricum, Veillonella spp.) were detected in both sputum and dental pock-
et smears. In 5 out of the 6 CF children (aged 5 to 16 years) with sputum

production (83.3%), S. saccharolyticus was found in both compartments. In
the dental pockets of the control group (age 8 to 37 years), the same obligate
anaerobes were identified as in CF dental pockets and sputum. Highest per-
centages of resistant anaerobes were found in both CF patients and controls
for ceftazidime (67.6 vs. 62.3%), lowest for clindamycin (8.4 vs. 1.9%). 

Obligate anaerobes represent the standard colonization of dental pock-
ets in CF patients and healthy controls already early in life. Identical obli-
gate anaerobic species in sputum and periodontal pockets of CF patients
suggest a correlation between both compartments. Possibly, periodontal
pockets may represent a bacterial reservoir for CF lung infection.

265�
THE ROLE OF RESPIRATORY VIRUSES IN
PULMONARY EXACERBATIONS AND CLINICAL
STABILITY IN ADULTS WITH CF
Flight, W.G.1; Mutton, K.J.2; Bright-Thomas, R.J.1; Jones, A.M.1

1. Manchester Adult Cystic Fibrosis Centre, University Hospital
of South Manchester, Manchester, United Kingdom; 2. Clinical
Virology, Manchester Royal Infirmary, Manchester, United
Kingdom

Introduction: Respiratory viruses are common in children with CF and
have been associated with increased respiratory symptoms, lung function
decline and possible acquisition of Pseudomonas aeruginosa. To date, no
large prospective study of respiratory viruses in adults with CF has been per-
formed and the frequency of respiratory virus infection during clinical sta-
bility is unknown. We began a year-long, prospective observational study in
December 2010 to determine the incidence and clinical impact of respirato-
ry virus infection in adults with CF. Here we report data from the first 4
months of the study.

Methods: One hundred adults with CF were recruited between Decem-
ber 2010 and March 2011. Patients were seen every two months and addi-
tionally at the onset of new respiratory symptoms. At each visit a sputum
sample, nose- and throat-swab were taken and analysed with polymerase
chain reaction (PCR) assays to test for six respiratory viruses: adenovirus,
influenza, metapneumovirus, parainfluenza, respiratory syncytial virus
(RSV) and rhinovirus. Pulmonary exacerbation was defined according to
Fuchs et al 1994. Upper respiratory tract infection (URTI) symptoms were
recorded using a previously described 27-point score (Johnston et al 1993).
Spirometry, white cell count and C-reactive protein (CRP) were measured at
each visit.

Results: Mean (SD) characteristics at baseline were: age 30 (8.7) years;
BMI 21.8 (2.9) kg/m2 and FEV1 59 (22) % predicted. Forty-eight percent
were male, 60% F508del homozygous and 73% chronically infected with P.
aeruginosa. There were 88% who received the 2010/11 influenza vaccine. A
total of 202 study visits took place of which 78 (38.6%) met the criteria for
pulmonary exacerbation. Overall, 23.8% of visits were positive for a respi-
ratory virus; 37.2% of exacerbation visits were positive for a virus compared
with 15.3% of non-exacerbation visits (p=0.0006). Virus-positive exacerba-
tions had a significantly higher URTI score (11.9 vs 7.4; p=0.002) and a
trend to higher CRP levels (44.3 vs 25.1; p=0.07). There was no significant
difference in pulmonary exacerbation score, fall in FEV1 or white cell count
between virus-positive and virus-negative exacerbations. For non-exacerba-
tion visits, identification of a respiratory virus was not associated with a sig-
nificant difference in any of these variables. The most common virus iden-
tified in this cohort was rhinovirus (66.7%) followed by metapneumovirus
(12.5%), influenza A (10.4%), influenza B (8.3%), RSV (4.2%) and aden-
ovirus (4.2%). Dual viral infection was detected in 3 cases (6.3% of positive
visits). Sputum had the highest overall positivity rate of the three sampling
methods at 17.3% compared with 12.0% for nose swabs and 8.9% for throat
swabs.

Conclusions: Respiratory viruses are identified more frequently at pul-
monary exacerbation than during clinical stability amongst adults with CF.
Respiratory viruses are associated with a spectrum of clinical presentations,
from asymptomatic patients through to severe pulmonary exacerbations.
Completion of this year-long observational study will reveal the overall inci-
dence of respiratory virus infections and provide greater insight into their
clinical impact.
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266
BENEFIT OF SURVEILLANCE BRONCHOALVEOLAR
LAVAGE CULTURES OBTAINED DURING SINUS
SURGERY IN PATIENTS WITH CYSTIC FIBROSIS
Gatz, D.; Sheikh, S.; Hayes, D.; McCoy, K.S.; Kirkby, S. Section
of Pediatric Pulmonary Medicine, Nationwide Children’s
Hospital and The Ohio State University, Columbus, OH, USA

Background: Chronic sinus disease is a common condition in cystic
fibrosis (CF) and symptomatic patients may require functional endoscopic
sinus surgery (FESS) for treatment. At Nationwide Children’s Hospital CF
Center, flexible bronchoscopy and bronchoalveolar lavage (BAL) is fre-
quently performed during general anesthesia for FESS to obtain surveil-
lance cultures from the lower respiratory tract. However, the clinical useful-
ness of obtaining these BAL cultures is unknown.

Methods: A retrospective chart review was performed on all CF patients
who underwent combined FESS and BAL procedures between January
2009 and October 2010. All cultures including bacterial, fungal, and acid
fast bacillus (AFB) obtained from BAL and from sinus aspiration were col-
lected. The BAL and sinus aspiration culture results were compared to all
sputum and oropharyngeal (OP) cultures obtained from the year prior to
FESS/BAL. Clinical records following FESS/BAL were evaluated to deter-
mine if BAL culture results subsequently altered clinical management.

Results: A total of 77 patients underwent FESS and BAL during the
study time period. The mean patient age was 12.5 years (range 2 to 29) with
mean FEV1 86% of predicted (range 33 to 128%). Patients averaged 6.5
(range 1 to 13) sputum or OP cultures in the year prior to surgery. Bron-
choscopy and BAL during FESS was well-tolerated by all patients. BAL
was performed in a single lobe 62% of the time, with the right middle lobe
being the most frequent location (68% of all single lobe lavages).

BAL bacterial cultures identified a new, previously undetected bacteri-
al species in 15 of 77 patients (19.5%). These results led to an immediate
change in antibiotic treatment in two patients, and five received altered
antibiotic regimens during subsequent respiratory illnesses. BAL fungal cul-
tures identified new, previously undetected fungal species in 32 of 77
patients (42%). Eight of these patients were subsequently started on antifun-
gal therapies. BAL cultures for AFB were positive in two patients, both of
whom had prior growth on prior sputum samples.

Sinus aspiration cultures identified new, previously undetected bacteri-
al species in 16 of 77 patients (20.8%) and new, previously undetected fun-
gal species in 13 of 77 patients (16.9%).

Conclusions: Surveillance BAL during FESS was well-tolerated and
frequently identified new bacterial and fungal species which had not been
previously detected by sputum or OP cultures. Furthermore, BAL cultures
yielded new microbial findings more frequently than sinus aspiration cul-
tures. The identification of new bacterial species by BAL resulted in a
change in antibacterial treatment in nearly half of cases, while the identifi-
cation of new fungi resulted in the initiation of anti-fungal treatment in 25%
of cases. This data supports the use of BAL during FESS as a means of sur-
veillance for CF airway pathogens. A prospective, randomized study com-
paring BAL/FESS to the use of standard surveillance with sputum or OP
cultures is warranted to further determine the clinical benefits of this proce-
dure.

267
CAN TRANSMISIBLE STRAINS OF PSEUDOMONAS
AERUGINOSA BE SUCCESSFULLY ERADICATED IN
ADULTS WITH CYSTIC FIBROSIS?
Gilchrist, F.J.1; France, M.1; Bright-Thomas, R.1; Doherty, C.2;
Govan, J.2; Webb, K.1; Jones, A.M.1 1. Manchester Adult Cystic
Fibrosis Centre, Manchester, United Kingdom; 2. Centre for
Infectious Diseases, University of Edinburgh, Edinburgh, United
Kingdom

Introduction: Recent microbiological surveillance using molecular
typing (genotyping) has provided compelling evidence for P. aeruginosa
cross-infection at many cystic fibrosis (CF) centres around the world. The
transmissible strains responsible for this cross-infection pose an increased
risk for acquisition of infection for patients currently free of P. aeruginosa.
As transmissible strains are often resistant to multiple antibiotics they may
also be more difficult to eradicate, at present there is a paucity of evidence

regarding this. The objective of this study was to assess the success rate of
eradication for transmissible strains of P. aeruginosa. 

Methods: At our unit all new isolates of P. aeruginosa are genotyped.
We retrospectively reviewed all cases of new acquisition of P. aeruginosa
between January 2000 and January 2011 and identified those involving a
transmissible strain. 

Results: Six patients were found to have acquired a transmissible strain
as their first isolate of P. aeruginosa; 4 were identified as the Manchester
strain and 2 as the Liverpool Epidemic strain. The median age at acquisition
was 30.5 years. The median forced expiratory volume in one second (FEV1)
at acquisition was 2.8 (range 0.55-2.95) litres and the median forced vital
capacity (FVC) was 3.5 (range 0.9-3.95) litres. All isolates had a non-
mucoid phenotype and exhibited in-vitro resistance to one or more anti-
pseudomonal antibiotic. Five patients acquired P. aeruginosa following an
in-patient admission, suggesting cross-infection as the source of the isolate.
These all occurred prior to the full infection control measured being intro-
duced at our unit in 2004. The source of one patient’s infection is unknown
as this occurred in 2009 and there had been no recent hospital admissions or
contact with other CF patients. Two of the patients were pregnant at the time
of isolation. Despite aggressive treatment with a combination of intra-
venous, nebulised and oral antibiotics, only one of the 6 patients (17%) had
the transmissible strain of P. aeruginosa successfully eradicated.

Conclusions: The low rate of eradication success for transmissible
strains of P. aeruginosa is in contrast to that for sporadic strains which is
around 80%. This implies that multi-resistant transmissible strains of P.
aeruginosa present an increased risk to patients with CF through both the
increased risk of acquisition and the subsequent increased progression to
chronic infection secondary to eradication failure. Prevention can only be
achieved by the implementation of infection control measures and the suc-
cess of these measures should be judged by continued microbiological sur-
veillance.

268
BIOFILMS RECOVERED FROM THE SPUTUM OF CF
PATIENTS CONTAIN THE BACTERIAL PROTEIN
INTEGRATION HOST FACTOR (IHF)
Gustave, J.E.1; Jurcisek, J.A.1; Goodman, S.D.2; McCoy, K.S.1;
Bakaletz, L.O.1 1. Nationwide Childrens Hospital, Columbus,
OH, USA; 2. University of Southern California, Los Angeles, CA,
USA

Cystic fibrosis (CF) is a well known genetic disorder that significantly
decreases life expectancy. Patients become chronically infected with bacte-
ria which are major contributors to lung tissue destruction, bronchiectasis
and decrease in lung function. Pseudomonas aeruginosa is one of the most
clinically relevant chronic colonizing pathogens found in the lungs of CF
patients. Biofilms have been identified as an important step in the progres-
sion of chronic diseases and Pseudomonas has been shown to form biofilms
within the lungs of CF patients. Biofilms are a group of bacteria that grow
in a community and are encased in a self-produced polymeric matrix. The
matrix serves to protect the bacteria from environmental stresses including
host immune defenses and therapeutic modalities. It is very important to
understand biofilm structure in order to develop better methods to prevent
bacterial infection as well as to develop novel therapeutics for the treatment
of CF. There has been much research to date to identify components of
biofilm matrices that may be targets for future therapies and potential vac-
cines. Recent work highlights extracellular DNA (eDNA) as a key compo-
nent common to many pathogenic biofilms. The DNABII family of proteins
is known to bind to DNA and one of these proteins, IHF, has been shown to
exist extracellularly. We hypothesize that the binding of IHF to the eDNA
within the bacterial biofilm might provide structural stability to the biofilm
matrix present within the lungs of patients with CF and thereby provide a
potential target for future therapies.  

To that end, we first wanted to determine whether IHF was present in
solids recovered from sputum of CF patients. We enrolled 24 patients in the
study and obtained informed consent to obtain an additional sample beyond
their regularly collected sputum clinic sample. Their initial sample was sent
to the microbiology lab for culture and sensitivity. The second sample was
transported to our lab for immediate study. Each sample was frozen in OTC
embedding medium and stored. The frozen samples were then sectioned
and stained for IHF using rabbit anti-IHF antibody. Of the 22 samples ana-
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lyzed to date, 18/24 (75%) were culture positive for Pseudomonas aerugi-
nosa and 20/22 (91%) were positive for IHF staining. 

Data obtained in this proof of concept study support further investiga-
tion of IHF as a potential therapeutic target for patients with CF. In vitro
studies conducted in our laboratory have shown that antibodies directed
against IHF can debulk biofilms and even work synergistically with treat-
ment modalities such as dornase alfa (Pulmozyme) and traditional antibi-
otics. Collectively these observations suggest the possible therapeutic poten-
tial of anti-IHF in the treatment of CF. 

This work was funded by discretionary funds to LOB and SDG.

269
EFFECT OF ONCE-DAILY TOBRAMYCIN FOR CYSTIC
FIBROSIS PATIENTS ON A PHARMACIST-MANAGED
AMINOGLYCOSIDE PROTOCOL
McDade, E.J.1; Haberman, B.K.2; Hiatt, P.W.2; Oermann, C.M.2 1.
Pharmacy Department, Texas Children’s Hospital, Houston, TX,
USA; 2. Pediatric Pulmonary Section, Baylor College of
Medicine, Houston, TX, USA

Purpose: Evidence has shown that once-daily dosing of tobramycin in
pediatric cystic fibrosis (CF) patients is equally efficacious and no more
toxic than multiple-daily dosing regimens. Therefore, many institutions have
incorporated once-daily tobramycin (ODT) into standard practice for the
pediatric CF population. At Texas Children’s Hospital (TCH), pharmacists
manage aminoglycoside pharmacokinetics for the CF population. For years,
the standard of care at TCH was to utilize conventional aminoglycoside
therapy (CAT), or every eight hour dosing. Our conventional protocol result-
ed in difficult therapeutic drug monitoring as evidenced by frequent dose
changes and numerous blood draws for serum aminoglycoside (AG) con-
centrations. Therefore, a pharmacist-managed ODT protocol was developed
with the hypothesis that it would reduce the number of dose changes and
decrease the time from therapy initiation to the first documented therapeu-
tic peak concentration.

Methods: Pediatric CF patients who received ODT at TCH were
matched one-to-one with their own CAT during a previous admission at
TCH. Inclusion criteria were: diagnosis of CF; treatment with ODT between
October 2010 and March 2011; age greater than 5 years; creatinine clear-
ance greater than 60 mL/min/1.73m2; and previous admission with CAT.
Data was collected via a retrospective review of electronic medical records
for both ODT and CAT groups and included: duration of treatment, serum
creatinine, number of dose changes, number of serum AG samples
processed, time of the first therapeutic peak concentration. Continuous vari-
ables were analyzed using a student’s t-test; nominal data was analyzed
using a Fisher’s exact test.   

Results: Twenty-five treatment courses of ODT administered to 21
patients with CF were compared to 25 treatment courses with CAT. Due to
the study design, the age (years) at ODT treatment was greater than that of
CAT (13.1±4.7, 11.9±4.9, p<0.001). When comparing ODT to CAT, the
number of treatment days (11±5.8, 11.9±5.8, p=0.59), baseline creatinine
clearance (170±34, 163±33 mL/min/1.73m2, p=0.3), and change in serum
creatinine from baseline (0.02±0.12, 0.03±0.12 mg/dL, p=0.59) were simi-
lar. When comparing ODT to CAT, ODT decreased the number of dose
changes required per treatment course (0.5±0.5, 2.5±1.6, p<0.001),
decreased the number of AG concentrations ordered per treatment course
(4.8±1.8, 8.8±4.4, p<0.001), increased the percentage of patients who
achieved a therapeutic peak with first dosing regimen (64, 12, p<0.001), and
reduced the time (hours) from therapy initiation to the first documented
therapeutic peak concentration (13±22, 98.6±58.7, p<0.001). Of note, four
patients in the CAT group never achieved a therapeutic peak concentration
during the entire treatment course (mean treatment duration 9 days) as com-
pared to one patient in the ODT group (treatment duration two days).

Conclusion: Implementation of a pharmacist-managed ODT protocol
in CF patients reduced the number of dose changes needed, decreased the
number of AG concentrations required, and shortened the time to a therapeu-
tic peak concentration when compared to CAT without compromising renal
function.

270
UPPER AIRWAY MICROBIOLOGY AND PSEUDOMONAS
SEROLOGY IN HEALTHY CHILDREN
Rosenfeld, M.1; Bernardo-Ocampo, M.2; Emerson, J.1; Khan, U.3;
Lymp, J.3; Genatossio, A.1; McNamara, S.1; Barbieri, J.4; Ramsey,
B.1,3; Gibson, R.1 1. Pulmonary Medicine, Seattle Children’s
Hospital, Seattle, WA, USA; 2. Anesthesia, Seattle Children’s
Hospital, Seattle, WA, USA; 3. TDN, Seattle Children’s Hospital,
Seattle, WA, USA; 4. University of Wisconsin, Madison, WI, USA

Background: Young, non-expectorating CF patients undergo frequent
monitoring of oropharyngeal (OP) cultures. Pseudomonas (Pa) serology is
also evaluated at some centers. Yet surprisingly little is known about upper
airway microbiology and Pa serology in healthy children (1, 2). Such data
would provide a context for corresponding data from CF children. 

Objectives: In a cohort of healthy children, to estimate the prevalence
of upper airway colonization with P. aeruginosa, S. aureus, and H. influen-
zae and describe the distribution of serum Pa antibody titers. 

Methods: Healthy children ≤ 18 years undergoing a clinical procedure
requiring anesthesia and intravenous line placement were recruited. An OP
swab and blood sample were collected from each participant. Swabs were
cultured for P. aeruginosa, S. aureus, and H. influenzae. Serum IgG anti-
body titers were evaluated against a range of Pa antigens by quantitative
ELISA with a commercial kit (alkaline protease, elastase, exotoxin A: Medi-
agnost, Tubingen, Germany) and an in-house assay (exotoxin S/Pop B,
whole cell lysate: University of Wisconsin, Madison, WI). 

Results: A total of 100 children were enrolled. Mean (SD) age was 8.6
(5.5) years. Ninety-five OP swabs were collected; 48 OP cultures grew S.
aureus (including 4 MRSA), 47 grew H. influenzae, and 1 grew P. aerugi-
nosa (not mutually exclusive). Seventy-five cultures grew at least one of
these organisms. Ninety-four serum samples were collected. Antibodies at
titers above the limit of quantitation were detected among 13 (14%) for
alkaline protease, 34 (36%) for elastase, 58 (61%) for exoA, 44 (46%) for
exoS/popB and 81 (85%) for whole cell lysate. No children had positive
(>1:500) serology for alkaline protease or elastase, while 2 had + exoA
titers (>1:500), 2 had + exoS/popB titers (>1:100) and 21 had + whole cell
lysate titers (>1:100). 

Conclusion: Isolation of Pa from the oropharynx is rare in healthy chil-
dren, while isolation of S. aureus and H. influenzae is common. The Pa
serology results provide control values for corresponding results in CF
patients, particularly those who are Pa negative by respiratory culture. Cur-
rent cut points for + titers for alkaline protease, elastase, exoA and
exoS/popB clearly distinguish healthy controls from Pa + CF patients. How-
ever, 22% of healthy controls had + Pa whole cell lysate titers, suggesting
the possible need for refinement in the definition of a + titer for Pa whole
cell lysate in patients with CF.

Supported by the US CF Foundation.
1. J Clin Microbiol 25:1830-1836.
2. Pediatr Pulmonol 2009:44:497-502
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A MOLECULAR MECHANISM OF SELF-RESTRAINT
ON THE EMERGENCE OF LASR MUTATIONS IN
PSEUDOMONAS AERUGINOSA
Dandekar, A.A.1; Greenberg, E.P.2 1. Pulmonary and Critical
Care Medicine, University of Washington School of Medicine,
Seattle, WA, USA; 2. Microbiology, University of Washington
School of Medicine, Seattle, WA, USA

Chronic Pseudomonas aeruginosa lung infections in cystic fibrosis (CF)
patients are a leading cause of morbidity and mortality. P. aeruginosa forms
airway biofilms in CF patients and produces a battery of exoproducts and
virulence factors in a population-density dependent manner, a process called
quorum sensing. In P. aeruginosa, quorum sensing is mediated in part by the
transcription factor LasR. Although LasR is required to activate expression
of a number of virulence functions in P. aeruginosa, mutations of LasR can
be frequent among P. aeruginosa isolated from CF patients with chronic
infection. Such mutations are not generally seen in other acute infections.
There are several possible explanations for why LasR mutants evolve in the
CF lung environment. For instance, some, but not all, LasR-mutant strains
have been shown to grow more effectively in high-nitrate conditions or with
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phenylalanine as the sole source of carbon and energy. These LasR mutant
strains may also be “social cheaters” that benefit from the secreted and
excreted products made by wildtype bacteria without incurring the metabol-
ic cost of their production. We wondered why a small percentage of the
genes controlled by LasR coded for cellular enzymes needed for growth on
transported solutes. For such carbon and energy sources the functional ben-
efit is restricted to the cell in which the enzymes are produced. We hypoth-
esized that one consequence of maintaining a few such activities under LasR
control would be to restrain the emergence of LasR mutants in P. aeruginosa
populations. We focused our investigations on the LasR-dependent nuh gene
product, a cellular enzyme required for growth on adenosine. Consistent
with previous reports, we found that growth of P. aeruginosa on sodium
caseinate as the sole carbon and energy source requires LasR-quorum-sens-
ing-controlled exoprotease production, and that LasR mutants emerge dur-
ing prolonged growth on caseinate. The social cheaters reach a stable equi-
librium of about 25-40% of the population under the conditions of our
experiments. LasR mutants did not emerge when we included adenosine as
an additional carbon and energy source. As a control we substituted glucose
(glucose metabolism is not dependent on quorum sensing) for adenosine and
the emergence of social cheaters was not restrained. When a stable popula-
tion of LasR mutants and wildtype bacteria growing on caseinate alone was
transferred to a combination of caseinate and adenosine we observed a
strong selection against the LasR mutants, which fell rapidly to undetectable
levels. Together, these results demonstrate that LasR regulation of trans-
ported-solute catabolism can prevent the emergence of LasR mutant social
cheaters. That is, there is a genetic basis for the capability of the group to
eliminate encroaching social cheaters. These laboratory findings about P.
aeruginosa ecology further our understanding of the factors that may
encourage or discourage the emergence of LasR mutations in P. aerugi-
nosa-infected CF patients.
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INCREASED PERSISTENCE OF A DUTCH
PSEUDOMONAS AERUGINOSA CLONE FOUND IN
CYSTIC FIBROSIS PATIENTS
de Vrankrijker, A.1; van Mansfeld, R.3; Brimicombe, R.5; Wolfs,
T.2; Heijerman, H.6; Willems, R.3; Teding van Berkhout, F.4;
Bakker, M.7; Tiddens, H.7; Rottier, B.10; Weersink, E.8; Wesseling,
G.9; Bonten, M.3; van der Ent, C.1 1. Pediatric Respiratory
Medicine, University Medical Center Utrecht, Utrecht,
Netherlands; 2. Pediatric Infectious Diseases, University Medical
Center Utrecht, Utrecht, Netherlands; 3. Medical Microbiology,
University Medical Center Utrecht, Utrecht, Netherlands; 4.
Pulmonology, University Medical Center Utrecht, Utrecht,
Netherlands; 5. Medical Microbiology, HAGA Teaching Hospital,
The Hague, Netherlands; 6. Pulmonology, HAGA Teaching
Hospital, The Hague, Netherlands; 7. Erasmus Medical Center,
Rotterdam, Netherlands; 8. Academic Medical Center,
Amsterdam, Netherlands; 9. University Medical Center,
Groningen, Netherlands; 10. University Medical Center,
Maastricht, Netherlands

Background: The occurrence of highly prevalent clones of
Pseudomonas aeruginosa in patients with cystic fibrosis has been widely
reported. Besides patient-to-patient transmission, increased persistence is
another possible factor in the success of such clones. We aimed to study
whether the recently discovered Dutch highly prevalent clone was associat-
ed with increased persistence over a nine-year period. Furthermore, we
aimed to study whether infection with this clone was associated with
adverse clinical outcome.

Methods: We performed a follow-up study of a 2001 study on P. aerug-
inosa transmission during a CF summer camp. Participants still alive in
2010 were invited to send sputum or cough swab samples. Isolates from
2001 and 2010 were typed using multi locus variable-number tandem-repeat
analysis (MLVA) and clinical data from 2001-2010 were collected. The risk
of lung transplantation or death was investigated using a Cox proportional
hazard model and lung function decline was investigated using a linear
mixed model analysis. 

Results: Of the 80 participants in 2001, 66 patients were alive in 2010
and 41 participated in the study. P. aeruginosa isolates belonging to the
clonal complex 27 (CC27) were dominant and were found in 18 patients

(44%) in 2001 and in 20 patients (49%) in 2010. Persistence of CC27 iso-
lates was significantly higher than of other isolates (83% and 48% respec-
tively, p=0.018). CC27 was not associated with an increased risk of lung
transplantation or death (adjusted HR 1.01, 95% CI 0.41 – 2.49), and there
was no significant difference in lung function decline when comparing
patients persistently infected with CC27 and other patients. 

Conclusions: This study shows that the Dutch highly prevalent P.
aeruginosa clone displays increased persistence over a nine-year period
when compared to other sporadic clones. However, infection with this clone
is not associated with adverse clinical outcome. 

Funding: This study was supported by the Dutch CF Foundation.
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USE OF INHALED TOBRAMYCIN AND RISK OF
AMINOGLYCOSIDE RESISTANCE IN PSEUDOMONAS
AERUGINOSA FROM CYSTIC FIBROSIS PATIENTS
de Vrankrijker, A.1; Wolfs, T.2; Stellato, R.3; van der Doef, H.4;
Teding van Berkhout, F.5; Bonten, M.6; van der Ent, C.1 1.
Pediatric Respiratory Medicine, University Medical Center
Utrecht, Utrecht, Netherlands; 2. Pediatric Infectious diseases,
University Medical Center Utrecht, Utrecht, Netherlands; 3.
Biostatistics, Julius Center for Health Sciences and Primary
Care, University Medical Center Utrecht, Utrecht, Netherlands;
4. Department of Pediatric Gastroenterology, University Medical
Center Utrecht, Utrecht, Netherlands; 5. Department of
Pulmonology, University Medical Center Utrecht, Utrecht,
Netherlands; 6. Department of Medical Microbiology, University
Medical Center Utrecht, Utrecht, Netherlands

Background: The use of inhaled tobramycin has become the mainstay
of treatment in cystic fibrosis (CF) patients chronically infected with
Pseudomonas aeruginosa. The follow-up time of tobramycin inhalation tri-
als is limited and thus the effect of inhaled tobramycin on aminoglycoside
resistance after long-term treatment is not clear. We aimed to study the effect
of tobramycin inhalation on aminoglycoside resistant P. aeruginosa in a
cohort of CF patients who were followed for up to eight years.

Methods: A retrospective cohort study including patients from the
Utrecht CF centre was performed between 2002 and 2009. Patients were
included if they had P. aeruginosa positive sputum cultures during the
observation period and if they started inhaled tobramycin after the first P.
aeruginosa positive culture. A Cox proportional hazards model was used to
study whether tobramycin inhalation was an independent risk factor for the
development of aminoglycoside resistant P. aeruginosa. A linear mixed
model was used to study the difference in lung function decline before and
after occurrence of resistance.

Results: In total, 210 patients met the inclusion criteria. Aminoglyco-
side resistant P. aeruginosa was cultured in 50 (24%) patients. In the Cox
proportional hazards analysis tobramycin inhalation showed an independent
association with aminoglycoside resistance (adjusted HR 3.38 [95% CI 1.78
- 6.16]). There was no significant difference in lung function decline before
and after the resistant P. aeruginosa was cultured.

Conclusions: The long-term use of inhaled tobramycin in CF patients is
an independent risk factor for aminoglycoside resistant P. aeruginosa.
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PYOVERDINE, THE MAJOR SIDEROPHORE OF
PSEUDOMONAS AERUGINOSA, EVADES NGAL
RECOGNITION
Zughaier, S.M.; McCarty, N.A. Pediatrics, Emory University,
Atlanta, GA, USA

Background: Cystic fibrosis (CF) patients develop chronic bacterial
infections and Pseudomonas aeruginosa is the most common bacterial iso-
late that persists in the CF lung contributing to declining lung function. The
inability of CF patients to resolve airway infections clearly points to dysreg-
ulated innate immune defenses. Since iron is essential for bacterial growth
but not freely available, bacteria secrete iron-chelating small molecules
known as siderophores. As a host defense strategy, mammals have evolved
the ability to limit bacterial growth by producing antibacterial iron-depleting
innate immune defense proteins such as neutrophil gelatinase-associated
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lipocalin (NGAL) that specifically scavenge bacterial siderophores, there-
fore preventing bacteria from establishing infection. P. aeruginosa produces
fluorescent siderophores (pyoverdines) found to be important for biofilm
development and bacterial virulence. It is not known if P. aeruginosa strains
persisting in CF lungs evade NGAL recognition. The aim of this work is to
determine if pyoverdine binds to the antibacterial protein NGAL. 

Methods: The binding of siderophores, pyoverdine from P. aeruginosa
and enterobactin from E.coli, to the recombinant NGAL protein was deter-
mined using the tryptophan fluorescence quenching method. 

Results: We found that pyoverdine did not bind to NGAL either in apo
form or when complexed with iron. We used enterobactin as a control, and
as expected, enterobactin bound to NGAL causing strong tryptophan
quenching. The data indicate that the major siderophore of P. aeruginosa,
pyoverdine, evades NGAL recognition therefore dysregulating host iron-
limiting innate defenses. We then investigated whether pyoverdine modu-
lates other innate immune defenses such as respiratory burst. Upon phago-
cytosis of invading pathogen, respiratory burst is triggered as a defense
mechanism that leads to reactive oxygen species (ROS) release which is
important for the oxidative killing of invading pathogens. We observed that
pyoverdine decreased ROS release when added at the peak of the respirato-
ry burst in THP-1 cells primed with P. aeruginosa LPS (10 pmol/mL) and
detected using the chemiluminescent probe lucigenin. The data suggest that
pyoverdine dampens the respiratory burst possibly by scavenging released
ROS to spare the oxidative killing of invading P. aeruginosa. Taken togeth-
er, our data suggest that pyoverdine is a stealth siderophore and a virulence
factor that helps P. aeruginosa evade the ROS mediated oxidative killing. 

Conclusions: P. aeruginosa persists in the CF host by evading both the
iron-limiting innate defenses and the oxidative killing by macrophages.
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HOST CELL SIGNALING INDUCED BY SEQUENTIAL
ISOLATES OF PSEUDOMONAS AERUGINOSA
Cohen, T.S.1; Ernst, R.K.2; Prince, A.1 1. Columbia University,
New York, NY, USA; 2. University of Maryland-Baltimore,
Baltimore, MD, USA

Bacterial activation of the type I interferon (IFN) pathway has been
demonstrated to be important in the clearance of mucosal pathogens. In
Gram negative infections the LPS/TLR4/TRIF signaling pathway is a major
inducer of the type I IFN cascade. The immunogenicity of Pseudomonas
aeruginosa changes over the course of colonization of the CF lung due to
alterations in virulence factor expression, therefore we hypothesize that
alterations in LPS structure reduces bacterial activation of the type I IFN
cascade. Our hypothesis was tested by stimulating (4 hours) human immune
(primary dendritic cells (DC) and THP-1) cells and epithelial (BEAS-2B)
with P. aeruginosa strains isolated from single CF patients at early (3 or 5
months) and late (14 years) stages of colonization. Analysis of the strains by
random amplification of polymorphic DNA (RAPD) confirmed that early
and late isolates shared a common genetic background. Activation of NFκB
(IL-8) and IFN (IFNβ) signaling was measured by RT-PCR in DCs and
THP-1 immune cells, or luciferase reporter and ELISA in the BEAS-2B
epithelial cells. Stimulation with the early isolate induced higher levels of
NFκB signaling activation in DC (9.81 and 3.81 fold of unstimulated) and
THP-1 (5.26 and 2.62 fold of unstimulated) immune cells compared with
late isolates, however similar induction levels were observed in BEAS-2B
(6.10 and 7.89 fold of unstimulated) cells. NFκB signaling in the BEAS-2B
was confirmed by ELISA analysis of IL-8 in the supernatant of cells stimu-
lated with early and late isolates (113.9 and 215.6 pg/mL). Induction of IFN
signaling by the early isolate was also higher than that induced by the late
isolate in DC (10.10 and 3.86 fold to unstimulated) and THP-1 (4.98 and
1.85 fold to unstimulated) cells. Interestingly, IFN signaling induction by
the early isolate was also higher in the epithelial BEAS-2B line compared to
levels induced by the late isolate (14.14 and 8 fold to unstimulated). This
data demonstrates that during colonization P. aeruginosa loses its immunos-
timulatory capacity in a host cell type and pathway dependent manner. To
support our hypothesis that alterations to LPS are responsible for the reduc-
tion in P. aeruginosa immunostimulatory capacity we stimulated murine
nasal epithelial cells with the different P. aeruginosa isolates. Unlike human
TLR4, activation of murine TLR4 is unaffected by alterations in LPS struc-
ture. We observed no difference in NFκB (21.73 and 22.71 fold to unstimu-
lated) or IFN (228.1 and 278.2 fold to unstimulated) signaling by RT-PCR
in murine epithelial cells. Therefore we concluded that modifications in P.

aeruginosa virulence factors, most likely LPS, reduce the immunogenicity
of the organism resulting in reduced activation of the type I IFN pathway, a
potential mechanism by which the pathogen evades clearance by the host.
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VORICONAZOLE PHARMACOKINETIC PARAMETERS
IN PATIENTS WITH CYSTIC FIBROSIS
Jin, L.; Novak, K.J. Department of Pharmacy, Nationwide
Children’s Hospital, Columbus, OH, USA

Purpose: The use of voriconazole has become more prevalent over the
years to treat cystic fibrosis (CF) patients with allergic bronchopulmonary
aspergillosis (ABPA) failing itraconazole therapy or with invasive fungal
lung disease. However, voriconazole pharmacokinetic data are lacking in CF
patients, and little is known on the optimal dosage of voriconazole in pedi-
atric patients. A small group of CF patients have undergone voriconazole
therapeutic drug monitoring over the past 6 years at our institution. The
objective of this study is to retrospectively assess whether standard doses of
intravenous and oral voriconazole yield therapeutic concentrations in CF
patients. 

Methods: Electronic medical records and laboratory data were used to
identify CF patients who underwent voriconazole therapeutic drug monitor-
ing since January 1, 2004. Patients younger than 2 years of age and who did
not have a definitive diagnosis of CF were excluded from this study. The fol-
lowing data were collected: patient age, gender, ethnicity, results from fun-
gal cultures, liver function tests, IgE levels, indication for voriconazole use,
dose of voriconazole administered, duration of voriconazole therapy, and
serum level of voriconazole. Concomitant use of medications known to be
contraindicated with voriconazole use, reported adverse events associated
with use of voriconazole, and overall clinical outcome of patients were also
evaluated in this study. Doses of voriconazole used in CF patients included
in this study were compared to standard doses of voriconazole. Voriconazole
therapeutic levels were also compared to current therapeutic goals in treat-
ing ABPA and other invasive fungal lung infections. 

Results: The study included 15 patients (mean age 22.3 ± 9.6, range 4-
36, years) receiving 21 treatment courses. The most common indication for
voriconazole use was for treatment of positive respiratory fungal cultures in
post-lung transplant patients (11). Other indications included prophylaxis
for fungal infections in post-lung transplant patients (2), treatment of posi-
tive respiratory fungal cultures in non-transplant CF patients (3), empiric
coverage of respiratory fungal infections in non-transplant CF patients (3),
and treatment of ABPA (2). The mean voriconazole dose used was 207.9 ±
76.7 mg (4.8 ± 2.3 mg/kg), and the mean serum voriconazole level obtained
was 1.9 ± 1.7 mg/L. The mean voriconazole dose used in this population
was near the standard flat voriconazole dose in adult patients but at a high-
er mg/kg than in an average adult population. Only 57% of patients in this
study achieved a therapeutic serum voriconazole level of ≥ 1 mg/L. Two
patients had LFT increases ≥ 3 times the upper normal limit. Three patients
were on medications contraindicated with concurrent voriconazole therapy;
however, no toxicity was observed.

Conclusions: Serum voriconazole concentrations were unpredictable
in our CF population. Patients with CF may require higher than standard
voriconazole doses to yield therapeutic voriconazole levels, and therapeutic
drug monitoring may be a useful tool for individualized dosing in CF
patients.
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POPULATION PHARMACOKINETIC (PK) AND
PHARMACODYNAMIC (PD) MODELING OF
TICARCILLIN-CLAVULANATE IN PEDIATRIC CF
PATIENTS
Zobell, J.T.1,3; Stockmann, C.2,4; Young, D.C.3; Cash, J.1;
Sherwin, C.2; Spigarelli, M.2; Chatfield, B.A.2; Ampofo, K.2,4 1.
Pharmacy, Intermountain Primary Children’s Medical Center,
Salt Lake City, UT, USA; 2. Department of Pediatrics, University
of Utah, Salt Lake City, UT, USA; 3. College of Pharmacy,
University of Utah, Salt Lake City, UT, USA; 4. Division of
Infectious Diseases, University of Utah, Salt Lake City, UT, USA

Background: The Intermountain CF Pediatric Center utilizes ticar-
cillin-clavulanate 400 mg/kg/day div q 6 hours, (max 24 grams/day). This
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dosing strategy is higher than the FDA approved package labeling. We sim-
ulated in model the microbiological efficacy of this dosing regimen. The pri-
mary objective of this study was to use PK/PD models to estimate the like-
lihood of achieving bacteriostatic and bactericidal effects against a range of
P. aeruginosa minimum inhibitory concentration (MIC) values using a high-
er than FDA approved dose of ticarcillin-clavulanate.

Methods: This was a population-based PK/PD modeling study of pedi-
atric CF patients admitted from 01/01/05 to 12/1/09 who received the dos-
ing regimen for ≥7 days. Population PK and PD models were used to esti-
mate PK and PD parameters. Serum ticarcilin concentration levels were
modeled using published PK parameters. A 10,000 patient Monte Carlo
simulation was performed to estimate the target time in which free drug con-
centrations exceeded the MIC of the infecting organism. The two PK/PD
MIC breakpoints used included ≥30% for bacteriostasis, and ≥50% for bac-
tericidal effects of ticarcillin-clavulanate at higher than FDA approved
doses.

Results: A total of 127 patients met inclusion criteria. Predicted inter-
mittent ticarcillin peak concentrations were 288±93.4 mg/L. The model pre-
dicted the probability of target attainment (PTA) of MICs for P. aeruginosa
with a near-maximal bactericidal PK-PD MIC breakpoint of 16 mcg/mL,
and a bacteriostasis PK-PD MIC breakpoint of 32 mcg/mL. (See Table.)

Conclusions: In our simulation, higher than FDA approved doses of
ticarcillin-clavulanate are effective in achieving bactericidal effects among
pseudomonal isolates with MICs below 16 mcg/mL. Bacteriostatic and bac-
tericidal effects were not frequently achieved among P. aeruginosa isolates
with MICs above 32 mcg/mL.

Probability of target attainment (%) for ticarcillin at 30% and 50%
of the time in which free drug concentrations exceed the MIC
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LUNG FUNCTION IMPROVEMENT WITH AZTREONAM
FOR INHALATION SOLUTION (AZLI) IN THE SINGLE-
ARM EXTENSION OF A RANDOMIZED TRIAL OF
INHALED ANTIPSEUDOMONAL ANTIBIOTICS IN
PATIENTS WITH CYSTIC FIBROSIS (CF) AND
PSEUDOMONAS AERUGINOSA INFECTION
Assael, B.M.1; Chiron, R.2; Fischer, R.3; Bresnik, M.4; Lewis, S.5;
Pressler, T.6; Oermann, C.M.7 1. CF Center, Verona, Italy; 2.
CHU de Montpellier, Montpellier, France; 3. University of
Munich, Munich, Germany; 4. Gilead Sciences, Foster City, CA,
USA; 5. Gilead Sciences, Seattle, WA, USA; 6. National
University Hospital, Copenhagen, Denmark; 7. Baylor College of
Medicine, Houston, TX, USA

Objectives: In a 6 month randomized, active comparator trial of three
28-day on/off courses of AZLI (Cayston®, Gilead Sciences) vs. tobramycin
inhalation solution (TIS) in 268 CF patients (pts) with chronic Pseudomonas
aeruginosa (PA) infection, AZLI was superior to TIS at 28 days and over 3
treatment courses in lung function (FEV1) improvements. A single-arm
extension phase (EXT) of this study evaluated the safety and efficacy of
AZLI for 3 additional 28-day on/off treatment cycles (ClinicalTrials.gov
NCT00757237). 

Methods: CF pts ≥6 yrs old with chronic PA infection, baseline FEV1
≤75% predicted, and stable pulmonary disease were enrolled in the random-
ized, active comparator phase of the trial (RAND). EXT was open to Euro-
pean pts completing ≥1 course of AZLI or TIS during RAND. Pts were off
antibiotics for 14-28 days prior to starting RAND. All pts in EXT received
AZLI 75 mg TID via the Pari Investigational eFlow® Nebulizer System for
3 treatment courses (28 days on/28 days off). Mean % changes from RAND

baseline in FEV1 % predicted at the end of each of the 3 EXT courses were
calculated using a mixed-model repeated measures analysis. 

Results: Of 174 European pts in RAND, 133 (76%) enrolled in EXT; 65
TIS-treated pts in RAND switched to AZLI in EXT (TIS/AZLI); 68 AZLI-
treated pts in RAND continued AZLI in EXT (AZLI/AZLI).

Mean % changes from RAND baseline in FEV1 % predicted: 
At RAND week 20 after 3 treatment courses: AZLI: +7.2% vs. TIS: -

2.4%
At the end of each of the 3 AZLI treatment courses in EXT: TIS/AZLI:

+3.9, +3.4 and +1.0; 
AZLI/AZLI: +5.6, +3.7 and +4.2.
Body weight remained above baseline for AZLI/AZLI pts through all 6

AZLI treatment courses. TIS/AZLI pts had weight loss during RAND while
on TIS, but gained and maintained weight above baseline values after
switching to AZLI in EXT. No new safety issues were noted.

Conclusions: CF pts treated with AZLI demonstrated FEV1 improve-
ments after each of 6 treatment courses. CF pts showed no FEV1 improve-
ments after 3 courses of TIS but had favorable lung function responses after
switching to AZLI in EXT. In addition, AZLI but not TIS treatment was
associated with weight gain above baseline.

Supported by Gilead Sciences.
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BORDETELLA BRONCHISEPTICA IN A PEDIATRIC
CYSTIC FIBROSIS CENTER
Brady, C.1,2; Johnson, M.1; Ackerman, P.1; McNamara, J.1,2 1.
Cystic Fibrosis Research Program, Children’s Hospitals and
Clinics of Minnesota, Minneapolis, MN, USA; 2. Children’s
Respiratory and Critical Care Specialists, Minneapolis, MN, USA

Background: Bordetella bronchiseptica (Bb) is a gram-negative coc-
cobacillus typically found in domestic animals such as dogs, horses and
cats. It occurs as a commensal or pathogenic organism. In dogs, it causes an
infectious tracheobronchitis commonly known as “kennel cough.” Despite
frequent contact with domestic animals, it is rarely reported in humans and
typically occurs in immunocompromised hosts. The role of this organism as
a pathogen or colonizer is poorly understood, in part due to a challenging
and labor intensive process to isolate it. We describe isolation of Bb on
twenty-three occasions in seven children with cystic fibrosis (CF). Our expe-
rience suggests that Bb may play a potential pathogenic role in CF.

Methods: A retrospective, descriptive study was conducted of our cen-
ter’s CF patient population between 1991 and 2011. The CF center current-
ly cares for approximately 130 active patients per year. Patients were includ-
ed if they had Bb isolated on one or more occasion. Patient charts were
reviewed for demographics, CF diagnosis, lung function, nutritional status
and exposure to domestic animals. In addition, data on previous or concur-
rent airway cultures, organism sensitivities, signs and symptoms of pul-
monary exacerbations, hospitalizations, treatment, and response to therapy
one year before and after first Bb isolation were reviewed. 

Results: Seven patients (female N=5) between ages 1-20 with CF had
Bb isolated in airway cultures on 23 occasions. Of these, four patients grew
Bb once and three on multiple occasions. All patients had one copy of the
∆F508 mutation and four were homozygous ∆F508. On one occasion, Bb
was initially identified as an organism called CDC-IVc-2, which is a short to
medium rod that closely resembles Bb. Six patients experienced increased
cough within one month prior to first isolation, and four had additional pul-
monary symptoms. Four patients required hospitalization. All patients iso-
lated methicillin-sensitive Staphylococcus aureus (MSSA) either historical-
ly or concurrently with Bb. None of our patients were colonized with
Pseudomonas aeruginosa mucoid although two patients isolated
Pseudomonas aeruginosa matte intermittently. All patients had documented
contact with domestic animals. Two patients were exposed to animals with
a veterinarian-diagnosed case of “kennel cough.” 

Conclusion: As successful targeted therapies improve the care of
patients colonized with Pseudomonas aeruginosa, other potential pathogens
have emerged. While its significance as a respiratory pathogen is unclear,
our experience suggests Bb may act as a pathogenic organism in CF. Labo-
ratory isolation and identification of Bb can be challenging, suggesting that
it may be more common than previously reported. Close laboratory scruti-
ny of unusual isolates in culture is recommended. In addition, we suggest
routine environmental history to include contact with and immunization of
domestic animals that potentially carry Bb.
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PHARMACODYNAMIC EVALUATION OF ANTIBIOTICS
AND COMBINATIONS AGAINST PSEUDOMONAS
AERUGINOSA (PA) IN BROTH AND IN HUMAN THP-1
MONOCYTES
Buyck, J.; Garcia, L.; Tulkens, P.; Van Bambeke, F. Cellular and
Molecular Pharmacology, Catholic Univ. of Louvain, Brussels,
Belgium

Objectives: PA is able to invade epithelial and phagocytic cells (Mol.
Biol. Cell 2005,16: 2577-85), which may play an important role in the ini-
tiation and persistence of infections observed in cystic fibrosis. We have
developed a model of intracellular infection of THP-1 cells by PA and have
examined the activity of the main antipseudomonal antibiotics alone or in
combination in comparison with broth.

Methods: Strain: PAO1. Intracellular (intracell.) activity: phagocytosis
was allowed for 2 h (bacteria/cells ratio: 10), extracellular (extracell.) bac-
teria were eliminated by incubation with gentamicin, and infected cells incu-
bated over a wide range of concentrations (conc.) of antibiotics for 24 h.
Activity against bacteria in broth was measured in parallel. Activity was
expressed as change from the initial inoculum, and pharmacodynamic
parameters [Emax, EC50 and Cstatic (see definition in Table)] were calcu-
tated from the Hill equation of the dose-response. Combinations: Fraction-
al Maximal Effect (FME) method was used, where AB conc. to be tested are
calculated from EC50 and Emax to obtain 0.1, 0.3, 0.5, 0.7, 0.9-fold the
Emax. Activity measured for combinations at conc. of AB1 and AB2 giving
rise to 0.1:0.9, 0.3:0.7, 0.5:0.5, 0.7:0.3; 0.9:0.1 effect ratio (AAC 2009, 53:
1443–9). FME (observed/theoretical effect) for synergy > 1; additivity ~ 1;
indifference: < 1; antagonism: < effect of best AB alone.

Results: The table shows that while all antibiotics were bactericidal in
broth (Emax > -3 log CFU), their Emax were markedly reduced towards
intracell. PA, with fluoroquinolones being the least affected. Cstatic
remained close to the MIC except for aminoglycosides and CST (10-20-fold
increase). Moreover, all combinations tested were synergistic against extra-
cell. PA (FME > 1) but additive or indifferent against internalized PA. 

Conclusions: Antibiotics are considerably less active against intracell.
forms of PA compared to bacteria in broth. Combining antibiotics may
prove useful to act upon intracell. PA though to a lesser extent than upon
extracell. bacteria. Intracell. niches may contribute to the difficulty of erad-
icating PA in vivo, and marked differences between antibiotic classes could
be expected in this context.

a determined by microdilution in MH broth
b maximum decrease in log CFU compared to initial inoculum
c Concentration (in mg/L) resulting in no apparent bacterial growth 
d Concentration (in mg/L) for which E = ½ Emax
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OUTCOMES OF ADULT CF PATIENTS WITH H1N1
Afshar, K.; Modi, A.; Gould, M.; Yao, L.; Fukushima, L.; Rao, P.
Div Pulmonary/Critical Care, USC, LA, CA, USA

Frequent infections lead to pulmonary exacerbations (PE) and deterio-
rating lung functions. Most infections are related to bacteria, but viruses can
also precipitate clinical deterioration. Reports show short-term minimal
effects from pandemic influenza A (H1N1) in the CF population, but long-
term effects remain unclear.

Methods: Retrospective study compared outcomes in CF patients (pts)
with H1N1 between 9/2009-12/2009 to those without H1N1. Records were
reviewed and data collected for 3 periods, a 4-month ”exposure” period, 8
months before, and after the exposure period for symptoms, PE, deaths,
PFT and O2 saturation, sputum cultures, WBC, ALT and creatinine. Influen-
za-like illness (ILI) was defined as fever with 1 or more of the following:

sore throat, myalgia, rhinorrhea, headache or GI symptoms. H1N1 was con-
firmed by PCR. Comparison group: pts without ILI symptoms or PCR
analysis. Baseline characteristics: age, gender, ethnicity, smoking use,
CFRDM and BMI.

Statistics: Continuous variables were described as medians and
interquartile ranges and categorical variables were described as frequencies.
In bivariate analyses, categorical variables were compared using Chi-square
or Fisher’s exact and continuous variables were compared using the non-
parametric Wilcoxon test. Time to hospitalization was compared using
Kaplan-Meier and log rank testing. All analyses were performed using SAS.

Results: Fifteen of 144 (10%) pts contracted H1N1. There were 7 men
and 8 women with median age of 27 yrs and BMI 21.7 kg/m2. H1N1 pts had
lower baseline FEV1 (1.86 L vs 2.14 L). A 24% absolute increase in hospi-
talizations over 8 months was seen in the H1N1 group, with 10 (67%) H1N1
pts experiencing at least 1 re-admission compared to 55 in the control group
(43%)(p=0.08). Ninety percent of re-admissions in the H1N1 group and
85% in the control group were due to PE. Other admissions were for hemop-
tysis, GI pain, emesis, ataxia and sinusitis. Time to 1st post-exposure hospi-
talization was similar in both groups (median 72 days, p=0.64). Thirteen
percent absolute increase in PE was seen with H1N1 pts compared to con-
trol group (p=0.33). There was a 4-fold increase in mortality over 1 yr in the
H1N1 group, with 50% during the exposure period. An 8-month PFT trend
was analyzed prior to the designated exposure period (1/1/09-8/30/09) and
compared to another 8-month PFT trend after the exposure period (1/1/10-
8/30/10). Post-exposure period, H1N1 group showed an improvement in
FEV1 (163cc/year) while the control group had a decline of 13cc/year. In
contrast, both groups showed a decline in FEF25-75. Culture analysis
demonstrated that 27% of H1N1 pts acquired a new organism after H1N1
exposure compared to 28% in the control group (p=1.00). New strains pri-
marily comprised of MSSA,(67% H1N1 group vs 33% control) followed by
PA (33% H1N1 group vs 30% control)(p=0.33). Total number of organisms
within each culture pre- and post-exposure was similar in both groups.

Discussion: Long-term outcomes of CF pts with H1N1 have not been
previously described. We found that the risks of re-hospitalization and re-PE
over an 8 month post-exposure period were higher in H1N1 pts, although
differences were not statistically significant. There was a similar interval
time to hospitalization following H1N1 compared to non-H1N1 CF pts.
Interestingly, FEV1 trends showed improvement following H1N1, but also
a trend toward a higher risk of death. Both groups acquired new organisms
at a similar rate.
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SURVIVAL OF CYSTIC FIBROSIS - ASSOCIATED
BACTERIA IN HYPERTONIC SALINE SOLUTIONS
USED IN OUT-PATIENT SETTINGS
Kalamaro, V.1; Peled, O.2; Kerem, E.3; Shoseyov, D.3; Blau, H.2;
Efrati, O.4; Block, C.3 1. The Cystic Fibrosis Foundation of Israel,
Ramat-Gan, Israel; 2. Schneider Children’s Medical Center of
Israel, Petah Tikva, Israel; 3. Hadassah Hebrew University
Medical Center, Jerusalem, Israel; 4. The Edmond and Lily Safra
Children’s Hospital, Chaim Sheba Medical Center, Tel Hashomer,
Ramat-Gan, Israel

Introduction and Objectives: Hypertonic saline (HS) is an acceptable
treatment for cystic fibrosis (CF) patients, and its use has increased dramat-
ically. A standardized sterile unit-dose HS solution is not available world-
wide. Compounding pharmacies produce large-volume bottled solutions of
3-7% HS (multi-dose), which patients use for prolonged periods, without
considering the risk of contamination. This study examined the sterility of
multi-dose HS solutions in use for prolonged periods and also assessed the
survival of CF-associated bacteria in HS solutions of different concentra-
tions. The manner of use of these solutions by patients and staff was docu-
mented, in order to identify factors that might be associated with or affect
bacterial contamination of the solutions. 

Methods: Bacterial contamination of HS solutions was examined under
the following circumstances: 

1) Daily opening and closing of previously unopened HS solutions (3%,
7%, and 14.6%), at defined intervals (at first opening [baseline], 24hr, 72hr,
1w, 2w and 1m) under optimal sterile conditions. 

2) Survival of well recognized CF-associated bacteria in artificially
inoculated HS solutions was tested for the following species: S. aureus, P.
aeruginosa, H. influenzae, S. maltophilia, B. cepacia and M. abscessus. 
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3) In-use contamination of HS solutions in different settings (out-patient
clinics, patients’ homes). 

A questionnaire on the routine use of HS solutions was filled out by
patients from 3 different out-patient CF clinics.

Results: Under optimal sterile conditions, HS solutions maintained
their sterility after one month of repeated opening. Variable survival among
the different bacteria and the different solutions and containers was indicat-
ed. As expected, H. influenzae did not survive in any HS solution. Most of
the bacteria survived better in the 3% and the 14.6% solutions than in the 7%
solutions. Moreover, some bacteria survived in the 3% HS solution for 6
weeks (M. abscessus) and longer (B. cepacia and P. aeruginosa). Nearly
40% of in-use solutions (30/76) obtained from CF patients and out-patient
clinics were contaminated: 1.6 contaminations in each contaminated solu-
tion. Of these, 67.3% were gram positive bacteria, 22.4% were gram nega-
tive bacteria and 10.2% were fungi. None of the contaminants was a CF
associated pathogen as defined in this study. 

Discussion and Conclusions: The pathogenicity of the contaminating
organisms found in the solutions during use is not clear and the number of
solutions tested was not sufficient to draw any firm conclusions. Yet these
findings raise the concern that solutions for aerosolization, once contaminat-
ed e.g. via infected secretions, may serve as reservoirs for the transmission
of pathogenic organisms to the respiratory tract, regardless of salt concentra-
tion.

Results of the survival of pathogens and the contaminants found in the
in-use HS solutions, support infection control recommendations to abandon
the use of multi-dose containers and to use unit-dose HS solutions only.

283
LYSOZYME AS ANTIPSEUDOMONAL THERAPY IN
MURINE LUNG INFECTION
Teneback, C.1; Scanlon, T.C.2; Wargo, M.J.1; Allard, J.1;
Griswold, K.E.2; Leclair, L.W.1 1. College of Medicine, University
of Vermont, Burlington, VT, USA; 2. Thayer School of
Engineering, Dartmouth College, Hanover, NH, USA

Introduction: Microbial resistance is an emerging challenge in the
treatment of respiratory infections in patients with cystic fibrosis, including
those infections caused by Pseudomonas aeruginosa (Pa), creating an ongo-
ing need for the development of alternative therapies. The endogenous
enzyme lysozyme (LYZ) has antimicrobial activity against gram positive
and gram negative pathogens, but is inhibited in vitro by inflammatory
polyanions found in the infected lung. We have previously shown that a
charge modified lysozyme, with a remodeled electrostatic potential, has
increased antimicrobial properties in vitro (Scanlon, 2010). Here, we inves-
tigate the anti-pseudomonal effects of this modified lysozyme against
mucoid Pa infection in vivo in a murine model. 

Methods: Male C57Bl/6 mice were inoculated with approximately 107

colony forming units (CFU) of mucoid Pa (FRD-1) by oropharyngeal aspi-
ration under isoflurane anesthesia. A treatment dose of lysozyme (either
wild type or charge modified) or a PBS control was then given by the same
method, at a range of time points 1 to 10 hours after infection with Pa.
Bronchoalveolar lavage (BAL) and lung harvest was performed 24 hours
after infection to determine BAL inflammatory cell count and cytokine lev-
els, BAL protein, and lung bacterial burden (CFU).

Results: The administration of lysozyme after mucoid Pa infection
resulted in a reduction of whole lung CFU. This effect was greater after
administration of charge modified lysozyme compared to WT lysozyme. In
addition, the administration of modified lysozyme resulted in significant
reductions in BAL inflammatory cytokines, including KC and TNFα, sug-
gesting additional benefit. 

Conclusions: In a murine model of lung infection, administration of
lysozyme following infection with mucoid Pseudomonas leads to decreased
bacterial burden and decreased inflammatory markers. 

Reference: Scanlon TC et al. Enhanced antimicrobial activity of engi-
neered human lysozyme. ACS Chemical Biology, 17: 809-818, 2010.

Supported by the CFF (4th year Clinical Fellowship) and the Coulter
Foundation.

284
ACTIVATION OF P38 MAPK IN AIRWAY EPITHELIUM
IN RESPONSE TO PLANKTONIC AND BIOFILM
PSEUDOMONAS AERUGINOSA 
Beaudoin, T.1; Rousseau, S.2,1 1. Pharmacology, Mcgill
University, Montreal, QC, Canada; 2. Medicine, McGIll,
Montreal, QC, Canada

Cystic fibrosis (CF) causes impaired chloride transport from epithelial
cells resulting in decreased mucociliary clearance mechanism in the lung.
This results in increased bacterial infections, hyper-inflammation and ulti-
mately increased morbidity and mortality due to respiratory failure.
Pseudomonas aeruginosa is the most prevalent bacteria, with 85% of CF
patients suffering from chronic inflammation by their teenage years. While
planktonic bacteria may be important to early infection states, it is believed
that chronic infection is a result of biofilm based P. aeruginosa infections.
How the airway perceives the differences in biofilm and planktonic bacteria
is a crucial question that has yet to be explored. 

Hypothesis: The host airway is able to sense differences in bacterial
mode of growth (biofilm vs. planktonic) and will respond differently to
these presented conditions. The main objective of this project is to charac-
terize how biofilm and planktonic soluble material affect the activation of
airway epithelial cells. 

Methods: Airway epithelia sense bacterial infection through activation
of pathogen recognition receptors (PRR) which in turn induce the initiation
of innate immunity. One of the most well studied PRR is the toll like recep-
tor (TLR) family, which initiates four major signaling pathways: the NFκB
pathway and the three mitogen activated protein kinase (MAPK) pathways,
ERK1/ERK2, JNK and p38 MAPK, leading to increased production of
inflammatory cytokines. This project will look at the activation (via phos-
phorylation) of p38 as a marker for airway inflammation in bronchial epithe-
lial cells in response to planktonic and biofilm material produced by clini-
cal isolates of P. aeruginosa , in order to define how the host responds to
these differences. The bacteria will be grown in synthetic CF media so that
nutritional cues will be as close as possible to what the bacteria sense with-
in the host. 

Results: Current results have shown that diffusible material produced
from planktonic P. aeruginosa increase the phosphorylation of p38 4 fold
over control, while biofilm diffusible material increased only 2 fold. The
activation of p38 via planktonic material is dependant on TLR 5 activation,
whereas biofilm material is independent of TLR activation (TLR 2, 4 or 5).
This activation leads to increased IL-6 production and neutrophil recruit-
ment via planktonic material but no increase from biofilm. This increase is
blocked via a p38 inhibitor. Interestingly, in cell lines containing a defective
CFTR (thus mimicking CF), biofilm material is able to surpass a threshold
of activation and leads to increased IL-6 production and neutrophil recruit-
ment that is dependant on p38 activation. 

Conclusions: These findings suggest that chronic biofilm infections in
the lungs of CF patients could contribute to the hyperinflammatory state
seen in patients in a p38 dependant manner. p38 activation is an important
marker of inflammation and epithelial cells are activated differentially by
planktonic and biofilm P. aeruginosa material. 

Acknowledgements: Supported by Canadian Cystic Fibrosis Founda-
tion, CIHR training grant.
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ACTIVITY OF FUSIDIC ACID AGAINST METHICILLIN-
RESISTANT STAPHYLOCOCCUS AUREUS (MRSA)
ISOLATED FROM CF PATIENTS
Fernandes, P.1; Anderson, D.1; Kosowska-Shick, K.2; McGhee,
P.2; Beachel, L.2; Appelbaum, P.2 1. Cempra Pharmaceuticals,
Chapel Hill, NC, USA; 2. Hershey Medical Center, Hershey, PA,
USA

The potential clinical impact of MRSA in the pathogenesis of CF is
gaining increased attention. Studies have shown that pulmonary function
declines with MRSA infection and the mortality rate is increased among
MRSA-positive patients. These observations and the expected continued
emergence of resistance emphasize the need for effective strategies to pre-
vent and treat MRSA colonization/infection in CF. Foremost among these
include the availability of affordable antibiotics optimally formulated to
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ensure safety, efficacy and to limit long-term development of antimicrobial
resistance. The additional recognition of MRSA strains with decreased sus-
ceptibility or complete resistance to vancomycin and the increasing preva-
lence of multiply drug-resistant staphylococci emphasize the critical need
for effective alternative antimicrobials with unique modes of action for treat-
ment of staphylococcal infections. Anti-microbial resistance patterns in
MRSA collected from pediatric and adult patients treated at different CF
centers in the US show that ~70% harbor hospital-associated MRSA, and
17% community-associated strains. These strains especially show a higher
rate of resistance to trimethoprim-sulfamethoxazole of up to 10%, which is
usually lower in both types of MRSA. Although clindamycin is often active
in vitro, there is a high rate of clindamycin resistance seen in our results and
in published reports. 

Taksta is a novel oral formulation of fusidic acid (sodium fusidate) (FA)
of the fusidane antibiotic class, currently under clinical development in the
US for treatment of acute bacterial skin and skin structure infections (ABSS-
SI). FA has a unique mechanism of action, specifically, inhibition of bacte-
rial protein synthesis by binding to elongation factor G (EF-G), and there-
fore there is no cross resistance to other antimicrobial classes. Virtually all
S. aureus isolated in the US are susceptible to FA (MIC90, 0.12 mg/L). In
Europe, FA has been used to successfully eradicate S. aureus from the lungs
of CF patients. When used as monotherapy, resistance has been noted to be
a problem in Europe. A new loading dose regimen has been developed in the
US that has been shown to be effective in limiting resistance selection. Tak-
sta in its new US dosing regimen has been shown to be safe and non-inferi-
or to linezolid in a Phase 2 study in ABSSSI. In order to determine the
potential for Taksta in treating S. aureus infection in CF patients, 40 strains
isolated from CF sputum were tested against FA and comparator antibiotics
as shown in the table.

These results indicate that Taksta shows potential for treating MRSA
infection in CF patients and should be studied in a clinical trial.

286
PERSISTENCY OF PSEUDOMONAS AERUGINOSA IN
SPUTUM CULTURES AND CLINICAL OUTCOMES IN
ADULT PATIENTS WITH CYSTIC FIBROSIS
Burkett, A.; Vandemheen, K.; Lewis-Giesbrecht, T.; Ramotar, K.;
Ferris, W.; Chan, F.; Doucette, S.; Fergusson, D.; Aaron, S.D. The
Ottawa Hospital Research Institute, University of Ottawa,
Ottawa, ON, Canada

Background: The objective of this study was to describe the natural his-
tory of infection with transmissible and unique strains of P. aeruginosa in
adult CF patients and to determine if loss of P. aeruginosa from sputum was
associated with an improvement in clinical status.

Methods: Three-year prospective cohort study of 373 adult patients
with CF. Sputum was collected from each participant at baseline and annu-
ally for 3 consecutive years. Rate of decline of FEV1, body mass index
(BMI), pulmonary exacerbation rate, and time to death or transplant were
compared between patients whose sputum cultures became negative for P.
aeruginosa versus those in whom P. aeruginosa was persistent.

Results: Of 373 enrolled patients 189 (51%) were infected with unique
strains of P. aeruginosa at baseline and 91 (24%) were infected with trans-
missible strains. Patients infected with unique strains of P. aeruginosa were
more likely to become culture-negative for P. aeruginosa from their sputum
over the 3-year period compared to those infected with transmissible strains
(18.5% vs 9.6% respectively, P = 0.05). Declines in FEV1 and BMI, rates of
pulmonary exacerbations and deaths or lung transplants were not statistical-
ly different between patients whose sputum became culture-negative for P.
aeruginosa compared to those who remained persistently infected with P.
aeruginosa.

Conclusions: Patients infected with unique strains of P. aeruginosa
were almost twice as likely to become culture-negative for P. aeruginosa
from sputum compared to patients infected with transmissible strains of P.
aeruginosa. No clinical benefit was identified in patients who cleared P.

aeruginosa from their sputum compared to those who remained infected
with P. aeruginosa.

287
PHARMACODYNAMIC EVALUATION OF THE
INTRACELLULAR ACTIVITY OF ANTIBIOTICS
AGAINST HEMIN AND MENADIONE-DEPENDENT
SMALL-COLONY VARIANTS (SCV) OF
STAPHYLOCOCCUS AUREUS IN A MODEL OF
ACTIVATED OR NON ACTIVATED THP-1 CELLS
Garcia, L.1; Kahl, B.2; Becker, K.2; Proctor, R.3; Tulkens, P.1; Van
Bambeke, F.1 1. Université Catholique de Louvain, Brussels,
Belgium; 2. University Hospital Münster, Münster, Germany; 3.
University Winconsin Med. School, Madison, WI, USA

Background: Staphylococcus aureus has been associated with recur-
rent and persistent infections in cystic fibrosis patients. This may be ascribed
to the presence of intracellular (IC) Small-Colony Variants (SCV), which are
protected from immune defenses and antibiotics (AB). We have developed
a model of S. aureus-infected THP-1 cells and used it to assess the IC activ-
ity of AB against a MRSA strain and its two stable menadione- and hemin-
dependent SCVs. As the menadione-dependent strain shows a slower IC
growth (see abstract 1130322), we also examined the effect of Menadione
Sodium Bisulfite (MSB) supplementation on AB activity against this strain. 

Methods: Activation: Incubation of THP-1 monocytes with PMA (200
nM, 48 h). AB accumulation: Incubation of cells with AB for 2 h; cellular
concentrations measured by fluorimetry for MXF and microbiological
assays for RIF and GEN. Strains: MRSA COL (K7), menD disruptant (K8),
hemB disruptant (K9) and hemB complemented strain (K10). IC activities:
Change in CFU from the post-phagocytosis inoculum after 24 h incubation
with AB (extracellular concentration: 0.01-100 x MIC); PD parameters cal-
culated using Hill equation of dose-response (AAC, 2006, 50:841-851).
MSB suppl.: Infected THP-1 incubated with AB in medium suppl. with 5
mg/L MSB.

Results: In non-activated THP-1, IC growth was slower (lower Emin) as
well as the amplitude of the dose-response (Emin-Emax) for K8 than for the
other strains, but both parameters were restored upon MSB supplementa-
tion. RIF and MXF reached an Emax > 1 log reduction against the three
strains, and GEN and DOR against K8 only (note that DOR was active
against IC SCV even if MRSA, as described for non-SCV strains [AAC
2007, 51:1627-32]). Static concentrations (Cs: extracellular concentration
for which no change in IC inoculum is observed) were all close to the MICs
(not shown). Dose-response curves for K10 matched those of K7. Activation
of THP-1 cells is accompanied by an increase in AB accumulation (1.7, 1.8
and 3.9 for RIF, MXF and GEN, respectively) and a 2- to 15-fold increase
in their AB potency (decrease in Cs [not shown]).

Conclusion: In non-activated THP-1, the global amplitude of the
response was dependent on the growth rate of the strain. RIF, MXF -two
bactericidal AB- are the most effective, as observed also for a thymidine-
dependent SCV in the same model (AAC 2009, 53:1434–42). Moreover,
activation of monocytes in macrophages enhances the potency of AB, prob-
ably in relation to their increased accumulation.
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CHARACTERIZATION OF THE INTERNALIZATION
AND INTRACELLULAR PERSISTENCE OF
MENADIONE AND HEMIN-DEPENDENT SMALL-
COLONY VARIANTS (SCV) OF STAPHYLOCOCCUS
AUREUS IN A MODEL OF THP-1 CELLS AND A HUMAN
AIRWAY EPITHELIAL CELL LINE, CFBE41O-
Garcia, L.1; Kahl, B.2; Becker, K.2; Proctor, R.3; Denis, O.4;
Tulkens, P.1; Van Bambeke, F.1 1. Unité de Pharmocologie
Cellulaire et Moléculaire, Université Catholique de Louvain,
Brussels, Belgium; 2. Institute of Medical Microbiology,
University Hospital Münster, Münster, Germany; 3. Departments
of Medicine and Medical Microbiology/Immunology, University
Winconsin Medical School, Madison, WI, USA; 4. Département
de Microbiologie & Laboratoire de référence MRSA-
Staphylocoques, Hôpital Erasme, Université Libre de Bruxelles,
Brussels, Belgium

Background: Small-Colony Variants (SCV) of Staphylococcus aureus
are slow-growing subpopulations that cause persistent and relapsing infec-
tions. In this study, we have examined how a MRSA strain and its two sta-
ble menadione- and hemin-dependent SCVS were internalized and survived
in THP-1 cells and isogenic bronchial cell lines expressing or not a function-
al CFTR. 

Methods: Activation in macrophages: Incubation of THP-1 monocytes
with PMA (200 nM, 48 h). Strains: MRSA COL (K7), menD disruptant
(K8), hemB disruptant (K9) and hemB complemented strain (K10). Internal-
ization: Enumeration of cell-associated CFU after 1 or 2 hours phagocyto-
sis in THP-1 or CFBE41o-, respectively. Persistence: Assessed from the
change in CFU from post-phagocytosis value after 24 h of incubation.

Results: Internalization: SCVs were less avidly internalized than K7 in
all cell types, with differences being more marked in THP-1 macrophages
and CFBE41o- WT CFTR. For all strains, internalization was more impor-
tant in THP-1 monocytes and CFBE41o- KO CFTR than in the other cell
lines. Intracellular growth: K8 grew much slower in THP-1 cells, whether
differentiated or not, than the other strains, whereas in CFBE41o- KO
CFTR, all strains seemed to grow at the same rate. Yet, SCV showed a high-
er persistence than K7 in CFBE41o- WT CFTR and F508del. K10 displayed
a behavior (internalization and growth) similar to K7 in all cell types (not
shown).

Conclusion: Unexpectedly, differentiation of monocytes in
macrophages reduces internalization but does not affect intracellular growth.
The fact that K8 grows much slowly than K7 or K9 in THP-1 suggests that
the intracellular medium does not contain the nutrients needed for the
growth of a menadione-dependent strain. Interestingly, the expression of
WT or F508del CFTR seems to reduce S. aureus internalization, but SCVs
seem to persist much better than a normal strain in CFBE41o-, independent-
ly of their CFTR status, as previously described in the literature for other
cell types (JID, 2010, 202:1031-40; CID, 2001, 32:1643-7).

289
IN VIVO COMPARISON OF INTRATRACHEAL
CIPROFLOXACIN BETAINE, CIPROFLOXACIN HCL
AND TOBRAMYCIN: EFFICACY AGAINST
BURKHOLDERIA CEPACIA IN A RAT LUNG INFECTION
MODEL
Glenschek-Sieberth, M.; Obertegger, S. Bayer HealthCare,
Wuppertal, Germany

Background: In cystic fibrosis patients infected with Burkholderia
cepacia (B. cepacia), infections can be associated with a rapid decline in

lung function. Ciprofloxacin is a fluoroquinolone with high bactericidal
activity against gram-negative bacteria. In a rat lung infection caused by B.
cepacia, the efficacies of single intratracheal treatments of ciprofloxacin
betaine (CIP ON; the active ingredient of ciprofloxacin dry powder for
inhalation [ciprofloxacin DPI]), ciprofloxacin HCl (CIP) and tobramycin
(TOB) were compared with sham-treated animals. 

Methods: B. cepacia ATCC 25610-loaded agar beads were used to
induce the lung infection in rats. A concentration of 5 × 106 colony forming
units (CFU) was instilled intratracheally per rat. One hour post-infection,
animals (N=5–26 per group) were treated intratracheally with CIP ON
(3.125, 6.25, 12.5 and 25 mg/kg), CIP or TOB (6.25, 12.5 and 25 mg/kg)
dissolved in 0.1 mL water containing 5% glucose. Sham-treated animals
received 0.1 mL water containing 5% glucose intratracheally. Intratracheal
applications were performed under adequate anesthesia. Animals were sac-
rificed 24 hours post-infection and lungs were removed aseptically and
homogenised. To assess efficacy, the CFUs in the lung homogenates were
determined by plating serial 10-fold dilutions on agar plates. 

Results: CIP ON and TOB both achieved a mean CFU reduction of up
to 1.7 log10 units and CIP achieved a mean CFU reduction of up to 1.14 log10
units. Compared with sham-treated infection controls, both CIP ON and
TOB achieved a significant (p≤0.01) CFU reduction after intratracheal
administration of 6.25, 12.5 and 25 mg/kg once daily. CIP reached signifi-
cance (p≤0.05) only in the highest dosing group compared with sham-treat-
ed controls.

Conclusion: In this B. cepacia lung infection model, a dose-dependent
decrease of CFUs was observed after a single treatment with CIP ON, CIP
or TOB. Treatment with CIP ON was more effective than treatment with
CIP. CIP ON was as active as TOB.

290
N2O PRODUCTION IN SPUTUM FROM CHRONICALLY
INFECTED CYSTIC FIBROSIS PATIENTS
Kolpen, M.1; Kühl, M.2; Bjarnsholt, T.1; Moser, C.1; Hansen,
C.R.3; Møller, L.L.2; Pressler, T.3; Høiby, N.1; Jensen,
P.ØSTRUP.1 1. Clinical Microbiology, Rigshospitalet,
Copenhagen, Denmark; 2. Marine Biological Section,
Department of Biology, University of Copenhagen, Copenhagen,
Denmark; 3. Copenhagen CF Centre, Rigshospitalet,
Copenhagen, Denmark

Chronic lung infection with Pseudomonas aeruginosa is the major
severe complication in cystic fibrosis (CF) patients, where P. aeruginosa
grows in biofilms in the endobronchial mucus under anaerobic conditions.
Numerous polymorphonuclear leukocytes (PMNs) surround the biofilm and
create anaerobiosis by consuming the majority of O2 for production of reac-
tive oxygen radicals. We hypothesized that P. aeruginosa can acquire ener-
gy for growth in the anaerobic endobronchial mucus by denitrification,
which can e.g. be demonstrated by production or degradation of nitrous
oxide (N2O), an intermediate in the denitrification pathway.

In fresh expectorated sputum from CF patients with chronic P. aerugi-
nosa infection we measured concentration profiles of O2 and N2O with
microsensors. The concentration of PMNs was estimated by flow cytometry
and the concentration of NO3

- and NO2
- was measured by the Griess reagent

assay.
In 9 purulent sputum from 7 CF patients, N2O production occurred only

in layers where O2 was absent or at low concentrations. During the initial
period of measurements the concentration of N2O increased to a maximum
(median 30.8 µM N2O; range 1.4-157.9 µM N2O) followed by a period of
decreasing N2O concentration in most samples. Additional indication of
denitrification was obtained by a significant decrease in the concentration of
NO3

- in sputum during 24 hours of incubation (p < 0.008, n = 13). Further-
more, the concentration of NO3

- and NO2
- in CF sputum was correlated to

the concentration of PMNs; NO3
- (p< 0.04, r: 0.66, n = 10) and NO2

- (p<
0.006, r: 0.78, n = 11).

The present study shows for the first time production of N2O in human
endobronchial secretions. Therefore, our results demonstrate that P. aerug-
inosa can acquire energy for growth by denitrification in the anaerobic endo-
bronchial mucus of CF patients. As a source of endobronchial NO3

- and
NO2

- we suggest the summoned PMNs.
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291
PSEUDOMONAS AERUGINOSA ERADICATION IN
CYSTIC FIBROSIS: FINAL RESULTS OF A
RANDOMIZED MULTICENTER STUDY OF TWO
DIFFERENT EARLY ANTIBIOTIC TREATMENT
PROTOCOLS
Taccetti, G.1; Bianchini, E.3; Zavataro, L.1; Costantini, D.2; Galici,
V.1; Campana, S.1; Ravenni, N.1; Trevisan, F.1; Braccini, G.1;
Dolce, D.1; Braggion, C.1; Cariani, L.2 1. Meyer Hospital,
University of Florence, CF Center of Tuscany, Florence, Italy; 2.
CF Center, Milan, Italy; 3. ITT, Florence, Italy

Background: Chronic P. aeruginosa (Pa) infection is an unfavorable
event for the prognosis of cystic fibrosis (CF) patients. A limited number of
studies on the possibility of early eradication of Pa have presented encour-
aging results but there are still no reports on large numbers of patients which
compare the efficacy of various treatments.

Aims: The main objective of this randomized multicenter trial was to
statistically analyze the efficacy of two early Pa infection-eradicating treat-
ment protocols: inhalatory (inh) colistin/oral ciprofloxacin (arm A) versus
inhalatory tobramycin/oral ciprofloxacin (arm B) for 28 days in a sizeable
number of CF patients. Patients who were Pa-free (never colonized or Pa-
free with at least three cultures negative in the last 6 months) and older than
1 year were considered eligible to participate in this trial. The treatment was
considered efficacious if patients were infection-free with at least three cul-
tures negative for Pa over 6 months (UK CF Trust definition).

Results: Thirteen Italian clinical centers participated in this trial and
223 patients (107 females, 116 males) were randomized. A total of 105
(47.1%) out of 223 patients were treated with inh colistin /oral
ciprofloxacin; 118 (52.9%) out of 215 patients were treated with inh
tobramycin /oral ciprofloxacin.

Pa first/new infection occurred in 34.6% of patients aged 1-5 years; in
39% of patients aged 5-12 years and in 26.4% of patients older than 12
years. The culture was performed on sputum in 40.8% of patients, on throat
swab in 59.2%.

One hundred two patients, free from Pa infection and eligible for the
study, were previously infected by Pa, whereas it was the first ever infection
for the remaining 121 patients. Median age at first Pa infection was 7.8 ± 7.4
yrs.

According to the intention-to-treat analysis, using one single cycle of
antibiotic treatment, Pa eradication was achieved in 66/108 patients in arm
A and in 77/118 patients in arm B (OR = 0.9 95% CI 0.52-1.55, p=0.8).

Thirty-eight (17%) out of 223 randomized patients dropped out of the
study: 5 patients due to adverse events (3 for vomiting, 1 photosensitivity, 1
wheezing), 9 patients due to pulmonary exacerbations requiring intravenous
antibiotic treatment, 24 patients because of lack of compliance with follow-
up protocol.

Conclusions: In this multicenter, randomized, controlled trial we have
investigated the efficacy of two eradicating treatment protocols on a large
group of patients with first/new Pa infections. We found similar treatment
efficacy by using one single cycle of antibiotic treatment for 28 days. Data
from our study indicate that the efficacy of treatment does not seem to
depend on the drugs used or the fact of having previously carried out eradi-
cation treatment.

Acknowledgements: This work was supported by the Italian Cystic
Fibrosis Research Foundation (grant FFC#17/2007) with the contribution of
“Delegazione di Vicenza.”

We thank the following CF Centers and Microbiology Laboratories:
Ancona, Brescia, Cerignola, Cesena, Firenze, Genova, Gualdo Tadino,
Livorno, Messina, Milano, Palermo, Parma, Roma Bambino Gesù.

292
PSEUDOMONAS AERUGINOSA MICROBIOLOGICAL
STATUS AND EMERGENCE OF OTHER PATHOGENS
AFTER EARLY ERADICATION TREATMENT IN CYSTIC
FIBROSIS: A POST-TRIAL FOLLOW-UP
Taccetti, G.1; Bianchini, E.3; Zavataro, L.1; Campana, S.1;
Defilippi, G.2; Ravenni, N.1; Trevisan, F.1; Galici, V.1; Braccini,
G.1; Mergni, G.1; Braggion, C.1; Cariani, L.2 1. Meyer Hospital,
University of Florence, CF Center of Tuscany, Florence, Italy; 2.
CF Center, Milan, Italy; 3. ITT, Florence, Italy

Background: Chronic P. aeruginosa (Pa) infection is an unfavorable
event for cystic fibrosis (CF) patients. A limited number of studies on the
possibility of early eradication of Pa have presented encouraging results.
However, there are few data regarding Pa microbiological status during fol-
low-up or the emergence of other nonfermenter gram-negatives.

Aims: To evaluate Pa microbiological outcome and the emergence of
other nonfermenters in a post-trial follow-up in patients participating in a
multicenter trial to compare the efficacy of two early Pa infection-eradicat-
ing protocols: inhalatory (inh) colistin/oral ciprofloxacin (arm A) versus
inhalatory tobramycin/oral ciprofloxacin (arm B) for 28 days. Treatment
was considered efficacious if patients were infection-free with at least three
Pa-negative cultures over 6 months.

Results: A total of 223 patients (107 M 116 F) were randomized. One
hundred five (47.1%) out of 223 patients were treated with inh colistin /oral
cipro; 118 (52.9%) out of 215 patients were treated with inh tobramycin
/oral cipro. A total of 192 (86%) out of 223 randomized patients were evalu-
able: 93 in arm A and 99 in arm B (unevaluable 31 patients, 12 in arm A and
19 in arm B). Pa microbiological status was defined using Leeds’ criteria
after a median observation time of 16 months (range 6-28). One hundred
thirty (67.7%) out of 192 patients are still Pa-free, 48 (25%) are intermittent-
ly infected and 14 (7.3%) are chronically infected.

We evaluated the isolation frequency of nonfermenters following the
treatment in comparison with the same length of time previous to treatment.
We observed no emergence of B. cepacia. Other nonfermenters were isolat-
ed in 47 (24.4%) out of 192 patients.

The increase in isolation frequency of S. maltophilia (Sm) and A.
xylosoxidans (Ax) in the cultures of 47 patients in pre/post-observation fol-
lowing antibiotic treatment: cultures positive for Sm Pre 14 Post 70; cultures
positive for Ax Pre 13 Post 17; total number of cultures positive for nonfer-
menter gram-negatives Pre 27 Post 87.

While the isolation frequency of Ax appeared unvaried following treat-
ment, we observed an increase in Sm isolations (OR 3.9, CI 95% 2.19-7.2,
p=0.001).

Twenty-two (31.4%) out of 70 Sm isolations were observed following
treatment of patients in arm A and 48 (68.6%) in arm B

No statistically significant difference was observed in the emergence of
nonfermenters in the two treatment arms. (Sm OR 0.746, 95% CI 0.35-1.59,
p=0.57 Ax OR 1.426, 95% CI 0.47-4.27, p=0.72).

Conclusions: A high number of CF patients were Pa-free after a 16-
month follow-up period. Early eradication treatment could promote airway
infection with other nonfermenters. No B. cepacia infection was noted, but
we observed the emergence of Sm.

This work was supported by the Italian CF Research Foundation
(FFC#17/2007), with the contribution of “Delegazione di Vicenza.”

We thank the following CF Centers and Microbiology Labs: Ancona,
Brescia, Cerignola, Cesena, Firenze, Genova, Gualdo Tadino, Livorno,
Messina, Milano, Palermo, Parma, Roma Bambino Gesù.

293
IN VITRO EVALUATION OF THE NEW CYSTIC
FIBROSIS AEROSOL ANTIBIOTIC AZTREONAM ON
PSEUDOMONAS AERUGINOSA BIOFILMS ON HUMAN
AIRWAY CELLS
Yu, Q.; Moreau-Marquis, S.; Griffin, E.; O’Toole, G.; Stanton, B.
Department of Microbiology and Immunology, Dartmouth
College, Hanover, NH, USA

Background: Chronic pulmonary infection by Pseudomonas aerugi-
nosa is a major cause of morbidity and mortality in cystic fibrosis patients.
Aerosolized antibiotics have been developed to treat CF patients due to their
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ability for targeted drug delivery to the lung and reduced systemic toxicity.
Recently, the inhaled form of aztreonam (AZLI) was approved by the FDA
for treatment of CF patients infected by P. aeruginosa. Despite the evidence
that P. aeruginosa in the CF airway is growing in a biofilm, little is known
regarding the effect of AZLI alone, or in combination with tobramycin, on
biofilm-grown bacteria in the context of airway epithelia.

Methods: We have carried out a comprehensive study of the effect of
AZLI on P. aeruginosa lab strain PAO1 and 4 CF clinical isolates, using an
in vitro co-culture model of P. aeruginosa biofilms formed on human airway
epithelial cells over-expressing ∆F508-CFTR (CFBE41o- cells). The clini-
cal strains of P. aeruginosa were isolated from the sputum of CF patients, of
which 3 were described as mucoid (SMC1585, 1587, 1596) and 1 as non-
mucoid (SMC1595). After P. aeruginosa biofilms were allowed to form on
confluent CFBE cells for 6 hours, AZLI (700 µg/mL), tobramycin (1000
µg/mL) or a combination of both, were applied for 16 hours. Alternatively,
antibiotics were added at the time of inoculation to assess their ability to
impair biofilm formation. The antibiotic concentrations selected are clinical-
ly relevant. Bacteria (CFUs) remaining after treatment were then counted.
CFUs recovered from untreated biofilms were used as control. All experi-
ments were repeated at least 3 times.

Results: Both tobramycin and AZLI alone reduced P. aeruginosa
biofilm formation by 2-5 log units (p<0.05), although tobramycin mediated
inhibition was more robust for all strains tested. Tobramycin and AZLI
together worked no better than tobramycin alone for biofilm prevention. In
the absence of antibiotics, all strains of P. aeruginosa developed biofilms
that destroyed the integrity of CFBE monolayers after 16 hrs. AZLI reduced
the CFUs of preformed biofilms formed by PAO1, SMC1595 and SMC1596
by ~1 log-unit (p<0.05), but did not preserve the integrity of CFBE mono-
layers. By contrast, AZLI decreased the CFUs of biofilms formed by
SMC1585 and SMC1587 by ~4 logs (p<0.05) and protected the monolayers
from being compromised, as observed by confocal microscopy. For estab-
lished biofilms, the combination of AZLI and tobramycin was additive for
strains SMC1587 and SMC1595, reducing the CFUs by an additional 0.5 to
2 log units, respectively (p<0.05). 

Conclusion: Our study suggests that the effects of AZLI on biofilms
formed by various P. aeruginosa strains in the in vitro co-culture model are
diverse, and the simultaneous application of AZLI and tobramycin may be
beneficial for CF patients in eliminating some strains of P. aeruginosa that
form antibiotic resistant biofilms. 

Support: R01-HL074175 (BAS), P20 RR-018787 (BAS), CFF (RDP:
BAS), P42 ES007373 (BAS), Novartis/CTBM100DUSNC01 (GAO).
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PREVOTELLA SPECIES: MOLECULAR
CHARACTERIZATION OF ANTIBIOTIC RESISTANCE
DETERMINANTS IN AN EMERGING CF PATHOGEN
Gillanders, L.J.; Graham, K.; Gilpin, D.; Elborn, J.; Schneiders,
T.; Tunney, M. CF & Airways Microbiology Group, Queen’s
University Belfast, Belfast, United Kingdom

Introduction and Aims: Due to their frequency of isolation, the obli-
gate anaerobic species Prevotella are emerging as potentially important
pathogens in CF pulmonary infection. However the molecular basis of
antibiotic resistance among these species has been poorly characterized.
Therefore, the aims of this study were to determine (1) the in vitro antimi-
crobial susceptibility of CF and non-CF Prevotella isolates to antibiotics
used in the treatment of CF pulmonary infection and anaerobic infections
and (2) the presence of β-lactam resistance genes in these isolates.

Methods: The susceptibility of clinical Prevotella isolates grown plank-
tonically (CF, n=7; Non-CF, n=41) to antibiotics (Table) was determined by
Etest® under strict anaerobic conditions. Each isolate was categorised as
resistant, intermediate or susceptible according to the MIC breakpoints
defined by the Clinical and Laboratory Standards Institute. A PCR assay
was developed to detect the cfxA/cfxA2 gene encoding a β-lactamase that
confers resistance to penicillins and broad spectrum cephalosporins.

Results: Overall, 34/48 (70.8%) isolates were cfxA/cfxA2 positive. All
isolates resistant to amoxicillin were cfxA/cfxA2 positive (n=26). Two CF
(n=2 cfxA/cfxA2 positive) and 3 non-CF (n=1 cfxA/cfxA2 positive) isolates
had intermediate susceptibility to amoxicillin. The remaining isolates
(n=16) were susceptible to amoxicillin with 4 non-CF isolates cfxA/cfxA2
positive. Fewer isolates were both resistant to ceftazidime and cfxA/cfxA2
positive (15/47; 31.9%) than amoxicillin (26/47; 55.3%). All isolates were

resistant to tobramycin with some resistance to metronidazole and clin-
damycin also apparent. In contrast, all isolates were susceptible to meropen-
em and piperacillin/tazobactam (Table). Three of 6 (50%) CF and 5/33
(15.2%) non-CF isolates had reduced susceptibility (intermediate/resistant)
to at least 4/8 antibiotics with six multi-drug resistant Prevotella spp. detect-
ed.

Conclusions: Amoxicillin and ceftazidime resistance is common and
can be linked with the presence of the cfxA/cfxA2 gene in the majority of CF
and non-CF isolates. Meropenem and piperacillin/tazobactam may be effec-
tive treatment options for CF lung infection where Prevotella are identified.

Table. Percentage of CF and non-CF Prevotella isolates categorized
as susceptible (S), intermediate (I) or resistant (R) to each antibiotic

295
MOLECULAR CHARACTERIZATION OF MRSA IN
CYSTIC FIBROSIS: TRANSMISSION WITHIN CF
CENTRES?
Gilpin, D.1; McGrath, S.1; McCaughan, J.2; Reid, A.2; Muhlebach,
M.S.3; Hoffman, L.R.4; Burns, J.L.4; Jones, A.M.5; Elborn, S.1;
Tunney, M.1 1. Queen’s University Belfast, Belfast, United
Kingdom; 2. Royal Belfast Hospital for Sick Children, Belfast,
United Kingdom; 3. University of North Carolina, Chapel Hill,
NC, USA; 4. University of Washington, Seattle, WA, USA; 5.
Manchester Adult CF Centre, Manchester, United Kingdom

Introduction: MRSA prevalence among CF patients in the US has
increased from 2% (2001) to 24% (2009; CF Foundation) and remained
constant in the UK at 3% (CF Trust;2007,2009). Given that high healthcare
utilization in CF may be associated with MRSA acquisition, this study
examined the similarity of MRSA isolates at 4 CF centres (2 in US, 2 in UK)
to determine (i) if specific MRSA strains were associated with CF, and (ii)
whether there was evidence for shared clones within CF centres that could
indicate transmission.

Methods: CF isolates were obtained from pediatric patients at three CF
centres [University of North Carolina (UNC) at Chapel Hill (n= 10 isolates
from 10 patients); University of Washington (UW), Seattle (n= 71 isolates
from 23 patients); Belfast Paediatric CF Centre, n= 22 isolates from 21
patients)] and pediatric and adult patients at one centre [Wythenshawe Hos-
pital, Manchester (n=10 isolates from 10 patients)]. Further isolates from
non-CF patients were obtained from the Belfast Paediatric ICU (n=10 iso-
lates from 10 patients), and from patients undergoing routine decolonization
in N. Ireland (n= 22 isolates from 22 patients). Whole genome DNA extracts
were separated by pulsed field gel electrophoresis (PFGE) subsequent to
restriction enzyme digestion and results were analyzed using GelCompar-
II® software. Isolates were considered similar if they possessed greater than
60% homology. The presence of genes encoding the PVL toxin (lukS-PV,
lukF-PV) was determined by PCR.

Results: In general, isolates from each centre formed closely related
pulsed field groups, based on geographical location, often differing by only
1-2 bands. Isolates from US centres were more similar to each other than to
UK isolates (67% vs 44% similarity). Similarly the UK isolates were more
closely related to each other (64% vs 44%) than to US isolates. In the Belfast
centre, CF and non-CF isolates shared a high degree of homology (70-100%
similarity). Sequential isolates from individual patients at the UW shared
>90% homology; isolates from all UW patients shared 65% homology.  Two
isolates from UNC and 1 isolate from Manchester were PVL positive; the
remaining isolates were negative.

Conclusions: The high degree of homology observed between MRSA
isolates within each centre suggests the potential for patient-to-patient trans-
mission of MRSA strains, and/or acquisition from a common source. Pedi-
atric CF isolates are similar to endemic strains in the local healthcare setting,
rather than specific CF clones, and studies investigating possible phenotyp-
ic differences between CF and non-CF MRSA are currently ongoing. The
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clonal nature of infection observed in sequential UW pediatric isolates sug-
gests either repeated acquisition from the same source or, more likely, per-
sistence within the patient. This study supports a role for rigorous infection
control and appropriate decolonization strategies to prevent MRSA trans-
mission and subsequent colonization/infection of CF patients.

296
POISON IN THE LUNG – CYANIDE, AT
CONCENTRATIONS FOUND IN THE SPUTUM OF
PSEUDOMONAS AERUGINOSA INFECTED CF PATIENTS
INHIBITS THE BEATING OF HUMAN RESPIRATORY
CILIA IN VITRO
Nair, C.G.1; Shoemark, A.3; Donovan, S.3; Hogg, C.3; Alton,
E.W.2; Williams, H.D.1; Davies, J.C.2,3 1. Department of Life
Sciences, Imperial College London, London, United Kingdom; 2.
Department of Gene Therapy, Imperial College School of
Medicine, London, United Kingdom; 3. Department of Paediatric
Respiratory Medicine, Royal Brompton Hospital, London, United
Kingdom

Pseudomonas aeruginosa is one of only a few bacterial species capable
of synthesising hydrogen cyanide, a potent inhibitor of cellular respiration.
Cyanide is detectable in the sputum of cystic fibrosis patients infected with
P. aeruginosa in concentrations of greater than 200 µM. We have previous-
ly shown that its presence is associated with significantly impaired lung
function. In this work we explored possible mechanisms for this association,
focusing on the effect of physiologically relevant cyanide concentrations on
ciliary beat frequency (CBF) and cell viability. Ciliated strips of human
nasal epithelium were obtained from the inferior turbinate of healthy volun-
teers with a cytology brush and CBF in the presence or absence of cyanide
was measured at 37°C using light microscopy. The addition of 150 µM
(n=6) or 75 µM (n=2) KCN resulted in a significant reduction in CBF com-
pared with the same concentration of KCl used as a control (baseline 10.89
Hz; 150 µM CBF 5.96 Hz 46% fall; 75 µM 7.28 Hz 25% fall; p<0.005). The
slowing was apparent at the first measurement (5 min) and was maximal by
30 min. To date, one sample from a patient with CF has shown similar
results. Staining with trypan blue indicated that cell viability was not signif-
icantly different in KCN-treated and KCl-treated cells. Cyanide-induced
slowing of CBF was reversible in that CBF recovered to control levels
immediately after washing. We conclude that concentrations of cyanide sim-
ilar to those detected in the sputum of CF patients cause a marked inhibition
of ciliary function in vitro. If this was of a sufficient magnitude to impair
mucociliary clearance in vivo, it could provide an explanation for the link
with increased disease severity observed in CF patients with detectable lev-
els of cyanide in the airway.

297
LONG TERM OUTCOME OF STAPHYLOCOCCUS
AUREUS RESPIRATORY INFECTIONS IN CHILDREN
WITH CYSTIC FIBROSIS
Com, G.1; Tang, X.2; Mccracken, A.2; Harik, N.3 1. Pediatric
Pulmonology, UAMS/ Arkansas Children’s Hospital, Little Rock,
AR, USA; 2. Biostatistics, UAMS, Little Rock, AR, USA; 3.
Pediatric infectious Disease, UAMS, Little Rock, AR, USA

Background: The prevalence of methicillin resistant Staphylococcus
aureus (MRSA) in patients with CF has been increasing. Recent studies
indicate MRSA may have a deleterious effect in patients with CF. Study
objectives were 1) to describe the epidemiology of MRSA infections in chil-
dren with CF from a highly prevalent area; and 2) to identify children per-
sistently infected with MRSA and compare their outcome to the outcome of
children who have never been infected or have intermittently been infected
with MRSA.

Methods: Data was obtained by reviewing the medical records of chil-
dren with CF at our institution from 1995 through 2009. Persistent infection
was defined as a patient who had positive respiratory cultures for MRSA
during the study period and for a minimum of 2 consecutive years. Intermit-
tent infection was defined as a patient who had positive cultures for one year
only or multiple positive cultures at least one year apart. Evaluated outcome
measures included: mortality, the yearly rate of decline in FEV1, and the fre-

quency of hospitalization. Yearly decline in FEV1 %predicted (%P) was
analyzed using a mixed model comparing children who did not grow
MRSA, grew MRSA intermittently and persistently with adjustment for
potential confounders. Yearly decline in FEV1 among children with persist-
ent infection before and after MRSA acquisition was calculated. The differ-
ence in hospitalization frequency among the groups was tested using analy-
sis of variance. Paired t test was used to compare hospitalization frequency
before and after the acquisition of MRSA among persistently infected chil-
dren.

Results: Data was collected for 224 children (follow-up 10 ± 6 y): 129
children had at least one positive culture for MRSA. The prevalence of
MRSA was <1% in 1995 and increased significantly to 49% in 2009. Fifty-
five (43%) grew MRSA persistently. Fifteen children died; 5 (36%) were
persistently and 1 (6%) was intermittently infected with MRSA. Significant
differences were found in the rate of yearly decline in FEV1 among children
who did not grow MRSA, grew MRSA intermittently and persistently. Chil-
dren with persistent MRSA had the lowest baseline FEV1 and the slowest
rate of yearly decline in FEV1 (MRSA negative - 1.12 FEV1%P/year, inter-
mittent MRSA -1.73 FEV1%P/year, persistent MRSA -0.19 FEV1%P/year;
p=0.006). There was no difference in the rate of decline in FEV1 before and
after MRSA detection in children persistently infected with MRSA. Chil-
dren with persistent MRSA had significantly more hospitalizations
(p=0.02), but there was no difference in the frequency of hospitalization
before and after MRSA acquisition.

Conclusions: Mirroring changes seen in the general population, the
prevalence of MRSA increased at our center. Children with persistent
MRSA had lower baseline lung functions and had a slower rate of FEV1
decline. Although these children required more hospitalizations, the rate of
hospitalization was not affected by the acquisition of MRSA suggesting that
either hospitalization facilitates the acquisition of MRSA or that sicker chil-
dren acquire MRSA easily and/or cannot clear this pathogen.

298
ERADICATION OF P. AERUGINOSA IN MEXICAN
CHILDREN WITH CF
Bustamante, A.E.1,3; Mercado Longoria, R.1,3; Chavarría
Martínez, U.1,3; Tejerina Menchaca, R.2,3 1. CEPREP, Hospital
Universitario, Monterrey, Mexico; 2. Centro regional de control
de enfermedades infecciosas, Hospital Universitario, Monterrey,
Mexico; 3. Facultad De Medicina - UANL, Monterrey, Mexico

Patients with CF typically experience lower respiratory infection with
Pseudomonas aeruginosa (PA). Chronic infection is preceded by a period of
transient infection. Once chronic infection is established, PA is almost
impossible to eradicate and is responsible for the morbidity and mortality in
this group of patients. Our clinic began to work in 2001 and received
patients previously diagnosed who were chronically infected with mucoid
PA (Historical control group). Since 2001 we diagnosed and followed new
patients. In 2006 we initiated an eradication protocol for PA. In the first
years we used nebulized colistin/oral ciprofloxacin and then we changed to
nebulized tobramycin 300 mg /oral ciprofloxacin. 

Objective: To assess the efficacy of the two treatment protocol in erad-
icating PA from patient with CF, and evaluate its effects on health related
outcome vs. the outcome of historical control age matched CF patient. Out-
come measurements include quantitative chest radiography (Brasfield
score), pulmonary function test, BMI and progression to chronic PA infec-
tion. 

Materials and Methods: Prospective observational study of patients
with CF and recent PA infection: The treatment group was formed by 17
patients with CF. They underwent 27 eradication courses. The period of fol-
low up was between 1 to 5 years. We used expectorated sputum samples or
oropharyngeal secretions.

PA was eradicated in 21 (79%) of them. The time free of PA during the
follow up in these patients was 16.9 months ± 11.7 (CI 8.4-25.3) for colistin
and 17 months ± 9.7 (CI 10.4- 23.5) for tobramycin. There is no difference
in the efficacy between these two regimens (P=0.97). There was a difference
in lung function, growth parameters and radiologic score between the two
groups. 

The results are shown in the Table.
Conclusion:
1. Eradication of PA with inhaled and oral antibiotics was effective.
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2. There was a difference in lung function, growth parameters and radi-
ologic score between these two groups.

3. There was no difference between these two regimens.

299
AUSTRALASIAN CF BRONCHOALVEOLAR LAVAGE
(ACFBAL) STUDY: P. AERUGINOSA (PA) GENOTYPES IN
PRE-SCHOOL CF CHILDREN
Wainwright, C.E.1,2; Kidd, T.J.2; Ramsey, K.A.2; Bell, S.C.2;
Grimwood, K.2 1. Royal Children’s Hospital, Brisbane, Australia;
2. QCMRI, University of Queensland, Brisbane, Australia

Background: The ACFBAL study was a multi-centre, randomised con-
trolled trial to determine whether BAL- directed therapy in infants and pre-
school children with CF provided better outcomes at age 5 years than the
current practice of relying upon clinical features and oropharyngeal (OP)
cultures. It also gave an opportunity to investigate early Pa strains in this
young population. 

Aims: (i) To determine the genotypic relationships of Pa from the same
child by: (a) testing serial isolates collected over time; and (b) comparing
isolates from upper and lower airway samples. (ii) To explore the genotyp-
ic relationships of clinical Pa isolates between study children and previous-
ly identified major clonal and common environmental strains.

Methods: In this study, 170 infants were randomised at mean age 3.6
(SD 1.6) months (84 to BAL and 86 to standard group). OP cultures were
collected from both groups. BAL was performed at enrollment, with exac-
erbations requiring hospital admission, with positive OP culture for Pa and
after eradication therapy for Pa in the BAL arm, and in all study children for
final outcomes at 5 years. Pa isolates were confirmed by real-time PCR.
Confirmed Pa isolates were genotyped using ERIC-PCR cluster analysis.
Multi-locus sequence typing (MLST) was used to confirm relationships
between serial clinical isolates, major clonal strains and common natural
environmental genotypes.

Results: A total of 81 children (48%) isolated Pa from either BAL
≥(103/mL) or OP samples during the study; 296 OP and BAL samples were
culture positive for Pa, and Pa isolates from 205 (69%) samples were avail-
able for PCR and genotyping. Sixteen children had serial confirmed Pa cul-
tures from successive BALs with 13/16 (81%) showing a change in Pa geno-
type. Twenty-five children had serial confirmed Pa isolates from successive
OP samples and 15/25 (60%) harboured an identical genotype between
episodes. Of 17 paired isolates from contemporaneous upper and lower air-
way samples, 13 had an indistinguishable genotype. MLST was performed
in a subset of 69 isolates from 34 patients, MLST confirmed that 1 patient
harboured Aust 01 and another Aust 02 major clonal CF strains, while 22
patients showed strains consistent with those collected from other non-CF
patient groups, animals and/or the natural environment (e.g. ST-155, ST-
179, ST-27).

Discussion: In this study we demonstrated that although persistent Pa
genotypes were infrequently isolated from the lower airways, most serially
collected upper airway isolates from the same patient were indistinguishable
from one another. Overall, 44% of Pa isolates were genotypically indistin-
guishable from earlier isolates collected from the same child. These data
suggest ongoing upper airway colonisation following eradication treatment
or re-acquisition from common environmental sources. Isolate genotypes
derived from upper airway samples were also highly representative of those
collected by BAL. Very few patients harboured Aust 01 and Aust 02 major
clonal strains, while genotypes often associated with other ecological nich-
es were particularly common in this cohort of young patients.

Supported by: NHMRC grants 9937868/351541 and Royal Children’s
Hospital Foundation, Brisbane.

300
TRIAZOLOQUINOLINES RESTORE NF-κB MEDIATED
RESPONSES IN THE PRESENCE OF HOMOSERINE
LACTONE: A NOVEL STRATEGY FOR TREATMENT OF
PSEUDOMONAS AERUGINOSA INFECTION IN CYSTIC
FIBROSIS
Valentine, C.D.; Phuan, P.; Verkman, A.S.; Haggie, P.M.
Department of Medicine, U.C.S.F., San Francisco, CA, USA

The underlying mechanisms of CF lung disease remain unresolved. It is
generally believed that reduced CFTR function alters transepithelial
salt/water balance leading to a dehydrated airway surface and impairment in
anti-bacterial defence mechanisms. Bacterial infections in the CF lung pro-
duce a hyperinflammatory response with persistent infiltration of immune
cells. However, despite innate immune responses bacterial infections are
not suppressed, suggesting the possibility of immune system dysregulation
in the CF lung. Pseudomonas aeruginosa secretes a quorum sensing
homoserine lactone (C12) that represses innate immune function by dis-
rupting critical transcriptional responses mediated by nuclear factor-κB
(NF-κB). As such, P. aeruginosa may actively establish and maintain infec-
tions in CF, rather than merely flourishing in a favorable niche. We devel-
oped a high-throughput screen to identify small molecules that block C12
effects on NF-κB signalling, to test whether C12-mediated inhibition of the
innate immune response is a critical initial step in the pathogenesis of CF
lung disease. A stable FRT cell line was generated that expressed luciferase
under the control of NF-κB-response elements (FRT-NF-κB cells). Stimula-
tion of FRT-NF-κB cells with lipopolysaccharide (LPS, 0.5 µg/mL for 4
hours) produced a robust luminescence response that was suppressed com-
pletely by 25 µM C12. Primary screening of 25,600 drug-like synthetic
small molecules gave several classes of active compounds that at micromo-
lar concentrations reduced C12 suppression of NF-κB signalling by >70%.
Secondary screening of compound analogs identified triazoloquinolines as
leads that restored NF-κB-mediated transcriptional responses in LPS / C12-
treated cells with IC50 of 20–200 nM. Triazoloquinolines also restored NF-
κB-mediated transcriptional activity initiated by alternative stimuli includ-
ing TNFα, and they restored production of TNFα, KC, IP-10, CCL2 and
MIP-1α, -1β and -2 in LPS / C12-treated macrophage cell lines and primary
murine macrophages. Control experiments showed that triazoloquinolines
are non-toxic and do not alter NF-κB-mediated responses in unstimulated or
stimulated cells. Compounds of the triazoloquinoline class have been used
for other indications in vivo and our preliminary pharmacological analysis
showed triazoloquinoline accumulation in the mouse lung hours after com-
pound administration. Current efforts are focused on the testing of triazolo-
quinolines in mouse models of lung inflammation with LPS and infection
with P. aeruginosa. Small-molecule C12 inhibitors should be useful in
studying mechanisms of P. aeruginosa colonization and lung inflammation,
and may provide a novel approach to treat P. aeruginosa infection in CF. 

Funded by the CFF and NIH.

301
ADAPTATION OF PSEUDOMONAS AERUGINOSA IN
CYSTIC FIBROSIS AIRWAYS AFFECTS THE HOST
IMMUNE-RESPONSE
Cigana, C.1; Lorè, N.1; De Fino, I.1; Schwager, S.2; Juhas, M.2;
Eberl, L.2; Bragonzi, A.1 1. Infections and Cystic Fibrosis Unit,
San Raffaele Institute, Milan, Italy; 2. Deparment of
Microbiology, University of Zurich, Zurich, Switzerland

CF lung disease is characterized by transient P. aeruginosa infections
and excessive neutrophil-dominated inflammation followed by permanent
chronic infection that causes a decline in lung functions. The mechanisms
by which P. aeruginosa sustains chronic infection remain to be elucidated.

Comparing sequential strains isolated from a CF patient, including
mucoid and non-mucoid phenotypes isolated during a period of up to 7.5
years, we found for the first time that P. aeruginosa is subjected to lipid A
and peptidoglycan modification as a strategy to evade the innate immune
response (Cigana et al, PlosOne 2009). To establish the host response to P.
aeruginosa whole bacteria, we tested virulence of P. aeruginosa early and
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late clonal isolates in human CF bronchial epithelial cells IB3-1 and
macrophage-like cells THP-1 by microarray analysis and ELISA. In IB3-1
cells P. aeruginosa early strains induced a stronger inflammatory response
(IL-8, TNF-α) in comparison to late strains, while late strains up-regulated
MMP9, liable for tissue damage. In addition, we found that late isolates
induced higher MMP-9 secretion in THP-1 cells.

When tested in multihost pathogenesis systems including C. elegans, G.
melonella, D. melanogaster and in a murine model of acute lung infection,
we found that P. aeruginosa early strains were more pathogenic and lethal
than late isolates from the same patient. Although attenuated in mortality, P.
aeruginosa late isolates retained their capacity to persist in mouse models of
chronic infection (Bragonzi et al, AJRCCM 2009).

To address the potential role of adapted P. aeruginosa clones in airway
infection, we analyzed the P. aeruginosa bacterial load and the inflammato-
ry response in the bronchoalveolar-lavage fluid (BALF) and in lung
homogenates after one day of acute infection and during 28 days of chron-
ic lung infection in murine model. While P. aeruginosa early strain was
lethal and ineffective in inducing chronic infection, late strains were able to
establish persistent infection with bacterial load ranging between 4*103 and
4*104CFU/lung, induced leukocytes recruitment, and stimulated pro-
inflammatory cytokines and chemokines production (MIP-2, KC, TNF-α,
IL-17, IFN-γ, MCP-1, MIP-1α) after 14 and 28 days of infection, as deter-
mined by Bioplex assay. Histological examination, PAS- and MTS-staining,
and Tunnel assay of lung tissue sections after 28 days of P. aeruginosa infec-
tion showed that late strains increased numbers of mucin-positive goblet
cells, collagen deposition and apoptotic cells, a typical hallmark of damage
in the airway chronic diseases. In addition, we found also high amounts of
sulphated glycosaminoglycan in lung homogenates after infection with late
isolates by a dye-binding assay confirming the capability of adapted strains
to induce damage to airways.

Our findings suggest that P. aeruginosa pathoadaptive variants, although
less inflammatory or lethal, can promote persistence while causing damage
and fibrosis in the airway of chronic disease.

Supported by the European Union 7th Framework Programme (project
NABATIVI).

302
MOLECULAR ANALYSIS OF MRSA ISOLATED FROM
PERSISTENT INFECTION IN CYSTIC FIBROSIS
ITALIAN PATIENTS
Cocchi, P.1,2; Taccetti, G.2; Favari, F.3; Cariani, L.3; Manso, E.3;
Fiscarelli, E.3; Busetti, M.3; d’Aprile, A.3; Pensabene, T.3; Gioffrè,
F.V.3; Braggion, C.2; de Martino, M.1; Campana, S.2 1.
Department of Sciences for Woman and Child’s Health, Florence,
Italy; 2. Cystic Fibrosis Center, Florence, Italy; 3. Italian Cystic
Fibrosis Microbiology Group, Florence, Italy

Background: Persistent MRSA infection in CF is associated with
steeper decline of FEV1 and increased mortality. Few data are available con-
cerning genetic characterization of strains involved in persistent infections.
Currently a reliable definition of chronic MRSA infection is lacking.

Aims: The primary aim of this study was the molecular characterization
of MRSA responsible for first colonization episode and successive persist-
ent infection.

Materials and Methods: During a five-year prospective study, we iso-
lated MRSA strains from the first and persistent infection. Patients persist-
ently infected by MRSA for at least three years were included. Fifty-six
strains have been collected from respiratory samples of 16 CF patients.
MRSA clones were identified by means of SCCmec typing and Multi Locus
Sequence Typing (MLST) analysis as previously described (Oliveira and de
Lancastre, 2002; Enright et al., 2000). 

Results: SCCmec typing of 56 MRSA strains showed the presence of
10 (18%) SCCmec type I, 9 type II (16%) and 9 type III (16%). Twenty-
seven out of 56 (48%) showed SCCmec type IV, frequently associated with
CA-MRSA. Thirteen out of 16 patients (81%) were persistently infected by
the same clone for at least three years, while 3 out of 16 (19%) patients
showed a clone replacement. Clones responsible for persistent infections
were: ST1-MRSA-III, USA300/USA500 (ST8-MRSA-IV) PVL-negative,
ST228-MRSA-IV, Brazilian-Hungarian clone (ST239-MRSA-III), Berlin
clone (ST45-MRSA-IV), Southern Germany clone (ST228-MRSA-I), and
ST152-MRSA-I. 

Conclusion: Despite the small group of examined patients, and the need
of further studies, we can observe that the majority of clones responsible for
persistent infections represented already described epidemic lineages. These
data suggest that virulent known epidemic clones have a better fitness in
developing a persistent infection of CF lung. 

This work was supported by Italian Cystic Fibrosis Research Founda-
tion (grant FFC#11 2009) with the contribution of Angelini.

303
PREVALENCE OF PSEUDOMONAS AERUGINOSA
INFECTION AND ANTIBIOTIC RESISTANCE BY AGE
GROUP IN THE CFF PATIENT REGISTRY IN 2003 AND
2008
Latremouille-Viau, D.1; Zhang, J.2; DeBonnett, L.2; Signorovitch,
J.1; von Wartbu, M.1; Wu, E.Q.1; Shi, L.3 1. Analysis Group, Inc.,
Boston, MA, USA; 2. Novartis Pharmaceuticals Corporation,
East Hanover, NJ, USA; 3. Health Systems Management, Tulane
University, New Orleans, LA, USA

Objective: To describe the age group-specific prevalence of
Pseudomonas aeruginosa (PA) infection and antibiotic resistance reported
in the Cystic Fibrosis Foundation Patient Registry (CFFPR) in 2003 and
2008.

Methods: Patients with cystic fibrosis (CF) were identified from the
CFFPR in 2003 and 2008. The CFFPR questionnaire included an updated
microbiology section in 2003, which remained unchanged through 2008. In
these years, we assessed the proportion of patients with cultures, and the
proportion of cultured patients that were positive for PA. Among PA-posi-
tive patients with antibiotic susceptibility testing, we assessed proportions
with resistance to aminoglycosides, quinolones or beta lactams, and the pro-
portion with multiple antibiotic resistant PA (MARPA; defined as resist-
ance to ≥ 2 of the aforementioned antibiotic classes). Resistance status is
reported as a yes/no variable in the CFFPR; in vitro breakpoints are not
recorded. Rates of PA infection and PA antibiotic resistance were summa-
rized in 2003 and 2008 and by age categories (0-5, 6-12, 13-17, 18-25, and
≥ 26 years).

Results: A total of 21,127 and 24,930 patients with a valid CF diagno-
sis were identified in 2003 and 2008, respectively. The proportion of patients
with sputum cultures was 92% in both 2003 and 2008. Consistent with the
CFFPR annual reports for these years, the prevalence of reported PA infec-
tion among cultured patients decreased from 2003 to 2008 among all age
groups (Table). Among patients with PA-positive cultures, the overall preva-
lences in 2003 vs. 2008 were similar for resistance to aminoglycosides and
quinolones, and slightly decreased for resistance to beta lactams and
MARPA (Table). The prevalence of antibiotic resistance decreased from
2003 to 2008 among age groups younger than 26 years, and slightly
increased in the age group 26 years and older (Table).

Conclusions: The prevalence of PA infection reported in the CFFPR
decreased from 2003 to 2008, with the greatest relative decreases in age
groups younger than 18. Overall rates of antibiotic resistance remained sta-
ble over time, with small decreases among patients aged younger than 26.
Results should be interpreted with caution since culture methods, resistance
breakpoints and reporting practices could vary across centers over time.
Moreover, the relevance of in vitro resistance assessments for the effective-
ness of inhaled antibiotics is not established. 

Acknowledgements: Supported by Novartis Pharmaceutical Corpora-
tion.
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304
TOBRAMYCIN AND HYALURONIC ACID NASAL
SOLUTION: BEYOND ANTIMICROBIAL EFFECT
Claut, L.1; Di Cicco, M.2; Cariani, L.3; Defilippi, G.3; Costantini,
D.1; Colombo, C.1 1. Regional Centre of Cystic Fibrosis, Milano,
Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico,
Milan, Italy; 2. ENT Dept, Fondazione IRCCS Ca’ Granda
Ospedale Maggiore Policlinico, Milan, Italy; 3. Central Lab CF
Microbiology, Fondazione IRCCS Ca’ Granda Ospedale
Maggiore Policlinico, Milan, Italy

Nasopharyngeal carriage of pathogens is important as potential source
of bronchial colonization. 

Defective clearance of mucus is present in both upper and lower respi-
ratory tract in CF and altered composition of airway secretion leads to
increased infection and persistence of bacteria. 

Hyaluronic acid was demonstrated to increase ASL and could be poten-
tially effective in CF.

Aim: The present study aimed to compare tolerability and efficacy of
tobramycin nasal solution to hyaluronic acid in CF patients (pts) carrying
nasal bacteria.

Subjects and Methods: We enrolled 27 pts (22 male), mean age 14.6
(range 5-27 yrs) attending our CF centre, with positive bilateral naris swab
at start of the study (T0) and randomly assigned either to tobramycin +
sodic hyaluronate 0.2%, group A, or placebo (sodic hyaluronate 0.2%),
group B, for 14 days. Nasal swabs were evaluated 1-2 week after therapy
(T1). ENT evaluation was done by rhinofiberoptic endoscopy (Olympus
ENF type XP) and endoscopic score was attributed for nasal mucosa, secre-
tion and obstruction (0-2 absent-severe alteration). Statistical differences
between the two groups at T0 and T1 were determined using the Cochran-
Mantel-Haenszel test.

The nasal swabs were placed into 1mL of 0.9% sodium chloride for pro-
cessing. After 20 minutes, the samples were vortexed and 0.1 mL was cul-
tured on different agar plates to detect Gram positive and Gram negative
bacteria. The treatment was considered to be useful when a two-fold
decrease of CFU between T0 and T1 was found. 

Results:
-Antibacterial activity: Reduction in bacterial count was found in 19/28

(67.9%) swabs in treatment group and 11/26 (43.2%) in the placebo group
(p= 0.059).

-Nasal mucosa changes: We observed a significant reduction in the
medium endoscopic score, between T0 and T1, that is 1.2 to 0.35 in group
A versus 1.2 to 1 in group B (p=0.0161).

-Purulent nasal secretion decreased in 85.7% (12/14) of group A pts as
compared to 15.4% (2/13) in group B (p=0.0016). No side effects were
recorded.

Conclusions: Tobramycin nasal solution is safe and effective, mostly
restoring trophism of nasal mucosa and reducing nasal secretion. The addi-
tion of hyaluronic acid may potentiate the effect of tobramycin by means of
increased hydration and mucus clearance. Finally antimicrobial activity is
not statistically significant.

305
AZTREONAM FOR INHALATION SOLUTION (AZLI)
CLINICAL DEVELOPMENT PROGRAM: COMBINED
PEDIATRIC EXPERIENCE
Retsch-Bogart, G.Z.1; McCoy, K.S.2; Oermann, C.M.3; Lewis, S.4;
Bresnik, M.5; Assael, B.M.6 1. Pediatrics, University of North
Carolina at Chapel Hill, Chapel Hill, NC, USA; 2. Ohio State
University, Columbus, OH, USA; 3. Baylor College of Medicine,
Houston, TX, USA; 4. Gilead Sciences, Seattle, WA, USA; 5.
Gilead Sciences, Foster City, CA, USA; 6. Cystic Fibrosis Center,
Verona, Italy

Objective: To evaluate the efficacy (as measured by change in FEV1)
and safety of AZLI (Cayston®) in pediatric patients with cystic fibrosis and
chronic Pseudomonas aeruginosa infection who participated in the AZLI
development program.

Background: To date, 165 unique pediatric patients (< 18 years of age)
have been treated with AZLI in the completed controlled efficacy studies.

Change in FEV1 (L or % predicted) from baseline to end of each AZLI
treatment course was measured. Adverse drug reactions were recorded in
each study. 

Results: Pediatric patients treated with AZLI in the Phase 3 placebo-
controlled registration studies showed marked improvements in FEV1. The
magnitude of treatment effect (AZLI – placebo) was similar to what was
observed in the adult population, which was statistically significant. In the
integrated studies (CP-AI-005 and CP-AI-007), the treatment effect for %
change in FEV1 (L) from baseline to Day 28 was 4.5%, 12.4% and 7.0% in
children (ages 6-12 years), adolescents (ages 13-17 years) and adults (≥ 18
years), respectively. In the AZLI vs TIS comparator study (GS-US-205-
0110), pediatric patients had improvement in FEV1 % predicted at Day 28
and across 3 treatment courses of AZLI that were of similar or greater mag-
nitude compared to adult patients. The small sample sizes for pediatric sub-
jects in each of the studies limited the demonstration of statistical signifi-
cance. 

The incidence of respiratory AEs was higher among adult patients than
pediatric patients. This finding is consistent with the general observation of
more severe disease in adults with CF. In the integrated studies, the only
adverse drug reaction reported in significantly more pediatric patients than
adults was pyrexia (18.4% vs 8.5%). 

Conclusion: The increases in lung function observed among AZLI-
treated children and adolescents were clinically meaningful and of a magni-
tude similar to that observed in adult patients. Adverse event (AE) rates
were similar between age groups.

Supported by Gilead Sciences.

306
PULSE FIELD GEL ELECTROPHORESIS OF
PREVOTELLA SPP. FROM CF AND NON-CF PATIENTS
Graham, K.; Gillanders, L.; Gilpin, D.; Wei, L.; Drain, M.;
Elborn, J.; Tunney, M. CF & Airways Microbiology Research
Group, Queens University Belfast, Belfast, United Kingdom

Introduction and aims: Anaerobic bacteria from a range of genera
have been detected in large numbers in sputum from both CF and non-CF
bronchiectasis patients with Prevotella spp. most frequently isolated. Fur-
thermore, Prevotella are also detected from a range of other body sites
including the oral cavity suggesting a possible reservoir for dissemination to
the respiratory tract. This study aimed to investigate the molecular epidemi-
ology of Prevotella spp. from a range of clinical specimens to determine
whether there is a species particularly associated with colonisation of the
respiratory tract.

Methods: Prevotella isolates from CF sputum (n=20), CF oral plaque
(n=5), non-CF bronchiectasis sputum (n=5), non-CF clinical isolates from a
range of body sites (n=48) and commercially available type strains (n=5)
were cultured under strict anaerobic conditions. Identities of all isolates
were confirmed by 16s rDNA sequencing. Isolates were characterised by
PFGE, using XbaI. Results from PFGE and 16s rDNA sequencing were
analysed by construction of dendrograms using UPGMA and DICE coeffi-
cient. 

Results: Isolates (n=77) were grouped into four clusters: A (n=24), B
(n=11), C (n=20) and D (n=22). Within group similarity for each was; A
(57%), B (59%), C (60%) and D (36%). The minimum and maximum sim-
ilarity between groups was 36% (Groups A and D) and 54% (Groups A and
B), respectively. Each cluster contained different Prevotella species as deter-
mined by 16s rDNA sequencing. Furthermore, the same species appeared in
more than one cluster, e.g. isolates identified as P. bivia appeared in clusters
A, B and D. Similarity between respiratory (CF and non-CF bronchiectasis)
and oral isolates was apparent, with isolates from both sources appearing in
all clusters and sharing up to 91% homology.

Conclusion: To date, PFGE studies have identified four main clusters
among Prevotella spp., from a range of clinical specimens. Individual Pre-
votella species may be present in one or more of these groups suggesting
limitations to 16s data for definitive identification and speciation of Pre-
votella. No Prevotella species were particularly associated with colonisation
of the respiratory tract in either CF or non-CF bronchiectasis patients. Fur-
thermore, genotypically similar Prevotella spp. have been shown to be pres-
ent in both the oral cavity and respiratory tract, lending weight to the
hypothesis that Prevotella in the oral cavity may be a reservoir for pul-
monary infection. Further understanding of the molecular epidemiology of
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Prevotella spp. may help identify potential sources and routes of transmis-
sion for this potentially important respiratory pathogen.

307
MOLECULAR ANALYSIS OF STAPHYLOCOCCUS
AUREUS ISOLATES FROM AN ONGOING
PROSPECTIVE OBSERVATIONAL LONGITUDINAL
MULTICENTER STUDY DETERMINING
STAPHYLOCOCCUS AUREUS AIRWAY COLONIZATION
OR INFECTION IN CYSTIC FIBROSIS PATIENTS
Braun, N.1; Duebbers, A.2; Kuester, P.3; Ellemunter, H.4; Heuer,
E.5; Sextro, W.5; Junge, S.6; Tuemmler, B.6; Mellies, U.7; Teschler,
H.8; Mainz, J.G.9; Riethmueller, J.10; Graepler-Mainka, U.10;
Koerner-Rettberg, C.11; Ballmann, M.11; Szczepanski, R.12; Wald,
A.13; Wisbauer, M.14; Adelsberger, D.15; Staab, D.16; Wollschläger,
B.17; Hammermann, J.18; Peters, G.1; Becker, K.1; Kahl, B.C.1 1.
Med. Microbiology, University Clinics Muenster, Muenster,
Germany; 2. Department of Perdiatrics, University Clinics
Muenster, Muenster, Germany; 3. Pediatrics, Clemenshospital,
Muenster, Germany; 4. Cystic Fibrosis, University Clinics,
Innsbruck, Austria; 5. Cystic Fibrosis Center, Hamburg,
Germany; 6. Pediatrics, Medical School, Hannover, Germany; 7.
Pediatrics, University Clinics Essen, Essen, Germany; 8.
Pneumology, University Clinics Essen, Essen, Germany; 9.
Pediatrics, University Clinics Jena, Jena, Germany; 10.
Pediatrics, University Clinics Tuebingen, Tuebingen, Germany;
11. Pediatrics, Ruhr University Bochum, Bochum, Germany; 12.
Cystic Fibrosis, Pediatrics Hospital, Osnabrück, Germany; 13.
Internal Medicine, University Clinics Leipzig, Leipzig, Germany;
14. Pediatrics, University Clinics Duesseldorf, Duesseldorf,
Germany; 15. Cystic Fibrosis, Children’s Hospital Park
Schönfeld, Kassel, Germany; 16. Cystic Fibrosis, Charite, Berlin,
Germany; 17. Internal Medicine, University Clinics Halle, Halle,
Germany; 18. Pediatrics, University Clinics Dresden, Dresden,
Germany

Staphylococcus aureus is not only the first but also one of the most
prevalent pathogens cultured from the airways of CF patients. The aim of
this prospective longitudinal multicenter study is to dissect S. aureus colo-
nization from infection by analyzing various host and bacterial related
aspects. Here, we present preliminary data of molecular analysis of S.
aureus isolates. 

S. aureus isolates from primary cultures at the outpatient clinical visits
were distinguished by phenotypical appearance (hemolysis, pigmentation,
size), molecular typed by spa-typing. Virulence gene profiles were deter-
mined for sea- see, eta, etb, tst, seg- sej, pvl, cap5/8, cna, clfA/B,
fnbA/B,sasG/H, sdrC/E/D and chips including agr specificity groups by sin-
gle or multiplex PCR.

A total of 1216 S. aureus isolates were retrieved from 565 specimens of
155 patients from 17 centers from first outpatient clinical visits and for some
patients from several visits. Ninety-three patients were male. The median
age was 16 years. 

The most diverse morphotypes were cultured from sputa, followed by
nasal lavage, throat and nasal swabs (2.94, 2.69, 1.98 and 1.64 isolates/spec-
imen). spa typing revealed 138 different spa types. Most patients carried
individual clones (92/155; 59%). The most common clone was spa type
t084, which appeared in specimens of 20 patients from 17 centers. The
clones were positive for the following toxins: sea 39; seb 2; sec 52; sed 20;
sea 2; eta 5; etb 2; tst 59; seg 209; seh 22; sei 212; sej 16; pvl 1; cap5 32;
cap8 73; cna 58; clfA 104; clfB 83; fnbA 80; fnbB 92; sasG 46; sasH 98;
sdrC 112; sdrE 41; sdrD 48; chips 76.

The most prevalent genes were seg and sei, followed by tst, sec and sea.
Interestingly, the adhesion cna was highly prevalent. Many isolates were
positive for the pyrogenic superantigens with sei being the most detected
gene indicating the virulence potential of S. aureus in the background of CF. 

This study is supported by a grant from the Mukoviszidose e.V. S05/07.

308
EXPLORING THE STREPTOCOCCUS ANTIBIOTIC
RESISTOME IN ADULT CYSTIC FIBROSIS PATIENTS
Eshaghurshan, C.S.1; Grinwis, M.E.1; Sibley, C.D.1; Rabin, H.R.2;
Storey, D.G.3; Surette, M.G.1,4 1. Microbiology & Infectious
Diseases, University of Calgary, Calgary, AB, Canada; 2.
Southern Alberta Adult Cystic Fibrosis Clinic, University of
Calgary, Calgary, AB, Canada; 3. Biological Sciences, University
of Calgary, Calgary, AB, Canada; 4. Medicine and Biochemistry
and Biomedical Sciences, McMaster University, Hamilton, ON,
Canada

Background: Cystic fibrosis (CF) has emerged to be shown as a
polymicrobial disease. Some of the most common organisms present in the
CF airway microbiome are the bacteria comprising the genus Streptococcus,
especially those in the viridans grouping (VGS). This includes overlooked
pathogens such as the Streptococcus milleri group that have been shown to
behave as synergens in animal models (avirulent or beneficial strains that
enhance the virulence of pathogens such as P. aeruginosa). Our collection of
cultured isolates from CF sputum includes 48 isolates that fall into nine dis-
tinct clades based on 16S rRNA gene sequencing and may represent novel
species within the Streptococcus genus. In addition to their potential for a
direct role in disease progression, the streptococci are a potential reservoir
of antibiotic resistance, due to their ability to undergo horizontal gene trans-
fer, in addition to their naturally competent nature. The CF airway microbio-
me is under constant pressure from several prescribed antibiotics, resulting
in increasing rates of antibiotic resistance and treatment failure. This study
sought to determine if there are increasing rates of antibiotic resistance
among a diverse group of streptococci and to elucidate the molecular mech-
anisms this may be occurring by.

Methods: In this study, 297 streptococci, both novel and defined VGS
that were previously isolated from sputum of adult CF patients, were tested
for susceptibility to nine antibiotics relevant for CF treatment. Kirby-Bauer
disc diffusion was done on individual isolates with zones of clearing used to
indicate susceptibility. Molecular mechanisms of resistance against the
macrolides were determined by a PCR-based screen for resistance determi-
nants or by sequencing of the 23S rRNA to seek point mutations.

Results: Resistance rates were greatest for macrolide antibiotics, at 60%
for erythromycin and 63% for azithromycin. Among the novel streptococci,
the resistance rates to the two macrolides was even higher at 81% and 77%,
respectively. Due to these results, macrolide resistance mechanisms were
looked at in closer detail. The two most common mechanisms of macrolide
resistance reported in streptococci, the mef (efflux pump) and erm (target
site methylation) accounted for only 45% of resistant isolates. Interestingly,
the 23S rRNA point mutations conferring macrolide resistance accounted
for 52% of macrolide resistance. The remaining 3% of macrolide resistant
isolates may be due to another mechanism that requires further study. 

Conclusions: The prevalence, species distribution and influence of ther-
apy on resistance profiles suggest complex ecological interactions among
the streptococci in the airways of CF patients with mutation, rather than hor-
izontal gene transfer, being the primary mechanism of acquired antibiotic
resistance in some species within this community. This study also illumi-
nates potential roles for the Streptococcus genus in disease progression.

This study was supported by CFC, AIHS and CIHR.

309
CF-ASSOCIATED MUTATIONS IN P. AERUGINOSA
YIELD CHANGES IN ITS VOLATILE METABOLOME
Bean, H.D.1; Dimandja, J.M.2; Hill, J.E.1 1. School of
Engineering, University of Vermont, Burlington, VT, USA; 2.
Department of Chemistry, Spelman College, Atlanta, GA, USA

Background and Objectives: A primary cause of morbidity and mor-
tality for CF patients is chronic Pseudomonas aeruginosa (P.a.) lung infec-
tion. In the lung, P.a. acquires mutations that allow it to persist in its new
environment. Some of these mutations, including mucoid conversion, are
correlated with changes in the volatile metabolites produced by P.a., and
exhaled in human breath. Using secondary electrospray ionization-mass
spectrometry (SESI-MS), we have observed that the volatile signatures of
FRD1, a lung-adapted P.a. strain, and PA14, a lung naïve strain, are distinc-
tive (Fig). In this work we have employed two-dimensional gas chromatog-
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raphy-mass spectrometry (GC×GC-MS) to identify the volatiles that are
correlated with common CF-associated mutations of P.a. Our goals are to
develop a rapid test to detect, track, and characterize P.a. infections in situ
in order to initiate early, targeted treatments that help maintain lung func-
tion.

Methods: PA14 wild-type and mutants, including ∆mucA, ∆lasR,
∆mexZ, ∆mexS, ∆fleQ, and ∆lasIrhlI, were cultured aerobically for 24 h at
37°C in 50 mL of synthetic CF medium (SCFM). SESI-MS spectra of the
headspace volatiles (20 – 500 Da) were collected in positive ion-mode. For
GC×GC-MS, the volatiles were adsorbed onto a triphase SPME fiber and
analyzed using the Pegasus 4D (Leco Corp.).

Results: The volatile signatures of the mutants are distinctive. For
instance, the PA14 double mutant ∆lasIrhlI has a SESI-MS volatile signa-
ture that differs from its parental strain, as well as from FRD1 (Fig). Addi-
tionally, using GC×GC-MS we have identified potential biomarkers for the
mutations studied in this work, building a volatile metabolome for these
strains.

Conclusions: Our data demonstrate that P.a. mutations that commonly
arise during chronic CF lung disease yield changes in its volatile
metabolome, which have the potential to serve as biomarkers. Tracking the
biomarkers for P.a. mutations via breath analysis could allow physicians to
detect mutations such as mucoid conversion or antibiotic resistance in the
lung prior to the successful culture from sputum or BAL isolates, which
would facilitate the implementation of earlier, better-targeted treatments for
P.a. infection. 

Funded by NIH P20 RR021905-01.
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A BETAINE-REGULATED ESTERASE, PA4921, POST-
TRANSCRIPTIONALLY REGULATES PLCH
EXPRESSION IN PSEUDOMONAS AERUGINOSA
LaBauve, A.E.; Wargo, M.J. Department of Microbiology and
Molecular Genetics, University of Vermont College of Medicine,
Burlington, VT, USA

We are interested in Pseudomonas aeruginosa virulence regulation in
the lung. The PA4921 transcript was induced in the presence of pulmonary
surfactant in a GbdR-dependent manner. GbdR also controls induction of
hemolytic phospholipase C (plcH) in surfactant as well as the choline cata-

bolic genes, suggesting that PA4921 may also play a role in this
virulence/catabolic pathway. We were interested in determining the function
of PA4921, including its role in membrane maintenance, PlcH secretion, and
virulence.

PA4921 translational fusions were used to determine regulation and
induction. Binding of GbdR to the PA4921 promoter was demonstrated by
mobility shift assay. Fatty acid esters of nitrophenol (4, 8, and 16 carbon
length) were used to measure lipase/esterase activity in cell extracts and
with purified PA4921. PlcH activity was measured by nitrophenylphospho-
rylcholine hydrolysis, and plcH transcriptional control was measured with a
plcH transcriptional reporter fusion and qRT-PCR. 

PA4921 transcript was induced in the presence of surfactant and phos-
phatidylcholine catabolites in a GbdR-dependent manner and GbdR bound
directly to the PA4921 promoter. Purified PA4921 showed specific
lipase/esterase activity towards short and medium chain acyl esters but not
long chain acyl esters. PA4921 deletion mutants showed decreased PlcH
activity in supernatants but no change in plcH transcription. We are examin-
ing the mechanism by which PA4921 controls PlcH expression and the
impact of PA4921 deletion on P. aeruginosa virulence.

Current data suggest that PA4921 is a GbdR-regulated lipase/esterase
that post-transcriptionally regulates PlcH expression and may impact P.
aeruginosa virulence in the lung.

This work was supported by NIH NCRR P20-RR021905.
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THE CARBON MONOXIDE RELEASING MOLECULE
CORM-2 ATTENUATES PSEUDOMONAS AERUGINOSA
BIOFILM FORMATION
Murray, T.S.1; Motterlini, R.2; Bruscia, E.M.1 1. Pediatrics, Yale
University School of Medicine, New Haven, CT, USA; 2.
University of Paris Est, Creteil, France

Pseudomonas aeruginosa (PA) chronic pulmonary infections in CF
patients are difficult to eradicate with current antimicrobials in part due to
the formation of antibiotic resistant organized communities of bacteria or
biofilms. New therapies aimed at disrupting or preventing biofilm formation
that enhance the efficacy of currently available drugs are urgently needed.
CORM-2 kills planktonic PA by releasing CO that binds to heme-containing
oxidases of the respiratory chain stopping bacterial energy consumption.
CO concentrations required for bacterial killing are not toxic for mammalian
cell and exogenous administration of CO (100-500ppm) by inhalation is in
phase I clinical trials as an anti-inflammatory agent (NCT00094406). While
cell death during planktonic growth is well described, the ability of CORM-
2 to affect PA biofilms and microcolony formation on epithelial cells has not
been tested. We hypothesized that carbon monoxide releasing molecules
(CORMs) attenuate PA biofilm formation and epithelial cell colonization.
To assess the antimicrobial effects of CORM-2 on PAO1 surface coloniza-
tion we examined biofilm formation and microcolony formation on human
bronchial epithelial cells (16HBE14o-). In vitro PAO1 biofilms were estab-
lished by overnight growth in M9 medium with glucose in 24 well plastic
dishes. The planktonic cells were removed and fresh medium with various
doses of CORM-2 (25µM-100 µM), DMSO vehicle control, iCORM con-
trol (containing ruthenium but no CO), +/- tobramycin, were added to the
biofilm. The biofilm was incubated with drug, washed and the biomass ana-
lyzed by crystal violet staining. The presence of CORM-2 reduced biofilm
formation by 50% with doses as low as 25µM. This effect was observed as
early as 1hr after drug addition and maintained for 6 hrs. CORM2-induced
bacterial death within the biofilm was confirmed by colony forming unit
(CFU) assay of dissociated bacteria after gentle sonication of the biofilm (2
log drop with 50µM CORM2 at 60min). Tobramycin (100µg/mL) alone
also reduced CFU recovery from the biofilm by 2 logs after 60 minutes and
the combination of both CORM-2 and tobramycin gave an additive effect.
Time-lapse microscopy (VivaView, Olympus) of PAO1 expressing green
fluorescent protein (GFP) attached to glass bottom dishes showed attenua-
tion of biofilm formation after addition of CORM-2. For co-culture studies,
16HBE41o- cells seeded on glass-bottomed dishes were inoculated with
PAO1-GFP at a 1:3 cell:bacteria/epithelial cell ratio for 40 minutes. After
rinsing the unattached bacteria, the co-culture was visualized by time-lapse
microscopy for 8 hours in presence of CORM2 (50µM) and/or of
tobramycin (10µg/mL) or of controls (iCORM, DMSO). The epithelium
integrity was monitored by differential interference contrast microscopy.
CORM-2 prevented microcolony formation and epithelial cell damage over
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time and the combination of CORM-2 and tobramycin was again additive.
This study demonstrates that CORM-2 alters PA surface colonization and
identifies the PA electron transport chain as a potential target to design new
drugs that attenuate PA biofilm formation. TSM and EMB contributed
equally to the study.

312
ABUNDANCE OF DNASE-SUSCEPTIBLE BACTERIAL
DNA IN THE AIRWAYS
Pezzulo, A.A.; Nassar, B.S.; Gansemer, N.D.; Rutland, C.J.;
Young, K.R.; Stoltz, D.A.; Zabner, J. Internal Medicine,
University of Iowa Carver College of Medicine, Iowa City, IA,
USA

Rationale: Massively parallel DNA sequencing has enabled an explo-
sion of data suggesting the presence of a diverse bacterial community in
healthy and sick lungs, yet dogma dictates that normal lungs are predomi-
nantly sterile. Multiple defense mechanisms kill inhaled and aspirated bac-
teria, and include cough, mucociliary clearance, airway antimicrobial mol-
ecules and immune cells. Most studies of airway bacterial diversity have
obtained samples using bronchoalveolar lavage (BAL) or protected cytology
brushes, which can result in contamination from the mouth and upper air-
ways. Here, we investigated the relative contribution of the mouth and upper
airways to bacterial counts and total bacterial DNA load in BAL samples,
and asked whether most of the recovered DNA corresponds to live bacteria.
We hypothesized that the distal airways would be sterile and that bacterial
DNA in BAL samples would correspond to dead bacteria and sample con-
tamination from mouth bacteria. 

Method: We obtained distal lung tissue samples from 6-week old pigs
after thoracotomy under sterile conditions. Homogenates of lung samples
were used for bacterial culture and for DNA extraction. We developed a
DNase treatment-based method for bacterial quantification that allows dis-
cerning between intact bacterial cell 16s-rRNA DNA and free bacterial
DNA or DNA from bacteria with damaged cell walls. We also examined the
endogenous bacterial load of the pig bronchial airways in samples obtained
directly after thoracotomy (Sterile BAL). We then examined the relative
contribution of mouth bacteria to contamination of BAL by comparing the
previous sample to localization-matched BAL obtained with a bronchoscope
under conditions that mimic clinical practice (Standard BAL). 

Result: We were unable to culture bacteria from the distal lung samples.
Moreover, we found that DNase-resistant DNA corresponded to approxi-
mately 4% of the total 16s DNA load, suggesting presence of mostly free
DNA or DNA from damaged cells in the samples. In Sterile BAL samples,
culturable bacteria were less diverse and levels corresponded to approxi-
mately 8% of those in Standard BAL samples, suggesting mouth contami-
nation in BAL samples when standard clinical precautions are taken. Total
bacterial DNA in Sterile BAL samples was 48% of that in Standard BAL
samples. In both types of BAL samples, DNase-resistant DNA was about
35% of total bacterial DNA. 

Conclusion: These data suggest that normal distal lungs in pigs are
mostly sterile. In contrast, in the bronchial airways, the abundance of bacte-
rial DNA from damaged or dead bacteria suggests that antimicrobial mech-
anisms tend to keep the airways free from frequently inhaled and aspirated
bacteria, but we cannot rule out the presence of intact bacteria. Our data also
confirm that using standard clinical precautions to obtain BAL results in sig-
nificant mouth contamination of the sample. Careful consideration of these
factors is therefore important when studying bacterial communities present
in diseased lungs and comparing them to healthy lungs.

313
SHARING OF COLISTIN-RESISTANT PSEUDOMONAS
WITHIN CYSTIC FIBROSIS CENTERS IN THE UNITED
STATES
Sgambati, N.1; Clock, S.A.2; Dasgupta, N.1; Saiman, L.2;
Moskowitz, S.M.1 1. Pediatrics, Massachusetts General Hospital,
Boston, MA, USA; 2. Pediatrics, Columbia University, New York,
NY, USA

Colistin (COL) is an important antibiotic for treatment of multi-drug
resistant (MDR) Pseudomonas aeruginosa in CF airway infection. Chronic
treatment with inhaled COL has led to the development of COL-resistant P.

aeruginosa (CRPA) strains at some European CF centers, and patient-to-
patient transmission has been reported at two such centers. The objective of
this study was to assess retrospectively the prevalence and molecular epi-
demiology of CRPA in the U.S., in light of data indicating that chronic
inhaled COL use here is more prevalent than generally recognized. As part
of this study, ~1100 isolates referred from U.S. CF centers to the CF Syner-
gy Lab (Columbia University) as MDR P. aeruginosa and initially tested as
resistant or intermediate to COL during 2000 - 2007 were transferred to a
research repository, re-coded, re-speciated and re-tested; ~410 isolates were
confirmed as CRPA. A limited data set that links isolate codes to specimen
receipt dates and patient, center, and region codes enabled analysis of tem-
poral trends and geographic relationships without revealing patient or cen-
ter identities. Overall, 57 U.S. CF patients had ≥2 CRPA isolates, and 14 had
≥4 isolates. Sixteen U.S. centers were identified at which at least three
patients had had at least one CRPA isolate cultured. Our analysis focused on
three centers, each with a relatively large number of CRPA isolates: Center
J, with 20 isolates collected from 15 patients; Center M, with 12 isolates
from 10 patients; and Center N, with 13 isolates from 9 patients. About half
of these isolates were highly COL resistant (MIC > 1024 mg/L, or 128-fold
above the current CLSI-defined lower limit of resistance). The phoPQ,
parRS, and pmrAB loci encode two-component systems (TCS) that regulate
COL resistance mechanisms; mutations in these loci can lead to resistance.
To understand the nature of such mutations in this set of 48 isolates, alleles
of the phoQ (PA1180), parS (PA1799), and pmrB (PA4777) sensor kinase
genes were sequenced. In Center J, 13 isolates derived from 10 patients
shared a single distinct pmrB double mutation (all 13 isolates were WT at
the phoQ and parS loci). MLST genotyping of these isolates performed
through analysis of aroE (PA0025), trpE (PA0609), acsA (PA0887), ppsA
(PA1770), and mutL (PA4946) confirmed that these 13 isolates represented
a single clone shared among the patients. Additional shared strains with dif-
ferent phoQ, parS, and pmrB mutations were observed in all three centers,
generally involving pairs of patients. While the molecular epidemiology
suggests the occurrence of patient-to-patient transmission of CRPA strains
within these centers, in the absence of contact tracing other possible modes
of transmission such as spread from a non-CF point source cannot be
excluded. Moreover, sharing of clonal CRPA isolates between patients at
different centers has not yet been observed. This represents the first report-
ed spread of CRPA strains within U.S. cystic fibrosis centers.

Supported by CFFT grant MOSKOW05P0 and NIH grant
R01AI067653.
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THE STRINGENT RESPONSE CONTROLS VIRULENCE
IN PSEUDOMONAS AERUGINOSA
Ahlgren, H.1; Bauerle, E.2; Yahr, T.3; Singh, P.2; Nguyen, D.1 1.
Medicine, McGill University Health Center, Montreal, QC,
Canada; 2. Microbiology, University of Washington, Seattle, WA,
USA; 3. Microbiology, University of Iowa, Iowa City, IA, USA

Pseudomonas aeruginosa expresses many virulence factors important
for its ability to cause human infections, including lung infections. As bac-
teria encounter different nutrient and stress conditions, the expression of vir-
ulence factors is modulated. Nutrient limitation induces the stringent
response, a conserved global stress and starvation response, upon synthesis
of the alarmone (p)pGpp by the genes relA and spoT. 

We here hypothesized that relA and spoT play an important role in the
regulation of virulence. We compared the phenotypes of the PAO1 wild
type, the mutants ∆relA and ∆relA∆spoT, as well as spoT+ and relA+spoT+
complemented strains. We measured production of total protease, elastase,
pyocyanin, pyoverdin, and exotoxins U and T using in vitro assays. The pro-
duction of total protease was significantly decreased in both ∆relA (60.9%,
p = 0.006) and ∆relA∆spoT (6.9%, p < 0.0001) strains compared to the wild
type (100%). There was a large decrease in the production of elastase (4.6%,
p < 0.0001), pyocyanin (7.9%, p < 0.0001), and pyoverdin (35.8%, p <
0.0001) in the ∆relA∆spoT strain compared to the wild type (100%), but
none were significantly decreased in the ∆relA strain. All complemented
strains showed a recovery of virulence factor production, which confirmed
that relA and spoT are required for full expression of these virulence factors.
There was no significant difference in the production of exotoxins U and T
among the strains. To further validate these in vitro phenotypes, we tested
the wild type and ∆relA∆spoT strains in an acute pneumonia mouse infec-
tion model. The wild type strain caused 100% mortality within 48 hours
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compared to 20% with the ∆relA∆spoT (p ≤ 0.05), further suggesting that
the ∆relA∆spoT strain is highly attenuated for acute virulence. 

In conclusion, a complete inactivation of the stringent response through
the deletion of both relA and spoT is required to significantly reduce the pro-
duction of specific virulence factors (elastase, pyocyanin, pyoverdin),
whereas deletion of relA alone does not lead to significant reduction in vir-
ulence. Through in vitro and in vivo work, we have shown that the stringent
response plays a critical role in the control of virulence in P. aeruginosa.

315
IDENTIFICATION OF SITES HARBORING
PSEUDOMONAS AERUGINOSA IN CF AND NON-CF
HOMES
Purdy, M.E.1; France, M.1; Hundley, T.1; Eid, N.2; Remold, S.K.1

1. Biology, University of Louisville, Louisville, KY, USA; 2.
Pediatrics, University of Louisville, School of Medicine,
Louisville, KY, USA

Pseudomonas aeruginosa is of great clinical relevance to patients with
cystic fibrosis, many of whose lungs are colonized by this bacterium in the
first few years of life. Most colonizing strains are thought to be environmen-
tal, but little work has been done to identify environmental habitats most
important in lung colonization. Identifying potential habitats from which
infections are acquired would facilitate targeted management of patient
exposure through elimination of P. aeruginosa habitat or targeted cleaning.
In this study we examine the distribution of P. aeruginosa in the human
home environment. Ten households were enrolled in this study, 5 of which
had a young child with CF, 5 of which did not. In each household up to 125
unique sites were sampled 4 times over the course of 1 year. These includ-
ed sites in and on humans and pets (e.g. nose, mouth, eyes), as well as non-
host associated sites (e.g. drains, counters, soils). In all, 4950 samples were
taken from 1560 unique sites. Samples were swabbed onto Pseudomonas
Isolation Agar and incubated for 48 hours at 28° C. Where growth occurred,
the isolates were identified by their 16s rDNA sequence. In all, we isolated
72 P. aeruginosa from 47 of the 1560 unique sites. Patterns of recovery
show that habitats differed significantly in recovery rates of P. aeruginosa.
As expected, P. aeruginosa was recovered from the respiratory tracts of CF
patients. It was also commonly found in household drains; 30% of the
kitchen sink, bathroom sink, tub and shower drains sampled yielded P.
aeruginosa. In contrast, it was rarely recovered from the other non-host
associated sites including yard, garden, and houseplant soils; only 1.3% of
these other non-host associated sites yielded P. aeruginosa. There were no
differences in recovery from non-CF humans living in homes with versus
without a CF patient, and non-host associated sites did not differ in P.
aeruginosa recovery in CF homes versus non-CF homes. The fact that
recovery of P. aeruginosa from drains in non-CF homes was not significant-
ly lower than in CF homes suggests that colonization of the drains from
patient sources does not explain the high rates of recovery from this habitat
type. These data suggest that targeted cleaning of drains could substantially
reduce P. aeruginosa populations to which CF patients are exposed in the
home.
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IN VIVO INHIBITION OF TOBRAMYCIN ANTI-
PSEUDOMONAL EFFECT BY AZITHROMYCIN
Nichols, D.1,3; Caceres, S.2; vonKessel, K.1; Young, S.2; Poch, K.2;
Malcolm, K.2; Taylor-Cousar, J.L.1,3; Saavedra, M.T.2,3; Nick,
J.A.2,3 1. Pediatrics/Medicine, National Jewish Health, Denver,
CO, USA; 2. Medicine, National Jewish Health, Denver, CO,
USA; 3. University of Colorado School of Medicine, Aurora, CO,
USA

Background and Objective: Multiple in vitro studies have demonstrat-
ed the potential for an antibiotic to inhibit rather than synergize with the
antimicrobial effects of other antibiotics. Azithromycin has been identified
as a drug which may interfere with the effect of antibiotics targeting
Pseudomonas aeruginosa (P.a.). Azithromycin is commonly prescribed as
chronic therapy for patients with cystic fibrosis, due to broad immunomod-
ulatory and antimicrobial properties. The majority of these patients also
receive episodic treatment with anti-pseudomonal antibiotics, including
ciprofloxacin and tobramycin. We sought to determine the interaction of

azithromycin with these two anti-pseudomonal antibiotics in a model of
persistent Pseudomonas aeruginosa infection in vivo.

Methods: Using IACUC approved protocols to minimize stress and dis-
comfort, partial-thickness cutaneous thermal injury (i.e. burn wound) was
established in C57Bl/6 mice. Two hours after injury, the wound was infect-
ed with P.a. strain PA01. At predetermined intervals following injury, ani-
mals were treated intraperitoneally with azithromycin, ciprofloxacin, and/or
tobramycin, alone or in combination, at doses relevant to human use. At pre-
determined timepoints following infection, animals were euthanized for tis-
sue collection to analyze both local and systemic burden of P.a. infection. 

Results: A single dose of azithromycin (20 mg/kg) administered 4 hours
after infection demonstrated a significant antimicrobial effect against P.a.
both locally (skin) and systemically (lung and spleen) at 24 hours and 72
hours after infection. This effect was similar to that seen with ciprofloxacin
(20 mg/kg twice daily) or tobramycin (10 mg/kg daily) monotherapy. At 72
hours, azithromycin was additive in inhibition of P.a. skin and lung infection
when combined with ciprofloxacin, but significantly antagonized the
antimicrobial effect of tobramycin in the skin and lung. These data correlate
with the observation of greater weight loss in the dual treatment
(azithromycin and tobramycin) when compared with monotherapy or saline
control. Splenic bacterial growth had a similar trend but was generally low
and no statistically significant effects were observed. No significant effect
on circulating neutrophils or neutrophil content of the infected wound was
observed with any of the mono or dual therapies tested.

Conclusion: The macrolide azithromycin may have significant anti-
pseudomonal antimicrobial effects in a model of persistent skin infection
with systemic spread to the lung and spleen. Azithromycin appears to have
added anti-P.a. effects when used in conjunction with ciprofloxacin, but
may significantly interfere with therapeutic efficacy in combination with
tobramycin. These are the first in vivo data demonstrating this effect, which
has been reported in multiple in vitro studies of combined antibiotic use—
particularly those employing biofilm culture techniques. Ongoing studies of
these potential interactions using primary pulmonary infection models will
be presented.
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TARGETING PAN-RESISTANT CYSTIC FIBROSIS
BACTERIAL PATHOGENS WITH ANTIBODIES TO A
BROADLY CONSERVED SURFACE POLYSACCHARIDE
Skurnik, D.1; Davis, M.R.2; Benedetti, D.1; Moravec, K.L.1;
Cywes-Bentley, C.1; Roux, D.1; Traficante, D.C.1; Walsh, R.L.1;
Maira-Litran, T.1; Cassidy, S.K.2; Hermos, C.1,3; Martin, T.R.4;
Thakkallapalli, E.L.4; Vargas, S.O.5; McAdam, A.J.6; LiPuma,
J.J.7; Pier, G.B.1; Goldberg, J.B.2; Priebe, G.P.1,8 1. Channing
Laboratory, Brigham and Women’s Hospital, Harvard Medical
School, Boston, MA, USA; 2. Department of Microbiology,
University of Virginia,, Charlottesville, VA, USA; 3. Division of
Infectious Diseases, Children’s Hospital Boston, Boston, MA,
USA; 4. Division of Respiratory Diseases, Children’s Hospital
Boston, Boston, MA, USA; 5. Department of Pathology,
Children’s Hospital Boston, Boston, MA, USA; 6. Department of
Laboratory Medicine, Children’s Hospital Boston, Boston, MA,
USA; 7. Department of Pediatrics, University of Michigan, Ann
Arbor, MI, USA; 8. Division of Critical Care Medicine,
Department of Anesthesia, Children’s Hospital Boston, Boston,
MA, USA

Context and Objectives: New therapeutic targets for antibiotic-resist-
ant bacterial pathogens are desperately needed, particularly for those that
infect CF patients. The bacterial surface polysaccharide poly-N-acetyl-glu-
cosamine (PNAG) mediates biofilm formation by some bacterial species,
and antibodies that bind to its deacetylated glycoform can confer protective
immunity. Among CF patients a highly antibiotic-resistant bacterial species
called Burkholderia dolosa of the Burkholderia cepacia complex (BCC)
has emerged as a problematic pathogen, providing an opportunity to study
the potential of this surface polysaccharide to be targeted for immunothera-
py against a highly resistant bacterial pathogen.

Methods: The presence of PNAG on BCC was assessed by a combina-
tion of bacterial genetics, microscopy, and immunochemical approaches.
Antibodies to PNAG were tested in vitro using opsonophagocytosis assays
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and in vivo after passive immunization for protective efficacy against lethal
peritonitis in mice infected by BCC alone or by BCC mixed with PNAG-
producing methicillin-resistant Staphylococcus aureus (MRSA).

Results: PNAG is expressed in vitro by BCC species and in vivo in the
human lung during infection with B. dolosa. CF patients chronically infect-
ed with B. dolosa mounted a PNAG-specific opsonophagocytic antibody
response. Monoclonal human and polyclonal animal antibodies to PNAG
mediated high-level opsonophagocytic killing of the major BCC species
and were protective against lethal peritonitis in mice after passive adminis-
tration. These antibodies also mediated protection in a BCC-MRSA co-
infection model.

Conclusions: PNAG is expressed in vitro and in vivo by the BCC, and
antibodies to PNAG are protective in a murine model of BCC infection, rais-
ing potential new therapeutic options against all the PNAG-producing bac-
teria, including multi-drug resistant and pan-resistant pathogens.

318
DEMONSTRATION OF RAPID (< 2 MIN) DIAGNOSIS OF
STAPHYLOCOCCUS AUREUS AND PSEUDOMONAS
AERUGINOSA INFECTION IN THE MOUSE LUNG
Hill, J.E.; Bean, H.D.; Zhu, J. School of Engineering, University
of Vermont, Burlington, VT, USA

Background and Objectives: Pseudomonas and Staphylococcus infec-
tions dominate the polymicrobial lung milieu for patients with cystic fibro-
sis. Distinguishing between these infections typically requires plating spu-
tum or bronchoalveolar lavage (BAL) fluids followed by biochemical test-
ing of isolated organisms. In work done by others, in vivo measurement of
patient breath volatiles shows that it is possible to distinguish between P.
aeruginosa infected and uninfected individuals. We have employed a new
technology – secondary electrospray ionization mass spectrometry (SESI-
MS) – to measure the volatile, ionizable compounds present in the breath of
mice with an established P. aeruginosa or S. aureus infection in the lung.
The objectives of this study are to: 

1. Distinguish between P. aeruginosa and S. aureus infection in the
mouse lung by measuring the volatiles in the mouse breath using SESI-MS
and 

2. Distinguish between methicillin-resistant S. aureus (MRSA) and
methicillin-sensitive S. aureus (MSSA) infection in the mouse lung through
a SESI-MS analysis of the rodent’s breath.

Rapid diagnosis of the dominant organism creating exacerbation in CF
patients as well as the ability to distinguish between MRSA and MSSA
strains would enable the physician to provide a more effective treatment reg-
imen, thus improving the patient’s quality of life.

Methods: P. aeruginosa strain PA14, MSSA strain RN450, and MRSA
strain 450M infections are established in male mice (C57BL/6J) at an infec-
tion dose of approximately 6x105 CFU/lung. Anesthetized mice are attached
to a Flexivent system at 0.25 mL/breath and at ~180 breaths per minute.
Mouse breath is collected over 60 minutes in a Tedlar bag. The breath is ana-
lyzed by SESI-MS in positive and negative ion modes, operating between 2
– 4 kV and using a silica capillary (40 µm) with a sharpened tip.

Results: The volatile metabolome (m/z range: 20 - 200 amu) from each
bacterium infecting the mouse lung is unique, and can be used to distinguish
between P. aeruginosa and S. aureus.

Discussion and Conclusions: Our data demonstrate that we can distin-
guish between mice with S. aureus and P. aeruginosa lung infections via
assessment of the volatiles in their breath using SESI-MS. Our preliminary
in vitro work suggests that we should also be able to show that we can dis-
tinguish between MSSA and MRSA infection in mouse breath using SESI-
MS, too. The ability to easily and quickly assess breath as a gateway to the
host-pathogen ecosystem would allow physicians to determine the identity
and nature of dominant infectious agents in the CF lung, without the need
for culturing organisms from sputum or BAL. Therefore, breath analysis
would facilitate the implementation of earlier, better-targeted treatments for
bacterial infection in CF patients. 

Funding: This study was supported by NIH P20 RR021905-01.
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SELF COLLECTION OF NASAL SWABS FOR
DIAGNOSIS OF RESPIRATORY VIRUSES IN PATIENTS
WITH CYSTIC FIBROSIS: A FEASIBILITY STUDY
Cochrane, E.S.1,2; McNamara, S.2; Emerson, J.C.1,2; Kuypers,
J.M.1; Gibson, R.L.1,2; Campbell, A.P.1,2 1. University of
Washington, Seattle, WA, USA; 2. Seattle Children’s Hospital,
Seattle, WA, USA

Background: There are emerging data on the importance of viral infec-
tions as triggers for pulmonary exacerbations (PEx) in children with CF.
Prompt treatment of PEx is crucial to ensure patients return to their prior
best baseline lung function. Because timely diagnosis of viral respiratory ill-
ness can be challenging, we studied a home collection method of respirato-
ry samples followed by detection of respiratory viruses by polymerase chain
reaction (PCR). This approach to rapid identification of respiratory virus
infections in CF patients may ultimately allow for more prompt recognition
and potentially early treatment of PEx. 

Objective: A prospective observational pilot study was conducted
among children aged 6–18 years with CF to assess the feasibility of a new
method for self collection of nasal secretions using soft polyurethane foam
swabs with detection of respiratory viruses by PCR.

Methods: Symptom surveys were completed and swabs were collected
with onset of new respiratory illness ≥24 hours and <7 days duration. If res-
piratory illness was present at a CF clinic visit, collection of a standard
nasopharyngeal swab by research staff and a self-collected “wet” swab
using saline spray was performed. At home, patients collected up to 2 sets of
foam nasal swabs (one “wet” and one “dry” swab per set) with onset of res-
piratory illness. Samples were mailed to the laboratory at ambient tempera-
ture via Priority Mail. 

Results: Thirty-five CF patients (mean age, 11.7 years) were enrolled.
Seventeen swab sets were collected in clinic with 8/17 (47%) positive virus
detections in at least one swab per set; 42 home swab sets were collected
from 24 patients with 34/42 (81%) positive virus detections in at least one
swab per set. Overall, 46 viruses were detected (4 swab sets were positive
for 2 viruses): 33 (72%) rhinovirus, 6 (13%) coronavirus, 2 (4%) respirato-
ry syncytial virus, 2 (4%) parainfluenza, 2 (4%) influenza A/H1N1, and 1
(2%) adenovirus. Mean number of symptoms reported was 3.3 and 4.4 for
clinic and home collections, respectively; and duration of new symptoms
was 5.3 and 3.1 days for clinic and home collections, respectively. Median
time from date of specimen collection to processing in the lab was 1 day
(range, 0-3 days) for swabs collected in clinic and 6 days (range, 1-19 days)
for those collected at home. For home collection, the same virus(es) were
detected in both swabs among 32 swab pairs; 4 additional viruses were
detected in dry swabs alone. 

Conclusion: Home collection and mailing of nasal swabs for respirato-
ry virus diagnosis is feasible for children with CF. Swabs collected at home
yielded a higher proportion of positive virus detections compared with
swabs collected in clinic (81% vs. 47%), likely because home-collected
swabs were obtained closer to the onset of symptoms. The self collection
method was feasible with similar results using wet or dry swabs. This self-
collection method may be useful for clinical diagnostics and future investi-
gations of the impact of respiratory virus infections in children with CF. 

Supported by: Firland Foundation and Center for Clinical and Transla-
tional Research/UW Institute of Translational Health Sciences.
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NON-TUBERCULOUS MYCOBACTERIA IN CYSTIC
FIBROSIS PATIENTS: IS THERAPY REALLY
WARRANTED?
Moua, J.1,2; Do, P.C.1,2; Chin, T.1,2; Randhawa, I.1,2; Chen, T.2,3;
Michalik, D.E.2,3; Batra, J.2,3; Edwards, J.1; Nussbaum, E.1,2 1.
Peds Pulm/Allergy, Miller Children’s Hospital, Long Beach, CA,
USA; 2. Pediatrics, University of California, Irvine, Irvine, CA,
USA; 3. Peds Infectious Diseases, Miller Children’s Hospital,
Long Beach, CA, USA

Nontuberculous mycobacteria (NTM) are widely found in the environ-
ment. The prevalence of NTM in the cystic fibrosis (CF) population ranges
from 3-30%. American Thoracic Society 2007 guidelines have delineated
diagnostic criteria for NTM infection based on clinical symptoms, radiolog-
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ic findings, and cultures. CF patients have chronic symptoms and radiolog-
ic findings that overlap with NTM infection making the differentiation
between disease and colonization challenging. CF disease alone is an inde-
pendent risk factor for NTM. Bronchiectasis, biofilm formation, specific
concurrent bacterial infections, and azithromycin use have also been shown
to increase the propensity of NTM infections.

Our objective is to challenge the current existing clinical trends and
evaluate the risk factors and necessity for anti-mycobacterial treatment in
CF patients.

Miller Children’s Hospital of Long Beach in California is an accredited
CF Foundation Center which cares for over 225 CF patients. Since 2006, 14
CF patients (6%) were identified to have at least one positive NTM culture.
Sputum and bronchoalveolar lavage (BAL) cultures, identification of
Mycobacterium species, pulmonary function tests (PFT), computed tomog-
raphy (CT) scans of the chest, and azithromycin therapy were reviewed for
each patient. 

Eleven of 14 patients met ATS guidelines, and of those, 5 patients (45%)
were started on NTM therapy. Two patients showed radiographic improve-
ment without significant change in PFT, while two other patients continued
to show steady decline in clinical status and radiologic findings despite
appropriate NTM treatment. The last patient was initiated on treatment but
did not tolerate more than 1 week. Her radiographic studies and PFT how-
ever remained stable. Four (66%) of the 6 patients, who did not start NTM
therapy, continued to have stable PFT (change in FEV1 ranged from -3% to
16% of predicted) 6-24 months following diagnosis. One showed improve-
ment on chest CT without treatment. Sputum acid-fast cultures were positive
in only 45% of these patients, while BAL cultures were positive in all 11
patients. Forty-five percent of patients were on chronic azithromycin thera-
py for anti-inflammation, and 92% had positive cultures for Staphylococcus
aureus, 45% for Haemophilus influenzae, 36% for Pseudomonas species,
and 36% for Stenotrophomonas maltophilia. The majority of CF patients
remained clinically stable despite lack of therapy, and those who received
NTM therapy showed no significant improvement in long-term PFT. Cul-
tures from BAL appear to be more sensitive in detecting the presence of
NTM.

Our results question the necessity of NTM therapy in the CF population
and suggest further prospective studies are needed before prolonged inten-
sive and invasive (PICC line) therapy for NTM is commenced. Newer guide-
lines for treating NTM in CF patients should be developed by the national
CF Foundation.

321
ROLE OF CFTR IN NEUTROPHIL FUNCTION:
BACTERIAL KILLING AND NEUTROPHIL ACTIVATION
Kingma, P.1; Mierke, S.1; Wiginton, D.1; Dimitriou, S.2; Karp, C.3

1. The Perinatal Institute. Section of Neonatology, Perinatal and
Pulmonary Biology, Cincinnati Children’s Hospital Medical
Center, Cincinnati, OH, USA; 2. Division of Pulmonary
Medicine, Cincinnati Children’s Hospital Medical Center,
Cincinnati, OH, USA; 3. Division of Molecular Immunology,
Cincinnati Children’s Hospital Medical Center, Cincinnati, OH,
USA

Cystic fibrosis (CF) manifests in several organ systems, but inflamma-
tion and persistent infection in the lung are responsible for most of the mor-
bidity and mortality associated with CF. Inflammation develops during the
first few months of life in the CF lung and is characterized by a persistent
influx of neutrophils and elevated levels of proinflammatory cytokines. Mul-
tiple studies have demonstrated abnormal function of neutrophils isolated
from CF patients, but it is important to note that all of these findings were
demonstrated in neutrophils isolated from older children or adult CF
patients with known colonization with P. aeruginosa, therefore it is unclear
if the observed neutrophil abnormalities were due to stimulus from the
infectious and/or inflammatory state of the host or to a primary defect with-
in the CF neutrophil.

Neutrophils are professional phagocytes and effectively remove infec-
tious pathogens from a variety of tissues. Shortly after phagocytosis of bac-
teria, a complex cascade of reactions occurs that lowers the phagosomal pH
and assails the engulfed bacteria with oxygen radicals and an array of pro-
teolytic enzymes. Previous studies demonstrated that CFTR is required for
bacterial killing by macrophages and that neutrophils isolated from adult CF
patients were defective in chlorination of ingested bacterial proteins sug-

gesting a potential role for CFTR in neutrophil phagolysosomal function.
However, these studies utilized neutrophils from adult CF patients or CFTR-
/- mice (which do not develop the hyper-inflammatory lung disease seen in
human CF patients); therefore, the question remains if neutrophil abnormal-
ities in CF patients are due to a critical role of CFTR in neutrophil function. 

We hypothesized that CF neutrophils are intrinsically normal and that
CFTR is not needed for normal neutrophil function. To test this hypothesis
we used the CF newborn screen to identify CF infants and isolate human CF
neutrophils prior to the onset of significant pulmonary or systemic disease.
Isolated infant neutrophils were incubated with P. aeruginosa or S. aureus to
evaluate bacterial killing, phagolysosomal function, and the production of
proinflammatory mediators. Results indicate that neutrophil mediated bac-
terial killing was normal in neutrophils isolated from CF infants when com-
pared to CF carrier or control infants. In addition, phagolysosomal acidifi-
cation and the production of oxygen radicals were normal in CF neutrophils.
However, the secretion of pro-inflammatory mediators following bacteria
exposure was increased in CF infant neutrophils when compared to normal
controls. The unexpected conclusion suggested from these findings is that
although CF neutrophil phagolysosomal function and bacterial killing is
normal, CFTR is needed for normal neutrophil function and the inhibition of
neutrophil activation. 

Supported by Cystic Fibrosis Foundation R457-CR07.

322
AZITHROMYCIN AND THE RISK OF NON-
TUBERCULOUS MYCOBACTERIA IN ADULTS WITH
CYSTIC FIBROSIS
Burgel, P.1; Morand, P.2; Audureau, E.3; Martin, C.1; Chapron, J.1;
Hubert, D.1; Kanaan, R.1; Dusser, D.1; Coolen, N.1 1. Service de
Pneumologie, Hôpital Cochin, APHP, Paris Descartes University,
Paris, France; 2. Service de Microbiologie, Hôpital Cochin, AP-
HP, Paris, France; 3. Service de Biostatistiques, Hôpital Cochin,
AP-HP, Paris, France

Background: Azithromycin reduces the risk of cystic fibrosis (CF)
exacerbations, but there are concerns regarding its effect on increasing
prevalence of non-tuberculous mycobacteria and their resistance to
macrolides.

Methods: We identified all adult CF subjects with a positive NTM iso-
late in our adult CF center from 2006 to 2010. We then performed a case-
control study to evaluate risk factors for non-tuberculous mycobacterial
(NTM) infection. Each Case was individually matched for age and gender
with up to 4 Controls, and clinical data at the date of first NTM isolate in
Cases were compared with those of Controls at the same time. Multivariate
conditional regression analysis was performed to establish risk factors for
NTM.

Results: From 2006 to 2010, 45 adults CF subjects had at least one pos-
itive isolate for NTM (NTM+ Cases): 44.4% had isolates from M. avium/M.
intracellulare group and 53.3% from M. abcessus/ M. chelonae/ M. mas-
siliensae group. Thirty-one of 45 subjects fulfilled the American Thoracic
Society criteria for NTM disease (ATS NTM+ Cases). Multivariate analysis
showed that both NTM+ Cases and ATS NTM+ Cases had poorer nutrition-
al status and were more likely colonized with Aspergillus fumigatus. Treat-
ment with low-dose azithromycin was associated with reduction in NTM+
Cases and ATS NTM+ Cases ATS (OR 0.40; 95% CI: 0.15 – 1.05; P=0.06).
Preliminary data suggest that azithromycin treatment was not associated
with higher resistance to macrolides among NTM+ Cases previously receiv-
ing azithromycin. 

Conclusion: These data suggest that azithromycin is a primary prophy-
laxis for NTM disease and is not associated with resistance of NTM to
macrolides. Prospective studies are warranted to confirm these findings.
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323
MECHANISMS OF ANTIMICROBIAL RESISTANCE IN
CYSTIC FIBROSIS AIRWAY ISOLATES OF THE
STREPTOCOCCUS MILLERI GROUP
Grinwis, M.1; Eshaghurshan, C.S.1; Sibley, C.D.3,1; Parkins,
M.D.3,4; Rabin, H.R.3,4; Surette, M.G.2,1 1. Microbiology &
Infectious Diseases, University of Calgary, Calgary, AB, Canada;
2. Biochemistry & Biomedical Sciences, McMaster University,
Hamilton, ON, Canada; 3. Medicine, University of Calgary,
Calgary, AB, Canada; 4. Adult Cystic Fibrosis Clinic, University
of Calgary, Calgary, AB, Canada

Previously we have shown that macrolide and clindamycin resistance in
members of the Streptococcus milleri Group (SMG), consisting of S. inter-
medius, S. constellatus, and S. anginosus, is markedly high among isolates
from cystic fibrosis (CF) patients, particularly those on chronic
azithromycin therapy (Grinwis et al. 2010. J. Antimicrob. Chemother.
54:2823-2829). Typically, macrolide resistance in streptococci is due to the
macrolide efflux pump, mefA/E, or the erythromycin methyltransferases
ermA and ermB, although mutations in ribosomal DNA or proteins have also
been observed, albeit at much lower frequencies. The purpose of the current
study was to determine the mechanisms of antimicrobial resistance preva-
lent among CF airway isolates of the SMG. A total of 67 CF airway isolates
resistant to macrolides, clindamycin, or tetracycline were subject to PCR
using primers specific for known resistance determinants. These included
mefA/E, ermB, ermTR/A, universal primers for a conserved region in the 23S
rDNA gene, and the tetracycline-resistance gene tetM. Thirty-three isolates
were considered duplicates and omitted from the analysis, leaving 34 unique
isolates from 26 patients. Of these, 31 were resistant to at least one of the
two macrolides tested, erythromycin and azithromycin. Sixteen of the
macrolide-resistant isolates (52%) harboured either ermB (11/16), ermTR/A
(4/16) or mefA/E (1/16). All of the isolates harbouring ermTR/A had
inducible clindamycin resistance, while all but one isolate harbouring ermB
were constitutively resistant to clindamycin. The remaining 15 macrolide-
resistant isolates (48%) had a point mutation at position A2058 or A2059 in
the 23S rDNA gene. A2058G was the most common mutation observed
(11/15), although A2058T (2/15) and A2059G (2/15) were also observed.
Both A2058G and A2059G mutations conferred resistance to clindamycin,
while isolates harbouring A2058T mutations were susceptible to clin-
damycin. Interestingly, macrolide resistance in all S. constellatus isolates (n
= 6) was solely due to ribosomal mutations. These findings suggest that
ribosomal mutation is a more common mechanism of macrolide and clin-
damycin resistance in SMG isolates than previously thought.

324
LONG-TERM SAFETY AND EFFECTIVENESS OF
LINEZOLID IN PATIENTS WITH CYSTIC FIBROSIS
Warrington, S.E.1; Kuhn, R.J.1,2; Anstead, M.3,4; Gokun, Y.2 1.
Department of Pharmacy, University of Kentucky HealthCare,
Lexington, KY, USA; 2. College of Pharmacy, Department of
Pharmacy Practice and Science, University of Kentucky,
Lexington, KY, USA; 3. Department of Pediatrics, University of
Kentucky HealthCare, Lexington, KY, USA; 4. College of
Medicine, University of Kentucky, Lexington, KY, USA

Background: The prevalence of methicillin resistant Staphylococcus
aureus (MRSA) has increased dramatically in patients with cystic fibrosis
(CF) over the last decade. This is concerning due to the possible association
between persistent MRSA colonization in patients with CF and an increased
rate of FEV1 decline per year when compared with methicillin sensitive S.
aureus (MSSA) colonization. The purpose of this study was to characterize
current practices regarding efficacy and safety outcomes of long-term line-
zolid use in patients with CF, as this is not well described in the current lit-
erature. 

Methods: This was a retrospective, repeated measures study of patients
with CF who received linezolid for the treatment of persistent MRSA lung
infection between January 1, 2005 and December 31, 2010. The primary
aim was to determine the annual rate of FEV1 decline in patients who were
treated with multiple courses of linezolid over at least 2 years. Each patient
served as his or her own control, and a mixed effects regression model was

used to assess the effect of linezolid treatment on the rate of FEV1 decline
over time. A two-tailed Student’s t-test was then used to compare the annu-
al rate of FEV1 decline in study patients treated with linezolid to center-
wide data reported in the Port CF Database.

Results: Fifteen subjects met inclusion criteria (mean age at inclusion,
17.4 years [range 6 to 36; standard deviation +/- 8.6]; baseline FEV1, 55%
predicted [+/- 20.7]; 8/15 male [53%]; 15/15 Caucasian [100%]). An aver-
age of 6.9 linezolid courses were administered over a mean duration of 94.3
days (range 42 to 231; +/- 47.5) for all combined therapies per subject. No
significant difference in the rate of FEV1 decline was noted in patients
receiving linezolid over at least a two-year period (p=0.63). One case of
transient linezolid resistance was documented; however, subsequent MRSA
cultures all remained susceptible. Anemia and diarrhea were the most com-
mon adverse effects noted in 11 (73.3%) and 5 patients (33.3%), respective-
ly. No cases of serotonin syndrome were reported during concomitant treat-
ment with linezolid and serotonergic agents.

Conclusions: Linezolid treatment was well tolerated overall; however,
this small sample size of patients did not provide significant evidence to sup-
port the hypothesis that long term linezolid therapy maintains an expected
annual rate of FEV1 decline in patients colonized with MRSA.

325
ESSENTIAL OILS AND THEIR CONSTITUENTS AS
POTENTIAL BROAD SPECTRUM ADJUVANTS TO
ANTIMICROBIAL TREATMENT OF CYSTIC FIBROSIS
PATHOGENS
Chance, D.L.1,2; Mohr, K.3; Mawhinney, T.P.2,4 1. Molecular
Microbiology & Immunology, Univ Missouri, Columbia, MO,
USA; 2. Child Health, University of Missouri, Columbia, MO,
USA; 3. Analytical Services, University of Missouri, Columbia,
MO, USA; 4. Biochemistry, University of Missouri, Columbia,
MO, USA

The aim of this pilot study is to evaluate the antimicrobial potential of a
variety of essential oils and their key components toward cystic fibrosis
(CF) pathogens in mixed species cultures and in combination with common-
ly used antibiotics. Essential oils (EOs), as a class of compounds extracted
or distilled from plant materials, have long been known to possess antimi-
crobial activities. With ever-increasing awareness of the polymicrobial
nature of CF airway infections, and concern for antibiotic resistence devel-
oping among bacteria and yeast of patients with frequent and/or chronic res-
piratory infections, research in our laboratories is focusing on essential oils
and/or EO components as potential broad spectrum adjuvants to antibiotic
therapy. Following initial EO screening experiments, this study tested select-
ed EOs and EO constituents, those found to be the most effective oils against
individual isolates of opportunistic CF pathogens Pseudomonas aeruginosa
(PA) and Staphylococcus aureus (SA), on mixed species cultures from
polymicrobial CF sputum and throat specimens. Using disk diffusion and
vapor exposure assays, the oils cassia, oregano, and thyme white in particu-
lar, inhibited the broad range of bacteria and yeast common to these speci-
mens; zone of inhibition (ZOI) ranges: cassia, 13-20 mm; oregano, 20-34
mm; and thyme white, 22-31 mm. For some of the patient samples it was
also observed that ZOIs in the mixed cultures were greater than ZOIs of iso-
lates cultured independently. Focused on PA, studies of potential synergy
between vapor phase EO exposure in combination with common antibiotics
on disks was evaluated. As seen with bay laurel for example, for organisms
already susceptible to antibiotics ceftazidime and pipericillin, demonstrated
little to no synergistic effect (< 2mm difference), whereas for an isolate
showing less sensitivity to tobramycin (11.5 mm ZOI ABX alone), the ZOI
was larger when simultaneously exposed to EO bay laurel (16.5 mm). Over-
all, oregano, thyme, cassia and bay ranked the “top performers” as potential
antimicrobial EOs, and carvacrol, thymol, and cinnamaldehyde as antimi-
crobial components, based on number and variety of strains inhibited in
contact and vapor exposure assays. These data suggest the potential of
essential oils and essential oil (EO)-derived compounds to provide additive
antimicrobial activity toward co-colonizing pathogens in a way amenable to
CF inhalation therapy. 

This research was supported by corporate and private sponsors and the
University of Missouri Agriculture Experiment Station Chemical Laborato-
ries.
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FACTORS ASSOCIATED WITH LUNG FUNCTION AT
AGE 6 IN CHILDREN WITH CF
Pittman, J.E.1; Lin, F.2; Davis, S.1 1. Pediatrics, UNC Chapel Hill,
Chapel Hill, NC, USA; 2. Biostatistics, UNC Chapel Hill, Chapel
Hill, NC, USA

Objective: CF lung disease begins in infancy and progresses before
most children are able to perform spirometry. Our objective was to identify
factors in infancy and early childhood associated with lung function at age
6-7 in a large cohort of children with CF from across the U.S.

Methods: Analysis of prospectively collected data from CF Foundation
Patient Registry on children with CF born from 1998–2002, using linear
regression to investigate the association between early life occurrences (0-6
years of age) and mean FEV1 at age 6-7. Analysis was restricted to subjects
with pancreatic insufficiency (by genotype or supplemental enzyme use)
with BMI data at age 2-4 and lung function data at age 6-7. Respiratory
pathogen prevalence was defined as percentage of quarters (3 mo.) with cul-
tures positive for a given organism. 

Results: We obtained data on 3,219 subjects from 171 U.S. CF centers,
3,180 (99%) of whom had confirmed diagnosis of CF. Of those, 2,535
(80%) were pancreatic insufficient (PI), 322 (10%) pancreatic sufficient;
pancreatic status could not be determined for 323 (10%). Final analysis
included 1965 PI subjects (47% male, 93% Caucasian, 11% Hispanic, 55%
∆F508 homozygous). Median age of diagnosis was 0.25 years; subjects pre-
sented with respiratory symptoms (36%), failure to thrive (37%), meconium
ileus (25%), and abnormal stools (22%). Seventeen percent of subjects
received tube feedings before age 6. Common treatments prior to age 6
included acid blockers (99%), dornase alfa (48%), and inhaled tobramycin
(25%), β-agonists (60%), hypertonic saline (11%), and corticosteroids
(31%). Organisms present on respiratory culture prior to age 6 included S.
aureus (93%), methicillin resistant S. aureus (24%), P. aeruginosa (73%),
mucoid P. aeruginosa (20%), Haemophilus sp. (67%), S. maltophilia (31%),
Klebsiella sp. (27%), E. coli (24%), Achromobacter sp.(8%), and B. cepacia
(2%).

On regression analysis, factors associated with lower mean FEV1 at age
6-7 included lower BMI age 2-4, more hospitalizations, Hispanic ethnicity,
respiratory symptoms at diagnosis, public insurance, and use of inhaled
tobramycin. Other medications were not significantly associated with lung
function at age 6. While density of cultures positive for P. aeruginosa was
not significantly associated with lung function at age 6, higher percentage of
cultures positive for mucoid P. aeruginosa, S. aureus, MRSA, and S. mal-
tophilia were all associated with lower lung function at age 6, as was pres-
ence of B. cepacia.

Conclusions: In nearly 2000 subjects with CF, we found a significant
association between infection with mucoid P. aeruginosa, S. aureus, MRSA,
S. maltophilia, and B. cepacia and lower lung function at age 6-7, but did not
see an association with presence of non-mucoid P. aeruginosa. Lack of asso-
ciation of non-mucoid P. aeruginosa and early childhood lung function may
reflect the widespread use of eradication protocols. Association of lower
lung function with a wide variety of organisms suggests that the underlying
pulmonary milieu (e.g. inflammation, mucociliary clearance) has a stronger
influence on pulmonary outcomes than particular infectious organisms. Fur-
ther study is needed to evaluate the impact of early childhood events on
long-term pulmonary outcomes in CF.

Support: CFF PITTMA10A0.

327�
BRONCHIECTASIS ON CHEST CT PREDICTS FUTURE
LUNG DISEASE SEVERITY IN CHILDREN WITH CF
Sanders, D.B.1; Li, Z.2; Brody, A.3; Farrell, P.M.1 1. Pediatrics,
University of Wisconsin, Madison, WI, USA; 2. Biostatistics,
University of Wisconsin, Madison, WI, USA; 3. Radiology,
Cincinnati Children’s Hospital Medical Center, Cincinnati, OH,
USA

Background: Bronchiectasis (BX) is an early and prominent feature of
CF lung disease. BX is present on chest CT even in children with normal
PFTs, and chest CT scans can demonstrate progressive disease even when

PFTs remain stable. Additionally, the presence of BX on chest CT is asso-
ciated with more frequent pulmonary exacerbations in the 2 years following
the chest CT. The association between BX and future lung disease has not
been assessed.

Methods: The Wisconsin Randomized Clinical Trial of CF Newborn
Screening (WI RCT) is a prospective, longitudinal study of the effect of
early diagnosis through newborn screening on children with CF. A chest CT
was performed during a period of clinical stability on 81 children (mean age
11.5 years, range 6-17 years) enrolled in the WI RCT. Brody scores of sever-
ity (including BX subscores) were determined by three independent review-
ers. Univariate linear regression was used to determine associations between
BX subscores and the most recent (i.e., age 21, or 6/30/2010, whichever was
later) measures of CF lung disease: PFTs, Wisconsin chest x-ray score
(WCXR, range 0-100, a score > 5 indicates irreversible changes), Brasfield
chest x-ray score (BCXR, range 4-25, scores < 21 indicate irreversible
changes), and infection with P. aeruginosa. Data within 2 years of the chest
CT was excluded.

Results: Study participant characteristics at the time of the chest CT
included: 41% female, 57% homozygous F508del, 84% pancreatic insuffi-
cient, 24% history of meconium ileus, mean FEV1 91% predicted, mean
WCXR 15.4, mean BCXR 18.8, and 48% with a respiratory culture positive
for P. aeruginosa within the prior year. The median Brody chest CT BX sub-
score was 1.0 (range 0-5.0, out of a possible 12), indicating generally limit-
ed distribution of BX, although 84% of patients had BX. Follow up data was
available for a mean of 5.6 years (range, 2-10 years). Mean age at follow up
was 19.0 (SD 2.0) years. Table 1 details linear regression estimates of the
difference in the most recent lung disease measure associated with a 1 point
increase in BX subscore. BX severity was more strongly associated with the
most recent FEV1 and WCXR than FEV1, FEF25-75, and RV/TLC, (p<0.01),
but not BCXR or WCXR (p>0.08), obtained at the time of the chest CT.

Conclusions: Bronchiectasis on CT scan is the most significant predic-
tor of lung disease progression and may be useful in guiding therapy. Chest
imaging has added value in predicting which CF children with mild lung
disease may develop more severe lung disease.

Table 1. Regression estimates of group mean differences in most
recent lung disease measures associated with a 1 point increase in Brody
chest CT bronchiectasis subscore

328�
EFFECTS OF LONG-TERM TOBRAMYCIN ON LUNG
FUNCTION DECLINE IN CHILDREN WITH CYSTIC
FIBROSIS
VanDyke, R.1,2; McPhail, G.L.2; Kahill, L.2; Fenchel, M.1,2; Carle,
A.3; Amin, R.2; Seid, M.2,3 1. Biostatistics & Epidemiology,
Cincinnati Children’s Hospital, Cincinnati, OH, USA; 2.
Pulmonary Medicine, Cincinnati Children’s Hospital, Cincinnati,
OH, USA; 3. Anderson Center for Health Systems Excellence,
Cincinnati Children’s Hospital, Cincinnati, OH, USA

Objective: Determine the impact of tobramycin, co-intervention effect
of dornase alfa, and resistance to aminoglycosides on lung function decline
measured by FEV1% predicted in CF patients prescribed chronic inhaled
tobramycin.

Study Design and Participants: Longitudinal cohort study of patients
6-21 years of age chronically infected with P. aeruginosa at least once. We
acquired data from the CF Foundation Patient Registry for 1996-2009. We
used Leeds criteria to annually determine chronic infection with P. aerugi-
nosa for each patient. Patient-level tobramycin use was measured as the
percentage of time the patient received Tobramycin when eligible based on
CF Foundation care guidelines. Our primary outcome was mean quarterly
FEV1% predicted.

Methods: To examine short terms and long term use of tobramycin, we
stratified regressions by tobramycin duration (< 3 years, � 3 years). Simi-
larly, we stratified regressions by dornase alfa use (None, 1-2 years, � 3
years) to assess co-intervention effect of dornase alfa use on FEV1. We
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examined the impact of resistance to aminoglycosides. Potential con-
founders measured at baseline included age, FEV1, CDC weight-for-age
%ile and insurance coverage. Baseline FEV1 was classified as � 35, 35-59,
60-79, 80-99% or � 100% predicted. Infection with MRSA, pancreatic
insufficiency, CFRD, sex and pancreatic insufficiency were also considered
potential confounders. We used two-stage instrumental variables regression
to account for different prescribing patterns across CF centers. In the first
stage, we performed a multiple linear regression of patient-level tobramycin
use on center-level prescribing rate (our instrument) and observed con-
founders. In the second stage analysis, we performed a multiple linear
regression of rate of decline in FEV1 on the instrumented patient-level
tobramycin use (predicted values from the first-stage regression) and
observed confounders. 

Results: For the overall cohort of 6-21 year-olds (n=8,270), increased
tobramycin use was associated with improvement in rate of decline in FEV1
(0.026% pred/year for every 10% of increased use, 95% CI: 0.009 to 0.044,
P=0.0039). For patients prescribed tobramycin for 3 years or longer
(n=6,026), the association between use and FEV1% predicted rate of decline
was statistically significant (0.054% pred/year for every 10% of increased
use, 95% CI: 0.004 to 0.035, P=0.0364). Dornase alfa subgroups showed
greater improvement that approached statistical significance. Relatively few
patients never received dornase alfa (n=510). Although not statistically sig-
nificant, there was a negative association between tobramycin use and rate
of decline in FEV1 for the 771 patients with reported resistance to amino-
glycosides (-0.013% pred/year for every 10% of increased use, 95% CI: -
0.035 to 0.004). 

Conclusion: Increased tobramycin use is a predictor of slower rate of
decline in FEV1. Patients on tobramycin � 3 years showed more improve-
ment than patients on tobramycin <3 years. Patients with concomitant dor-
nase alfa use had increased improvement in lung function.

329�
DEVELOPMENT OF A PULMONARY EXACERBATION
RISK SCORE AMONG CF PATIENTS NOT RECEIVING
RECOMMENDED THERAPIES FOR PULMONARY
CARE
Sawicki, G.S.1; Ayyagari, R.2; Zhang, J.3; Signorovitch, J.2; Fan,
L.2; Latremouille-Viau, D.2; Shi, L.4 1. Children’s Hospital
Boston, Boston, MA, USA; 2. Analysis Group Inc., Boston, MA,
USA; 3. Novartis Pharmaceuticals Corporation, East Hanover,
NJ, USA; 4. Tulane University, New Orleans, LA, USA

Background: Treatment guidelines for chronic respiratory medications
in cystic fibrosis (CF) recommend use of inhaled tobramycin and dornase
alfa in select populations to improve lung function and reduce pulmonary
exacerbation (PEx) risk. Adherence to these care guidelines is variable. 

Objective: To develop and validate a PEx risk score for CF patients not
receiving guideline-recommended therapies. 

Methods: Using data from the CF Foundation Patient Registry (1999 to
2008), we identified a cohort of patients with no reported use of either dor-
nase alfa or inhaled tobramycin despite meeting recommended criteria (age
≥ 6 years, positive for Pseudomonas aeruginosa and predicted FEV1%
25%-75%) in a calendar year (defined as the index year). The primary out-
come was a reported PEx requiring hospitalization or home IV treatment in
the subsequent year. Index years were randomly split into a development
sample (2/3 of the data) and a validation sample (1/3 of the data). In the
development sample, a logistic regression model was developed to predict
annual risk of pulmonary exacerbation following the index year based on
characteristics including demographics, comorbidities, treatment history,
disease severity and medical resource utilization. Important predictors were
selected using the least absolute shrinkage and selection operator (LASSO)
procedure, which identifies a parsimonious model while retaining predictive
accuracy. The prediction model was then validated independently in the val-
idation sample. 

Results: Among 4748 index years (from 2436 unique patients) the mean
age was 28.9 years, mean FEV1 %-predicted was 57.5% and 44.8% were
female. Pulmonary exacerbations occurred in 40% of all subsequent years.
Higher risk of PEx in the development sample (n=3211 patient-years) was
predicted by the following risk factors (in order of decreasing association):
prior PEx, prior use of bronchodilators, cystic fibrosis-related diabetes, pos-
itive cultures for methicillin-resistant Staphylococcus aureus, prior use of
inhaled tobramycin, depression, prior use of dornase alfa, female gender,

and lower FEV1 %-predicted. In the validation sample (n=1537 patient-
years), the model demonstrated excellent predictive performance (c-statistic
= 0.80). In the highest decile of predicted risk, 92% of patients experienced
a PEx, while only 9% in the lowest decile experienced a PEx. 

Conclusions: A risk score for PEx among cystic fibrosis patients not
receiving guideline-recommended therapies for pulmonary care was devel-
oped. Risk stratification identified patients with annual exacerbation risks
ranging from very high (>90%) to very low (<10%). The risk score can be
applied to inform treatment discussion and initiation of therapy for high-risk
patients. 

Funding:Novartis Pharmaceuticals Corp.

330�
RETROSPECTIVE EVALUATION OF APPROPRIATE
DURATION OF INTRAVENOUS ANTIBIOTIC THERAPY
FOR ACUTE CF EXACERBATIONS
Leonard, W.1; Zobell, J.T.1; Ensign, R.1; Korgenski, E.K.2,3;
Chatfield, B.A.2 1. Pharmacy, Intermountain Primary Children’s
Medical Center, Salt Lake City, UT, USA; 2. Department of
Pediatrics, University of Utah, Salt Lake City, UT, USA; 3.
Microbiology, Intermountain Heathcare, Salt Lake City, UT, USA

Background: Treatment of pulmonary exacerbation of cystic fibrosis
(CF) typically includes combination anti-pseudomonal beta-lactam and
aminoglycoside antibiotics for 14 days. Optimal treatment duration is deter-
mined by response to therapy, including improved pulmonary function tests
(PFTs), oxygenation, and nutrition status. Current therapy duration has
largely been dictated by tradition, and few clinical studies have been con-
ducted. Recent studies of other pulmonary infections, such as ventilator-
associated pneumonia, suggest therapy of less than 10 days may be ade-
quate. Shortened duration of treatment may decrease length of stay, drug
toxicity, and antimicrobial resistance. 

Methods: The study objective was to evaluate duration of antibiotic
therapy for pulmonary exacerbation in hospitalized pediatric CF patients.
This was a retrospective, observational study which utilized data obtained
from medical records of an integrated health system, as well as the Cystic
Fibrosis Foundation Patient Registry, from January 1, 2006 to July 31, 2010.
The study included CF patients ages 6-18 years from the Intermountain
Cystic Fibrosis Pediatric Center admitted to Intermountain Primary Chil-
dren’s Medical Center for treatment of pulmonary exacerbations with com-
bination therapy (anti-pseudomonal beta-lactam and aminoglycoside) for at
least 14 days. A minimum of 3 PFTs for the admission were also required
for study inclusion. The primary outcome variable was the percentage of
patients who returned to baseline pulmonary function (FEV1, FVC) at 7
versus 14 days of therapy. This was evaluated by a chi-square test. Second-
ary outcomes variables included median FEV1 percent predicted and medi-
an FVC percent predicted at 7 and 14 days, time to next exacerbation,
improvement in nutrition status from baseline (BMI), and antibiotic suscep-
tibility data (antibiogram). This study was IRB approved. 

Results: We evaluated 443 encounters (115 patients); 180 encounters
(81 patients) met inclusion criteria. Return to baseline FEV1% predicted
was significantly different at 7 vs. 14 days (47% vs. 64%, p<0.05). Median
FVC% predicted was significantly different at 7 vs. 14 days (88 vs. 93,
p<0.05), as was median FEV1% predicted (77 vs. 83, p<0.05). Median time
to next exacerbation was 221 days (27-1269), with only 55% requiring read-
mission within 1 year. Median improvement in BMI was significant at 14
days (0.6 kg/m2, p=0.007).

Discussion: This study shows significant improvement in pulmonary
function and nutrition status after 14 days of therapy. The findings of this
retrospective review suggest a length of treatment based on return to base-
line would favor a 14 day course over 7 day course of inpatient therapy. Fur-
ther study is needed to define the optimal duration of antibiotic therapy for
CF pulmonary exacerbations.



2011 Cystic Fibrosis Conference

332

331�
EARLY INTERVENTION IN PULMONARY
EXACERBATION
Aitken, M.L.1; Caldwell, E.1; Wilhelm, E.1; Goss, C.H.1,2 1.
Medicine, University of Washington Medical Center, Seattle, WA,
USA; 2. Pediatrics, University of Washington, Seattle, WA, USA

Background: Recent data from our group noted that nationally up to
25% of CF patients do not fully recover their lung function after exacerba-
tion. This might be due to delayed recognition. The primary goal of this pro-
posal is to assess the feasibility of performing an early intervention in the
recognition and hence treatment of adult CF acute exacerbations using home
symptom monitoring with the CF Respiratory Symptom Diary (CFRSD)
and home spirometry. 

Methods: The study is a 6 month single center, stratified randomized
non-blinded controlled clinical trial comparing usual care to a program of
early identification and treatment of exacerbation in adults with CF. Subjects
were randomized based on a stratified 1:1 randomization scheme (the strat-
ification variable FEV1 ≤ or > an FEV1 of 50% of pred.). Subjects were
enrolled if they were clinically stable, had not undergone solid organ trans-
plantation, and were chronically colonized by P. aeruginosa. Subjects were
excluded if they were infected with B. cepacia complex, receiving active
treatment for nontuberculous mycobacterial infection, or diagnosed with
ABPA. The early intervention arm performed home spirometry using the
PiKo-6 spirometer and CFRSD assessment via web based questionnaire or
Philips Telehealth twice weekly. If the respiratory symptoms noted the
change in symptoms by a score of 2 or more or the subject’s home spirom-
etry result decreased by 10% or more, they were contacted by phone and
evaluated about a possible acute exacerbation. The primary endpoint was
feasibility and compliance of the intervention.

Results: Forty-two subjects were enrolled, 20 randomized to usual care
and 22 to early intervention. The mean age was 29.7 yrs (± 10.1 SD) with a
mean FEV1% of pred. of 58.7% (± 22.0% SD). Subjects randomized to
early intervention were older (mean age 32.8 vs 26.3) and had worse lung
function (56.9% pred. vs 60.6% pred.). In the early intervention arm, com-
pliance was high, with 59% of subjects completing all biweekly home
spirometry and web-based CFRSD during the 6 month study period. Com-
pliance was higher using the Phillips Telehealth device than the web-based
assessment (74% vs 54%). Both groups had improvement in nutritional sta-
tus with improved weight [+0.55 and +0.48 kg (p=0.94) in usual care vs
intervention arm]. Lung function remained stable in the early intervention
arm and fell in the usual care, but this did not reach statistical significance
(-0.01 liters vs -0.15, p=0.19). The early intervention group experienced
more exacerbations (all exacerbations: 44 vs 32; incidence rate difference:
0.32, 95% CI:-0.66 to + 1.32).

Conclusions: Early intervention in pulmonary exacerbation using home
symptom monitoring and home spirometry is feasible with reasonable com-
pliance. Lung function as measured by FEV1 did not change significantly
between the groups, however, subjects in the early intervention arm had
mean lung function that was unchanged compared to a fall in lung function
in the usual care arm. These results suggest that a large scale efficacy study
is warranted to study the impact of home monitoring of symptoms and lung
function to improve clinical outcome in CF.

Funding Source: CFFT GOSS08A0.

332�
SEVERE CFTR GENOTYPE IS ASSOCIATED WITH
PULMONARY OUTCOMES IN INFANTS AND YOUNG
CHILDREN WITH CYSTIC FIBROSIS
Mott, L.1; Park, J.1; Ranganathan, S.2; Sly, P.3; Stick, S.4; on
behalf of AREST CF, ..1 1. Telethon Institute for Child Health
Research, Subiaco, WA, Australia; 2. Murdoch Children’s
Research Institute, Royal Children’s Hospital, Melbourne, VIC,
Australia; 3. Queensland Children’s Medical Research Institute,
Royal Children’s Hospital, Brisbane, QLD, Australia; 4.
Respiratory Medicine, Princess Margaret Hospital, Perth, WA,
Australia

Objective: To determine whether infants and young children with
severe CFTR genotypes have poorer pulmonary outcomes.

Methods: A total of 143 children age 0.3 to 6.5 years contributing 2 to
5 annual assessments including bronchoscopy with bronchoalveolar lavage
and limited slice chest computed tomography (CT) were included in this
study. Relationships between severe CFTR genotype, defined as both muta-
tions classified as Class I, II or III (compared to mild genotype, defined as
at least 1 mutation from Class IV or V) and clinical status, endobronchial
infection, neutrophilic inflammation (summarised using principal compo-
nent analyses as an inflammatory response score) and components of struc-
tural lung disease (bronchiectasis and air trapping) were assessed using lin-
ear or logistic regression (depending on the response variable) controlling
for potential confounders and allowing for multiple measurements on the
same person using generalised estimating equations.

Results: Class of both CFTR mutations was known in 122 of 143 chil-
dren, with 15 children having a mild CFTR genotype and 107 children hav-
ing a severe CFTR genotype. Children with severe CFTR genotype had a
lower BMI z-score (p=0.001), significantly higher inflammatory response
score (p=0.019) and had significantly greater worsening of inflammation
between scans (p=0.008). We did not detect a relationship between severe
CFTR genotype and endobronchial infection. While the presence of
bronchiectasis and air trapping was not more common in children with
severe compared to mild CFTR genotype, children with severe CFTR geno-
type had a significantly greater extent of bronchiectasis (p=0.006) and air
trapping (p=0.011), and a significantly greater worsening in bronchiectasis
(p=0.006) and air trapping (p=0.011) extent between successive scans.

Discussion: Neutrophilic inflammation and structural lung disease are
more severe in infants and young children with severe CFTR genotypes,
with evidence of a greater rate of disease progression. This may have impli-
cations for more aggressive management of infants with severe CFTR geno-
types. 

Supported by: CFFT, Inc, USA; ACFRT; and NH&MRC.

333�
CLINICAL OUTCOMES ASSOCIATED WITH INITIAL
PSEUDOMONAS ACQUISITION IN A LARGE TREATED
U.S. COHORT
Rosenfeld, M.1; Gibson, R.1; Emerson, J.1; McNamara, S.1;
Ramsey, B.1; Morgan, W.2; The EPIC Investigators, 1. Division of
Pulmonary Medicine, University of Washington School of
Medicine, Seattle, WA, USA; 2. University of Arizona, Tucson,
AZ, USA

Background: Pseudomonas (Pa) respiratory infection has clearly been
associated with poorer long-term outcomes in CF patients. However, the
relationship between initial Pa acquisition and shorter-term clinical out-
comes remains poorly defined, and has not been evaluated in the current era
of widespread use of initial Pa eradication regimens. As part of the ongoing
EPIC Observational Study, we aimed to evaluate the clinical outcomes asso-
ciated with the first lifetime isolation of Pa from a respiratory culture in a
large U.S. CF cohort. 

Methods: Participants were children with CF <13 years of age at enroll-
ment into the EPIC Observational Study between 2004 and 2006, with no
prior isolation of Pa from a respiratory (generally oropharyngeal) culture,
and observed at least 120 days without a Pa + culture. Clinical endpoints
were abstracted from EPIC case report forms and the US CFF National
Patient Registry. For continuous variables (lung function in patients >6
years, and growth), marginal regression models were fit to estimate slopes
before and after Pa acquisition while on study. The rate ratio of pulmonary
exacerbations treated with IV antibiotics before vs. after Pa acquisition was
estimated with Poisson regression. Logistic regression was used to estimate
the risk of the following before vs. after Pa acquisition: presence of respira-
tory signs and symptoms such as cough or crackles; antibiotic use; + culture
for other bacteria. All models used generalized estimating equation (GEE)
methods and were adjusted for potential confounders. 

Results: The cohort consisted of 886 subjects with a mean (SD) age of
4.6 (3.5) years at enrollment, observed for a mean 3.9 (SD 0.7) years. A total
of 414 (47%) acquired Pa, of whom > 71% received anti-Pa antibiotics; 302
were ≥6 years of age and had spirometry data across a mean of 3.8 years on
study. There was no significant effect of Pa acquisition on the slopes of
FEV1 (% predicted or CF-specific percentile), weight or height percentile,
or body mass index. The rate of pulmonary exacerbations treated with IV
antibiotics was significantly greater after Pa acquisition (incident rate ratio
1.5, 95% CI 1.1, 2.0). The odds of crackles or wheeze on physical exam also
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increased after Pa acquisition (OR 1.3, 95% CI 1.1, 1.7) but there was no
significant effect on cough or activity level. The odds of isolation of MRSA
(OR 1.6, 95% CI 1.1, 2.2) and S. maltophilia (OR 2.6, 95% CI 1.7, 3.9)
increased after Pa acquisition, while the odds of H. influenzae (OR 0.6, 95%
CI 0.5, 0.7) decreased. 

Conclusion: In this large US cohort, first lifetime isolation of Pa was
not associated with a significant deterioration in lung function or nutrition,
but was associated with greater subsequent pulmonary exacerbation rates
and odds of crackles or wheeze on physical exam. Longer observation peri-
ods may be required to observe an effect of Pa acquisition on lung function.
Pa infection may be the cause of these adverse outcomes or may be a mark-
er of more severe lung disease.

Supported by CFFT.

334
TOLERABILITY OF DENUFOSOL FOR INHALATION IN
2 TO 4 YEAR OLD CHILDREN WITH CYSTIC FIBROSIS
Rosenfeld, M.1; Davis, S.2; Ice, C.3; Johnson, C.3; Oermann, C.4;
Prestridge, A.L.5; Sawicki, G.6; Virella-Lowell, I.`.7; Wilmott, R.8

1. Pulmonary Medicine, Seattle Children’s Hospital, Seattle, WA,
USA; 2. Pediatrics, University of North Carolina, Chapel Hill,
NC, USA; 3. Inspire, Inc, Chapel Hill, NC, USA; 4. Pediatrics,
Baylor College of Medicine, Houston, TX, USA; 5. Pulmonary,
Children’s Memorial Hospital, Chicago, IL, USA; 6. Pulmonary,
Boston Children’s Hospital, Boston, MA, USA; 7. Pediatrics,
Medical University of South Carolina, Charleston, SC, USA; 8.
Pediatrics, St. Louis University, St. Louis, MO, USA

Background: Potential therapies such as denufosol (an ion channel reg-
ulator that increases chloride secretion through calcium-activated chloride
channels and inhibits sodium absorption through epithelial sodium chan-
nels) may provide the greatest benefit if initiated during infancy or early
childhood, before the onset of irreversible structural airway damage. Few
studies have evaluated the safety of inhaled investigational drugs in children
with CF <6 years of age. The objective of this study was to evaluate the safe-
ty and tolerability of denufosol for inhalation in 2 to 4 year old children with
CF. 

Methods: Randomized, placebo-controlled, double-blind, parallel
group study of the short-term safety and tolerability of denufosol tetrasodi-
um inhalation solution. Eligibility criteria included a) established diagnosis
of CF, b) age 2 to 4 years inclusive; c) room air oxygen saturation ≥95%; d)
informed consent by parent or guardian. Patients were excluded if they had
an acute respiratory infection; wheezing; or hemoptysis, hospitalization, or
inhaled hypertonic saline use within 30 days preceding enrollment. Partici-
pants were randomized 1:1 to denufosol, 15 mg/mL, 60 mg tid or 0.9%
sodium chloride, 4 mL tid for 7 to 10 days administered via Pari LC Plus
nebulizer. The first dose at Visit 1 and the final dose at Visit 2, 7 to 10 days
later, were administered under observation. The primary endpoint was intol-
erability of study drug, defined as one of the following post-dose at visit 1
or 2: a) room air Sa02 <90% or drop in room air Sa02 >5% from baseline for
>5 minutes, b) cough for >10 minutes, d) new wheeze or crackles on chest
auscultation. 

Results: Twenty-five children were enrolled, 12 in the placebo and 13 in
the active arm. Mean (SD) age was 3.0 (0.79) years, 12 were male, all were
white, 2 were Hispanic, and 13 were delta F508 homozygous. No subjects
met the pre-defined intolerability criteria at either visit. Six (50%) patients
in the placebo arm and 5 (38%) in the denufosol arm experienced 10 and 14
adverse events (AEs), respectively. Most were mild, 3 were moderate and
none was serious. The most commonly reported AE was cough (placebo, 1
(8%); denufosol, 2 (15%)). Four patients in each arm had treatment-related
AEs. Two patients prematurely discontinued, both in the denufosol arm.
One had a mild increase in respiratory rate possible related to study drug,
and the other had rhinorrhea and fatigue unrelated to study drug. 

Conclusions: Denufosol was well tolerated in this safety study in pre-
school CF children, supporting the investigation of the safety and efficacy of
other inhaled therapies in this critical age range that has the potential to gain
long-term benefit. 

Supported by Inspire, Inc

335
ASSOCIATION OF PHYSIOLOGIC MEASURES AND
CLINICAL CHARACTERISTICS IN A MULTICENTER
COHORT OF INFANTS WITH CF
Rosenfeld, M.1; Farrell, P.M.2; Kloster, M.1; Brumback, L.1;
Acton, J.3; Colin, A.4; Conrad, C.5; Hart, M.6; Kerby, G.7; Hiatt,
P.8; Mogayzel, P.9; Johnson, R.10; Castile, R.11; Davis, S.10 1.
Seattle Children’s Hospital, Seattle, WA, USA; 2. University of
Wisconsin, Madison, WI, USA; 3. Cincinnati Children’s Hospital,
Cincinnati, OH, USA; 4. University of Miami, Miami, FL, USA;
5. Stanford University, Palo Also, CA, USA; 6. Case Western
Reserve, Cleveland, OH, USA; 7. University of Colorado, Aurora,
CO, USA; 8. Baylor School of Medicine, Houston, TX, USA; 9.
Johns Hopkins University, Baltimore, MD, USA; 10. University of
North Carolina, Chapel Hill, NC, USA; 11. University of Ohio,
Columbus, OH, USA

Background: Detecting, monitoring, and treating early CF lung disease
may improve prognosis, yet little is known of the association between phys-
iologic measures and clinical characteristics in young children with CF. 

Objective: To describe longitudinal associations between pulmonary
function tests (PFTs) and clinical characteristics in a multicenter cohort of
infants with CF. 

Methods: CF patients < 24 months of age were enrolled in a 10-center
study evaluating PFTs 4 times over a year by the raised volume rapid thora-
coabdominal compression technique (RVRTC: FEV0.5, FEF75) and plethys-
mography (FRC). Chest radiographs (CXRs) from 2 visits ~1 year apart
were scored by an experienced blinded reviewer (PF) using the Wisconsin
(WI) and Brasfield (BR) scores. Associations of each lung function param-
eter with clinical characteristics were evaluated with mixed effects models
adjusting for length, age and sex with a random intercept and slope to
account for repeated measures. The effect of baseline characteristics on lung
function change was assessed by including an interaction between age and
the clinical measure. 

Results: One hundred participants were enrolled, among whom 246
acceptable RVRTC and 303 acceptable FRC measurements were made, and
171 CXRs obtained. FRC was significantly associated with WI CXR scores
(a 1 unit higher WI score was associated with a mean 4.62 (95% CI 0.66,
8.59) mL higher FRC) and presence of S. aureus in respiratory culture
(mean 19.3 mL (95% CI 5.1, 33.4) higher FRC). The presence of cough was
associated with a mean 34.6 mL/s (95% CI 64.2, 5.1) lower FEF75. Signifi-
cant associations were not detected between any lung function parameter
and cigarette smoke exposure, P. aeruginosa culture status, CF genotype,
weight percentile, BR CXR score, respiratory rate or oximetry. No effect of
baseline characteristics on subsequent lung function slope was detected. 

Conclusions: In this multicenter US study, WI CXR score and the pres-
ence of S. aureus on culture were associated with hyperinflation (higher
FRC), and the presence of cough was associated with airway obstruction
(lower FEF75). No association was detected between other clinical features
and lung function. 

Supported by CFFT.

336�
THE CONTRIBUTION OF PULMONARY
EXACERBATIONS TO LUNG FUNCTION DECLINE IN
CYSTIC FIBROSIS PATIENTS
Stanojevic, S.1; Ratjen, F.1; Atenafu, E.2; Lu, A.1; Yau, Y.1; Tullis,
E.3; Waters, V.1 1. The Hospital for Sick Children, Toronto, ON,
Canada; 2. Princess Margaret Hospital, University Health
Network, Toronto, ON, Canada; 3. St. Michael’s Hospital,
Toronto, ON, Canada

Background: Although it is known that pulmonary exacerbations neg-
atively impact lung function in cystic fibrosis (CF), it is not clear what pro-
portion of lung function decline is directly attributable to pulmonary exac-
erbations. The aim of this study was to determine how pulmonary exacerba-
tions contribute to the subsequent course of lung disease in CF patients.

Methods: This was a retrospective cohort study using the Toronto CF
database of patients with CF followed at the Hospital for Sick Children and
St Michael’s Hospital (Toronto, Canada) from 1997 to 2008. Patients were
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excluded if they were unable to perform reproducible spirometry and once
they had a lung transplant. A pulmonary exacerbation was defined as a hos-
pitalization for respiratory symptoms requiring antibiotics. Lung function
was measured by forced expiratory volume in 1 second percent predicted
(FEV1% pred). All clinically assessed FEV1 measurements were analyzed
using generalized estimating equations to determine the overall rate of
decline, while adjusting for the correlated nature of repeated measurements
and potential confounders (e.g. baseline FEV1, age, sex, year, history of
Pseudomonas aeruginosa and Burkholderia cepacia infection, body mass
index, genotype and age at diagnosis). 

Results: A total of 851 subjects (median age 18.0 years (IQR 8.7; 28.5))
were followed for a median of 6.7 years (IQR 2.4; 9.7). During this time,
there were 1882 exacerbations and 415 (48.8%) subjects had at least one
exacerbation (Range 1-6 exacerbations/subject/year). Overall the rate of
FEV1 decline for the entire study population was 1.6%/year
(95%CI:1.6;1.7). After adjustment for potential confounders, the rate of
decline in those without an exacerbation was 1.2%/year (95%CI:1.0;-1.5),
compared with 2.5% (95%CI:2.1; 2.8) in those with an exacerbation. Addi-
tional variables that predicted FEV1 decline are presented in the Table. Sub-
jects who had an exacerbation within 12 months of the previous had the
fastest rate of decline, 2.6%/year (95%CI:2.0; 3.0), compared to subjects
with more than one year between exacerbations, 2.2%/year (95%CI: 1.5;
3.0), and those with only one exacerbation during the study period
1.2%/year (95%CI:0.5;1.8). The proportion of the overall FEV1 decline
directly attributable to exacerbations was 51%/year (95%CI:35.0; 68.9).

Conclusions: One-half of the FEV1 decline seen in CF patients can be
directly attributed to the effect of pulmonary exacerbations requiring hospi-
talization and antibiotics. The time between exacerbations rather than the
absolute number of exacerbations is driving this decline. These findings
support using time to exacerbation as a clinical endpoint for CF trials.

Additional variables that predicted FEV1 decline

337�
ANOMOLOUS VASCULAR SUPPLY OF BRONCHIAL
CIRCULATION IS COMMON IN CF PATIENTS WITH
MASSIVE HEMOPTYSIS
Chakraborty, R.K.1; Trebelev, A.E.2; Bianco, B.2; O’Connell, W.2;
Hoag, J.B.1 1. pulmonary and critical care medicine, hahnemann
university hospital, Philadelphia, PA, USA; 2.
INTERVENTIONAL RADIOLOGY, HAHNEMANN UNIVERSITY
HOSPITAL, PHILADELPHIA, PA, USA

Introduction: In response to chronic hypoxic pulmonary vasoconstric-
tion, and persistent pulmonary inflammation, there is an abnormal enlarge-
ment, proliferation and anastomosis of the bronchial vascular bed in patients
with CF. Over a 5 year period, approximately 10% of people with CF will
have hemoptysis with slightly less than half of this number experiencing
massive hemoptysis during their lifetime. The source of massive hemopty-
sis is bronchial circulation in 90%. Bronchial artery embolization (BAE) has
long been considered a safe effective nonsurgical modality to manage recur-
rent hemoptysis. Recently, an expert panel published consensus recommen-
dations for treatment of hemoptysis in CF. While strong consensus favored
BAE for massive hemoptysis, no consensus was obtained regarding selec-
tive versus extensive embolization. Also no recommendations defined spe-
cific arteries or collaterals to target.

Methods: Bronchial arteries typically originate from the descending
thoracic aorta, although multiple aberrant origins and highly variable cours-
es are seen in patients with CF. We performed a retrospective single center
review of angiography in CF patients to determine the frequency and com-
mon origins of anomalous vasculature leading to hemoptysis in this cohort.

Results: In a retrospective case review of CF patients in our hospital
admitted with recurrent hemoptysis requiring angiography and emboliza-
tion, 71% were found to have more than one collateral from extra aortic ves-
sels feeding the bronchial arteries. Internal mammary artery was the most
common, followed by thyrocervical and costocervical trunks, subclavian
arteries, the brachiocephalic artery and inferior phrenic artery. Complica-

tions encountered in the setting of the need for widespread embolization
were uncommon, but included particle embolization into cerebellar territo-
ries with subsequent ataxia and vascular occlusion of axillary circulation . 

Discussion: Vascular anomalies and an absence of clear guidelines for
target vessels may increase the chance of non-targeted embolization and
recurrent hemoptysis. Our case series highlights the fact that bronchial arter-
ies with anomalous origin and supply should be suspected in CF patients.
Apart from the traditional approach, an angiographic approach in CF should
include arch aortograms to demonstrate entire blood supply of the bronchial
arterial field. Pooled data on commonly observed collateral vessels to the
bronchial circulation will help in defining target recommendations and will
contribute to precision and long term success of BAE in CF.

338�
TREATMENT COMPLEXITY IN CYSTIC FIBROSIS:
TRENDS OVER TIME AND ASSOCIATIONS WITH SITE-
SPECIFIC OUTCOMES
Sawicki, G.S.1; Ren, C.L.2; Konstan, M.W.3; Millar, S.J.4; Pasta,
D.J.4; Quittner, A.5 1. Children’s Hospital, Boston, MA, USA; 2.
U of Rochester, Rochester, NY, USA; 3. Rainbow Babies and
Children’s Hosp, Cleveland, OH, USA; 4. ICON, plc, San
Francisco, CA, USA; 5. U of Miami, Miami, FL, USA

Background: Pulmonary treatment guidelines and an increasing
emphasis on aggressive care for patients with cystic fibrosis (CF) have led
to greater treatment complexity. Although patients with CF have reported
high treatment burden, the determinants of treatment complexity have not
been evaluated. 

Objectives: To evaluate trends in treatment complexity over time and as
a function of age and location of care in a large observational CF cohort. 

Methods: Using data from the Epidemiologic Study of Cystic Fibrosis
(ESCF), we defined a treatment complexity score (TCS) as a weighted sum
of prescribed chronic therapies at each encounter. Each therapy (n=37) was
assigned a complexity score of 1, 2, or 3, based on daily frequency, duration,
and ease of administration. A composite TCS (range 0-72) was calculated as
the sum of all individual scores at each encounter. On an individual level, we
examined changes in average TCS over 3 years from 2003-2005 stratified by
age (6-13 years [child], 14-17 years [adolescent], 18+ years [adult]). We
stratified ESCF sites into quartiles based on 2004 data for mean FEV1,
mean BMI, and mean Treatment Burden score (higher score signifying
lower treatment burden) on the CF Questionnaire-Revised (CFQ-R)
(teen/adult, child, and parent versions) and compared mean TCS between
highest and lowest quartile sites for each outcome. 

Results: TCS scores were calculated for 7252 individual patients
(41.7% child, 15.6% adolescent, 42.7% adult) at 153 sites. In 2003, mean
TCS was 11.1 for children, 11.9 for adolescents, and 12.1 for adults. In all
3 age groups, TCS increased over 3 years; in 2005, mean TCS was 12.4,
12.6, and 13.3, respectively. At the site level, there were no significant dif-
ferences in mean TCS based on FEV1 or BMI quartiles (Table). However,
for all 3 CFQ-R versions, mean TCS was lower at sites in the highest quar-
tiles for CFQ-R Treatment Burden scores. 

Conclusion: Treatment complexity was highest among adults with CF,
although over 3 years, we observed a significant increase in treatment com-
plexity in all age groups. By 2005, treatment complexity for children had
reached the baseline level for adults over this 3-year observation period.
Such increases in treatment complexity pose a challenge to patient self-
management and adherence. No differences were seen in average treatment
complexity at the site level based on average lung function or nutritional sta-
tus, suggesting less variation in prescribing patterns despite variation
between sites in patient outcomes. In contrast, treatment complexity was
lower in sites with lower perceived treatment burden. Further research is
needed to understand the associations between treatment complexity and
subsequent health outcomes to reduce treatment burden and improve disease
management. 

Study supported by Genentech, Inc.

Mean TCS by Site-Specific Outcome Quartile
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*P<.05 for differences between highest and lowest quartile

339�
INTERACTION AMONG LUNG FUNCTION, VASCULAR
FUNCTION, AND EXERCISE CAPACITY IN PATIENTS
WITH CYSTIC FIBROSIS
Harris, R.1; McKie, K.T.2; Eidson, D.2; Lange, K.1; Poore, T.S.1;
Hudson, V.2 1. Georgia Prevention Institute, Georgia Health
Sciences University, Augusta, GA, USA; 2. Pediatric
Pulmonology, Georgia Health Sciences University, Augusta, GA,
USA

Cystic fibrosis (CF) is a genetic disorder that affects not only the lungs,
but multiple other biological systems as well. Unsurprisingly, patients with
CF have a reduced exercise capacity which is likely a consequence of their
pulmonary disease, but may also be associated with vascular endothelial
dysfunction. The flow-mediated dilation (FMD) test is a non-invasive
assessment of vascular endothelial function that has been shown to predict
future cardiovascular disease. 

Purpose: This study sought to explore the relationships among lung
function, vascular endothelial function, and exercise capacity in patients
with CF. 

Methods: Ten patients with CF and 8 demographically matched con-
trols participated in this study. Spirometry, FMD of the brachial artery, and
a maximal exercise test on a cycle ergometer were performed in all subjects
to determine pulmonary function, vascular function, and exercise capacity,
respectively. Independent t-test and regression analysis were performed
using SPSS software. 

Results: No differences in age (13.4±1.8 vs. 14.6±1.0 years), height
(61.4±2.4 vs. 62.4±2.0 inches), or BMI (19.2±0.6 vs. 19.2±1.0 kg/m2) were
observed between patients with CF and controls. Exercise capacity was
lower in patients with CF compared to controls (VO2Peak 31.6±6.7 L/min
vs. 37.2±9.8 L/min, respectively). Although lung function was similar
between groups (% predicted FEV1 = 93±5% vs. 104±5% respectively),
patients with CF exhibited an attenuated FMD compared to controls
(6.0±1.9 vs. 7.9±2.4%; p=0.075). Additionally, preliminary relationships
were observed between lung function (% predicted FEV1) and exercise
capacity (VO2 L/min) (r=0.441; p=0.067), exercise capacity and vascular
function (FMD) (r=0.332; p=0.178), and lung function (% predicted FEV1)
and vascular function (FMD) (r=0.316; p=0.26). 

Conclusion: To our knowledge, these preliminary data are the first to
recognize vascular endothelial dysfunction in patients with CF. These data
not only indicate that changes in vascular function precede the decline in
lung function detectable by conventional spirometry, they also provide a
foundation to begin understanding how CF related pathophysiology con-
tributes to systemic vascular dysfunction. Knowledge of how the aspects of
this triangular paradigm (lung function, vascular function, and exercise
capacity) affect one another will ultimately lead to the development of
enhanced therapeutic strategies for the treatment of CF.

This study was supported in part by the Georgia Health Sciences Uni-
versity Child Health Discovery Institute (RAH) and the American Heart
Association (RAH).
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DECREASED RIGHT VENTRICULAR FUNCTION IN
HEALTHY PEDIATRIC CYSTIC FIBROSIS PATIENTS VS.
NON-CYSTIC FIBROSIS PATIENTS
Ozcelik, N.1; Shell, R.2; Holtzlander, M.2; Cua, C.1 1. Heart
Center, Nationwide Children’s Hospital, Columbus, OH, USA; 2.
Pulmonology, Nationwide Children’s Hospital, Columbus, OH,
USA

Background: Right ventricular (RV) dysfunction may occur in patients
with cystic fibrosis (CF). Non-invasive quantitative assessment of RV func-
tion in these patients would be beneficial. Tissue Doppler imaging (TDI)
and strain and strain rate analysis are new echocardiographic tools that are
able to quantitate RV function. The goal of this study was to compare the RV
function in healthy CF patients versus non-CF patients to determine if there
were any differences present.

Methods: Healthy CF children with no active illnesses (Group I) and
age-matched non-CF children (Group II) were enrolled in the study. TDI

analysis of the RV free wall at the level of the tricuspid valve annulus was
performed. Two-dimensional speckle echocardiography was used to meas-
ure global strain and strain rates in 6-segment model of the RV. Echocardio-
graphic analysis was performed by a single person blinded to clinical status
of the patients. Independent t-tests were used to compare the results between
patients and controls. 

Results: Eighteen patients in Group I and 15 patients in Group II were
studied (7.7 ± 2.0 vs. 6.4 ± 2.5 years, respectively, p = NS). FEV1 in the CF
patients was 91 ± 15%.

Systolic annular velocity by TDI was significantly lower in Group I vs.
Group II (0.11 ± 0.02 cm/s vs. 0.13 ± 0.01 cm/s, p = 0.001). There were no
other significant TDI differences between groups.

RV strain values were significantly lower in 4 of the 6 segments in
Group I vs. Group II (RV free wall base -35.1 ± 5.1% vs. -41.3 ± 6.2%,
p=0.005; RV free wall mid -34.9 ± 3.7% vs. -39.2 ± 4.0%, p = 0.003; RV
septal apex -20.4 ± 7.0% vs. -25.6 ± 7.40%, p = 0.049; and RV septal mid -
20.31 ± 3.16% vs. -24.0 ± 4.9%, p = 0.018, respectively) There was a trend
for decreased strain in the RV free wall apex in Group I (-27.5 ± 6.7% vs. -
31.8 ± 6.5%, p = 0.072). Global strain value was significantly lower in
Group I (-27.6 ± 2.4% vs. -31.0 ± 2.4%, p < 0.001).

Systolic strain rate (SRs) and early diastolic strain rate (SRe) were sig-
nificantly lower in Group I compared to Group II (SRs -1.7 ± 0.2 s-1 vs. -
2.0 ± 0.3 s-1, p = 0.001, SRe 2.3 ± 0.4 s-1 vs. 2.6 ± 0.5 s-1, p = 0.022). 

Conclusions: Decreased systolic and diastolic RV properties were pres-
ent in young healthy CF patients compared to controls. TDI and strain
analysis could be used to evaluate early changes in RV function. Further
studies with longitudinal follow up are needed to determine the significance
of these findings in this population.

341
DIFFERENCES IN MEASURED LUNG FUNCTION
BASED ON SPIROMETRY INCENTIVE USED IN
CHILDREN WITH CYSTIC FIBROSIS
Anbar, R.D.; Soultan, Z.N.; Wang, D.; Chelvanayagam, C.D.
Pediatrics, SUNY Upstate Medical University, Syracuse, NY, USA

Background: Many industry-sponsored protocols measure FEV1 val-
ues, using a sponsor-provided spirometer (SPS). Between 2005 and 2009 at
our CF Center, participation of patients between 6-12 years in clinical trials
utilizing SPS increased from none to 16/52 (31%). Concurrently, our Cen-
ter data demonstrated a 2.7% decline in median FEV1 within this age group,
as reported by the CF Foundation. This lowered our ranking among all CF
Centers from above the 75th to below the 50th percentile. We had noted anec-
dotally that FEV1 values in clinical trials using SPS appeared lower than
with our regular clinic spirometer (RCS), especially in younger children.
This study was intended to define the extent of this issue.

Methods: The study population included all of our CF patients (6-21
years old) enrolled in studies sponsored by Inspire (TIGER-2 and DEFY)
that required use of a SPS, for 15 months after 10/09. All patients consent-
ed to perform a second set of pulmonary function tests (PFTs) on our RCS
each time after performing study protocol-defined SPS PFTs. The PFT
order was not randomized so as to not affect the sponsored studies. No bron-
chodilator was given between sets of PFTs. The same respiratory therapist
(RT) administered both sets of PFTs. Both the SPS and RCS were KoKo®

Spirometers. The SPS animation incentive screen showed 8 black-and-white
candles in which the first candle was blown out upon meeting predicted
PEFR, the intermediate candles going out once per second until the end of
testing, and the eighth candle required a flow rate plateau with no abrupt
end. There was no associated audio. The RCS provided a choice of color
incentive screens: A brick wall, sail boat, 3 little pigs’ houses, or 16 candles.
These reacted in response to exhaled volume, and the maximal response was
reached when the total volume exceeded 105% of the predicted FVC. This
animation was accompanied by coordinated cheerful sounds.

Results: Two sets of PFTs were collected on 71 occasions, from 14 dif-
ferent patients. Among 33 sets from 6-12 year olds (n=7, mean age=7 years),
FVC was 12% higher (p<.04, mean FVC=1.53 L measured on RCS, 97% of
predicted), and the FEV1 was 10% higher (p<.0001, mean FEV1=1.29 L,
90% of predicted) when measured by RCS as compared to SPS. Among 38
sets from 13-21 year olds (n=7, mean age=18 years), FVC and FEV1 were
not significantly different between the two spirometers. No statistically sig-
nificant random effects among patients and correlation between measure-
ments from the same patient were observed. 
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Discussion: The lower FEV1 measured with the SPS could have
accounted for much of the apparent decline in lung function among the 6-12
year olds at our Center. Given that FVC also was affected, the children may
not have inhaled optimally during the testing with SPS. As both sets of PFTs
involved the same spirometer model and RT, the difference in outcome like-
ly was related to the patients’ response to the incentive. As the patients were
experienced with PFTs it is unlikely that a learning effect accounted for the
difference.

Conclusions: Sponsors should be careful about the selection of spirom-
etry incentives for use in studies involving young children, in order not to
introduce a bias into the data set.

342
DESIGN AND POWERING OF CF CLINICAL TRIALS
USING PULMONARY EXACERBATION AS AN
EFFICACY ENDPOINT
VanDevanter, D.1; Yegin, A.2; Morgan, W.J.3; Millar, S.J.4; Pasta,
D.J.4; Konstan, M.W.1 1. Case Western Reserve University School
of Medicine, Cleveland, OH, USA; 2. Genentech, Inc., South San
Francisco, CA, USA; 3. University of Arizona, Tucson, AZ, USA;
4. ICON Clinical Research, San Francisco, CA, USA

Reduction in pulmonary exacerbations is an important efficacy endpoint
for CF clinical trials. Powering exacerbation endpoints requires estimation
of the future exacerbation incidence in CF study populations, but rates may
vary markedly with age and severity. Our objective was to estimate exacer-
bation rates for patients followed in the Epidemiologic Study of CF (ESCF)
stratified by age, forced expiratory volume in 1 second (FEV1) % predicted,
sex, weight-for-age (WFA), respiratory signs and symptoms, and history of
exacerbation and respiratory tract culture. To be included in this analysis,
patients had to be clinically stable at a routine clinic visit (index visit) in
which pulmonary function testing was performed within ± 7 days and no
treatment for exacerbation had been administered within ± 14 days. In addi-
tion, patients had to have been enrolled in ESCF for at least 12 months
before the index visit (baseline period) with at least 1 routine encounter
within that period, and to have had at least 4 encounters spaced roughly
quarterly (± 45 days) within a 13.5-month follow-up period after the index
visit. Patients could be included more than once in the analysis if subsequent
index visits did not occur during a follow-up period from a previous analy-
sis. Patients with missing data on ESCF enrollment date, date of birth, or sex
were excluded from the analysis. Key outcomes of interest were exacerba-
tions treated with intravenous (IV) antibiotics and with “any” antibiotic
(new oral quinolone, new inhaled antibiotic, or IV antibiotic). Percentages
of patients treated for exacerbation within 3, 6, 9, and 12 months of their
index visit and median time to treatment (if <365 days) were calculated for
different subgroups. Sample sizes required to attain 80% power to detect
20% to 80% reduction in treatment for exacerbation in 1:1 randomized stud-
ies of 3 to 12 months duration were determined. A total of 39,326 unique
analysis periods were captured among 16,082 eligible ESCF patients;
10,018 patients contributed at least twice to analyses. Only 34.1% of
patients were treated with IV antibiotics during follow-up. Median time to
receive “any” treatment was 294 days; 55.0% were treated at least once dur-
ing follow-up. Incidence of treatment consistently increased in all age
groups as lung function decreased; treatment incidence generally increased
with age group regardless of lung function up to 24 yr, beyond which it
declined slightly. Female sex, history of exacerbation, WFA <25th percentile,
and history of Pseudomonas aeruginosa culture were associated with
increased IV and “any” antibiotic treatment regardless of lung function.
Patients with daily cough, daily sputum, clubbing, and crackles were treat-
ed with IV and “any” antibiotics at higher incidence than the entire popula-
tion regardless of lung function; the effect of wheeze was variable. Observed
differences in the incidence of treatment for exacerbation between patient
subgroups may help inform the design and powering of future CF clinical
trials with exacerbation endpoints.

343
AEROSOL CHARACTERISTICS OF 7% NEBULIZED
HYPERTONIC SALINE DELIVERED BY 4 DIFFERENT
NEBULIZERS
Berlinski, A.1,2; Hayden, J.1,2 1. Pediatrics, UAMS COM, Little
Rock, AR, USA; 2. Pediatric Aerosol Research Laboratory at
ACHRI, Little Rock, AR, USA

Background: Nebulized 7% hypertonic saline has recently been incor-
porated as a new therapeutic agent that helps restore airway surface liquid in
patients with cystic fibrosis. The aim of this study is to determine the aerosol
characteristics of a commercially available formulation of 7% hypertonic
saline when delivered by 4 different nebulizers.

Material and Methods: Four units of a continuously operated nebuliz-
er (UP-DRAFT II® Optineb Nebulizer, HUDSON ); 4 units of each brand
of breath enhanced nebulizers (PARI LC® Plus, PARI and Sidestream Plus,
SIDESTREAM) and 4 units of a breath actuated nebulizer (Aeroeclipse II)
were tested. Nebulizers were loaded with 4mL 7% hypertonic saline (7%
Hypersal, PARI) and run for 6 minutes at 6L/min of central air. Aerosol
characteristics were determined by cascade impaction [cooled (4°C) Next
Generation Impactor technique operated at 15 L/min]. Mass median aerody-
namic diameter (MMAD), geometric standard deviation (GSD), percentage
of particles < 5 µm (%<5), and percentage of particles 1-3 µm (%1-3) were
calculated with CITDAS V3.1 software according to US and European
Pharmacopeia recommendations. Solutes were analized by freezing point
osmometry (Osmette II™, PSI, Natick, MA). Analysis of variance for
repeated measures followed by Tukey test for multiple comparisons were
used for data analysis. Significance level was set at 0.05.

Results: Expressed as mean ± SD of 4 measurements (see Table).
Conclusions: Pari LC Plus, Sidestream Plus, and Aeroeclipse II nebu-

lizers produced aerosols of similar characteristics when nebulizing 7%
hypertonic saline. Hudson nebulizer produced a larger size aerosol with
fewer particles in the respirable range.

*p < 0.01 when compared to other nebulizers. # p < 0.01 when
compared to PARI and Sidestream nebulizers. ^ p < 0.05 when
compared to Aeroeclipse nebulizer.

344
INITIAL FEV1 MEASUREMENTS PREDICT FUTURE
PULMONARY OUTCOME IN CHILDREN WITH CYSTIC
FIBROSIS
Com, G.; Jambhekar, S.; MelguizoCastro, M.S.; Berlinski, A.
Pediatric Pulmonology, UAMS/ Arkansas Childrens Hospital,
Little Rock, AR, USA

Introduction: Forced expiratory volume in one second (FEV1) is used
to determine the severity of the lung disease and predict the morbidity and
mortality in patients with CF. However, reliable measurements of FEV1
may not be achievable in many young toddlers leading underestimation of
the pulmonary insult. We recently showed that low BMI percentiles, number
of hospitalizations, presence of mucoid Pseudomonas (>1) presence of
Stenotrophomonas maltophilia (≥1), and heterozygosity for DF508 muta-
tion were associated with low initial FEV1 (<80% predicted (% p)) meas-
urements in a homogenous group of 122 children with CF. The objective of
the current study was to find out whether the initial FEV1 predicts the sever-
ity of lung disease in older age. 

Methods: Retrospective review of medical records of patients with CF
followed at Arkansas Children’s Hospital were performed. Patients diag-
nosed <3y and followed for 2 consecutive years before and after initial
spirometry were included. Patients were empirically classified in low FEV1
(<80% p) or normal FEV1 (≥80% p). For the longitudinal analysis, unad-
justed repeated measures mixed model analysis was used to model FEV1
over time by groups. Statistical analysis was performed using SAS v. 9.2. 

Results: A total of 122 children, mean age 6 y (±1 year) at the time of
initial spirometry, were included. Sixty-six participants were male. There
were 16 (13%) children whose initial best FEV1 was <80% p; 106 patients
had initial best FEV1 ≥80% p. The median FEV1 of the low and normal
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groups were 70% p and 91% p respectively. The mean follow up was 5.6 y
(±4.8) for the low group and 7.6 years (±4.0) for the high FEV1 group. 

Mortality: Overall 5 children died: 2 in the low and 3 in the high FEV1
group. One patient from each group underwent lung transplant.

Yearly decline in FEV1: When we used the best yearly FEV1 measure-
ments to compare the low FEV1 group with the normal FEV1 group, the
slope showed a positive trend in the low FEV1 group with a yearly improve-
ment of +0.76 (-2.5,+2.6). However, the slope showed negative trend in the
normal FEV1 group. Slopes were negative in both low and normal groups
when we used the worst yearly measurements and all FEV1 measurements. 

Outcome of patients in the low FEV1 group: One child died at age 11
years. This patient’s initial FEV1 was 43% p and never improved above 50%
p. The second patient had poor adherence and died at age 19. One patient
underwent lung transplantation at age of 14y and her initial FEV1 reading
was 36% p. The remainder had positive best yearly FEV1 slopes. Although
56% of patients in the low group responded to aggressive treatment with
some improvement of lung functions (≥80% p), only one subject reached
100% p level. Forty-three percent of these children had established severe
lung damage and their lung functions remained <80% p.

Conclusions: 1) There is a distinct small group of children who devel-
op severe lung disease early in life; 2) with intensive treatment, FEV1 val-
ues can be improved in some children with low initial FEV1 measurements,
but the majority will continue having subnormal lung functions; 3) all FEV1
measurements, not the best yearly FEV1 may reflect the progression of the
lung disease better in patients with poor lung functions early in life.

345
PLANNING FOR THE FUTURE: COMPLICATIONS
ARISING IN PATIENTS WITH CYSTIC FIBROSIS
SURVIVING INTO MIDDLE AGE
Anderson, A.; Doe, S.J.; Heslop, K.; Caraher, M.; Bourke, S.J.
Newcastle Adult Cystic Fibrosis Clinic, Royal Victoria Infirmary,
Newcastle upon Tyne, United Kingdom

Aim and Method: There is increasing interest in predicting the prob-
lems which may arise as patients with CF survive into middle age. We
reviewed all patients at our clinic who had survived for 40 years to assess
what CF complications and additional medical problems had arisen. 

Results: Forty-seven patients have survived beyond 40 years; 35 are still
alive with a mean age of 46.7 (range 40-71) years; 12 died at a mean age of
48.1 (range 40-60) years. All patients had classic CF but 13 were diagnosed
in adulthood. Twelve patients have had lung transplantation at a mean age of
36.5 (range 31-48) years.

As expected the well-known complications of CF increased with age
with progressive lung disease dominating: mean FEV1 in non-transplanted
patients 1.45 (0.35-3.14) L; 5 (11%) had allergic bronchopulmonary
aspergillosis, 3 (6.5%) had major haemoptysis, 2 (4%) had pneumothoraces.
Only 2 (4%) had significant liver disease with portal hypertension; 4 (8.6%)
had had a cholecystectomy for gallstones. Diabetes was present in 20
(42.5%) of the patients, and of these 3 developed retinopathy and nephropa-
thy. Renal impairment occurred in 3 patients post-transplantation from
ciclosporin toxicity. In the other patients renal function was well maintained
(mean creatinine 83 µmol/L; range 41-149) despite high cumulative doses
of antibiotics. Only 2 patients have had fractures possibly related to osteo-
porosis.

Some additional medical problems have arisen in individual patients
including: amyloidosis, dilated cardiomyopathy, coronary artery disease
requiring angioplasty, stroke disease, peripheral vascular disease, ischemic
optic neuropathy, esophageal carcinoma, basal cell carcinoma, melanoma,
meningioma, and colonic carcinoma.

Conclusion: Progressive lung disease is the dominant issue as patients
with CF reach middle age. Some additional medical problems occur which
may represent late complications of CF (e.g. amyloidosis) or additional
medical problems of ageing (e.g. vascular disease), and it is currently uncer-
tain whether there may be a higher prevalence of some diseases in CF (e.g.
malignancy). There is increasing complexity of disease as patients survive
into middle age.

346
EARLY USE OF NON-INVASIVE VENTILATION IN THE
ADULT CF PATIENT WITH ADVANCED LUNG DISEASE
Lam, A.; Wolfe, L.; Cullina, J.; Prickett, M.H.; Jain, M.
Northwestern University, Chicago, IL, USA

Background: Non-invasive positive pressure ventilation (NIPPV) in
cystic fibrosis patients with end-stage lung disease is often used as a bridge
to lung transplantation. Patients with advanced pulmonary disease have
increased work of breath, which contributes to high metabolic demands. In
CF patients with low BMI, the high metabolic needs of breathing may hin-
der efforts to gain weight. There is limited data regarding the use of NIPPV
to assist in airway clearance and for overnight ventilatory support; no data
exist regarding the use of NIPPV to decrease work of breathing and augment
nutritional support. 

Methods/Results: In this pilot study, adult CF patients with severe lung
disease (FEV1 <40% predicted) and BMI <20 were initiated on nocturnal
NIPPV. Ventilation was provided using Trilogy 100 ventilator with bilevel
pressure ventilatory support to achieve target goal tidal volume of 8cc/kg.
Data was downloaded from the machines monthly to assess patient use as
well as pressures and volumes delivered by the ventilator. Data was collect-
ed from five patients with initial mean FEV1 of 0.96L (27% predicted),
FVC of 2.03L (49 % predicted), serum bicarbonate of 29.6mmol/L, BMI of
19.2. While compliance varied from patient to patient, in those patients who
had been on NIPPV for greater than 12 months, the mean percent days of
ventilator use was 82.5%, average hours of ventilator use was 6.5 hours, and
the average hours of ventilator use on days actually used was 7.8 hours. In
these five patients during this period, there was no change in lung function
or BMI; one patient died and one patient successfully underwent lung trans-
plantation. 

Conclusions: Use of non-invasive positive pressure ventilation may be
of benefit in adult cystic fibrosis patients with low BMI and advanced lung
disease. Based on our data, NIPPV appears to be well tolerated with good
patient compliance and may provide a model for objectively measuring
compliance in cystic fibrosis. Downloaded data from ventilators may also
allow for remote monitoring of disease in cystic fibrosis. Our data does not
allow any conclusions about efficacy of NIPPV on nutritional outcomes. A
larger study will be needed to examine the effects of NIPPV on oxygen
consumption/metabolic rate as well as the appropriate timing of initiation of
NIPPV to augment nutritional support.

347
TOBRAMYCIN INHALATION POWDER VS
TOBRAMYCIN INHALATION SOLUTION FOR CYSTIC
FIBROSIS: RESPONSE BY AGE GROUP IN THE EAGER
TRIAL
Geller, D.E.1; Nasr, S.2; Piggott, S.3; Angyalosi, G.4; Higgins, M.3

1. Nemours Children’s Clinic, Orlando, FL, USA; 2. Department
of Pediatrics and Communicable Diseases, University of
Michigan, Ann Arbor, MI, USA; 3. Novartis Horsham Research
Centre, Horsham, United Kingdom; 4. Novartis Pharma AG,
Basel, Switzerland

Background: Tobramycin inhalation powder (TIP) is a new
drug–device combination delivering light-porous-particles via the portable
T-326 dry powder inhaler, designed to reduce treatment times and improve
ease of use in cystic fibrosis (CF) patients with Pseudomonas aeruginosa
(Pa) infection. The recent EAGER trial compared the safety, efficacy and
convenience of TIP vs tobramycin inhalation solution (TIS) in CF patients
aged ≥6 years. Here we report the post-hoc subgroup analysis by age. Pre-
viously, the most robust response to TIS was shown in 13–17 year olds
(Ramsey 1999).

Methods: Patients with Pa infection and FEV1 ≥25 to ≤75% predicted
were randomized 3:2 to receive open-label TIP (112 mg) via the T-326
inhaler or TIS (300 mg/5 mL) via PARI-LC® PLUS nebulizer twice daily for
three cycles (28 days on, 28 days off). Assessments included safety and tol-
erability, spirometry, microbiology, antipseudomonal antibiotic use and hos-
pitalizations for respiratory events. Patient-reported satisfaction was
assessed using a modified Treatment Satisfaction Questionnaire for Medica-
tion (TSQM). Data were stratified by age: 6 –<13 (n=46), 13–<20 (n=114),
≥20 years (n=357).
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Results: The frequency and pattern of adverse events (AEs) were com-
parable across all ages. The nature and severity of AEs and serious AEs was
similar by age group. Pediatric patients on TIP tended to discontinue the
study less than those on TIS, whereas the opposite was true for adult
patients. Improvement in FEV1 % predicted from baseline to the end of dos-
ing was greater in young patients treated with TIP than TIS (relative change
TIP–TIS was 4.7, 3.7 and –0.8 in the 6–<13, 13–<20 and ≥20 years groups
respectively). Sputum Pa density decreased from baseline with both treat-
ments but the decrease was consistently greater with TIP. In patients ≥6–<13
years, Pa density decreased with successive treatment cycles, particularly in
the TIP group. In the same group, anti-Pa antibiotic use was less (50.0 vs
83.3% patients) but treatment duration was longer (52.6 vs 38.2 days) in
those treated with TIP vs TIS. These trends were reversed in patients aged
≥13. Frequency and duration of hospitalizations were similar between treat-
ments, except in ≥6–<13 year olds, where fewer TIP patients were hospital-
ized (28.6 vs 44.4%). Overall, patient satisfaction was greater in patients
receiving TIP, with a significantly greater score for convenience at all ages.

Conclusions: Overall, pediatric patients treated with TIP tended to have
numerically better efficacy outcomes than with TIS (n too small to assess
statistically). Further, TIP was at least as effective as TIS in adults. The pat-
tern of discontinuation does not appear to be driven by the rate or nature of
AEs and so differences by age group do not seem to relate to factors inher-
ent to TIP in this open-label study. TIP offers CF patients as young as 6
years of age a faster, more convenient treatment option that is at least as
effective as TIS, without compromising overall safety.

Study supported by Novartis Pharma AG, Basel, Switzerland.

348
CLINICAL OUTCOMES IN CYSTIC FIBROSIS PATIENTS
PRESCRIBED THRICE WEEKLY AZITHROMYCIN
WITHOUT CHRONIC INFECTION WITH
PSEUDOMONAS AERUGINOSA
Ballew, B.1; Troxler, B.2,3; Britton, L.J.3,2; Hoover, W.2,3; Searcey,
H.3,2; Cates, M.1 1. Samford University McWhorter School of
Pharmacy, Birmingham, AL, USA; 2. Department of Pediatrics,,
University of Alabama at Birmingham, Birmingham, AL, USA; 3.
Division of Pediatric Pulmonology, Children’s Health System,
Birmingham, AL, USA

Background: Recurrent pulmonary infections, inflammation, and air-
way obstruction lead to progressive decline in lung infection and poor health
related outcomes in cystic fibrosis (CF). Azithromycin (Azm) is currently
recommended for patients greater than six years of age and chronically
infected with Pseudomonas aeruginosa (PsA). The objective of this research
is to retrospectively evaluate the effects of Azm on patients without chronic
PsA infection. The primary endpoint is change in FEV1 and FEF25-75%.
Secondary endpoints include changes in weight, sputum microbiology, hos-
pital admission rates and duration of stay, and patient reported adherence
and perspective of Azm.

Methods: This retrospective chart review included 55 CF patients less
than 18 years of age without chronic PsA infection at Children’s Hospital in
Birmingham, AL. IRB approval was obtained from Samford University and
the University of Alabama at Birmingham. Statistical analyses were per-
formed with GraphPad Prism version 5.0c. Data obtained included age,
height, weight, BMI, microbiology, FEV1, FEF25-75, number of hospital
admissions, number of hospital days, and a subjective patient survey assess-
ing adherence and perception of Azm treatment. 

Results: The primary endpoint of pulmonary function improvement was
not statistically significant: FEV1 (p=0.1722;CI=1.338-2.111) and
FEF75/25 (p=0.3967;CI=1.432-2.592). Hospital admission pre- and post-
Azm therapy (0.71 vs 0.28;p<0.001;CI=0.10-0.42) and hospital days pre-
vs. post-Azm therapy (7.77 vs 2.47;p<0.001;CI=0.78-4.45) did show signif-
icant reduction at 0.42 admissions and 5.3 days respectively. Remaining
secondary endpoints did not show significant difference. 

The patient survey revealed that approximately 75% of patients under-
stood Azm administration and 90% noted the thrice weekly schedule fit
their lifestyle. Some patients (20%) reported access issues such as insurance
prior authorization or medication refill every 2 weeks. Few patients (5%)
reported adverse gastrointestinal effects and 70% reported feeling better
after starting the medication. No statistical difference in FEV1 existed in
patients reporting improved health after starting Azm (p=0.212). 

Most patients (43%) were unsure of the mechanism by which Azm was
effective but 20% noted the effectiveness through decreased inflammation. 

Conclusion: This study of CF patients without chronic PsA infection
did not detect any appreciable improvement in pulmonary function follow-
ing the initiation of Azm. However, Azm does appear to impact significant
clinical outcomes as it was associated with a decrease in hospitalization
rates and days. Azm also had a low incidence of adverse effects and demon-
strated a positive impact on individual health in this population. While this
study has limitations related to sample size, retrospective nature, and lack of
control of confounding variables, these results are similar to what has pre-
viously been reported and support the potential benefit of Azm in this pop-
ulation.

349
REVERSIBILITY OF TRAPPED AIR ON CT SCANS OF
CF PATIENTS, AN AUTOMATED APPROACH
Loeve, M.1,2; Tiddens, H.A.1,2; Gorbunova, V.3; Hop, W.C.4; de
Bruijne, M.2,5 1. pediatric pulmonology, EMC Sophia, Rotterdam,
Netherlands; 2. radiology, EMC Sophia, Rotterdam, Netherlands;
3. computer science, university of copenhagen, copenhagen,
Denmark; 4. biostatistics, EMC, Rotterdam, Netherlands; 5.
medical informatics, EMC, Rotterdam, Netherlands

Rationale: Trapped air (TA) on expiratory CT scans (TACT) reflects
small airway disease, and plays an important role in the pathophysiology of
early CF lung disease. Little is known about the dynamics of TACT over
time. 

Aims: To assess localized changes in TACT over 2 years.
Methods: TA was assessed on 2 consecutive routine expiratory CT

scans (TACT1, TACT2) over 2 years. Lung tissue was segmented to deter-
mine Total Lung Volume (TLV). TACT volume was determined using
thresholds between –975 HU and –675 HU (manually determined) and was
expressed as a percentage of TLV. Localized changes in TA were assessed
by matching CT2 on CT1 using deformable image registration, and measur-
ing the relative volume of stable (TAstable), disappeared (TAdisappeared)
and new TA (TAnew). Statistical analysis was performed using Wilcoxon’s
signed rank test.

Results: Twenty-eight patients (14 boys) were included. Median (range)
age and FEV1 at baseline were 11.9 (5-17) years, and 91 (39-130)%-pre-
dicted. Median (range) TACT1 and TACT2 were respectively 9.5 (2-33)%
and 9.0 (0-25)% (p=0.49). Median (range) TA volume unchanged, disap-
peared, and new in CT2 relative to CT1 was respectively 3.0 (0-12)%, 5.3
(1-22)% and 6.6 (0-20)%. The proportion TAnew and TAreversed was sig-
nificantly higher than the proportion TAstable (p=0.001 and p=0.003). Visu-
al assessment however, suggested that the assessment of TAstable was most
robust. 

Conclusions: In this study, TACT and TAPFT were not progressive over
2 years. TACT was shown to have a stable component, reflecting irreversible
small airways disease.

350
EFFECTS OF OSTEOPATHIC MANIPULATIVE
TREATMENT ON PULMONARY FUNCTION OF
PATIENTS WITH CYSTIC FIBROSIS
Swender, D.1,2; Thompson, G.1; Archdeacon, K.1; McCoy, K.S.1;
Patel, A.1 1. Nationwide Childrens Hospital, Columbus, OH,
USA; 2. University Hospitals/Richmond Medical Center, Case
Medical Center, Cleveland, OH, USA

Introduction: Cystic fibrosis affects 30,000 people in the United States.
One treatment modality that has not been studied as a therapy for cystic
fibrosis is osteopathic manipulative treatment (OMT). 

Objectives: To determine whether OMT leads to greater improvement
in pulmonary function tests of CF patients compared to standard therapies.
To determine whether OMT-treated CF patients report less difficulty breath-
ing, pain, or anxiety. 

Methods: Patients aged 18 or older with cystic fibrosis were divided
into a standardized OMT treatment protocol or sham group while admitted
for pulmonary exacerbation. They received daily treatments, or sham, for 4-
6 days. During this time, standard inpatient therapy was also administered.
Primary outcome measures were change in pulmonary function tests before
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and after enrollment in the study. Secondary measures included change in
vital signs and questionnaire data describing quality of breathing, anxiety
and pain levels. 

Results: Data from 33 enrolled subjects was collected. Both the OMT
and sham groups showed significant improvements in their PFTs. There
were no significant differences between treatment groups in any of the out-
come measures. There was no significant effect of number of treatments
administered. 

Conclusions: Data show no significant difference in improvement of
PFTs. Results from the questionnaires showed that 94% of patients in the
treatment group felt their breathing was better after the last treatment. Pos-
sible confounding variables may include elements of standard therapy that
achieve similar therapeutic results as OMT and using set amount of time for
individual OMT treatments rather than completing treatments when tissue
texture changes are appreciated. A larger sample size may be necessary to
detect differences between OMT and sham groups.

351
CLARITHROMYCIN THERAPY IS NOT EFFECTIVE
FOR THE THERAPY OF CF
Robinson, P.1; Schechter, M.S.2; Sly, P.3; Winfield, K.4; Brennan,
S.4; Smith, J.5; Shinkai, M.6; Henke, M.7; Rubin, B.8 1.
Respiratory Medicine, Royal Children’s Hospital, Parkville, VIC,
Australia; 2. Emory University, Atlanta, GA, USA; 3. The
University of Queensland, Brisbane, QLD, Australia; 4. Telethon
Institute for Child Health Research, Perth, WA, Australia; 5.
Murdoch Children’s Research Institute, Melbourne, VIC,
Australia; 6. Yokohama City University Medical Center,
Yokohama City, Japan; 7. Philipps-University, Marburg, Gabon;
8. School of Medicine, Virginia Commonwealth University,
Richmond, VA, USA

The clinically significant actions of oral azithromycin in modifying pro-
gressive CF lung disease have been well documented. In vitro and clinical
data suggests that clarithromycin has immunomodulatory properties similar
to other 14-member macrolides, however 2 previously reported short term
trials of clarithromycin in small numbers of patients with CF failed to show
significant benefits in modifying lung function or inflammation. We per-
formed a trial in 63 subjects with CF who received either placeo or 500 mg
oral clarithromycin twice daily for 5 months, with a one month wash-out.
Patients were enrolled from Wake Forest University School of Medicine,
Winston-Salem, NC and CF centers at Princess Margaret Hospital for Chil-
dren, Perth and the Royal Children’s Hospital, Melbourne, Australia. The
study was a double blind, randomized, crossover, placebo controlled trial in
subjects with a proven diagnosis of CF defined as clinical symptoms plus
presence of 2 recognized CF gene mutations and/or a positive sweat test.
Subjects were excluded if FEV1 was < 30% predicted at enrollment, had
ever had Mycobacterium in a sputum culture, or had a respiratory exacerba-
tion requiring IV antibiotics in the 60 days before enrollment. Other exclu-
sion criteria were the presence of any significant (> 30 mL) haemoptysis in
the preceding year, requirement for oxygen therapy, or the presence of any
significant liver or renal disease. Subjects allergic to or intolerant of
macrolides, or who were taking medications that adversely interact with
macrolide were not enrolled. The primary efficacy end point was the change
in lung function during the clarithromycin treatment period compared to
placebo treatment. Secondary efficacy end points included; quality of life,
number of pulmonary exacerbations, height and weight, sputum inflamma-
tory mediator content, sputum transportability and surface properties, bac-
terial flora, nasal potential difference, and breath condensate. Mean age at
entry was 16.7 ±11.0 years (mean ± S.D). There were 40 males and 23
females. Mean FEV1 and FVC at entry was 75.3% ± 22.8 % predicted and
87.9 ± 20.1 % predicted. Twenty-six subjects were taking dornase alfa at
entry. Fifty-two subjects successfully completed the 11 month trial. There
was no significant change from baseline of FEV1 or FVC over the 5 month
period for the 2 treatment groups of the trial. Similarly there was no signif-
icant difference in the changes observed over the 5 month trial while sub-
jects were taking clarithromycin compared to placebo. During treatment
with clarithromycin, FEV1 rose 0.9% ± 9.8% predicted compared to a rise
of 1.4% ± 8.4% predicted while taking placebo. No significant difference in
any secondary end point was seen during the period of clarithromycin treat-

ment compared to those seen during placebo administration. We conclude
that clarithromycin is not effective in treating CF lung disease.

352
IRON HOMEOSTASIS DURING CF PULMONARY
EXACERBATION
Gifford, A.H.1; Moulton, L.A.1; Dorman, D.B.1; Parker, H.W.1;
Olbina, G.2; Westerman, M.2; Jackson, B.P.3; Stanton, B.A.4,5;
O’Toole, G.A.5 1. Pulmonary Medicine, Dartmouth-Hitchcock
Medical Center, Lebanon, NH, USA; 2. Intrinsic LifeSciences,
LLC, La Jolla, CA, USA; 3. Earth Sciences, Dartmouth College,
Hanover, NH, USA; 4. Physiology, Dartmouth Medical School,
Hanover, NH, USA; 5. Microbiology and Immunology, Dartmouth
Medical School, Hanover, NH, USA

Background: Sputum iron content is higher in CF than in normal
health. In a cross-sectional study of two adult CF cohorts, we found that sub-
jects with higher sputum iron levels also demonstrated worse lung function,
lower hemoglobin and blood iron levels, and higher blood levels of the
inflammatory cytokine interleukin-6 (IL-6). We noted a significant inverse
correlation between iron and IL-6 in blood. IL-6 stimulates hepatic produc-
tion of hepcidin-25, a peptide that causes hypoferremia by decreasing enter-
al iron absorption and promoting iron sequestration in reticuloendothelial
cells. Knowing that IL-6 mediates hypoferremia through hepcidin-25 and
that blood iron and IL-6 are related, we suspected that relative hypoferremia
is a feature of CF pulmonary exacerbation (CFPE). We hypothesized that
levels of iron would increase and levels of IL-6 and hepcidin-25 would fall
in the blood after treatment for CFPE. 

Methods: Samples of blood and sputum were simultaneously collected
from subjects within 24 hours of starting and completing treatment for
CFPE. Serum at both points was available for 12 subjects, and sputum at
both points was available for 9 of those subjects. Sputum was free of gross
blood and was culture-positive for Pseudomonas aeruginosa in all cases.
Serum iron was determined using an autoanalyzer. Sputum iron was meas-
ured by inductively coupled plasma-mass spectrometry. ELISA was used to
quantify serum IL-6 and hepcidin-25. FEV1% and body weight were record-
ed. Wilcoxon matched-pairs signed rank test was used to compare medians.
Linear regression was performed on log-transformed data. 

Results: Median age was 32 years (IQR 23-40). At the start of CFPE,
median body weight was 56 kg (IQR 44-61), and FEV1 was 29% (IQR 22-
47). Median duration of systemic antibiotic treatment was 12 days (IQR 10-
13). Median FEV1 and body weight improved by 4.5% and 2.0 kg, respec-
tively (p <0.05).  Median serum iron increased by 13.5 µg/dL (p <0.05).
Median sputum iron decreased by 0.92 mg/kg of sample (p = 0.055). Medi-
an serum IL-6 and hepcidin-25 levels fell by 12.2 pg/mL and 37.5 ng/mL,
respectively (p <0.05). Median hemoglobin did not change significantly.
Correlations were found between serum iron and hepcidin-25 (r = -0.43, p
= 0.04), serum iron and IL-6 (r = -0.65, p <0.001), FEV1% and serum iron
(r = 0.61, p <0.01), and body weight and serum iron (r = 0.58, p <0.01) dur-
ing CFPE. Sputum iron was unrelated to FEV1%, body weight, or any of the
aforementioned hematologic parameters.       

Conclusions: Based on changes in serum iron, IL-6, and hepcidin-25,
hypoferremia caused by inflammation is a feature of CFPE. Although serum
and sputum iron levels trend in opposite directions during CFPE, blood con-
centrations do not predict levels in airway secretions. Close associations
between serum iron and body weight, and between serum iron and lung
function suggest that recovery from hypoferremia reflects treatment success.

353
PULMONARY EXACERBATION SCORING DURING
TELEPHONE TRIAGE: A SINGLE CENTER
EXPERIENCE
MacDonald, K.D.1; McCullar, B.G.1; Kraynack, N.C.2 1.
Pediatric Pulmonology, Oregon Health & Science University,
Portland, OR, USA; 2. Pediatric Pulmonology, Akron Children’s
Hospital, Akron, OH, USA

Rationale: Telephone-based triage and treatments are key tools at any
CF center that services a large geographic area. The Doernbecher/OHSU CF
center provides care to 220 pediatric patients in a 100,000 sq mile area cov-
ering Oregon and southern Washington. As part of our efforts to better
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understand telephone initiated care at OHSU, we employed the Akron Chil-
dren’s Pulmonary Exacerbation Score (PES) for telephone calls about CF
patient lung symptoms. The telephone PES lacks objective data (e.g. PFT),
but retains systemic signs including fever, fatigue, appetite, cough, missed
school or work. Pulmonary signs include change in chest congestion or
cough ≥ 1 week, dyspnea, and/or hemoptysis, into a weighted score from 0
- 16. A combined score of 3 or more, including at least one from the pul-
monary domain, suggests CF pulmonary exacerbation. 

Methods: From 12/2010 to 5/2011, 100 telephone calls to the OHSU
CF center were screened by the center RN. After-hours calls were not
scored. We recorded the caller’s response to the PES questionnaire and dis-
position of the call. Calls that did not result in treatment or clinic appoint-
ment were kept open for 2 weeks and rescored at call back. Call notes and
PES score of 3 or more were presented to the on-call MD for treatment plan.
We also tracked time until next clinic visit following the telephone encoun-
ters. 

Results: For 100 calls the mean PES was 3.3 ± 3. This included 26
encounters scored at 0 because duration of symptoms < 1week or absence of
dyspnea, and/or hemoptysis. The mean value of all initial PES scores π 0
was 4.5 ± 2.6. Fifty-five of the initial encounter scores were � 3, 19 were
scored either 1 or 2. We noted 14 encounters initially scored less than 3 that
then called a 2nd time. Their repeat mean PES score was 5.3 ±1.1. Using a
2 x 2 table, we calculated the positive likelihood ratio for a PES of 3 or more
at 25.7 (CI 5.3 – 139.8) for being treated as an exacerbation by the physi-
cian. For initial encounters where the PES was 3 or greater (n=55), 52
patients received oral ATB and were advised to increase airway clearance, 9
were also seen in the next available clinic, 3 were admitted to the hospital
directly, and 2 refused to be seen. Physician response to the addition of the
PES score was favorable. While we lack specific data for ATB prescription
rate prior to PES scoring, we perceived an overall reduction in ATB use dur-
ing the scoring period. For telephone encounters where PES ≥ 3, the average
number of days to clinic follow-up was 37 ± 56.

Conclusion: The Akron Telephone PES score is a useful tool for stan-
dardizing telephone triage assessments. The positive likelihood ratio sug-
gests an initial score of 3 was felt by the on-call physician as being associ-
ated with exacerbation symptoms meriting treatment. We speculate the addi-
tion of an objective data point, such as home spirometry, will further
strengthen its utility and may allow better determination of severity and
recovery. Our time until next clinic visit after a telephone PES score of ≥ 3
may represent an opportunity for improvement in follow-up care.

354
CAN OVERNIGHT TRANSCUTANEOUS CO2 (TCCO2)
MONITORING PREDICT FUTURE REQUIREMENT FOR
NON INVASIVE VENTILATION (NIV) IN ADULT CYSTIC
FIBROSIS PATIENTS? - 3 YEAR FOLLOW UP DATA
Johnson, S.C.1; Riley, D.1; Horsley, A.1; Bright-Thomas, R.J.1;
Jones, A.M.1; Bentley, A.M.2 1. Manchester Adult Cystic Fibrosis
Centre, University Hospitals South Manchester, Manchester,
United Kingdom; 2. Long Term Ventilation Service, University
Hospitals South Manchester, Manchester, United Kingdom

Introduction: Established daytime hypercapnia is used to indicate NIV
requirement in our adult CF population. Overnight O2 and CO2 status were
measured in normocapnic patients to determine whether future NIV require-
ment could be identified.

Methods: Forty-two consecutively admitted consenting patients with no
current NIV or oxygen requirement were studied at the beginning of an
acute respiratory admission. Ear lobe sensors from an oxygen saturation
(SpO2) and TcC02 monitor (Tosca 500™) were applied late PM and
removed early AM. Concomitant arterialized ear lobe blood gas samples
were taken. Downloaded results allowed classification of 3 groups; desatu-
rator (SpO2 <90% for > 10% of the recording time) hypercapnic (TcC02 >
6kPa > 4 hours) and normal (neither of the other two). No results combined
desaturator + hypercapnic. NIV practice continued unchanged - require-
ment determined by the presence of established daytime hypercapnia.
Records were reviewed 3 years later to determine long term outcome.

Results: Baseline demographic and 3 year follow up data are detailed in
the Table. 

Conclusion: Adult CF patients with acceptable daytime PaO2 and
PaCO2 values and moderate to severe disease may have nocturnal hypercap-
nia in isolation.

Three year follow up data suggests that nocturnal hypercapnia is an
indicator of future NIV requirement and poorer prognosis.

Earlier intervention with NIV may help - further evaluation in larger
longer term studies is required.

Table: Baseline demographics. Data is given as median (range)

355
IMPACT OF BRONCHIECTASIS AND TRAPPED AIR ON
QUALITY OF LIFE IN CYSTIC FIBROSIS LUNG
DISEASE – A CT AND MRI COMPARISON
Tepper, L.A.1; Ciet, P.1; Gonzalez-Graniel, K.1; Utens, E.M.2;
Duivenvoorden, H.J.3; Quittner, A.L.4; Tiddens, H.A.1 1. Pediatric
Pulmonology and Radiology, Erasmus MC/ Sophia Children’s
Hospital, Rotterdam, Netherlands; 2. Child and Adolescent
Psychiatry, Erasmus MC/ Sophia Children’s Hospital, Rotterdam,
Netherlands; 3. Medical Psychology and Psychotherapy, Erasmus
MC/ Sophia Children’s Hospital, Rotterdam, Netherlands; 4.
Psychology and Pediatrics, University of Miami, Miami, FL, USA

Background: Cystic fibrosis (CF) lung disease is characterized by pro-
gressive bronchiectasis (BE) and trapped air (TA). Currently, FEV1 is used
as primary end point in clinical trials. However, FEV1 has poor accuracy
and sensitivity to detect and monitor BE and TA. Chest Computed Tomog-
raphy (CT) is the gold standard to detect BE, but radiation exposure and
costs limit its use. Chest Magnetic Resonance Imaging (MRI) has been sug-
gested as a radiation free alternative for CT. For this reason we aim to vali-
date MRI as an endpoint in clinical trials. In previous studies we showed that
MRI overestimates lung abnormalities in early disease and underestimates
the severity in late stage lung disease. In addition we showed a correlation
between BE score from CT and Health-Related Quality of Life (HRQoL),
measured by the Cystic Fibrosis Questionnaire-Revised (CFQ-R). Based on
the reduced sensitivity of MRI relative to CT we hypothesize that BE on
MRI would not correlate to CFQ-R.

Objective: To compare the correlations between the severity of BE, TA
and CFQ-R for CT with MRI. 

Methods: In this cross-sectional study we included clinically stable
children and adolescents with CF, who had a routine bi-annual chest-CT, or
MRI, and CFQ-R obtained on the same day between July 2007 and January
2010. CTs and MRIs were anonymous and randomly scored using the CF-
CT score and the CF-MRI score. Component scores (BE, TA) are expressed
as a percentage of the maximum score. To assure a multi-informant
approach the CFQ-R was completed by children aged 6-13 years and their
parents, or by adolescents aged ≥ 14 years. The respiratory domain of the
CFQ-R was included in the analysis, for which a score between 0-100 was
obtained. Higher scores indicate better HRQoL. Spearman’s correlation
coefficient was used.

Results: In the CT study we included 72 patients and 109 CFQ-Rs,
consisting of 40 child CFQ-Rs, 37 parental CFQ-Rs and 32 adolescent
CFQ-Rs. A negative correlation between BE (rs= -0.40, p<0.05) and TA
(rs=-0.46, p<0.01) CT scores was found in the adolescent CFQ-R. In the
MRI study we included 77 patients and 119 CFQ-Rs, consisting of 44 child
CFQ-Rs, 42 parental CFQ-Rs and 33 adolescent CFQ-Rs. A negative corre-
lation was found between BE-MRI scores and the adolescent CFQ-R (rs=-
0.38, p <0.05) and the parental CFQ-R (rs=-0.35, p<0.05). There was no
correlation found with TA-MRI scores and the CFQ-R.
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Conclusion: More severe BE observed on CT and MRI are both asso-
ciated with a lower HRQoL. This suggests that large central BE observed on
MRI, and not the smaller peripheral BE, has an important negative effect on
HRQoL.

Supported by an unconditional grant by Gilead Sciences, Inc.

356
CENTRAL CATHETHER ASSOICATED VENOUS
THROMBOEMBOLISM IN CF PATIENTS
Ahoui, A.1; Rao, P.1; Fukushima, L.1; Benitez, D.2; Afshar, K.1 1.
Medicine, University of Southern California, Keck School of
Medicine, Los Angeles, CA, USA; 2. USC Adult CF Center, Los
Angeles, CA, USA

Pulmonary exacerbations (PE) are the most common cause of hospital-
ization (48%) in CF patients (pts). Management of CF pts experiencing a PE
includes an average 10-14 day IV drug therapy. Maintaining peripheral IV
catheters may be challenging due to the harsh effect of the drugs on the vein
and frequent occlusion. Peripherally inserted central catheters (PICCs) and
long-term indwelling catheters are proven alternatives to short term venous
catheters for the administration of medications. Various reports of complica-
tions rate from catheter have an incidence between 4.7–16%. We evaluate
the incidence of thrombosis and assess for risk factors which may contribu-
tory.

Methods: Retrospective review of all hospitalized CF pts at USC for PE
during a 5-yr period (2005-2010). IRB approval was obtained. All pts with
an indwelling catheter at the time of admission were identified. Only PICC
and Port-a-Caths were included. Pts who developed a catheter-related
thrombus were compared to those without a thrombus. The presence of
thrombosis was identified by vascular ultrasound and determined to be pres-
ent if it was adherent to the vein or surrounding the catheter. The number of
catheter-related thromboses was documented and classified as symptomatic
or asymptomatic. Medical records were reviewed for predisposing factors to
the development of a catheter-related thrombus: smoking history, contracep-
tives use (OC), presence of malignancy or nephropathy, INR and CRP. 

Statistics: Comparisons were analyzed with chi square in categorical
values and with independent t-test for numerical values.

Results: We reviewed the records of 116 CF pts (median age 31 yrs)
who were hospitalized over the 5 yr period (2005-2010), for a total of 333
hospitalizations (median 2.87 per pt; 157 hospitalizations of male patients
and 176 hospitalizations of female patients). Sixty-two pts were excluded
for not having a PICC or indwelling catheter. There were 291 PICC line and
38 Port-A-Caths inserted during these hospitalizations. Eight thrombotic
events (2.4%) occurred. Pts with a deep vein thrombosis (DVT) had no his-
tory of malignancy, nephropathy or tobacco use. Oral contraceptives use was
not associated with development of thrombosis (p=0.24). No statistically
significant difference in CRP was found between the thrombosis vs non-
thrombosis groups (p= 0.51). DVT development from PICC line insertion
was significantly shorter (mean 12.5 days) than from Port-A-Cath insertion
(mean 1731 days). Two pts who developed a pulmonary embolus both had
Port-A-Caths.

Discussion: Incidence of thrombosis related to a PICC line or
indwelling catheter is 2.4%. This incidence is lower than the 4.7% reported
by Munck et al. in CF pts and lower than expected in the general population
with 3%. Time to developing a catheter related DVT was much longer with
the access mode of Port-A-Cath. Malignancy, nephropathy, tobacco and OC
use did not confer a higher risk of developing catheter related DVT. The
inflammatory marker, CRP, may not be used to assess this complication. The
study shows that Port-A-Cath devices are relatively safe and reliable for
long term and frequent IV drug therapy in CF pts. Eight pts with catheter
related thrombosis were given anticoagulation for future admissions to pre-
vent recurrence. INR therapeutic range was not met for the particular con-
cern of hemoptysis in pts with CF (INR range 1.5-2) and only 1 recurrent
asymptomatic event was observed.

357
IMPACT OF INITIATION OF TOBRAMYCIN SOLUTION
FOR INHALATION (TIS) ON QUALITY OF LIFE AMONG
PATIENTS WITH CYSTIC FIBROSIS (CF)
Wertz, D.A.1; Stephenson, J.J.1; Hsieh, H.1; Chang, C.1; Zhang,
J.2; Kuhn, R.J.3 1. HealthCore, Inc., Wilmington, DE, USA; 2.
Novartis Pharmaceuticals Corporation, East Hanover, NJ, USA;
3. University of Kentucky College of Pharmacy, Lexington, KY,
USA

Background: CF guidelines strongly recommend chronic use of TIS to
improve lung function and reduce exacerbations in patients with moderate-
to-severe lung disease and persistent Pseudomonas aeruginosa in airways.
This study sought to evaluate the impact of TIS use on quality of life using
the Cystic Fibrosis Questionnaire-Revised (CFQ-R) among patients with
CF in a managed care population.

Methods: Patients, aged 6 to 64 years, were identified from the Health-
Core Integrated Research Database as having ≥2 CF diagnosis codes (ICD-
9=277.0x) and were recruited for participation in a longitudinal study of
functional status and quality of life. Patients initially consented to participate
in the study but only CF patients who subsequently were prescribed TIS and
notified HealthCore prior to using TIS between August 2009 and February
2010 were eligible to complete the surveys. Surveys were administered at
three time points over a one month period: just prior to starting TIS treat-
ment, 2 weeks on TIS treatment, and 4 weeks on TIS treatment. The CFQ-
R for Parents/Caregivers (children 6 to 13 years) and Adolescents and Adults
(14 years or order) was used as the major instrument to determine CF
patients’ quality of life with sub-scales relating to disease-related symp-
toms, school, work, or daily activities and overall health perceptions. Raw
sub-scale scores were transformed to standard scores ranging from 0 to 100.
Repeated measures ANOVA and linear mixed models were used to examine
differences from baseline to two weeks and four weeks.

Results: Of the 3,105 identified CF patients, 138 were recruited into the
study and 16 patients went on to receive TIS and complete the three surveys
(9 adults, 3 teenagers, and 4 children). All respondents were Caucasian; 9
(56%) were female. The results from the repeated measures ANOVA indi-
cated that patients’ reported respiratory symptoms improved from baseline
to 4 weeks (p-value<0.05). After controlling for patients’ age and gender,
patients’ overall respiratory symptoms slightly improved at four weeks com-
pared to baseline (p=0.099). Trends were in the right direction for the other
quality of life subscale scores but were not significant due to the small sam-
ple size.

Conclusion: Compared to baseline, patients’ reported respiratory symp-
toms improved after 4 weeks of TIS treatment.

358
TO BELIEVE OR NOT TO BELIEVE FIRST
PULMONARY FUNCTION TEST IN CYSTIC FIBROSIS
PATIENTS
Madan Kumar, H.; Prestridge, A.L. Pulmonary Medicine,
Children’s Memorial Hospital,Chicago, Chicago, IL, USA

Background: Pulmonary function testing (PFT) with spirometry is the
most important measure of pulmonary status in cystic fibrosis (CF) patients.
Forced expiratory volume in one second (FEV1) percent predicted is the
most commonly used parameter in CF patients. Cystic Fibrosis Foundation
(CFF) guidelines suggest spirometry should be assessed at every visit. In a
study of first-time spirometric tests in children 3-5 years of age, nearly 60%
of patients produced reproducible forced vital capacity (FVC), but only 32%
performed reproducible sets of FEV1 [1]. It is important to know how reli-
able the first PFT is as FEV1 percent predicted is used in every day clinical
practice, to predict decline in health, survival and is the primary outcome
parameter in clinical studies of new therapeutics in CF. To address this issue
we undertook a retrospective study to assess reliability of first PFT in the CF
population.

Objective: To assess the reliability of first pulmonary function tests in
children with cystic fibrosis.

Methods: This retrospective study included patients with CF who had
their first and subsequent PFTs done at Children’s Memorial Hospital CF
center. PFTs were considered to be acceptable and reproducible by
ATS/ERS standards. CF patients with mild CF pulmonary exacerbation
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requiring oral antibiotics or step up in airway clearance were also included
in the study. Forced vital capacity (FVC) percent predicted and FEV1 per-
cent predicted during 1st, 2nd and 3rd PFT attempts were compared.
Patients were managed according to clinical practice guidelines for CF,
receiving standard CF therapies and maintenance medications. Patients were
excluded if they required IV antibiotics, had surgery, had new acquisition of
methicillin-resistant Staphylococcus aureus, Pseudomonas aeruginosa,
Burkholderia cepacia or allergic bronchopulmonary aspergillosis during the
evaluation period. FVC percent predicted and FEV1 percent predicted were
compared during the 1st, 2nd and 3rd PFT using paired student t-test.

Results: FEV1 percent predicted improved during the 2nd and 3rd PFT
in comparison to 1st PFT. Mean FEV1% predicted improved by 5%
(P=0.004) and 5.5% (P=0.007) for the 2nd and 3rd PFT respectively. 

Mean FVC percent predicted statistically improved by 4% (P=0.03) dur-
ing the 2nd PFT in comparison to the 1st PFT, but there was no statistically
significant improvement in comparison to 3rd PFT. 

Conclusion: In a single CF center following CFF clinical guidelines,
there was significant improvement in subsequent pulmonary function in
comparison to the first PFT. We propose that with practice and familiarity
with the process of pulmonary function testing, subsequent pulmonary func-
tion test results tend to improve. One needs to cautiously use the results of
first PFT in either management of patients or when used in research studies
to evaluate the efficacy of the new medication or treatment modalities.

1. Kanengiser, S. and A.J. Dozor, Forced expiratory maneuvers in chil-
dren aged 3 to 5 years. Pediatr Pulmonol, 1994. 18(3): p. 144-9.

359
HYPONATREMIA IN CYSTIC FIBROSIS
Barsky, E.; Sawicki, G.S. Children’s Hospital Boston, Boston,
MA, USA

Background: Patients with cystic fibrosis (CF) are at increased risk for
developing hyponatremia. Recent data in non-CF populations suggest that
mild hyponatremia is a risk factor for all-cause mortality. The prevalence,
severity, and prognostic implications of hyponatremia in CF remain unclear. 

Objectives: To assess the prevalence of hyponatremia in a cohort of CF
patients both during periods of stable disease state as well as exacerbations
and to examine the relationship between hyponatremia and disease severity. 

Methods: A retrospective record review of laboratory values for 363
patients with CF <25 years old followed at Children’s Hospital Boston from
January 1, 2008 to December 31, 2010, was conducted. We included all
measurements of serum sodium (Na+) collected as part of routine clinical
care, and defined hyponatremia as serum Na+ values <135 mEq/L. We eval-
uated differences in serum Na+ levels by patient age, gender, baseline lung
function (FEV1 % predicted), and other CF-specific disease characteristics,
and compared serum Na+ levels collected during ambulatory visits and hos-
pitalizations. 

Results: Among the 363 patients (mean age 12 years, 49% female, 79%
with mild CF lung disease), 348 had at least one Na+ level drawn in the
ambulatory setting. The mean serum Na+ was 137.4 mEq/L, and 57/348
(16.4%) patients had at least one serum sodium value <135 mEq/L. Com-
pared to those with no low serum Na+ value, patients with at least one
episode of hyponatremia were more likely to be female (55%vs. 49%), have
pancreatic insufficiency (91% vs. 81%), and have CF-related diabetes (23%
vs. 7%). A higher proportion of patients with at least one episode of hypona-
tremia had an FEV1 less than 70% predicted (23% vs. 5%). We found 149
patients had at least one serum Na+ measured during a hospitalization. Thir-
ty-one percent of all admission lab values (n=444 labs) revealed hypona-
tremia, and the mean Na+ at the time of admission was 135.5 mEq/L. In all,
56/149 (38%) patients had at least one admission Na+ value <135 mEq/L.
These patients were more likely to be female (61% vs. 49%), have CFRD
(56% vs. 22%), and have baseline FEV1 below 70% predicted (63% vs.
46%). Among patients with both ambulatory and inpatient data, mean
admission sodium levels were only 1.02 points lower than ambulatory sodi-
um levels. For patients who had multiple Na+ levels drawn over the course
of a hospitalization, the average sodium increased by 1.35 from admission
to discharge. 

Conclusions: Hyponatremia is prevalent in patients with CF, with an
increased prevalence during hospitalizations. There is an association
between hyponatremia and female gender, pancreatic insufficiency, CF-
related diabetes, and more severe lung disease. Future studies are needed to
explore the impact of hyponatremia on health outcomes over time in CF.

360
CARDIOPULMONARY EXERCISE TEST IN CYSTIC
FIBROSIS ADULT PATIENTS WITH NORMAL
SPIROMETRY
Zanardelli, M.1; Pizzamiglio, G.1; Pierini, A.2; Ruggiero, D.2;
Airoldi, A.3; Di Pasquale, M.3; Blasi, F.3 1. Unità Fibrosi Cistica
Adulti, Fondazione IRCCS Cà Granda Ospedale Maggiore
Policlinico, Milan, Italy; 2. Unità Medicina Cardiovascolare,
Fondazione IRCCS Cà Granda Ospedale Maggiore Policlinico,
Milan, Italy; 3. Unità Medicina Respiratoria, Fondazione IRCCS
Cà Granda Ospedale Maggiore Policlinico, Milan, Italy

Background: Cystic fibrosis (CF) is a multisystem disease character-
ized by chronic pulmonary infection and bronchiectasis, pancreatic exocrine
impairment and elevated sweat chloride. In the last decades, new therapies
for lung disease and aggressive nutritional management have resulted in a
median survival increase, now older than 35 years. CF diagnosis in a grow-
ing number of patients (pts) with mild respiratory involvement contributes to
survival improvement. 

Aim of the Study: To identify Cardiopulmonary Exercise Test (CPET)
variables that correlate with spirometric and clinical parameters and with
Six Minute Walk Test (6MWT) in adult CF pts with normal lung function
(spirometry) despite mild radiological alterations.

Methods: Adult pts regularly attending CF Adult Center of Milan with
normal spirometry (FEV1 >80% of predictive value), 6MWT distance and
mean pulse oximetry (SpO2) were studied from February 2009 to Septem-
ber 2010. Every patient was evaluated with spirometry, clinical parameters
(respiratory and cardiac rate, oxygen saturation, weight, number of pul-
monary exacerbations, chronic pulmonary infection). A sub-maximal CPET
with a 15 watt/min incremental protocol was performed at the beginning of
the study and after 12 months. 

Results: The study population included 26 pts (2 females, 24 males;
mean age 32.8 year, range: 20.8-46.1) in good nutritional status (mean BMI
23.4, range 19.3-28). Mean FEV1 at the beginning of the study was 94.4%
(range 121-80) and in 15/26 pts (57.7%) sputum culture was negative or it
identified S.aureus, in 8/26 pts (30.8%) P.aeruginosa was isolated and in
3/26 (11.5%) other gram negative bacteria were identified.

We found a positive statistical correlation between Workload (W) max
and FEV1 both at the beginning of the study (p=0.02) and after a year
(p=0.03); a significant reduction of mean FEV1 at the beginning and after 1
year (p=0.04) was detected.

Peak oxygen consumption (VO2) was higher after a year versus basal
data (p=0.05) as well as workload at VO2 max (p=0.016).

No correlation was found among CPET variables and lung infection
and number of exacerbations. 

Conclusions: Despite a significant mean FEV1 reduction during the
study period, an improvement of aerobic exercise was observed: a hypothet-
ical role of physical training could be supported to explain these data. 

W at VO2 max did not correlate with other clinical parameters as num-
ber of lung exacerbations or chronic infection. 

More pts and a longer follow up observational period are necessary to
confirm these data and to identify CPET parameters predictive of lung func-
tion progression.

361
PANCREATIC STATUS AND FEV1 DECLINE: THE CASE
OF AN ITALIAN REGION
Braggion, C.; Gambazza, S.; Pasotto, R.; Galici, V.; Bresci, S.;
Taccetti, G.; Repetto, T.; Neri, A.S. CF Centre, Meyer Children’s
Hospital, Florence, Italy

Background: The rate of decline in FEV1 percentage predicted has
been studied in CF to identify the risk of death, risk factors for decline and
effects of therapeutic interventions. Slower rates of FEV1 decline have been
found in patients with preserved pancreatic function (PS). Little information
is available about the relationship between FEV1 trend in different age
groups and pancreatic status.

Aim: The aim of our study was to assess the FEV1 decline in CF
patients attending our CF Centre, according to their pancreatic status.

Methods: Patients aged 6 to 17 (A), 18 to 29 (B) and > 30 (C) years
were included. All spirometries, performed over a 4-year period (2006-
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2009), were considered for each patient. Patients with at least 4 spirometries
performed over 1 year were included. Pancreatic status was assessed with
measurement of fecal chymotrypsin or elastase activity. Individual decline
in FEV1 predicted was evaluated using linear regression analysis.

Results: Genotype is highly variable in our region (F508del in 47% of
alleles). A total of 168 (90 males) patients were included. Pancreatic insuf-
ficiency (PI) was diagnosed in 117/168 (70%) patients. Median value (IQR)
of the number of spirometries/patient was 15 (9, 22). Median values (IQR)
of baseline FEV1 and decline in FEV1 are shown in the Table. We found no
significant differences in FEV1 decline between males and females in all age
groups.

Conclusions: Children and young adults with PS had higher baseline
values of FEV1 compared to ones with PI. We observed no differences in
FEV1 decline between PI and PS patients. Disease progression occurs there-
fore in patients with PS: the early advantage in lung function level was lost
indeed during the first 3 decades. Further studies are warranted to assess the
effects of different mutations causing PS on lung disease.

§: p<0.001

362
SENSORINEURAL HEARING LOSS IN PATIENTS WITH
CYSTIC FIBROSIS
Wilkins, A.1; Huang, L.2,3; McGeachey, A.4; Rits, S.4; Barnico,
K.4; Fligor, B.1; Uluer, A.Z.4; Sawicki, G.S.4; Kenna, M.A.1,5 1.
Department of Otolaryngology and Communication
Enhancement, Children’s Hospital Boston, Boston, MA, USA; 2.
Clinical Research Program, Children’s Hospital Boston, Boston,
MA, USA; 3. Department of Pediatrics, Harvard Medical School,
Boston, MA, USA; 4. Division of Respiratory Diseases,
Children’s Hospital Boston, Boston, MA, USA; 5. Department of
Otology and Laryngology, Harvard Medical School, Boston, MA,
USA

Background: Patients with cystic fibrosis (CF) are at an increased risk
for sensorineural hearing loss (SNHL) due to the aminoglycoside antibiotics
they often receive as part of their treatment. Although the ototoxic nature of
these antibiotics is well known, hearing tests are often not included in clin-
ical care guidelines for patients with CF. 

Methods: We retrospectively reviewed data on 178 patients with CF
who had their hearing tested between October 2007 and November 2010 (98
females). Subjects were coded as having normal hearing or SNHL (as
defined by having sensorineural hearing thresholds ≥ 25 dB HL for at least
one frequency in at least one ear). The number of hospitalizations in the year
prior to the subjects’ hearing test was also recorded. Subjects were grouped
together according to age at the date of their hearing test. Three age groups
were established: 1-19 years, 20-29, and >30 (range 1-67 years old). We
compared the rates of SNHL in the CF population with data from the gen-
eral population using a binomial test. Multivariable logistic regression was
used to identify independent predictors for SNHL. Data was analyzed using
SPSS 19. 

Results: Thirty-seven of the 178 patients were found to have SNHL
(20.8%), a figure that is strikingly higher than the 10% prevalence found in
the general population (0-80 years). There was no statistical difference in
prevalence of SNHL found in children (ages 1-19 years) in this sample com-
pared to the prevalence reported for the general birth-19 population in the
US (p= 0.38). However, the rate of SNHL in our sample is significantly
higher for both adult age groups (20-29 years and >30 years) than in the gen-
eral population (p<0.001 and p=0.001, respectively). In our multivariable
logistic regression model, males were more likely to have SNHL (p= 0.009,
OR= 3.15). Increased age was associated with increased odds of hearing
loss (p<0.001, OR= 1.103). Additionally, for every additional hospitaliza-
tion (range 0-13 hospitalizations) in the year prior to audiometric evaluation
the odds of a patient having hearing loss significantly increased (p= 0.005,
OR= 1.225). 

Conclusion: The prevalence of SNHL in patients with cystic fibrosis is
higher than the prevalence in the general population. Males, older age and
prior hospitalizations are associated with higher risks for SNHL. As survival

in the CF population continues to increase, regular ototoxic monitoring
should become incorporated into standard care for the CF population.

363
COMPARISON OF PROTON-MRI(MRI) AND CONTRAST
ENHANCED MRI(CEMRI) IN CYSTIC FIBROSIS(CF)
LUNG ASSESSMENT: SHOULD WE INCLUDE
PERFUSION STUDY ROUTINELY?
Ciet, P.1; Van der Wiel, E.C.1; Wielopolski, P.1; Assael, M.B.2;
Lequin, M.H.1; Tiddens, H.A.1 1. ErasmusMC, Rotterdam,
Netherlands; 2. Pediatric Pneumology, CF Center, Verona, Italy

Purpose: CF leads to early and chronic lung structural changes. CT is
the most sensitive technique for CF follow-up, and the most relevant infor-
mation obtained is about bronchiectasis (BE) and air-trapping (AT). Unfor-
tunately CT exposes patients to radiation and its use is restricted to 1 scan
every 2 years. MRI is an attractive alternative to CT, but it has poorer spa-
tial resolution for BE and AT. Hypo-Perfusion (HP) is an even more relevant
finding than AT since it identifies areas that do not contribute to gas diffu-
sion. Therefore we decided to: 1) compare the distribution/volume of HP
defects on CEMRI to the AT on the MRI; and 2) compare distribution/vol-
ume of HP defects and AT to PFTs of small airway disease: FEF25, FEF75
and FEV/FVC ratio.

Material and Methods: This 2-year study enrolled 26 stable CF
patients (13 males, mean age 14 yrs, range 8-18) according to their follow-
up programme. PFTs and MRI were performed the same day. A 1.5T Scan-
ner (Signa, General Electric) was used for the following protocol: SSFP 2D
PD-w axial, coronal and sagittal (TR/TE/SL = 5.7/1.4/8mm). GRE 3D axial
and coronal (TR/TE/SL= 3/1/3mm; 0.1mmol/kg, Magnevist®Bayer). MRIs
were anonymized and scored in random order with Brody score. Descriptive
statistics, T-test and Spearman correlation(r) were used.

Results: Two patients were excluded for incomplete protocol. Mean AT
score was 3.3 (min/max 0/8, SD 2.75). Mean HPs score was 4.4 (min/max
0/12, SD 3.94). The comparison of AT and HPs scores showed: a decrease
of ATs in 29%(7)cases, an increase in 51%(13) and no variation in 17%(4).
AT and HPs mean scores for these groups of patients were: 3.1/6.7, 4.6/1.6
and 1.75. Positive correlation was found between AT and HPs (r=0.413;
p=0.045). HPs correlated negatively with FEF25 (r=-0.69; p=0.0001),
FEF75 (r=-0.46; p=0.02) and FEV/FVC (r=-0.51; p=0.01). AT correlated
negatively with FEF75 (r=-0.48; p=0.016), but not with FEF25 and
FEV/FVC. No significant differences were found between AT and HPs
scores (p=0.17).

Conclusion: HPs correlated better with PFTs than did AT. Score varia-
tions between MRI and CEMRI suggested that ATs sometimes did not over-
lap the HPs, probably underlying a reversible/physiologic process. CEMRI
seems to be a feasible and useful tool to monitor CF lung disease.

Clinical Relevance Statement: Hypo-perfusion defects are a more sen-
sitive indicator of small airways disease progression than air trapping.
CEMRI should be included routinely in CF follow-up.

R= Right. Note that the AT defect (white ROI) in the right lower
lobe on MRI (right image) is larger than HP on CEMRI (left image).
There are also other HP/AT defects in the right upper lobe (red
arrow).
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364
SAFETY AND EFFECTIVENESS OF EUCAPNIC
VOLUNTARY HYPERVENTILATION TO DETECT
EXERCISE-INDUCED BRONCHOSPASM IN CYSTIC
FIBROSIS
Kirkby, S.1,2; Hayes, D.1,2; Cosmar, D.2; Drake, J.2; Parsons, J.2;
McCoy, K.1; Mastronarde, J.2 1. Section of Pulmonary Medicine,
Nationwide Children’s Hospital and Ohio State University,
Columbus, OH, USA; 2. Pulmonary, Allergy, Critical Care &
Sleep Medicine, Ohio State University, Columbus, OH, USA

Background: Exercise-induced bronchospasm (EIB), defined as tran-
sient bronchoconstriction during exercise, is a common condition in asth-
matics. However, the role EIB may play in exercise limitation in patients
with cystic fibrosis (CF) is unknown and not well studied. Eucapnic volun-
tary hyperventilation (EVH) is an accepted method of bronchoprovocation
frequently used to diagnose EIB in athletes. We hypothesized that EVH
could safely be used to diagnose EIB in healthy patients with CF.

Methods: Adolescent and adult patients with a confirmed diagnosis of
CF and normal baseline lung function (FEV1 ≥ 70% of predicted) under-
went EVH as part of an ongoing clinical investigation examining the preva-
lence and physiological mechanisms of EIB in CF. EVH was performed by
inhalation of room temperature air containing 5% carbon dioxide to allow
hyperventilation at a goal of 85% of maximal voluntary ventilation (MVV).
After sustained hyperventilation for 6 minutes, spirometry was performed
immediately and at 3, 5, 10, 15, and 20 minute intervals. A positive EVH test
was defined by a 10% decline in FEV1 at any time interval. A threshold of
60% MVV was used to determine if the EVH was adequate, although a pos-
itive EVH test at lower MVV was also deemed adequate. Cardiopulmonary
exercise testing (CPET) using a stationary bicycle and post-exercise spirom-
etry was performed within one week to compare EVH to another accepted
diagnostic test for EIB.  

Results: A total of 9 patients (7 males, 2 females), mean age of 24 years
(range 14 to 59 years), successfully completed EVH testing. Mean baseline
FEV1 of the group was 3.6 liters (range 2.8 to 4.8 liters) and 93% percent
predicted (range 75% to 118% predicted). Each patient successfully
achieved 6 minutes of EVH without interruptions due to cough or other
adverse effects. Adequate EVH was achieved by all patients, with mean
MVV of 70% (range 58 to 90% MVV). The one patient who achieved 58%
MVV had a positive EVH thus the test was deemed adequate.

A positive EVH test was found in 2 of 9 patients (22%). Both of these
individuals experienced a drop in FEV1 of 10%, one at the 5 minute inter-
val and the other at 20 minutes. Both individuals are teenagers who regular-
ly engage in exercise and subjectively complain of cough or chest tightness
during physical activity. Neither patient has had bronchodilator responsive-
ness on prior spirometry. None of the 9 patients had post-CPET spirometry
values consistent with EIB. 

Conclusions: To our knowledge this is the first description of EVH in
CF. We demonstrate that EVH is safe and well-tolerated in adolescents and
adults with mild baseline pulmonary disease. Furthermore, these results sug-
gest that EVH may be a more sensitive EIB diagnostic test than laboratory-
based exercise challenge in the CF population. Further clinical studies uti-
lizing EVH as a method of bronchoprovocation in CF are warranted.

365
SAFETY OF INHALED TOBRAMYCIN IN PATIENTS
WITH CYSTIC FIBROSIS
McColley, S.1; Rietschel, E.2; Brockhaus, F.3; Angyalosi, G.3;
Higgins, M.4 1. Department of Pediatrics, Northwestern
University Feinberg School of Medicine, Chicago, IL, USA; 2.
CF-Center, Children’s Hospital, University of Cologne, Cologne,
Germany; 3. Novartis Pharma AG, Basel, Switzerland; 4.
Novartis Horsham Research Centre, Horsham, United Kingdom

Background: Tobramycin is an established treatment for Pseudomonas
aeruginosa (Pa) infection in patients with cystic fibrosis (CF). It is available
as an inhalation solution (TIS) and is under development as an inhalation
powder (TIP). To evaluate the safety of TIS ([TOBI®] 300 mg/5 mL
tobramycin via PARI LC® PLUS nebulizer twice daily) and TIP (112 mg
tobramycin twice daily), we conducted a pooled analysis of data from two

clinical trials: the EAGER and EVOLVE studies (primary results published
elsewhere).

Methods: EAGER compared TIP and TIS in patients of ≥6 years of age,
while EVOLVE compared TIP and placebo in patients of 6–21 years of age.
Both studies recruited patients with FEV1 25–75% predicted. Patients in
EAGER received three cycles of open label TIP or TIS (28 days on/28 days
off). In EVOLVE, patients were randomized (1:1) to TIP or placebo in Cycle
1 (blinded), with all patients receiving open-label TIP in Cycles 2 and 3 (i.e.
50% received three cycles of TIP and 50% received one cycle of placebo
then two cycles of TIP). The pooled analysis included 273 patients receiv-
ing TIP and 171 receiving TIS exposed to three treatment cycles. Safety
(adverse events [AEs], vital signs, biochemistry and hematology) was eval-
uated for all patients, while audiology assessments were conducted in a sub-
set of patients (91 patients receiving TIP and 45 patients receiving TIS).

Results: AEs were reported in 242 (88.6%) patients receiving TIP and
145 (84.8%) receiving TIS. AEs were most frequent during Cycle 1. The
majority of AEs were of mild or moderate severity, with severe AEs occur-
ring in only 26 patients (9.5%) receiving TIP and 23 (13.5%) of those
receiving TIS. The most frequent AEs were cough (47.6% of patients receiv-
ing TIP and 33.9% of those receiving TIS) and pulmonary exacerbation
(31.1% of patients receiving TIP and 30.4% of those receiving TIS). Bron-
chospasm was reported in five patients (1.3%) receiving TIP and one patient
(0.6%) receiving TIS. There were three deaths in patients receiving TIP,
none of which was suspected to be related to treatment. Other serious AEs
occurred in 59 patients (21.6%) receiving TIP and 47 (27.5%) of those
receiving TIS. The most frequent serious AE was pulmonary exacerbation,
which occurred in 39 patients (14.3%) receiving TIP and 29 (17.0%) of
those receiving TIS. There were no clinically relevant changes from baseline
for vital signs, and biochemical or hematological measures. Significant
decreases in hearing were measured sporadically (in <2% of patients treat-
ed) and only one event was persistent in a patient receiving TIP.

Conclusions: Overall, this pooled safety analysis indicates that the
novel inhaled powder formulation of tobramycin has a safety profile compa-
rable to that of the inhaled solution.

Study supported by Novartis Pharma AG, Basel, Switzerland.

366
A RANDOMIZED, DOUBLE-BLIND, PLACEBO-
CONTROLLED STUDY OF TOBRAMYCIN INHALATION
POWDER IN PATIENTS WITH CYSTIC FIBROSIS: THE
EDIT TRIAL
Galeva, I.1; Higgins, M.2; Piggott, S.2; Angyalosi, G.3 1. Pediatric
Department, Alexandrovska Hospital, Sofia, Bulgaria; 2. Novartis
Horsham Research Centre, Horsham, United Kingdom; 3.
Novartis Pharma AG, Basel, Switzerland

Background: Tobramycin inhalation powder (TIP) is part of a novel
drug/device combination specifically designed to improve tobramycin deliv-
ery to the lungs and ease of use in cystic fibrosis (CF) patients with chronic
Pseudomonas aeruginosa (Pa) infection. To demonstrate efficacy of new
products, placebo-controlled studies are required by the FDA. However,
such studies in patients with CF have been complicated by concerns regard-
ing the ethical acceptability of withholding active treatment from chronical-
ly infected patients with a serious, progressive condition. The EDIT (Estab-
lish tobramycin Dry powder effIcacy in cysTic fibrosis) trial was designed
to confirm the efficacy of TIP after minor modifications in the manufactur-
ing process, whilst exposing CF patients to a minimal placebo period (one
cycle).

Methods: EDIT (ClinicalTrials.gov identifier: NCT00918957) is a ran-
domized (1:1), double-blind, placebo-controlled study. The study population
consists of approximately 100 patients 6–21 years of age with CF and Pa
infection who have not received tobramycin within 4 months and with FEV1
of 25–80% predicted at enrollment. The treatment phase consists of a single
treatment cycle (28 days of treatment with TIP or placebo followed by a 28-
day off-treatment period) and a termination visit. Patients completing the
study are offered the option to participate in open-label extensions for a
total of six cycles of TIP treatment, in order to ensure a direct benefit for
every patient participating in the core study. During the 28-day on-treatment
period, patients receive twice-daily TIP 112 mg or matching placebo. The
primary efficacy variable is the change in % predicted FEV1 between base-
line and Day 29 (end of on-treatment period). Other assessments include
quality of life (CFQ-R), change in sputum Pa density, change in Pa
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tobramycin minimum inhibitory concentration, pharmacokinetics, and
changes in forced vital capacity and forced expiratory flow at 25–75% of
vital capacity. Safety assessments include monitoring of adverse events,
physical examinations, vital signs, clinical chemistry and urinalysis.

Results: Sixty-two patients from eight countries (17 centers) have been
recruited over a 21-month period. Efficacy and safety data to be added when
final results are available.

Conclusions: Operational and ethical challenges of performing a con-
firmatory placebo-controlled study in a rare patient population with a high
medical need and a serious progressive condition required an unprecedent-
ed worldwide recruitment effort. The EDIT study will provide valuable con-
firmatory data comparing the efficacy and safety of TIP and placebo in
patients with CF and Pa infection.

Study supported by Novartis Pharma AG, Basel, Switzerland.

367
WHOLE BREATH AND INSPIRATORY - EXPIRATORY
ANALYSIS OF REACTANCE AT 5HZ IN ADULT CYSTIC
FIBROSIS
Hurt, K.1,2; Paredi, P.2; Kalsi, H.2; Hodson, M.1; Usmani, O.2;
Bilton, D.1 1. CF, Royal Brompton Hospital, London, United
Kingdom; 2. Airway Disease Section, National Heart and Lung
institute, London, United Kingdom

Introduction: Progressive airways obstruction is a key feature of cystic
fibrosis (CF) which has its origins in the small airways. More sensitive
measures of lung function are needed in CF with reduced forced expiratory
volume in 1s (FEV1) decline per annum. Inert gas washouts can be time con-
suming for CF patients and would be difficult to fit into routine assessment
in the clinic. Impulse oscillometry (IOS) offers a quick and easy way to per-
form assessment of small airway function. As yet there is little research in
this area within CF. Reactance at 5Hz (X5), measured by IOS determines the
capacitive properties of the peripheral lung. Studies so far in CF have used
whole breath analysis only. Within breath analysis can separate Xrs into its
mean inspiratory and mean expiratory components. 

Aim: To determine the relationship between whole breath and inspira-
tory-expiratory analysis of X5 with spirometry, body plethysmography and
quality of life.

Methods: Twenty-five patients with stable CF (age 18-65 years; FEV1
range 26-119% of predicted; 64% with chronic Pseudomonas aeruginosa
infection) underwent impulse oscillometry (Jaeger IOS). Mean Rrs and Xrs
were calculated between 5 and 35 Hz and whole breath and within breath
analysis was performed. Results were correlated with spirometric, plethys-
mographic indices (Jaeger MasterLab) and quality of life using the cystic
fibrosis questionnaire revised. 

Results: X5, inspiratory X5 and expiratory X5 correlated with FEV1 (r=
0.756, p<0.001; r= 0.842, p<0.0001; r=0.892, p<0.0001), respectively. The
parameters showed greater sensitivity at lower FEV1 values. They also
demonstrated an inverse linear relationship with RV/TLC% ratio (r=-0.776,
p<0.001; r=-0.747, p<0.0001; r=-0.817, p<0.0001). When quality of life
was assessed, again, expiratory X5 demonstrated the best correlation (r=
0.568 p<0.007).

Conclusion: Reactance at 5Hz is a promising index of airway obstruc-
tion and gas trapping in CF. By performing within breath analysis of IOS,
expiratory reactance at 5Hz was shown to correlate better with gas trapping
and hence may be a better indicator of small airway function. IOS could also
be useful in more severe disease with increased sensitivity at a lower FEV1.
In addition IOS requires little training to use, takes only a couple of minutes
to perform and could be easily incorporated into clinical practice.

368
DESIGN AND PLANNING OF THE EARLY
INTERVENTION IN CYSTIC FIBROSIS EXACERBATION
RANDOMIZED TRIAL
West, N.E.1; Goss, C.H.2; Lechtzin, N.1 1. Medicine, Johns
Hopkins University, Baltimore, MD, USA; 2. Medicine,
University of Washington Medical Center, Seattle, WA, USA

Background: Most CF exacerbations are identified by a decline in
FEV1 or a change in symptoms; yet, patients do not objectively monitor
their disease status at home, and thus only seek care after symptoms have

progressed. Evidence suggests that earlier treatment of exacerbations is
associated with improved health outcomes. We are currently conducting a
randomized controlled trial (Early Intervention in Cystic Fibrosis Exacerba-
tion (eICE)) comparing usual care to home monitoring of lung function and
symptoms to trigger early treatment of pulmonary exacerbations. Our pilot
study has shown that home monitoring can identify pulmonary exacerba-
tions 15 days before patients typically report illness to their physician. Fur-
thermore, the time to identification of the first exacerbation is reduced in the
intervention arm (26 vs. 45 days, p=0.03). Lastly, adherence with home
monitoring is high (>95%).

Purpose of the Study: The main objective of this trial is to determine
the efficacy of home monitoring of lung function and symptoms and the
resulting effect on lung function, quality of life, rate of pulmonary exacer-
bations, treatment burden, adherence, and safety.

Study Design: This is a randomized, multi-center trial in CF patients
comparing usual care to early intervention. The early intervention arm uses
an electronic device that records FEV1 and a standardized symptom diary.
Participants in the intervention arm will perform home monitoring twice
weekly and transmit the data to a central coordinating center. Remote data
collection will identify pulmonary exacerbations and trigger treatment of
these exacerbations. Usual care is defined as routine quarterly visits to the
CF care center, and acute visits triggered by patient communication to the
CF care center. Treatment of identified pulmonary exacerbations will be
guided by a protocol.

Inclusion criteria include individuals with CF, age ≥ 14, FEV1 ≥ 25%
predicted, and no evidence of an exacerbation within the last 2 weeks.
Exclusion criteria includes history of solid organ transplantation, history of
Burkholderia cepacia in the last 2 years, and active treatment of non-tuber-
culous mycobacteria or allergic bronchopulmonary aspergillosis. Partici-
pants will be enrolled in the study for 12 months, and enrollment will take
place over 3 years.

Endpoints: Our primary endpoint is change in FEV1 from baseline to
12 months. Secondary endpoints include number of acute pulmonary exac-
erbations; time to first acute pulmonary exacerbation; time to subsequent
pulmonary exacerbation; number of hospitalizations; changes in quality of
life, treatment burden, and respiratory symptoms.

Statistical Analysis: A linear mixed effects model will be used to ana-
lyze all FEV1 measurements to estimate the 12 month change in FEV1 and
compare the differences between the intervention arm and usual care arm.

Conclusions: Pulmonary exacerbations are important events in the lives
of CF individuals and carry devastating consequences. This is a novel inter-
ventional trial utilizing “telemedicine” to enable earlier detection and treat-
ment of pulmonary exacerbations. 

Supported by NHLBI (1RO1HL103965-01) and the CF Foundation
(LECHTZ10A0).

369
PREVALENCE OF PERCEIVED HEARING LOSS IN A
POPULATION OF ADULT PATIENTS WITH CYSTIC
FIBROSIS
Strah, H.1; Zukosky, J.3; Smith, S.2; Rosenbluth, D.1 1. Division of
Pulmonary and Critical Care Medicine, Washington University
School of Medicine, Saint Louis, MO, USA; 2. Otolaryngology,
Washington University School of Medicine, Saint Louis, MO,
USA; 3. Barnes Jewish Hospital, Saint Louis, MO, USA

Pseudomonas aeruginosa is commonly identified in the sputum of
adults with cystic fibrosis. High-dose aminoglycosides are a mainstay of
treatment for exacerbations in this population. We examined a single-center
outpatient population of adults with cystic fibrosis for hearing loss. Patients
who presented to the clinic for routine follow up were evaluated for per-
ceived hearing loss using a screening version of the hearing handicap inven-
tory questionnaire modified for cystic fibrosis patients. A total of 155
patients were screened. Patients with scores of 8 or higher on the screening
inventory had at least a 13% probability of having measurable hearing loss
and were referred for formal audiology evaluation. Fifteen patients in our
population screened positive on the questionnaire and were referred for
audiologic evaluation. Nine patients completed audiologic evaluations and
eight had at least slight hearing loss. The prevalence of hearing loss in this
high-risk population is 5-9%. There does not appear a correlation between
severity of hearing loss and frequency of exacerbations, patient age or
cumulative aminoglycoside dose. Our findings suggest that patients with
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cystic fibrosis who have had repeated courses of high-dose aminoglyco-
sides have rates of measurable hearing loss similar to published rates of
aminoglycoside-related ototoxicity in the general population. The sensitivi-
ty and specificity of the screening questionnaire was not evaluated in this
study; validation of this screening tool may offer a simple, readily available
and easy-to-administer ancillary test to routine audiometric monitoring of
patients with cystic fibrosis.

370
EFFECT OF TOBRAMYCIN INHALATION SOLUTION
ON MORTALITY IN SUBGROUPS OF PATIENTS WITH
CYSTIC FIBROSIS
Latremouille-Viau, D.1; Sawicki, G.S.2; Zhang, J.3; von Wartburg,
M.1; Signorovitch, J.1; Wu, E.Q.1; Shi, L.4 1. Analysis Group, Inc.,
Boston, MA, USA; 2. Division of Respiratory Diseases,
Children’s Hospital Boston, Boston, MA, USA; 3. Novartis
Pharmaceuticals Corporation, East Hanover, NJ, USA; 4. Health
Systems Management, Tulane University, New Orleans, LA, USA

Background: Use of tobramycin inhalation solution (TIS) has been
associated with significantly reduced mortality among patients with cystic
fibrosis (CF) in the CF Foundation Patient Registry. We sought to assess the
association between use of TIS and mortality in selected clinically relevant
subgroups of patients with CF. 

Methods: The CF Foundation Patient Registry (1998 -2008) was used
to identify CF patients meeting recommended criteria for TIS use ( age ≥ 6
years, FEV1 %-predicted 25-75%, and persistent Pseudomonas aeruginosa
[PA] infection). In each year of follow-up, patients were classified into sub-
groups based on: age when first meeting all recommended criteria for TIS
use (6-17 years vs. ≥18 years), annual average FEV1 %-predicted <40% or
≥ 40%, underweight for age, evidence of mucoid PA, and evidence of mul-
tiple antibiotic resistant PA (MARPA). Within each subgroup, the associa-
tion between current-year reported use of TIS (yes/no) and subsequent-year
mortality was assessed using longitudinal logistic regression adjusted for
demographics, comorbidities, CF treatment use (i.e., dornase alfa, high-dose
ibuprofen, pancreatic enzymes, home IV), FEV1 %-predicted, and medical
resource use. Generalized estimating equations were used to account for
within-patient correlation across multiple follow-up years. Predicted
absolute mortality rates with versus without use of TIS were also estimated
for each subgroup.

Results: A total of 12,740 CF patients met recommended criteria for
TIS use and contributed to 74,505 patient-years follow-up. Annual mortali-
ty risk among CF patients not using TIS ranged from <1% to almost 10%
across the studied subgroups. After adjustment, use vs. non-use of TIS was
associated with significantly lower risks of subsequent-year mortality in all
selected subgroups (Table).

Conclusion: Use of TIS was associated with significantly reduced mor-
tality by 13% to 27% in all selected patient subgroups, suggesting that TIS
use is beneficial for a wide variety of patients. 

Acknowledgments: Funding provided by Novartis Pharmaceutical
Corporation.

371
TARGETED LUNG DELIVERY BY INHALABLE
MULTIFUNCTIONAL
MICROPARTICULATE/NANOPARTICULATE
AEROSOLS FOR CYSTIC FIBROSIS COMBINATION
DRUG/MUCOLYTIC TREATMENT
Li, X.1; Hayes, D.2; Mansour, H.M.1,3 1. Pharmaceutical
Sciences-Drug Development, University of Kentucky College of
Pharmacy, Lexington, KY, USA; 2. Departments of Internal
Medicine, Pediatric Medicine, & Surgery, University of Kentucky
College of Medicine, Lexington, KY, USA; 3. University of
Kentucky Center of Membrane Sciences, Lexington, KY, USA

Background: Cystic fibrosis affects both the bronchiolar and alveolar
deep lung regions with chronic airway infection and inflammation caused by
excessive viscous mucus obstructing the airways and inhibiting the normal
muciliary escalator clearance function. Inhalable microparticles and
nanoparticles can efficiently target those regions as advanced inhalation
aerosols. Targeted pulmonary delivery of first-line antibiotics (for bacterial
killing) combined with a mucolytic agent (to decrease inflammation by flu-
idizing the viscous mucus and enhancing drug penetration) can efficiently
target specific lung regions, reduce systemic side-effects and bacterial resist-
ance, deliver higher drug dose levels directly at the site of drug action, and
decrease the thickness and viscosity of the airway surface liquid. 

Objectives: The aim of this study was to rationally design, characterize,
and optimize multifunctional microparticulate/nanoparticulate inhalation
powders with essential particle properties and physicochemical properties
necessary for inhalation formulation as dry powder inhalers (DPIs).

Methods: An advanced spray drying system was employed to produce
respirable dry powders using various optimized conditions. Laser diffraction
particle size analyzer (LD) measured the volumetric particle size and size
distribution. Particle and surface morphology were imaged by scanning
electron microscopy (SEM). Degree of molecular order was determined by
powder X-ray diffraction (PXRD). Phase behavior was examined using ther-
mal analysis. Birefringency was imaged by hot-stage microscopy (HSM).
Karl Fischer (KF) titration quantified the water content in the powders.
Gravimetric vapor sorption (GVS) measured water vapor uptake behavior
with varying levels of relative humidity at 25°C and 37°C.

Results: Respirable multifunctional microparticles and nanoparticles in
the solid-state were successfully produced and optimized by advanced spray
drying as individual DPIs and combination drug-mucolytic agent DPIs. LD
indicated powders with a unimodal narrow size distribution in the respirable
size range. SEM showed that the particle morphology changed as the spray
drying conditions and composition ratios were systematically changed. The
absence of crystallinity in the low water content spray dried particles exist-
ed for the spray dried powders except for the mucolytic agent in the PXRD
patterns. Spray dried particles had distinct water vapor sorption isotherms as
a function of composition and phase behavior. 

Conclusions: Novel inhalation formulations of respirable microparti-
cles and nanoparticles of antibiotic drugs, a mucolytic agent, and drug-
mucolytic agent combinations suitable for targeted lung delivery by dry
powder inhalation to specific lung regions were successfully designed and
optimized. Excellent control of essential particle properties for targeted lung
inhalation aerosol delivery to specific lung regions was achieved. 

Acknowledgments: UK Center of Membrane Sciences Fellowship.

372
A COMPARISON OF ANTIBIOTIC SERUM
CONCENTRATIONS DRAWN FROM PERIPHERALLY
INSERTED CENTRAL CATHETER VERSUS
PERIPHERAL VEIN IN CHILDREN WITH
RESPIRATORY INFECTION
Green, M.; Sullivan, K.; Wells, S. Medicine Patient Services,
Childrens Hospital Boston, Boston, MA, USA

Objective: To evaluate serum concentration of antibiotics drawn from a
peripherally inserted central catheter (PICC) compared to serum concentra-
tion of antibiotic levels drawn from a venipuncture.

Background: A large number of hospitalized patients require PICC line
insertion for intravenous (IV) antibiotic treatment targeting respiratory
infections, such as cystic fibrosis (CF), pneumonia, and pleural effusions.



Poster Session Abstracts

347

Often, the antibiotic medications of choice require biweekly surveillance
levels before and/or after infusions to assess therapeutic delivery of the drug
and renal clearance for the duration of therapy. Our institutional policy for
obtaining antibiotic levels does not specify if the specimen should be drawn
from a PICC line or venipuncture. Thus, there is varying practice among
clinical providers as to the site of specimen collection. 

Methods: We are prospectively conducting a study on two inpatient
medical units. We screen all subjects ages 1 month to 21 years admitted with
a respiratory infection requiring IV vancomycin or tobramycin, and who
receive a new PICC line insertion for antibiotic treatment. The projected
sample size is 90 subjects; each subject is eligible for enrollment if he/she
requires levels within the first 16 days from the date of hospital admission.
Subjects require antibiotic levels multiple times throughout their hospital
stay, but only a maximum of two serum antibiotic levels were included for
each subject during hospitalization. 

Results: After enrollment of 40 subjects, an interim analysis was per-
formed. Thirty-four of 40 patients enrolled were CF patients, admitted for
CF exacerbation or cleanout. Peak tobramycin levels were consistently high-
er in the peripheral sample than in the same patient’s PICC sample. The
mean difference was 1.34 µg/mL with standard error 0.29 µg/mL, statistical-
ly significant by Student’s paired t-test at p<0.0002. Against the mean peak
level of approximately 25 µg/mL, this represented a 5% difference. Trough
levels were likewise consistently higher in the periphery than in the PICC
sample, by 0.35 ± 0.11 µg/mL (mean ± standard error), significant at
p=0.004. Against the mean trough level of approximately 3.5 µg/mL, this
was a 10% difference. 

Conclusion: Our hope is that completion of the study and a final analy-
sis of the data will provide information about whether PICC line samples are
equivalent to samples obtained from a venipuncture. Statistical significance
remains strong, despite having only 22 peak pairs and 31 trough pairs to
analyze. Even though the results are statistically significant, the mean differ-
ences are not clinically meaningful. Ideally, there will be no clinically sig-
nificant difference when our final analysis is complete, which will provide
us with evidence to safely draw vancomycin and tobramycin levels from
PICC lines; this will minimize invasive interventions and discomfort for
patients. Keeping in mind the frequency of hospitalizations in our CF pop-
ulation and their exposure to antibiotics requiring close monitoring of levels,
decreasing the number of venipunctures will also increase their quality of
life during and after the hospital stay.

373
DETECTION OF CHANGES IN AUDITORY AND
VESTIBULAR FUNCTION FOLLOWING REPEATED
EXPOSURE TO INTRAVENOUS AMINOGLYCOSIDES
VanDerHeyden, C.M.1; Handelsman, J.A.1; Nasr, S.2; King, W.1;
Kowalski, K.1 1. Otolaryngology, University of Michigan Health
System, Ann Arbor, MI, USA; 2. Pediatric Pulmonology,
University of Michigan Health System, Ann Arbor, MI, USA

Aminoglycoside antibiotics are known to be toxic to the inner ear. How-
ever, they continue to have a leading role in the treatment of certain infec-
tions and in the treatment of pulmonary exacerbations in patients with cys-
tic fibrosis (CF). While there is ample evidence in the literature of ototoxic-
ity, and there are established protocols for monitoring the effects of toxic
agents on hearing, less is known about the prevalence of aminoglycoside
vestibular toxicity among CF patients, and there are no commonly accepted
protocols for monitoring vestibular system function.

Because of our concern about quality of life issues in CF patients with
apparent vestibular ototoxicity who were referred to the Vestibular Testing
Center (VTC) at the University of Michigan, we initiated a quality improve-
ment clinical protocol with our pediatric CF patients. The purpose of this
ongoing investigation is to determine the prevalence of hearing loss and
vestibular system involvement among patients with cystic fibrosis (CF) who
receive intravenous aminoglycosides, as well as to determine whether incre-
mental changes in auditory and vestibular function can be detected with
subsequent courses of antibiotics. 

As previously reported, we have discovered a high prevalence of senso-
ry loss in this population. Of the patients that have been evaluated at our
facility since the initiation of this clinical protocol, only 14% demonstrated
both normal hearing and normal vestibular system function. Because there
are no current guidelines for monitoring vestibular function, and since we
are interested in determining whether some portions of the test battery are

more sensitive to change with repeated exposure, we have obtained serial
testing data on 30 patients to assess for both clinical as well as subclinical
changes. While almost half of the patients showed significant enough
changes to move them from one clinical category to another (normal to non-
lateralized vestibular system involvement or unilateral loss, non-lateralized
vestibular system involvement to unilateral or bilateral loss, and unilateral to
bilateral loss), each of the patients who had bilateral vestibular loss
remained in that category, although some demonstrated increased severity of
the loss. Others without bilateral loss remained within the same category but
demonstrated consistent changes for one or more subtests. 

Our data to date suggest that it is possible to detect consistent change
over time within and across categories. Additionally, it is important to mon-
itor vestibular system function each time potentially toxic agents are used in
order to assess for significant changes that may occur and initiate interven-
tion through vestibular rehabilitation, if needed.

374
SENSITIVITY AND SPECIFICITY OF INFANT
PULMONARY FUNCTION TESTING IN SICK AND WELL
CF INFANTS IDENTIFIED BY NEWBORN SCREENING
Hoover, W.1; Mims, C.2; Gamble, S.2 1. Pediatric Pulmonary
Medicine, University of Alabama at Birmingham, Birmingham,
AL, USA; 2. Pediatric Pulmonary Medicine, Children’s Health
System, Birmingham, AL, USA

Background: Infant pulmonary function testing (IPFT) may aid in early
detection of pulmonary disease in cystic fibrosis (CF). Previous studies have
demonstrated that IPFTs may significantly influence clinical decision mak-
ing. The sensitivity of this modality and its correlation with classical clini-
cal assessment has not been clearly established.  The purpose of this study
was to evaluate the sensitivity of IPFT and to correlate this with clinical
findings typically attributed to CF lung disease.

Methods: Approval was obtained from the UAB institutional review
board. We prospectively collected parental surveys and clinical assessments
on infants diagnosed with CF by newborn screening between January 2009
and December 2010. Parental surveys evaluated 5 symptoms related to res-
piratory health (congestion, daily cough, wheezing, productive cough or
increased work of breathing). The presence of two or more was considered
to represent increased risk of active CF lung disease. Clinical assessment by
the treating physician included 5 clinical factors (Pseudomonas aeruginosa
infection, daily respiratory symptoms, crackles or wheezing on exam or any
CF exacerbation requiring hospitalization). The presence of two or more
was considered to represent increased risk of active CF lung disease. Infant
forced expiratory flow was performed at the patient’s baseline level of health
using the nSpire IPL and raised volume rapid thoracoabdominal compres-
sion technique at one year of age. FEV0.5 less than 85% predicted was con-
sidered abnormal.

Results: A total of 23 subjects (11 male and 12 female) underwent
screening pulmonary function testing in conjunction with parental and
physician assessment. Mean age was 54.3 weeks. Weight for length per-
centile was 90th % and 50th % for male and female respectively. Parental
surveys found 5 infants had significant symptoms while provider assessment
found 6 infants at risk of active lung disease. There was 33% concurrence
between parental survey and clinical assessment. Mean FEV0.5 was 100.3%
predicted (SD +/- 24.9) among all subjects. Six infants had a FEV0.5 less
than 85% predicted, suggestive of significant lung disease. Concurrence of
suspected pulmonary disease and abnormal lung function by parental sur-
vey, clinical assessment and all three measures were 40%, 33% and 16%
respectively.

Conclusion: Screening infant pulmonary function testing at one year of
age revealed a 26% incidence of abnormal pulmonary function in our CF
population despite usual respiratory health maintenance therapy. Our find-
ings demonstrated poor correlation with subjective and clinical occurrences
frequently used to gauge severity of respiratory disease in this population.
Our three assessment tools would suggest independently a respiratory dis-
ease incidence of 52%, perhaps contributing to unnecessary escalation of
therapy. While this study does have significant limitations it does support the
clinical utility of infant pulmonary function testing in screening for lung dis-
ease while raising significant questions about the specificity of parental
observations and clinical assessment in detecting respiratory disease in
infants with CF.
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375
REDUCING POTENTIAL TOXICITY: IMPROVING THE
WAY SERUM ANTIBIOTIC CONCENTRATIONS ARE
OBTAINED
Mickle, B.1; Huntman, J.1; Graeler, M.1; Goddard, C.1; Tan, K.1;
Filipiak, J.1; Carter, J.2; Faro, A.2 1. Nursing, St. Louis Children’s
Hospital, St. Louis, MO, USA; 2. Pediatrics, Washington
University, St. Louis, MO, USA

Background: On a pediatric pulmonary inpatient unit, of a large Cystic
Fibrosis (CF) Center, the unit’s Quality and Safety Committee observed
inconsistencies with the timing of the blood draws for aminoglycosides and
vancomycin levels in children admitted for a pulmonary exacerbation. We
hypothesized that improving the consistency in drawing blood levels would
lead to more accurate laboratory values and improve the ability of the
healthcare providers to determine appropriate antibiotic dosing for each
patient.

Methods: The committee designed a drug level communication form to
collect the following data: the time the antibiotic was due, the time admin-
istered, the time documented, the time completed, the time flush completed,
the flush volume, the draw time in the medical record, and the type of IV
tubing used. All patients with CF hospitalized between 12/08/2010 and
02/13/2011 for a pulmonary exacerbation were included. Transplant recipi-
ents were excluded.

Results: During the data collection period, forty-three drug levels were
obtained on twelve patients. The data collected were evaluated for inconsis-
tencies in administration and drawing of antibiotic levels. Opportunities for
improvement were observed in at least one comparison point for all data
samples collected. The chart below summarizes the findings.

Conclusions: The results of this QI project demonstrated inconsisten-
cies both in the intravenous administration of aminoglycosides and van-
comycin and in the drawing of serum concentrations in hospitalized pedi-
atric patients with CF. Specifically, it was discovered that inadequate flush
volumes were being used which resulted in incomplete administration of the
antibiotics. In addition, the implementation of the drug level communication
form improved reporting between nurses and the pharmacist. As a result of
this project, new hospital guidelines for administering and obtaining amino-
glycosides and vancomycin levels are being adopted.

376
INHALED TOBRAMYCIN TIMING ALTERS
INTRAVENOUS TOBRAMYCIN CONCENTRATIONS
Stenbit, A.E.1; Bullington, W.M.2; Heh, J.L.2; Flume, P.A.1 1.
Medicine, Medical University of South Carolina, Charleston, SC,
USA; 2. Clinical Pharmacy Services, Medical University of South
Carolina, Charleston, SC, USA

Aerosolized tobramycin inhalation solution (TIS) may be absorbed and
result in measurable serum levels. This could affect calculation of pharma-
cokinetic (PK) parameters and dosing if TIS is used concurrently with intra-
venous (IV) tobramycin for treatment of a pulmonary exacerbation. Com-
puter PK modeling predicts that TIS given in the latter portion of the IV dos-
ing interval would result in increased tobramycin trough levels in some
patients. We wanted to assess the significance of timing of TIS on IV
tobramycin trough levels in the clinical setting. 

Adult CF patients infected with P. aeruginosa admitted to the hospital
for treatment of a pulmonary exacerbation were eligible for the study. IV
tobramycin was dosed every 12 hours based on previous PK measures for a
planned tobramycin trough <1mcg/mL. Tobramycin levels were drawn
approximately 2 and 9 hours after an IV dose. The following day,

tobramycin levels were again drawn at 2 and 9 hours, but TIS was given 5-
9 hours after the IV dose. 

Sixteen patients have participated thus far. All tolerated the IV
tobramycin and TIS without any adverse effects. Seven patients had a clin-
ically significant change in the tobramycin trough level and 3 of those
patients had an increase in their trough level >2mcg/mL. Seven patients had
a doubling of their trough. Eight patients had a reduced elimination rate con-
stant after TIS administration, which may be misinterpreted by the medical
team as a perceived decrease in clearance of IV tobramycin. The creatinine
remained stable throughout the treatment in all patients. 

Conclusion: Trough tobramycin levels were significantly influenced in
some (44%) of CF patients following aerosolized TIS when given in the lat-
ter part of the IV dosing interval, consistent with significant absorption of
inhaled drug in some patients. This study does not address the efficacy or
safety of TIS when given concomitantly with IV tobramycin. However,
these findings suggest that timing of the inhaled dose should be considered
when interpreting PK measures of IV drug dosing. 

This project was supported by a generous grant from the Novartis Phar-
maceuticals Corporation.

377
LUNG CLEARANCE INDEX (LCI) IN PRE-SCHOOL
CHILDREN WITH CF VERSUS FEV1.0 AND CHEST
XRAY (CXR) SCORES AT AGE 7
Lindblad, A.1; Al-Jassim, F.2,1; Gustafsson, P.3 1. Pediatrics,
Queen silvia Childrens Hospital, University of Gothenburg,
Gothenburg, Sweden; 2. Pediatrics, Karolinska University
Hospital/Huddinge, Stockholm, Sweden; 3. Pediatrics,
Kärnsjukhuset, Skövde, Sweden

LCI from SF6 multiple breath washout (MBW) is more sensitive than
spirometry to detect early CF lung disease and correlates closely to CT lung
changes in older CF subjects (1). 

Aim: To see if increased LCI during the preschool period correlates to
elevated LCI, CXR abnormalities (Northern score) or reduced FEV1.0 at
age seven. 

Methods: All CF patients born between 1995 and 2002, attending
Gothenburg CF center, and who had done at least one MBW at an annual
review between age 0.6 to 4.0 years and retested at age seven with MBW,
spirometry and CXR evaluated with Northern score (2) were included. The
colonization status of PA at age 7 was used as a grouping variable.

Results: Out of 24 children included (17M, median age at dx 0.4, range
0.0-2.6 yrs) four had one, six had two and 14 three MBW done before age
4.0. For mean age and LCI at each age period see Table. Median (range)
FEV1 at age 7 was 94% pred, (73;116). Three of the 24 were chronically
colonized with PA at age 7. 

Mean LCI at age 1-3 yrs did not correlate to LCI or FEV1.0 (rs=0.26,
p=0.228) and (rs=0.09, p=0.702) respectively at age 7 but correlated to
Northern score (rs=0.52, p=0.010). Patients with chronic colonization at age
7 had significantly higher mean LCI at age1-3 yrs (p=0.040) but not at age
7 (p=0.355). Patients with LCI >9 (n=5) at age 7 had significantly lower
FEV1.0 than patients with lower LCI (84±8% vs 99±10%, p=0.008). 

Conclusion: Increased LCI in the preschool years associated with the
degree of structural lung changes and colonization status at age 7 but not to
LCI or FEV1. 

1. Gustafsson et al. Thorax. 2008;63:129-34.
2. Conway et al. Thorax. 1994;49:860-2
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378
A CROSS-SECTIONAL REGISTRY ANALYSIS OF YEAR-
TO-YEAR FEV1% CHANGE IN CHILDREN WITH CF
McPhail, G.L.; Fenchel, M.; VanDyke, R.; Boesch, R.P.; Ednick,
M.; Chini, B.; Seid, M. Pulmonary ML 2021, University of
Cincinnati, Cincinnati Children’s Hospital Medical Center,
Cincinnati, OH, USA

Background: The cross-sectional rate of decline in FEV1% predicted
increases with age in children with CF. Registry analysis of this pattern of
FEV1% decline is needed.

Methods: CFF Registry data from 1996-2009 in patients ages 6-18
years were used. At each age, the peak FEV1% was calculated for each
patient. If a patient had two consecutive years where a peak FEV1% was
available, the corresponding year-to-year change-value was calculated.
Mean, median, and distribution were calculated for each age for delta
FEV1% values. Results are reported as the mean+/-SD. The percent of
patients with FEV1% decreases of ≥ 5% and ≥10% were calculated at each
age. Descriptive statistics and comparisons were performed between
patients at or below the 10th percentile (rapid decline) and patients at or
above 90th percentile (increase) for year-to-year change in FEV1% values. 

Results: The sample size in this analysis was 20,060 patients ages 6-18
years. The sample size available at each age for calculation of the year-to-
year change in FEV1% ranged from 4,804 to 6010 patients. The mean year-
to-year changes in FEV1% predicted from ages 6-9 years bordered on zero
(0.06+/-11.0 from ages 6-7 years to -0.26+/-10.2 at 8-9 years). At subse-
quent ages, there was a progressive acceleration in the year-to-year rate of
decline in FEV1% predicted until age 16 years. The mean year-to-year
change in FEV1% predicted from ages 9-10 years was -0.69+/-10.2, from
ages 10-11 years was -0.75+/-9.7, from ages 11-12 years was -1.40+/-10.1,
from ages 12-13 years was -1.82+/-10.0, from ages 13-14 years was -2.34+/-
10.2, from ages 14-15 years was -3.10+/-10.2, and from ages 15-16 years
was -4.02+/-9.9% predicted. From ages 6-7 years, 15.8% of patients expe-
rienced a 10% decline and 29.8% of patients experienced a 5% decline in
FEV1% predicted. From ages 15-16 years, 30.7% of patients experienced a
10% decline and 49.3% of patients experienced a 5% decline in FEV1% pre-
dicted. When comparing variables in patients at or below the 10th percentile
(rapid decline) versus patients at or above the 90th percentile (increase) in
year-to-year change in FEV1%, decline in BMI percentile was associated
with the rapid FEV1% decline group in all ages. Chronic MRSA infection,
government insurance status, and prescription of inhaled tobramycin were
associated with the rapid FEV1% decline groups at multiple age intervals.
Female sex was not associated with the rapid decline groups from ages 6-10
years, but was associated with the rapid decline groups at most age intervals
from ages 10-18 years. Variables that were not associated with the rapid
FEV1% decline groups at most ages included homozygous Delta F-508 sta-
tus, age at diagnosis, chronic Pseudomonas infection, pancreatic enzyme
supplementation, and prescription of dornase alfa or high dose ibuprofen.

Conclusions: The year-to-year decline in FEV1% predicted rapidly
increases with age in children with CF. Risk factors for rapid FEV1% decline
status include female sex, government insurance status, decline in BMI per-
centile, and chronic MRSA infection. Further research is needed to investi-
gate the mechanisms of lung function decline in children with CF.

379
USE OF INHALED TOBRAMYCIN FOR TREATMENT OF
CYSTIC FIBROSIS PULMONARY EXACERBATION
Lubsch, L.1,2; Carlson, A.5; Albers, G.1,3; Armbrecht, E.3,4 1.
Cardinal Glennon Children’s Medical Center, Saint Louis, MO,
USA; 2. Southern Illinois University Edwardsville School of
Pharmacy, Edwardsville, IL, USA; 3. Saint Louis University
School of Medicine, Saint Louis, MO, USA; 4. Saint Louis
University School of Public Health, Saint Louis, MO, USA; 5. St.
John’s Hospital, Springfield, IL, USA

Background: The use of inhaled versus parenteral antibiotics for treat-
ment of cystic fibrosis (CF) pulmonary exacerbation is controversial. Since
intravenous (IV) antibiotics may have low distribution into respiratory
secretions, higher doses may be used which increase toxicity risk. Inhaled
tobramycin (TOBI®) is administered directly to the airways minimizing

systemic exposure and toxicity risk while increasing concentration at the site
of infection.

Objectives: The specific aims of this study were to evaluate the:
1) Admission rate and time to readmission between patients treated with

TOBI® as an alternative to parenteral tobramycin (TOBRA) for pulmonary
exacerbation of CF,

2) Change in forced expiratory volume in one second (FEV1) percent
predicted and

3) Change in Pseudomonas aeruginosa (Pa) sensitivity between treat-
ment groups.

Methods: This study is a retrospective chart review following each
patient for one year from their initial hospitalization in 2008 or 2009.
Patients 0-21 years of age, diagnosed with CF, hospitalized due to pul-
monary exacerbation and treated with TOBI® or TOBRA were included.
Data collected included patient demographics, exacerbation history, hospi-
talizations, IV therapy days, time to readmission, FEV1 percent (%) predict-
ed trends and respiratory culture with tobramycin sensitivity history. Data
was analyzed using descriptive statistics, t-test for independent samples and
Fisher’s exact test for categorical data.

Results: A total of 25 patients (12 receiving TOBI®, 13 receiving
TOBRA) were included with no significant demographic differences
between treatment groups. Time to readmission was 202.4 days for TOBI®
and 178.3 days for TOBRA (p=0.64). Patients were hospitalized an average
of 2.7 times per year in both treatment groups (p=0.97). The number of IV
therapy days per year was 36.6 days for TOBI® and 31.7 days for TOBRA
(p=0.76). The average improvement in FEV1 % predicted was 11.0% for
TOBI® and 16.1% for TOBRA (p=0.37). No difference exists between
treatments groups for Pa tobramycin sensitivity (p=0.27). No association
exists between BMI and time to readmit (R2=0.09) or BMI and days on IV
therapy (R2=0.16).

Conclusion: Inhaled tobramcyin may be considered as an effective
alternative to parenteral tobramycin used in conjunction with another sys-
temic antibiotic for the treatment of CF pulmonary exacerbations.

380
STATISTICAL PROCESS CONTROL (SPC) –VALIDATED
HOME SPIROMETRY FOR CF LUNG DISEASE
Gutierrez, H.1; Self, S.1; Gamble, S.2 1. Pediatrics, Univ of
Alabama at Birmingham, Birmingham, AL, USA; 2. Children’s
Health System, Birmingham, AL, USA

Introduction: Monitoring is a periodic measurement that guides the
management of a chronic or recurrent condition. It aims to detect departure
from the condition’s baseline, establish the response to treatment and detect
the need to adjust treatment. Statistical process control (SPC) charts have
been used in asthma management and provide a patient-specific, statistical-
ly meaningful method of evaluating effectiveness of medications and inter-
ventions. It is conceivable that a similar approach to monitor forced expira-
tory volume in one second (FEV1) could be an effective and useful clinical
and research tool for assessing lung function and disease progression in CF.

Objective: Home monitoring of SPC-validated FEV1 trend charts can
serve as an effective tool for tracking FEV1 of individual patients and help
in various aspects of CF management. 

Methods: SPC charts with meaningful statistical limits were construct-
ed from baseline home FEV1 trend data of stable patients to establish com-
mon cause variation and special cause variation. This allowed evaluation of
statistical evidence of changes in respiratory symptoms (RS) scores and
identification of early and significant changes in lung disease. Individual
and Moving Range (X-mR) Charts for FEV1 data sets were created. An
average of 18 individual measurements collected periodically were used to
study the process. FEV1 measurements were obtained most mornings
before airway clearance. Sigma (∑), upper control limits (UCL), lower con-
trol limits (LCL), and median of serial FEV1 for the X-portion were deter-
mined. Control limits were set at ± 2SD (95% of values). Subsequently,
subjects were instructed to continue performing home spirometry (HS) and
recording RS. Data was analyzed to determine if a correlation existed
between the patient’s perceived changes (if any) and lung function measured
by FEV1. 

Results: Twenty-five patients were included in the analysis. In-control
trends were obtained and then compared with clinical changes. Those
patients with regular and consistent recordings showed meaningful changes
with downward trends when getting sick and with an upward trend when
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increasing therapies or improving adherence. However, in several cases it
was not possible to establish meaningful change due to poor adherence with
periodic recording, limited details in symptoms diary, or inconsistent HS
maneuvers. 

Discussion: The study showed benefits to a subset of patients using
periodic monitoring of FEV1. Those who were historically more adherent
with their chronic therapies took advantage of the additional information
provided by HS and adjusted therapies accordingly. The availability of the
device clearly changed their behavior and resulted in more stable lung func-
tion and a perception of better health. In this subset of patients, SPC-validat-
ed FEV1 trend charting showed departures from the patient’s baseline and
prompted intervention. Despite the significant limitations noted, the study
provides a tool that could be valuable to clinicians, researchers, and patients
and their families with objective information regarding clinical usefulness of
therapeutic interventions and a significant adjunct to adherence with treat-
ments and therapies.

381
CHARACTERIZING THE DISTRIBUTION OF FEV1
RATE OF DECLINE FOR CHILDREN WITH CYSTIC
FIBROSIS: A QUANTILE REGRESSION
VanDyke, R.1,2; Fan, B.1; McPhail, G.L.1,2; Amin, R.1,2; Kim,
M.1,2 1. Cincinnati Children’s Hospital Medical Center,
Cincinnati, OH, USA; 2. Pediatrics, University of Cincinnati,
Cincinnati, OH, USA

Objectives: Using mean FEV1% predicted may produce biased results,
especially for patients on high or low extremes of disease severity. The aim
of this study was to investigate behavior of FEV1% at the middle (median)
percentile, as well as the extreme percentiles, using a more flexible, robust
statistical approach. 

Methods: Data were acquired from the CF Foundation Patient Registry
(2009) for 10,624 patients aged 6-18 years. Mean FEV1% across ages was
estimated with a smoothing spline, allowing for curvilinear trend. We used
quantile smoothing splines to estimate potentially non-linear and unknown
age-related changes in FEV1 at different percentiles while controlling for
age. Quantile regression permits the investigation of the regression relation-
ships of quantities other than the mean with independent variables, and
quantile smoothing splines is its extension that accommodates an unknown
functional effect of an independent variable such as age. We compared
agreement between mean curve fitting results and quantile regression results
using Bland-Altman analysis.  

Results: Mean regression analysis overestimated age adjusted low
quantiles and underestimated age adjusted high quantiles (See Figure).
Mean analysis differed in comparisons with 10th, 25th, 50th, 75th and 90th
quantiles (all P<0.0001). Median quantile results were higher than those for
the mean (difference: 2.8% predicted; 95% CI: 2.0 to 3.6). Mean results
overestimated FEV1 for patients with very poor lung function (FEV1% pre-
dicted in the 10th percentile) by -29.3% predicted (95% CI: -30.6 to -28.0)
and patients in the 25th percentile (difference: -12.7% predicted; 95% CI: -
13.6 to -11.8). In contrast, means analysis underestimated less severe
patients who had lung function in the 75th and 90th percentiles (difference:
15.0% predicted; 95% CI: 14.3 to 15.7 and difference: 24.9% predicted;
95% CI: 23.8 to 25.9, respectively). 

Conclusions: For patients with very high or low pulmonary function,
quantile regression improves the quality of statistical analysis by providing
a percentile specific higher resolution analysis of age related FEV1%
change in CF patients. Although several retrospective analyses have
assessed mean changes in lung function for select patient groups, quantile
regression was shown to offer a robust viable option outside of mean-based
analysis.

Age Related Rate of Change of FEV1% Predicted in Children with
Cystic Fibrosis

382
PREDICTING LONG TERM OUTCOMES IN MILD CF
LUNG DISEASE (MCFLD) UTILIZING EARLY METRICS
OF CHANGE AT 3 MONTHS
Robinson, T.1; Yilma, M.1; Newman, B.2; Waltz, D.3; Goris, M.4 1.
Center for Excellence in Pulmonary Biology (Pulmonary
Division), Department of Pediatrics, Stanford University Medical
Center, Palo Alto, CA, USA; 2. Pediatric Radiology, Packard
Children’s Hospital at Stanford, Palo Alto, CA, USA; 3. Novartis
Institutes for BioMedical Research, Cambridge, MA, USA; 4.
Nuclear Medicine, Stanford University Medical Center, Stanford,
CA, USA

Background: Early metrics that can predict long term outcome of pro-
gressive CF lung disease will be useful to facilitate drug development in
children with mild CF lung disease (MCFLD). We looked at 2 promising
metrics (chest CT quantitative air trapping, % expiratory volume A2 [QAT
(%EV A2)] and FEV1 % predicted [FEV1 (%P)]) to determine whether
these measures optimally predict subsequent progression of CF lung dis-
ease. 

Objective: To determine whether 2 defined metrics of change obtained
from Baseline (B) ⇒ 3 Months (3 Mo) can accurately predict progressive
CF lung disease over a 2 year period in children with MCFLD.

Methods: QAT (%EV A2) and FEV1 (%P) measurements were studied
at B, 3 Mo, 1 Year (Yr), and 2 Yrs in 24 children from Stanford enrolled in
the Novartis Mild CF Natural History Study. We evaluated these metrics in
2 ways: 1) Regression analysis of the change in each measurement from B
⇒ 3 Mo vs. B ⇒ 2 Yrs; and 2) Comparison of each measurement at B, 3
Mo, 1 Yr, and 2 Yrs using 2-way ANOVA. All 24 subjects underwent inspi-
ratory and expiratory low dose spirometer-controlled spiral CT scans and
pulmonary function measurements for all testing sessions.

Results: Mean age at B for the 24 subjects was 11.9 ± 2.5 years, with 13
females/11 males, mean height 146 ± 13.2 cm, mean weight 41.2 ± 10.5 kg,
mean FEV1%P 104 ± 11.6, mean FEF25-75%P 103 ± 24.8, and mean Bras-
field CXR score 22 ± 1.5. Both B ⇒ 3 month change metrics [QAT (%EV
A2) and FEV1 (%P)] were able to predict total progression of disease over
a 2 year period (B ⇒ 2 Yrs) in children with MCFLD as exemplified by cor-
relations of r = 0.96 for QAT (%EV A2) and r = 0.93 for FEV1 (%P). When
disease progression was stratified by either changes in QAT (%EV A2) or
FEV1 (%P) from B ⇒ 3 Mo, there were significant differences noted
between test date measurements by ANOVA in those subjects who had ini-
tially worsening disease at 3 Mo (Table 1). However, only QAT (%EV A2)
demonstrated a progressive trend of disease severity in subjects that had ini-
tial worsening measurements at 3 month testing.

Conclusions: Both change in QAT (%EV A2) and FEV1 (%P) metrics
from B ⇒ 3 Mo accurately predicted the overall 2 year change in lung dis-
ease in children with mild CF. However, only QAT (% EV A2) was able to
discriminate progressive worsening of disease over a 2 Yr period. 

Study funded by Novartis and CF TDN.
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Table 1. Discrimination of 2 Yr disease progression by change in
metric from baseline ⇒ 3 Mo

*P-Value = 0.150 by 2-Way ANOVA w/o Repeated Measures (RM).
**P-Value = 0.006 by 2-Way ANOVA w/o RM.
***P-Value = 0.242 by 2-Way ANOVA w/o RM.
****P-Value = 0.010 by 2-Way ANOVA w/o RM.

383
SAFETY AND FEASIBILITY OF CONTROLLED
VENTILATION INFANT CT SCANNING USING
RECRUITMENT AND SCAN ACQUISITION
TECHNIQUES
Robinson, T.1; Newman, B.2; Krane, E.3; Goris, M.4 1. Center for
Excellence in Pulmonary Biology (Pulmonary Division),
Department of Pediatrics, Stanford University Medical Center,
Palo Alto, CA, USA; 2. Pediatric Radiology, Packard Children’s
Hospital at Stanford, Palo Alto, CA, USA; 3. Pediatric
Anesthesiology, Stanford University Medical Center, Stanford,
CA, USA; 4. Nuclear Medicine, Stanford University Medical
Center, Stanford, CA, USA

Significant early structural lung disease manifested by regional air trap-
ping, bronchial wall thickening, and early bronchiectasis has been readily
detected by chest CT imaging in infants and toddlers with CF even in the
absence of clinically apparent respiratory symptoms. To begin studying
early CF lung disease, we sought to obtain optimal motion free inspiratory
and expiratory chest CT scans in young infants/toddlers with CF. In collab-
oration with the AREST CF group in Perth, Australia we have developed
controlled ventilation infant CT (CViCT) scans at our institution to study
infants and toddlers with cystic fibrosis. The methodology for obtaining
these scans includes anesthesia induction with either propofol or sevoflu-
rane, intubation with a cuffed endotracheal tube, standardized inspiratory
recruitment maneuvers, followed by chest CT imaging at precise lung vol-
umes corresponding to 25 cm H2O for inspiratory scans and 0 cm H2O for
expiratory scans.

To date we have completed 40 CViCT scans in 32 infants/toddlers (7 CF
patients, 4 Primary Ciliary Dyskinesia patients, 14 patients with pediatric
lung disease, and 7 oncology patients). We have completed follow-up scans
in 5 of the 32 infants/toddlers. For all 40 CViCT scans, there has not been
any complications related to intubation, lung recruitment, or CT maneu-
vers. In only 1 case, has there been an adverse event related to hallucinations
with propofol. The average age, weight, and height for all patients tested
have been 2.4 yrs, 12.2 kg, and 85 cm.

To investigate the effects of lung recruitment (up to 40 cm H2O on Peak
inspiratory pressures) and inspiratory scan acquisition at 25 cm H2O during
CT Testing, we closely studied 7 infant/toddlers from the 32 patients we
have tested. The mean age, weight, and height of these 7 chldren were 2.8
yrs, 13.0 kg, and 88 cm respectively. The mean maximal pressure for inspi-
ratory recruitment was 39 H2O which correponded to a mean tidal volume
(Vt) of 477 cc and 36.7 cc/kg. The mean PETCO2 was 26 torr. During inspi-
ratory scan acquision at 25 cm H20, the mean PIP was 24 H2O, while the
mean Vt was 310 cc and 22.6 cc/kg. The mean PCO2 was 29 torr.

Thus far we have been able to complete combination infant PFTs/lung
clearance index/CViCT in less than a 2 hr period, and have recently been
able to complete the CViCT portion of the testing in < 15 minutes. We con-
clude that controlled ventilation infant CT scanning utilizing a cuffed ET
tube, and recruitment maneuvers followed by inspiratory and expiratory CT
scans under general anesthesia is a safe and feasible method to obtain high
quality motion free CT images in young children with CF.

PHYSICAL & RESPIRATORY THERAPY 

384�
PHYSIOTHERAPY TREATMENT OF INFANTS WITH
CYSTIC FIBROSIS: WHERE ARE WE NOW AND WHERE
ARE WE GOING – AN AUSTRALIAN PERSPECTIVE
Moran, F.C.; Tannenbaum, E. Physiotherapy, The Royal
Children’s Hospital, Parkville, VIC, Australia

Introduction: Improvements in outcomes in cystic fibrosis (CF) during
the past three decades have been attributed to newborn screening, improved
therapies and multidisciplinary management. Newborn screening com-
menced in Australia 30 years ago; with all states and territories performing
newborn screening by 2001. Routine physiotherapy treatment for infants in
Australia with CF has previously been modified postural drainage and per-
cussion. However, there are now a variety of techniques which are used in
the physiotherapy management of these children. The aim of this study was
to investigate current treatment practices versus intended change to practices
in this population.

Method: Australian physiotherapists involved in the management of
infants with CF were sent an electronic survey comprising multiple choice
questions (with space for additional comments) regarding current clinical
practice, possible changes to future practice and interest in research into dif-
ferent techniques.

Results: Twenty physiotherapists responded to the survey, representing
13 hospitals. All recognized major Australian CF centres were represented.
In infants under one year old, routine use of modified postural drainage with
percussion and vibration (MPD with P&V) was used by 100% of physio-
therapists while 90% utilised exercise/play/development, and 60% position-
ing to influence respiration. This is despite physiotherapists reporting that
they frequently tailor techniques to the individual. Positive expiratory pres-
sure (PEP) mask (25%), hypertonic saline (14%), assisted autogenic
drainage (AAD) (10%), and postural drainage with percussion and vibration
(PD with P&V) (4%) were not routinely incorporated into the treatment.
Pulmozyme® was reported to be used in occasional cases. Techniques rou-
tinely used for children 1-2 years old, allowed for more active participation
by the child with increased use of: blowing games (90%), huffing (55%),
bottle PEP (45%), PEP mask (30%), active cycle of breathing technique
(ACBT) and mouthpiece PEP (5% each). To the question regarding inten-
tion to change future treatment for children under one year old, 25% of
physiotherapists indicated “Yes,” 40% “No,” and 35% “Unsure.” Techniques
being considered for inclusion were AAD, exercise/play/development, posi-
tioning to influence respiration and hypertonic saline (43% each), MPD
with P&V (29%), PEP mask, normal saline and Pulmozyme® (14% each).
The majority (65%) of physiotherapists were interested in undertaking
research into physiotherapy treatments for infants with CF with 95% favour-
ing multi-site research, and 60% randomized controlled trials. The tech-
niques identified most often for future research were MPD with P&V
(80%), PEP mask (65%), and exercise (50%) whilst hypertonic saline
(35%), PD with P&V (20%), positioning for respiration, inhaled normal
saline and Pulmozyme® (15% each) were least considered.

Discussion: Routine physiotherapy techniques prevail in the treatment
of infants with CF although Australian physiotherapists advocate tailoring
management to the individual. Exploration of new techniques through
research will promote confident translation of these techniques into current
clinical practice and inform evidence based guidelines.

385�
POSITIVE PRESSURE - A POSITIVE IMPACT ON
AIRWAY CLEARANCE AT HOME
Morgan, G.E.; Parrott, H.; Bilton, D.; Agent, P. Adult CF Unit,
The Royal Brompton & Harefield NHS Foundation Trust, London,
United Kingdom

Background: The addition of positive pressure to airway clearance has
been shown to enhance sputum mobilisation, decrease work of breathing
and patient fatigue during in-patient admissions for people with cystic fibro-
sis (CF). To give patients choice, community home-based treatments are
available e.g. home IV antibiotics. Physiotherapy techniques should provide
optimum airway clearance independent of location. We provided non-inva-
sive ventilation (NIV) to patients at home who were not in type II respirato-
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ry failure. These patients had previously benefited from the addition of pos-
itive pressure, as in-patients, over their usual airway clearance therapy
(ACT). We aimed to see if this subjectively improved their home ACT, and
objectively impacted on healthcare use. 

Methods: Patient views on the addition of NIV to ACT were gathered
via structured qualitative interviews. All interviews were completed by the
same investigator. Data was also collected on number of hospital admis-
sions, days in hospital and home IVs for 1-year pre- and post-NIV set up.
Ease of clearance and breathlessness with ACT were assessed using a visu-
al analogue scale. Fourteen patients (n=9 female), median age 24yrs (16-
39), baseline median FEV1 45% (17%-82%) were included having used
NIV for ACT ≥1 year; however 4 were unable to complete interviews (3
died, 1 moved country). Pressure used for ACT ranged from IPAP 16-
32cmH2O and EPAP 0-8cmH2O.

Results: There was no statistically significant difference between the
median time (60 mins (20-120)) spent in total on ACT/day or the number of
sessions completed a day (2 sessions (1-3)). However, patients reported feel-
ing they needed less rest within treatment times using NIV.

Common themes for why NIV was introduced into ACT included
exhaustion with current regimes, requiring inspiratory positive pressure at
home and optimisation of ACT. 

Reported impacts included: less time in hospital; less effort to clear
secretions and more energy for ACT. Thirty percent (3/10) of patients sub-
sequently developed nocturnal hypercapnia and felt that previous use helped
synchronisation with NIV for sleep; however settings differed for sleep and
ACT. 

Conclusion: Subjectively, the use of NIV to assist ACT made a signifi-
cant difference to patients’ ratings of ease of clearance and breathlessness
during ACT. Patients felt that NIV helped them to clear more secretions than
previous ACT, while limiting fatigue. Statistically significant improvements
were seen in ease of clearance (p=0.011) and reduced breathlessness during
ACT (p=0.011). In-patient days and admissions were lower after the set up
of NIV for ACT than before use, and although no firm conclusions can be
made due to small patient numbers, 40% (4/10) of the patients felt that the
addition of NIV had helped them stay out of hospital. The addition of NIV
for airway clearance warrants further investigations.

Results

386�
THE USE OF A RESPIRATORY CARE CHECKLIST AS
PART OF AN ANNUAL CYSTIC FIBROSIS CARE
CURRICULUM
Traplena, L.D.1; Lawrence, J.1; Montenegro, S.1; Mason, S.2;
Sockrider, M.M.2; Oermann, C.M.2 1. Pulmonary Medicine
Service, Texas Children’s Hospital, Houston, TX, USA; 2.
Department of Pediatrics, Baylor College of Medicine, Houston,
TX, USA

Background: Respiratory care is the backbone of preventative and ther-
apeutic medical management of CF lung disease. Our pediatric CF program
has effective approaches to initial respiratory care teaching for newly diag-
nosed patients and the introduction of new respiratory therapies. During a
period of rapid program growth, we neglected the issues of ongoing patient
assessment and education regarding chronic therapies. Despite quality
improvement (QI) efforts directed at improving outcomes, our program has
not met pulmonary function targets. We hypothesized that using a respirato-
ry care checklist (RCC) as part of an annual CF Care Curriculum, would
improve patient care and pulmonary function outcomes.

Methods: An RCC was developed as part of a comprehensive QI pro-
gram at Texas Children’s Hospital. The RCC consisted of two components;
one part focusing on inhaled medications and the other on airway clearance
therapy (ACT). The RCC included questions regarding frequency/order of

therapy, adherence to therapy, therapy techniques, cleaning of respiratory
equipment and patient/family feedback. The RCC was performed by a group
of respiratory therapists (RTs) in both the out-patient (OP) and in-patient
(IP) settings. The RTs underwent training to ensure that patient education
was consistent. OPs were randomly selected during routine clinic appoint-
ments. The IPs were recruited during their hospital stay. Utility of the RCC
was assessed by open ended questions asking what part of the RCC was
most helpful and if it would change respiratory care practices at home. The
time taken to complete an RCC ranged from 30 to 90 minutes, depending on
the needs of the patient.

Results: The goal for the OP setting was to perform the RCC on 30 CF
patients from September 1, 2010 through October 31, 2010. A total of 36
were completed (12 additional RCCs were completed but included only one
or the other component.) The goal for the IP setting was to perform the
RCC on100% of the CF patients that were admitted in the month of Octo-
ber. A total of 29 patients were admitted during that time and 28 RCCs were
completed (97%). The age range of the patients was 8 months to 21 years.
Subjective feedback was overwhelmingly positive. Of the total RCCs done,
100% of the families learned something new or a better way of doing things.
Changes or improvements were seen in huff coughing (69%), proper clean-
ing of respiratory equipment (64%), keeping track of MDI doses (59%),
changing filter on compressor (41%), MDI technique (33%), ACT (31%)
and order of therapy (22%). 

Conclusions: Implementing the RCC had a positive impact on all of our
families. A significant number of families were performing therapies
improperly and inconsistently and none of the families was doing everything
correctly. The knowledge our patients and families gained by the RCC is
expected to change their behavior at home and may improve outcomes. Peri-
odic reassessment is critical in maintaining overall lung health. Future direc-
tions will include FEV1 measurements over time and re-assessment of each
patient at least once a year and more often as needed.

387�
EFFECTS OF A SUPERVISED OUT-PATIENT EXERCISE
AND PHYSIOTHERAPY PROGRAMME ON
RESPIRATORY HEALTH AND EXERCISE CAPACITY IN
CHILDREN WITH CF
Sell, Z.1; Dhouieb, E.1; Bell, G.1; Oliver, S.1; Tallis, M.2; Black,
R.2; Marshall, T.1; Urquhart, D.S.1,2 1. Paediatric Respiratory
Medicine, Royal Hospital for Sick Children, Edinburgh, United
Kingdom; 2. Paediatric Respiratory Medicine, Mater Children’s
Hospital, Brisbane, QLD, Australia

Background: The benefits of exercise in CF on improving exercise
capacity and stabilising lung function, as well as survival are known. A pre-
vious study of supervised out-patient exercise and physiotherapy in CF
reported a 48% reduction in intravenous antibiotic (ivAB) need, as well as
modest improvements in lung function and exercise capacity.1 We sought to
evaluate the effects of such a programme in a second, novel population.

Methods: Children who had ≥4 ivAB courses in 2009 were invited to
participate in the study which ran during 2010. The study had ethical
approval. An individualised home exercise and airway clearance programme
was derived and included the following: airway clearance, aerobic exercise,
strength training, stretching and postural advice. Children were reviewed in
the community every 2 weeks (or more frequently if unwell), and a mini-
mum of 30 minutes of exercise 3 times per week was completed by each
participant.

Spirometry was performed at intervals before and throughout the study,
whilst exercise (modified shuttle - MST) tests were completed at start and
end of the study. Clinical data were also collected including ivAB days.
Results were entered into a database (SPSS v17.0) and paired t-tests used to
compare data. 

Results: Thirteen children (7 female) were enrolled with mean (sd) age
at study entry of 13.3 (2.1) years. Fifty-four percent (7/13) were homozy-
gous for the F508del mutation, with the remainder being compound F508del
heterozygotes. A significant (18%) reduction in ivAB Days from a mean
(sd) of 57(4) in 2009 to 47(11) in 2010 (p=0.02) was noted, along with sig-
nificant improvements in both distance covered and level attained on MST
(Table 1) following this 1 year intervention. Although no significant differ-
ences in lung function were seen, the rate of change of FEV1 was declining
across the group in 2009, yet showed a mean increase for 2010 (Table 1).



Poster Session Abstracts

353

Conclusion: A supervised outpatient exercise and physiotherapy pro-
gramme verified the findings of a reduced need for ivAB, as well as modest
improvements in exercise capacity in a second population. Thus individual
benefits, and also quality improvement in the form of cost-benefits to serv-
ice are suggested by the results of this programme. Further larger-scale stud-
ies are needed to verify these findings.

References:
1. Black et al. Pediatr Pulmonol 2009; 44 (S32): 391-392.

Table: Mean (sd) of clinical data before and after 1 year of super-
vised, intensive out-patient exercise/physiotherapy

* Paired t-test

388
EFFECTS OF A SUPERVISED OUT-PATIENT EXERCISE
AND PHYSIOTHERAPY PROGRAMME ON QUALITY OF
LIFE IN CHILDREN WITH CF
Sell, Z.1; Dhouieb, E.1; Bell, G.1; Black, R.2; Tallis, M.2;
Marshall, T.1; Urquhart, D.S.1,2 1. Paediatric Respiratory
Medicine, Royal Hospital for Sick Children, Edinburgh, United
Kingdom; 2. Paediatric Respiratory Medicine, Mater Children’s
Hospital, Brisbane, Australia

Short-term (1-3 month) exercise training interventions in CF are known
to improve quality of life (QoL).1,2 A previous study of a 1-year, supervised
out-patient exercise and physiotherapy program reported a reduced need for
intravenous antibiotics (ivAB), as well as improved lung function and exer-
cise capacity, but did not report QoL data.3

Aims: To study the effects of a 1-year out-patient exercise/physiothera-
py program on QoL in children with CF.

Methods: Children who had ≥4 ivAB courses in 2009 were invited to
join the study which ran during 2010. The study had ethical approval. An
individualised home exercise/physio. programme was derived, and included
airway clearance, aerobic exercise, strength training, stretching and postur-
al advice. Children were reviewed in the community every 2 weeks (more
frequently if unwell), and a minimum of 30 minutes of exercise 3 times per
week was completed by each subject.

The CFQ-UK, a disease-specific tool for assessing QoL across several
domains in children with CF was completed before and after the study.
Paired t-tests were used to compare CFQ scores pre- and post-intervention.

Results: Thirteen children (7 female) were enrolled with a mean (sd)
age at study entry of 13.3 (2.1) years. Fifty-four percent were homozygous
for the F508del mutation, and the remainder were compound F508del het-
erozygotes. Statistically significant improvements in QoL for physical, emo-
tional, social, treatment and respiratory domains were observed following a
year of supervised out-patient exercise and physiotherapy (Table). 

Discussion: Supervised outpatient exercise and physiotherapy results in
significant improvements in QoL in areas relating to physical health (CFQ
physical, treatment, body and respiratory domains). Furthermore, key areas
pertinent to emotional well-being (CFQ role, emotional and social domains)
also showed marked improvement. Exercise promotion may be a useful
adjunct to psychology services in improving quality of life in children with
CF.

References:
1. Klijn et al.Chest 2004 
2. Selvadurai et al. Pediatr Pulmonol 2002 
3. Black et al. Pediatr Pulmonol 2009(S32)

Table: Mean (sd) CFQ domain scores before and after 1 year of
supervised, intensive out-patient exercise/physiotherapy

*Paired t-test

389�
EXERCISE PHYSIOLOGIC RESPONSE DURING THREE
DIFFERENT VIDEO GAMES IN CYSTIC FIBROSIS
PATIENTS (CF)
del Corral, T.1; Percegona, J.2; Seborga, M.2; Trujillo, N.2;
Hernández, L.2; Rejas, A.3; Lalinde, W.3; Villa, J.4; Vilaró, J.5,6 1.
Asociación Madrileña de Fibrosis Quística, Madrid, Spain; 2.
Máster Medicina Respiratoria., Universidad de Barcelona y
Universidad Pompeu Fabra, Barcelona, Spain; 3. O2H
Corporation, Madrid, Spain; 4. Grup de Recerca en informàtica
Biomèdica (GRIB), Universitat Pompeu Fabra, Barcelona, Spain;
5. Fundació Clínic (IDIBAPS), Barcelona, Spain; 6. FCS
Blanquerna, Grup de Recerca en Fisioteràpia (GReF),
Universitat Ramon Llull, Barcelona, Spain

Introduction: Cystic fibrosis (CF) is a multisystemic disease character-
ized by an abnormal ventilation response that limits exercise tolerance. Cur-
rent evidence shows that physical training increases exercise capacity,
decreases dyspnea and improves quality of life in patients with CF. Adher-
ence to respiratory rehabilitation programs is a key factor to guarantee opti-
mal benefits. Our goal was to determine the efficiency of three Nintendo
Wii™ video games as training systems by measuring the physiologic
response of performing different exercises with CF patients. 

Methods: We included 24 CF patients [mean±SD: age: 12±3.7 years;
BMI: 18±3; FVC: 97±20 %; FEV1: 93±20 %] and followed 4 different exer-
cise types in randomized order during six minutes: 1) 6-min walking test
(6MWT); 2) Nintendo Wii™ Fit Plus Platform (Wii-Fit); 3) Nintendo Wii™
Active Platform (Wii-Acti), and 4) Nintendo Wii™ Family Trainer Plat-
form (Wii-Train). All physiologic responses were recorded breath by breath
by using a portable gas analyzer (Fitmate Pro, Cosmed, Italy). 

Results: In all video game exercises, after the 3rd minute, we observed
a plateau profile that remains stable until the end of the test, similar to the
6MWT. The Wii-Acti and Wii-Train obtained high and significant values
compared with the 6MWT.

Conclusion: From a physiological perspective, exercises executed with
video game platforms are feasible and allow high intensity time-sustained
exercise. This type of training could be recommended to CF patients and can
induce important physiologic improvements when used as a training
method.

Physiological response during the three video game platforms

VO2 = oxygen consumption; VE = ventilation; HR = heart rate;
6MWT = 6-min walking test
(*p< 0.05)
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390�
A NOVEL EXERCISE TEST DEMONSTRATES REDUCED
STROKE VOLUME AUGMENTATION BUT NO
EVIDENCE OF PULMONARY HYPERTENSION IN
PATIENTS WITH ADVANCED CYSTIC FIBROSIS
McKee, A.J.1; Davies, J.C.1; Bilton, D.1; Taylor, A.2; Gatzoulis,
M.1; Aurora, P.2; Muthurangu, V.2; Balfour-Lynn, I.M.1 1. Royal
Brompton Hospital, London, United Kingdom; 2. Great Ormond
street Hospital, London, United Kingdom

Background: It has been suggested that patients with CF may have
abnormalities of right ventricular (RV) function, causing reduced RV aug-
mentation with exercise, possibly related to the subtle pathological changes
of early pulmonary hypertension (PH). Real time cardiac magnetic reso-
nance (CMR) imaging is an emerging technique that assesses ventricular
volumes, aortic and pulmonary artery (PA) flow during exercise. We hypoth-
esised that CMR would identify early changes in cardiac function in CF
patients with severe lung disease.

Methods: This was a case-controlled study of adults and children set in
2 specialist London CF centres. Four distinct groups were recruited: chil-
dren (<17 years) and adults (>22 years) with an FEV 1 < 40%; children with
FEV1> 50%; and age matched healthy controls. Patients were studied at a
time of disease stability. Using real-time CMR, ventricular and haemody-
namic flow images were obtained both at rest and during an incremental
sub-maximal exercise protocol, at 2, 4 and 6 watt. An ergometer that
allowed supine exercise within the MRI scanner was used and the exercise
consisted of knee flexion and extension. Post-imaging assessment of ven-
tricular volumes and mass, aortic and PA flows were made using commer-
cially available open-source software with in-house plugins. All parameters
were indexed to body surface area. A number of previously validated func-
tional and morphological CMR indicators of pulmonary hypertension were
measured (e.g. PA distensibility and interventricular septal curvature).

Results: Sixty participants have completed the study protocol (Table).
There were no CMR defined morphological features of PH. CF patients had
impaired RV SV augmentation at all levels of exercise (control children
19%; severe CF children 0.05%; moderate CF children 1.7% and CF adults
1.1% (ANOVA p<0.0001). LV stroke function was similarly impaired. The
percentage increase peak PA blood flow in patients with an FEV1 <40% was
reduced (children 8.5%, adults 3.8%, controls 23% p=0.005). There was no
morphological CMR evidence of PH during exercise.

Conclusions: RV dysfunction with exercise has been demonstrated in
this group of CF patients and there appears to be a relationship between lung
disease severity and RV exercise augmentation. However despite significant
disease there was no evidence of PH. The explanation for this limitation may
be related to abnormalities of preload, afterload, intrinsic myocardial factors
or reduced demand.

Resting RV haemodynamic parameters (median ±SD)

391�
SYSTEMATIC REVIEW OF FIELD EXERCISE TESTING
IN CYSTIC FIBROSIS – RELIABILITY AND VALIDITY
Moran, F.C.; Rodda, J. Physiotherapy, The Royal Children’s
Hospital, Parkville, VIC, Australia

Introduction: Exercise testing is vital in the ongoing evaluation of peo-
ple with cystic fibrosis (CF). Lung function measures monitor disease
progress in CF but only measure one aspect of disease. Exercise testing
allows further evaluation of a patient’s function. The gold standard in exer-
cise testing is laboratory based, usually on a treadmill or cycle ergometer,
using sophisticated measuring tools e.g. expired gas analysis. Laboratory
based testing is not always available or feasible to be repeated regularly.
Consequently, field-based exercise tests have been developed for routine

clinical assessment as they require minimal equipment or space to perform.
The aim of this review was to identify and report on field exercise tests
which have been assessed for reliability and validity in the CF population.

Method: Searches (from 1980-2010) were performed in the databases:
Medline, Web of Science, Cinahl Plus, and PubMed. Search results were
reviewed by authors independently. Inclusion criteria: subjects with CF;
exercise test is a primary outcome measure/result, is standardized/described,
is evaluated for reliability and/or validity. Exclusion criteria: exercise test
requires laboratory based equipment or is evaluated in the post-lung trans-
plant period only; article not published in English; published in abstract
form only/conference proceeding/editorial/letter to editor/book; or describes
a single case study. Disagreement was resolved through discussion.

Results: Thirty articles (out of 554 initially identified) met the inclu-
sion/exclusion criteria. Nine exercise tests were identified, three of which
had multiple references: the six minute walk test (6MWT) (n=17), modified
shuttle test (MST) (n=5), and three minute step test (3MST) (n=5). Test-
retest reliability and face validity were demonstrated for these three tests.
Concurrent validity with VO2peak was demonstrated for MST but was vari-
able for 6MWT and not described for 3MST. Predictive validity was not
investigated for 3MST, was shown for the expected increase in distance
from admission to discharge with MST, and was variable for predicting sur-
vival to transplantation with the 6MWT. Prescriptive validity for improve-
ment in distance after admission or rehabilitation was shown for MST and
6MWT but 3MST showed improvement only in breathlessness with testing
but not HR or SaO2. Convergent validity with FEV1 was established for
3MST and MST but was variable for 6MWT. Tests with one to two publica-
tions were: astride jump test, forwards-backwards jump test, two and twelve
minute walk tests, shuttle walk test and shuttle run test.

Discussion: The most frequently studied exercise test in CF is the
6MWT, despite there being eight other field tests which have been studied
in this population. Validity for the 6MWT has shown variability and the
MST and 3MST may also exhibit this trait if studied more extensively.
Requirements for each test differ in time taken, equipment and space
requirements. Clinical utilization of a test should consider: test reliability
and validity, requirements of the test but most of all the demands of the test
on the patient and the patient’s clinical status to meet such demands. Astute
use of an exercise test for a patient requires the clinician to be conversant
with all available exercise tests.

392�
USE OF THE MODIFIED SHUTTLE WALK TEST IN
CHILDREN HOSPITALIZED FOR CYSTIC FIBROSIS
PULMONARY EXACERBATIONS
Paranjape, S.M.1; Demissie, S.1; Loosen, H.2; Vela, K.2;
Mogayzel, P.J.1 1. Eudowood Division of Pediatric Respiratory
Sciences, Johns Hopkins University, Baltimore, MD, USA; 2.
Physical Medicine & Rehabilitation, Johns Hopkins Medical
Institutions, Baltimore, MD, USA

Background: Cystic fibrosis (CF) lung disease leads to progressive
declines in lung function and exercise tolerance. Pulmonary exacerbations
are the leading cause of morbidity among CF patients, but how pulmonary
exacerbations affect exercise tolerance remains unclear. Because regular
exercise has the potential to improve pulmonary function, developing rou-
tine exercise programs may be beneficial for CF patients, even during hos-
pitalization. Therefore, using a validated exercise test, we investigated exer-
cise tolerance and lung function in children with CF hospitalized for pul-
monary exacerbations.

Methods: Exercise tolerance in pediatric CF inpatients was assessed
using the Modified Shuttle Walk Test (MSWT), a validated measure in
which the subject walks 10m lengths (shuttles) at progressively increasing
paces. Pulmonary function testing was performed in CF clinic on the day of
admission and the MSWT was administered by the inpatient physical ther-
apist within the first few days of hospitalization. Lung function after hospi-
talization was measured within one month of discharge. Along with meas-
urements of oxygen saturation and heart rate, patients completed the Modi-
fied Borg Dyspnea Scale (MBS) and the Modified Borg Rating of Perceived
Exertion (RPE) to estimate the degree of breathlessness and exertion on a
scale from 0 (none) to 10 (maximal) immediately before and after the
MSWT.

Results: Seventy-one inpatients (21M, 50F) performed the MSWT,
twenty-seven of whom performed the test at both admission and discharge.
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Median patient age was 15y (range 7-19y). Median FEV1 (% predicted) was
64% (range 14-106%) at admission. The median percent change in FEV1
was 14% (range -3-143%) after hospital discharge. Patients completed a
median of 67 shuttles (range 20-150) during the MSWT, with a median per-
cent change in heart rate of 42% (range -17-162%). The median MBS value
increased from 0 (range 0-5) pre-MSWT to 7 (range 0-10) post-MSWT.
The median RPE value was 0 (range 0-6) pre-MSWT and increased to 5
(range 0-10) post-MSWT. Sixteen of the twenty-seven patients (59%) who
performed the MSWT at admission and discharge completed more shuttles
on the second test, with a median percent change of 3% (range -53-31%).
FEV1 correlated with the number of completed shuttles (r=0.61, p=0.002),
demonstrating that patients with higher lung function perform better on the
MSWT.

Conclusions: Inpatients undergoing treatment for pulmonary exacerba-
tions reported severe breathlessness and moderate exertion following exer-
cise using the modified Borg scales. These results demonstrate that during a
pulmonary exacerbation, patients are limited by dyspnea and those with
lower lung function have lower exercise tolerance. Both exercise tolerance
and lung function improve after treatment for pulmonary exacerbation.
These findings show that the MSWT is a useful measure of improvement in
the hospital and should be used in conjunction with regular exercise as part
of inpatient airway clearance therapy.

393�
THE EFFECT OF INSPIRATORY MUSCLE TRAINING
ON RESPIRATORY MUSCLE STRENGTH AND
FUNCTIONAL CAPACITY IN ADULTS WITH CYSTIC
FIBROSIS
Dekerlegand, R.1,2; Hadjiliadis, D.2; Myslinski, M.3; Holsclaw,
D.2; Ferrin, M.2 1. School of Health Related Professions,
University of Medicine and Dentistry of New Jersey, Stratford,
NJ, USA; 2. Adult Cystic Fibrosis Clinic, University of
Pennsylvania, Philadelphia, PA, USA; 3. School of Health
Related Professions, Univeristy of Medicine and Dentistry of New
Jersey, Newark, NJ, USA

Introduction: Adults with CF develop increased work of breathing
(WOB) from progressive pulmonary impairment that impacts the inspirato-
ry muscles. An imbalance between the WOB and inspiratory muscle func-
tion (IMF) contributes to inefficient ventilation, dyspnea, and impaired exer-
cise capacity. In COPD, inspiratory muscle training (IMT) increases IMF,
decreases dyspnea, and improves functional capacity. Research evaluating
IMT in CF is extremely limited. Given the time commitments of CF care,
the clinical benefit of new interventions such as IMT should be determined
before being added. This pilot study evaluated the feasibility of a home-
based IMT program to determine its potential efficacy in adults with CF. 

Methods: Individuals with CF were recruited from the University of
Pennsylvania clinic during a stable disease period. All subjects were
instructed to perform a threshold-based IMT home program (Power-
breathe®, Creative Health Products) for 30 minutes a day, 6 days per week,
at 50 - 60% of their maximal inspiratory pressure (MIP). Compliance was
monitored by routine phone calls and daily training logs. Primary outcome
measures including FEV1 percent predicted, MIP, and six-minute walk dis-
tance (6MWD) were recorded at baseline and after 6 weeks of training. 

Results: Five adults (age=22 - 36; mean=28.2±6.3yrs) with CF
(FEV1=23 - 104% predicted; mean = 66.8±32.7%) were enrolled. One sub-
ject completed only 54% of the protocol and was excluded from analysis.
The remaining four subjects had a mean compliance rate of 92%. No
adverse events were reported. After training, MIP increased in all subjects
by an average of 24.75% (100 cmH2O to 122.75 cmH2O, p<0.01). No sig-
nificant group changes were noted in 6MWD (1688’ to 1685’) or FEV1
(64% to 67%). Three subjects with normal inspiratory muscle strength
(IMS) at baseline (MIP>100% predicted) showed no functional benefit after
training. One subject with decreased IMS (MIP=76% predicted) demon-
strated a 10% increase in 6MWD and an improved FEV1 after IMT (1270 ft
to 1397 ft, 44% to 55% respectively). 

Conclusion: A 6-week home-based IMT program increased IMS but
had no effect on walking ability and pulmonary function in this sample of
adults with stable CF. The results are limited secondary to the heterogeneity
of subjects, small sample size, and the non-randomized single-group design.
An unsupervised IMT program can be safely implemented in an outpatient

CF clinic. Ergogenic effects of IMT may be limited to individuals with pre-
existing inspiratory muscle weakness. Research is needed to determine the
prevalence of inspiratory muscle dysfunction in adults with CF and individ-
ual characteristics of subjects that may demonstrate functional benefits from
this mode of IMT.

394�
DO INTRAVENOUS ANTIBIOTIC THERAPIES
INCREASE LEVEL OF PHYSICAL ACTIVITY IN CF?
Gruber, W.1; Braumann, K.M.1; Kahlert, D.2; Brand, R.2;
Schwarz, C.3; Staab, D.3 1. Institute for Sports and Exercise
Medicine, University of Hamburg, Hamburg, Germany; 2.
Professur für Sportpsychologie, Department Sport- und
Gesundheitswissenschaften, University of Potsdam, Potsdam,
Germany; 3. Department of Pediatric Pulmonology and
Immunology, Charité Universitätsmedizin, Berlin, Germany

Introduction: Studies have shown that intravenous antibiotic (IV) ther-
apies in combination with an exercise program may improve exercise capac-
ity, level of physical activity (PA), lung function and quality of life. Howev-
er, an IV antibiotic therapy as a single intervention improved lung function
but not exercise tolerance. The purpose of this pilot study was to investigate
the changes in PA in daily life following a 14 days course of IV antibiotic
therapy on PA, using activity monitors.

Method: Six subjects with CF aged 20 to 31 years (age 25.7±3.8yrs,
FEV1 49.6±25.7%pred) were asked to participate in this study. All partici-
pants were admitted to IV antibiotic therapy due to pulmonary exacerbation.
FEV1, VC and MEF25 were measured at admission and before discharge.
Subjects wore an Actigraph activity monitor (GT1M; ActiGraph, Pensaco-
la, FL) during waking hours for the 7 days prior to IV antibiotic therapy and
day 14-21 post-IV antibiotic therapy. PA was assessed with activity intensi-
ty (in Metabolic Equivalents, METS) and steps per day. 

Results: Lung function parameters, body weight and BMI slightly
increased after IV antibiotic therapy (p>.05). Steps/day increased from
5102.3±2663.7 to 6497.2±3297.7 steps (z=-2.023, p=.043). Daily PA at an
intensity of less than 2.99 METS showed a non-significant trend toward
improvement post-IV antibiotic therapy whereas a significant increase in PA
at an intensity between 3.0 to 6.0 METS was observed (26.3±3.0 min to
34.3±4.4min, z=-2.120, p=.042). Pearson product-moment correlation coef-
ficient revealed a non-significant relationship between FEV1 and steps/day
and intensity of PA (p>.05). 

Conclusion: PA measured with activity monitors increased post-IV
antibiotic therapy in patients with CF at an intensity level between 3.0-6.0
METS. We concluded that IV antibiotic therapy has positive effects on PA
in CF. However, an activity level of moderate exercise from 3.0 to 6.0 METS
of at least 30 to 60 min is recommended for individuals aged 18-64 years to
achieve health benefits. For additional health benefits adults should increase
their moderate intensity aerobic physical exercise to 300 min or should exer-
cise in vigorous intensity aerobic physical exercise of 150 min per week (6.0
to 9.0 METS). Our participants achieved the lower limit of these recommen-
dations. It is of great importance to motivate subjects with CF to improve PA
in daily life as well as to participate in sports or planned exercise. Therefore,
CF Care Centers should offer an individual “exercise support” to children,
adolescents, adults with CF and their parents and partners.

395�
AMBULATORY PHYSIOTHERAPY: IMPROVING
OUTCOMES FOR CHILDREN WITH DECLINING
HEALTH
Kong, W.; Potter, A. Women’s and Children’s Hospital, North
Adelaide, SA, Australia

Background: At the Women’s & Children’s Hospital (WCH) 21 of the
153 paediatric CF patients were responsible for 49.7% of the CF occupied
bed days in 2010. There is evidence a dedicated outpatient physiotherapy
service can significantly improve admission days, lung function and aerobic
fitness1. The service involved sessions every 1 to 3 weeks, over 12 months
for CF patients with 4 or more admissions. Objective: To determine the
effects of a 12 month intensive ambulatory physiotherapy service (APS) on
the number of admissions and occupied bed days for pulmonary exacerba-
tions, lung function, aerobic fitness, and health related quality of life
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(HRQoL). Patient satisfaction of the APS was also examined. Method:
Patients with 3 or more admissions in 2010 (n=21) were recruited from the
total CF population (n=153) at the WCH. They were offered the 12 month
APS in 2011 which involved outpatient sessions every 1 to 3 weeks consist-
ing of airway clearance regimes, nebulised osmolytic agents, aerobic and
anaerobic exercise, education and self management support. Outcome meas-
ures included number of admissions and occupied bed days, percentage of
predicted FEV1, Modified Shuttle Walk Test (MSWT) distance, maximum
oxygen uptake (VO2max) calculated from MSWT2, Cystic Fibrosis Ques-
tionnaire – Revised (CFQ-R) and a patient satisfaction survey comprised of
the Client Satisfaction Questionnaire (CSQ-8) and a modified Concise Out-
patient Department User Satisfaction Scale (CODUSS). Results: Nine
patients (8 females) accepted and commenced the APS in January 2011,
with a mean age of 9.5 ± 3.9. One patient did not participate in spirometry
or the MSWT due to age. See results table. Conclusion: Based on six
months findings, the APS may result in a significant reduction in admissions
and occupied bed days. The APS also has high patient satisfaction. Refer-
ences: 1) Black R, Tallis M, Urquhart DS, Harris M, Cooper D, Dakin C.
Improving lung health in childhood cystic fibrosis by intensive out-patient
physiotherapy. 8th Australiasian Cystic Fibrosis Conference Book of
Abstracts 2009; Abstract O34/P77. 

2) Selvadurai HC, Cooper PJ, Meyers N, Blimkie CJ, Smith L, Mellis
CM, Van Asperen PP. Validation of shuttle tests in children with cystic fibro-
sis. Pediatric Pulmonology 2003; 35: 133-138.

The APS is funded by the GP Plus Health Care Strategy – a SA Health
Initiative.

Results Table

* Scores range from 0-100. Higher scores represent better HRQoL.
^ Scores range from 8-32. Higher scores represent higher satis-
faction. # This score is an average of each domain. A higher score
represents higher satisfaction.
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PREVALENCE AND IMPACT OF INCONTINENCE IN
ADULT MEN WITH CYSTIC FIBROSIS
Button, B.M.1,2; Burge, A.2; Sherburn, M.3; Cox, N.4,5; Rasekaba,
T.2; McAleer, R.5; Morton, J.5; Wilson, J.1,4; Holland, A.E.2,6 1.
Department of AIRMED, The Alfred Hospital, Melbourne, VIC,
Australia; 2. Physiotherapy Department, The Alfred Hospital,
Melbourne, VIC, Australia; 3. Physiotherapy, Melbourne School
of Health Sciences, The University of Melbourne, Melbourne,
VIC, Australia; 4. Faculty of Medicine, Nursing and Health
Sciences, Monash University, Melbourne, VIC, Australia; 5.
Department of Respiratory Medicine,, Monash Medical Centre,
Melbourne, VIC, Australia; 6. School of Physiotherapy, La Trobe
University, Melbourne, VIC, Australia

Urinary incontinence (UI) is a ‘condition of involuntary loss of urine.’
Women with CF have previously been shown to have a higher incidence of
UI compared to matched controls. Little is known about UI in men with CF. 

Aims: To determine the prevalence of UI in men with CF; to investigate
associations between UI, disease severity and symptoms including cough
and dyspnea; to assess the impact of UI on men with CF. 

Methods: Adult men with CF in a clinically stable state attending CF
Outpatient Clinics were invited to participate in the study. Control subjects
were recruited via advertisement. They were required to be eighteen years or
older, have no diagnosed respiratory disease, nor significant smoking histo-
ry. A range of questionnaires looking at bladder function, well-being, phys-
ical activity and symptoms were used. These included: International Consul-
tation on Incontinence Modular Questionnaire, UI Short Form, Male Lower
Urinary Tract Symptoms Questionnaire, Hospital Anxiety and Depression
Scale (HADS), International Physical Activity Questionnaire Short Form,

General Questionnaire including cough frequency and Modified Medical
Research Council Dyspnea Scale. 

Results: Eighty men with CF and 80 control subjects were recruited. UI
was present in 15% of the CF group and 7.5% of the control group (p=0.13).
Mean [SD] values for CF group versus control group were: age 30.4 [8.1]
vs. 31.1 [8.1] years; BMI 22.7 [3.4] vs 25.2 [3.2]. Both groups were well
matched for physical activity levels. The impact of urinary incontinence
was not different between cystic fibrosis and control groups, as assessed by
report of ‘bother’ (p=0.15). In men with cystic fibrosis, lung function, dys-
pnea (as assessed by the Modified Medical Research Council Scale) and
reported frequency of cough were not different between men with and with-
out urinary incontinence. Men with cystic fibrosis and urinary incontinence
had significantly higher anxiety (mean [SD] 9.1 [4.8]) and depression (6.8
[4.6]) scores, compared to those without urinary incontinence (anxiety 4.7
[4.1], depression 2.8 [3.4]) using the Hospital Anxiety and Depression Scale
(p=0.003, p=0.002 respectively). In men with CF there was no difference
between men with or without UI when considering co-morbidities, medica-
tions, disease severity, symptoms or fluid intake. No man with CF and uri-
nary incontinence had ever spoken to a health professional about this prob-
lem. 

Conclusions: The prevalence of urinary incontinence in men with cys-
tic fibrosis may be higher than generally considered. UI occurs across the
disease spectrum in cystic fibrosis and does not appear to be related to dis-
ease severity or symptoms. Routine screening in CF Clinics should be
undertaken and appropriate referral for treatment should be provided.

397
PHYSIOTHERAPY FOR CYSTIC FIBROSIS IN
AUSTRALIA: KNOWLEDGE AND ACCEPTANCE OF
THE CONSENSUS STATEMENT RECOMMENDATIONS
Button, B.M.1,2; Holland, A.E.2,3 1. Department of AIRMED, The
Alfred Hospital, Melbourne, VIC, Australia; 2. Physiotherapy
Department, The Alfred Hospital, Melbourne, VIC, Australia; 3.
School of Physiotherapy, La Trobe University, Melbourne, VIC,
Australia

Although significant evidence exists to support physiotherapy manage-
ment in cystic fibrosis (CF), there is considerable variation in clinical prac-
tice across Australia. Patients move around the country to pursue new work
and living opportunities and change CF centers. They sometimes comment
on the confusion that they experience because of differences in clinical prac-
tice related to physiotherapy. The need for a consensus statement which was
applicable to the Australian healthcare context was identified by members of
the writing group, in order to support clinicians in delivering best practice
care. A consensus statement was developed by physiotherapists and was
endorsed by the Thoracic Society of Australia and New Zealand (TSANZ)
and the Australian Physiotherapy Association in 2008. The consensus state-
ment was available electronically on the TSANZ website for downloading.
The aims of this project were: (1) to determine whether physiotherapists are
aware of the recommendations for physiotherapy management of people
with CF) in Australia; (2) to ascertain whether these recommendations have
been implemented; and (3) to establish whether physiotherapists agree with
the recommendations. 

Method: A prospective survey was developed and implemented using
SurveyMonkey. All physiotherapists providing treatment to people with CF
in Australia were sent an electronic SurveyMonkey Questionnaire. The pur-
pose-designed online survey assessed knowledge and uptake of key recom-
mendations made in ‘Physiotherapy for CF in Australia: A Consensus State-
ment.’ 

Results: Sixty-eight physiotherapists took part (response rate 49%).
Knowledge of treatment recommendations was high for airway clearance
(94%) and exercise assessment (76%). Most participants agreed with these
recommendations (airway clearance 97% agreement, exercise 68% agree-
ment). Only a small number of participants (18%) correctly identified the
current recommendation to segregate patients with different organisms dur-
ing airway clearance, with most participants (73%) implementing stricter
infection control policies. Low levels of knowledge and agreement were
evident for recommendations regarding measurement of blood sugar levels
(BSLs) during exercise (36% knowledge and 28% agreement) and delivery
of dornase alfa (53% and 65%). Physiotherapists from specialist CF centers
were more likely to know the recommendations for BSL measurement
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(p=0.014), dornase alfa (p=0.001) and non-invasive ventilation (p=0.07)
compared to physiotherapists in other settings. 

Conclusions: Physiotherapists are aware of treatment recommendations
for CF in common areas of practice such as airway clearance and exercise.
However, knowledge of recommendations is lower for specialized areas of
practice and outside of specialist CF centers. Strategies to improve aware-
ness and uptake of the consensus statement amongst physiotherapists out-
side of specialist CF centers are required.

398
POSTURAL AND BAROPODOMETRIC EVALUATION IN
CHILDREN AND ADOLESCENTS WITH CYSTIC
FIBROSIS
Schindel, C.S.1; Hommerding, P.X.4,5; Baptista, R.R.3; Melo,
D.A.2; Marostica, P.J.4; Donadio, M.V.1,2 1. Programa de Pós-
Graduação em Pediatria e Saúde da Criança, PUCRS, Porto
Alegre, Brazil; 2. Faculdade de Enfermagem, Nutrição e
Fisioterapia, PUCRS, Porto Alegre, Brazil; 3. Faculdade de
Educação Física e Ciências do Desporto, PUCRS, Porto Alegre,
Brazil; 4. Faculdade de Medicina, UFRGS, Porto Alegre, Brazil;
5. Faculdade de Fisioterapia, UNIFRA, Santa Maria, Brazil

The deterioration of lung function in cystic fibrosis (CF) patients can
lead to increased work of breathing causing muscle imbalance, due to the
altered mechanics of respiration, and postural deformities. However, few
studies have been published evaluating postural alterations and its relation to
lung function in CF patients. Thus, the objective of present study was to cor-
relate baropodometric, postural evaluation and lung function in children and
adolescents with CF. For that, we performed a cross-sectional study, evalu-
ating twenty-three children and adolescents with CF followed at the outpa-
tient CF clinic of Hospital São Lucas - Pontifícia Universidade Católica do
Rio Grande do Sul. Firstly, anthropometric (height, weight and body mass
index) and lung function (spirometry) evaluations were performed. Then, all
patients were submitted to a postural evaluation using digital photos, after
specific anatomical points were marked, in four different angles (anterior,
posterior, left and right). The postural analysis was performed using the
SAPO software. Static and dynamic baropodometric evaluations were also
conducted in order to measure plantar pressures and anterior/lateral pres-
sures displacement using the Footwork software. All data were expressed as
mean ± standard deviation. Correlation analysis was performed using the
Pearson’s correlation test (significance accepted when p≤0.05). Results have
shown a mean age (years) of 13.3±3.4, height (cm) of 152.3±13.8, weight
(kg) of 45.6±13.5 and body mass index of 19.3±2.9. Lung function test
demonstrated a mean FVC (%) of 109.9±20.1 and FEV1 (%) of 95.0±21.0.
Postural evaluation (degrees) has shown a head asymmetry of 48.6±5.4 and
a vertical acromion-head misalignment of 13.1±7.4. Baropodometric analy-
sis demonstrated a mean anterior pressure dislocation of 11.8±7.0% and a
lateral pressure dislocation of 4.6±4.5%. There were significant negative
correlations of both FVC and FEV1 with the horizontal pelvic angle (r=-
0.53;p=0.01 and r=-0.51;p=0.01), knee angle (r=-0.55;p=0.009 and r=-
0.56;p=0.009) and ankle angle (r=-0.57;p=0.007 and r=-0.53;p=0.01),
respectively, but no significant correlations with head or shoulders. There
were also significant correlations of the pelvic alignment with the
anterior/posterior pressure dislocation (r=0.43;p=0.03) and of the shoulder
and spine with the lateral pressure dislocation (r=0.41;p=0.04 and
r=0.40;p=0.05), respectively. In conclusion, the results demonstrate the
presence of postural alterations that do not seem to strongly correlate with
lung function. Baropodometry could be used as an adjunct to postural eval-
uation in CF patients, although its isolated role remains uncertain.

399
LIFE-SPACE SCORE TO MEASURE MOBILITY IN
ADULTS WITH CYSTIC FIBROSIS
Thobani, A.1; Gottlieb, E.4; Jackson, K.3; Blair, S.3; Grossmann,
R.E.1; Tangpricha, V.2 1. Emory University, Atlanta, GA, USA; 2.
Emory University School of Medicine, Atlanta, GA, USA; 3.
Emory University Adult Cystic Fibrosis Center, Atlanta, GA,
USA; 4. University of Maryland Baltimore, Graduate Program in
Life Sciences, Baltimore, MD, USA

Introduction and Objectives: The Life Space Mobility Assessment is
a simple survey that evaluates an individual’s overall level of mobility
according to the amount of time spent in and away from the home. The life-
space score has been shown to strongly correlate with clinical outcomes in
geriatric patients. In a previously conducted retrospective study at our CF
center, we found that the life-space score was associated with frequency of
hospitalization and pulmonary function measured by FEV1% predicted
(Gottlieb et. al., “Life-Space mobility is associated with frequency of hospi-
talization in adults with Cystic Fibrosis,” The Clinical Respiratory Journal,
2011). The objectives of this present study are to determine whether the life-
space score can be used as a predictor of future outcomes, and to validate the
life-space score as a measure of mobility by comparison to number of steps
measured by pedometers in adults with cystic fibrosis. 

Methods: This study was approved by the Emory IRB. We administered
the Life-Space Mobility Assessment to consenting adult subjects at the
Emory University Adult Cystic Fibrosis Center. Subjects were asked to wear
a pedometer for three consecutive days in the first month, and quarterly
thereafter. Life-space scores and steps measured by the pedometer were col-
lected during quarterly phone calls. Over the course of one year, life-space
scores and pedometer steps will be compared with the following clinical
outcomes as recorded in the patient’s medical records: frequency of hospi-
talization, changes in lung obstruction (FEV1% predicted), and survival.

Results: The mean life-space score was 85.1 ± 20.4 out of a maximum
of 120 points, indicating only mildly reduced mobility. The mean number of
pedometer steps over three days was 20,637 ± 18,022 steps. We found that
the life-space score was positively correlated with the number of pedometer
steps (R2=0.4829 and p=0.018).

Conclusion: The Life-Space Mobility Assessment is a useful marker of
mobility in adults with CF. As in the geriatric population, decreased mobil-
ity may be associated with worse clinical outcomes in the CF population. In
our prospective study, we are currently evaluating whether the Life-Space
Mobility Assessment can be useful to predict clinical outcomes such as hos-
pitalizations and pulmonary exacerbations.

400
WHAT IS THE LEVEL OF UNDERSTANDING ABOUT
NEBULISER THERAPY IN NURSING STAFF WORKING
IN AN ADULT CYSTIC FIBROSIS CENTRE?
Park, J.L.; Lloyd, E.A.; Walshaw, M.J.; Ledson, M.J.;
Greenwood, J.F. Adult Regional Cystic Fibrosis Centre, Liverpool
Heart and Chest NHS Foundation Trust, Liverpool, United
Kingdom

Introduction: Nebuliser therapy is an important part of the manage-
ment of lung disease in cystic fibrosis (CF) patients. In the UK during exac-
erbations requiring hospital admission, nebuliser therapy is usually super-
vised by attending ward nurses. The knowledge and expertise of nursing
staff in the use of nebulised therapies therefore plays an important role in
supporting patients with their treatment. The aim of this study was to ascer-
tain the level of nursing staff’s understanding of nebuliser therapy in CF at
a large adult CF centre (250 patients).  

Method: Thirty-three ward-based nurses (representing a cross section
of all grades and experience from newly qualified staff nurses to CF ward
manager level) completed a structured questionnaire looking at formal train-
ing received, methods of administration, knowledge of medications pre-
scribed, timing of nebuliser use and concomitant oxygen therapy.

Results: Only 4 (13%) had received any formal training in nebulised
therapy, 1 individual failed to answer the question; and in every case this
training was undertaken more than 18 months previously. Although 4 (12%)
reported a face mask to be more effective than a mouthpiece, 24% (8)
thought the choice of device did not affect delivery of medication. 
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With regards to medication knowledge, 3 (9%) did not know the func-
tion of dornase alfa (DNase), 7 (21%) thought DNase was a bronchodilator,
2 (6%) believed salbutamol to be a mucolytic, 7 (21%) did not know the
function of hypertonic saline and 6 (18%) believed hypertonic saline was a
bronchodilator. Overall, up to 23 nurses (70%) did not know the common
side effects of the medication.

In terms of the timings of medication in relation to airway clearance
techniques (ACT), 7 (21%) thought bronchodilators should be taken after
ACT, 8 (24%) thought hypertonic saline should be taken after ACT and 7
(21%) thought Dnase should be taken after ACT. 

On evaluation of the nurses’ knowledge of methods of nebuliser thera-
py administration, 10 (30%) were not aware of the different types of com-
pressor and up to 30 (91%) stated that oxygen should be used as the driving
gas. Almost a third of respondents stated oxygen should be used to deliver
Dnase compared to 16 (48%) who believed a compressor was more appro-
priate.  

Conclusions: Ward-based nurses play an important role in the delivery
of nebulised therapy for CF patients. However, our findings show that some
nurses surveyed had little understanding of nebulised medication, its timing
and methods of administration, despite having worked in the centre for a
number of years. The findings of this study highlights a need for further sup-
port and training to ensure the appropriate use of and optimise the delivery
of this important inpatient medication.

401
SKELETAL MUSCLE STRENGTH AND ITS ASSOCIATED
VARIABLES IN CYSTIC FIBROSIS PATIENTS WITH
MILD/MODERATE LUNG DISEASE
Tomezzoli, S.; Tartali, C.; Pradal, U.; Salonini, E.; Cazzarolli, C.;
Assael, B.M. Cystic Fibrosis Centre, Azienda Ospedaliera
Universitaria Integrata Verona, Verona, Italy

Background: Patients with cystic fibrosis (CF) often present skeletal
muscle weakness which can be due to several factors such as nutritional
depletion, decreased oxygen delivery, detraining, systemic inflammation,
and corticosteroid treatment. However the mechanisms leading to reduced
muscle strength have not yet been fully elucidated in patients without severe
pulmonary impairment.

Aims: The purpose of the present study was to investigate the relation-
ship between skeletal muscle strength and nutritional status, level of habit-
ual activity, exercise capacity and airways obstruction in CF patients with
mild/moderate lung disease (FEV1 > 40% pred).

Materials and Methods: Nineteen patients with CF (8M-11F), aged 19
to 34 years, with FEV1 43-100% pred entered the study. Skeletal muscle
strength and exercise capacity were evaluated by means of the Hand-Grip
Strength Test (HGST), the 1-Repetition Maximum Test (1-RM) for both
arms and legs, and the Modified Shuttle Walking Test (MSWT). Nutrition-
al status was determined by Body Mass Index (BMI) and Fat Free Mass
(FFM). The level of habitual activity was investigated with a 7 Days Activ-
ity Diary (7DAD). Statistical analysis was performed using Student’s t-test
and linear regression. Values of p<0.05 were considered significant.

Results: The results of the linear regression analyses among the vari-
ables considered in the present study are reported in the Table. In brief,
skeletal muscle strength was significantly correlated to the level of daily
activity and the fat free mass. On the contrary the degree of airways obstruc-
tion, BMI and exercise tolerance were not significantly correlated to the
muscle strength variables considered.

Conclusions: The results of our study show that skeletal muscle
strength is mainly influenced by the daily activity and fat free mass in CF
patients with mild to moderate airflow obstruction. It is therefore to be rec-
ommended an active lifestyle and muscle training in order to mitigate the
loss of muscle function. The finding that muscle strength is not correlated to
exercise capacity, reinforces the conviction that both aerobic and anaerobic
performances must be routinely evaluated in patients with CF.

Acknowledgments: The authors thank the patients and their families
for their enthusiastic participation.

402
CORRELATION BETWEEN DIFFERENT TESTS TO
ASSESS EXERCISE CAPACITY IN PATIENTS WITH
CYSTIC FIBROSIS (CF)
Donà, M.1; Mamprin, G.1; Vecchiato, M.1; Maffi, F.3; Da Dalt,
L.2; Ros, M.1 1. Treviso Hospital, Cystic Fibrosis Centre, Treviso,
Italy; 2. Peadiatric Department, Hospital, Treviso, Italy; 3.
University, Padua, Italy

Background: Regular assessment of exercise capacity in CF is a useful
tool to facilitate exercise prescription and to monitor disease changes, in par-
ticular with aerobic tests that measure peak exercise (VO2). Indeed, aerobic
fitness, measured by peak oxygen uptake during maximal exercise, is a
strong predictor of survival.

Aim: To investigate whether there were any correlations between the
Cardio-Pulmonary Exercise Test (CPET), the Bruce Test (BT) and the Mod-
ified Shuttle Walking Test (MSWT). 

Methods:
PATIENTS
18 CF patients (6 male, mean age 16 years, range 11-30), mean FEV1

80% predicted and mean VC 81% predicted. 
MEASURES
All patients performed CPET on cycloergometer.
All subjects performed BT that consisted of an incremental treadmill

exercise test using Bruce protocol and with measurements of VO2.
All patients performed MSWT in order to assess exercise tolerance,

which was expressed in meters.
A specific Armband was used for 3 days by each patient. A

SenseWear®Armband is a complex multisensory activity monitor that
includes a 2-axis accelerometer, sensor for heat flux, galvanic skin response,
and skin temperature. Moreover it is able to calculate the metabolic equiva-
lent (MET) and the number of steps/day.

To evaluate physical activity expressed in METs/week, the Minnesota
Leisure Time Activity Survey (MLTAS) Questionnaire, adapted form of the
Minnesota Leisure Activity Survey, was used. 

Results: We found a significant correlation between CPET and BT (r =
0,935, p<0,0001) and between CPET and MSWT (r = 0,731, p=0,0006).
However there was no correlation between exercise performance indexes
and pulmonary function and nutritional status parameters. Finally there was
a significant correlation between CPET (expressed in VO2) and MLTAS
(expressed in METs/week) (r=0,83, p<0,0001).

Conclusions: Our data showed that BT and MSWT are feasible, cheap,
and easy to perform. These tests may be a viable alternative to CPET for
assessing exercise capacity in CF patients. Moreover, analysis of the ques-
tionnaire (MLTAS) showed that physical activity has a real physiological
impact on performance index.

Clinical Relevance Statement: BT and MSWT are a feasible and
cheap alternative to CPET and they may be used routinely to assess exercise
tolerance in CF patients. Monitoring physical activity should be a primary
goal in CF care.

403
SUPERFICIAL AND DEEP ABDOMINAL MUSCLE
FATIGUE IN ADULTS WITH AND WITHOUT CYSTIC
FIBROSIS
Taillon-Hobson, A.1; Aaron, S.2; McLean, L.3; Bilodeau, M.1 1.
Elisabeth Bruyere Research Institute, Ottawa, ON, Canada; 2.
OTTAWA HOSPITAL, OTTAWA, ON, Canada; 3. QUEENS
UNIVERSITY, KINGSTON, ON, Canada

Background: The recruitment patterns of the deep and superficial
abdominal muscles during static short duration activities such as abdominal
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hollowing have been documented in the general population, and recently, in
adults with stable symptoms of cystic fibrosis (CF). These patterns were
found to be similar in individuals with CF when compared to healthy con-
trols. Because of the repetitive use of the abdominal muscles for coughing
in CF, the capacity to produce a sustained contraction of these muscles, such
as during yoga and Pilates, may be altered as compared to a non-coughing
control group. 

Objective: The study’s objective was to compare changes in time and
frequency domain characteristics of electromyographic (EMG) signals
recorded from the superficial and deep abdominal muscles during a sus-
tained (“fatiguing”) abdominal hollowing exercise between a group of indi-
viduals with stable symptoms of (CF) and a control group (C). This study
received ethical approval from three ethics review boards in Ottawa,
Ontario, Canada and was funded by the Alun Morgan Memorial Fund for
Research in Orthopedics from the Physiotherapy Foundation of Canada. 

Sample: Twenty-eight individuals (14 with CF and 14 control group)
participated in this study. None of the participants had had any previous
exposure to deep abdominal muscle training, had chronic low back pain, had
stress urinary incontinence or had abdominal pain. All were in good gener-
al health. Potential participants with CF were not included if they were one
month post-discharge from hospital or were experiencing fever, increase in
sputum production, change in sputum color, tiredness or increase in cough
frequency during the week prior to testing. Participants with a cardiorespi-
ratory disease other than CF or a neurological condition were also not
included. All participants provided written informed consent. Data collec-
tion occurred from April 2009 through to January 2010. 

Methodology: Surface (EMG) signals of the deep (internus obliquus
and transversus abdominis) and superficial (externus obliquus and rectus
abdominis) abdominal muscles were recorded during a sustained 1-min
abdominal hollowing exercise performed using a pressure biofeedback unit
(PBU) placed under the lumbar spine with the participants positioned in a
standardized supine lying position. Data was acquired using a 1401
digital/analog acquisition card and stored on a personal computer. Data
analysis was performed using Spike 2 version 5.6™ software. 

Analysis: The root mean square amplitude, mean power frequency and
median frequency of EMG signals from each muscle will be computed for
consecutive 1-s windows throughout the 60-s sustained hollowing task.
Three-way repeated mixed model ANOVAs will be used to assess the effect
of group (CF, non-CF), muscle (transversus abdominis, internus obliquus,
external obliquus, rectus abdominis) and time (different sections of the 60-
s hollowing task to be determined) on each EMG variable. The alpha level
was set at 0.05. 

Conclusions: The conclusions will be available in July 2011.

404
AEROSOL CHARACTERISTICS OF HYPERTONIC
SALINE USING EFLOW® RAPID ELECTRONIC
NEBULIZER
Bucholski, A.; Luithlen, A.; Bründl, K.; Müller, D.; Knoch, M.
PARI Pharma GmbH, Gräfelfing, Germany

Introduction: Inhaled hypertonic saline (Hyper-Sal™) has proven to be
tolerable and effective for sputum induction and mucociliary clearance in
CF patients (Donaldson et al., NEJM 2006, 354(3):241-50, Elkins et al.,
Pediatric Pulmonology, 2006 (supplement 28):292). This in-vitro study was
conducted to assess the aerosol characteristics of an electronic nebuliser
marketed in Europe as eFlow rapid® (RAPID) upon nebulisation of 4 mL
Hyper-Sal (6%) available as a preservative free, single unit dose vial.

Methods: Aerosol delivery performance was assessed by breath simu-
lation tests using a standardised adult breathing manoeuvre (500 mL tidal
volume, 15 breaths per minute, inhal./exhal. ratio 1:1). NaCl collected on
inspiratory filters was quantified by potentiometric titration and represents
the delivered dose (DD). The respirable dose (RD) corresponding to NaCl in
droplets < 5 µm was calculated based on droplet size assessment obtained
from laser diffraction tests at a continuous flow of 15 L/min. Results repre-
sent the data from 3 devices tested in duplicate, each (n=6).

Results: The respirable fraction was 64.3% ± 2.6% for droplets < 5 µm
and 30.4% ± 4.1% for droplets < 3.3 µm characterised by a mass median
diameter (MMD) of 4.2 ± 0.2 µm. We found that 3.6 ± 0.7 min was needed
to deliver a dose of 38.9 ± 5.7% (= 91.8 ± 13.4 mg NaCl) corresponding to
a respirable dose of 25.0 ± 3.7 % (= 59.0 ± 8.6 mg) NaCl in droplets < 5µm.

The high output efficacy of the RAPID is apparent from a total output rate
of 821 ± 187 mg/min.

Conclusions: The clinical effects of hypertonic saline (6%) reported by
Elkins et al. are supported by these in vitro data indicating good lung depo-
sition of Hyper-Sal™ (6%) when nebulized using RAPID.

405
IMPROVING AEROSOL DRUG DELIVERY IN
MUCOLYTIC CF THERAPY WITH PULMOZYME
Bucholski, A.; Seemann, S.; Schmitt, A.; Waldner, R.; Hug, M.;
Knoch, M. PARI Pharma GmbH, Gräfelfing, Germany

Objective: The PARI LC PLUS® (LC PLUS) is the approved nebuliz-
er for Pulmozyme® (2.5 mg/2.5 mL, Hoffmann LaRoche) for mucolytic
therapy in CF patients. The electronic nebulizer marketed as eFlow®rapid in
Europe (RAPID) is an eFlow Technology device modified and intended for
administration of currently approved medications used in CF (other than
Cayston®). This study investigates the in-vitro aerosol characteristics using
RAPID compared to the LC PLUS to deliver Pulmozyme.

Methods: Delivered (DD) and Respirable Dose (RD) were measured
during simulated breathing (tidal volume 500 mL, 15 breaths/min,
inhal./exhal. ratio 1:1). The droplet size distribution was assessed by laser
diffraction (Malvern MasterSizerX) at a constant flow of 20 L/min.

Results: With Pulmozyme the delivered dose is the same for the RAPID
and the LC PLUS. The RD is only slightly increased with the RAPID com-
pared to the LC PLUS. The in vitro nebulization time of the RAPID is sig-
nificantly shorter than the LC PLUS. The nebulization time with the RAPID
is 2.3 min with Pulmozyme compared to 5.8 min with the LC PLUS. Both
Drug Delivery Rate (DDR = 0.29 mg/min vs. 0.12 mg/min) and Respirable
Drug Delivery Rate (RDDR = 0.22 mg/min vs. 0.07 mg/min) are signifi-
cantly higher for the RAPID allowing for a much faster drug delivery to the
lungs.

Conclusions: The RAPID electronic nebulizer shows a high RDDR and
significantly reduced treatment time with Pulmozyme which is essential for
an effective and convenient inhalation therapy. This is important with
respect to patient adherence, which may improve therapeutic efficacy.

TRANSPLANTATION 

406�
CT SCORES ARE PREDICTIVE FOR SURVIVAL IN CF
PATIENTS AWAITING LUNG TRANSPLANTATION
Loeve, M.1,2; Hop, W.C.3; de Bruijne, M.2,4; van Hal, P.T.5;
Robinson, P.6; Aitken, M.L.7; Dodd, J.D.8; Tiddens, H.A.1,2 1.
pediatric pulmonology, EMC Sophia, Rotterdam, Netherlands; 2.
radiology, EMC, rotterdam, Netherlands; 3. biostatistics, EMC,
rotterdam, Netherlands; 4. medical informatics, EMC, rotterdam,
Netherlands; 5. respiratory medicine, EMC, rotterdam,
Netherlands; 6. pediatric pulmonology, Royal Children’s
Hospital, Melbourne, VIC, Australia; 7. pulmonary and critical
care medicine, university of Washington, Seattle, WA, USA; 8.
radiology, St Vincent’s Hospital, Dublin, Ireland

Rationale: There is a 15-40% mortality for CF patients awaiting lung
transplantation (LTX) . We hypothesized that inclusion of CT related param-
eters may improve current prediction models of survival.

Objectives: To investigate the relation between CT scores and waiting
list mortality in CF patients screened for LTX, and the role for CT parame-
ters to improve the survival prediction model. 

Methods: Clinical data and chest CT scans of 411 CF patients between
1990 and 2005 were collected from 17 centers worldwide. CTs were scored
with the Severe Advanced Lung Disease (SALD) 4 category scoring system,
including the components ‘infection/inflammation’ (INFL), air
trapping/hypoperfusion (AT), normal/hyperperfusion (NL) and bulla/cysts
(BUL). The relative volume for each component was estimated on a 0-100%
scale using semi-automated software. Survival analysis included Kaplan-
Meier curves and the log rank test. LTX was considered a censoring event.
Cox-regression survival models included SALD CT scores and the Lung
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Allocation Score (LAS). The method of multiple imputations was used to
account for missing values of LAS.

Results: A total of 366 (186 males) out of 411 patients entered the wait-
ing list (mean age 24, range 5-58 years). Forty-five patients were screened
but were not listed for transplant. Of the listed patients, 67/366(18%) died
on the waiting list, 263/366 (72%) underwent LTX after a mean waiting
period of 10 months and 36 were still awaiting LTX after a mean waiting
period of 20 months. Cox-regression showed that a higher INF and LAS
were both significantly associated with waiting list mortality in multivariate
analysis. Grouping patients into equal sized groups according to tertiles of
INF scores and LAS, and comparing tertiles 1, 2 and 3 showed that survival
decreased with increasing tertile. Compared to tertile 1, waiting list mortal-
ity hazard ratios of tertiles 2 and 3 were 1.62 (95% CI 0.78-3.36, p=0.19),
and 2.65 (1.35-5.20, p=0.005) for INF, respectively. For LAS tertiles, these
figures were 1.42 (0.63-3.24, p=0.40), and 2.32 (1.17-4.60, p=0.016). 

Conclusions: The relative volume of infection/inflammation as estimat-
ed as one proportion of the SALD scoring system correlates significantly
with survival, and adds to the prognostic value of the LAS.

407�
AMBULATORY VENOVENOUS EXTRACORPOREAL
RESPIRATORY SUPPORT AS A BRIDGE FOR CYSTIC
FIBROSIS PATIENTS TO EMERGENT LUNG
TRANSPLANTATION
Hayes, Jr., D.1; Kukreja, J.2; Phillips, A.1; Kirkby, S.1; Hoopes,
C.3 1. The Ohio State University, Columbus, OH, USA; 2.
University of California at San Francisco, San Francisco, CA,
USA; 3. University of Kentucky, Lexington, KY, USA

Introduction: Venovenous extracorporeal membrane oxygenation (VV
ECMO) is a developing therapeutic option as a bridge to lung transplanta-
tion. Therefore, VV ECMO should be considered as a bridge to lung trans-
plant for cystic fibrosis (CF) with acute respiratory failure. 

Methods: A retrospective review was performed in CF patients who
developed acute respiratory failure with need for mechanical ventilation and
were ultimately treated with ambulatory VV ECMO as a bridge to lung
transplant. None of these patients had been evaluated for lung transplanta-
tion prior to the current hospitalization.

Results: A total of 4 patients were treated with ambulatory VV ECMO.
Mean age was 29.5±6.4 years (range 25-34). Each patient continued to
decline despite optimal medical management. Prior to intubation and
mechanical ventilation, arterial blood gas analysis showed mean pH
7.30±0.04 (range 7.25-7.33), mean PaO2 51.0±12.7 mmHg (range 42-60),
and mean PaCO2 110.5±19.1 mmHg (range 97-124). VV ECMO was insti-
tuted due to refractory hypercapnia on mechanical ventilation with mean pH
7.32±0.07 (range 7.27-7.37), mean PaO2 49.5±10.6 mmHg (range 42-57),
and mean PaCO2 92.0±18.4 mmHg (range 79-105). Respiratory support
with VV ECMO improved gas exchange without the need for mechanical
ventilation and permitted provision of both rehabilitation and oral nutrition.
Each patient underwent successful emergent lung transplantation with mean
wait time of 8.5 days (range 2-15 days).

Conclusions: We report successful outcomes with ambulatory VV
ECMO as a bridge to lung transplant in a series of CF patients who had not
previously been evaluated for lung transplantation. Prolonging the life of
suitable transplant candidates or treating to allow recovery of acute respira-
tory failure using VV ECMO increases the probability of organ availability
for lung transplantation. Most notably, ambulatory VV ECMO optimized
patient suitability for emergent lung transplantation in this small cohort with
each patient receiving both physical therapy and oral nutrition without the
need for sedation and paralytics, which is often required with standard res-
piratory support with mechanical ventilation.

408
IMPACT OF NISSEN FUNDOPLICATION ON LIPID-
LADEN MACROPHAGE INDEX IN CYSTIC FIBROSIS
PATIENTS AFTER LUNG TRANSPLANTATION
Hayes, Jr., D.1; Kirkby, S.1; Phillips, A.1; McCoy, K.1; Hoopes,
C.2 1. The Ohio State University, Columbus, OH, USA; 2.
University of Kentucky, Lexington, KY, USA

Introduction: Chronic aspiration is a significant problem in advanced
lung disease due to cystic fibrosis (CF). The clinical impact of aspiration
continues after lung transplantation in CF patients and is considered a risk
factor for the development of allograft rejection, thus Nissen fundoplication
(NF) is routinely done for preventative measures. There is no biomarker
available to assess aspiration in lung transplant recipients, so we hypothesize
that the lipid-laden macrophage (LLM) index may be useful in objectively
assessing the results of NF in CF patients.

Methods: Oil red O stain was performed to determine the LLM index
on all bronchoalveolar lavage (BAL) fluid analysis of CF patients undergo-
ing bilateral transplantation from December 2010 to April 2011. A retro-
spective review was performed to investigate the impact of the NF upon
LLM index in CF patients after lung transplantation. 

Results: A total of 5 CF patients (3 female, 2 male) underwent bilater-
al lung transplantation during the 5 month study period. The mean age of the
cohort was 28.8 ± 10.4 years (range 15-40). Four of the 5 patients were
homozygous for ∆F508 while one patient had ∆F508/R553X mutation. The
mean LLM index was 141.8 ± 41.5 (range 85-195) for the cohort after bilat-
eral lung transplantation. Three of the 5 patients underwent NF with a reduc-
tion of the LLM index to 33.3 ± 19.8 (range 19-56). All 3 patients who
underwent NF reported significant improvement in clinical symptoms of
esophageal reflux. The 2 patients who did not undergo NF had acute rejec-
tion (A1/B0, A3/B1) on their initial surveillance transbronchial biopsy. The
single patient who underwent NF and experienced acute rejection (A2/B0)
had the highest LLM index post-NF.

Conclusions: Significant reduction in the LLM index occurred after NF
in CF patients after undergoing bilateral lung transplantation, which also
correlated with symptomatic improvement. Further study of the LLM index
as a biomarker for aspiration in lung transplant recipients, especially in CF,
is warranted to verify these preliminary findings.

409�
THE IMPACT OF SOCIOECONOMIC STATUS ON
SURVIVAL IN CF LUNG TRANSPLANT RECIPIENTS
Braun, A.T.; Merlo, C.A. Medicine, Johns Hopkins University
School of Medicine, Baltimore, MD, USA

Background: Socioeconomic factors such as education and health
insurance status are known to affect health outcomes. Recent studies have
shown non-private insurance status to be predictive of worse survival in
lung transplant (LTx) recipients. Furthermore, level of education has been
associated with medical nonadherence which may potentially impact post-
transplant outcomes unfavorably. The United Network for Organ Sharing
(UNOS) database provides a large cohort of CF LTx recipients in which to
evaluate the effect of these factors on survival.

Methods: We retrospectively reviewed UNOS data for 2,085 adult CF
LTx patients from 2000 through 2010. Patients were stratified by insurance
status (private, Medicaid, Medicare, and other type), and educational attain-
ment (grade school, high school, any college). All-cause mortality was
examined with multivariable Cox proportional hazard regression, and the
Kaplan-Meier method was used to model survival after lung transplantation.

Results: Of 2,085 CF LTx recipients, 1,323 (63.5%) had private insur-
ance; 384 (18.4%) had Medicaid; 192 (9.2%) had Medicare; and 185 (8.9%)
had other type insurance. In regard to education, 132 (9.9%) patients had not
completed high school, 762 (36.6%) had a high school degree, and 1,028
(53.5%) had any college. 

During the study period, 778 patients (37.3%) died. Patients with non-
private insurance had 15% lower 5-year survival than patients with private
insurance. A survival difference was also noted at 1-year (4%), 2-years
(6%), and 3-years (9%). An educational attainment of high school or less
was associated with a 17% lower survival at 5-years post-transplantation
when compared to individuals with any college education. This survival dif-
ference was also noted at 2-years (7%) and 3-years (11%), but not at 1-year.
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In multivariable analyses, non-private insurance status increased the risk of
death (hazard ratio, 1.33; 95% confidence interval, 1.14 to 1.55). Similarly,
educational attainment of high school or less was associated with an
increased risk of death (hazard ratio, 1.31; 95% confidence interval 1.10 to
1.54). When deaths in the first year were excluded survival differences per-
sisted in both the insurance and education groups.

Conclusions: This study represents the largest cohort evaluating the
effect of socioeconomic status on survival in CF LTx recipients. Improved
survival is seen in patients with private insurance and higher levels of edu-
cational attainment. Further investigation of the health care delivery mech-
anisms and patient-specific behaviors that underlie these differences may aid
in improving the utilization and outcomes of the limited and lifesaving
resource of lung transplantation. 

Supported by NHLBI (T32HL007534-29).

410�
ABDOMINAL AND THORACIC ORGAN
TRANSPLANTATION IN THE CYSTIC FIBROSIS
POPULATION
Khan, K.; Desai, C. University of Arizona, Tucson, AZ, USA

Background: Improved treatments for cystic fibrosis (CF) have result-
ed in a marked increase in the longevity of patients over the past few
decades. While pancreatic insufficiency is a source of morbidity chronic
lung disease and liver failure are a potential cause of mortality. We evaluat-
ed the long term outcome of solid organ transplantation in CF patients.

Method: Scientific Registry of Transplant Recipients data was reviewed
on CF patients who underwent transplantation between 1987 and 2009. 

Results: A total of 3326 patients underwent individual or combinations
of lung, heart and abdominal organ transplant; isolated lung (88.39%), liver
(6.46%), and lung-heart (1.62%) were the most common followed by a sec-
ond lung (0.93%), liver-lung (0.63%) and a second liver (0.48%). The
remaining combinations were < 10 transplants in each group. There was a
gradual increase in transplants from 1987 to 1994 after which there has been
a steady number (range 161-216). Of the thoracic transplants 82% were
adults, (48% female), while of the abdominal organs 76% were pediatric
(42% female). Mean age at thoracic transplantation was 28±10 years, while
in the abdominal organ transplants mean age was much younger, 15±10
years. Interestingly, Hispanics consisted of 1% of thoracic transplants and
8% of abdominal transplants. Overall patients’ survival was 61% at 1 year
from 1987 to 1990 which increased to 85% between 2001 and 2009. Sur-
vival at 10 years was similar at 41% and 40% respectively. Survival after
abdominal transplant was consistently better than after a thoracic organ
through all time periods, however, combined abdominal and thoracic organs
had a long term outcome equivalent to abdominal organs transplant sur-
vival. 

Conclusion: In CF patients, transplantation for liver failure typically
occurs in adolescence as compared to lung transplantation which typically
is necessary in young adults. Long term outcome of lung transplantation is
poor compared to abdominal organ transplantation but is markedly
improved when combined with an abdominal organ transplant.

Long term outcome of liver, lung and liver-lung transplantation

411�
INCREASED INCIDENCE OF PTLD IN ADULTS WITH
CYSTIC FIBROSIS
Lowery, E.; Mahoney, E.; Barton, K.; Forsythe, S. Internal
Medicine, Loyola University Medical Center, Maywood, IL, USA

Background: Post-transplant lymphoproliferative disease (PTLD) is a
major cause of morbidity and mortality following lung transplantation.
Recipients with cystic fibrosis (CF) may have an increased incidence of
PTLD although the literature is contradictory and studies are limited to pedi-
atric populations. Our primary aim was to examine the incidence of PTLD
in an adult population with CF.

Methods: In this retrospective cohort of adult lung transplant recipients
we examined risk factors associated with PTLD in 444 lung transplant recip-
ients at Loyola University Medical Center between 2000-2010. We also
reviewed UNOS data to identify 13,497 lung transplant recipients in the US
between 2000-2010. A total of 1909 recipients received a transplant for CF.
Statistical analysis was performed using Pearson’s χ2, Poisson regression,
and the log rank test. 

Results: In CF recipients there was an increased incidence with 9.7% of
the cohort developing PTLD (6 of 62 patients) compared to 1.3% of those
recipients without CF developing PTLD (5 of 380 patients). The OR for
developing PTLD in CF recipients was 8.04 (95% CI 2.51, 25.67),
p=0.0001. The rate of development of PTLD in recipients with CF was
increased at 3.19 (95% CI 0.82, 12.3), p=0.09. All CF recipients who sub-
sequently developed PTLD had EBV negative serology at transplant where-
as those without CF had positive EBV serology at transplant. Additionally,
the non-CF recipients presented with extra-thoracic lymphoma whereas
50% of the CF recipients presented with pulmonary involvement. According
to UNOS data, the incidence of PTLD in recipients with CF was 3.2%. In
those recipients without CF the incidence of PTLD was 1.4%. There is an
increased risk of PTLD development in CF recipients in the US with OR
2.34 (95% CI 1.74, 3.16), p<0.00005.

Conclusion: Adult patients with CF have over twice the risk of develop-
ing PTLD after lung transplantation. These patients are younger and the
PTLD occurs earlier than in those recipients who do not have CF. They are
also more likely to have thoracic disease compared to those without CF. Fac-
tors that may contribute include EBV serology prior to transplantation and
the use of induction immunosuppression at the time of transplantation.

Figure 1. Time to development of PTLD in CF recipients compared
to non-CF recipients.

412
WOMEN’S HEALTH ISSUES POST-LUNG TRANSPLANT
Goralski, J.L.; Neuringer, I.P. Pulmonary and Critical Care
Medicine, Univ North Carolina Chapel Hil, Chapel Hill, NC,
USA

Introduction: Lung transplant for cystic fibrosis offers 5 year survival
rates of 65%. As post-surgical care and treatments for infection and rejection
improve, survivors are increasingly affected by medication side effects and
other chronic health problems. In particular, as the average age of CF
patients undergoing lung transplant is about 30 years old, many women of
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reproductive age undergo lung transplantation. Little is known about the
effects of transplant on women’s health issues. 

Methods: We undertook an anonymous survey of all living female
lung transplant recipients who are followed post-transplant at the Universi-
ty of North Carolina. This is a mid-sized lung transplant program, perform-
ing 10-15 transplants yearly, primarily for an indication of cystic fibrosis,
although survey responders included other diagnoses. Approval for the study
was granted by the UNC IRB. 

Results: Forty-two surveys were mailed; 31 were returned (74%). The
average age of the respondents was 40.2 years old (range 17.5-66) and mean
length of time since transplant was 5.6 years (range <1 year to 14 years).
The majority of patients were transplanted for cystic fibrosis (68%). Only
52% of patients reported that their health care provider had discussed future
pregnancy with them prior to their transplant. Sixteen percent responded
that they learned that “pregnancy is undesirable but normal pregnancies can
and do occur.” Sixty-one percent knew that pregnancy is not advised after
transplant but only 39% recognized that pregnancy can result in loss of lung
function in the transplant graft. The majority of patients (77%) indicated that
they were not self-conscious about their surgical scars; however, the respon-
dents noted multiple other changes in their appearance that they attributed to
post-transplant medications, such as acne (22%), alopecia (33%), hypertri-
chosis (37%), weight loss (19%) and weight gain (37%). Twenty-two per-
cent admitted to loss of libido, with 30% indicating that they were not able
to maintain a healthy sexual life with their partners. Mental health was also
a major concern among the respondents to the survey. Fifty-eight percent of
respondents admitted to being anxious or depressed following their trans-
plantation; 30% of respondents were worried that they were a “burden” to
their family members since their transplant. Overall, 94% of respondents
indicated that despite complications, they felt their health was better than it
had been prior to their transplant. In the words of one recipient, “I feel I have
traded one disease for another, and sometimes the cost outweighs the bene-
fit and vice versa. However, I know I wouldn’t do it any differently given the
chance to do it again.” Many respondents indicated that they “love to
breathe” and thanked the investigators for “asking the questions that no one
else seems to care about.”

Discussion: The results of this survey indicate that appearance-related
medication side effects and mental health issues were prominent among our
population of primarily CF female lung transplant recipients, and these
issues may not be routinely addressed at clinic visits. Additionally, a stan-
dardized approach to addressing contraception and pregnancy, especially in
young pre-transplant CF patients, is urgently needed.

413
HAVE CHARACTERISTICS OF CF PATIENTS ON THE
LUNG TRANSPLANTATION LIST BEEN CHANGED
BETWEEN 1998 AND 2008?
De Wachter, E.1; Knoop, C.2; Clauwaert, E.1; De Schutter, I.1;
Malfroot, A.1 1. CF Clinic, UZ Brussel, Brussels, Belgium; 2. CF
Clinic and Brussels Lung Transplant Group, Hôpital Erasme,
Brussels, Belgium

Background: Introduction of lung transplantation (lung Tx) for CF has
been an important milestone in the treatment of end-stage lung disease. To
improve post-transplant outcome, the International Society for Heart Lung
Transplantation (ISHLT) has developed criteria to select patients for lung
Tx. Over the last decades improvement in CF care has led to better pul-
monary outcome and survival rate. This improvement might result in a
change in characteristics of CF patients with end-stage lung disease eligible
for lung Tx.

Aim: We aimed to evaluate whether characteristics of CF patients on the
transplantation list have changed between 1998 and 2008.

Methods: In this retrospective study, we collected the following data
from all CF patients that were listed in the Brussels lung transplant centre
(Erasme) between 1998 and 2008: gender, age, FEV1% predicted, Body
Mass Index (BMI), oxygen therapy, pancreatic insufficiency (PI), CF-relat-
ed diabetes (CFRD), colonization with P. aeruginosa (PA), B. cepacia and
S. aureus. All recorded data were baseline data from time of listing. 

Results: Seventy-one patients, of whom 38/71 (53.5%) were females,
were listed between 1998-2008. Median age at listing was 23.9 years (+/-
7.2 SD) and median FEV1 was 21.6% (+/- 5.5 SD). Median BMI was 16.8
kg/m*m (+/- 2.4 SD). Most patients had PI (67/71= 94%) and 20/71
(28.2%) had CFRD. No significant change was seen in these variables over

the study period. The number of patients on O2 therapy increased signifi-
cantly over time (p=0.044). A significant decrease in PA colonized patients
was seen along the years (p= 0.002). No change in colonization with both
other pathogens was observed.

Discussion: Despite no significant decrease in FEV1 over time, an
increased rate in oxygen- therapy reflects a worse respiratory condition (dif-
fusion capacity). More slow and progressive lung damage could explain this
finding. Decline in the rate of PA colonized patients is especially seen since
2003. This common pathogen in CF is known to develop rapid decline in
lung function and severe lung disease. The use of new anti-Pseudomonas
inhaled antibiotics such as high dose tobramycin (Tobi®), colistin and the
systematic use of azithromycin have probably led to a slower progression of
lung damage in PA colonized patients. Another explanation could be the use
of more accurate identification techniques enabling better differentiation
between PA and other gram-negative bacteria. ‘New emerging pathogens’
such as Stenotrophomonas, Achromobacter species and other gram-nega-
tives were probably previously mis-identified as PA. This shift in nomencla-
ture could contribute to a global decrease in PA colonized CF patients, but
further studies are needed to prove this hypothesis.

Conclusion: CF patients listed on the Brussels lung transplant list have
more need for oxygen supplements and are less colonized with P. aerugi-
nosa over a period of 11 subsequent years. No other significant change in
characteristics in this period has been noticed in our study.

414
IMPROVED SURVIVAL OF PATIENTS WITH CYSTIC
FIBROSIS IN RECENT YEARS DESPITE HIGHER
INCIDENCE OF COLONIZATION WITH PANRESISTANT
BACTERIA
Hadjiliadis, D.; Dorgan, D.; Ferrin, M.; Blumenthal, N.; Lee, J.;
Ahya, V.N. Pulmonary, Allergy and Critical Care, Univ of PA-
Earth &Envir Scienc, Philadelphia, PA, USA

Background: In recent years patients with cystic fibrosis are more fre-
quently colonized/infected with highly resistant bacteria. We aimed to assess
whether the incidence of colonization with panresistant bacteria pre-trans-
plant has increased and whether it has an effect on survival. 

Methods: Single center study with chart review of all patients with cys-
tic fibrosis transplanted from 1/1/01 to 6/1/11. Transplants performed after
1/1/07 were considered the more recent era. Panresistance was defined as
isolation of at least one strain of bacteria without sensitivity to any class of
antibiotics before or in the first 30 days after transplant. Demographic data
were collected. The Student-t test or its non-parametric equivalent was used
to compare continuous variable and the Fisher’s exact test for categorical
variables. Survival analysis was performed using the Kaplan-Meier method
and comparisons among groups were made using the log-rank test. 

Results: There were 37 patients that met our criteria. The overall inci-
dence of panresistant bacteria was 22/27 (59.5%). The incidence did not sig-
nificantly increase between the two eras (early: 9/18 (50%) vs. late: 13/19
(68.4%); p=NS). There were no differences in the age, CMV status, Lung
Allocation Score (LAS) or other variable between the groups. Despite the
trend towards more panresistance in the modern era, survival was signifi-
cantly better in the recent era (early vs. late survival: 30-days 100% vs.
100%; 1-year 77.8% vs. 94.4%; 2-years 66.7% vs. 94.4; 3-years 61.1% vs.
94.4%; p=0.035). Multivariable analysis revealed no other significant pre-
dictors of survival. 

Discussion: Survival of patients with cystic fibrosis post-transplant is
improving despite trends in sicker patients transplanted in the more recent
era. If these findings are verified in larger studies, they suggest that
improved understanding of the complex care of such patients can lead to
improved outcomes despite higher risk characteristics of these patients.
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EPIDEMIOLOGY & NEWBORN
SCREENING

415�
EVALUATION OF DRIED BLOOD SPOT QUALITY
CONTROL MATERIALS FOR CYSTIC FIBROSIS
MOLECULAR TESTS
Earley, M.; Chafin, D.; Mei, J.V.; Cuthbert, C.D. Centers for
Disease Control and Prevention, Atlanta, GA, USA

Objective: Molecular testing in newborn screening (NBS) laboratories
has become increasingly common; however, there are no readily available
quality control (QC) materials in the dried blood spot (DBS) matrix for rou-
tine testing. The Newborn Screening Quality Assurance Program (NSQAP)
developed a method for constructing DBS QC materials for cystic fibrosis
(CF) molecular testing and sent them to U.S. NBS laboratories participating
in NSQAP’s CF Mutation Detection Proficiency Testing Program for eval-
uation. 

Method: Two transformed lymphoblast cell lines heterozygous for the
F508del mutation in the cystic fibrosis transmembrane conductance regula-
tor (CFTR) gene were purchased from Coriell Cell Repositories. Six cul-
tures ranging in densities from 1.0 X 106-1.0 X 107/mL were grown accord-
ing to Coriell’s protocols. Lymphoblasts were mixed with red blood cells;
the hematocrit was adjusted to 50-52% and the mixture was spotted on
Whatman 903 filter paper. Genomic DNA was extracted from DBS and the
presence of the CFTR gene was confirmed by polymerase chain reaction.
The Innogenetics CFTR Line Probe Assay, the Hologic InPlex® CF Molec-
ular Test, and the Luminex xTAG® Cystic Fibrosis 60 v2 kit confirmed the
genotype of the specimens. DBS QC materials were sent to 26 and 27
domestic laboratories over two quarters. Performance was evaluated based
on the reported genotype. 

Results: Ninety-six percent of laboratories reported results. Methods
included three commercial kits and two in-house methods. For five of the
QC pools, 81-88% of laboratories could detect the correct genotype. For one
pool, 75% of laboratories reported the correct genotype. For all specimens,
six laboratories could not determine the genotype due to low signal, equiv-
ocal results, or sample failure. Some participants commented that the signal
was lower than seen in NBS specimens. 

Conclusions: DBS QC materials for molecular testing are a growing
need, especially for uncommon and rare mutations. The challenge is to con-
struct materials that perform well in the different assays available for CF
molecular testing. NSQAP’s pilot materials for CF gave positive results in a
majority of the laboratories for all methods used. Future studies will include
working with laboratories to further optimize these materials and expanding
the pilot to include cell lines with other CFTR mutations.

416�
ASSESSING THE ROLE OF SWEAT TESTING AND CFTR
GENOYTPING IN NBS-POSITIVE INFANTS WITH AN
UNCERTAIN CF DIAGNOSIS
Ooi, C.Y.1; Keenan, K.2; Gonska, T.2,3; Taylor, L.2; Tam, K.2;
Ratjen, F.2,3; Solomon, M.2,3; Price, A.4; Morgan, L.5; Van Wylick,
R.6; Chakraborty, P.7; Durie, P.2,3 1. Uni of New South Wales &
Sydney Children’s Hospital Randwick, Sydney, NSW, Australia; 2.
Hospital for Sick Children, Toronto, ON, Canada; 3. Uni of
Toronto, Toronto, ON, Canada; 4. Uni of Western Ontario,
London, ON, Canada; 5. Windsor Regional Hospital, Windsor,
ON, Canada; 6. Queen’s Uni, Kingston, ON, Canada; 7. CHEO,
Ottawa, ON, Canada

The natural history of infants with an uncertain CF diagnosis (QUERY)
identified by newborn screening (NBS) is unclear. We followed QUERY
patients prospectively since April 2008 when NBS was introduced in
Ontario, Canada. We provide interim data on QUERY patients followed up
to 3 years. 

Methods: QUERY subjects were enrolled by 3/4 Ontario CF Clinics
(April 2008-May 2011). Enrolment criteria included: (1) borderline sweat
test (30-60 mmol/L) and 1 disease-causing mutation; or (2) normal/border-
line sweat test and CFTR mutations on both alleles (at least 1 mutation of
unknown significance); or (3) borderline sweat test, very high immunoreac-

tive trypsinogen (IRT) and no mutations. For comparison, we enrolled
NBS+ infants with confirmed CF from the Toronto CF clinic during the
same time period. Serial sweat tests were performed in QUERY and CF sub-
jects during follow-up. 

Results: Twenty-five QUERY and 24 CF patients were enrolled. Twen-
ty-three of 25 (92%) QUERY infants carried CFTR mutations (or variants)
on both alleles. Serial sweat testing of QUERY subjects showed a significant
fall in mean sweat chloride (SD) from 37.6 (10.6) to 28.0 (13.0) mmol/L
(P=0.006) with a mean (SD) difference between first and last sweat chloride
of -9.7 (11.4) mmol/L; the mean (SD) age at last sweat test was 16.1 (9.6)
months. To date only 1 (4%) QUERY infant (pF508del/L206W) fulfilled the
CF diagnostic criteria on follow-up (2 abnormal sweat tests ≥60 mmol/L). In
contrast to the QUERY subjects, serial testing of the CF subjects showed a
significant rise in mean sweat chloride (SD) from 74.2 (24.3) to 88.4 (20.7)
mmol/L (P=0.04), with a mean (SD) difference between first and last sweat
chloride of +13.8 (24.2) mmol/L. QUERY subjects developed significantly
less respiratory symptoms (cough, wheeze, pneumonia) than CF patients (8
(25%) vs. 17 (71%); P=0.01; relative risk (95%CI)=0.5 (0.2-0.8)). QUERY
subjects had significantly less P. aeruginosa (Pa) isolation on throat swab
than CF patients (2 (8%) vs. 13 (54%); P=0.0006; RR (95%CI)=0.1 (0.04-
0.6)). One QUERY subject who was assigned a CF diagnosis was asympto-
matic (no respiratory symptoms and Pa negative). There was no significant
difference in the mean (SD) first (40.3 (9.5) vs. 36.4 (11.1)) and last (30.9
(8.6) vs. 27.9 (14.3)) sweat chloride values between symptomatic and
asymptomatic QUERY subjects (all P>0.05). All QUERY subjects and the
patient diagnosed with CF have remained pancreatic sufficient (fecal elas-
tase-1 >200ug/g). 

Conclusions: The diagnosis of CF in one QUERY patient was based on
sweat testing. Mutation testing, respiratory symptoms and/or carriage of Pa
were not helpful for excluding or establishing a CF diagnosis. The majority
of QUERY subjects carried 2 mutations but demonstrated falling sweat
chloride values while CF patients showed rising sweat chloride concentra-
tions. These interim data highlight the limitations of CFTR mutation testing
and support longitudinal sweat testing and clinical monitoring of QUERY
CF subjects.

417�
MORTALITY FROM CYSTIC FIBROSIS (CF) IN THE
FIRST 30 MONTHS OF LIFE IN THE PERIOD BEFORE
CF NEWBORN SCREENING IN CALIFORNIA
Kharrazi, M.1; Graham, S.2; Lorey, F.1; Cordovado, S.K.3;
Mueller, P.3 1. Genetic Disease Screening Program, California
Department of Public Health, Richmond, CA, USA; 2. Sequoia
Foundation, La Jolla, CA, USA; 3. Centers for Disease Control
and Prevention, Atlanta, GA, USA

A recent review in a United States population estimated there is a death
reduction of approximately 2 per 100 children when newborn screening
(NBS) for CF is conducted. This study aimed — using a linked newborn
screening-live birth-death file for which archived newborn dried blood spots
were available — to understand how many infants and young children died
from CF in California during a time when NBS for CF was not available.
The cases were comprised of all deaths (N=2428) to children before 30
months of age (without regard to cause or any other factors listed on the
death certificate) born between 01/07/2002 and 06/13/2003 (18 month peri-
od) (Cohort size=810,452). To identify CF cases, dried blood spot speci-
mens were first analyzed for immunoreactive trypsinogen (IRT) by
PerkinElmer using the AutoDelfia® IRT assay. CF mutation testing was
conducted at CDC using the Asuragen Signature® CF 2.0 ASR assay which
was customized to include 54 CFTR mutations, including those specially
designed for the California CF NBS program, DNA sequencing of all CFTR
exons, intron borders and 5’ and 3’ regions, and large deletion/insertion
analysis using the MRC Holland MLPA assay. Altogether, 345 (14.2%) of
the death specimens had IRT values above the 95th percentile of the current
CF screening program. CF genotyping revealed that none of the 345 screen
positive deaths had two CFTR mutations and 24 had one mutation. None of
the 2428 deaths were due to CF according to the death records. This study
provides strong evidence that there were no deaths in the first 30 months of
life to individuals with CF prior to the enactment of CF NBS in California
in 2007.
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418�
RISK FACTORS FOR DEATH BEFORE AGE 18 IN
CYSTIC FIBROSIS
McColley, S.A.1; Schechter, M.S.2; Rasouliyan, L.3; Ren, C.4;
Rosenfeld, M.5; Quittner, A.L.6; Morgan, W.J.7; Pasta, D.J.3;
Konstan, M.W.8 1. Division of Pulmonary Medicine, Children’s
Memorial Hospital, Chicago, IL, USA; 2. Emory University
School of Medicine and Children’s Healthcare of Atlanta,
Atlanta, GA, USA; 3. ICON Late Phase & Outcomes Research,
San Francisco, CA, USA; 4. University of Rochester, Rochester,
NY, USA; 5. Seattle Children’s Hospital, Research and
Foundation, Seattle, WA, USA; 6. University of Miami, Miami,
FL, USA; 7. University of Arizona, Tucson, AZ, USA; 8. Case
Western Reserve University School of Medicine, Cleveland, OH,
USA

Background: Survival is steadily improving in CF; however, there is
still significant mortality in children. We performed a retrospective analysis
of prospectively collected data from the Epidemiologic Study of Cystic
Fibrosis (ESCF) to assess whether risk factors present between ages 3 and 5
years could predict mortality before age 18.

Methods: ESCF data were prospectively collected from 1994 to 2005.
Patients were included if they had at least one visit per year between ages 3
and 5 years and at least one stable measurement of forced expiratory volume
in 1 second between ages 6 and 8 years. Descriptive statistics were generat-
ed for demographic and clinical variables between ages 3 and 5. Multivari-
able Cox regression was employed to determine which risk factors were
associated with time to death before age 18. Variables for the final model
were selected using backward elimination (α=0.05), and hazard ratios (HR)
and 95% confidence intervals (CI) were generated.

Results: A total of 3346 patients met entry criteria. Among these, 92
(2.7%) died during the follow-up period. Risk factors for mortality includ-
ed racial and ethnic minority status (patients identified as other than non-
Hispanic white) (HR, 1.96; 95% CI, 1.19, 3.34; p=.008), >1 positive culture
for P. aeruginosa (HR, 3.14; 95% CI, 1.87, 5.28; p<.001), and missing
CFTR genotype (HR, 1.89; 95% CI, 1.06, 3.37; p=.03). Patients who were
compound heterozygotes for F508del had a slightly reduced risk of death
compared with those homozygous for F508del (HR, 0.58; 95% CI, 0.34,
0.99; p<.05). There was a trend for lower weight-for-age percentile between
ages 3 and 5 to be associated with mortality. Crackles identified during at
least one visit (HR, 5.02; 95% CI, 2.69, 9.35; p<.001) and clubbing identi-
fied during at least two visits (HR, 3.66; 95% CI, 1.87, 7.16; p<.001)
between ages 3 and 5 were strong predictors of mortality. Female sex, one
or more cultures positive for S. aureus, daily cough, daily sputum, and
wheezing were not significantly associated with mortality.

Conclusions: In addition to previously described risk factors, the pres-
ence of crackles and the presence of clubbing in children with CF between
3 and 5 years of age are strong predictors of mortality before age 18.

Study supported by Genentech, Inc.

419�
THE ASSOCIATION OF CF OUTCOMES WITH STATE
CHILD HEALTH INDEX
Kim, S.1; Quinton, H.2; Schechter, M.S.1 1. Emory University,
Atlanta, GA, USA; 2. Dartmouth University, New Hanover, NH,
USA

Background: There is significant variation in CF outcomes, attributable
to genetic and environmental influences.  The CFF Registry clearly demon-
strates that there is also variation in health outcomes among different CF
Care centers, even after adjustment for known genetic and demographic
influences. This variation may be largely attributable to differences in care
patterns, but regional differences in environmental exposures, education,
and public health infrastructure may exert some effect as well. We evaluat-
ed whether a Child Health Index (CHI)1, generated by combining state-spe-
cific reports on measures of overall child health (percent low birth weight
infants, infant mortality rate, child death rate, teen death rate, and teen birth
rates) might show an association between CF center outcomes and overall
state child health.

Methods: We accessed 2009 CFF Registry data on center average FEV1
percent predicted for patients 6-18 years and BMI percentile for patients 2-
20 years published on CFF.org. These averages are adjusted for confounders
including sex, race, ethnicity, age, pancreatic enzyme use, age at diagnosis,
and median family income by zip code; the program averages are reported
if they represent at least 10 pediatric patients with valid measurements. We
linked CHI scores to the CF centers by state and used regression analysis to
evaluate the relationship between CHI and center average outcomes.

Results: The CHI varied from a low of -2.69 for Mississippi (MS) to a
high of 1.62 for New Hampshire (NH).  The mean FEV1 percent predicted
of 149 pediatric programs listed in CFF.org was 89.81 with a standard devi-
ation (SD) of 5.09. The mean BMI percentile of 155 programs listed in
CFF.org was 48.97 with a SD of 5.33. The coefficient associated with the
CHI score in the regression of FEV1 was 1.63 (CI 0.71-2.55), so considera-
tion of the CHI would increase the adjusted mean FEV1 at CF centers in MS
by 4.38 and lower that of centers in NH by 2.64. The coefficient associated
with the CHI score in the regression of BMI was 2.12 (CI 1.20-3.05), so
consideration of the CHI would increase the adjusted mean BMI percentile
at CF centers in MS by 5.70 and lower it at centers in NH by 3.43. 

Conclusions: The association between CF center outcomes and state
CHI scores suggests that state and regional characteristics have an influence
on the health of children with CF in a way that parallels the health of chil-
dren at large. The mechanism of this relationship is most certainly multifac-
torial and probably involves state differences in environmental exposures,
education, and public health infrastructure. If this relationship is confirmed,
it should be considered in CFF risk adjustment for purposes of public report-
ing. More importantly, the specific mechanism of this relationship will help
to suggest community based interventions that may benefit all children,
including those with CF.

Reference: 1Goldhagen, J et al. Pediatrics. 2005; 116:e746-753.

420�
IDENTIFICATION AND TREATMENT OF PULMONARY
EXACERBATIONS AT HIGHER VS LOWER
PERFORMING ESCF SITES
Schechter, M.S.1; Regelmann, W.E.2; Sawicki, G.S.3; Rasouliyan,
L.4; VanDevanter, D.5; Rosenfeld, M.6; Pasta, D.4; Morgan, W.7;
Yegin, A.8; Konstan, M.W.5 1. Emory University, Atlanta, GA,
USA; 2. University of Minnesota, Minneapolis, MN, USA; 3.
Harvard University, Boston, MA, USA; 4. ICON Clinical
Research, San Francisco, CA, USA; 5. Case Western Reserve
University, Cleveland, OH, USA; 6. University of Washington,
Seattle, WA, USA; 7. University of Arizona, Tucson, AZ, USA; 8.
Genentech, Inc., South San Francisco, CA, USA

Background and Objective: CF patients are inconsistently treated with
antibiotics (ABX) for signs and symptoms of pulmonary exacerbations
(PE). A previous ESCF analysis (Johnson et al, Chest 2003;123:20-7)
showed that IV ABX were used more frequently at sites with better pul-
monary function; however, it did not examine how ABX were prescribed.
The CFF Benchmarking Project found that higher performing centers had
lower thresholds for prescribing ABX in response to signs and symptoms of
PE. Our aim was to determine if higher FEV1 sites are distinguished by a
greater likelihood of identifying signs and symptoms of PE and or by a
greater likelihood of prescribing ABX in response to documented signs and
symptoms of PE.

Methods: ESCF sites with at least 50 pediatric patients were ranked by
calculating their median FEV1 % predicted value for each year from 2001-
2003 by age group (6-12, 13-17, 18+) using patients’ best FEV1 during the
calendar year. Annual rankings by median FEV1 for each age group were
averaged to assign overall site ranks for the study. New signs and symptoms
of a PE (Rabin et al Ped Pulm 2004;37:400-6) were ascertained at each clin-
ic visit during 2003. ABX prescriptions within 21 days of new signs and
symptoms were then compared between sites in the highest FEV1 quartile
for each age group and those in the lowest quartile. Comparisons were
adjusted for gender, race/ ethnicity, age, Medicaid status, and baseline dis-
ease severity (defined by weight for age percentile in patients under 6 years
of age and FEV1 in patients over 6) and + Pseudomonas culture in the pre-
vious 6 months. 

Results: Top-quartile sites had a total of 2164 children eligible for this
analysis; low-quartile sites had 1292. Top quartile sites were more likely to
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report new signs and symptoms of PE in their patients: 86.7% vs 65.6%
(p<.001) were documented to have at least one visit with 1-2 new signs or
symptoms, and 12.4% vs 7.6% (p<.001) had at least one visit with 3-4 new
signs or symptoms. The adjusted odds that a high quartile site reported 1-2
new signs or symptoms was significantly higher in <6 year olds (2.79, 1.40-
5.56), 6-12 year olds (2.00, 1.38-2.90), and 18+ year olds (1.57, 1.01-2.44).
The odds of reporting 3-4 new signs or symptoms were higher only in 18+
year olds (2.24, 1.18-4.27). The odds of initiating ABX in response to new
signs and symptoms were not significantly different for sites in the higher vs
lower quartile.

Conclusion: The previously noted higher likelihood that patients at
top-quartile sites receive more ABX appears to be explained by the fact that
high quartile sites are more likely to identify and document signs and symp-
toms of PE than low-quartile sites. Once these signs and symptoms are iden-
tified, treatment with ABX is just as likely.

Study supported in part by Genentech, Inc.

421
VARIATION AND DEMOGRAPHIC INFLUENCES ON
IRT MEASUREMENTS IN THE GEORGIA NBS
PROGRAM
Schechter, M.S.1; Hagar, A.F.2 1. Emory University, Atlanta, GA,
USA; 2. Georgia Department of Community Health, Atlanta, GA,
USA

Objective: Measurement of immunoreactive trypsinogen levels is the
starting point for all current approaches to CF newborn screening (NBS).
The Wisconsin program has found that average population IRT levels vary
by season and reagent lot number as well as birth weight. This finding has
important ramifications for the establishment of cutpoints and the sensitivi-
ty and specificity of state screening programs. Georgia’s climate and popu-
lation demographics differ from Wisconsin’s so we evaluated the experience
of our screening program to determine if it matched that of Wisconsin.

Methods: The Georgia NBS program began in 2007, but data on IRT
measurements from the first year was not reliably preserved so we reviewed
data on all specimens received from January 2008 – May 2011. This was
grouped into monthly averages for percentile cutoffs at the 95-99 %ile
range.  Demographic information was taken from the reports submitted
along with specimens from hospital nurseries. Breakdown on race and eth-
nicity was only available from 2009 onward.

Results: A total of 509695 specimens was received during the time peri-
od studied. There was no significant seasonal variation seen. The figure
illustrates the degree of variability in measurements recorded among the
entire population during that time. The table compares 95 and 96%iles
across different demographic categories. All comparisons are statistically
significant.

Conclusion: There is significant overall variation in IRT measurements,
but no seasonal trends in Georgia. The IRT distribution of Hispanics is close
to that of non-Hispanic Caucasians. However, infants with BW<1500 gms
tend to have very high IRT’s, and the 95 and 96 %ile for IRT in African
Americans (AA) is about 30% higher than Caucasians. This upward shift in
the population IRT distribution would be expected to impact on the speci-
ficity of an elevated IRT for these groups, and is of particular importance in
the AA population given its lower incidence of CF. A reasonable response to
the variability in IRT measurements might be the use of a floating IRT cut-
off for the general population, but consideration should be given to the use
of race and birth weight specific cutoffs as well.

Monthly Average and Range of 95 and 96 percentile IRT values

422
MECONIUM ILEUS IN A POPULATION OF NEWBORN
SCREENED INFANTS WITH CF
Wyatt, H.A.1; Benwell, C.1; Patel, S.B.2 1. CF Service, Dept of
Child Health, King’s College Hospital, London, United Kingdom;
2. Pediatric Surgery, Dept of Child Health, King’s College
Hospital, London, United Kingdom

Background: Meconium ileus (MI) occurs in 10-20% of newborns with
CF. Most require surgery and may be an inpatient for many weeks, which
combined with the diagnosis of CF results in a very stressful time for par-
ents. Echogenic bowel (EB) occurs in around 1% of all second trimester
fetuses and in a small proportion is associated with pathology such as MI.
Three percent of fetuses with EB have CF. Serum immunoreactive trypsino-
gen (IRT) levels in babies with MI have previously been considered unreli-
able. 

Aim: To audit characteristics of babies with CF diagnosed in a Region-
al Service since the introduction of Newborn Screening (NBS).

Patients and Methods: King’s College Hospital is the Specialist CF
Centre and a Neonatal Surgical Centre for a population of 2.8 million in SE
England. CF NBS was introduced across the UK from July 1st 2007. All
positive CF NBS (“CF Suspected”) results from babies born in this region
are communicated to, and followed up by, our service. Clinical notes were
reviewed for all babies, including whether antenatal counselling had been
provided by a paediatric CF specialist and/or paediatric surgeon.

Results: Since the introduction of NBS in our region 48 babies with CF
have been identified; 14 (29%) were born with MI (MI+ve) and 13 of these
required surgery. Echogenic bowel was more common in MI+ve babies than
those without MI (MI−ve) but was still only identified in just over one third
of the former group. Two MI−ve infants had EB and had CF confirmed by
amniocentesis, but only one had access to antenatal counselling. Two of the
MI+ve babies with EB had antenatal diagnosis of CF by amniocentesis but
neither had satisfactory counselling. Both parents of each of the other three
EB and MI+ve babies were found to be CF carriers but they declined amnio-
centesis; counselling was only provided to parents of one fetus. 

The mother of one MI+ve babies was known to be a CF carrier, but test-
ing of her partner was only performed when EB was detected. 

Initial serum IRT levels in MI+ve babies were significantly lower than
MI−ve (p=0.04), however, all but one of the MI+ve IRT levels were above
the cut off value that would trigger a “CF suspected” result in the NBS pro-
tocol. 

Discussion: Antenatal detection of a fetus at risk of MI due to CF has a
number of advantages. Firstly, counselling from a CF specialist can be pro-
vided to parents before birth to help them cope with the diagnosis and pre-
pare for subsequent events. Secondly, delivery or early transfer of the baby
can be directed to a pediatric surgical centre with an onsite CF team to
ensure all non-surgical aspects of CF care are introduced as early as possi-
ble. 

Conclusion: Almost two-thirds of our MI+ve babies had no antenatal
features to suggest CF. Even where CF was diagnosed, or suspected, through
the presence of EB there was inadequate referral of parents to counselling
and a pediatric surgical centre before their child was born. Good communi-
cation between the obstetricians, genetic services and paediatric CF team is
recommended.

423
POSSIBLE EVENTUAL POSITIVE SWEAT CHLORIDE
TEST RESULTS IN CHILDREN WITH CFTR-RELATED
METABOLIC SYNDROME (CRMS)
Williams, S.1,2; Chin, T.1,2; Randhawa, I.1,2; Nussbaum, E.1,2 1.
Peds Pulm/Allergy, Miller Children’s Hospital, Long Beach, CA,
USA; 2. Pediatrics, University of California, Irvine, Irvine, CA,
USA

As a result of newborn screening programs, individuals have been iden-
tified as possibly having cystic fibrosis (CF) on the basis of two genetic
mutations of the CFTR protein (located on two different chromosomes) but
having a normal sweat chloride test. Retesting of these infants, who are
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assigned the diagnosis of CRMS, have been recommended at two and six
months of age (J Peds 2009;155:S106-16). Because not all CFTR mutations
are disease-causing, there continues to be uncertainty as to the natural his-
tory of these newborns. We have identified a family with delta I507 with
poly T (TG)12-5T and (TG)10-7T mutations. The newborn had three nor-
mal sweat chloride determinations (24, 20, and 30 mMol/L at 2, 4, and 12
months of age). However, his two older siblings with the same mutations
show positive values of 71 and 76 mMol/L at 42 and 63 months of age. We
then looked at fifteen of our CRMS patients and examined their sweat chlo-
ride test results and ages. It appeared that there is a direct correlation
between age and sweat Cl in patients with CRMS. On the other hand,
patients with two mutations which are clearly associated with CFTR dys-
function (i.e., CF) will have positive sweat chlorides, even at two to four
months of age. There was no correlation with the volume of sweat and the
value of chloride in CRMS. In conclusion, close follow-up of CRMS
patients identified by newborn screening with re-testing of their sweat chlo-
ride is recommended. Extrapolating the data on our CRMS patients, it
would appear that continued sweat chloride testing, especially after 40
months of age, may be necessary. This was also indicated by our family
described above.

424
DIAGNOSIS OF CF AND CFTR RELATED METABOLIC
SYNDROME (CRMS) BY NEWBORN SCREENING (NBS):
RESULTS OF A NATIONAL SURVEY
Ren, C.L.1; Farrell, P.M.3; Mogayzel, Jr., P.J.2; Marshall, B.C.4 1.
Pediatrics/Pulmonology, University of Rochester, Rochester, NY,
USA; 2. Pediatrics, Johns Hopkins University, Baltimore, MD,
USA; 3. Pediatrics, University of Wisconsin, Madison, WI, USA;
4. Cystic Fibrosis Foundation, Bethesda, MD, USA

Background: Since 2010, CF NBS has been available in all states in the
USA. In addition to diagnosis of CF, NBS can also result in the diagnosis of
CRMS: infants with a positive NBS but indeterminate CF diagnosis. Little
is known about how NBS has affected diagnosis of CF and CRMS at CF
Centers. The goal of this project was to assess the impact of CF NBS on
diagnosis of CF and CRMS by using data from the CF Center annual renew-
al application.

Methods: In an effort to understand better the impact of CF NBS and
acquire data to improve CF NBS in the USA, the CF Foundation added 4
questions regarding CF NBS to the CF Center annual renewal application in
2010: (1) How many positive NBS tests did the Center receive? (2) How
many infants were diagnosed with CF by NBS? (3) How many infants were
diagnosed with CRMS? (4) What was the average time from positive NBS
to sweat testing? We analyzed the responses to these questions in aggregate
from all CF Centers and by subgroups based on NBS algorithm.

Results: In all, 132 responses were received (91 Centers, 41 Affiliates).
A total of 5,077 positive NBS tests were reported, with 706 cases of CF
diagnosed (13.9% of the total) and 187 CRMS cases identified (3.7%). Nine
sites reported no cases of CF diagnosed by NBS. The ratio of CF:CRMS
was 3.8:1, and 61 respondents (46%) reported no cases of CRMS. The mean
time from positive NBS to sweat test was 12.32 days (range 1-45 days).
Time to sweat testing did not differ significantly by NBS algorithm (12.8
days, N=80 for IRT/DNA vs 10.29 days, N=22 for IRT/IRT; P=0.25). 

Conclusions: Almost all CF Centers in the USA are diagnosing CF by
NBS. The majority of CF Centers are sweat testing positive NBS infants
within 2 weeks, but there is room for improvement at some sites. CF NBS
has also resulted in the identification of many infants with CRMS, highlight-
ing the importance of gathering more data on the natural history of this con-

dition and assessing the potential variability in the use of this label.  These
results highlight the growing impact of CF NBS on CF Care Centers and
identify areas for quality improvement and future research.

425
IMPROVEMENT IN QUALITY OF SWEAT TESTING:
RESULTS OF A QUALITY IMPROVEMENT PROGRAM
Boas, S.R.1,2; Hageman, J.2; Liveris, M.1; Washburn, J.3; Piasecki,
S.3 1. The Cystic Fibrosis Center of Chicago, Glenview, IL, USA;
2. Department of Pediatrics, Feinberg School of Medicine
Northwestern University, Chicago, IL, USA; 3. St. Alexius
Medical Center, Hoffman Estates, IL, USA

Background: Although newborn screening has resulted in increased
sweat testing for infants, obtaining an adequate volume of sweat has
remained a challenge. The national standard for individuals >3 months of
age is a < 5% quantity not sufficient rate (QNS). Studies examining neona-
tal QNS rates at various centers show significant variability. It has been sug-
gested that a goal of < 10% QNS be achieved for children ≤ 3 months of age.
The Cystic Fibrosis Center of Chicago at St. Alexius Medical Center is one
of Illinois’ designated centers for newborn screening. After an initial period
of testing, a quality improvement (QI) program for sweat testing was insti-
tuted to improve QNS rates at this center.

Objectives: To demonstrate the utility of a QI program designed to
reduce QNS rates in sweat testing for all ages.

Methods: All sweat tests were performed by pilocarpine iontophoresis
via the Macroduct coil collection system and quantitatively analyzed for
chloride concentration per CLSI guidelines. A CF Working Group was
formed in 2009 and resulted in a QI program addressing sweat testing. As
the main elements of the program were in place by the end of 2009, data are
compared prior to this point (2008 and 2009) and post-implementation
(2010). QNS rates were evaluated pre- and post-implementation for both age
groups (≤3 months versus >3 months of age). The QNS rates for each tech-
nician performing the tests were also evaluated pre- and post-implementa-
tion. Chi square testing, Fisher’s exact tests and logistic regression were
performed for the data. Significance was set at p<0.05.

Results: In all, 291 specimens were analyzed for a total of 264 patients.
Patient age varied with approximately 29.6% (n=86) of the specimens col-
lected when the patient was ≤ 3 months of age. The proportion of QNS
specimens pre-QI implementation was 15.6% (n=179). Post-QI the propor-
tion of QNS specimens fell to 2.70% (n=112). Results of a chi-square analy-
sis indicate an improvement in QNS rates following the QI initiative, χ2(1,
n=291) =12.16, p < 0.001. A Fisher’s exact test demonstrated similar results
(p = 0.0003). Logistic regression analysis indicates that the QI implementa-
tion was associated with a reduction in a QNS specimen regardless of age.
Patients ≤ 3 months had 5.1 times the odds of obtaining a QNS specimen (z
= 3.98, p < 0.001). The proportion of QNS among patients ≤ 3 months was
31.0% before the QI and 7.1% after, compared to 8.3% before and 1.2%
after the QI for patients > 3 months. There was wide variability in QNS rates
when evaluated by technician with ranges from 0 to 25.2%. Post-QI, QNS
rates improved for 2 technicians, remained 0% for 1 and was unchanged for
1. 

Discussion/Conclusions: The success of an individual program appears
to depend on experience with sweat testing and commitment to the imple-
mentation of a QI program. This study has demonstrated the success of a QI
program and should encourage other programs that are having difficulty
obtaining targeted QNS rates to develop an individual QI program.

426
LIMITATIONS TO ACHIEVING NORMAL GROWTH IN
CF INFANTS FOLLOWING NEWBORN SCREENING
Michelson, P.; Quante, J.; Clark, A.; Ferkol, T. Department of
Pediatrics, St Louis Children’s Hospital, Washington University
School of Medicine, St Louis, MO, USA

Introduction: Malnutrition at the time of diagnosis with cystic fibrosis
(CF) is associated with a poorer prognosis. Despite universal newborn
screening, many children with CF are still malnourished with the national
median weight-for-length percentile for CF toddlers still below 50% by two
years of age. We proposed that intensive education and improved nutrition-
al education contributes to improved nutritional outcomes and aggressive
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nutritional education with close monitoring in the first 2 years of life is crit-
ical in maintaining adequate growth and preventing future respiratory com-
promise.

Methods: We collected data from the CF center at St Louis Children’s
Hospital from 2007 through 2010. Following CF infant care guidelines, our
dietitian met with families and initiated our educational program that incor-
porates monthly meetings to provide nutritional support regarding pancreat-
ic insufficiency, timing and dosing of pancreatic enzyme supplements and
strategies to increase caloric intake. Heights, weights and head circumfer-
ences were obtained at each visit. Weight and weight-for-height z-scores are
calculated at each visit. Treatment modification i.e. acid suppression and GE
reflux assessment are performed based on clinical criteria. The outcomes
were contrasted to previously reported data from our center obtained as part
of a two-year quality improvement (QI) project that was part of the NICHQ
“Breakthrough Series” (2002 - 2003).

Results: Twenty-three infants, identified by CF NBS and diagnosed by
sweat chloride measurement and identification of mutant cystic fibrosis
transmembrane conductance regulator alleles, were analyzed. All were pan-
creatic insufficient. Our recent nutritional data was contrasted to weight-for-
age z-scores of children studied as part of our earlier QI project. Whereas
those children had an improved weight-for-age z-score (-1.8 to -0.9) over the
12 month study period, our most recent data revealed less weight gain with
infants demonstrating a weight-for-age z-score of only -1.4 at diagnosis,
improving to only -0.88 ± 0.38 at 1 year of age. Weight-for-height z-scores
were somewhat better, increasing from -1.0 at diagnosis to 0.10 at 1 year of
age, although 43.4% of our subjects still were at least one z-score below the
50% isopleth. Poor growth was not attributable to a delay in diagnosis with
all infants having confirmatory sweat testing an average of 21.1 days post-
partum. Clinical monitoring was sufficient; 75% of the infants were seen in
recommended clinic follow-up visits during the first year following diagno-
sis.

Conclusions: Our results demonstrate that a significant proportion of
our CF infants and young children identified by newborn screening remain
at nutritional risk with an average weight-for-age z-score at 1 year that is
suboptimal at -0.9. As well, we show that >40% of our children have weight-
for-height z-scores that reveal growth failure. Our data supports our con-
tention that despite early diagnosis and relatively frequent clinical follow-
up, an even more aggressive management approach, possibly with addition-
al behavior interventions, is needed to address the nutritional as well as
respiratory health of young CF children.

427
HISPANIC INFANTS WITH CYSTIC FIBROSIS SHOW
LOW CFTR MUTATION DETECTION RATES IN THE
ILLINOIS NEWBORN SCREENING PROGRAM
Watts, K.D.1,2; Layne, B.4; Harris, A.1,3; McColley, S.A.1,2 1.
Northwestern University Feinberg School of Medicine, Chicago,
IL, USA; 2. Children’s Memorial Hospital, Chicago, IL, USA; 3.
Children’s Memorial Research Center, Chicago, IL, USA; 4.
University of Illinois, Springfield, IL, USA

Background: States develop specific protocols for CF newborn screen-
ing (NBS). Diagnostic bias and health disparities may result depending on
the ethnic and racial populations represented if testing is not tailored to the
population served (1). Illinois initiated CF NBS using the IRT/DNA method
in 2008. We hypothesized that mutation distribution and detection rates
would differ between Hispanic and non-Hispanic CF patients diagnosed by
NBS and that more Hispanic infants would carry mutations not detected by
the NBS panel.

Methods: For IL CF NBS, an IRT assay is performed; when IRT is >
the 96th percentile the assay is repeated. Once confirmed, the sample is ana-
lyzed for 37 CFTR mutations (Inno-LiPA, Innogenetics, Belgium).  A pos-
itive CF NBS is reported if 1-2 mutations are detected or for IRT > 170
ng/mL (“ultrahigh IRT”). Race and ethnicity are recorded by birth hospitals
through maternal self-report and provided to the IL Department of Public
Health. We reviewed data on CF cases diagnosed in IL via NBS between
3/1/2008 and 10/31/2010, including only infants with a sweat chloride value
> 60 mEq/L. Chi-square tests were used to compare differences in mutation
detection in the racial/ethnic populations, with significance at p < 0.05. 

Results: Among 491,467 newborns screened, 104 babies met diagnos-
tic criteria for CF (2 per 10,000 newborns screened). Infants were 71.2%
non-Hispanic Caucasian, 14.4% Hispanic Caucasian, and 2.9% African

American; 11.5% had missing ethnic/ racial data. Twenty-three CFTR muta-
tions were identified: Delta F508 accounts for 71.6% of non-Hispanic Cau-
casian alleles, but only 36.7% and 33.3% of alleles in Hispanic and African
American patients, respectively. Seven mutations (28%) were present in the
Hispanic and African American patients but absent from non-Hispanic Cau-
casians. Ten mutations (36%) were present in only the non-Hispanic Cau-
casian patients. Among 104 newborns diagnosed with CF, mutations were
identified in 92% of alleles. The case detection rate is 97% when 2 muta-
tions are identified; this number drops to 0.3 % and 0.7% when 0 or 1 muta-
tions are detected, respectively. More Hispanic infants with CF had one or
more undefined mutations after screening, in comparison to non-Hispanic
Caucasian patients (40% vs. 9.5%; p<0.002). The risk of having a positive
diagnosis of CF with only one mutation on a positive newborn screen panel
increases 2-fold in Hispanic Caucasian versus non-Hispanic Caucasian
infants (5% vs. 2.4%). Mutation detection rates differ among ethnic/racial
groups (p=0.03). No false negatives (missed diagnoses of CF) have been
reported. 

Conclusion: In IL, CF NBS detects mutations less frequently for His-
panic infants than for non-Hispanic infants (40% vs. 9.5%). These findings
are important in designing newborn screening panels for use in regions with
significant ethnic minority populations. 

1. Ross LF. Newborn screening for cystic fibrosis: a lesson in public
health disparities. J Pediatr; 2008;153:308-13.

428
EVALUATION OF GENETIC COUNSELING FOR A
COHORT OF CYSTIC FIBROSIS CARRIERS IN THE
MICHIGAN NEWBORN SCREENING PROGRAM
Langbo, C.1; Kleyn, M.1; Andruszewski, K.1; Abdulhamid, I.2;
Homnick, D.N.3; Schuen, J.N.4; Nasr, S.Z.5; Gregoire-Bottex, M.6

1. Michigan Department of Community Health, Lansing, MI,
USA; 2. Detroit Medical Center, Detroit, MI, USA; 3. MSU
Kalamazoo Center for Medical Studies, Kalamazoo, MI, USA; 4.
Helen DeVos Children’s Hospital, Grand Rapids, MI, USA; 5.
University of Michigan Health System, Ann Arbor, MI, USA; 6.
Department of Pediatrics and Human Development, Michigan
State University, East Lansing, MI, USA

Genetic counseling is offered to all parents of newborns scheduled for
sweat testing in one of Michigan’s five Cystic Fibrosis (CF) centers who fol-
low positive CF newborn screen (NBS) cases. This system was established
to ensure families can delineate between carrier status, CF related metabol-
ic syndrome (CRMS) and a clinical diagnosis of CF, as well as decrease
parental anxiety and provide an opportunity for carrier testing and planning
for future pregnancies. In 4 of 5 centers genetic counseling is provided by
CGC®, or active candidate status, genetic counselors and in the remaining
center by the Medical Director or Associate Director. 

This study was conducted to determine: (1) the percent of families who
receive genetic counseling following their newborn’s negative sweat chlo-
ride test; (2) characteristics associated with refusal of genetic counseling:
and (3) the topic areas addressed during the genetic counseling. These three
components will be used to evaluate the efficiency of the genetic counseling
system in the Michigan NBS Program.

All resident infants born from 2009-2010 identified as CF carriers fol-
lowing a positive NBS were included. A standard form with demographics,
sweat testing results, and key topic areas discussed (from a checklist of 16
benchmarks) is returned to the NBS Follow-up Program to document the
outcome for each scheduled genetic counseling session. The percent of fam-
ilies who received, refused, or had unknown genetic counseling status was
determined. Logistic regression was used to determine the association
between select characteristics (birth weight, gestational age, neonatal inten-
sive care unit admission, race, ethnicity, and maternal age) and refusal of
counseling. Frequency distributions were used to ascertain facts provided to
those who received genetic counseling. 

A total of 566 infants met inclusion criteria. Genetic counseling status
was unknown for 11% of the population, 26.5% of the families refused
counseling, and 62.5% received it. Families of black infants were signifi-
cantly more likely to refuse counseling (OR=9.0, 95% CI 5.2, 15.4),
although the odds were attenuated after adjusting for CF center. No other
characteristic examined significantly correlated to refusal. Of the families
who received counseling, the mother was present for 91% and the father for



2011 Cystic Fibrosis Conference

368

75% of the sessions. All 16 benchmarks were discussed with 95% of fami-
lies who received genetic counseling.

While this evaluation revealed high standards of information provided
by our genetic professionals, further assessment of patient understanding is
needed and will be undertaken. Additionally, further work is needed to sep-
arate the effects of race from those of center-specific logistical barriers,
because attention may need to be directed at identifying and eliminating bar-
riers for black families to receive genetic counseling.

429
30 YEARS OF NEONATAL SCREENING: THE
CAMBRIDGE EXPERIENCE
McShane, D.; Calvin, J. Addenbrookes NHS Trust, Cambridge,
United Kingdom

A neonatal screening programme for cystic fibrosis (CF) was estab-
lished in East Anglia, UK in 1980. Four immunoreactive trypsinogen (IRT)
kits (Sorin, Agen, Delfia and Autodelfia) and 2 protocols (IRT-IRT; IRT-
DNA-IRT) have been used. Since then a total of 730,730 babies have been
screened with 296 cases of CF identified; however, 325 cases of CF are
known to the screening laboratory. Of the 29 cases missed on screening, 10
had meconium ileus (MI), 12 were pancreatic insufficient (PI) but without
MI and 7 were pancreatic sufficient (PS). The age of diagnosis for the non-
MI false negative cases ranged from 4 weeks to 14 years and included sev-
eral patients homozygous for DF508. Six PI patients had an IRT within
5µg/l of the cut-off for the IRT screen, 3 of whom had an initial raised IRT
with the second IRT being below the cut-off. The majority of patients had
respiratory and gastrointestinal symptoms at the time of diagnosis. False
negative results occur frequently in CF babies with MI although the cause is
unclear, possibly relating to surgery and/or lack of enteral feeding. Failure
to detect some CF cases without MI reflected the IRT cut-off chosen, how-
ever in a small number the IRT was close to the neonatal population mean
(both PI and PS). 

Ninety-one false positives (FP) were identified by the two stage assay.
Forty-three occurred in well, term infants. Several causes were noted in the
remaining 48 including multi-organ failure, renal insufficiency and Tri-
somies 13 and 18. The Sorin kit gave a FP rate of 0.01%, the Agen kit
0.08%, and the Delfia/Autodelfia 0.02%. The 3 stage assay (Autodelfia)
which is more relevant to today’s screening programmes, has given a FP rate
of 0.004% (7FP out of 164,612 infants screened). Of these 7 only 1 child
was a fit and well term infant.

Whilst false positives will generally result in further clinical assessment,
a negative CF screening test should not preclude further examination of the
child if the symptoms are suggestive of CF.

430
SWEATING THE SMALL STUFF: A QUALITY
ASSURANCE AUDIT OF SWEAT CHLORIDE TESTING
FOR CYSTIC FIBROSIS NEWBORN SCREENING
FOLLOW-UP
Pedder, L.1; Hauff, K.2; Carroll, V.3; Brick, L.4; Grey, V.2 1.
Pediatrics, McMaster University, Hamilton, ON, Canada; 2.
Pathology & Molecular Medicine, McMaster University,
Hamilton, ON, Canada; 3. Cystic Fibrosis, McMaster Children’s
Hospital, Hamilton, ON, Canada; 4. Genetics, McMaster
Children’s Hospital, Hamilton, ON, Canada

Objectives: Newborn screening (NBS) for cystic fibrosis (CF) was
implemented in Ontario in 2008. Hamilton Health Sciences is one of five
regional centers for NBS confirmatory testing. By assuring the sweat chlo-
ride test is performed correctly, we ensure consistent, reliable and timely fol-
low-up for screen positive infants. Our aim was to investigate the quality of
our confirmatory sweat chloride testing. 

Methodology: We reviewed the data collected on all CFNBS positive
infants identified by the NBS program from January 2010 to December
2010, inclusive. We examined the effects of gestational age, birth weight,
ethnicity, CFTR mutations, and IRT values on both the sweat weight and
results.

Results: In 2010, 66 patients were identified for confirmatory testing,
the results are summarized below (Table 1). Sweat testing confirmed 9 CF
affected infants (a 10th died prior to sweat testing). Of these, 5 initially

revealed only 1 mutation by NBS. Our patients were a mean age of 15 ± 4
days when first identified by the NBS program, and were seen for sweat test-
ing within 9 ± 12 days, (recommended standard: < 2 weeks). Our rate of
insufficient sweat collection was slightly high, at 13%, (recommended stan-
dard: 5-10%).

Conclusion: Our results represent an estimated incidence of ~1:2000,
somewhat higher than expected in a population of predominantly European
descent. This is likely due to increased identification of milder cases with
the NBS. Our practices for confirmatory sweat testing of positive CFNBS
infants are in line with the current recommendations.  Minimal wait times
for confirmatory testing allows earlier identification of CF patients (<3
months old) than prior to the implementation of CFNBS (mean age 3.6
years old). This is expected to result in overall improved health and out-
comes due to a delay of bacterial colonization and better nutrition earlier in
the course of disease.

431
A NOVEL APPROACH TO CF NEWBORN SCREENING:
THE OPTIONAL SWEAT TEST
McMahon, V.R.; Schellenberg, A.; Burgess, C.A.; Sinclair, G.;
Vallance, H.; Chilvers, M.A. Provincial Newborn Screening
Program, BC Children’s Hospital, Vancouver, BC, Canada

Background: In 2009, the province of British Columbia (BC) initiated
CF newborn screening (NBS). BC extends over 950,000 km2 and careful
consideration was required in developing the NBS algorithm due to the
widespread distribution of our population. IRT/DNA/IRT was chosen as
inclusion of a second IRT significantly reduced the number of infants
required to attend our centre for sweat testing.

A consequence of DNA analysis was the identification of infants who
were carriers of 1 CF gene mutation. It was predicted that these carrier
infants who did not have elevated repeat IRT levels were at low risk for CF
(0.7%). The program elected to develop a novel approach for managing this
group. Parents of these infants are counseled by the CF Newborn Screening
Nurse (NBSN) by telephone and offered the option of attending BC Chil-
dren’s Hospital (BCCH) for a sweat test to exclude CF. It was expected that
most families would pursue this option.

Aims: 1) To review uptake of optional sweat tests in carriers of one CF
mutation found on NBS. 

2) To determine if geographical limitations influenced uptake of option-
al sweat testing.

Methods: IRT is measured by immunoassay (Autodelfia, Perkin
Elmer). Infants with IRT > 97th%, CF DNA analysis is performed using a
39 mutation panel.

Hypertrypsinemic infants found to carry 1 CF mutation require a repeat
NBS card for IRT at 21 days of life. Persistently hypertrypsinemic infants
undergo a sweat test at our centre. For carrier infants with a normal repeat
IRT, the NBSN provides parents with information and basic genetic coun-
seling. An optional sweat test is offered.

We reviewed the data from all recalled babies from Nov 2009 to April
2011. The geographical location of families was noted.

Results:During the 18 month period, 65,366 infants were screened and
2087 had CFTR molecular genetic analysis performed. Thirteen infants
were found to carry two CF-causing mutations.

One hundred forty-nine infants were found to carry one CF gene. Of
these carrier infants, 19 had an elevated repeat IRT at day 21 and underwent
a sweat test. None were diagnosed with CF.

One hundred thirty carrier infants had a normal repeat IRT at day 21,
and genetic counseling and optional sweat testing were offered. Only 18
(13%) attended our centre for optional sweat testing. Of those 18 infants, 16
(89%) had negative sweat tests and 2 (11%) were considered ‘borderline’
with intermediate sweat chlorides (36 and 38 mmol/L), requiring long term
follow-up to determine clinical significance.
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Geographical location did not appear to influence the decision to attend
for a sweat test. No significant difference in average distance to BCCH was
observed between those who attended (170 km) and those who declined
(237 km) (P=0.41).

Discussion: The uptake of optional sweat testing for low risk carriers
was much less than expected. Distance to our centre did not appear to influ-
ence this decision. It is likely that families had received appropriate counsel-
ing and information by the CF NBSN which reduced the need for a subse-
quent sweat test. A future study will evaluate factors in parental decision-
making in this sub-group of patients.

An interesting observation was the detection of ‘borderline’ sweat test
results in 2 infants in the carrier group. The clinical implications remain to
be evaluated.

432
INCREASE IN OROPHARYNGEAL FLORA IN NON-CF
INFANTS IDENTIFIED BY NEWBORN SCREENING
McMahon, V.R.1; Burgess, C.A.1; Davidson, A.G.1; Lillquist, Y.1;
Tilley, P.2; Chilvers, M.A.1 1. CF Newborn Screening, BC
Children’s Hospital, Vancouver, BC, Canada; 2. Department of
Microbiology, BC Children’s Hospital, Vancouver, BC, Canada

Background: Regular oropharyngeal (OP) cultures are an important
part of clinical monitoring and often heavily influence therapeutic decisions
in routine CF care. In order to interpret the significance of OP culture
results, an understanding of the development of the OP bacterial flora in
non-CF and CF patients is necessary. Data describing ‘normal’ OP cultures
for non-CF infants and the influence of confounding factors such as breast
or bottle feeding are limited. As part of the newborn screening program for
CF in British Columbia, all high risk infants have a full clinical evalauation,
including OP culture, DNA analysis, and a sweat test. 

Aims:
1. To compare OP cultures in CF and non-CF infants seen at British

Columbia Children’s Hospital (BCCH) identified by CF newborn screening.
2. To compare OP cultures between infants who are either breast- or bot-

tle-fed.
Methods: Charts of all infants attending BC Children’s Hospital

(BCCH) for a comprehensive evaluation and sweat test were reviewed. OP
swabs were obtained at the infant’s first visit and were cultured using BCCH
standard laboratory techniques.

Over an 18 month period we evaluated OP culture results, age at culture,
clinical status, feeding method (breast vs. bottle), DNA and sweat chloride
values.  

Results: Forty-four infants were assessed of whom 12 had CF and 33
were either carriers or had no identifiable mutations. CF infants appeared to
isolate fewer gram-negative and -positive organisms (E. coli(2), Staphylo-
coccus(2), and Candida(3)) in comparison to non-CF infants (Table). Non-
CF infants isolated a greater number and variety of organisms but were seen
significantly later than CF infants (P=0.0006). 

Eight non-CF infants grew polymicrobial cultures in comparison to 0
CF infants. Of note, two non-CF infants grew non-mucoid Pseudomonas
aeruginosa.

In both CF and non-CF breastfed infants, a trend to isolate fewer organ-
isms was observed. (Average number of organisms: CF Bottle: 0.8, Breast:
0.5; Non-CF Bottle: 2.5, Breast: 1.2.) Sample size was insufficient to fully
evaluate this further.

Summary:
•Non CF infants appear to isolate a greater number and variety of organ-

isms than CF infants on oropharyngeal culture. Age at sampling may be a
confounding factor. 

•Pseudomonas may be isolated in healthy infants. 
•The impact of breast feeding on oropharyngeal flora in CF remains to

be evaluated.

Table

433
NEWBORN SCREENING IN NEW ZEALAND:
CHANGING INCIDENCE BUT EQUIVALENT NUMBERS
1997-2010
Byrnes, C.A.1,2; Jaksic, M.1,2; Carrl, J.3; Tate, J.2; Vyas, J.2;
Fellowes, A.4; Webster, D.3 1. Paediatric Department, University
of Auckland, Auckland, New Zealand; 2. Starship Childrens
Hospital, Auckland, New Zealand; 3. National Testing Centre,
Auckland, New Zealand; 4. Canterbury Health Laboratories,
Christchurch, New Zealand

Background: Newborn screening commenced in New Zealand (NZ) in
1981 as a 2-step serum immunoreactive trypsinogen (IRT) measurement
with an incidence of 1 in 2701 reported. From 1997 to 2010 this changed to
IRT followed by 3-4 common CF genes measured in the highest 1% levels. 

Aims: To determine the number of positive, carrier and missed cases of
CF 1997-2009 inclusive. To review sweat test results at time of first clinic in
all, and the number with symptoms in those with CF. To calculate the cur-
rent incidence of CF.

Methods: Review of National Testing Centre records 1997-2009 inclu-
sive. Each child with a positive screen is reviewed by a regional paediatri-
cian with assessment, genetic testing, sweat testing and a measure of pancre-
atic sufficiency. An audit sheet is then returned to the Testing Centre.
National population statistics were obtained from census data in 1996 and
2006. 

Results: There were 765,729 babies screened – this represented 99.6%
of all children born per year in NZ. Of these, 714 were positive with 561
diagnosed as carriers and 153 diagnosed with CF, with 12 known missed
cases. The incidence of CF is 1 in 4640 newborns or 2.14 per 10,000 live
births. A positive screen occurred in 1 in 1000 newborns with 1 in 5 having
CF and 4 in 5 being carriers. From the census data, the total population of
NZ increased from 3.7 to 4.4 million over this time with shift in the ethnic
make-up. Those considered to have a high CF gene carriage (European)
decreased from 83.1% to 77.6% and those with low CF gene carriage
(Maori, Pacifika, Asian) increased from 21.6% to 31.6% of the total (both
census allow nomination of more than one ethnicity). All children with pos-
itive screens were seen between 3-6 weeks of age. The sweat test was report-
ed in 556 (78%) with 103 (19%) being definitively positive (>60mEq Cl), 53
(9.5%) being equivocal (< 30 to > 60 mE Cl), and 347 (62%) being normal
(<30 mE Cl). There were 153 children diagnosed with CF; 100 with posi-
tive, 19 equivocal, 5 normal on sweat testing using above criteria. Forty did
not have sweat test results with 30 having homozygous dF508. 

Conclusions: The newborn screening programme in NZ has good sen-
sitivity and specificity with currently 7.2% of cases missed. The incidence
has halved over time in part due to changing ethnicities in the population
though the absolute numbers remain. At time of first clinic review not all
children had a sweat test and there were a number of equivocal sweat tests
which now likely require further follow-up. 

Acknowledgements: Ministry of Health, and the Regional Cystic
Fibrosis Paediatricians of New Zealand.
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434
SURVIVAL ANALYSIS OF CYSTIC FIBROSIS AFTER
NEONATAL SCREENING: 40 YEARS OF FOLLOW-UP
Tridello, G.; Iansa, P.; Castellani, C.; Assael, B.M. Cystic Fibrosis
Center, AZIENDA OSPEDALIERA UNIVERSITA’ INTEGRATA,
Verona, Italy

Objective: To show the improvement in survival probability on cystic
fibrosis patients in an area with a forty-year old neonatal screening pro-
gram. 

Methods: From the early 1960s to December 2010, 1822 patients were
followed at the Cystic Fibrosis Center of Verona. Of them, 464 were born in
Veneto and Trentino region and were diagnosed at birth by the regional
neonatal screening program. Information was extracted from the clinical
database of the CF Center of Verona, data were updated until April 2011.
Demographic characteristics and survival analysis are presented. Survival
probability was estimated using the Kaplan-Meier estimator; comparison
between groups was performed using the log-rank test.

Results: From January 1971 to December 2010, 241 (52%) females
and 223 (48%) males were diagnosed. The 30 year overall survival (OS) was
82.2% (95% C.I.: 74.2 – 87.9). Among 428 survivors the median age at last
follow-up was 16.3 years, range 0.14 - 40.2. No difference was found
according to gender: the 30 year OS was 85.6% (75.0-91.9) for males and
78.9% (65.6 – 87.5) for females, p=0.4. Eighty-two percent of the patients
had pancreatic insufficiency and showed a worse survival probability: 30 yr
OS 80% (70.9 – 86.5) vs. 97.3% (82.3 – 99.6), p=0.04. 

The overall survival in cystic fibrosis patients followed in the Center of
Verona improved notably in the last decade. At December 2000, the 30 yr
OS was 69% for male and 58% for females [1]; 10 years later the 30 yr OS
was 86% and 79%, respectively. The survival probability at December 2000
took into account all patients, followed after symptoms or screening. Con-
sidering only screened patients, at December 2000 the 20 year OS was 80%,
at December 2010 it was 92%. Considering 5 yr birth cohorts, 20 year over-
all survival continuously improved: 77.8% in the cohort 1971-1975, 84.3%
in 1976-1980, 92.3% in 1981-1985 and 97.0% in 1986-1990 (in the later
cohorts the 20 yr follow-up was not reached).

Conclusions: Patients diagnosed after neonatal screening and born in
the last two decades have a long term survival probability much higher than
previously described.

[1] Epidemiology and Survival Analysis of Cystic Fibrosis in an Area of
Intense Neonatal Screening Over 30 Years, Assael, Am. J. Epidemiol. (2002)
156 (5): 397-401.

435
CFTR FREQUENCIES IDENTIFIED THROUGH
NEWBORN SCREENING IN FLORIDA’S DIVERSE
POPULATION
Franco, M.E.1,5; Lozano, J.M.2,5; Farrell, P.M.4,5; Lopez, C.2,5;
Sanchez, G.2,5; Torres, J.3,5; Barber, D.3,5 1. Pediatric
Pulmonology, Miami Children’s Hospital, Miami, FL, USA; 2.
Division of Research & Information, Herbert Wertheim College of
Medicine, Florida International University, Miami, FL, USA; 3.
Newborn Screening Program, Florida Department of Health,
Tallahassee, FL, USA; 4. Pediatrics, UW School of Medicine,
Madison, WI, USA; 5. Cystic Fibrosis Newborn Screening
Program Group, Miami, FL, USA

Background: There is limited information about CFTR frequencies
identified through newborn screening in U.S. regions with genetically/eth-
nically diverse populations like Florida, which is mostly composed of Non-
Hispanic Whites, African Americans, and Hispanics.

Objective: To describe the frequencies of CFTR mutations in CF cases
identified through newborn screening in Florida.

Methods: The newborn screening program for CF began in Florida in
September 2007. All data available for years 2008, 2009 and 2010 were
reviewed to obtain information on the number of newborns screened and
confirmed, and on the frequency of CFTR mutations among the CF cases.

Results: A total of 665,360 neonates were screened during the three-
year period, and 1,701 were referred for follow-up evaluations. One-hun-
dred and fourteen cases of CF were confirmed. Ninety (78.9%) and 24
(21.1%) cases had two and one identified mutation, respectively. Among the

90 CF confirmed cases that had two identified CFTR mutations, 43 had
∆F508/ ∆F508 (37.7%), 41 had ∆F508 and another mutant allele (36.0%),
and 6 cases had other/other allele (5.3%). In the 24 CF confirmed cases with
one identified CFTR mutation (20.2%), 18 patients had ∆F508 (15.8%), and
6 cases had a different CFTR mutation. Two patients had single mutations
that are not included in the ACMG panel (A559T and Q493X).

Conclusions: The distribution of CFTR mutations found in the first
three years of the CF cases identified through the newborn screening pro-
gram in Florida seems to be similar to that recently described in Wisconsin,
a state with a less diverse population.

436
SURVIVAL AT LOW LUNG FUNCTION: EXPLORATION
OF A UK-WIDE CYSTIC FIBROSIS DATABASE
MacNeill, S.J.1; Bilton, D.2; Cullinan, P.1; Gunn, E.3; Hodson,
M.E.2; Simmonds, N.J.2 1. Occupational and Environmental
Medicine, Imperial College, London, United Kingdom; 2. Cystic
Fibrosis, Royal Brompton Hospital and Imperial College,
London, United Kingdom; 3. Cystic Fibrosis Trust, Bromley,
United Kingdom

Objective: An FEV1 less than 30% predicted has been widely used as
a trigger for consideration of lung transplantation as median mortality with-
in two years is considered greater than 50% in this group (1). However, in a
recent study of patients attending a specialist adult CF unit whose FEV1 was
<30%, a marked improvement in survival was demonstrated, increasing
from 1.2 years in 1990-1991 to 5.3 years in 2002-2003. To explore whether
these results are generalisable to the general population of adult patients we
examined data from the UK-wide Port CF database of specialist clinic annu-
al reviews.

Methods: We identified all patients aged 16 years and older attending
an annual review (ie. not during an exacerbation) whose FEV1 dropped
below 30% predicted between 1/1/2001 and 31/12/2004 and whose FEV1
was at least 30% predicted the previous year. Survival was estimated
through to 31/12/2009 and all patients who had ever had a lung transplant
were excluded from the analysis.

Results: We identified a cohort of 255 patients of whom 53% were
male. At the time of entry, the mean (SD) age of patients was 27.9 (9.0)
years and FEV1 was 25.7 (3.7) % predicted. Mean FVC was 45.6 (12.9) %
predicted on entry and BMI was 19.2 (2.9). By the end of follow-up there
had been 151 deaths in the cohort. Median (95% CI) survival for the entire
cohort was estimated to be 4.7 years (95% CI: 3.8-6.2).

Conclusion: In a cohort of patients identified through a national data-
base of specialist CF clinics, we observed an important improvement in sur-
vival at low lung function, confirming the generalisability of an earlier study,
and highlighting the important changing spectrum of advanced lung disease.

Reference: 1. Kerem E, Reisman J, Corey M, Canny GJ, Levinson H.
Prediction of mortality in patients with cystic fibrosis. NEJM 1992;
326:1187-91.

437
LONGITUDINAL ASSESSMENT OF SWEAT CHLORIDE
VALUES IN INFANTS WITH 2 CFTR MUTATIONS
IDENTIFIED BY NEWBORN SCREENING
Zirbes, J.M.1; Hardy, K.2; Kharrazi, M.3; Milla, C.1 1. Center for
Excellence in Pulmonary Biology, Stanford University, Stanford,
CA, USA; 2. Children Hospital and Research Center Oakland,
Oakland, CA, USA; 3. Genetic Disease Screening Program,
California Department of Public Health, Richmond, CA, USA

California implemented newborn screening (NBS) for CF in July of
2007. The screening algorithm includes focused CFTR sequencing as a last
step and allows for the detection of both known mutations as well as novel
mutations and variants. Only infants with 2 or more mutations/variants
detected are referred to CF centers for sweat chloride testing and further
evaluation. While a positive sweat test represents definitive diagnostic crite-
ria for CF, a good number of CF patients have sweat chloride values outside
of the diagnostic range. Discordance between genetic results and sweat
chloride results creates difficult diagnostic and treatment dilemmas. We
have been conducting a longitudinal study with a uniform protocol for
Sweat Testing and clinical evaluation to better understand the natural histo-
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ry of the disease among these infants with varying levels of CFTR dysfunc-
tion. A standard patient preparation protocol for sweat testing that includes
salt supplementation (4 mmol per day for 3 days prior to testing) and ade-
quate fluid intake guidelines has been implemented. Sweat testing is per-
formed upon referral by the California NBS program (baseline), 1 month
later, at 6 months of age and at 12 and 24 months of age. To date 25 infants
have been enrolled (13 males) and have completed evaluation to their sixth
month of age. Forty percent are Caucasian, 46% Hispanic/Latino and 14%
Black. Median IRT for the group was 78 (range 64.6 to 211.2 ng/mL).
Infants underwent a baseline evaluation at a mean age of 49 days and their
mean baseline sweat chloride was 48.3 ± 37 mmol/L. A mild correlation was
noted between IRT and baseline sweat chloride (r = 0.54, p = 0.01). By
genetic analysis, 57% of the alleles are affected by a severe mutation (class
I-III), but only 27% of the infants carried two copies of severe mutations
(either homozygote or compound heterozygote). As expected, by CFTR
genotype patients carrying only severe mutations (classes I-III) had a high-
er baseline sweat Cl than patients carrying at least one mild mutation (class-
es IV-V), 105.4 vs 36 mmol/L. Infants with severe mutations were seen sig-
nificantly earlier than infants with milder genotypes, 34 vs 59 days (p =
0.01), in part a reflection of the additional time required for focused
sequencing to detect uncommon mutations. At the 1 month and 6 month
evaluations sweat chloride values have not differed substantially from the
initial test (48 and 54 mmol/L, respectively). When broken down by geno-
type, no definitive trends are noted in sweat chloride values over the first 6
months of life. In part this could be due to the limited sample size, but per-
haps more importantly due to the limited period of observation. As our
cohort ages and more infants are enrolled into the study we expect to be able
to more firmly establish if there are any significant changes in sweat chlo-
ride by genotype in the first two years of life.

Supported by CFF grant MILLA08A0.

438
NEONATAL CYSTIC FIBROSIS SCREENING (1999- 2009)
IN CATALUÑA, SPAIN
Gartner, S.1; Casals, T.2; Marin, J.3; Seculi, J.4; Asensio, O.5;
Lopez, R.3; Checo, M.6; Vidal, M.6; Moreno, A.1 1. Pediactric
Pulmonology and Cystic Fibrosis Unit, Hospital Universitari Vall
d Hebron, Barcelona, Spain; 2. Medical and Molecular Genetics
Center- IDIBELL., Barcelona, Spain; 3. Institut de Bioquímica de
Cataluña. Barcelona, Barcelona, Spain; 4. Unitat de Fibrosi
Quística. Hospital San Joan de Deu. Barcelona., Barcelona,
Spain; 5. Unitat de Fibrosi Quística, Hospital de Sabadell.
Corporació Parc Taulí., Barcelona, Spain; 6. Direcció General de
Salut Pública. Barcelona-. Spain., Barcelona, Spain

We started a newborn screening (NS) for CF to assess the CF incidence
in our population and the benefit of early detection and treatment. From
September 1999 to 2009, 713422 newborns were screened. Our NS is based
on determinations of immunoreactive trypsinogen (IRT) in the blood spot
(Immunochem. Blood Spot TrypsinMW Elisa) collected at 3-5 days. Infants
with higher than the cut-off (120ng/mL) were recalled for a second measure-
ment (before 40 days of life). If the level remained high (cut-off 60 ng/mL)
they were submitted to CFTR gene analysis (32 common mutations) and to
sweat testing. Newborns presenting one CF mutation and positive sweat test
were analysed for the complete CFTR gene (DGGE, SSCP and sequencing
of abnormal patterns). 

Results: The IRT–1 was positive in 13,421 (1.8%) and the IRT-2 in
4,142 (0.5%). The total number of CF patients identified by NS was 98.
Forty-two CF patients were identified by positive sweat test and two CF
mutations in the first gene analysis. Fifty CF patients were diagnosed by
second mutations identified by the complete CFTR gene analysed. Six
patients were diagnosed by positive sweat test, and 2 mutations in the com-
plete CFTR gene. There were 5 false-negative cases and 24 cases with
inconclusive diagnosis. A total of 122 cases of CF (including 16 meconium
ileus and 2 cases diagnosed by positive family history) were detected with
an incidence of 1/5,847 live births being much lower than the expected.
F508del was found in 51% of alleles. Vit E levels were low in 47% of cases.
No CF patients with chronic colonisation of Pseudomonas aeruginosa (Pa)
was reported. 

Conclusions: The NS for CF allowed assessing the incidence of CF in
our population. The early diagnosis and treatment dramatically decrease the

chronic colonisation of Pa. Also, declining CF birth rates as a genetic
screening effect must be considered in the future.

439
POPULATION CHARACTERISTICS OF YOUNG
SCHOOL-AGE CHILDREN WITH CF
Pittman, J.E.1; Lin, F.2; Davis, S.1 1. Pediatrics, UNC Chapel Hill,
Chapel Hill, NC, USA; 2. Biostats., UNC Chapel Hill, Chapel
Hill, NC, USA

Objective: It is recognized that CF lung disease begins in early child-
hood, with increasing awareness of the need for research and interventions
aimed at preschool patients. Our objective was to provide description of this
population (comparing pancreatic sufficient (PS) and insufficient (PI) sub-
jects) that may aid in future study design and implementation.

Methods: Analysis of prospectively collected data from CF Foundation
Patient Registry on children with CF born from 1998–2002, using X2 and t-
testing. PI was defined by supplemental pancreatic enzyme use.

Results: We obtained data on 3,219 subjects from 171 U.S. CF centers,
3,180 (99%) with confirmed CF diagnosis. Of those, 2,594 (82%) were PI
by enzyme use. Ninety-two percent of subjects were Caucasian, 12% were
Hispanic; 51% and 34% were ∆F508 homozygous and heterozygous,
respectively. The PI group had more females than PS group (52% vs 46%,
p=0.02).

Median age of CF diagnosis was 0.3 years. PI subjects were significant-
ly more likely than PS to present with failure to thrive and abnormal stools
at diagnosis; there was no significant difference in presence of meconium
ileus or respiratory symptoms at diagnosis. In the first 6 years of life, PI sub-
jects had more outpatient visits (mean 27.8 vs 18.1, p<0.001) and hospital-
izations (mean 2.3 vs 1.5, p<0.001) than PS.

PI subjects were more likely to use inhaled medications before age 6,
including dornase alfa (48% vs 10%), tobramycin (26% vs 4%), beta-ago-
nists (60% vs 16%), hypertonic saline (11% vs 2%), and corticosteroids
(31% vs. 7%) (p<0.001 for all), and were more likely to be treated with acid
blockers (99% vs 29%, p<0.001) or chronic oral antibiotics (7% vs 2%,
p<0.001).

PI subjects were more likely than PS to have respiratory cultures posi-
tive for P. aeruginosa before age 6 (70% vs 51%, p<0.001), though preva-
lence of mucoid P. aeruginosa was not different between the two groups
(20% vs. 24%). PI subjects were more likely to have cultures positive for S.
aureus (92% vs 76%, p<0.001) or methicillin-resistant S. aureus (24% vs
11%, p<0.001) before age 6, as well as Haemophilus sp. (65% vs 55%,
p<0.001), S. maltophilia (30% vs 15%, p<0.001), Achromobacter sp.(8% vs
4%, p<0.001), A. fumigatis (10% vs 5%, p<0.001) and B. cepacia (2% vs
0.5%, p=0.03).

PI subjects had poorer nutritional status throughout early childhood than
PS (mean BMI age 2-3 years: 50th percentile vs. 55th, p<0.001). Though
mean FEV1 at age 6-7 was normal in both groups, it was significantly lower
in PI subjects vs. PS (92% predicted vs 95%, p=0.005).

Conclusions: We present data on young children with CF across the
U.S, the majority diagnosed in infancy with respiratory symptoms (38%),
failure to thrive (35%), meconium ileus (23%) or abnormal stools (21%). In
the first 6 years of life, PI subjects appear to have higher burden of both
treatment and disease, with more outpatient visits, hospitalizations, chronic
medications, and lower nutritional status and pulmonary function than PS
subjects. The two most prevalent respiratory pathogens in the first 6 years
were P. aeruginosa (67%) and S. aureus (89%) (21% MRSA), both more
prevalent in PI than PS subjects. Interestingly, there was no difference in
mucoid P. aeruginosa prevalence or presence of respiratory symptoms at
diagnosis between the two groups.

Support: CFF PITTMA10A0.

440
DESCRIPTION OF A COHORT OF ADULT PATIENTS
RECENTLY DIAGNOSED WITH CYSTIC FIBROSIS
Ray, M.; Joseph, P.M. Pulmonary, Critical Care, and Sleep
Medicine, University of Cincinnati, Cincinnati, OH, USA

Background: Cystic fibrosis (CF) is an autosomal recessive disorder
resulting in varying degrees of sinopulmonary and gastrointestinal disease.
Formerly recognized as a pediatric disorder, the diagnosis of CF in adult
patients has been increasing over the past fifty years.  These patients have
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been described as having “nonclassical” CF with pancreatic sufficiency and
a milder phenotype. This study sought to characterize a single cohort of
patients diagnosed with CF as an adult at a single center.  

Methods: A retrospective chart review of all newly diagnosed adult cys-
tic fibrosis patients at one Adult Cystic Fibrosis Center over the past seven
years (2003-2010) was performed. Patient characteristics including age at
diagnosis, genotype, sweat test results, gender, symptoms leading to diagno-
sis, pancreatic status, the presence of bronchiectasis, organisms in the first
respiratory culture, lung function, CFRD status and the diagnosis of cystic
fibrosis in a first degree family member were noted.  

Results: During this seven year period, 13 newly diagnosed adult cys-
tic fibrosis patients were evaluated at our center.  This cohort consisted of 8
females and 5 males. The age range was 21 years of age to 64 years of age,
with a median age of 34 and a mean age of 38.  The diagnosis was suspect-
ed in 10 patients due to respiratory symptoms, while infertility led to the
diagnosis in 2 patients, and chronic pancreatitis in the remaining patient.
Nine of the eleven patients that were genotyped were ∆F508 heterozygotes.
Six patients had sweat tests performed, for a total of nine values, all of
which were greater than 60 Meq Cl/L, except for one value of 56 MEq Cl/L.
Bronchiectasis was present in 6 patients at the time of diagnosis.  Seven
patients had normal FEV1s at the time of initial presentation, while an addi-
tional 2 patients had moderately severe obstructive lung disease, and 4
patients had severe obstructive lung disease.  Respiratory culture growth at
time of diagnosis is as follows: 3 patients with S. aureus and Pseudomonas,
4 patients with Pseudomonas alone, 1 patient with S. aureus alone, 1 patient
with Enterobacter cloacae and A. lwoffii, 1 patient with Mycobacterium
chelonae, 1 patient with Mycobacterium avium complex, 3 patients with
oral flora.  Two patients carried the diagnosis of diabetes mellitus at the time
of diagnosis, both males with BMIs greater than 30. One patient was found
to be pancreatic insufficient, one patient had a low normal fecal elastase, one
patient was pancreatric insufficient due to chronic pancreatitis, and the addi-
tional 10 patients were pancreatic sufficient. Two patients had a sibling with
known CF, and 2 patients had a first degree relative diagnosed with CF as a
result of their diagnosis.  

Conclusions: Patients with CF who are diagnosed as adults commonly
are pancreatic sufficient. In our population, at least half of patients had no
signs of obstructive lung disease at initial presentation; however, when
obstructive lung disease was present, it tended to be moderately severe to
severe. There was a high prevalence of ∆F508 heterozygosity, along with
typical CF pathogens in respiratory cultures.  The sweat test remained a
helpful diagnostic tool in those in which it was utilized.

QUALITY IMPROVEMENT 

441�
INITIATION OF QUALITY IMPROVEMENT WITHIN
THE CLINICAL RESEARCH TEAM
Hathorne, H.1; Britton, L.J.2; Reeves, G.A.1; Sabbatini, G.M.1;
Tarn, V.E.1 1. UAB, Birmingham, AL, USA; 2. CHS Pediatric
Pulmonary Center, Birmingham, AL, USA

Background: Recent growth in the research program at the University
of Alabama in Birmingham challenged efficiency and team satisfaction. The
research team with the assistance of an experienced quality improvement
clinical team member developed a plan to assess the processes of the
research team in order to improve the execution of research protocols.

Aims: To increase the efficiency of the execution of research protocols
and increase team satisfaction with the research process.

Methods: A 15-item multiple choice and short answer research satisfac-
tion survey was sent to 13 research team members including research coor-
dinators (RCs), investigators, data managers, administrative/ contract per-
sonnel and other support personnel. The survey assessed the areas of divi-
sion of labor, training, job satisfaction, patient recruitment, and research
study specific questions.

Ten months later, a 24-item multiple choice and short answer follow up
research satisfaction survey was sent to 12 of the 13 same research team
members. The follow up survey assessed the same focus areas as the initial
survey. The follow up survey also included questions which addressed areas
that were directly affected by process changes. 

We implemented changes to our processes after evaluation of the initial
survey. These changes included a pre-assigned schedule of rotating RC
responsibilities, re-distribution of duties, time sensitive team meetings, and
Standard Operating Procedures to aid in training.

Results: For analysis purposes, strongly agree/agree were scored as one
category, and disagree/ strongly disagree were scored as one category.

Ten out of the 13 team members responded to the initial survey (76%
participation). Questions were divided into three sections including overall
job satisfaction (91 % satisfaction), division of labor (73% satisfaction) and
study specific assignments (90% satisfaction). 

Eleven out of the 12 team members responded to the follow up survey
(91% participation). Questions were divided into the three same categories
including overall job satisfaction (96% satisfaction), division of labor (80%
satisfaction) and study specific assignments (97% satisfaction).

After implementation of QI initiatives, all three areas measured
increased, with the most noted increases seen in the areas assessing satisfac-
tion of division of labor and study specific assignments. On the follow up
survey 100% of the team agreed the research calendar implemented
increased the team’s efficiency and team research meetings were becoming
more effective and productive. However, 22% voiced concern over the sys-
tems approach to distribution of labor and study selection methods. 

Conclusions: Although overall job satisfaction was greater than 90% in
the pre- and post-survey, defined and implemented study processes led to an
increase in satisfaction with division of labor and study specific assignments
which increases the efficiency of our team. In moving forward, individual
principal investigator surveys and RC specific surveys may provide more
insight into specific concerns over our system approach. Ongoing improve-
ments also include the development of an RC evaluation process and career
advancement track.

442�
STARS-2
Davies, Z.; Dunn, C.; Hernandez, C.; Everson, C.; Zirbes, J. The
Stanford CF Center, Stanford, Palo Alto, CA, USA

In an effort to improve the cystic fibrosis (CF) research program at Stan-
ford, the research team queried all research subjects who had participated in
at least one CF study since 1992 about their experiences. Out of a popula-
tion of 330 Stanford patients, 107 were identified as having participated in
at least one study. The specific data from this project “Survey to Assess
Research Satisfaction at Stanford (STARS) was presented at the 2010 NACF
conference. This left a large number of patients who had either never partic-
ipated in research, or had never participated in a study at Stanford. As a fol-
low-up to the original project the research team decided to explore the rea-
sons for nonparticipation. A brief survey was developed to investigate
whether or not the patient/child had ever participated in any research stud-
ies at Stanford. If not, what was the primary reason for nonparticipation.
They were also asked if there was interest in participating in future studies,
and if so, how would they like to hear about them and who would they like
to hear about them from. 

A total of 289 CF patients were identified through the Stanford database
that were eligible to participate. The survey was completed by 199 patients
(69%): 148 were adults and 141 were parents of pediatric patients. A non-
biased interviewer asked the questions over the phone or in person at a clin-
ic visit. The answers were entered verbatim onto paper questionnaires: 55%
(n = 110) of respondents reported participating in at least one study and 45%
(n = 89) reported not participating in any type of research study at Stanford.
Of the non-participators, 55% (n = 49) said the primary reason for nonpar-
ticipation was because they were not asked, 27% (n = 24) reported that they
didn’t participate because of scheduling conflicts, 12% (n = 11) reported
that they were not eligible, 9% (n = 8) were not interested in research, 4%
(n = 4) felt that research participation would negatively impact their health,
and 3% (n = 3) felt the length and complexity of studies made participation
difficult. However, 93% of the respondents said they would consider
research participation in the future if they were contacted. Ninety-four per-
cent had no preference as to who made the initial contact (physician, nurse
practitioner, research coordinator, or clinic staff). Thirty-one percent (n =
62) wanted to hear about studies during a routine clinic visit, 28% (n = 56)
wanted to be contacted via e-mail, 3% (n = 6) wanted to be contacted via
phone, and 45% (n = 90) had no preference how they heard about potential
studies.
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The percentage of individuals who did not participate in research stud-
ies at Stanford because they were never asked (55%) is strikingly similar to
the survey that was completed by the Cystic Fibrosis Foundation (CFF) in
2006 (54%). The research team was disappointed to learn that their
increased education and recruitment efforts over the past several years were
not recognized. However, this may be due, in part, to the relocation of the
adult CF program and the decreased research team presence in the new clin-
ic. These results clearly indicate that there is a continued need to educate,
and perhaps the face to face interaction between the patients, families, and
the research staff is crucial.

443�
CLINICAL RESEARCH AMBASSADOR BOARD:
PATIENTS AND PARENTS SERVING AS A VOICE FOR
RESEARCH
Healy, E.1; Milam, J.1; Powers, C.A.1; Delute, D.1; McColley,
S.A.1; George, C.2; Maguire, R.3 1. Children’s Memorial
Hospital, Chicago, IL, USA; 2. Cystic Fibrosis Foundation,
Bethesda, MD, USA; 3. Clinical Research Ambassador Board,
Chicago, IL, USA

Objective: Since March 2010, we have participated in the Clinical
Research Ambassador Board Pilot Program for the CF Foundation. The pur-
pose of this program was to engage patients and parents to serve as a local
voice for CF research by promoting knowledge and awareness amongst
peers in order to improve interest and enrollment into clinical trials. 

Methods: Twelve patients/parents were invited to join the board; with
about half regularly attending meetings and teleconferences; others con-
tributed by sharing their stories about research participation. Staff and fam-
ilies members from other regional CF Centers were included.  A baseline
survey was conducted to assess patient and family awareness, preferences,
and barriers influencing clinical trial participation in order to develop strate-
gies. A logo “You are the Key: Unlock the Cure” was designed to link efforts
to the national “I am the Key” campaign. Quarterly newsletters are pub-
lished featuring a personal story from a patient/parent, an educational arti-
cle, and links to resources for finding clinical trials. These are distributed via
CF centers, distributed via mailings, e-mail, and in-person at CFF events
(i.e., Great Strides). T-shirts featuring our logo identify ambassadors at
events. Logo buttons and pens were distributed at Great Strides 2010 and
2011.

Results: Evaluation of the pilot program by the CF Foundation elicited
a positive response, indicating the program had fostered a partnership
between people with CF/parents and CF Center Staff, with the ambassadors
successfully serving as advocates for CF research by sharing their stories
and encouraging others to participate in research. Board members also are
partnering with the CF Foundation nationally to develop awareness/educa-
tional videos and a customized clinical trial alert program to augment the
current “Find a Trial” tool. Challenges encountered included time commit-
ment, member participation and funding. The board applied for educational
grants and procured limited funding from pharmaceutical companies to off-
set the costs incurred for printing, postage, and other materials. Additional
funding is being sought for larger initiatives. Costs were reduced by using an
e-mail distribution list. Meetings were supplemented with teleconferences
held over the lunch hour to increase participation. The CF Foundation pro-
vided a guide for “telling your story” and some generic research articles that
could be utilized or adapted for the newsletter. The board is seeking to
expand and engage more patients/parents from all local care centers. 

Conclusion: This pilot program has demonstrated that engaging mem-
bers of the CF community can help increase interest, understanding, and
participation in clinical research. Such a program offers a means to nurture
a culture of research by reversing misconceptions and encouraging efforts
between patients, families, and caregivers to further enhance research
efforts. 

We would like to acknowledge and thank the CF Foundation and all of
our patients and parents who participated in this program and who breathe
hope by participating in clinical trials.

444�
CLINICAL RESEARCH IN THE INTERNET ERA: USE
OF SKYPE™ TO OBTAIN INFORMED CONSENT
George, A.B.; Dorkin, H.L.; Thakkallapalli, E.L.; Solomon, J.M.
Cystic Fibrosis Center, Children’s Hospital Boston, Boston, MA,
USA

Background: One barrier to obtaining informed consent for subjects
participating in minimal risk clinical research studies is that many potential
subjects find it inconvenient and/or too far to travel to the study center for
initial contact and consent. Telephone consenting provides some flexibility
for these types of studies, but lacks the personal aspect of face-to-face com-
munication during the consenting process. Technological advances in video-
conferencing offer a new opportunity for a personal consenting experience
for those who have difficulty traveling to the study site. By utilizing this
method, the researcher is able to assess the subject’s reactions and compre-
hension as well as allow for open discussion throughout the process.

Objectives: To provide a geographically dispersed population the
opportunity to participate in a one-time phlebotomy study using new and
easily accessible video-conferencing technology.

Methods: A process for obtaining informed consent remotely via video-
conferencing was developed by the CF Center and approved by the IRB at
Children’s Hospital Boston. Access to video-conferencing equipment and
software, in this case, Skype™, either at home or at a collaborating site, was
arranged with each participant. A hardcopy of the informed consent was
mailed to the subject or parent beforehand, along with return shipping mate-
rial. A video-conferencing session was arranged. At the time of the confer-
ence the subject or the parent was asked to verify receipt of the appropriate
consent by presenting the document on camera. The subject or parent was
consented following ICH/GCP consenting guidelines. The subject or parent
displayed the signed consent on camera to show it was properly completed
and placed it in the provided envelope. Once sealed, the subject or parent
displayed the envelope on camera to show the shipment tracking number.
Research staff documented that the consent process was conducted via
video-conferencing.

Results: Since the process was initiated, five subjects who otherwise
would not have participated in the study have been consented using video-
conferencing. No patient or family felt that the process denied adequate
opportunity for questions, and all appreciated the ability to conduct the
interview from their home. The yield for enrolling in the trial through video-
conferencing has been 100%. 

Conclusions: In addition to creating a more personal consenting expe-
rience compared with phone consenting, video consenting has provided
families the flexibility and comfort of consenting from a familiar environ-
ment. Subjects have noted in particular that this option, be it from home or
from their local clinic, significantly affected their willingness to participate
in the study. 

The video-conferencing format also potentially allows for increased
efficiency and decreased cost for minimal risk clinical trials. As experience
increases with this format, it is hoped that this consenting procedure can be
expanded to include more extensive trials.

445
THE USE OF CYSTIC FIBROSIS ACTION PLANS AND
INDIVIDUALIZED PATIENT REGISTRY REPORTS FOR
QUALITY IMPROVEMENT IN CF CARE
Trace, M.1; Montenegro, S.1; Zoghbi, R.1; Jacobson, S.1;
Oermann, C.M.2 1. Texas Children’s Hospital, Houston, TX, USA;
2. Baylor College of Medicine, Houston, TX, USA

Background: Quality improvement (QI) initiatives have become pri-
mary drivers for improving clinical outcomes in CF. Despite multiple QI
activities, key outcomes in our program have remained below targets. The
benefits of asthma action plans have been well documented. Despite similar-
ities with respect to chronicity and a focus on self-management, there is no
literature regarding the use of CF action plans (CFAP). There is some evi-
dence that reviewing individual patient data and counseling lead to better
adherence and improved outcomes. The CF Foundation recommends that
Patient Registry reports be shared with patients. Despite the availability of
five CF action plans in an electronic medical record and Registry-based
Individualized Patient Registry Reports (IPRR), these resources were not
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being utilized. We hypothesized that use of CFAPs and IPRRs will improve
the quality of care that we provide and lead to improved outcomes. 

Methods: A multidisciplinary group including medical (physician and
nurse), administrative, respiratory care, dietitian, and social work members
reviewed existing resources. A single CFAP was developed. It included res-
piratory therapies/medications, nutrition and GI care/medications, and
social work/educational components. Each section had space for discipline-
specific notes and goals. The final CFAP was loaded into the medical record
and all older versions deleted. Our nursing service underwent training to
access and print IPRRs from Port CF. Upon completion of the updated
CFAF and IPRR training, five primary CF care providers were briefed on
expectations regarding the new resources. The goal for the pilot QI project
was that 75% of patients receive both a CFAP and IPRR. Patient perception
of the pilot was assessed by internet survey. This consisted of seven ques-
tions regarding the usefulness of the CFAP and IPRR and a comment sec-
tion.

Results: During the pilot period, 608 CF patients were seen in clinic
with 71% receiving both a CFAP and IPRR, 17% receiving only a CFAP,
1% receiving only the IPRR, and 11% receiving neither. Post-intervention,
32 families were surveyed (12 responses, 37.5%). When asked how confi-
dent they were in managing their child’s care before receiving the CFAP,
33% said very, 42% said somewhat, and 25% said not at all. After receiving
the CFAP, 92% said very, 8% said somewhat, and 0% said not at all. The
IPRRs were thought to be somewhat to very helpful by most families. Sub-
jective feedback was overwhelmingly positive and was summed up by the
comment “I think this is a fantastic service you are providing families. I
think it gives us a clearer picture of where we have been, where we are
going, and how we are to achieve our health care goals.”

Conclusions: CFAPs and IPRRs are valuable resources and should be
included in routine patient care. We hope that increased knowledge and
understanding will be empowering to patients and families and lead to
increased adherence and improved self-management. This should drive
improved outcomes. Future directions include expansion of the pilot to all
CF care providers, CFAP upon hospital discharge, and outcome assessment.

446
IMPROVING CARE FOR LONG DISTANCE PATIENTS: A
WEB BASED SYSTEM FOR HOME MONITORING AND
EARLY INTERVENTION
Wall, M.; Briggs, E.; McCullar, B. Pediatrics, Oregon Health
Sciences University, Portland, OR, USA

Background: Data from our center indicate that pulmonary outcomes
for patients who live a long distance from our CF center (> 120 miles) are
worse than for those who live closer. The reason for this seems to be related
to delays in treatment of lung exacerbations. This delay appears to be caused
by a combination of inability to come to the CF clinic regularly, failure of
local providers to recognize and treat exacerbations effectively, and perhaps
social issues inherent to a long distance population. We hypothesized that
we could improve access to care for these patients by developing a “virtual
office visit” using a web based system that included standardized clinical
questions and home spirometry. 

Methods: We developed a secure website for patient log in. Subjects
were ages 7-17 years, lived > 120 miles from our center, and had internet
access. When patients logged in they answered 6 Likert scale questions
related to change in lung symptoms since the last contact. Patients were pro-
vided with a home spirometer and entered their FEV1 for comparison to
their recent best baseline. Patients were asked to submit data on a monthly
basis plus whenever they felt a need to do so. All submissions were reviewed
within 24 hours by a CF nurse clinician. Any responses indicating a wors-
ening of lung symptoms or a decrease in FEV1 of >10% led to a phone
encounter as per our standard practice.

Results: We enrolled 16 patients but 2 never submitted data and 4
dropped out after 1 submission due to loss of internet access. Over 10
months of data collection there were 67 encounters submitted from the
remaining 10 patients. Twenty-seven of 67 encounters (40%) led to an inter-
vention including starting oral antibiotics (11), hospitalization (6), come to
clinic as soon as possible (4), and advice (6). Nine of the 10 ongoing patients
required at least 1 intervention. Most patients submitted data when they did
not feel well or on follow up to an intervention. Four of the 10 submitted
regular monthly data throughout the entire data collection period. 

Conclusions: In recent years there has been increasing interest in the
CF community in using symptom scores and change in FEV1 to define
exacerbations and enhance the potential for early interventions. Our data
indicate that symptom scores and FEV1 can be obtained over the internet
with interventions being initiated by person to person contact. We found that
a large percentage of patient encounters led to specific interventions. The
data indicate that patients are more likely to submit data when they have an
increase in symptoms than on a routine basis. The protocol adherence rate
was similar to that seen in a previous study of home monitoring in adults
with CF. The major barriers to data submission seem to be forgetfulness and
denial, i.e., not wanting to see their FEV1 outcome. The next step in the evo-
lution of home symptom and FEV1 monitoring may be to move from
demonstration mode to routine practice. We believe that EMR systems that
allow for patient to provider interaction (e.g., My Chart in EPIC) hold great
promise in this regard. (Supported by a CFF QI grant).

Reference: Formeister, et al. Ped Pulm 2010, Suppl 33: 518A

447
QI OF OUR QI: A QUALITATIVE STUDY OF THE
BARRIERS TO SUSTAINING EFFORT IN QUALITY
IMPROVEMENT
McLauchlan, H.M.1,2; Lapke, J.1,2; Green, M.2; Nelson, S.2; Piper,
R.2; Stewart, J.2; Stoner, G.2; Tjaden, L.2 1. Pediatrics, University
of Illinois College of Medicine Peoria, Peoria, IL, USA; 2. OSF
St. Francis Medical Center, Peoria, IL, USA

Background: The quality improvement (QI) process is an effective way
to initiate change within a healthcare team, with emphasis on improved
patient outcomes through stepwise change. However, little is known about
what is necessary to sustain QI efforts within a microsystem. Our CF Cen-
ter was selected for LLC IV, and began in May, 2006. We completed 4 main
QI projects, and earned the CF Foundation’s 1st Annual QI Award in 2008.
Since then, our team has struggled to sustain consistent efforts in QI.
Although our patient outcomes continued to improve we struggled with lack
of focus, project completion, frustration, and decreased meeting frequency.
The purpose of this study was to examine the barriers to sustaining QI at our
center, to develop a plan to re-energize our QI efforts, and to enhance under-
standing of successful QI maintenance.

Methods: We developed an anonymous two-part survey to ascertain
our CF team’s thoughts about the QI process: 1) 8 quantitative questions
addressing perceptions of our QI efforts, its impact on patient care, and its
importance in our CF center using a 5-point Likert scale, and 2) 7 open-
ended questions, including perceived barriers to sustaining QI, lessons
learned, and cultural changes that occurred in response to the QI process.
Quantitative answers were scored and averaged. Answers from open-ended
questions were analyzed using the constant comparative method and a
grounded theory approach for identification of themes. Two reviewers inde-
pendently reviewed and coded the data, identifying themes for each ques-
tion, and met to refine final themes and codes. A focus group was held dur-
ing two one-hour sessions with members of our CF team to verify themes
(as a form of member-check) and to develop an action plan for sustaining
QI.

Results: Ten of 15 distributed surveys were completed. All team mem-
bers view QI as an important component of our CF center (4.8/5; 5/5 for
core QI team members) and feel QI has improved patient care (4.7/5; 5/5 for
core team members). The lowest score (3.7/5; 3.6 for core team members)
occurred in response to the phrase “We have been successful in sustaining
QI efforts at our center.” From our qualitative analysis, barriers to sustaining
QI grouped into 7 themes: resources, attitudes, difficulty with measurement,
focus, structure/frequency of meetings, lack of involvement of families, and
leadership. One additional theme was identified by the focus group: lack of
accountability. 

Discussion: Little has been written about sustaining efforts in QI. We
identified several barriers to sustaining QI at our institution. In response, we
developed an action plan focused on overcoming these barriers. Our plan
included considering hiring or training a coach, initiating an internal track-
ing system, recommitting to meeting rules and structure, and celebrating
team victories. Although our results are specific to our institution, we are
likely not alone in our struggles to sustain momentum, energy and focus for
the QI process over the long term.
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448
IMPROVING PULMONARY OUTCOMES WITH
EDUCATION ON RESPIRATORY THERAPY - THE
IMPOWER PROJECT
Fullmer, J.J.; Pai, S.; Bilger, K.; Tatum, T.; Heneghan, K.; Baker,
A.; Horton, J.; Frank, A.; McWilliams, B. Dell Children’s
Medical Center, Austin, TX, USA

Background: Using the Clinical Microsystems process our Cystic
Fibrosis (CF) Center was analyzed and pulmonary outcomes identified as an
area in need of improvement. A “fishbone” was conducted to identify barri-
ers to improvement in lung function. Education was identified as a modali-
ty to improve patient adherence, proper use of therapies and communication
with caregivers, all with the potential to improve pulmonary function. In the
past our clinic has not had a standardized education program. The ImPOW-
ER project was designed to implement a standardized approach to education
in our clinic with the specific aim of improving our center FEV1 by 5% in
3 years.

Methods: A knowledge survey was created and piloted. Once felt to be
a useful tool this knowledge survey was used as a pre-test (visit 1). An edu-
cational resource, the ImPOWER Education Flipchart was developed.  This
was a laminated flipchart reviewing respiratory therapies, airway clearance,
exercise, nutrition and CF-related diabetes. The flipchart was reviewed by
the clinic respiratory therapist with the patient (visit 2). A post-test was
given on the next scheduled visit (visit 3). Additional handouts were provid-
ed to the patient dependent upon medications and airway clearance modal-
ities used. Pre- and post-test scores were recorded at visits 1 and 3. Spirom-
etry was recorded at visits 1 and 3. 

Results: The pilot knowledge survey was given to 4 patients with a
mean score of 70% recorded. Sixteen patients completed the project.  The
mean pre-test score was 73% and pre-test FEV1 was 64 percent predicted.
After standardized education with the ImPOWER flip chart the mean post-
test improved to 83% correct.  However, the post-test FEV1 was not signif-
icantly changed at 66 percent predicted. 

Conclusion: Utilizing a standardized approach to education with the
ImPOWER flipchart we were able to demonstrate an improvement in patient
knowledge. This technique was practical and easily fit into the multidiscipli-
nary clinic visit. It was well accepted by the patients. Our center will contin-
ue to review the ImPOWER flipchart with each patient on an annual basis
with additional educational handouts provided on an individual basis. Pul-
monary function did not change significantly during the study period. This
is not unexpected given the short study time. We plan to continue to moni-
tor spirometry on a quarterly basis for the next three years to see if the spe-
cific aim of this project can be reached. 

This project was supported by the Learning and Leadership Collabora-
tive Adult Quality Improvement.

449
IMPROVED SCREENING FOR CFRD ACHIEVED
THROUGH COLLABORATION BETWEEN PEDIATRIC
AND ADULT ENDOCRINOLOGY AND PULMONARY
PROVIDERS AT THE VANDERBILT CF CENTER:
PEDIATRIC CF PROGRAM RESULTS
Brown, R.F.; Bremer, A.; Franco, W.; Driskill, C.; Brennan, K.;
Vincent, W.; Colvin, K.; Guy, D.; Grisso, A.; Duke, L.; Dahir, K.;
Clark, A.; Slovis, B.; Perkett, E. Vanderbilt University School of
Medicine, Nashville, TN, USA

Objective: Cystic fibrosis-related diabetes (CFRD) affects about 20%
of adolescents and 40-50% of adults with CF. Early detection and manage-
ment of CFRD is essential due to the detrimental effects CFRD has on pul-
monary function, nutrition, and mortality in CF. New guidelines for CFRD
were released in July 2010 and published in December 2010. To improve
compliance with these guidelines, a quality improvement (QI) committee
was formed in October 2010 that included both pediatric and adult pul-
monary and endocrinology providers to improve screening of the CF popu-
lation at Vanderbilt for CFRD through a program sponsored by the CF Foun-
dation and the Pediatric Endocrine Society. 

Methods: The entire QI committee met for an hour at biweekly meet-
ings to review the data collections and system processes. For pediatric
patients with CF, baseline data regarding screening rates for CFRD with an

oral glucose tolerance test (OGTT) in the outpatient setting were collected
by the pediatric QI subcommittee for the months of March 2009 – March
2010. Educational handouts regarding CFRD and the OGTT procedure were
developed for patients and families. Patients who were eligible for screening
for CFRD (greater than 10 years old based on the current guidelines) were
identified by staff in the CF pediatric program. The identified families were
provided the educational handouts during a clinic visit prior to the scheduled
OGTT, and families received a telephone reminder of the OGTT 24-48
hours prior to the study. Data were collected for screening rates for March
2010 – March 2011 by the pediatric QI subcommittee to determine if an
improvement in screening had occurred.

Results: From March 2009 – March 2010, 39/78 (50%) eligible patients
were screened for CFRD of which 11 (14%) had a diagnosis of CFRD. In
March 2010 – March 2011, 64/82 (78%) eligible patients were screened for
CFRD of which 19 (23%) had a diagnosis of CFRD.

Conclusions: Dedicated personnel to identify and provide reminders for
patients eligible for an OGTT in the CF pediatric population allows for a
consistent process within a large CF center. This process coupled with the
education of families regarding the importance of CFRD and its implica-
tions with respect to overall CF survival showed sustainability and provid-
ed a 56% improvement in CFRD screening in a one-year period of time.
This improved screening process resulted in the identification of 64% more
patients with CFRD.

Acknowledgements: Cystic Fibrosis Foundation and Pediatric
Endocrine Society Learning and Leadership Collaborative: Cystic Fibrosis
Related Diabetes Care.

450
RESPIRATORY EDUCATION AND ASSESSMENT:
QUALITY THERAPY TAKES QUALITY TIME
Chatfield, B.A.1; Seidelman, J.2; Whittenburg, N.2; Meihls, S.1;
Richards, K.2 1. Pediatrics, University of Utah, Salt Lake City,
UT, USA; 2. Intermountain Primary Children’s Hospital, Salt
Lake City, UT, USA

The Intermountain Cystic Fibrosis Center provides care to 250 pediatric
patients. Medtracker was a past quality improvement effort that focused on
medications prescribed when patients were clinically eligible to receive
them. Greater than 90% adherence was found for prescribing indicated med-
ications. How medications and therapies were utilized by patients was less
rigorously evaluated. Previously our practice had been to verbally teach
each new therapy added to a CF patient’s regimen. Careful attention was
paid to cleaning and disinfecting of respiratory equipment, type of equip-
ment used, and order of medications. The annual respiratory assessment
(ARA) was performed with close-ended (yes/no) questions. Families were
provided individualized written recommendations and feedback. The ARA
required an average of 30 minutes of clinic time to complete. Recently, our
Center participated in an adolescent adherence study (iCARE) which shift-
ed us from verbal instruction of respiratory techniques and medications to
patient demonstration. We observed substantial deficiencies in the perform-
ance and knowledge of key respiratory therapies and medications in the
adolescent population. A decision was made to modify the ARA for all
patients. We similarly adopted this approach of instruction for newly diag-
nosed patients.

Methods: During the ARA, patients demonstrated all techniques that
were prescribed. This included MDI and nebulizer technique and High-fre-
quency Chest Wall Oscillation or other airway clearance modality. Open-
ended questions were utilized for techniques that could not be demonstrat-
ed (i.e., cleaning and disinfecting of equipment). Knowledge domains about
action of medications were added and queried with open-ended questions.
Patients were asked to bring their own “vest” from home to evaluate fit. The
time required for these assessments was monitored based on “level of serv-
ice” billed. 

Results: See Table.
Discussion: Patients with CF have a complex daily care regimen. Med-

ications are extremely expensive and their effectiveness is hinged on proper
adherence and utilization. We identified that a high proportion of our previ-
ously educated patients performed many key therapies incorrectly when
evaluated by return demonstration. This method of respiratory assessment
and education is time consuming and labor intensive. We speculate that
improved technique and performance may enhance the preventive nature of
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CF therapies and result in improved lung health. The time required poses
unique challenges to clinic flow and resources.

451
SELF MANAGEMENT – I HAVE AN APP FOR THAT!
Prestridge, A.L.1; VandenBranden, S.1; Cullina, J.1; Heyman, C.1;
Jain, M.2; McColley, S.A.1 1. Pulmonary Medicine, Children’s
Memorial Hospital, Chicago, IL, USA; 2. Pulmonary Medicine,
Northwestern University, Chicago, IL, USA

Background: Self-management programs aim to limit dysfunction and
promote participation in normal activities by minimizing frequency and
severity of disease symptoms and delay disease progression.1 The success of
a self-management program relies on collaboration between patients and
providers to identify problems and set priorities and goals. In order to
achieve optimal outcomes, we developed a quality improvement program
focused on patient and family self management, an important contributor to
health outcomes. 

Global Aim: We aim to improve patients’ and families’ ability to self
manage their cystic fibrosis, as an active participant of the CF team. By
working on this process, we expect to assist our patients with their goal of
improved health and quality of life. It is important to work on this now
because our team has been very successful with quality improvement from
a medical perspective, but has not specifically addressed self management,
a necessary component of chronic disease care and this will complement
other QI efforts we have under way and improve our patients’ global health
status.

Methods: Three workgroups developed improvements in self manage-
ment through individualized action plans, goal setting and education. Each
group utilized microsystem methodology for quality improvement to pro-
vide structure. In order to assess patients’ and parents’ abilities to manage
disease and achieve their goals a survey was completed by patients over the
age of 12 years and one or both caregivers of all patients, with a repeat sur-
vey to be completed after full completion of our self-management program. 

Results: Initial surveys were completed by 46% of families, 38% of
adults and 47% of patients. On a 10 point scale with 10 being very confi-
dent, the average score for confidence in managing their health care was
8.74 for patients, 8.6 for adults and 8.78 for parents. In regards to achieving
their health care goals, on a 5 point scale, with 1 being always achieving
their goals, the average score was 1.74, 1.75 and 2.1 for parents, patients and
adults respectively. Individualized action plans were developed for lung
health (LAP), digestive health (DAP) and medications (MAP) and have been
incorporated into clinical care. A complete process for goal setting and use
of a goal setting action plan (GAP) has been developed and will be intro-
duced in clinical care. Education is ongoing with both cataloging and devel-
opment of resources that will be available and introduced in a systematic
manner as part of routine clinical care. 

Conclusions: Prior to implementation of specific self-management
strategies, patients and families report a high degree of confidence in man-
aging their care and achieving their goals. We anticipate that increased atten-
tion to self-management in clinical care will further improve CF center clin-
ical outcomes.

Supported by funding from the Cystic Fibrosis Foundation. 
1. Bartholomew LK, Czyzewski DI, Parcel GS, et al. Self-management

of cystic fibrosis: short-term outcomes of the Cystic Fibrosis Family Educa-
tion Program. Health Educ Behav 1997;24:652-66.

452
USING MICROSYSTEMS METHODS TO IMPROVE
PATIENTS’ ADHERENCE AND KNOWLEDGE IN AN
ADULT CF CENTER
Tsang, D.; Cohen, R.I.; Maniscalco, P.; Wann, L.; Chiang, K.
Pulmonary, Hofstra University School of Medicine, New Hyde
Park, NY, USA

Introduction: Our aim is to improve respiratory health of our patients
by improving FEV1 % predicted, decreasing need for IV antibiotic, hospi-
talizations, exacerbations, and improving QOL. 

Methods: We assembled a multi-disciplinary team including CF center
director, coordinator, dietitian, social worker and respiratory therapist (RT).
The team consulted with several patients to better understand their perspec-
tives on adherence and treatment burdens. We then conducted an initial
assessment of baseline performance, setting global and specific aims for
improvement, measuring CF treatment burden in terms of clinical, func-
tional, satisfaction and outcomes and rapidly testing ideas for change using
the Plan-Do-Study-Act (PDSA) model. Through observational studies,
interviews, and surveys, data were collected to understand patterns of prac-
tice including errors, misconceptions and misunderstandings in care deliv-
ery. 

Results: Our data revealed low adherence and knowledge for all main-
tenance therapies regardless of lung function. For example, when surveyed
on usage of hypertonic saline (HS), 50% used HS on a regular basis, only
44% used it twice daily. Of the 50% that do not use HS, 65% never tried it,
and 24% never heard of it. Results also showed a need for up-to-date educa-
tion regarding treatment techniques and usage as 57% did not know the
proper order of performing treatments; 86% do not combine treatments, a
potential time-saving practice whilst 60% indicated that they were last edu-
cated about performing nebulized treatments a ‘long time ago.’ 

Improvement Plan: PDSA #1: Formal 1:1 education on ACT by RT.
During the initial session, the patient meets with both RT and research assis-
tant (RA) and is educated about the physiology of CF and given a question-
naire. The RT assesses ACT competency, gives time management tips, and
educates on proper techniques, pulmonary hygiene, and appropriate equip-
ment settings/fit. A follow-up phone call is made a week after the initial ses-
sion to check on progress and schedule a 3-month appointment during
which the patient retakes the questionnaire, and meets with the RT for eval-
uation and spirometry. PDSA #2: Patients are instructed on benefits of HS
and encouraged to use it for 1 month. 

Effects of Change: Patients scored an average of 15% higher on ACT
knowledge and adherence to ACT, as assessed by the RT, was improved. 

Preliminary Data: Twelve patients completing the education program
showed no change in FEV1 at 3 month follow-up. This may be due to time
being too short, the small number of patients, and sub-optimal timing as
some patients had an acute exacerbation at the 3 month follow up. When our
aims are eventually achieved, Standardize-Do-Study-Act (SDSA) cycles
will be utilized to monitor adherence to new practice and education.

Lessons Learnt: We learnt to rely on properly collected data; not on
perceptions or notions. Our patients’ HS use and ACT adherence were much
lower than anticipated. Patients are very receptive to QI work and welcomed
ACT training and other initiatives. Finally, all should be involved in quality
improvement: patients, families, and administrative staff. 

This project was partially supported by CFF through the first adult
Learning Leadership Collaborative.

453
A SELF ADMINISTRATION PROGRAM FOR CF
INPATIENTS
Fulman, M.1,2; Maniscalco, P.1,2; Frank-Ryan, C.1,2; Jaffrey, F.1,2;
LaVecchia, G.1,2; Karol, M.1,2; Cohen, R.I.1,2 1. The Long Island
Jewish Medical Center, New Hyde Park, NY, USA; 2. Pulmonary,
Hofstra University School of Medicine, New Hyde Park, NY, USA

Background: The daily routine of self administration of home regi-
mens is often disrupted when CF patients are admitted. We surveyed CF
inpatients on receipt of routine medications and checked medical records to
ascertain times of dispensing. Data revealed hospital dispensing schedules
caused sleep disruption, delays in delivery due to personnel being busy else-
where, and missed doses if patients were sleeping or not in rooms. CF
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patients inquired if they could self administer maintenance regimens while
hospitalized.

Process: We applied The Dartmouth Microsystems Improvement
Methodology to initiate a self-administration program for CF inpatients. A
team of physician, father of 2 CF patients, social worker, unit nurse manag-
er, respiratory therapist (RT), pharmacist, and dietitian was assembled and
coached by a physician with expertise in improvement sciences. 

Program Implementation: We spent several weeks researching poten-
tial obstacles preventing inpatients from self-medicating including review of
hospital policies, the Joint Commission standards and Institute for Safe
Medication Practice recommendations. We found no policies forbidding self
administration, and no data on how to set up such a program. We chose the
following maintenance medications for self-administration program: SABA,
ICS, hypertonic saline, dornase alfa, pancreatic enzymes and vitamins, neb-
ulized tobramycin. We concluded that patients should choose whether to self
administer, therefore a patient’s consent form was created. A patient may
choose to self administer some or all medications. Five metal boxes with a
combination lock and separate drawers for each medication, were acquired
for medication storage at bedside. Once pharmacy receives the orders indi-
cating self-administration, the pharmacist fills the medication box with rec-
onciled drugs. The nurse picks up the box from the pharmacy and delivers
to the patient. The bedside nurse educates the patient to maintain a record of
each time the patient administers a medication. Inventory of the box is taken
every 24 hours and refilled. The inventory process allows for the nurse to
assess patient compliance. After discharge the box is delivered to a central
facility for cleaning, and returned to pharmacy.

Results: Out of 50 admissions, only 3 opted not to self administer. One
was too ill.The others did not know how due to lack of adherence as outpa-
tients. This provided an opportunity to educate on proper use and function
of medications. Few patients displayed poor technique when self-adminis-
tering resulting in further educational opportunities. Effectiveness of the
self administration program was evaluated by interviewing patients and
health care workers before, during and after program initiation. Uniform sat-
isfaction among patients and professionals was observed. Nurses were
spending more time with patients rather than simply handing out drug. The
program resulted in RTs checking on CF patients twice daily, allowing time
with needier patients.

Conclusion: A medication self-administration program sensitive to CF
patient values and preferences can be realized in a safe practice with trans-
parency of information between patients and providers.

454
IMPROVED SCREENING AND CARE FOR PATIENTS
WITH CYSTIC FIBROSIS-RELATED DIABETES (CFRD)
AT CHRISTUS SANTA ROSA CHILDREN’S HOSPITAL
CYSTIC FIBROSIS CENTER (CSRCHCFC): A QUALITY
IMPROVEMENT INITIATIVE
Rayas, M.S.1,2; Willey-Courand, D.B.2 1. Pediatric
Endocrinology, Univerysity of Texas Health Science Center San
Antonio, San Antonio, TX, USA; 2. Pediatric Pulmonology/CF
center, University of Texas Health Science Center San Antonio,
San Antonio, TX, USA

In contrast to Type 1 and Type 2 diabetes, CFRD typically has an insid-
ious onset and does not present with classic symptoms of polyuria or poly-
dipsia.  An unexplained decline in pulmonary function or an inability to gain
weight despite aggressive nutritional intervention may be the only signs of
underlying abnormalities in glucose metabolism. Uncontrolled CFRD can
lead to microvascular complications of nephropathy, neuropathy, and
retinopathy. Because of its insidious onset and potential long-term compli-
cations, annual screening for and management of patients with CFRD is
very important. The 2 hour oral glucose tolerance test (OGTT) is the screen-
ing tool recommended to diagnose CFRD.

CSRCHCFC cares for 197 pediatric patients with CF, of which 10%
have CFRD. Care for patients with CFRD was challenging due to a lack of
understanding of the nuances of CF care and a heterogeneity in treatment
philosophies by members of the endocrine division. Beginning in August
2010, a pediatric endocrine fellow joined the CSRCHCFC team. Working
along with the CF Center Director, she was given training in the care and
management of patients with CF. Training specific to the diagnosis and man-
agement of CFRD occurred via a two week mentorship with Antoinette
Moran, MD. As a part of quality improvement (QI), we developed an algo-

rithm to improve screening of patients aged 8-18 years of age for CFRD at
our center incorporating the 2010 CFRD Screening Guidelines. The algo-
rithm is placed in the chart of each eligible patient prompting the physician
to order the OGTT. The endocrine fellow is responsible for follow-up on the
results, and together with the Center director implements a plan for manage-
ment of abnormal results. The algorithm also introduced the concept of
using continuous-glucose monitoring (CGM) in select patients with abnor-
mal (impaired or indeterminate category) OGTT results to decide if early
treatment with insulin could be beneficial. We improved algorithm chart
placement from 54% in the 1st month to 84% in the second month. We also
diagnosed one new patient with CFRD and placed CGM on 2 patients.
Patients diagnosed with CFRD receive ongoing care by the endocrine fellow
in CF clinic. This initiative reflects both a successful collaboration between
divisions as well as implementation of a screening algorithm. 

Results in terms of percentage of algorithms placed in eligible charts,
percentage of OGTT and CGM appropriately ordered, the time period
between ordering OGTT and receiving results, and the time period between
ordering CGM and obtaining results will be updated for presentation.

455
DEVELOPING A PROTOCOL TO IMPROVE DIABETES
SCREENING AND MANAGEMENT IN CYSTIC FIBROSIS
PATIENTS: A QUALITY IMPROVEMENT PROJECT
Enders, J.L.1; Revilla, E.2; Berhanu, W.1; Hagan, R.2; Sheppard,
M.2; Pendley, S.2; McCurdy, J.4; Sueblinvong, V.1; Stecenko, A.2,1;
Caplan, D.2; Hansen, I.4,2; Tangpricha, V.3,1; Schechter, M.S.2 1.
Adult Cystic Fibrosis Program, The Emory Clinic, Atlanta, GA,
USA; 2. Pediatric Cystic Fibrosis Program, Emory Childrens
Center, Atlanta, GA, USA; 3. Endocrinology, The Emory Clinic,
Atlanta, GA, USA; 4. Endocrinology, Emory Children’s Center,
Atlanta, GA, USA

Introduction: In December 2010, the American Diabetes Association,
the Cystic Fibrosis Foundation, and the Pediatric Endocrine Society released
a new set of guidelines for cystic fibrosis-related diabetes (CFRD)1. Along
with five other centers, the Emory Cystic Fibrosis Center was invited to par-
ticipate in the Cystic Fibrosis Foundation’s CFRD Learning and Leadership
Collaborative. The global aim of this collaborative is to integrate the new
CFRD guidelines into clinical practice. Our initial specific aim is to improve
our rate of screening for CFRD to 100% of eligible patients by the end of
2011.  

Methods: We began by reviewing our baseline percentage of patients
screened for CFRD in 2010 and examined existing barriers. After identify-
ing the main barriers, we decided to focus on educating our patients on the
importance of CFRD screening along with including discussion of screen-
ing in pre-clinic meetings. To begin we created inpatient and outpatient
CFRD screening protocols and began tracking our results. We also devel-
oped an educational poster to display in clinic rooms for providers to use as
a discussion tool.

Results: In 2010, 51% of eligible patients from the pediatric program
and 64% of eligible patients from the adult program were screened for
CFRD. As of April 2011, 32% of eligible patients from the pediatric pro-
gram and 36% of eligible patients from the adult program have been
screened. We will continue to track our results through the end of 2011.

Conclusions: Since we are a third of the way through the year and have
screened approximately one-third of our patients, we feel we are on target to
meet our goal of 100% by the end of the year. Based on this preliminary
data, we believe that using a similar protocol and educational tool may also
benefit other centers in improving their screening for CFRD.

Future Directions: In addition to working on CFRD screening, our
second specific aim is to improve the management of patients newly diag-
nosed with CFRD and patients with established CFRD who have a hemo-
globin A1C greater than the target of 7.0%. We expect to have additional
materials and approaches regarding this aim to share at NACFC in Novem-
ber.

1. Moran, A. et. al. (2010). Clinical Care Guidelines for Cystic Fibrosis-
Related Diabetes. Diabetes Care. 33 (12), 2697-2708.
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456
EVALUATION OF CYSTIC FIBROSIS TRANSITION
PROGRAM FROM PEDIATRIC TO ADULT CARE
Keaton, M.O.; Chaudhry, S.R.; Nasr, S. Department of Pediatrics
and Communicable Diseases, University of Michigan, Ann Arbor,
MI, USA

Introduction: As the life expectancy for children with cystic fibrosis
(CF) has steadily increased, so has the need to transition the care from pedi-
atric to adult specialists. The Cystic Fibrosis Foundation has mandated that
CF centers develop a model to provide age-appropriate CF care to maintain
accreditation, with the expectation that patients be transitioned to adult
providers by 21 years of age.  In this study, we evaluated the experiences and
opinions of patients in our adult CF center that went through a formal tran-
sition versus those who did not, in an attempt to evaluate the overall process
and to identify means for improvement. 

Methods: A questionnaire was given to adult CF patients at the Univer-
sity of Michigan Health System to complete after consent was obtained.
Inclusion criteria included diagnosis of CF in childhood, previous care in a
pediatric center, and current participation in our adult CF clinic. A formal
transition process was defined as introduction of the “idea” of transition by
the pediatric team followed by 1-3 appointments in the pediatric clinic
attended by the pediatric and adult CF specialists. Patients were questioned
regarding their pediatric and adult CF care and the transition program.

Results: A total of 91 patients completed the questionnaire. Forty-four
of the 91 study patients went through a structured transition program. On
average, patients who participated in a formal transition process had higher
satisfaction with both CF programs, perceived health status, and independ-
ence but no differences in their level of anxiety about transferring to the
adult program. These averages were statistically significant for three groups:
satisfaction before (p=0.01), perceived health status before (p= 0.01), and
perceived health status after (p=0.04) transition (Table). Patient opinions
regarding when to transfer care were considered more often in patients who
participated in a transition program (p=0.02). Patients formally transitioned
were also significantly more likely to have discussed leaving their pediatric
clinic, going to a new clinic, and meeting a new doctor with the CF staff.

Conclusion: Although a structured transition program does not appear
to decrease patient anxiety during this stressful period, it does appear to
improve patient satisfaction, perceived health status, and independence.
These findings suggest that establishing a transition program could be
important in optimizing patient health, continuity of care, improving adher-
ence, and hopefully reducing rate of patients lost to follow-up.

Table. Relationship between key outcomes and participation in
transition program

457
USING A PATIENT KNOWLEDGE AND ADHERENCE
ASSESSMENT TO GUIDE QUALITY IMPROVEMENT IN
EMERGING ADULTS WITH CF
Richless, C.; Pilewski, J.M.; Walker, C.; Stuebgen, R.; Fulton, J.;
Roberts, K.; DeRicco, A.; Scharding, S.; Cuda, M.; Schachner, D.
Adult CF Program, UPMC, Pittsburgh, PA, USA

The progressive nature of cystic fibrosis (CF) uniquely requires an
intensity of care that escalates as the patient ages. Upon review of center-
specific data, it became apparent that the rate of pulmonary function decline
is most pronounced in the emerging adult years (18 to 29 years); the primary
reason is presumed to be non-adherence to treatments. Therefore QI efforts
targeting the emerging adult population were undertaken. The global aim of
CF quality improvement through the Adult Quality Improvement Initiative,
(AQI 1) was to demonstrate substantial improvement in the nutrition and
pulmonary outcomes of adults with CF, resulting in a set of best practices
and specific change ideas for adult care.  An adult specific CF knowledge

and adherence assessment was developed with an aim to develop smart
change ideas to improve adherence to prescribed therapies that would slow
the rate of pulmonary and nutrition decline. The assessment tool included 58
questions separated into 5 sections with 10 questions specifically focused on
their attitude and beliefs regarding adherence, and possible barriers to adher-
ence. The tool was administered to 52 of 103 emerging adult individuals
with CF via survey monkey. The results identified no significant knowledge
deficits, but proved to be an excellent educational tool for individual
patients. There were, however, several discrepancies between knowledge
and adherence practices. We found 96% acknowledged the importance of
treatments, however 37% only rarely or sometimes have a regular schedule
for doing therapies, and 33% reported time management difficulties some,
most, or all of the time. Thirty-one percent reported skipping airway clear-
ance at least 3 or more times a week, and 20% reported skipping their
enzymes at least once a day. Analysis of the data involved group discussion
including two patient representatives as well as the whole multi-disciplinary
CF team. The process generated a list of smart change ideas each of which
can become a specific aim for further analysis. A “shotgun” approach to
testing these ideas is underway to help identify those that will contribute to
best practices for adult care in the emerging adult CF population.

458
EVALUATION OF IN-HOSPITAL MEAL SERVICE: GAPS
IN CARE TRANSLATE INTO GAPS IN WEIGHT GAIN
Robert, R.1; Blekaitis, K.1; Tullis, E.1,2; Stephenson, A.1,2 1. Adult
CF Program, St. Michaels Hospital, Toronto, ON, Canada; 2. The
Keenan Research Centre, Li Ka Shing Knowledge Institute,
Toronto, ON, Canada

Background: Pulmonary exacerbations are often associated with hospi-
talizations, concurrent weight loss and poor appetite. Estimated energy
requirements for the cystic fibrosis (CF) population are up to 200% that of
the general population and are influenced by severity of lung disease, degree
of malabsorption, and other factors. The link between nutritional status and
survival is well established. Optimizing in-hospital nutritional intake is crit-
ical for improving weight during exacerbations.

Objectives: 1) To evaluate the meal service provided within the
Respirology inpatient unit; 2) To identify gaps in care with respect to nutri-
tional services while in hospital. 

Methods: At St. Michael’s Hospital, inpatients complete self-selective
menus for meals and snacks. It is standard of care to provide 3 meals and 3
snacks per day, plus nutrition supplements. Adults with CF who were admit-
ted between February and May 2011 were asked to participate in this qual-
ity improvement (QI) assessment of the food services provided at the hospi-
tal. Subjects filled out a food satisfaction survey for a period of 5 days. Data
was collected on meal satisfaction and errors on meal trays. Satisfaction was
rated on a score from 1 to 5 (1 = extremely dissatisfied and 5= very satis-
fied). Meal errors were identified as: item(s) missing; incorrect item(s)
delivered; incorrect amounts; or inappropriate item(s). When items were
missing, calorie counts were recorded to estimate the amount of weight that
could have been gained had the food been provided correctly.

Results: A total of 17 inpatients were approached to participate in this
QI initiative. Fifty-nine percent of patients completed the meal satisfaction
surveys for a total of 44 meal days. The mean satisfaction score was 3.1.
Seventy-two separate errors occurred on 35/44 (80%) of the meal days.
Breakfast had the highest rate of the errors (36%) followed by dinner (31%),
lunch (21%) and snacks (8%). The most frequent errors were item(s) miss-
ing (38%), followed by incorrect item(s) delivered (33%), incorrect amounts
(28%), and inappropriate item (3%). ‘Missing items’ generally referred to
items that were printed on the patient’s tray ticket but did not appear on the
patient’s tray. Patients selected ‘incorrect amounts’ when they did not
receive their multiple portions. In the case of ‘incorrect item(s),’ possible
reasons include: menus not getting to the kitchen or a food item had to be
substituted for a product that ran out. Some patients chose to supplement
intake with food from the cafeteria or outside the hospital however the
majority (78%) did not. Lost calories for one patient were 357 kcals per day,
which would equate to a 1 lb of potential wt loss (or lack of gain) for every
10 days that the patient remained in hospital. 

Conclusions: Frequent meal service errors were identified in the inpa-
tient unit. Many patients did not receive their estimated energy requirements
for weight gain due to missing items or portions. Future projects are planned
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to address some of the identified gaps in the meal service process to improve
the quality of care provided to our inpatients.

459
REACTING TO ACT IN THE EMERGING ADULT
POPULATION: A SINGLE CENTER’S APPROACH
Gupta, S.; Wielgus, E.; Patel, V.; Cullina, J.; Lam, A.; Prickett,
M.H.; Jain, M. Adult Cystic Fibrosis Clinic, Northwestern
Memorial Hospital, Chicago, IL, USA

Rationale: Regular airway clearance and exercise are important forms
of physiotherapy for cystic fibrosis (CF) patients although previous research
reports compliance in only 50% of patients in the emerging adult popula-
tion. As a part of our center’s adult Quality Improvement effort, we initiat-
ed a Re-Education in Airway Clearance Therapy (REACT) program in our
emerging adult (ages 18-29 years) population. 

Methods: The REACT program included 2 questionnaires, one in
which patients responded anonymously to home mailings and a second in
clinic which was a similar questionnaire. There was also a complete educa-
tional program and assessment of patient’s equipment by a respiratory ther-
apist during a routine clinic visit. Anonymous responses to home mailings
were marked for each applicant and compared to in clinic responses by a
blinded third party. 

Results: To date, a total of 17 of 40 patients have completed the in-clin-
ic portion of the REACT program. Of these a total of 8 completed both the
in-home questionnaire and clinic program for comparison with 75% report-
ing daily ACT sessions on both the anonymous and in clinic questionnaires.
The time spent performing ACT was also similar in the anonymous (A) and
in-clinic (IC) questionnaires; with 62.5% (A) vs. 50% (IC) reporting ses-
sions lasting 30-60 minutes and 32.5% (A) vs. 50% (IC) performing session
of <30 minutes respectively. Of the patients who participated in REACT,
equipment upkeep was an issue with only 52.9% reporting routine steriliza-
tion of their equipment and 23.5% of patients were found to have defects in
equipment upon individual inspection.

Conclusions: Patient-reported adherence to daily ACT is similar in
questionnaires administered both anonymously and in person and is consis-
tent with previously published rates. A significant minority of patients may
have suboptimal equipment. Annual in-clinic equipment assessment may
improve cleanliness and functionality of equipment and lead to improved
lung function in this patient population.

460
INCREASED ADHERENCE TO CFF PRACTICE
GUIDELINES FOR PULMONARY MEDICATIONS
CORRELATES WITH IMPROVED FEV1
Moore, B.M.1,3; Laguna, T.A.1; Liu, M.2; McNamara, J.J.3 1.
Pediatrics-Division of Pediatric Pulmonology, University of
Minnesota, Minneapolis, MN, USA; 2. Research and Sponsored
Programs, Children’s Hospitals and Clinics of Minnesota,
Minneapolis, MN, USA; 3. Children’s Respiratory and Critical
Care Specialists, Children’s Hospitals and Clinics of Minnesota,
Minneapolis, MN, USA

Background: Cystic Fibrosis Foundation (CFF) practice guidelines rec-
ommend that all patients ≥ age 6 should use dornase alfa and hypertonic
saline on a daily basis, and those ≥ age 6 colonized with Pseudomonas
aeruginosa should use inhaled tobramycin (TOBI) and oral azithromycin to
improve lung function and reduce pulmonary exacerbations. A decline in
FEV1 was noted in the 6-17 and 13-17 year old age groups in our 2008 CF
Center Report. We hypothesized that increasing clinician adherence to pre-
scribing guidelines for these pulmonary medications would improve mean
FEV1 in 6-18 year olds.

Methods: This was a quality improvement project completed at a Unit-
ed States CF center. It included children with CF who, based on CFF prac-
tice guidelines, were eligible to receive dornase alfa, hypertonic saline,
TOBI, and azithromycin. At the outset, CFF practice guidelines were
reviewed with our center’s physicians. Using Port CF we identified patients
that were eligible to receive recommended therapies, determined whether
they were prescribed those therapies, and collected baseline FEV1 data. We
followed adherence rates and FEV1 quarterly for 1 year. Providers received
a quarterly “report card” with adherence rates and mean FEV1 compared to

colleagues, as well as a list of eligible patients that were not on recommend-
ed therapies. Chi-square compared adherence rates between physicians.
Two-sample t-test compared mean FEV1 between adherence groups for
each medication. ANOVA compared mean FEV1 by quarter. Pearson corre-
lation coefficient described the relationship between adherence rate and
FEV1. 

Results: Ninety-two patients with CF fit inclusion criteria. At the start
of the project, the overall clinician adherence rate to prescribing guidelines
was 69%. The overall clinician adherence rate increased quarterly: Q1-80%,
Q2-88%, Q3-90%, and Q4-93%. There was an improvement in adherence to
dornase alfa (baseline–78%, Q1–80%, Q2–93%, Q3–94%, Q4–97%),
hypertonic saline (baseline–30%, Q1–49%, Q2–75%, Q3–81%, Q4-88%),
and TOBI (baseline–83%: Q1–68%, Q2–96%, Q3–96%, Q4-92%)
(p<0.001). Mean FEV1 was 93% at baseline. After Q1 it decreased to 91%.
Thereafter it increased quarterly: Q2-92%, Q3-94%, and Q4-98%
(p=0.092). There was a moderate correlation (r=0.533) between improved
adherence and improved mean FEV1. Patients who were prescribed hyper-
tonic saline and TOBI had a significantly higher mean FEV1 (p=0.018 and
p=0.011, respectively). 

Conclusions: Educating clinicians about prescribing guidelines, pro-
viding feedback on adherence, and monitoring adherence over time
improves prescribing adherence. Although mean FEV1 showed improve-
ment after several months of sustained adherence, it did not reach statistical
significance. Improved adherence may not necessarily translate into
improved mean FEV1, but may instead slow/halt the rate of decline in
FEV1. Longer follow-up may demonstrate this.

461
USING EDUCATION TO IMPROVE NUTRITIONAL
OUTCOMES IN CF
Grench, K.; Crady, K.; Gray, S.; Webb, J.; Kerrigan, C.; Keegan,
N.; Flume, P.; Stenbit, A.; Lowell, I. Medical University of South
Carolina, Charleston, SC, USA

Introduction: The trend towards a longer and healthier life in CF
patients is, in large part, due to better nutrition. There is a definite correla-
tion between good nutritional status and increased pulmonary function,
immune defense mechanisms and survival. Unfortunately, there are still
great variations in the nutritional status of CF patients. At MUSC, our medi-
an BMI percentiles and BMIs were below the national average in 2009. As
a result, we developed a quality improvement program aimed at improving
the nutritional health of CF patients by providing relevant nutritional educa-
tion to our patients and their families.

Methods: In order to assess the educational needs of our patients, a
nutritional knowledge test was developed to measure their understanding of
different aspects of CF nutrition. The test consisted of 18 questions (based
on previous validated questionnaires). Three pools of questions were devel-
oped targeted at different ages/populations (patients 13 years and older,
patients 7-12 years old, and parents of children younger than 13 years).
Each pool contained 3 questions for each of the following categories: salt
and vitamins, enzymes, malabsorption, calories, fat, and behavior. After the
initial testing was completed, analysis of the results showed that the ques-
tions most commonly missed pertained to malabsorption, calories, fat, and
behavior. Educational materials about these four areas were developed and
these materials and verbal education were provided to all patients by a die-
titian during their quarterly clinic visits. The final educational cycle is ongo-
ing and the success of this program will be determined at the end of this
cycle by having patients take the same nutrition test again and comparing
scores, and by verifying whether an improvement in BMI (or BMI per-
centile) is noted.

Results: Thirty-five pediatric and 44 adult patients enrolled in the edu-
cational portion of the study. The preliminary results following the first 3
cycles of our education program were obtained and demonstrate improve-
ments in nutritional status.  The median BMI% in the pediatric patients
enrolled in the study increased from 58% to 60%. Furthermore, the percent-
age of pediatric patients with BMI at or above the 50th percentile, increased
from 55% to 64%. Our current data comparing 2009 to 2010 reflects that
there is not a BMI change in the adult population.

Conclusion: It appears that the educational materials provided to our
patients were most beneficial in the pediatric population with 30% of the
patients enrolled demonstrating an increase in BMI percentile. The adult
population did not see any significant change in median BMI (collectively
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or individually) as a result of this intervention, despite their scores on the
nutritional test being on average lower than the pediatric scores.  The results
support our contention that improving nutritional knowledge amongst the
CF population and their families will have a positive impact on nutritional
outcomes. The data also suggests that implementing aggressive nutritional
interventions and optimizing education are most beneficial during child-
hood when the patient (and family) is perhaps more flexible and willing to
adjust their lifestyle and feels they will benefit from doing so.

462
NUTRITION RISK ASSESSMENT: PATHWAY TO
IMPROVE MEAN BMI PERCENTILE IN OUR
PEDIATRIC POPULATION
Salvatore, D.; Messina, C.; Kier, C. Pediatrics, Stony Brook
School of Medicine, Stony Brook, NY, USA

Objectives: Nutritional status in cystic fibrosis (CF) is very important as
it is strongly associated with pulmonary function and survival. Our global
aim is to improve nutrition status. Our specific aim is to increase our CF
center’s mean BMI percentile by 5% for patients 2-20 years. We assigned
nutrition risk using a validated screening tool (McDonald, 2008), and initi-
ated early intervention. We anticipated that by increasing mean BMI per-
centile by 5%, our center will be above the national mean by one year. 

Methods: A nutrition risk screening was initiated using a validated
screening tool. Using nutrition risk score, the tool measured body mass
index (BMI), weight gain and height gain. Measures repeated at ≥ 3 months
reassessed nutrition risk. Risk categories are: no-low (0-1), moderate (2-3),
high (≥ 4 points). Patients and caretakers were made aware of their level of
nutrition risk in simple terms, using traffic light colors: green (no-low), yel-
low (moderate) or red (high). An individualized nutritional plan of care
(more extensive for high risk) was discussed and incorporated in the CF
Action Plan, given at each clinic visit. Using SPSS statistical software, data
were analyzed. Port CF was also utilized to track outcomes, primarily our
center’s mean BMI percentile.

Results: Nutrition risk assessment was initiated in July 2010. Our pilot
data consisted of n=16, age range 2-14 years, so a complete nutrition risk
scoring was done, with more uniform data. Score for height gain category
would have been omitted for Tanner V, female ≥ 15 years, male ≥ 17 years,
as per the validated tool. However, nutrition plan of care was given to all of
our pediatric patients. To date, there are 16 paired samples of nutrition risk
score and BMI, from date 1 (first nutrition risk assessment) to date 2 (≥ 3
month follow-up). McNemar-Bowker test for categorical data (repeated
measures using chi-square tests) was used. We found 100% (2 out of 2)
improved their nutrition risk score on the high risk, 86% (6 out of 7)
improved or did not get worse on the moderate and 71% stayed the same (5
out of 7) on the no-low risk group. Using paired sample t-tests, mean nutri-
tion risk score was 1.63 (standard deviation, SD 1.3), improved to 1.44 (SD
1.2) at date 2. Mean BMI percentile was 43.38 (SD 28.5), improved to 50.56
(SD 28.8) at date 2. 

Conclusions: Based on preliminary data, our quality improvement (QI)
project suggests improvement on nutrition status of our pediatric patients.
Lower nutrition risk score and higher BMI percentile were found on follow-
up. CF Patient Registry data showed our center’s mean BMI percentile (age
2-20 years, 40 patients) increased from 48.4 (2009) to 50.3 (current), meet-
ing the current national goal of 50 (national average is 49.1).

Future Plans: Our center will continue efforts to improve nutrition and
will look into our data for >14 years of age, and adult population (16
patients). In spite of our center’s small number of patients and hence, out-
comes that are easily impacted by sick episodes and non-adherence of even
just a few patients, our QI efforts have shown encouraging results. Our cen-
ter will present these findings to our patients. Through our CF Parent Advi-
sory Council, team effort/educational events focusing on nutrition will be
incorporated in the council’s agenda.

463
PATIENT-CENTERED DISCUSSION ABOUT
ADHERENCE SIGNIFICANTLY IMPROVES SELF-
ASSESSED ADHERENCE TO CHEST PHYSIOTHERAPY
IN A SINGLE-CENTER ADULT CF POPULATION
O’Brien, C.E.1; Reddy, R.2; Anderson, P.J.2 1. Pharmacy Practice,
UAMS College of Pharmacy, Little Rock, AR, USA; 2. Internal
Medicine, UAMS College of Medicine, Little Rock, AR, USA

Background: Interventions made in clinic have the potential to improve
treatment adherence in patients with CF, but should be targeted to patients’
specific needs. In 2009 we implemented changes in clinic procedure to facil-
itate a more focused discussion of treatment adherence at each visit. These
changes included the addition of self-assessed adherence levels at each visit,
the facilitation of a patient-centered discussion of adherence, and plans to
improve when needed.

Objectives: 1) Evaluate level of adherence in our adult CF population
before and after changes to clinic procedure; 2) Compare levels of self-
assessed adherence between inhaled medications, oral medications, and
chest physiotherapy (CPT); 3) Compare levels of self-assessed adherence
for various treatments by demographics.

Methods: This retrospective QI project was approved by our IRB and
included the collection of self-assessed adherence levels from before (1/1/09
– 6/30/09) and after (1/1/10 – 6/30/10) changes in clinic procedure. At each
clinic visit, patients are asked to self-assess their adherence levels to inhaled
medications, oral medications, and CPT (75-100%, 50-75%, 25-50%, or 0-
25%). The first time this was collected from each patient was considered
baseline data for this QI study. Self-assessed adherence levels were treated
as ordinal data and coded as 1 - 4 for 0-25% - 75-100%. Wilcoxon signed-
rank test was used to compare adherence levels before and after changes in
clinic. Kruskal-Wallis statistic was used to compare levels of adherence
across treatment type. Mann-Whitney rank-sum test was used to compare
adherence levels between different demographic groups (gender and age).

Results: Self-assessed adherence levels were available in both time
periods for 37 different patients (28.4 ± 11.7 years old, 37.8% female). Per-
cent of patients reporting 75-100% adherence at baseline was 94.4% for oral
medications, 71.9% for inhaled medications, and only 37.5% for CPT. Base-
line adherence levels for CPT were significantly lower than for either med-
ication type. After intervention, the level of adherence improved for CPT
(P=0.03) but not inhaled or oral medications. Adherence levels for CPT
were still lower than oral medications, but not different from inhaled med-
ications. When data was analyzed by gender, there were no statistically sig-
nificant differences although there was a trend toward lower adherence to
CPT among males before clinic changes (P=0.06). When data was analyzed
by age group, there were no significant differences between those ≤21 and
≥22 years.

Conclusions: Our interventions in clinic improved self-assessed adher-
ence levels for CPT but not inhaled or oral medications. Self-assessed adher-
ence at baseline was high for oral medications and low for CPT, especially
among males. Limitations of this QI study include the fact that adherence
levels are self-reported and may actually be lower. This was also a single-
center study and so interventions by different centers and practitioners may
have a different result.

464
ASSESSMENT OF QUALITY IMPROVEMENT
INITIATIVES IN CLINIC PROCEDURES FOR VITAMIN
D LEVELS OF CYSTIC FIBROSIS PATIENTS
Harden, H.1,2; O’Brien, C.E.1,3 1. Arkansas Cystic Fibrosis Care
Center, Little Rock, AR, USA; 2. Clinical Nutrition, Arkansas
Children’s Hospital, Little Rock, AR, USA; 3. Pediatrics,
University of Arkansas for Medical Sciences, Little Rock, AR,
USA

Background and Objective: Cystic fibrosis (CF) -related bone disease
occurs in about 11% of people with CF, and the incidence increases with
age. Low vitamin D levels secondary to pancreatic insufficiency likely con-
tribute. Our center follows about 160 patients, and 25(OH) vitamin D levels
are measured at least once per year in accordance with CF Foundation
guidelines. Recently, clinic procedures were changed to measure vitamin D
levels in the winter when they are at their nadir rather than at the patient’s
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annual visit during his or her birth month. The objective of this quality
improvement (QI) study is to evaluate the impact of this change on vitamin
D levels and recommended dosing.

Methods: To evaluate the impact of season of measurement on whether
winter vitamin levels are at goal, levels measured during Jan – Mar 2011
will be grouped by the season during which vitamin D was measured in
2010 and compared by analysis of variance. To evaluate the impact on vita-
min D doses, doses in the first 3 months of 2011 will be compared to doses
in 2010 for those same subjects. Paired t-tests will be used for these compar-
isons. Vitamin D dosing from 2010 will also be evaluated. Doses based on
levels drawn during winter months will be compared to doses based on lev-
els drawn during other months. A t-test will be used for this comparison.

Results: Data collection is ongoing; a preliminary analysis of the first
37 CF subjects shows no difference in winter 2011 vitamin D levels accord-
ing to the season of measurement in 2010. However, the dose based on win-
ter 2011 levels was somewhat higher than doses based on 2010 levels drawn
throughout the year (76.1±44.2 units/kg vs. 65.9±51.6 units/kg) although
this did not reach statistical significance (P=0.08). There was a trend toward
higher vitamin D doses based on winter 2010 levels when compared to
doses based on levels drawn during other months (94.2±74.8 units/kg vs.
57.5±40.7 units/kg, P=0.08). Data collection and analysis will be complet-
ed by the conference date. Further analysis will include the remaining
patients and follow-up of how many patients required additional dose
adjustments.

Conclusions: The proposed work is significant because the results will
provide insight into whether our continuous QI efforts are resulting in an
improvement in vitamin D levels. Although many CF Centers measure vita-
min D levels during winter months when they are at their nadir, there is still
variability. Improvement of vitamin D levels by measuring at their nadir has
the potential to improve outcomes. We have implemented a relatively sim-
ple change in clinic procedure which if successful could be initiated in other
CF clinics.

References:
1. Cystic Fibrosis Foundation Patient Registry 2008 Annual Report.

Bethesda, MD: Cystic Fibrosis Foundation, 2009.
2. Paccou J, Zeboulon N, Combescure C, Gossec L, Cortet B. The

prevalence of osteoporosis, osteopenia, and fractures among adults with cys-
tic fibrosis: a systematic literature review with meta-analysis. Calcif Tissue
Int; 86(1):1-7.

3. Hall WB, Sparks AA, Aris RM. Vitamin d deficiency in cystic fibro-
sis. Int J Endocrinol; 2010:218691.

465
TRANSITION OF PATIENTS WITH CYSTIC FIBROSIS
FROM PEDIATRIC TO ADULT CARE: DEVELOPMENT
OF A TRANSITION PROGRAM
Champion, E.A.; Connelly, M.; Dellon, E.P. Pediatric
Pulmonology, UNC-Chapel Hill, Chapel Hill, NC, USA

Objectives: There is no formal cystic fibrosis (CF) program at UNC;
lack of structured emphasis on self-care skills by pediatric providers can
result in patients who are ill-equipped to direct their own health care. The
goal of this program is to encourage adolescent patients to take ownership
of their health care, to help families assist their children in this endeavor, to
give pediatric providers quantifiable information with which to assess
patients’ readiness and track this longitudinally, to allow for a multi-discipli-
nary approach to transition that allows each team member to have input and
an impact, and to improve communication between pediatric and adult
providers with a formal transfer of care and patient information.

Methods: A multidisciplinary team that spans both pediatric and adult
physicians, nurses, social workers, dietitians and case managers was formed.
Next, a standardized protocol was developed whereby patients are identi-
fied, a transition date is set, self-care and independence are encouraged,
readiness to transition to adult care is assessed on a regular basis and tracked
over time, deficits in education or preparedness are identified and addressed,
orientation to adult care settings is offered, and feedback from patients and
their families is collected and used to continuously improve the process. 

Results: See Figure. Web-based resources include a transition patient
list in the electronic medical record, a transition summary, a transition infor-
mation database and an interactive transition website. Paper resources
include a transition information database and a transition action plan. 

Conclusions: This program serves as a first step in identifying and
addressing unmet needs in adolescent and young adult CF patients and will
ideally improve the quality of health care delivered to this vulnerable popu-
lation.

Transition Summary = running summary of past medical history,
transition progress and interventions, which serves as a transfer
summary at the time of transition. 
Annual Review = visit dedicated to transition spearheaded by
social work to discuss medical, educational, vocational, financial
and sexual health issues surrounding transition to adult care.
Recorded in the transition summary. 
Readiness assessment = completed quarterly, tracks progress lon-
gitudinally and identifies areas of unmet need. This information is
given to the patient in the form of the transition action plan.

466
BENCHMARKING TO ACCELERATE SUSTAINABLE
IMPROVEMENT IN CF CARE (BASICC)
Kim, S.1; Leonard, A.2; Nash, J.3; Quinton, H.4; Richards, K.5;
Sabadosa, K.4; VandenBranden, S.6; Schechter, M.S.1 1. Emory
University, Atlanta, GA, USA; 2. Johns Hopkins University,
Baltimore, MD, USA; 3. Albany Medical College, Albany, NY,
USA; 4. Dartmouth-Hitchcock Medical Center, Lebanon, NH,
USA; 5. Primary Children’s Hospital, Salt Lake City, UT, USA; 6.
Children’s Memorial Medical Center, Chicago, IL, USA

Objective: The CF Foundation Benchmarking project sent a multidisci-
plinary team to visit high performing pediatric CF centers in order to iden-
tify clinical practices that led to exceptional nutritional and pulmonary out-
comes. That project used a qualitative method that led to the development of
a set of “signature themes” derived from observations and impressions accu-
mulated during these visits. Our current aim was to verify and validate these
findings in a more quantitative way. 

Methods: An electronic survey consisting of 44 questions was sent out
to all accredited pediatric CF center directors and clinical coordinators. Cen-
ters serving only adults and those with <50 pediatric patients were exclud-
ed from this analysis. We used adjusted 2009 center level average FEV1%
predicted for patients 6-18 years and BMI percentile for patients 2-20 years
as published on CFF.org. These were derived using General Estimating
Equations to adjust for sex, race, ethnicity, age, pancreatic enzyme use, age
at diagnosis, and median family income by zip code. Centers were ranked
and the top and bottom quartile centers for each outcome were identified and
compared on their responses to survey questions regarding clinical practice. 

Results: There were a total of 159 responses from 102 Centers. Respon-
dents from high FEV1 centers were more likely to agree that good CF care
requires active input (p=0.02) and participation by patients and families in
treatment decisions (p=0.03). When asked for their likely response to 11 dif-
ferent clinical scenarios involving patients presenting with new respiratory
symptoms, lower quartile respondents were repeatedly more likely to check
an option that stated “I cannot make this sort of generalization, every patient
is different.” Respondents from high BMI sites were more likely to report
holding regularly scheduled clinic meetings (p=0.026), distributing port CF
summaries at each visit (p=0.029) and having had a clinic coordinator in
place for >10 years (p=0.02). They were more likely to express concern
about small declines in weight/BMI (p=0.045) and expect patients to be
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≥50th percentile (p=0.001). Higher BMI center respondents were also more
likely to report access to endocrinologists with a specific interest in CF
(p=0.042) and increased endocrinologist involvement in patients with
CFRD with (p=0.028) and without fasting hyperglycemia (p= 0.013).

Conclusions: Providers at top performing centers place a higher value
on patient and family involvement and addressing clinical compromise
aggressively. Furthermore, they are more likely to respond to questions in a
way that suggests the existence of standard algorithms of care, in contrast to
providers at lower quartile sites who prefer to demur on these questions.
These findings suggest an approach and philosophy of care that may be
beneficial for centers to adopt in their attempts to improve CF disease out-
comes.

467
IMPROVED SCREENING FOR CFRD ACHIEVED
THROUGH COLLABORATION BETWEEN PEDIATRIC
AND ADULT ENDOCRINOLOGY AND PULMONARY
PROVIDERS AT THE VANDERBILT CF CENTER: ADULT
CF PROGRAM RESULTS
Slovis, B.1; Guy, D.1; Duke, L.1; Dahir, K.1; Franco, W.2,1; Brown,
R.2; Bremer, A.A.2; Perkett, E.2 1. Medicine, Vanderbilt
University, Nashville, TN, USA; 2. Pediatrics, Vanderbilt
University, Nashville, TN, USA

Objective: Cystic fibrosis-related diabetes (CFRD) affects about 20%
of adolescents and 40-50% of adults with CF. Early detection and manage-
ment of CFRD is essential due to the detrimental effects CFRD has on pul-
monary function, nutrition, and mortality in CF. New guidelines for CFRD
were released in July 2010 and published in December 2010. To improve
compliance with these guidelines, a quality improvement (QI) committee
was formed in October 2010 that included both pediatric and adult pul-
monary and endocrinology providers to improve screening of the CF popu-
lation at Vanderbilt for CFRD through a program sponsored by the CF Foun-
dation and the Pediatric Endocrine Society. 

Methods: The entire QI committee met for an hour at biweekly meet-
ings to review the data collections and system processes. For adult patients
with CF, baseline data regarding screening rates for CFRD with an OGTT in
the outpatient setting were reviewed by the adult QI subcommittee for the
months of July 2009 – June 2010. Educational handouts regarding CFRD
and the OGTT procedure were developed for patients and families. Patients
who were eligible for screening for CFRD, adults not already diagnosed
with CFRD, were identified by staff in the CF adult program. The identified
patients received a telephone call to schedule an OGTT either separately or
in conjunction with their next scheduled clinic appointment. Data were col-
lected for screening rates for July 2010 – April 2011 by the adult QI sub-
committee to determine if an improvement in screening rates had occurred.

Results: From July 2009 – April 2010, 42/107 (39%) eligible patients
were screened for CFRD of which 4 (3.7%) had a diagnosis of CFRD. From
July 2010 – April 2011, 89/128 (69.5%) eligible patients were screened for
CFRD of which 4 (3.1%) had a diagnosis of CFRD.

Conclusions: Dedicated personnel to identify and provide reminders for
patients eligible for an OGTT in the CF adult population coupled with the
education of patients regarding the importance of CFRD and its implications
with respect to overall CF survival is feasible and provided a 56% improve-
ment in CFRD screening in a one-year period. It is hypothesized that the
lower diagnostic yield in adult patients is due to the removal of large num-
bers of previously diagnosed patients.

Acknowledgements: Cystic Fibrosis Foundation and Pediatric
Endocrine Society Learning and Leadership Collaborative: Cystic Fibrosis
Related Diabetes Care.

468
IMPROVING ADHERENCE TO ANNUAL BLOOD
TESTING RECOMMENDATION BY OFFERING BLOOD
COLLECTION DURING CF CLINIC VISITS
Peeke, K.; Budd, S.; Chidekel, A. AI duPont Hospital for
Children, Wilmington, DE, USA

Objective: To evaluate adherence to annual blood collections before
and after a process change whereby the CF team offered patients phleboto-
my during the CF clinic visit in the exam room. 

Background: Patients with CF are at risk for developing co-morbidities
such as ABPA, CFRD, and liver disease. The CF Foundation recommends
annual screening for these and other diseases as early detection and manage-
ment help preserve lung function and quality of life. Despite this, adherence
to annual blood draws has been a challenge for some of our pediatric
patients and their families. To address this, a process improvement project
was undertaken.

Methods and Results: This IRB approved quality improvement study
was performed in an accredited CF center affiliated with a 200 bed pediatric
hospital. In the previous process, reminders including prescriptions for
blood work were mailed to the patient’s home prior to the blood draw
anniversary. Barriers to having lab work obtained included lost or over-
looked letters, families forgetting to have blood collected before their annu-
al visit appointment, and patients leaving after the clinic visit and not going
to the lab. Furthermore, the CF Family Advisory Council (CFFAC)
expressed concern regarding infection control due to the possibility for mul-
tiple CF patients to be in the lab waiting area concurrently. The CF team
shared this concern. After these barriers were identified, a working group
consisting of representation from pediatric and lab administration, clinic
and lab staff and members of the CF team met. These stakeholders agreed to
change the process and offer phlebotomy in the patient exam room at the
time of the CF clinic visit. The clinic staff was trained in blood drawing by
the phlebotomists. A pilot study of blood collections in the CF care center
was performed during 3 months with a total of 27 patient/family surveys
completed. Family feedback revealed complete support for the revised
process resulting in full implementation after the pilot. The study team eval-
uated and compared blood draw adherence for two consecutive 14 month
epochs: 12/2/2008 to 2/1/2010 and 2/2/2010 to 4/1/2011. The first epoch
occurred prior to the pilot project. There were a total of 73 CF patients eval-
uated for annual lab draw adherence. During the first epoch 58 patients
(79.4%) had their annual CF lab draws completed. During the second epoch
69 patients (94.5%) completed their annual lab draws. This is an increase of
15% in adherence to CF annual lab draws when performed in the CF clinic
exam room. 

Conclusions: With the input of multiple stakeholders, including the
CFFAC, a quality improvement project was implemented. Increased CF
patient adherence to annual lab draws was identified with the change to
blood draws in the CF clinic visit exam room. Both adherence rates and fam-
ily satisfaction were improved. CF parental feedback included the increase
in convenience, decreased exposure to infection and reduced time at the
center on the day of annual lab draws.

469
ROOM SERVICE FOR THE PATIENT WITH CYSTIC
FIBROSIS: PATIENT AND STAFF SATISFACTION
SURVEY
Grant, A.P.1; Britton, L.J.1; Wooldridge, N.2; Gutierrez, H.2 1.
CHS/UAB Pediatric CF Center, Birmingham, AL, USA; 2.
Pediatric Pulmonary Division, Children’s Health System/
University of Alabama at Birmingham, Birmingham, AL, USA

Introduction: The implementation of new infection control (IC) guide-
lines at Children’s Hospital and the University of Alabama at Birmingham
(CHS/UAB) pediatric CF center started in July of 2010. The old IC guide-
lines allowed patients without B. cepacia to leave their rooms for individual
activities and to use food vouchers in the cafeteria for individual food selec-
tion. New IC guidelines required all patients with CF to be isolated to their
rooms during inpatient admissions. With the new IC guidelines, food serv-
ice and clinical nutrition initiated room service delivery style food delivery
(RS). Three host/hostesses were assigned solely to patients with CF to tend
to their food service needs and were accessible by a wireless communication
system. Patients were able to view the daily menus on-line and/or a patient
TV channel. Menus available for patients to select from were the alternative
menu, café menu, and patient tray line menu options. In addition, patients
also received one $15 food voucher for use in the café or snack store by a
family member/friend for the patient. 

Purpose: The purpose of this study was to assess patient and staff sat-
isfaction with the new RS food delivery system while on strict contact iso-
lation during hospitalizations. 

Methods: Five months after the RS had been implemented, patients and
staff were surveyed about this system. Patients were administered an 11
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question multiple choice survey. Staff nurses were administered a 4 question
open-ended qualitative survey.

Results: Out of the 14 respondents, 79% were patients. The distribution
on patient age was 0-21 years. Most patients (78%) were admitted at least
twice in the last year. All (100%) participants surveyed understood RS
ordering instructions. All aspects of RS delivery had a 50% (range 57-85%)
or higher rankings of good to excellent. Patients’ preference for viewing
menus were 57% from the computer and 43% from the patient TV channel.
Patients overwhelmingly used food vouchers in the snack store (93%) with
family members (79%) most often getting the food for the patients. Patients
most often used the vouchers for soda (57.1%), salty snacks (78.6%), sweet
snacks (42.9%), and desserts (35.7%).

Nine nurses responded to the qualitative questions and revealed 100%
satisfaction with the RS food delivery service. They verbalized decreased
nursing time for food orders as one benefit of this service. Nursing also
revealed that patients have not complained about the changes and that
patients felt in charge of the process. Nursing did not note anything they felt
had gone wrong and they believed the RS process was more efficient than
expected. 

Discussion: These results indicate that patients and staff members were
highly satisfied with RS and that this change provided benefit to the patients
and nurses. Specific gaps identified during the survey (condiments not sent
with food; portion sizes too small; older teens prefer paper menus) have pro-
vided insight into areas of improvement for both food service and the CF
team.

470
CF CARE TEAM: ADDITION OF ENDOCRINE
SPECIALTY NURSE TO CF CLINIC IMPROVES
ADHERENCE TO CFRD EVALUATION/SCREENING
Cordrey, C.; Peeke, K.; Budd, S.; Doyle, D.; Chidekel, A.
Endocrinology, Alfred I. duPont Hospital for Children,
Wilmington, DE, USA

Objective: To evaluate adherence to cystic fibrosis related diabetes
(CFRD) screening in CF patients without CFRD with the inclusion of an
endocrine specialty nurse to the CF Care Team.

Background: Patients with CF are at risk for developing CFRD. The
diagnosis of CFRD has a negative impact on pulmonary function and sur-
vival. The CF Foundation recommends OGTT as the annual screening for
CFRD in patients 10 years and older. The December 2010 CF Consensus
Guidelines for Care of the CF Patient recommend a multidisciplinary team
approach with the inclusion of endocrinology support. Adherence to annual
screening with OGTT has been a challenge for many pediatric patients and
their families at our center. To address this, the inclusion of an endocrine
specialty nurse to the CF Care team was initiated. Her specific role was to
increase the focus of the CF Team on CFRD and to educate patients and
families about the importance of diagnosis and management of this common
CF co-morbidity. The endocrine specialty nurse attends CF Clinics, provides
education about CFRD and has placed a CGM (continuous glucose monitor-
ing) device on several CF patients for initial screening. CGM has been iden-
tified as a useful tool for initial screening for CFRD.

Methods and Results: This IRB approved retrospective study was per-
formed in an accredited CF Center affiliated with a 200 bed pediatric hospi-
tal. The CF multidisciplinary care team added an endocrine specialty nurse
to better address adherence to CFRD screening and to enhance patient edu-
cation. After discussion with the endocrine team, the endocrine specialty
nurse became available to attend CF Clinic sessions to offer initial screen-
ing for CFRD via the CGM and stress the importance of diagnosing and
treating CFRD. Patients requiring CFRD screening or CFRD follow-up
were identified prior to CF clinic, and the endocrine specialty nurse met with
the patient and family during the subsequent CF clinic visit. The endocrine
specialty nurse provided education regarding CFRD and offered screening
with CGM during the clinic visit. The study team evaluated and compared
yearly OGTT/CFRD screening adherence for two consecutive 12 month
epochs: 10/1/08 to 9/30/09 and 10/1/09 to 9/30/10. The first epoch occurred
prior to the addition of the endocrine specialty nurse, and during CFRD
screening recommendations for patients 13-years and older. There were a
total of 20 CF patients eligible for CFRD screening during the first epoch,
with only 2 (10%) completing OGTT. The second epoch occurred during the
addition of the endocrine specialty nurse and during the period of CFRD
screening beginning at 10-years of age. During the second epoch, 19 of 40

(47.5%) eligible CF patients completed screening with either OGTT or
CGM. Of the 19 CF patients completing initial screening for CFRD: 11
completed OGTT and 8 completed CGM. This is an increase of 37.5% in
adherence to CF annual screening for CFRD.

Conclusions: With the addition of the endocrine specialty nurse to the
CF care team, the adherence to initial screening for CFRD was greatly
improved. An additional benefit for the CF patients diagnosed with CFRD
is the expertise of the endocrine specialty nurse available during subsequent
CF visits.

471
DOES USING A STANDARDIZED PULMONARY
EXACERBATION SCORE IN PATIENTS 6 YEARS OLD
AND YOUNGER WITH CYSTIC FIBROSIS IMPROVE
OUTCOMES?
Siracusa, C.; Gothard, M.; Spoonhower, K.; Kraynack, N. Akron
Children’s Hospital, Akron, OH, USA

Background: Pulmonary disease is the major cause of morbidity and
mortality in cystic fibrosis (CF). There is no standard definition of a pul-
monary exacerbation (PEx) for children ≤6 years. In an improvement initia-
tive at Akron Children’s Hospital, the Pulmonary Exacerbation Score (PES)
was used at all well and sick visits for patients >6 years with CF, and was
optional for children ≤6. The goal was to objectively identify a patient expe-
riencing a PEx. We hypothesize that standardizing recognition of PEx in
patients ≤6 years will result in improved outcomes for patients in this age
group, specifically BMI, weight/length percentile, and antibiotic use.

Methods: Visit and exacerbation data for patients age ≤6 years were ret-
rospectively reviewed and compared to identify significant changes from
2006 to 2010. Data was summarized for each cohort using appropriate sta-
tistical measures. Categorical comparisons of associations with study cohort
employed the Pearson chi-square test. Non-normally distributed numeric
data used Mann-Whitney U tests to determine mean rank equality between
the two patient cohorts. Normally distributed data was tested for mean
equality via unpaired Student’s t tests. The primary outcome variable, BMI
percentile, was tested for equality between the cohorts for patients >2 years
old. For patients ≤2, the wt/length percentile was used in a separate analy-
sis. FEV1(%) was also analyzed by year. Visit and PEx data were compared
to identify significant changes that have occurred from 2006 to 2010. The
use of oral and IV antibiotics were also compared between the two cohorts.

Results: For patients ≤ 6 years, the PES was used for 73% of all patient
visits. Demographic comparisons between the two groups, patients ≤ 6 years
in 2006 (n=44) and 2010 (n=48) showed no significant difference in mean
age, mean age of diagnosis, nor mean height or weight percentile. Mean
BMI percentile differences between patients 2-7 years in both groups (2006
(n= 28) vs 2010 (n=36)) were 52.9 vs. 59.9 (p=0.356). Mean wt/length per-
centile differences in patients <2 years old in both groups (2006 (n=16) vs
2010 (n=12)) were 43.5 vs 54.7 (p=0.240). Of patients with FEV1 recorded
in 2006 (n=5) vs 2010 (n=9)), mean FEV1 was 95% vs. 104% (p=0.255).
The percent of patients experiencing a PEx was 86.4% (2006) and 66.7%(
2010) (p=0.027), with a mean number of exacerbations per patient 2.5 vs 2
(p=0.059). Overall 28.1% vs. 19.6 % of patient visits were associated with
a PEx (p=0.011). Oral antibiotic use was 37 vs 30 (p=0.02), and IV antibi-
otic use was 10 vs 13 (p=0.63).

Conclusions: BMI percentile, wt/length percentile, and FEV1 showed
no statistically significant change after initiation of the PES; however, these
metrics trend in the desired direction. There was a statistically significant
decrease in the amount of identified pulmonary exacerbations, and those
that experienced them had significantly less. Similarly, there was a signifi-
cant decrease in the percentage of patients with exacerbation, the amount of
patients receiving oral antibiotics, and those that did, received less. Our
findings suggest that a standardized scoring system in this age group may
help objectively identify pulmonary exacerbations and help guide treatment.
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472
IMPLEMENTATION OF AN ELECTRONIC PULMONARY
EXACERBATION SCORE TOOL TO IMPROVE
TREATMENT OF ADULT CF PATIENTS
Jarosz, K.E.1; Fletcher, M.D.1; Morin, S.2; Zuckerman, J.B.1 1.
Medicine, Maine Medical Center, Portland, ME, USA; 2.
Medicine, Southern Maine Medical Center, Biddeford, ME, USA

Introduction: The course of cystic fibrosis (CF) lung disease is typical-
ly punctuated by pulmonary exacerbations (PEs), which appear to play an
important role in pulmonary function decline. We have been interested in
utilizing an electronic PE score (PES) tool to develop a more proactive
approach to treatment of PE’s (1). We previously implemented an electron-
ic version of the PES sheet developed by Kraynack et al (2) in order to stan-
dardize our management. This follow up project examines practice patterns
and outcomes after 2 years of use of the system.

Methods: All phone call messages to the Adult CF Program at Maine
Medical Center were logged in an electronic medical record (EHR), which
has an embedded PES tool. Calls during the calendar years 2009-2010 were
retrospectively reviewed to identify the nature of the call, the providers
involved in decision making, and the frequency of use of the PES tool. As
part of a Plan-Do-Check-Act cycle (PDCA), periodic education about the
availability of the tool was provided at provider administrative meetings
and via e-mail. Month-by-month frequency of PES usage was observed.
Pulmonary function for the cohort of patients was compared between 2009
and 2010.

Results: In 2009 data were collected for 61 adults (median age 28;
range 18-60).  The EHR recorded 215 and 172 phone calls for pulmonary
issues in 2009 and 2010, respectively. The proportion of calls handled by
non-CF providers increased from 6.8% to 14.5% from year 1 to 2. The pro-
portion of pulmonary calls with assigned PES increased from 64.3% (95%
CI, 0.58-0.71) to 79.1% (95% CI, 0.73-0.85) in 2009 and 2010, respective-
ly. We observed seasonal variations in both the frequency of calls and result-
ant prescription of therapy for exacerbations. Use of the PES tool led to a
range of measurable changes in practice including between-scheduled-visit
spirometry for patients with borderline scores. The median values of
FEV1% predicted for the 56 patients followed in both 2009 and 2010 were
56.75% and 59.25%, respectively.

Conclusion: Use of the PES tool in an electronic environment provides
an efficient way to track overall utilization of this resource. Seasonal varia-
tion in the volume of pulmonary-related calls was observed. When used in
concert with the PDCA cycle, the application was increasingly utilized over
a two year period by CF and non-CF providers. Use of this tool was associ-
ated with improvement in lung function among a stable cohort of adult
patients.

1. Fletcher MD, Prato BS, Zuckerman JB et al. Am J Respir Crit Care
Med 181;2010:A1826

2. Kraynack NC, Singh C, Sheers T, et al. Ped Pulmonol 42; 2007: S30

473
USE OF CHECKLISTS TO ASSIST PATIENTS WITH
EARLY RECOGNITION OF ACUTE PULMONARY
EXACERBATION IN CYSTIC FIBROSIS
Gutierrez, H.1; Self, S.1; Mims, C.2 1. Pediatrics, Univ of
Alabama at Birmingham, Birmingham, AL, USA; 2. Children’s
Health System, Birmingham, AL, USA

Introduction: Acute pulmonary exacerbation (PE) is an important out-
come measure in CF, with an increasing annual frequency as the population
ages. Increased PE rate has also been associated with decreased survival
rates. Hence, one could anticipate that proper and early recognition of PE
will lead to more timely treatment and ultimately better clinical outcomes.

Objective: To improve clinical outcomes, education, and self-manage-
ment for CF patients with PE by integrating the use of a CF-specific symp-
tom checklist and an EMR-based phone triage assessment tool. These tools
will aid patients and families to seek prompt medical advice and allow the
CF team early recognition and initiation of appropriate management of PE.

Methods: After approval from the UAB institutional review board,
patients seen at the pediatric center were offered enrollment. Participants
were given a simple Respiratory Symptom Score (RSS) checklist for home
use. Users were asked to document their symptoms in the checklist on a reg-

ular basis. The checklist contained simple actions to perform in the event
their scores were deteriorating including calling the CF center, increasing
CPT, and adherence to medications. If the score triggered a call to the cen-
ter, the staff nurse used a standard EMR phone triage assessment tool and
provided instructions according to an algorithm developed for phone triage.
The number of admissions for PE, clinic visits, and phone calls were
prospectively recorded and compared with those of the year prior to the
study. Lung function (FEV1% predicted) and body mass index (BMI%)
were also recorded. Basic statistical analysis was performed including
paired t-test. 

Results: Thirty-seven patients completed the study. The number of
admissions for PE, clinic visits and PE phone calls the year prior averaged
(median) 1.24 (1), 6.15 (5), and 1.41 (1) respectively. After one year the
number of admissions for PE, clinic visits and PE phone calls averaged
(median) 1.2 (1), 5.35 (5), and 1.85 (1) respectively. Although there was a
31% increase (63 vs. 48) in PE phone calls in the group after a year, the dif-
ference was not statistically different. The group’s baseline mean FEV1%
and BMI% were not statistically different after a year of study (FEV1%
92.05% vs. 96.7% and BMI% 64.2% vs. 65.8). Enrollment was limited by
the number of potential study subjects enrolled in clinical trials which could
have been affected by enrollment in an additional study that impacted adher-
ence. Although most patients were enthusiastic to use the checklist, the use
of the tool was inconsistent and a significant number dropped out (“forgot to
use it,” “not enough time”).

Discussion: The current study intended to use a RSS checklist to allow
patients and families an additional tool for early recognition of changes in
lung health and to prompt timely intervention. There was an apparent
increase in PE phone calls to the center but the change was not significant.
Although the required work by the family was minimal, it still represented
a significant burden to their daily routine. Its inconsistent use could reflect
the larger issue of poor overall adherence in patients with complex chronic
diseases.

474
RESPIRATORY THERAPY MENTORING PROGRAM:
OUTCOMES AT TWO YEARS
Lester, M.K.1; Richards, K.2; Chin, M.3; Marshall, B.C.3 1.
Medical University of South Carolina, Charleston, SC, USA; 2.
Primary Children’s Medical Center, Salt Lake City, UT, USA; 3.
Cystic Fibrosis Foundation, Bethesda, MD, USA

Background: In 2008 the CFF launched the Respiratory Therapy Men-
toring Program based on the success of a similar program for CF dietitians.
The basic premise of the program is to pair a respiratory therapist (RT) who
is new to CF with an experienced RT from a similar CF Care Center.

Purpose: By providing new therapists with specific CF knowledge,
encouraging relationships with other RTs, and building a national network
of RTs that are involved in CF care, we expect to accelerate the improve-
ment in care of CF patients, to see improved retention of in RTs in CF cen-
ters, and to improve the health outcome of CF patients. 

Methods: Mentor/apprentice pairs are chosen based on: the character-
istics of the CF population that they care for (adult/pediatric/both), their
clinical setting (inpatient/outpatient/both), CF Center size, and geographic
location. The apprentice participants complete a pre- and post-Mentoring
Metric knowledge assessment tool to determine basic knowledge of aspects
of respiratory therapy pertinent to CF. Prior to the site visit they are asked to
confer with their team members and develop measurable goals for improv-
ing the respiratory care at their Center. Apprentices were surveyed following
their participation in the program to assess outcomes of the mentoring pro-
gram. Center Directors and/or clinic coordinators evaluate the effectiveness
of the program by completing an evaluation 3 to 6 months after the appren-
tice’s site visit.

Results: Of the 44 apprentices that have participated in the program, 38
(86%) completed the program evaluation survey. The results were: 97%
were still working in CF care, 54% said that the amount of time that they
spend working with CF patients had increased since participation in the pro-
gram, 44% indicated that they have presented their work at CF conferences,
87% feel that the level of CF RT care has improved at their center, 73% feel
that they have been able to accomplish the goals that they had set for their
outcome measures for the Mentoring Program, and 60% remain in contact
with their Mentor. Center Directors and clinical coordinators report that res-
piratory care has improved at their center (72%), and that the RT is more



Poster Session Abstracts

385

knowledgeable and active in CF care following participation in the program
(80%).

Discussion: These early results suggest that the RT Mentoring Program
has achieved its primary goals. These RTs that are new to CF feel better
equipped to fulfill their role at their CF care center. They have maintained a
relationship with an experienced RT mentor that will help aid in the growth
of their career in the field of CF, and they feel comfortable presenting their
work with CF to audiences. And finally, Center Directors and Center Coor-
dinators report an improved level of respiratory care at the center following
participation in the Mentoring Program.

475
A QUESTIONNAIRE TO IMPROVE USE OF
PULMONARY THERAPIES
Guill, M.F.2; Hofley, P.2; Parker, H.W.1; Gifford, A.H.1; Ashare,
A.1 1. Medicine, Dartmouth-Hitchcock Medical Center, Lebanon,
NH, USA; 2. Pediatrics, Dartmouth-Hitchcock Medical Center,
Lebanon, NH, USA

In our efforts to improve pulmonary outcomes for the New Hampshire
CF Center, we evaluated our use of recommended therapies for pulmonary
health. We explored the utility of a brief, self-administered questionnaire
regarding prescription and use of bronchodilators, dornase alfa, and hyper-
tonic saline. For the population identified as Pseudomonas positive there
were two additional questions regarding use of oral macrolides and inhaled
antibiotics. For each medication class the patient was to indicate if it had
been prescribed, if it was being taken, and how often it was being taken,
with an option for comments. The physician conducting the clinic visit
reviewed the questionnaire with each patient and made clarifications, partic-
ularly of reasons for not taking prescribed therapies, then acted on the ques-
tionnaire information at that visit if it was appropriate. 

Over a three month cycle of clinic visits there were 123 patients who
answered the questionnaire at least once. Where there were multiple ques-
tionnaires, only the first was used for this analysis. We used this base to
assess our prescription of recommended therapies and patients’ adherence to
prescribed treatment, as well as the reasons for nonadherence. 

The reasons for nonadherence included lack of insurance coverage and
time required for therapies, as well as misunderstanding of instructions. The
greatest discrepancy between prescription and use was with bronchodilators,
where only 75% were taking =/> 10 doses per week, 8% taking with dornase
only and 12.5% taking prn only. i 90% of patients taking dornase were using
it =/> 5 times per week; of those for whom it was prescribed but not being
taken, half agreed to start at that clinic visit. All of the patients for whom
dornase had not been prescribed were < 6 years old. Hypertonic saline rep-
resented the area of least prescription provision by physicians; many of the
patients for whom it had not been prescribed were <6 years old. In >50% of
those prescribed but not taking hypertonic saline said it was because of irri-
tation/burning of the solution. In the 14 eligible patients for whom
macrolides had not been prescribed, 1 had identified non-tuberculous
mycobacteria in sputum and 2 had sputa pending for mycobacterial cul-
tures; 4 had medicine prescribed during the clinic visit.

This tool allowed us to identify areas for improvement in physician pre-
scribing (bronchodilators and macrolides); areas for improvement in teach-
ing use of medications (bronchodilators); and barriers to treatment (hyper-
tonic saline).

476
IMPROVED ORAL GLUCOSE TOLERANCE TESTING
FOR CF RELATED DIABETES IN AN ADULT CF
PROGRAM
Stamatakos, T.; Meyers, M.A.; Ray, M.; Joseph, P.M. Pulmonary,
Critical Care & Sleep Medicine, University of Cincinnati,
Cincinnati, OH, USA

Background: Cystic fibrosis related diabetes (CFRD) is a common
complication in adults with cystic fibrosis (CF), affecting about 50% of
adults by age 40. Early diagnosis and management of CFRD is associated
with improved clinical outcomes. New guidelines for CFRD diagnosis and
management have been recently published. The guidelines recommend that
a diagnostic oral glucose tolerance test (OGTT) be performed annually. The
2009 Care Center data showed that 79% of eligible patients from the Cincin-
nati Center were screened. The national average was 75%, but the top per-
forming centers screened 95% of patients. The new guidelines provide an
opportunity to review the screening process for CFRD and implement
changes to improve the rate of OGTTs performed in eligible patients. 

Methods: The CF team reviewed the 2009 and early 2010 diabetes
screening data. Reasons for failure to obtain OGTT were reviewed with
patients. A clinic process flow diagram was developed and key personnel
were identified. A series of steps were initiated to improve the number of
patients with CF who obtained an OGTT. These steps include: 

- All non-diabetic patients were recommended for annual OGTT. 
- OGTT performance was integrated into clinic flow. 
- EMR modifications made patient OGTT results more accessible. 
- OGTT orders were clarified and standardized.
- OGTT orders and an educational handout were mailed to patients just

prior to their appointment.
- Patients were called and reminded to come to the appointment NPO.
- CFRD education materials were made available at time of OGTT

order.
- Patients were sent a letter with OGTT results and information on

CFRD.
Results: In 2010, 69% of eligible adults with CF performed OGTT.

Twelve percent of the studies were performed in the first 3 months of 2010,
before changes were initiated. By implementing a series of improvements,
the percent of patients without CFRD who performed an OGTT for diagno-
sis of CFRD increased through the remainder of 2010.  OGTT performance
was increased from 12% to 22% in the first 3 months of 2011. 

Conclusion: Many factors contributed to the failure to obtain OGTT.
Patient education as to the need and relevance was an important factor in the
improvement. Cost and convenience were also important. By implementing
a systematic approach to education, ordering, screening, tracking and docu-
menting, the team was able to improve oral glucose tolerance testing rates.

OGTT SCREENING
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477
A COMPREHENSIVE WEB-BASED DATABASE FOR
CARE OF PATIENTS WITH CYSTIC FIBROSIS
Murphy, P.J.1; Rounds, J.G.2; Shats, O.3; Sisson, J.H.2; Thompson,
A.B.2 1. Internal Medicine, Pulmonary & Critical Care,
University of Nebraska Medical Center, Omaha, NE, USA; 2.
University of Nebraska Medical Center, Omaha, NE, USA; 3.
Eppley Cancer Institute, University of Nebraska Medical Center,
Omaha, NE, USA

Clinical care and research require accurate and organized data. We have
built a comprehensive, web-based system, CF CenterCare, to manage clini-
cal and research data for our Adult Cystic Fibrosis (CF) Care Center. Such
a system will improve patient care by streamlining decision making, ensure
adherence to CF guidelines for care, facilitate further QI initiatives and
thereby improve nutritional and pulmonary outcomes for patients at our CF
Center. Several of these outcomes will be measurable using Cystic Fibrosis
Foundation (CFF) Patient Registry center reports and local QI data. At our
CF center the system will be used to follow 120 patients in the Adult Pro-
gram, with plans to extend its use to the 180 patients in the Pediatric Pro-
gram in the near future. The project was implemented using a three-tier,
web-based architecture. The user interface is compatible with commonly
used browsers. The middle tier containing the business logic of the applica-
tion is written in Java programming language. The data storage tier resides
on the Oracle 11g database server and contains more than 80 tables with
over 1,000 attributes. Security is addressed using the electronic information
security standards mandated by the Health Insurance Portability and
Accountability Act (HIPAA). Patients’ Protected Health Information (PHI)
is stored encrypted in the database. The project is being implemented in two
phases. In phase 1 the system was designed to allow web-based data input
and reporting in real time at the point of care. The software tracks complex
medical problems and medications in a prioritized, focused manner useful
for clinical decision making during clinical encounters and for later review
and/or research purposes. The system is also designed to generate, modify
and print outputs such as patient education information, discharge action
plans, pre-clinic planning forms and CFF Registry information. Other out-
puts include annotated pulmonary function trending, graphic representation
of lung exam findings and detailed medication and problem list history. In
phase 2 of the project, encounter data will be exchanged between CF Cen-
terCare and the permanent electronic medical record. An additional goal is
to work with the CFF to automate data uploads into the CFF Patient Reg-
istry. When fully implemented, CF CenterCare will streamline clinical data
entry from the point of care where it will facilitate clinical decision-making,
drive adherence to best practice guidelines, and enable the collection of
research-quality clinical information. The use of such a system by multiple
CF Centers with electronic throughput into the CFF Patient Registry would
enable efficient, accurate and complete data transmission, where the data
can also be shared with the clinical and basic science research communities.

GI/NUTRITION 

478�
4+4=W8 NUTRITION INTERVENTION
Corrigan, M.; Bagonzi, E.; Buteyn, M.; Correia, R.; Fletcher, C.;
Furr, A.; Cairns, A. Barbara Bush Children’s Hospital, Maine
Medical Center, Portland, ME, USA

Cystic fibrosis is a multisystem disorder involving the respiratory and
gastrointestinal tracts. Poor nutritional absorption, inadequate caloric intake
and subsequent difficulty in weight gain are inherent in the disease. CFF
guidelines define optimal nutrition as a BMI percentile of 50% or greater in
children or a weight/length of 50% up to 2 years of age. The median BMI
percentile for our center was 46%, with 50% of patients having BMI below
the 40%. Our goal is to increase the median BMI of the CF center by focus-
ing on BMI in our pre-clinic planning and incorporating multiple team
members to reinforce the importance of the goal, targeting the group of
patients at nutrition risk with BMI below 40%. 

Methods: Posters in clinic waiting areas focusing on nutrition, high
calorie recipes sent in quarterly newsletters and distribution of a high calo-

rie CF cookbook to families to increase nurtritional awareness. Individuals
with a BMI below 40% were asked to sign a contract to attend clinic month-
ly for 6 months to ensure optimal medication and dietary interventions. The
nutritionist was a required part of clinic visits. A checklist was developed to
address: evaluation of GERD (gastroesophogeal reflux disease), H2blocker
or PPI use, oral supplements, high calorie foods, adequate enzyme dosing
with appropriate administration. Appetite stimulants were discussed and
often offered. Monitoring of blood glucose levels was initiated for those
with impaired glucose tolerance. Social workers met with families to assess
stressors around meals and offered behavioral interventions; a session was
offered for parents to assist families in dealing with behavioral eating issues,
which five families attended. Short term goals were set with patients and
families: either 1-2 pound weight gain, additional calories, or supplemental
shake at each encounter. Before this program patients would be given many
chances to gain weight over several years before a gastrostomy tube was
agreed upon, and referral to GI when they were significantly malnourished.
In this proactive approach, early visits with GI were started to detect many
subtle problems contributing to poor appetite. The GI physician became an
integral part of the CF team. Referrals to the Endocrine clinic for impaired
glucose tolerance increased. 

Results: Twenty-eight individuals signed up for monthly clinic appoint-
ments for this intensive nutrition intervention. Twenty-four of them complet-
ed all 6 visits. The mean BMI of this group was 24% which improved to
41% at the end of 6 months. The median BMI of the clinic population as a
whole improved to 52% at 1 year and 62% at 15 months. Fifteen patients
were started on an appetite stimulant and 24 were on an H2 blocker or PPI.
Six patients had G-tubes placed for night feedings. A change in culture
occurred by focusing on the importance of nutrition in the minds of the
patients, families and staff. 

Future Plans: Introduction of nighttime G-tube feedings as a natural
part of treatment during discussions at time of diagnosis or shortly after.
Provide earlier intervention with monthly focused visits before children are
at serious nutritional risk.

479�
BETTER NUTRITIONAL STATUS IN EARLY
CHILDHOOD IS ASSOCIATED WITH IMPROVED
CLINICAL OUTCOMES AND SURVIVAL IN PATIENTS
WITH CYSTIC FIBROSIS
Yen, E.H.1,2; Quinton, H.B.3; Borowitz, D.4,5 1. Division of
Gastroenterology and Nutrition, Children’s Hospital Boston,
Boston, MA, USA; 2. Department of Pediatrics, Harvard Medical
School, Boston, MA, USA; 3. Dartmouth Medical School,
Lebanon, NH, USA; 4. State University of New York at Buffalo
School of Medicine and Biomedical Sciences, Buffalo, NY, USA;
5. Women and Children’s Hospital of Buffalo, Buffalo, NY, USA

Objectives: Our aim was to evaluate the impact of nutritional status
early in life on the timing and velocity of height growth, lung function, sur-
vival and CF complications through age 18.

Study design: Prospective, observational study using data from the
Cystic Fibrosis Foundation Registry for patients born between 1989 and
1992. Patients were categorized by weight-for-age percentile (WAP) and
height-for-age percentile (HAP) attained at age four years, and outcomes
until age 18 years were compared across age four WAP and HAP categories.
In a second analysis (“current”), growth velocity (centimeters grown per
year) was calculated annually and categorized by the patient’s correspon-
ding WAP at each year.

Results: WAP at 4 years of age was positively associated with HAP
throughout childhood.  Age four WAP>10% was associated with better lung
function from 6 to 18 years of age. In boys with current WAP>25%, and
girls with current WAP>10%, peak pubertal height velocities approximated
but remained lower than that of the healthy reference population. By age 18,
patients with an age four WAP>50% suffered fewer acute pulmonary exac-
erbations, spent fewer days in the hospital, and had lower rates of disordered
glucose metabolism or diabetes. Patients attaining higher age four WAP and
HAP had a survival advantage throughout childhood.

Conclusion: We report that greater weight at age four is associated with
greater height, better pulmonary function, and fewer complications of CF
and better survival through age 18. Furthermore, greater weight for age in



Poster Session Abstracts

387

the peripubertal period is associated with improved tempo and timing of
pubertal height growth.

Outcomes at age 18 for CF patients born between 1989 and 1992,
stratified by WAP at age four

*p<0.05
**p<0.001

480�
IMPROVED NUTRITIONAL OUTCOME IN A CF CLINIC
WITH INCREASED DIETITIAN INPUT
Robinson, P.1; Graham, J.1; Ledder, O.2; Volders, E.3; Heine, R.2;
Oliver, M.2 1. Respiratory Medicine, Royal Children’s Hospital,
Parkville, VIC, Australia; 2. Gastroenterology, Royal Children’s
Hospital, Parkville, VIC, Australia; 3. Department of Nutrition,
Royal Children’s Hospital, Parkville, VIC, Australia

The association between nutritional status, pulmonary function and sur-
vival in cystic fibrosis (CF) has been demonstrated in multiple studies. A
previous study at Royal Children’s Hospital, Melbourne (RCH) (300 pedi-
atric CF patients) demonstrated suboptimal referral practices and further
supported the importance of early nutritional intervention in children with
CF. A subsequent state government audit identified that patients were receiv-
ing dietary advice from dietitians on average at 1.4 outpatients clinics (OPD)
per year despite patients attending an average of 4.3 OPD per year. Addi-
tional financial support for the clinic was provided by the government
including employment of an extra full-time dietitian. Subsequent OPD con-
tact between patients and dietitians rose to 3.2 consultations per year. This
study was done to assess improvement in intervention time and the effect on
clinical outcome in a group of patients referred for gastrostomy insertion.

Method: We conducted a retrospective review of patients who had a
gastrostomy inserted between 2002 and 2011. Clinical information was col-
lected including demographics, weight-for-age and height-for-age Z-scores
(WAZ and HAZ), forced expiratory volume in 1 second (FEV1) for 2 years
prior to gastrostomy and 2 years post-insertion. Colonisation rates with
Pseudomonas and survival were also recorded. The data was compared to
the previous study (See table below).

The increases in WAZ and HAZ at 2 years post-insertion in this recent
study were more marked than in our previous study. Further, this present
study showed an improvement in FEV1 at 2 years compared to at time of
PEG insertion, which was not seen in our earlier study. 

Conclusion: This study demonstrates that based on the recognition of
the benefits of early nutritional intervention from the previous study, with
improved patient access to dietetic consultants, patients were referred for
insertion of gastrostomy at a more timely stage. These changes had clear
benefits in improving growth parameters in excess of that seen previously
and in addition an improvement in pulmonary function was also noted.

Comparison of patient characteristics at gastrostomy insertion in
both studies

481�
IMPROVED NUTRITION OUTCOMES IN CYSTIC
FIBROSIS PATIENTS RECEIVING NUTRITIONAL
SUPPLEMENTS THROUGH A FAMILY ADVISORY
BOARD ASSISTANCE PROGRAM
George, C.1; Spoede, E.1; Mason, S.2; Hiatt, P.2; Oermann, C.M.2

1. Texas Children’s Hospital, Houston, TX, USA; 2. Department
of Pediatrics, Baylor College of Medicine, Houston, TX, USA

Introduction: Good nutrition is the foundation upon which the overall
health status of children with cystic fibrosis (CF) is built. CF Foundation
guidelines recommend that CF patients maintain a BMI percentile at or
above the 50th percentile for optimum health. Children with CF require a
much higher caloric intake than do children without CF. Malabsorption,
chronic lung disease, and infection can increase caloric demands, leading to
poor nutrition. Most children with CF require nutritional supplements (NS)
to maintain BMI percentile and general health. The annual cost for NS for
our patient population can range from $720.00 to $5800.00 per year. Many
private insurance plans do not pay for NS, requiring families to pay out of
pocket. We estimate that 35% of families in our program struggle to pay for,
or cannot afford, NS. We hypothesize that nutritional outcomes, as measured
by BMI percentile for age, can be improved when patients who cannot
afford NS are provided with supplements free of charge through an internal
financial assistance program.

Methods: Our CF Family Advisory Board (FAB) was created in 2006 to
further the exchange of ideas and information between the CF Center and
families. The FAB recognized that financial hardship prevented many
patients from obtaining NS and that this issue negatively impacted nutrition,
pulmonary function, and overall health. They developed a Family Assis-
tance Program (FAP) to fundraise and provide NS free of charge to families
with financial hardship. A multidisciplinary committee, including physi-
cians, nurses, dietitians, social workers, and a psychologist, identified
patients who would benefit from the FAP. Barriers specific to each patient
attaining adequate nutritional status were identified and addressed. The
committee assured that the families had exhausted all other potential
resources for nutritional remediation. Families signed a contract and agreed
to monthly weight checks. Eligible patients initially received NS for 3
months. Preliminary results were encouraging and assistance later extended
to 6 months. Upon exiting the program, families were allowed to continue
NS by self-pay at a reduced rate.

Results: Over a 20 month period of time, 13 patients with a BMI less
than the 50th percentile received NS through the FAP. Five of the 13 patients
completed the assistance program within the 20 months. The total cost for
NS during this time period was $7359.47 for a monthly average of $566.11
per patient. Mean baseline BMI percentile was 7.4%. The post-intervention
BMI percentile for the 8 patients completed with the program was 18.4%
(149% improvement). Long term follow up will include examination of the
relationship between the patients’ improved BMIs and lung function during
FAP participation.

Conclusions: Providing otherwise unavailable NS to CF patients can
improve nutritional outcomes, and potentially improve FEV1. Financial
assistance programs sponsored by CF family advisory boards can address
the unmet need for NS in families unable to obtain NS through traditional
routes.

482�
QUALITY IMPROVEMENT: PARENTS’ CHANGING
PREFERENCES FOR CF INFORMATION AND SOCIAL
MEDIA
McDonald, C.M.1; Hoopes, O.R.2; Brown, N.3 1. Dietitians,
Primary Children’s Medical Center, Salt Lake City, UT, USA; 2.
NDFS, Brigham Young University, Provo, UT, USA; 3.
Intermountain CF PAC, Salt Lake City, UT, USA

Background: In 2008, the CF Parent Advisory Council (CF PAC) at
this pediatric CF Center established a local, independent, evidence-based
and reliable website for parents of infants and children with CF. Focus
groups determined CF parents valued frequent, brief information with con-
crete, age-specific suggestions they could implement. Surveys regarding the
preferred mode of information distribution determined 65% preferred email
with less than 10% of respondents selecting Facebook. An email function
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was incorporated into the website in 2009 to distribute weekly CF tips and
recipes to families registered on the website. 

Objective: With global growth of social media, increased accessibility
to CF information can be achieved through the development of a Facebook
page designed by and for CF parents.

Methods: Two different electronic surveys were distributed via email in
February and May, 2011, to families who receive the local electronic CF
newsletter. 

Results: According to the February survey, the percent of respondents
(N=28) indicating at least weekly use of electronic media was: internet or
websites (96%), email (92%), Twitter (0%), Facebook (71%), LinkedIn
(4%). Almost 81% of respondents favored adding a Facebook page for the
parent website. The CF PAC voted to establish a nonprofit organization
Facebook page to provide a discussion forum for parents and to drive traffic
to the CF PAC website. 

In May 2011, parents (N=17) responded anonymously to a survey
regarding their use of social media. Respondents were 94% female with
53% having children with CF aged 1-5 years and 35% aged 6-12 years.
Almost one third (29%) of respondents live farther than 50 miles from the
CF clinic, therefore, attendance at CF parent educational events is unlikely.
About 60% of respondents currently use Facebook more than four times per
week, while another 35% use Facebook at least once per week. Percent of
respondents indicating they were likely or very likely to use a Facebook
page moderated by the CF PAC for specific topics was as follows: nutrition
or CF management tips (77%), recipes (82%), upcoming CF-related events
(88%), parent discussion forum (88%), and sharing personal stories and/or
pictures (82%). Informal interviews with parents reinforced the use of a CF-
related Facebook page for parent and patient communication, weekly tips,
and upcoming events. Additional ideas generated included posting recent
drug research updates and supplying direct links back to the website. 

Conclusion: With the goal of ongoing quality improvement, the CF
PAC has established a Facebook page to bring parents of children with CF
together, provide reminders for upcoming events, and offer an alternative
electronic method for receiving weekly CF tips and recipes. CF PAC mem-
bers and clinic staff will moderate the page. Utilizing social media outlets
will enable CF families to communicate online and access information they
would otherwise be unlikely to obtain. Ongoing evaluation of the website
and Facebook page utilization will be conducted by the CF PAC with
Google Analytics, electronic surveys to users, and monitoring of wall posts
and discussion forums.

483�
ABDOMINAL PAIN AND QUALITY OF LIFE IN
PEDIATRIC PATIENTS WITH CYSTIC FIBROSIS
Lusman, S.S.1; Quittell, L.1; Saroyan, J.M.1,2; DeFelice, A.R.1 1.
Pediatrics, Columbia University, New York, NY, USA; 2.
Anesthesiology, Columbia University, New York, NY, USA

Background: Cystic fibrosis (CF) is the most common fatal autosomal
recessive disease in children. Due to recent advances, median survival is
greater than 37 years. Improved survival demands that greater attention be
paid to quality of life, which can capture information not supplied by other
outcomes.  Previous studies show a high incidence of undertreated pain in
patients with CF throughout life. To date, there are no published studies
focusing on abdominal pain and its effect on quality of life in pediatric CF. 

Objectives: To assess the prevalence of abdominal pain and gastroin-
testinal symptomatology at our center, to characterize the relationship of
abdominal pain to known gastrointestinal manifestations of CF, and to
examine the relationship between abdominal pain, gastrointestinal symp-
toms and quality of life.

Methods: This was a prospective, cross-sectional, observational study.
Patients with CF between the ages of 6 and 21 were eligible. Upon enroll-
ment, the CFQ-R was administered. Demographic and clinical data was
obtained from the medical record. Statistical analysis including t-tests, chi-
squared tests and linear regression was performed.

Results: Sixty patients were enrolled. The distribution of demographic
and anthropometric data was as expected based on previous studies and
knowledge of the patient population. Over half of the patients reported expe-
riencing abdominal pain in the preceding two weeks. A minority of patients
reported experiencing pain “always” or “often.” The most common gas-
trointestinal manifestations of CF were constipation, malabsorption, abnor-
mal liver function tests, GERD, gastrostomy tube with or without fundopli-

cation, abdominal surgery, and pancreatitis. Only malabsorption was predic-
tive of a greater frequency of reported abdominal pain.  Age, gender, BMI
percentile, pancreatic function and type of acid suppression were not predic-
tive of the frequency of reported abdominal pain. Greater frequency of
abdominal pain was predictive of lower quality of life scores in the physical
and eating domains. Higher BMI percentile for age was predictive of high-
er quality of life in the body image domain, except in adolescent females.
Pancreatic function was not predictive of quality of life in any domain. 

Conclusions: Given that children and adolescents with CF frequently
experience abdominal pain, it would be beneficial for practitioners to ask
about abdominal pain at each clinical encounter. Pancreatic sufficient
patients may experience significant abdominal pain and impaired quality of
life. Abdominal pain is associated with impaired quality of life in the phys-
ical and eating domains. Effective and timely evaluation and treatment of
abdominal pain may improve patients’ quality of life in these domains.
Higher BMI percentile for age is associated with improved quality of life in
the body image domain. Adolescent females may be more satisfied with a
lower BMI percentile which may adversely impact their nutritional status
and overall outcomes. Further studies are needed to determine causal rela-
tionships.

484�
VITAMIN D AND LUNG FUNCTION IN CHILDREN
WITH CYSTIC FIBROSIS
McCauley, L.A.1; Polgreen, L.1; Thomas, W.2; Laguna, T.A.1;
Regelmann, W.E.1; Moran, A.1 1. Pediatrics, University of
Minnesota, Minneapolis, MN, USA; 2. Biostatistics, University of
Minnesota, Minneapolis, MN, USA

Objective: Vitamin D deficiency is common in CF. Recent literature in
the general population has shown that vitamin D may have an effect on lung
function and on the lung’s ability to fight infection. This is important in the
CF population in which pulmonary exacerbations and decline in lung func-
tion cause significant morbidity and mortality. The relationship between
vitamin D and lung function in children is not well established. We hypoth-
esize that children with lower vitamin D levels at baseline will have worse
pulmonary function at baseline and in later childhood, more impaired
growth, more pulmonary exacerbations and earlier detection of pulmonary
bacterial pathogens than those with higher vitamin D levels. 

Methods: The University of Minnesota CF Center maintains a large
electronic database that includes demographic, pulmonary function, labora-
tory and microbiology data on nearly 1400 CF patients. We examined 678
simultaneous outpatient measurements of serum 25-OH vitamin D
(25OHD) and lung function from 175 children between the ages of 6 and 15
years, seen between November 1999 and June 2010. Trends by 25OHD cat-
egory (<20µg/L, 20-29µg/L and >30µg/L) across ages were estimated with
a mixed-effects linear model, adjusting for age and gender effects, and cor-
relation of measurements within children.

Results: Only 39% of initial 25OHD measurements were at the CFF
recommended level of >30µg/L, and 18% of all 678 measurements were
<20µg/L. Compared to children aged 6 to 15 with <20µg/L 25OHD, chil-
dren with >30µg/L had a 5±1% greater % predicted FEV1 (p=.0009) and
had a 4±1% greater % predicted FVC (p=.017). Children with 20-29µg/L
had a 3±1% greater % predicted FEV1 (p=.002) and had a 3±1% greater %
predicted FVC (p=.018). A linear effect was seen as well in that for every
10µg/L increase in 25OHD, FEV1 increased by 1.7% (p= 0.002) and FVC
increased by 1.2% (p= 0.0149). These relationships were independent of age
and gender.

Conclusions: More than 60% of children with CF at our institution are
below the CFF recommended level of 25OHD. 25OHD levels in children
with CF are positively associated with lung function, as measured by FEV1
and FVC. These differences were consistent through ages 6 to 15. The sim-
ilar quantitative increase in both FEV1 and FVC with increased 25OHD lev-
els suggests that vitamin D affects lung compliance. 

Future Directions: Unlike similar studies, we found a linear relation-
ship between vitamin D and its effect on lung function. Possible mecha-
nisms for these relationships include: vitamin D as a marker of general nutri-
tional status, mediating improved lung function; its role in activating an
antipseudomonal peptide, delaying infection and exacerbations, or its role in
airway remodeling. Ongoing prospective data analysis will explore these
mechanisms further by evaluating the relationship between 25OHD levels
and pulmonary exacerbations and age of first detection of P. aeruginosa. We
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are also evaluating the impact of general nutritional status on the relation-
ship between lung function and vitamin D. 

Supported by the Cystic Fibrosis Foundation (#MCAUL09B0 and
#C061-10).

485�
NUTRITIONAL FAILURE IS ASSOCIATED WITH
ENHANCED WHOLE BODY PROTEIN TURNOVER AND
CATABOLISM IN PEDIATRIC PATIENTS WITH CYSTIC
FIBROSIS
Engelen, M.P.1; Com, G.2; Luiking, Y.C.1; Deutz, N.E.1,2 1.
Geriatrics, Center for Translational Research in Aging &
Longevity, University of Arkansas for Medical Sciences, Little
Rock, AR, USA; 2. Pediatric Pulmonology, Arkansas Children’s
Hospital, Little Rock, AR, USA

Background: Malnutrition commonly occurs in pediatric patients with
cystic fibrosis (CF) negatively influencing their quality of life and survival.
Recently we have shown that a substantial number of pediatric patients with
CF are characterized by nutritional failure based on low body mass index
(BMI) and/or fat-free mass index (FFMI). It is unclear whether these CF
patients have higher protein turnover and breakdown that relate to more sus-
ceptibility for protein loss and to more energy costs.

Methods: In the present study, we examined in the postabsorptive state
whether whole body protein breakdown (PB) and synthesis (PS) differ
between 14 stable pediatric patients with CF and 17 healthy young controls.
Whole-body PB, PS, and net PB (= PB-PS) were measured by the combined
infusion of the stable isotopes L-[ring-2H5]phenylalanine and L-[ring-
2H2]tyrosine. Myofibrillar PB, as indirect marker of skeletal muscle protein
breakdown, was measured by L-[2H3]-3-Methylhistidine. In arterialized-
venous plasma, the isotope enrichment values and amino acid concentra-
tions were measured. FFM was measured using Dual-energy X-ray absorp-
tiometry. Presence of nutritional failure in the CF group was defined accord-
ing to the criteria BMI percentile < 10th and/or FFMI < 5th percentile. Lung
function (as reflected by forced expiratory volume in 1 second (FEV1)) of
each CF patient was recorded. Statistics was done using ANOVA and t-tests
when appropriate.

Results: Whole-body PS, PB (p< 0.001) and net PB (p<0.05), but not
myofibrillar PB was higher in the CF group (mean age: 15±2y, FEV1:
85±22%pred.) than in the control group. Stratification of the CF group into
nutritional failure (n=7) vs. normal nutritional status (n=7) resulted in high-
er values for whole body PS and PB (p<0.05) in the group with nutritional
failure. Net PB, myofibrillar PB, FEV1 and age were not different between
the CF groups.

Conclusion: The present study reveals that nutritional failure in CF is
associated with elevated levels for whole body protein turnover and
increased net catabolism in pediatric patients with CF, indicating that specif-
ic nutritional modulation is warranted to target the abnormalities in protein
and amino acid metabolism in CF.

486
DIETARY ESSENTIAL AMINO ACIDS ARE HIGHLY
ANABOLIC IN PEDIATRIC PATIENTS WITH CYSTIC
FIBROSIS CHARACTERIZED BY NUTRITIONAL
FAILURE
Engelen, M.P.1; Com, G.2; Wolfe, R.R.1; Deutz, N.E.1,2 1.
Geriatrics, Center for Translational Research in Aging &
Longevity, University of Arkansas for Medical Sciences, Little
Rock, AR, USA; 2. Pediatric Pulmonology, Arkansas Children’s
Hospital, Little Rock, AR, USA

Background: Despite the pivotal role of nutrition in CF, current
approaches to treat muscle loss by nutritional intervention have only been
partially successful. To circumvent diminished protein digestibility due to
pancreatic insufficiency in CF, (semi) elemental diets containing free amino
acids are advised. We and others have previously found in diseases and con-
ditions associated with muscle wasting that mixtures of essential amino
acids (EAA) are more effective in stimulating whole body and muscle pro-
tein synthesis than equal amounts of balanced mixtures of EAA and non-
essential amino acids as present in dietary (milk) protein. However data on
the anabolic properties of EAA in CF are lacking.

Methods: In the present study, we examined whether 6.7g of leucine
enriched essential amino acid mixture (LEU/EAA) induced more protein
anabolism than the same dose of a balanced mixture of essential and non-
essential amino acids (TAA) as present in Whey protein in 14 clinically sta-
ble pediatric patients with CF (mean age:15±2y, FEV1: 85±22%pred.). Fif-
teen grams of maltodextrin was added as a source of carbohydrates. Whole
body protein synthesis (PS) and breakdown (PB) and net PS (= PS-PB)
were measured by the combined infusion of the stable isotopes L-[ring-
2H5]phenylalanine and L-[ring-2H2]tyrosine. Myofibrillar PB, as indirect
marker of skeletal muscle protein breakdown was measured by L-[2H3]-3-
Methylhistidine and collagen PB by [2H]-hydroxyproline. The isotope
enrichment values and amino acid concentrations were measured in arteri-
alized-venous plasma, and Fat-free mass (FFM) was assessed using Dual-
energy X-ray absorptiometry. Presence of nutritional failure in the CF group
was defined according to the criteria BMI percentile < 10th and/or FFM-
index < 5th percentile. Statistics was done using (un)paired t-tests when
appropriate.

Results: Whole-body PS (p<0.05) but not PB, myofibrillar PB or colla-
gen PB was significantly stimulated after intake of the LEU/EAA mixture as
compared to the TAA mixture, resulting in 70% higher values for net PS
(P<0.001). Stratification of the CF group in nutritional failure (n=7) vs. nor-
mal nutritional status (n=7), showed no difference in (net) PS and PB values
(whole body, myofibrillar or collagen) after LEU/EAA intake indicating
comparable elevated values for net PS as compared to the TAA mixture in
both groups with CF. 

Conclusion: A dietary Leu/EAA mixture has a significantly higher ana-
bolic potential than a balanced mixture of amino acids in pediatric patients
with CF, independent of the presence of nutritional failure. This indicates
that even patients with CF characterized by nutritional failure are responsive
to amino acid modulation.

487�
CFTR-DEPENDENT HCO3

- SECRETION DECREASES
THE VISCOSITY OF MUCUS IN WT MOUSE DISTAL
SMALL INTESTINE
Yang, N.1; Quinton, P.M.1,2 1. Department of Pediatrics,
University of California San Diego, La Jolla, CA, USA; 2.
Division of Biomedical Sciences, University of California
Riverside, Riverside, CA, USA

Background and Aim: Distal intestinal obstruction syndrome (DIOS)
is a condition unique to cystic fibrosis, which is due to the accumulation of
abnormally viscous mucus in the terminal ileum, caecum and ascending
colon. Our recent studies showed that normal mucus secretion requires the
presence of CFTR-dependent HCO3

- secretion. Herein, we further hypothe-
size that the absence of CFTR-dependent HCO3

- also contributes to the for-
mation of abnormally thick mucus. The aim of the present study is to inves-
tigate the effect of CFTR-dependent HCO3

- on mucus viscosity in WT
mouse distal small intestine.

Methods: Two segments of distal small intestine from CL57Bl/6 WT
mice were incubated with stimulants in vitro in either NaCl (no HCO3

-) or
NaHCO3 (with HCO3

-) Ringer solution. Fluorescent microbeads (500 nm)
were added to mucus samples collected from incubated intestinal sacs. The
movement of the microbeads was recorded by cinematography and ana-
lyzed by spot tracking software. To study HCO3

- secretion, segments of the
WT or CFTR knock-out mouse distal small intestine were placed in Ussing
chambers, and HCO3

- secretion was measured via pH stat. 
Results: To obtain maximal mucus secretion, 5-HT (5-hydroxytrypta-

mine, 10 µM) plus PGE2 (prostaglandin E2, 1 µM) were added to the baso-
lateral solutions. The viscosity of mucus from intestines bathed in NaCl
Ringer solution was significantly more than mucus from intestines bathed in
NaHCO3 Ringer solution (3.2 ± 0.7 vs. 1 ± 0.1 cPa.s, p < 0.05, n=3), respec-
tively. To further show that HCO3

- secretion in small intestine is dependent
on CFTR, the effect of a CFTR inhibitor (glyH-101) and CFTR knock-out
mice were examined. Apical application of GlyH-101 (25 µM) significant-
ly inhibited 5-HT (10 µM) plus PGE2 (1 µM) -induced HCO3

- secretion
from 0.73 ± 0.24 to 0.16 ± 0.12 µM/cm2/h (p < 0.05, n=6) in WT mouse dis-
tal small intestine. Furthermore, 5-HT (10 µM) plus PGE2 (1 µM) did not
induce significant HCO3

- secretion in CFTR knock-out mouse distal small
intestine, indicating that 5-HT +PGE2 -induced HCO3

- secretion is depend-
ent on CFTR and that the abnormally viscous intestinal mucus in CF is like-
ly due to depressed HCO3

- secretion in the gut.
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Conclusion: The results indicate that CFTR-dependent HCO3
- secretion

decreases secreted mucus viscosity in WT mouse small intestine and the
absence of CFTR-dependent HCO3

- secretion likely contributes to the for-
mation of abnormally thick mucus in cystic fibrosis.

Acknowledgement: This work is supported by Elizabeth Nash Memo-
rial Fellowship, CFRI; MCCC-Cystic Fibrosis Foundation; NIH-RO1
HL084042. The authors thank Dr. Hui Dong for the use of his pH stat and
helpful discussions, Dr. Justin Hanes and Elizabeth Nance for providing
microbeads, and Dr. Richard Superfine and Jeremy Cribb for technical
support with spot tracking.

488�
LACK OF ASSOCIATION BETWEEN ESOPHAGEAL
IMPEDANCE INDICES AND DISEASE SEVERITY IN
CHILDREN WITH CYSTIC FIBROSIS
Boesch, R.P.1; Kaul, A.2; McPhail, G.L.1; VanDyke, R.1; Fenchel,
M.1; Warikoo, K.2 1. Pulmonary Medicine, Cincinnati Children’s
Hospital, Cincinnati, OH, USA; 2. Gastroenterology and
Nutrition, Cincinnati Children’s Hospital, Cincinnati, OH, USA

Objective: Gastroesophageal reflux (GER) is accepted to be highly
prevalent in children with cystic fibrosis (CF). Aspiration of acid and non-
acid reflux can potentially worsen CF lung disease. The aims of this cross-
sectional study were to describe the characteristics of GER in patients with
CF and evaluate associations between GER and nutritional parameters,
feeding characteristics, and pulmonary function. 

Methods: All patients from our CF center who had undergone
esophageal impedance monitoring from 2005–2011 were identified from
our impedance and CF databases. Impedance indices included: Total reflux
episodes, acid reflux episodes, non-acid reflux episodes, reflux episodes to
the proximal lead, acid exposure time, and reflux preceding cough correla-
tion. GER was defined as >72 total reflux events on 24 hour monitoring.
Clinical characteristics included age, gender, BMI or weight-for-length per-
centile (BMI-WFL%), gastrostomy tube, overnight gastrostomy feeds, base-
line best FEV1%, and if the impedance study was done during a pulmonary
exacerbation. Descriptive statistics evaluated associations between GER and
other impedance indices and clinical characteristics. Wilcoxon rank-sum
and Spearman correlations were used for comparisons of continuous vari-
ables, and chi-square or Fisher’s exact test for categorical variables.

Results: This analysis included 38 subjects, aged 2 months to 24 years
(median 11 years). The median BMI-LFW% was 25%, 14 (37%) had gas-
trostomy tubes, and 11 (29%) received overnight continuous feeds. Best
previous FEV1% ranged from 28-121% (median 80%) and 25 (66%) were
studied during a pulmonary exacerbation. There were 2592 total reflux
events recorded of which 1021 (29%) were acid, 1571 (61%) were non-acid,
and 946 (36%) reached the proximal lead. The prevalence of GER by total
reflux episodes was 30%. Although all but 3 subjects were on anti-acid med-
ications, 6 (16%) had an elevated acid exposure time of >4.2%. Reflux-
cough symptom correlation >50% was associated with total and proximal
reflux episodes (p=0.009, 0.006). There were no differences in any parame-
ter based on age or gender. Patients with gastrostomy or on overnight feeds
were more likely to have a lower BMI-WFL% (p=0.05, 0.03) and lower
FEV1% (p=0.08, 0.0005). They were not more likely to have increased
GER, proximal events, or increased acid exposure time. No impedance
indices correlated to BMI-WFL%. There was a trend to higher FEV1% in
patients with GER. There was no correlation between FEV1% and total
reflux episodes, proximal reflux episodes, or acid exposure time. There was
no association between GER and pulmonary exacerbation.

Discussion: GER is common in children and adolescents with CF. Sur-
prisingly, GER does not appear to be more common in those with poorer
lung function, admitted for a pulmonary exacerbation, and receiving contin-
uous overnight gastrostomy feeds. Although frequent reflux episodes, reflux
episodes reaching the proximal esophagus, and prolonged acid exposure
time all increase risk of lung injury from chronic aspiration, no association
was found between these indices and decreased lung function in this cohort.

489�
SPINK1 MUTATION N34S INCREASES RISK OF
PANCREATITIS IN PATIENTS WITH CF AND CFTR-
RELATED DISORDERS
Ooi, C.Y.1; Dorfman, R.3; Keenan, K.2,3; Dupuis, A.2,3; Gonska,
T.2,3; Freedman, S.D.5; Corey, M.3; Tullis, E.3,6; Cipolli, M.4;
Castellani, C.4; Durie, P.2,3 1. Uni of New South Wales & Sydney
Children’s Hospital Randwick, Sydney, NSW, Australia; 2.
Hospital for Sick Children, Toronto, ON, Canada; 3. Uni of
Toronto, Toronto, ON, Canada; 4. Verona CF Centre, Verona,
Italy; 5. Beth Israel Deaconess & Harvard Medical School,
Boston, MA, USA; 6. St Michael’s Hospital, Toronto, ON, Canada

Symptomatic pancreatitis (PANC) occurs predominantly in pancreatic
sufficient (PS) CF patients. We recently reported PS patients who carry mild
genotypes have a greater risk of developing PANC than those with severe
genotypes. However, only 20% of PSCF patients develop pancreatitis and
severity of CFTR mutations alone does not account for all occurrences of
PANC, suggesting involvement of non-CFTR modifying factors (genetic
+/- environmental). In contrast to previous studies evaluating genetic factors
in pancreatitis which compared any individual with pancreatitis against
“healthy” control, we investigated for genetic modifiers of PANC using a
candidate gene approach, in a cohort of PSCF and patients with CFTR-
related disorders with and without PANC.

Methods: Subjects were ascertained from the Canadian Consortium for
Genetic Studies, Toronto CF Clinics and the Verona CF Centre. Subjects
were excluded if they were <10 years old at time of last review. Patients with
CFTR-related disorders included those with single organ manifestations of
CF (chronic sinopulmonary disease, obstructive azoospermia, and pancreati-
tis) who either carry 2 CFTR mutations or 1 CFTR mutation and a border-
line sweat test (30-59 mmol/L). Exocrine pancreatic function was confirmed
objectively. Genotyping was performed for genes that are known to be asso-
ciated with an increased risk of pancreatitis including SPINK1, PRSS2,
cathepsin B (CTSB), chymotrypsin C (CTRC) and lipoprotein lipase (LPL).
The Kaplan-Meier product limit method was used to compare subjects with
PANC vs. no PANC; differences between groups were compared by log-
rank test.

Results: In all, 369 PSCF (64 PANC, 305 without PANC) and 54
CFTR-related disorders (19 PANC, 35 without PANC) were ascertained.
There were no significant differences between subjects with and without
PANC with SPINK1, PRSS2, CTSB, CTRC and LPL mutations (P>0.05).
However, the Kaplan–Meier estimate of the age at first episode of PANC
was significantly worse for subjects who carry a specific mutation in the
SPINK1 gene (N34S) than for those who do not (P=0.02); 25% of the sub-
jects with and without N34S mutation was estimated to have developed pan-
creatitis by 16 vs. 31 years old respectively.

Conclusions: The SPINK1 mutation N34S is a genetic modifier for CF
and CFTR-related pancreatitis and significantly increases the risk of pancre-
atitis.
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490
VITAMIN A LEVELS AT TIME OF CF DIAGNOSIS DO
NOT PREDICT SUBSEQUENT PULMONARY FUNCTION
TEST VALUES
Taylor, J.B.; Grotelueschen, A.; Capel, P.; Wademan, S.; Curless,
N.; Carver, T. Pulmonology, Children’s Mercy Hospital, Kansas
City, MO, USA

Thirty-three percent (33%) of children less than five years of age are
affected by vitamin A deficiency and approximately 670,000 pediatric
deaths a year are attributed to vitamin A deficiency worldwide (1, 2).
Recently, vitamin A supplementation in utero has been linked to improved
lung growth, development and function (3, 4). In cystic fibrosis (CF)
patients, normal vitamin A levels were recently shown to have a protective
effect on the respiratory status of older patients (5). Does the protective
effect of vitamin A, shown to be important in lung growth and development
in utero, continue throughout early childhood; and if so, do CF patients with
normal vitamin A levels at the time of diagnosis have better lung growth and
development compared to CF patients with low vitamin A levels at the time
of diagnosis? We performed a non concurrent, retrospective cohort study
that identified 47 CF patients diagnosed at our center between the years of
1990 and 2000. We determined 33 patients had normal vitamin A levels at
the time of diagnosis (16 of the patients were diagnosed with CF before two
years of age and 17 were diagnosed after two years of age). Ten patients had
low vitamin A levels at the time of diagnosis, (four in the group diagnosed
before two years of age and six in the group diagnosed after two years of
age). Four patients had high levels of vitamin A at the time of diagnosis. A
two-tailed t-test was performed to evaluate the relationship of the vitamin A
level at the time of diagnosis and lifetime highest FEV1 value. We found no
statistical significance between vitamin A levels at the time of CF diagnosis
and highest FEV1 attained (P=0.346). These results could be explained by
all of our patients being born in the United States where maternal vitamin A
deficiency is rare, and suggesting that maternal vitamin levels have a signif-
icant effect on initial lung growth and development. Also, lung growth can
occur up until eight years of age and our CF patients with low vitamin A lev-
els were, on average, 5 years of age with vitamin A supplementation being
initiated before full lung development had occurred. Small numbers
involved in our study may have not allowed for clear differences to be found.

References:
1. World Health Organization: Global Prevalence of Vitamin A defi-

ciencies in populations at risk. 1995-2005. WHO Global Database.
2. Black et al. Maternal and child undernutrition: Global and Regional

Exposures and Health Consequences. Lancet. 2008; 371(9608): 253.
3. Gilliland et al. Children’s Lung Function and Antioxidant Vitamin,

Fruit, Juice and Vegetable Intake. Am J Epidemiol. 2003; 158: 576-584.
4. Checkley et al. Maternal Vitamin A Supplementation and Lung Func-

tion in Offspring. N Engl J Med. 2010; 362(19): 1784-1794.
5. Aird et al. Vitamin A and lung function in CF. J Cyst Fibros. 2006; 5:

129-131.

491
PREVALENCE AND CLINICAL OUTCOMES OF
DYSLIPIDEMIA IN THE MONTREAL CYSTIC FIBROSIS
COHORT
Belson, L.1,2; Ishimo, M.2; Coderre, L.2; Berthiaume, Y.3; Rabasa-
Lhoret, R.2,4 1. Nutrition, Université de Montréal, Montreal, QC,
Canada; 2. Institut de Recherches Cliniques de Montreal,
Montreal, QC, Canada; 3. Centre Hospitalier de l’Université de
Montréal, Montreal, QC, Canada; 4. Médecine, Université de
Montréal, Montreal, QC, Canada

Introduction: Contrary to the general population, people with cystic
fibrosis (CF) have, for primary nutritional recommendation, high-fat and
high-calorie diets. This is mainly due to the fact that despite pancreatic
enzymes supplementation (>80%), intestinal malabsorption persists. 

Objectives: Characterize lipid profiles, analyze the causes and potential
complications of these abnormalities in CF patients and highlight a possible
association with abnormal glucose tolerance. 

Subjects: Two hundred four CF subjects and 20 control subjects were
included in this study. All subjects underwent an Oral Glucose Tolerance
Test (OGTT) to determine their glucose tolerance. Lipid profiles including

triglycerides, total, HDL and LDL cholesterol were measured at fasting
state. An electronic scale was used to determine body fat, lean mass and
body mass index (BMI). 

Results: Hypertriglyceridemia (HPTG) was found in 20 CF patients
subsequently matched with 20 CF patients non-HPTG. The matching crite-
ria were gender, age, pancreatic insufficiency, genotype and status of glu-
cose tolerance. Comparing the three groups (CF-HPTG, CF non-HPTG and
non-CF) showed differences on insulin secretion and resistance. For a com-
parable glycemic status, CF-HPTG patients had lower insulin sensitivity
resulting in a higher secretion of insulin. BMI, blood pressure and inflam-
mation does not appear to differ between groups. Women tend to be more
frequently affected than men to HPTG. 

Conclusion: HPTG appears to be an isolated phenomenon and does not
seem to have any of the complications encountered in the general popula-
tion.

* or $ : differences between groups ; N.S: no statistical difference

492
GASTROESOPHAGEAL REFLUX AND COUGH IN
PATIENTS WITH CYSTIC FIBROSIS
Palm, K.M.1; Sawicki, G.S.1; Rosen, R.L.2 1. Division of
Respiratory Diseases, Children’s Hospital Boston, Boston, MA,
USA; 2. Center for Motility and Functional Gastrointestinal
Disorders, Children’s Hospital Boston, Boston, MA, USA

Objective: The cause and effect relationship between cough and gas-
troesophageal reflux in cystic fibrosis (CF) has been widely debated. The
frequency in which 1) cough is associated with reflux, 2) cough precedes
reflux or vice versa, 3) symptoms are triggered by acid versus non-acid
reflux, and 4) distal versus proximal reflux causes cough are unknown. Our
objective was to address these questions using impedance probe test (pH-
MII) testing in patients with CF. 

Methods: We performed a retrospective chart review of all patients with
CF who underwent pH-MII testing between 2003 through 2010. pH-MII
recordings were reviewed for each 24 hour study. Coughs were recorded on
a symptom log by the patient. A cough was considered associated with a
reflux event if it occurred within a 2 minute window before or after the
cough. Validated measures of association between reflux and cough were
calculated (symptom index, SI, symptom sensitivity index, SSI, and the
symptom association probability, SAP) for each pH-MII study. We calculat-
ed the percent of time reflux was in the esophagus by summing the distal
bolus clearance times and dividing by the total study duration. We used
Spearman correlations to determine the relationship between reflux burden
and symptom association.

Results: Thirty-five patients were included in the analysis. The mean
age was 13.7 ± 5.9 years. The mean percent-predicted FEV1 was 70% ±
23%. There were 425 recorded coughs of which 222 (52%) were associated
with reflux. The mean total number of coughs per patient during pH-MII
was 12.5±16. The mean number of coughs associated with reflux was 5.8 ±
8.8. The mean SI, SSI and SAP were 38±30%, 7±11% and 55±43, respec-
tively. Thirty-one percent of coughs occurred before reflux compared to
69% after reflux. Of all of the coughs associated with reflux, 50% were
associated with distal reflux and 50% with proximal reflux (p=1.0). There
was a significant positive correlation between the SI (% of coughs associat-



2011 Cystic Fibrosis Conference

392

ed with reflux) and acid reflux suggesting that acid was more likely to trig-
ger symptoms than non-acid reflux (Table). 

Conclusions: In patients with CF, we found that 1) when cough is asso-
ciated with reflux, the reflux is more likely to occur before the cough than
after; 2) distal and proximal reflux are equally as likely to trigger a symp-
tom; and 3) acid reflux is more likely to be associated with cough than non-
acid reflux. 

Supported by: This research was supported by the CFF PALM 11A0
(KP), K23 DK073713 (RR), and R03DK089146 (RR).

Correlation between reflux burden and the symptom index (SI)

493
ARE DIFFERENT MEASURES OF BODY HABITUS
ASSOCIATED WITH LUNG FUNCTION IN INDIVIDUALS
WITH CYSTIC FIBROSIS? A CROSS SECTIONAL STUDY
Forrester, D.1,2; Knox, A.1,2; Smyth, A.5,2; Dewar, J.4; Fogarty,
A.3,2 1. Respiratory Medicine, University of Nottingham,
Nottingham, United Kingdom; 2. Respiratory Biomedical
Research Unit, Univ. of Nottingham, Nottingham, United
Kingdom; 3. Public Health and Epidemiology, Univ. of
Nottingham, Nottingham, United Kingdom; 4. Resp Med,
NUHNHS Trust, Nottingham, United Kingdom; 5. Child Health,
Univ. of Nottingham, Nottingham, United Kingdom

Background: Differences in body habitus may explain some of the
variations in lung function observed between individuals with cystic fibro-
sis (CF). We tested the hypothesis that increased body mass index and lean
muscle mass were associated with higher lung function in cystic fibrosis.
Serum creatinine was used as a biomarker for lean muscle mass [1].

Methods: The study population consisted of clinically stable adults
with a diagnosis of CF identified from the UK CF Registry who provided
data on body mass index (BMI) and serum creatinine levels at an annual
assessment visit in 2008. Those individuals with a creatinine higher than 300
µmol/L were excluded from the analysis. The initial analysis used linear
regression to adjust for potential confounders (age, height, gender) to assess
linearity of associations observed. As the relationship of serum creatinine
and Forced Expiratory Volume in one second (FEV1) was linear, data for
this association is presented per standard deviation increment. The associa-
tion between BMI and FEV1 was nonlinear and this is presented as a cate-
gorical variable.

Results: A total of 2644 individuals provided complete data in 2008 and
of these 56% were male. In the mutually adjusted model both serum creati-
nine and BMI were positively associated with both FEV1 and FVC. As this
association effect was modified by gender (LRT for interaction, p=0.02), the
analysis was stratified.

A one standard deviation increment in serum creatinine was associated
with an increase of FEV1 of 181mL (95% confidence intervals CI: +127 to
+235) in males and 95mL (95% CI: +53 to +136) in females. Compared to
the reference group of 20-24.9 Kg/m2, those with a BMI ≤19 had lower
FEV1 Kg/m2 with values of -645mL (95%CI: -780 to -510) for males and -
464 mL (-556 to -371) for females. 

Conclusions: Both lower serum creatinine and a decreased BMI are
independently associated with lower lung function in adults with CF. While
BMI is considered an important clinical outcome in the management of CF,
consideration of lean muscle mass as an independent outcome measure may
be useful in future research and also in the provision of clinical care. 

Funding: Cystic Fibrosis Foundation. 
References: 1. Schutte J, Longhurst J, Gaffney A, Bastian B, Blomquist

C. Total plasma creatinine: an accurate measure of total striated muscle
mass. J Appl Physiol 1981; 51: 762-766.

494
RENAL STONES IN ADULTS WITH CYSTIC FIBROSIS
McSorley, A.D.; Webb, K.; Jones, A.M. Manchester Adult CF
Centre, Manchester, United Kingdom

Introduction: Abdominal ultrasound scans are recommended as part of
the annual review for CF patients. We have recently noted that a number of
the patients at the Manchester Adult Cystic Fibrosis Centre had a finding of
a renal stone reported during their abdominal ultrasound examination. 

Aims: We performed a study to determine the prevalence of renal stones
in patients attending the Manchester Adult CF Centre.

Methods: A case note review was performed for all patients who attend-
ed the Manchester Adult CF Centre. All patients with an abdominal ultra-
sound scan in the years 2007-2009 were included in the study. Patient demo-
graphics including age, sex, %predicted FEV1, exocrine pancreatic status,
and body mass index were recorded. 

Results: Case note review identified 273 of 330 patients who had an
abdominal ultrasound scan in the study period. The case note review identi-
fied a history of stone disease in 17 out of 273 (6.3%) patients with CF
attending our centre. A total of 252 patients have exocrine pancreatic insuf-
ficiency (PI) and include 16 stone formers. The remaining stone former is
amongst the 21 pancreatic sufficient (PS) patients. The stone formers had a
lower mean (SD) %predicted FEV1 (46.7 (23.8)%) then non-stone formers
(64.8 (24.4)%), p=0.004. There were no significant differences in mean
(SD) age [30.7 (11.0) v. 27.0 (9.8) years, p=0.26], sex [8 (47%) males v.143
(55.9%) males p=0.480], or mean (SD) body mass index [21.5 (4.5) v. 21.5
(4.6) p=0.558] between stone formers and non-stone formers, respectively.

Discussion: The prevalence of renal stones, as detected by ultrasonog-
raphy, in the patients attending the Manchester Adult CF Centre is 6.3%.
The patients who had renal stones on their ultrasound scan had a lower
%FEV1 than patients without stones. As the number of adults with CF con-
tinues to increase and survival time continues to improve for those with
severely impaired %FEV1, Adult CF Centres may increasingly encounter
cases of renal stone disease in their patient population.

Further studies are required to investigate the aetiology, guide preven-
tion strategies and aid management of renal stone disease in CF.

495
BODY COMPOSITION AND ITS RELATIONSHIP TO
EXERCISE TOLERANCE AND LUNG FUNCTION IN
PAEDIATRIC CYSTIC FIBROSIS PATIENTS
Taylor, C.J.; Deakin, C. Academic Child Health, University of
Sheffield, Sheffield, United Kingdom

Objective: To identify any relationships between body composition,
lung function and exercise tolerance in children with cystic fibrosis. 

Background: Many studies emphasise the need for children with CF to
gain weight as this has been found to positively influence lung function and
disease progression. However, with the recent concerns over childhood obe-
sity, it is now being questioned whether excessive weight gain/ increased fat
mass in CF patients can be detrimental to their exercise tolerance and lung
function. This study aims to analyse how the body composition of children
with CF may affect their exercise tolerance and lung function by comparing
BMI, total body, fat free and fat masses with lung function and exercise
capacity (assessed using the modified shuttle walk test) in order to ascertain
whether there is an optimum body composition or type of weight gain for
CF patients. 

Methods: Body composition - BMI%, total body mass (TBM), fat free
mass (FFM) and fat mass (FM) were assessed and compared to the lung
function and exercise tolerance in 63 children with CF (mean; SD age 10.3;
2.9, mean; SD FEV1%, 90.3;16.2, mean; SD FVC%, 95.4;16.9). Correla-
tions between variables were analysed using stepwise regression analysis
via SPSS. 

Results: Correlations were found between exercise tolerance, TBM and
FFM (0.3, 0.44 - Spearman’s correlations respectively) which also showed
weaker correlations with lung function (0.27, 0.26 respectively). FFM
accounted for 14.4% of exercise tolerance but no body composition meas-
ures accounted for lung function to statistical significance (P less than 0.05). 

Conclusion: FFM was found to be the best predictor of exercise toler-
ance. Therefore, we conclude that patients should be encouraged to gain
lean body mass, rather than weight in general, in order to maintain/improve
exercise tolerance as this is the largest contributor to FFM.
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Correlation between fat free mass (FFM) and shuttle run score.

496
VITAMIN D SUPPLEMENTATION AND SERUM
VITAMIN D IN PEDIATRIC CF PATIENTS
Mallowe, A.1; Michel, S.1; Kelly, A.2 1. Pulmonary Medicine,
Children’s Hospital of Philadelphia, Philadelphia, PA, USA; 2.
Endocrinolgy, Children’s Hospital of Philadelphia, Philadelphia,
PA, USA

Vitamin D deficiency is common in CF despite relatively high dose
ergocalciferol (vitamin D2) supplementation. Vitamin D3 (cholecalciferol)
is considered more potent in non-CF patients but little data are available
describing the use of D3 in addressing vitamin D deficiency in children
with pancreatic insufficient (PI) CF. 

Objectives: 1.) To review 25OHD levels and vitamin D3 supplementa-
tion used in clinical practice amongst Children’s Hospital of Philadelphia
CF Center PI-CF patients and 2.) To explore factors impacting 25OHD. 

Methods: Retrospective chart review (1/1/08 to 8/1/2010) of PI-CF
patients age>2y. Data were collected for all occasions when 25OHD was
available during the study period and included: age, gender, race, BMI per-
centile (BMI%), FEV1%-predicted (FEV1%), D3 supplementation (multi-
vitamins and D3 supplements), serum 25OHD and season. Mixed effect
models were used to assess the effect of D3 dose on 25OHD levels after
adjusting for confounders. 

Results: 25OHD (mean±1SD) was available at: baseline
36.7±12.2ng/mL (n=113); two occasions 33.7±10ng/mL (n=98); three occa-
sions 35.9±11 (n=47). Baseline data: age 11.5±5y, 63 female, 7 black,
BMI% 53±24, FEV1% 102±18. 25OHD was <30ng/mL in 40% and
<20ng/mL in 12%. 25OHD was lower in black (20.1±5.4) vs nonblack
(37.7±1.1); p=0.0001. Males had a higher 25OHD (39.4±13.7) vs females
(34.5±10.4) p=0.033. Baseline 25OHD did not differ between winter
(34.5±1.8) and summer (38.5±1.4) p=0.09. No relationship was found
between 25OHD and FEV1% (p=0.105) or BMI% (p=.421). Median base-
line D3 dose/day (6 children were on no supplementation) was 1000IU
(min-max: 200-8000; 85% were on CF-specific MVI) and did not differ by
gender (p=0.28) but differed between blacks (860±219) and nonblacks:
(1432±1092) p=0.046. Baseline 25OHD was positively associated with sub-
sequent 25OHD. In longitudinal models, 25OHD was positively associated
with summer (p<0.001) and negatively associated with being black
(p=0.007) but was not associated with previously prescribed D3. 

Conclusions: While optimal 25OHD status in CF remains to be defined,
25OHD>30ng/mL is attainable with daily D3 supplementation via CF-spe-
cific MVI. From this chart review we are unable to deduce the specific dose
of vitamin D3 supplementation that is necessary to correct vitamin D defi-
ciency/insufficiency or the dose necessary to maintain sufficiency in all
patients. As with the general population, blacks were at increased risk for
vitamin D deficiency while 25OHD was unrelated to either nutritional or
pulmonary status in this relatively healthy PI pediatric population. Longitu-
dinal studies are necessary to define not only optimal vitamin D status but
the D3 dose necessary to achieve and maintain optimal vitamin D status.

497
CHARACTERIZATION OF COLONIC POLYPS IN
PATIENTS WITH CYSTIC FIBROSIS UNDERGOING
SCREENING OR SURVEILLANCE COLONOSCOPY
Herzog, T.; Baloun, B.; McAllister, S.; Dunitz, J.; Khoruts, A.;
Billings, J.L. Medicine, University of Minnesota, Minneapolis,
MN, USA

Introduction: In 2009, after review of the literature and clinical expe-
riences, the Minnesota CF Center changed the age for screening colono-
scopies to 40 years in patients with CF who were clinically stable. Given the
special challenges in cleansing the colon of CF patients to allow optimal
screening exam, this change in the Center’s standard of care involved deter-
mining an appropriate bowel prep to allow for a complete study. A database
collecting information on potential colon cancer risk factors was initiated.

Methods: We identified 16 CF patients who underwent screening or
surveillance colonoscopies beginning in 2009. We collected information on
the procedure prep that was used as well as the quality of the prep as docu-
mented by clinician reports. Descriptive statistics are presented as mean and
standard deviation. 

Results: The average age at the time of screening colonoscopy was 45.5
(±7.5) years. There were 9 males and 7 females that underwent the proce-
dure, and 2 were post-lung transplant. There were no immediate complica-
tions documented with any of the procedures. The colonoscopy preps
involved a quadruple split regimen with magnesium citrate and polyethylene
glycol-based purgatives. The prep was considered optimal in all of studies
using both Aronchik and Ottawa scales of quality. Colonic polyps were
found in 5 of the studies. All patients with polyps were males. Remarkably,
all patients had multiple (6 ± 1.8) polyps. All polyps were adenomatous.

Summary: Cystic fibrosis appears to be associated with early onset of
adenomatous polyp growth in the colon. The rigorous prep protocol admin-
istered for these exams allowed for adequate visualization of the entire
colon. Male gender may be risk factor for adenomatous colon polyps in
cystic fibrosis patients.

498
VITAMIN K STATUS OVER THE DECADE: IMPROVING
BUT NOT THERE YET
Dougherty, K.A.; Schall, J.I.; Maqbool, A.; Mascarenhas, M.R.;
Latham, N.E.; Wooden, T.D.; Stallings, V.A. Pediatrics, The
Children’s Hospital of Philadelphia, Philadelphia, PA, USA

We recently showed (Dougherty et al., AJCN, 2010) that vitamin K sta-
tus was often suboptimal despite routine supplementation in subjects with
cystic fibrosis (CF) and pancreatic insufficiency (PI) recruited between 2000
and 2002. Over the past decade, it is unclear if increasing vitamin K in some
CF specific supplements and / or changing supplementation patterns has
improved vitamin K status in this population.

Objectives: To compare vitamin K supplemental intake and status
among subjects with CF and PI recruited between 2000 and 2002 (CF1;
aged 8-25 y), 2007 and 2011 (CF2; aged 5-18.9 y) and healthy subjects
recruited between 2001 and 2007 (healthy; aged 6-21 y; only age, sex and
vitamin K status were obtained in the healthy subjects).

Methods: Anthropometry, dietary intake, vitamin K supplement intake
and vitamin K status (percentage of serum undercarboxylated osteocalcin
(%ucOC) grouped as sufficient, <20%; insufficient, 20–50%; and deficient,
>50%) were assessed. Vitamin K supplementation groups were: <150 (low;
multivitamins or no supplement), 150–999 (middle; CF-specific vitamins),
and ≥1000 µg/d (high; mephyton).

Results: Eighty-one, 97 and 140 subjects in the CF1, CF2 and healthy
groups, respectively, did not differ by sex (male, female: 49, 48 vs. 50, 31 vs.
73, 67; CF1 vs. CF2 vs. healthy), however subjects in the CF2 group were
significantly younger (15 ± 4 vs. 11 ± 3 vs. 14 ± 4 y; CF1 vs. CF2 vs.
healthy; both P<0.05). Overall, subjects with CF had mild pulmonary dis-
ease (FEV1 = 85 ± 20 vs. 94 ± 22% predicted; CF1 vs. CF2; P<0.05) and
suboptimal growth status as indicated by negative z scores for height (-0.5
± 1.0 vs. -0.3 ± 0.9; CF1 vs. CF2; P>0.05), weight (-0.5 ± 1.0 vs. -0.3 ± 0.7;
CF1 vs. CF2; P>0.05), and BMI (-0.3 ± 0.9 vs. -0.2 ± 0.8; CF1 vs. CF2;
P>0.05). The median [range] dietary vitamin K intake was higher in the CF1
vs. CF2 group (61 [17, 780 µg/d] vs. 51 [12, 238 µg/d]; CF1 vs. CF2;
P=0.04). Daily supplemental vitamin K intake in the CF1 group was approx-
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imately divided into thirds (n = 27 (low); 33 (middle); and 37 (high)) where-
as more subjects in the CF2 group were either taking CF-specific vitamins
or mephyton (n = 8 (low); 58 (middle); and 15 (high)). The median [range]
%ucOC improved over the past decade in subjects with CF (35 [3, 76%] vs.
28 [5, 99%]; CF1 vs. CF2; P<0.001), but did not reach levels in healthy sub-
jects (23 [0, 43%]). The percentage of subjects with %ucOC value indicat-
ing sufficient, insufficient, and deficient were 27, 53 and 20% in the CF1
group, 30, 68 and 2% in the CF2 group and 37, 63 and 0% in the healthy
group, respectively.

Conclusions: Although vitamin K status has improved over the past
decade in children and young adults with CF and PI, levels have not reached
those of healthy subjects. These data suggest that higher doses of vitamin K
are required.

Supported by NIDDK (R44DK060302), CTRC, (UL1RR024134),
NCRR/CTSA/K12 (KL2RR024132), Avanti Polar Lipids, Inc., and Nutri-
tion Center at the Children’s Hospital of Philadelphia.

499
ORAL DHA SUPPLEMENTATION IN CHILDREN WITH
CF: A RANDOMIZED PLACEBO-CONTROLLED STUDY
Alicandro, G.1; Gagliardini, R.2; Rise’, P.3; Santini, B.4; Biffi, A.1;
Tirelli, S.1; Tiso, R.1; Valmarana, L.1; Cirilli, N.2; Colombo, C.1 1.
Department of Pediatrics, CF Center, Fondazione IRCCS Ca’
Granda Ospedale Maggiore Policlinico, Milan, Italy; 2. CF
Center, U.O. Medicina Pediatrica, A.O.U. Ospedali Riuniti “G.
Salesi”, Ancona, Italy; 3. Dip. Di Scienze Farmacologiche,
Università degli studi di Milano, Milano, Italy; 4. CF Center,
Centro Pediatrico Pneumologia Pediatrica Ospedale Regina
Margherita, Torino, Italy

Background: Low docosahexaenoic acid (DHA) plasma concentration
was reported in CF patients. Arachidonic acid (AA) is associated with
increased proinflammatory eicosanoids, whereas DHA provides antinflam-
matory products. 

Aims: To evaluate biochemical and clinical effects of one year DHA
supplementation in CF patients. 

Methods: A multicenter double-blind placebo-controlled study was per-
formed. Thirty-four CF patients aged 6 to 10 years were randomized to
receive DHA (100mg/kg/day in the first month and 1g per day thereafter) or
placebo (germ oil in identical capsules). Plasma fatty acids concentrations
were determined by GLC. Clinical (pulmonary function and anthropometry)
and biochemical data (standard biochemistry, inflammatory cytokines,
liposoluble vitamins, steatocrit) were collected every 6 months. 

Results: Five patients dropped out. In the treatment group, but not in the
control group, a significant DHA enrichment in plasma (median % of plas-
ma FA from 1.40 up to 4.5%) and a decrease in AA/DHA ratio were docu-
mented after 6 months. Interleukin-8 decreased significantly after 6 months
but this finding was not consistently maintained. No changes in respiratory
function, nutritional status and other biochemical parameters were detected
in both groups. 

Conclusions: DHA supplementation for one year did not induce any
relevant improvement in CF patients.

500
AGE-DEPENDENT CHANGES IN FATTY ACID
PROFILES OF F508DEL MICE
Henderson, L.; Bederman, I.; Darrah, R.; Drumm, M.L.
Pediatrics, Case Western Reserve University, Cleveland, OH,
USA

Humans with cystic fibrosis (CF) typically have short stature and low
BMI, both strongly associated with pulmonary function and longevity.
Therefore, promoting growth in CF has become a key clinical goal. Essen-
tial fatty acids (EFA) play a pivotal role in postnatal growth and develop-
ment. Pediatric and adult CF patients have abnormal plasma and tissue fatty
acid profiles, specifically, deficient amounts of EFAs linoleic (LA, 18:2n-6)
and docosahexanoic acid (DHA, 22:6n-3) indicating that dietary intake,
absorption and/or further processing of EFAs is defective in CF. However,
these abnormal fatty acid profiles are independent of pancreatic insufficien-
cy and fat malabsorption, processes typically implicated as causing reduced
growth in humans with CF. Linoleic acid supplementation fails to normal-

ize LA and DHA plasma levels in CF patients, suggesting that the mecha-
nisms of EFA deficiency in CF are more complex than simply inadequate
nutrient intake. EFA deficiency has been demonstrated in mouse models of
CF, but the results are conflicting. The objective in this work is to quantify
plasma and liver fatty acid profiles representative of various developmental
stages in F508del mice. We studied mice at neonatal (1-2 day old), post-
weaning (23-25 days old), young adult (42 days old), and mature (70 days
old) time points. We measured growth-related indices, including body
weight and dietary caloric intake. Thirteen fatty acids were extracted from
plasma and liver samples and their concentrations determined using gas
chromatography-mass spectrometry. We find that neonatal CF mice have
normal FA plasma profiles except for a decreased level of arachidonic acid.
Post-weaning CF mice have significantly decreased levels of several fatty
acids including LA, linolenic, DHA and eicosapentanoic. This correlates
with significantly reduced dietary intake at this age. By young adult age,
plasma fatty acids are comparable or elevated above the wildtype levels
which correlate with normalized dietary intake at this age. Fatty acid profiles
in mature mice are currently being determined. We computed the desatura-
tion ratios (16:1/16:0 and 18:1/18:0) and find that both are significantly
decreased in post-weaning CF mice. Using the rationale of Aldámiz-
Eschevarría et. al. (Ped. Res, 2009), we determined various fatty acid ratios
and find results similar to those reported in CF patients (specifically, elevat-
ed AA/LA and LA/DHA ratios) in both post-weaning and young adult mice.
We also examined fatty acid profiles in the livers of all but neonatal mice.
Our results show that palmitic and stearic fatty acids are elevated in post-
weaning CF mice but not in young adult mice suggesting that transport of
those fatty acids from the liver may be affected in post-weaning CF mice. In
summary, our preliminary results indicate that F508del mice have (i) normal
fatty acid profiles while on maternal nutrition, (ii) deficient nutrient intake
and essential fatty acid deficiency post-weaning, and (iii) normalization of
dietary intake and fatty acid profile by adult/mature age. Based on our find-
ings, we conclude that growth deficiency in CF mice has a complex etiolo-
gy, involving an interplay between developmental stage and dietary intake.
These studies are supported by the NIH and CF Foundation.

501
PANCREATIC DAMAGE IN A CYSTIC FIBROSIS PIG
MODEL INVOLVES THE ACTIVATION OF
PROINFLAMMATORY PATHWAYS
Abu-El-Haija, M.1; Ramachandran, S.1; Meyerholz, D.K.2; Abu-
El-Haija, M.1; Griffin, M.1; Giriyappa, R.1; Welsh, M.J.3,4;
McCRay, P.1; Uc, A.1 1. Pediatrics, University Of Iowa Hospitals
and Clinics, Iowa City, IA, USA; 2. Pathology, University of Iowa
Hospitals and Clinics, Iowa City, IA, USA; 3. Internal medicine,
University of Iowa Hospitals and Clinics, Iowa City, IA, USA; 4.
Howard Hughes Medical Institute, Carver College of Medicine,
Iowa City, IA, USA

Background: Pancreatic disease starts in utero in humans with cystic
fibrosis (CF) and progresses over time to complete destruction of the organ.
It is proposed that the lack of cystic fibrosis transmembrane conductance
regulator (CFTR) leads to acidic, dehydrated, and protein-rich pancreatic
secretions, which then plug the lumen and cause destruction of the gland. 

The steps between the lumen-occluding secretions and the pancreatic
damage are not well understood. 

Hypothesis: Proinflammatory pathways are involved in the destruction
of the pancreas in CF. Tissue remodeling (mucous cell metaplasia, duct cell
proliferation) are late events. 

Methods: We used microarray gene expression profiling to explore the
differences between CF and non-CF pig pancreata of newborn and fetal pigs
(90 day gestation, normal pig gestation is ~ 115 days) (Newborn n=4 CF,
n=8 non-CF; fetal n=4 CF, n=4 non-CF). Microarray findings were validat-
ed using qRT-PCR and immunohistochemistry (IHC). 

Results: Microarray gene expression profiling of the newborn and 90
day-old CF fetal pig pancreas showed significant upregulation of proinflam-
matory, complement cascade (classical and alternative) and profibrotic path-
ways compared to non-CF. IL-8 and NFκB expression (qRT-PCR) were
increased in the CF fetal and newborn pig pancreas (48- and 1.5-fold
increase in the fetus, p<0.001 and 0.05 respectively, CF vs. non-CF; 30- and
5-fold increase in the newborn, p<0.001 CF vs. non-CF), indicating that
proinflammatory pathways were activated in utero. Complement 3 (C3),
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C1Qb and complement factor B (CFB) were also upregulated in the CF pig
pancreas at both time points (12-, 8- and 12-fold increase in the fetus,
p<0.001 CF vs. non-CF; 26-, 31-, 12-fold increase in the newborn, p<0.001
CF vs. non-CF). Apoptotic cells (some acinar cells with frequent leuko-
cytes) were detected in the CF pig fetal and newborn pancreas, but not con-
trols (caspase-3, IHC). Involvement of the profibrotic pathways was demon-
strated in CF pig pancreas (both fetal and newborn) by increased expression
of alpha smooth muscle actin (α-SMA, IHC) and transforming growth fac-
tor beta1 (TGFβ1, qRT-PCR, 4- fold increase in the fetus, p<0.001 CF vs.
non-CF, 9- fold increase in the newborn, p<0.001 CF vs. non-CF). In con-
trast, duct cell proliferation (Ki-67, IHC) and mucous cell metaplasia (his-
tology) were more readily detected in newborn pigs, but not fetuses with CF.
Conclusions: Our findings suggest that the pancreatic destruction in CF
results from the activation of proinflammatory, complement cascade,
proapoptotic and profibrotic pathways. Tissue remodeling (mucous cell
metaplasia, duct cell proliferation) follows the destructive process. Manip-
ulation of these pathways may have an impact on the course of pancreatic
disease in CF.

502
ANALYSIS OF PANCREATIC ENZYME REPLACEMENT
THERAPY DOSING ON NUTRITIONAL OUTCOMES IN
CHILDREN WITH CYSTIC FIBROSIS
Haupt, M.1,2; Wang, D.2; Kim, S.3; Schechter, M.S.3; McColley,
S.A.1,2 1. Children’s Memorial Hospital, Chicago, IL, USA; 2.
Northwestern University Feinberg School of Medicine, Chicago,
IL, USA; 3. Childrens Healthcare of Atlanta and Emory
University, Atlanta, GA, USA

Background: Nutritional status is strongly associated with pulmonary
function and survival in cystic fibrosis. In the 2009 Cystic Fibrosis Founda-
tion Patient Registry, 89.1% of subjects were taking pancreatic enzyme sup-
plementation. There is little published data demonstrating the impact of pan-
creatic enzyme dosing on nutritional outcomes in children with CF. There is
high variability in enzyme dosing at US CF Centers: in 2009, the range of
average enzyme dosing was between 1000 and 3000 lipase units/kg/meal at
US CF Centers (mean 1888 lipase units/kg/meal). 

Purpose: We hypothesized that higher enzyme dosing, expressed as
lipase units/kg/meal, is correlated with better nutritional status, as measured
by average body mass index (BMI) percentile, at US CF Care Centers. 

Methods: A retrospective analysis of the CF Foundation Patient Reg-
istry from 2005 to 2008 was performed. Patients 2 to 20 years old with pan-
creatic insufficiency or taking pancreatic enzyme supplementation were
included. Centers with fewer than 10 unique patients were excluded. A
descriptive analysis was performed for each year of the study. A linear
mixed model with a random intercept was used to analyze continuous BMI
percentile at the center level. The outcome measure was BMI percentile and
the predictive variable was enzyme dose in lipase units per kilogram per
meal. A quantile regression analysis was completed at the center and indi-
vidual level.  

Results: Over the study period, the mean BMI percentile was 55.23
(range, 48-97) at top quartile centers and 24.25 (range, 0.14-36.7) at lowest
quartile centers. Higher BMI quartile was associated with higher enzyme
dose (Table).

A linear mixed model analysis at the center level did not demonstrate a
significant relationship between enzyme dose and BMI percentile (p = 0.8)
after adjustment for age. A statistically significant inverse relationship
between enzyme dose and BMI percentile was noted at the individual level
(p<0.05) via quantile regression analysis. 

Conclusion: Top performing US CF Centers for nutritional outcomes as
measured by BMI percentile have higher enzyme dosing than lower per-
forming centers. This effect does not persist when corrected for age. Fur-
thermore, children with worse BMI percentile receive higher doses of
enzyme replacement therapy per kilogram body weight than those with
acceptable nutrition. This may represent prescribing patterns, in which
patients with lower body weight receive more therapy. Further analysis is
required to understand the relationship between enzyme dosing and nutri-
tional outcomes in children with CF. 

Supported by a Cystic Fibrosis Foundation First Year Fellowship Grant
and a Coleman Family Grant.

503
MACRONUTRIENT ANALYSIS OF ENERGY INTAKE IN
CHILDREN WITH CF: FOUR YEARS FOLLOWING A
BEHAVIOR-NUTRITION INTERVENTION
Baker, M.A.1; Spear, S.L.2; Sullivan, S.M.2; Chamberlin, L.2;
Wooldridge, J.3; Acton, J.4; Powers, S.W.2 1. University of
Cincinnati College of Medicine, Cincinnati, OH, USA; 2.
Behavioral Medicine and Clinical Psychology, Cincinnati
Children’s, Cincinnati, OH, USA; 3. Pediatric Pulmonary
Medicine Department, SSM Cardinal Glennon Children’s
Medical Center, St. Louis, MO, USA; 4. Department of Child
Health, University of Missouri, Columbia, MO, USA

Background: One of the main objectives in cystic fibrosis (CF) care is
to achieve optimal growth1. Given protein is a major cellular structural com-
ponent and functions as enzymes and hormones, it is important for both
growth and to maintain a healthy immune system. While energy intake has
received a great deal of attention in CF research and clinical care, macronu-
trient intake and its relationship to growth has not been previously investi-
gated. 

Aims: To examine macronutrient intake in young children with CF, with
specific focus on comparison to Cystic Fibrosis Foundation (CFF) macronu-
trient recommendations, and to compare specific macronutrient intake with
trends in growth. 

Participants: Eight children (3 female, 5 male) with CF aged 3 to 8
years (mean 5.6). 

Methods: Macronutrient intake was obtained every 6 months for 4
years following a randomized clinical trial testing a behavior-nutrition treat-
ment in toddlers with CF. Intake composition was assessed for each subject
through three 24-hour diet recalls. Macronutrients were analyzed using
Nutritional Data System for Research software. 

Results: Mean daily average percent calories from fat was 35.2% (range
22.9 – 49.5) for all children. Two of 8 participants met CFF recommendation
of 40% calories from fat at 2-year follow-up and 1 of 8 met recommendation
at 4-year follow-up. There was no statistical difference from 2 (36.4%) to 4
(35.0%) years post-treatment. No significant correlation was found between
BMI percentile and percent calories from fat. Mean daily percent calories
from protein was 12.3% (range 7.5 – 17.0). None of 8 participants met rec-
ommended 20-30% calories from protein at all time points in the 4-year fol-
low-up. A Pearson correlation between BMI percentile and percent calories
from protein approached traditional levels of significance, r = .255, p =
.065. 

Conclusions: The 4-year follow-up results show that participants were
not meeting recommendations for fat and protein intake, and their trends in
consumption were stable over time. These findings demonstrate a need and
opportunity to increase fat and protein intake to CFF recommendations. One
way to achieve this aim would be to replace carbohydrate intake with fat
and/or protein. 

Macronutrient intake in CF and its relationship to growth has not been
previously investigated. In order to better understand how to achieve ade-
quate growth in children with CF future research should examine the rela-
tionship between protein intake and growth. Data collection is currently
underway to examine macronutrient intake in a cohort of approximately 70
young children with CF to expand on these preliminary findings. 

Supported by NIH grants R01DK54915 and K24DK59973 (Scott W
Powers = PI).

1. Borowitz, D., Baker, R., & Stallings, V. (2002). Consensus report on
nutrition for pediatric patients with cystic fibrosis. Journal of Pediatric Gas-
troenterology and Nutrition, 35, 246-259.
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504
LONG TERM CHANGES IN FEV1 IN OBESE AND
NORMAL WEIGHT CF PATIENTS – A TEN YEARS
FOLLOW UP STUDY
Ballmann, M.1; Wenzlaff, P.2; Wiedemann, K.1 1. Ped
Pulmonology, Ruhr-University Bochum, Bochum, Germany; 2.
Centre of Quality and Management in Public health,
Aerztekammer, Hannover, Germany

Introduction: It is well known that underweight in patients with CF is
correlated with a more rapid decline in lung function. Weight gain can
improve lung function and weight is even known as an independent predic-
tor of survival like lung function. We wanted to elucidate the influence of
overweight and adiposity (BMI >90. percentile) on the long-term changes in
lung function.  Additionally we investigated the influence of pancreatic
insufficiency and the genotype on body weight. 

Methods: Data from the German CF-registry were used. The registry
was founded in 1995 and actually includes the annual data of more than
8000 patients. All patients gave their informed consent for being registered.
In a retrospective case-control study (1:2) the development of FEV1% in
patients whose BMI exceeded the 90th percentile over a 10-year period
(1999 until 2009) was compared to matched controls with normal weight.
Normal weight was defined as a BMI between the 25th and the 75th per-
centile. Furthermore the controls were matched for age (± one year), gender,
lung function (FEV1 ± 7%) in 1999 and the same status for Pseudomonas in
1999 and 2009. We looked at the genotype and the status of pancreatic insuf-
ficiency, defined by the substitution of pancreatic enzymes. 

Results: From 155 patients with overweight in 1999, 28 were still over-
weight in 2009 (12 male, 16 female). The mean age in 1999 was 18.2 years.
Lung function measurements were made at both time points in 23 of those
patients. Out of 516 patients who had a normal weight in 1999 and 2009
n=56 were matched. Both groups showed the same annual decrease in lung
function. There was an 8% decrease in FEV1% in the obese patients com-
pared to 10% in the controls over the observation period (p>0.05). We found
82.6% of the overweight patients and 87.5% of the controls were pancreat-
ic insufficient. In the overweight patients group 47% were ∆F508 homozy-
gous compared to 23% in the control group (Fisher’s exact testing p=0.05). 

Conclusion: Over a period of 10 years the comparison of the lung func-
tion (FEV1%) in overweight patients compared to patients of normal weight
showed no advantage for the patients with overweight. It is important to
remember that we also matched for Pseudomonas aeruginosa status to
exclude a major confounder for changes in lung function. The percentage of
pancreatic insufficient patients was the same in both groups. ∆F508
homozygosity was more frequent in the control group. Since there are
known disadvantages of overweight and adiposity, we therefore conclude
that patients with CF should aim for a normal weight between the 25th and
the 75th percentile. Overweight is no advantage in CF patients.

505
CHANGES IN SERUM AMINO ACID PROFILES IN
CHILDREN WITH CF RECEIVING SUPPLEMENTAL
CALORIES, FAT AND CHOLINE
Maqbool, A.1; Schall, J.1; Bennett, M.2; Mascarenhas, M.R.1;
Latham, N.1; Wooden, T.1; Dougherty, K.A.1; Stallings, V.A.1 1.
Gastroenterology, Hepatology and Nutrition, The Children’s
Hospital of Philadelphia-University of Pennsylvania School of
Medicine, Philadelphia, PA, USA; 2. Pathology and Laboratory
Medicine, The Children’s Hospital of Philadelphia, Philadelphia,
PA, USA

Background: Children with CF are at risk for essential fatty acid and
choline deficiency, and for CF related liver disease. AST, ALT, GGT, alka-
line phosphatase (alkphos) and bilirubin are used to follow the course of
liver disease, but do not provide a complete picture of hepatic protein meta-
bolic status. The effects of supplemental calories, fat and choline on serum
amino acid profiles and hepatic protein metabolism in CF are not known. 

Objectives: To describe changes in amino acid profiles in children with
CF and PI receiving 18 months of daily supplementation with LYM-X-
SORB™ (LXS), a novel organized lipid matrix with choline and fatty acids
v. a placebo with similar calorie and fat content.

Methods: Subjects with CF and PI and mild-to-moderate lung disease
(FEV1>40% predicted) participated in a double-blind randomized placebo-
controlled supplementation trial of LXS containing choline (591-887mg
choline/d) versus placebo (78-117mg choline/d). Both supplements had sim-
ilar calorie (303-456 kcal/d)and total fat content (11.4-18.3g fat/d; ω6:ω3
=5:1) with dose depending on subject age. Fasting amino acid profiles were
obtained at baseline, 3, 12 and 18 months visits and included branched chain
amino acids (BCAA; leucine, isoleucine, valine) and aromatic amino acids
(AAA; phenylalanine + tyrosine), AST, ALT, alkphos, GGT, total protein
(TP), albumin and bilirubin.

Results: Forty-nine subjects (20F, 10.7±2.7 y; FEV1 96±22% predicted,
53% dF508 homozygotes) completed 18 months of daily supplementation
with LXS (n=22, 10F) or placebo (n=27, 10F). The 2 groups did not differ
by age, gender, growth status or FEV1 at baseline. The table presents
changes for all subjects combined, as there were no significant differences
between the 2 supplementation groups in changes over time. Compared to
baseline, BCAA were significantly lower at 18 months and AAA were lower
at both 12 and 18 months. BCAA:AAA was higher at 12 months. TP was
higher at 18 months. Other liver function tests did not change significantly
over time or vary by group.

Conclusions: Supplementation with extra calories and fat (either LXS
or placebo) for 18 months decreased serum aromatic amino acids and
improved the BCAA:AAA ratio in subjects with CF and PI, suggesting
improved hepatic protein metabolism. The additional choline did not result
in additional changes to the amino acid profile. Other measures of liver
function did not change with supplementation. 

Supported by NIDDK (R44DK060302), CTRC (UL1RR024134), the
Nutrition Center at the Children’s Hospital of Philadelphia, and Avanti Polar
Lipids, Inc.

Group Serum Amino Acid Profiles, µmol/L (n=49)

significantly different from baseline.†p<0.05; ‡p<0.01

506
NEW PANCREATIC INSUFFICIENCY IN A 69 YEAR OLD
WOMAN WITH CYSTIC FIBROSIS – A CASE REPORT
Garlow, G.M.; Sicilian, L. Pulmonary and Critical Care,
Massachusetts General Hopital, Boston, MA, USA

Cystic fibrosis (CF) is a genetic disease. Increased survival and
improved diagnostics have expanded the adult CF patient population. His-
torically, patients with fewer gastrointestinal (GI) manifestations of CF tend-
ed to survive longer. This report describes the clinical presentation of a 69
year old female with cystic fibrosis who developed pancreatic insufficiency.
Over 6 months this patient lost 24 pounds and her FEV1 decreased by 12%.
She developed symptoms of malodorous stools, increased stool frequency,
and bowel urgency. Serum cholesterol fell to 110 mg/dl. Work up included
checking fecal elastase which documented pancreatic insufficiency. Pancre-
atic enzyme replacement therapy was initiated and symptoms of steatorrhea
resolved. As the population demographics of cystic fibrosis evolve, clini-
cians must keep CF disease progression in all organs in mind. Diet history,
weight history and lab results are important to assess the clinical picture and
anticipate the development of pancreatic insufficiency.
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507
CALF MUSCLE CHOLINE AND FAT CONTENT BY
MAGNETIC RESONANCE SPECTROSCOPY (MRS) IN
SUBJECTS WITH CF BEFORE AND AFTER
SUPPLEMENTATION WITH LYM-X-SORBTM

Schall, J.1; Mascarenhas, M.1; Wang, D.2; Altes, T.3; Maqbool,
A.1; Latham, N.1; Wooden, T.1; Dougherty, K.A.1; Mahboubi, S.2;
Stallings, V.A.1 1. Division of Gastroenterology, Hepatology and
Nutrition, The Children’s Hospital of Philadelphia, Philadelphia,
PA, USA; 2. Department of Radiology, The Children’s Hospital of
Philadelphia, Philadelphia, PA, USA; 3. Division of Pediatric
Radiology, University of Virginia School of Medicine,
Charlottesville, VA, USA

Background: Choline deficiency has been described in patients with
CF. As a key membrane phospholipid, choline is required for methyl metab-
olism, cholinergic neurotransmission, trans-membrane signaling, lipid cho-
lesterol metabolism and transport. MRS of the calf muscle detects muscle
intra- and extra-myocellular lipids and choline content. The effect of choline
supplementation on muscle lipid and choline content in CF has not previous-
ly been reported. 

Objective: To describe muscle choline and fat content using MRS of the
calf muscle in subjects with CF and PI (10-17 yrs), before and after 12-
month daily supplementation with choline-rich LYM-X-SORBTM v. place-
bo, compared to healthy controls matched for age, sex, and body size. 

Methods: Subjects with CF and PI participated in an 18-month double-
blind randomized placebo-controlled supplementation trial of LYM-X-
SORBTM, a novel organized lipid matrix containing choline (591-887mg
choline/d) v. placebo (78-117mg choline/d). Both supplements had similar
calorie (303-456 kcal/d) and fat content (11.4-18.3g fat/d) with dose
dependent on age. Fasting MRS scans (1.5T Siemens Avanto Whole Body
Scanner) were obtained on subjects with CF before and after 12-month sup-
plementation with LYM-X-SORBTM or placebo, and on healthy subjects on
one occasion. Muscle Proton MRI/Spectroscopy (Siemens Extremity coil)
using Chemical Shift Imaging (CSI, TR=1.7s, TE=30ms, spectral
width=1KHz, and 4 averages) with/without water suppression was obtained
from regions in the soleus muscle. Percent muscle choline (MC%) and intra-
(IMF%) and extra-myocellular (EMF%) fat content were determined.
Height (HAZ), weight (WAZ), and BMI (BMIZ) Z scores were calculated. 

Results: Compared to healthy controls (n=10 [7 male], 14.0±3.0 y) sub-
jects with CF (n=14 [10 male],12.9±1.5 y) had significantly lower MC% at
baseline (0.09±0.02 v. 0.12±0.03%, p=.001), but similar IMF% and EMF%.
Group, age and WAZ significantly predicted MC% at baseline (F=9.1,
R2=0.59, p<.001). After 12 months, MC% significantly increased (p=0.03)
in subjects with CF on LYM-X-SORBTM (n=8, 0.12±0.04%), but not for
those on placebo (n=6, 0.09±0.02%). Age and HAZ predicted MC% at 12
months (F=6.1, R2=0.47, p=.003). IMF% was higher in subjects with CF
compared to healthy controls at 12 months (2.2±1.1 v. 1.0±0.6%, p<.01). 

Conclusion: Calf muscle choline content by MRS was significantly
lower in subjects with CF and PI compared to  healthy matched children,
and was associated with age and growth status. Muscle choline content
increased after 12 months of LYM-X-SORBTM supplementation in children
with CF, associated with better growth status. The results suggest choline
status in CF can be improved with daily choline supplementation.  

Supported by NIDDK (R44DK060302), Clinical Translational Research
Center, (UL1RR024134), Nutrition Center at Children’s Hospital of
Philadelphia and Avanti Polar Lipids Inc.

508
PROBING GROWTH MECHANISMS IN CF MICE BY
GENETIC AND DIETARY MANIPULATIONS
Bederman, I.; Henderson, L.; Poleman, J.; Drumm, M.L.
Pediatrics, Case Western Reserve Univ., Cleveland, OH, USA

Cystic fibrosis (CF) is a lethal inherited disease, characterized by chron-
ic pulmonary infection, exocrine pancreatic insufficiency, and markedly
reduced growth and low BMI which directly correlates with pulmonary
function and survival of CF patients. This observation has led to improving
and maintaining BMI as a clinical goal in CF. To achieve this goal, CF
patients are recommended to consume hypercaloric diets (110-200% daily
intake) high in saturated fat (>40% kcals). A recent review by Stallings et al

concluded that this approach has been successful to increase body weight in
some CF patients; however, a similar conclusion could not be made about
patients’ height. We previously showed that similar to CF patients, CF mice
have markedly reduced growth, both weight and length and low adipose
stores. Thus, we are investigating the use of mice models to test strategies
for increasing morphometric indices in CF. Here we compare the effects of
increasing the caloric content of diet to the effects of inducing hyperphagia.
Our dietary strategy is to feed CF mice a high-fat, high-sucrose hypercaloric
diet (HFHS, 58% fat as kcals) to simulate a CF patient diet. This diet results
in morbid obesity in non-CF mice and, as we have found no evidence of fat
malabsorption in CF mice fed a standard chow, we reasoned that a high-fat
diet should promote weight gain. To induce hyperphagia, we used a genetic
strategy in which we generated CF mice lacking functional leptin receptors
(the ob allele). Both the dietary and genetic strategies use the R117H mouse,
as it has comparable growth deficits to other CF mice, but less prone to
lethal intestinal obstruction. Like mice on HFHS diet, ob/ob mice become
grossly obese even on a low-fat diet, and thus we use this strategy to deter-
mine the capacity of the CF mouse to induce de novo lipogenesis and store
lipids. Our preliminary results (Table 1) show that CF mice fed a high-fat
diet had marginal weight/adipose tissue gain, while non-CF mice became
obese. Fecal fat analyses revealed marked fat malabsorption by the CF mice
and CF mice accrued only ~1/5th the adipose tissue compared to WT. We
suspect that dietary lipids may be depositing in other organs than adipose
tissue, e.g. liver and skeletal muscle. Indeed, analyses of liver samples
revealed higher triglyceride content. Interestingly, both WT/LepR and
CF/LepR mice fed the low-fat diet became grossly obese indicating high
rates of de novo lipogenesis, adipogenesis, and triglyceride deposition.
These results indicate that manipulation of metabolic pathways, such as lep-
tin signaling, provides the ability to achieve weight gain in CF mice thus
suggesting ways to optimize weight gain for CF patients. These studies are
supported by National Institutes of Health and Cystic Fibrosis Foundation.

Morphometric indices

509
PREDICTORS OF VITAMIN D INSUFFICIENCY IN
PEDIATRIC PATIENTS WITH CYSTIC FIBROSIS
Bailey, J.1; Wooldridge, N.1; Redden, D.2; Britton, L.J.3; Hoover,
W.1; Gutierrez, H.1 1. Department of Pediatrics, Pulmonary
Division, University of Alabama at Birmingham, Birmingham,
AL, USA; 2. Department of Biostatistics, University of Alabama
at Birmingham, Birmingham, AL, USA; 3. Children’s Health
System, Birmingham, AL, USA

Introduction: With the increase in median life expectancy of patients
with CF, CF related bone disease has become a common comorbidity (Aris,
2005). While bone disease in CF is multifactorial, vitamin D malabsorption
is hypothesized to play a large role in the development of low bone mineral
density (Hall, 2010). 

Purpose: The aim of this project was to determine the best predictors of
serum 25-hydroxy vitamin D [25(OH)D] insufficiency in pediatric patients
with CF. 

Methods: Approval was obtained from the UAB institutional review
board. Patients age 0-20 with a serum 25(OH)D < 30 ng/mL and diagnosis
of CF were included. Participants were excluded if they did not have a
25(OH)D measurement from 2010, or were pancreatic sufficient. Upon
enrollment, covariates BMI, FEV1, vitamin D intake, previous vitamin D
supplementation, sun exposure, age, gender, race, and CF genotype were
obtained. Vitamin D intake and sun exposure data were collected through a
survey that included a food frequency questionnaire and questions about sun
exposure during winter. Descriptive statistics of mean, standard deviation,
median, and range were calculated for all variables. To measure the associ-
ation between serum 25(OH)D and covariates, a simple linear regression
model was built for each covariate. All covariates achieving significance of
0.10 were included in a multivariate regression. A forward selection using
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0.05 entry criteria was used to identify a parsimonious regression model.
Analysis was performed using SAS version 9.2.

Results: Thirty-one males and 21 females were included. Forty-four
participants were Caucasian, five were African-American, two were Hispan-
ic, and one was classified as other. The mean age was 11.8 years. The medi-
an serum 25(OH)D level was 25 ng/mL with a range of 11 to 29 ng/mL.
Simple linear regression models identified associations between 25(OH)D
levels and age (P=.0030), FEV1 (P=.0079), prior vitamin D supplementa-
tion (P=.0283), and a marginal association with BMI (P=.0658). No associ-
ations were observed for gender (P=.4450), sun exposure (P=.4442), or vita-
min D intake (P=.1071). The forward selection multivariable regression
approach selected age as the only predictor of serum 25(OH)D (r-
squared=16.3%). 

Discussion: This study indicates that as age increases, serum 25(OH)D
levels decrease. These results are consistent with findings from the litera-
ture. It is important to note that dietary and supplemental vitamin D intake
and sunlight exposure did not significantly predict patient vitamin D status
in this study. This further highlights the need to identify the most efficacious
form of vitamin D supplementation in pediatric patients with CF. Limita-
tions of this study include a small sample size and self report of dietary vita-
min D intake and sun exposure. Future research should focus on ascertain-
ing optimal vitamin D supplementation for children with CF, mechanisms of
vitamin D insufficiency, and further exploration of the relationship between
age and vitamin D insufficiency.

510
CISAPRIDE AND ITS EFFECT ON GASTRIC EMPTYING
IN PEDIATRIC CYSTIC FIBROSIS PATIENTS
Luu, K.1; Chilvers, M.2; Nadel, H.3; Jenkins, S.2; Ainsworth, N.2;
Davidson, A.2 1. Pediatrics, University of British Columbia,
Vancouver, BC, Canada; 2. Respirology, BC Children’s Hospital,
Vancouver, BC, Canada; 3. Radiology, BC Children’s Hospital,
Vancouver, BC, Canada

Introduction: Up to 50% of cystic fibrosis (CF) patients have delayed
gastric emptying (DGE). DGE is associated with gastroesophageal reflux
(GER) and other significant consequences such as malnutrition, esophagitis,
and pulmonary disease. 

Cisapride is a prokinetic agent which can improve symptoms of GER in
non-CF patients. In North America, use of cisapride has been limited since
1998 because of concerns related to possible QTc prolongation by the med-
ication.

In our CF clinic, we have used cisapride since 1979 for patients with
DGE and/or GER who were refractory to domperidone or ranitidine. After
documenting normal QTc, we obtain special access approval for cisapride.
This has provided a unique opportunity to assess the effects of cisapride on
gastric emptying and GER, and any adverse cardiac effects in CF patients. 

Aim: To determine the effect of cisapride on gastric emptying in CF
patients. Secondary objectives are to assess for prolongation of QTc’s. 

Methods: A retrospective chart review was done of 116 patients whom
were attending the CF clinic at BC Children’s Hospital as of Jan 2010. Gas-
tric emptying (GE) was evaluated using a Technetium (Tc99m) gastric emp-
tying study. The percent of technetium retained in the stomach at 90 minutes
was measured and the time at which 50% remained in the stomach was cal-
culated (t1/2). GER was measured using a 1 hour dynamic Tc99m gastric
reflux study and the severity of reflux graded according to the number of
reflux episodes observed in the esophagus (<10 = mild; 10-20=moderate;
>20 = severe).  Data from the first GE or GER study while on cisapride was
compared with the most recent study before starting cisapride.  All patients
on cisapride followed a monitoring protocol which includes a baseline EKG,
an EKG at 1 week, 6 months, and yearly while on the medication. 

Results: Twenty patients were taking or had taken cisapride and base-
line GE studies were available in 17. The mean t1/2 pre-cisapride was 160.6
min (normal 45-90 minutes) and t1/2 post-cisapride was significantly
decreased at 122.9 min (p=0.04). The % GE at 90 minutes showed a non-
significant improved trend pre- and post-cisapride: 32.1% vs 42.2%
(p=0.08) (normal >50%).  There were 8 patients with pre- and post-GER
studies. Post-cisapride, there was a trend towards less severe GER (pre: 2
mild, 4 severe; post: 4 mild, 1 severe). 

All patients followed the clinic protocol and there were no serious
adverse events. The mean QTc was 0.405 for all EKGs assessed with a

range of 0.313 to 0.456. The mean QTc at the start of cisapride was 0.401
and the mean value at one year was 0.408. 

The mean weight, height, and BMI percentiles did not change. Values
pre- vs post-treatment were 27 vs 25 (p=0.4), 21 vs 20 (p=0.8), and 42 vs 42
(p=0.9). 

Conclusion: Cisapride was effective in improving GE in cystic fibrosis
patients with delayed emptying although no improvement in nutritional sta-
tus was seen at 6 months. There were no cardiac side effects associated with
the use of cisapride in our clinic.

511
WEIGHT PATTERNS IN INFANTS WHO RECEIVED
CALORIE-DENSE FORMULA: OBSERVATIONS FROM
THE WISCONSIN ROUTINE NEWBORN SCREENING
COHORT
Zhang, Z.; Shoff, S.M.; Lai, H.J. University of Wisconsin
Madison, Madison, WI, USA

Background: Optimal feeding for infants with cystic fibrosis (CF)
exhibiting growth faltering is unknown. For infants with weight loss or inad-
equate weight gain, the Cystic Fibrosis Foundation (CFF) recommends calo-
rie-dense feeding. However, clinical data related to this practice is scarce. 

Objectives: To characterize calorie-dense formula feeding practices and
growth in infants with CF.

Methods: The study population included 103 infants who were born in
1994-2006 and identified through the Wisconsin Routine CF Newborn
Screening Program. Infant feeding and weight data from diagnosis to one
year of age were obtained by extensive medical record review. Infants with
meconium ileus (MI, n=24), pancreatic sufficiency (PS, n=9), or pancreatic
insufficiency without MI (PI, n=70) were represented in this cohort. PS was
defined as having at least one mutation known to be associated with PS and
not taking pancreatic enzymes. Fifty-three infants (51%) started with exclu-
sive or partial breastfeeding (BF) and the other 50 (49%) infants started
with standard formula (FM). Infants who consumed formula at any time
during infancy that contained ≥ 22 Kcal per ounce were defined as consum-
ing calorie-dense formula (FM22+). Weight-for-age z-score (WtZ) was
computed for birth weight and weight through age one year. WtZ patterns
were defined as ‘improved,‘ ‘stable,’ or ‘declined’ when WtZ at 12 months
was higher than, similar to, or lower than WtZ prior to receiving FM22+,
respectively. 

Results: Of the 103 infants, 43 (41.7%) received FM22+ at some time
during the first year of life. Overall, proportionately more MI (67%, n=16)
and PI (37%, n=26) infants were fed FM22+ compared to PS (n=1, 11%),
p=0.005. A similar percentage of BF infants (43%, n=23) and FM infants
(40%, n=20) received FM22+ during infancy, p=0.40. FM22+ was intro-
duced at 4.0 (± 3.1) months with average duration of 7.7 (± 3.9) months.

Of the 43 infants who received FM22+, WtZ at birth was -0.5 ± 0.9.
Seven infants had only one weight measurement prior to receiving FM22+,
which was at birth (birth WtZ -1.1 ± 0.9). The remaining 36 infants (birth
WtZ -0.4 ± 1.0) had at least two weight measurements before receiving
FM22+. Among these 36 infants, WtZ declined between birth and the visit
prior to receiving FM22+ by -0.6 ± 0.7 (p>0.0001).

WtZ of 43 infants who received FM22+ was -1.0 ± 0.8 at the visit prior
to receiving FM22+ (at age 3.3 ± 3.1 months). After receiving FM22+, WtZ
at age 12 months (12.2 ± 1.0 months) was -0.9 ±0.9, which was similar to
WtZ prior to receiving FM22+ (p=0.37). WtZ pattern improved in 40% of
infants (n=17), stabilized in 30% of infants (n=13), and declined in 30% of
infants (n=13) after receiving FM22+.

Conclusion: This study revealed that about 42% CF infants received
FM22+ and, on average, growth faltering was observed before FM22+ intro-
duction. Use of FM22+ prevented further declines in WtZ in 70% of infants,
however 30% infants continued to exhibit growth faltering after receiving
FM22+. (Supported by NIH R01 DK072126.)



Poster Session Abstracts

399

512
OVEREXPRESSION OF ∆6-DESATURASE IN CYSTIC
FIBROSIS IS CAUSED BY INCREASED
TRANSCRIPTIONAL ACTIVATION AND IS REGULATED
BY DOCOSAHEXAENOIC ACID
Umunakwe, O.; Laposata, M.; Seegmiller, A. Department of
Pathology, Vanderbilt University Medical Center, Nashville, TN,
USA

Objectives: Cystic fibrosis (CF) patients have well-described alter-
ations in essential fatty acid levels, such as reduced levels of linoleic acid
(LA) and docosahexaenoic acid (DHA), and increased levels of Mead acid
(MA) and arachidonic acid (AA), that are reversible by exogenous DHA
supplementation. Recent work suggests that these changes are mediated by
increased expression and activity of ∆6-desaturase (D6D) in CF. However,
the mechanism is unknown. Because expression of D6D is thought to be
regulated primarily at the transcriptional level, we hypothesized that its
overexpression in CF may be due to increased transcriptional activation.
Studies have revealed two functional sterol regulatory elements (SRE), bind-
ing sites for sterol regulatory element binding protein-1c (SREBP-1c), and
a functional peroxisome proliferator response element (PPRE), binding site
for peroxisome proliferator-activated receptor α (PPARα), in the D6D pro-
moter. The objective of this study is to determine whether increased D6D
expression in CF is due to transcriptional upregulation and if these changes
are mediated by SREBP-1c and/or PPARα.

Methods: Experiments were performed using immortalized human
bronchial epithelial cells (16HBE) stably transfected with a partial sequence
of CFTR in the sense or antisense orientation. Cells transfected with the
sense sequence (WT) express CFTR normally, while CFTR expression and
activity are absent in those transfected with the antisense sequence (CF).
Transcriptional activity of the D6D promoter was evaluated using a firefly
luciferase promoter gene downstream of the distal 851 nucleotides of the
D6D promoter. Transcriptional activity was measured by luciferase assay,
using Renilla luciferase as an internal control. To determine the role of
SREBP-1c and PPARα on ∆6-desaturase expression, cells were transiently
transfected with siRNAs for either SREBP-1c or PPARα, and ∆6-desaturase
mRNA levels were measured by RT-PCR. 

Results: Luciferase activity from the D6D-luciferase reporter gene is
significantly higher in CF cells than in WT cells, indicating increased tran-
scriptional activation of D6D in CF cells. Supplementation with DHA sig-
nificantly reduces luciferase activity. Although SREBP-1c mRNA levels are
elevated in CF cells, mutation of one or both SREs in the D6D promoter did
not significantly reduce luciferase activity in CF cells. Furthermore, an 80%
reduction of SREBP-1 expression by RNA interference (RNAi) led to only
a minimal reduction of D6D expression (20%). Similarly, mutation of the
PPRE in the D6D promoter did not significantly reduce luciferase activity in
CF cells and 80% reduction of PPARα expression by RNA interference
(RNAi) did not change D6D expression in CF cells. 

Conclusions: Increased D6D expression and its regulation by DHA are
mediated by regulation of gene expression at the D6D promoter. However,
neither SREBP-1 nor PPARα, known regulators of D6D expression, appear
to be responsible for these changes. Thus, D6D expression and activity in
CF are likely regulated by a novel pathway. Future studies will attempt to
identify the factors responsible for regulating this important pathway in CF
pathophysiology.

513
UNDERSTANDING THE ROLE OF ANTIBIOTIC USE IN
CHILDREN WITH CYSTIC FIBROSIS AND ABNORMAL
LIVER ENZYMES
Ray, E.M.1; Shapiro, A.J.2; Lin, F.3; Dellon, E.P.2 1. School of
Medicine, University of North Carolina, Chapel Hill, NC, USA;
2. Pediatrics, University of North Carolina, Chapel Hill, NC,
USA; 3. North Carolina Translational and Clinical Sciences
Institute, University of North Carolina, Chapel Hill, NC, USA

Background: Although respiratory disease is the primary cause of mor-
bidity and mortality in patients with cystic fibrosis (CF), CF-associated liver
disease (CFALD) is a major medical issue which significantly impacts qual-
ity of life and long-term survival. There is no universally accepted definition
of CFALD, and predicting who will evolve from intermittent or recurrent

liver enzyme anomalies to CFALD is not currently possible. Thus, clinicians
treating CF are challenged by findings of intermittent and recurrent eleva-
tions in liver enzymes, and abnormalities are often attributed to effects of
recent or concurrent antibiotic therapy.

Objectives: To understand the role of antibiotic use in children with
intermittent or recurrent liver enzyme elevations.

Methods: Using structured chart review in one large CF center, we
developed a 5-year comprehensive data set to examine the annual antibiotic
timelines and exposures for 3 groups of children with CF in relation to their
annual hepatic enzyme screenings: 1) 46 children with CF prescribed urso-
diol for persistent liver enzyme elevations, 2) 43 children with intermittent
(≥3 out of 5) annual elevations in liver enzymes, and 3) 57 children with
mild (≤2 out of 5) annual elevations in liver enzymes. Detailed information
about annual antibiotic use, including class of antibiotic agents, number of
annual exposure days per class, and time relation of antibiotic use to annu-
al laboratory screening tests, was recorded. We used generalized estimating
equations (GEE) with adjustments for gender, race, CFTR mutations, and
age to determine associations between antibiotic use and liver enzyme
anomalies. We also used a linear mixed effects model to compare the rate of
antibiotic use amongst our three groups.

Results: Our adjusted analysis showed that antibiotic use is not associ-
ated with annual liver enzyme elevation (AST, ALT, or GGT) in our CF pop-
ulation. Antibiotic use in the 6 weeks prior to measuring liver enzymes was
not associated with liver enzyme elevations (p= 0.14, 0.74, and 0.58 for
AST, ALT, and GGT, respectively). Comparison of our three groups
revealed no significant difference in frequency of antibiotic use among them
(p= 0.25). 

Conclusions: Antibiotic use does not fully account for the persistent,
intermittent, or mild liver enzyme elevations that are frequently seen in chil-
dren with CF at our center. Those children with intermittent or persistent
liver enzyme elevations may have innate yet unrecognized CF-related hepat-
ic dysfunction and may be at risk for CFALD. Thus, physicians should con-
sider close monitoring of children with intermittent or persistent elevations
in liver enzymes and not dismiss abnormalities as effects of antibiotics.

Supported by grants from the CF Foundation; the National Institute for
Diabetes, Digestive, and Kidney Diseases; and Award Number
UL1RR025747 from the National Center for Research Resources (NC
TraCS Institute).

514
EFFECT OF ULTRAVIOLET THERAPY ON VITAMIN D
LEVELS IN PATIENTS WITH CYSTIC FIBROSIS:
RESULTS OF A SYSTEMATIC REVIEW
Palamaner Subash Shantha, G.; Saldanha, I.J.; Agbedia, O.O.;
Chandra, N.; Donath, E.; Robinson, K.A. Johns Hopkins
University, Baltimore, MD, USA

Introduction: Ultraviolet (UV) therapy has been shown to be effective
in improving vitamin D levels in the general population. However, the effi-
cacy of UV therapy has not been clearly demonstrated in cystic fibrosis
(CF). We conducted a systematic review to address this question.

Methods: This systematic review was part of a broad evidence review
of multiple questions to inform the development of CF Foundation clinical
practice guidelines on vitamin D. We conducted electronic searches of
MEDLINE, EMBASE, and CENTRAL in September 2010 to identify stud-
ies of any design comparing the use of ultraviolet therapy versus other inter-
ventions to improve vitamin D levels or no intervention in patients with CF.
We also searched the reference lists of eligible studies. 

Results: We identified 3 studies that addressed this question: 1 random-
ized controlled trial (RCT), 1 non-randomized controlled trial (non-RCT),
and 1 case series. In the RCT, 28 participants were randomized to receive
either UV therapy or vitamin D2 or vitamin D3 for a 12 week period. The
UV radiation source was the Sperti “Del Sol” portable tanning machine
with 800 Watts tanning power producing 70% UVA/30% UVB rays with the
patient at a distance of 14 inches from the tanning machine. Patients com-
pleted 5 sessions a week (3-10 minutes per session) at home. The second
study, a case series involving 8 patients with CF, used the same UV radiation
source as the RCT, but for 8 weeks. The third study, a non-RCT involving 30
participants, used three UVB TL 12/40 W fluorescent lamps placed at 50 cm
distance from the body and administered for 1-10 minutes 1-3 times a week
for 1-3 weeks. In the RCT, mean 25-hydroxyvitamin D levels improved
from 22.6 (SD=10.8) ng/dL at baseline to 28.3 (SD=9.2) ng/dL at 12 weeks
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among participants receiving UV therapy. Larger improvements were
observed with vitamin D3 therapy (from 21.2 (SD=10.18) ng/dL at baseline
to 47.1 (SD=20.5) ng/dL at 12 weeks) and vitamin D2 therapy (from 24.4
(SD=10.3) ng/dL at baseline to 32.7 (SD=9.7) at 12 weeks). In the case
series, 25-hydroxyvitamin D levels improved from 21 ng/mL at baseline to
27 ng/mL after 8 weeks (p=0.05). The non-RCT reported an increase in
mean 25-hydroxyvitamin D from baseline 23.8 (SD=4) ng/mL to 50.4
(SD=16.2) ng/mL associated with combined UV radiation and vitamin D3
supplementation and an increase from baseline 22 (SD=7.5) ng/mL to 24.5
(SD=8.3) ng/mL associated with vitamin D3 supplementation only. At the
end of this study, participants receiving both interventions had significantly
higher 25-hydroxyvitamin D levels (p<0.001) than those receiving vitamin
D3 supplementation alone.

Conclusion: Current evidence suggests that UV therapy is beneficial in
patients with CF, especially when administered with vitamin D supple-
ments. However, study limitations such as small sample sizes, baseline vari-
ability in comparison groups, low adherence, and high dropout rates
decrease the strength of this conclusion.

515
USE OF HYDROXYLATED VITAMIN D SUPPLEMENTS
IN CYSTIC FIBROSIS: RESULTS OF A SYSTEMATIC
REVIEW
Saldanha, I.J.; Agbedia, O.O.; Donath, E.; Robinson, K.A. Johns
Hopkins University, Baltimore, MD, USA

Background: Unhydroxylated vitamin D (e.g. ergocalciferol, cholecal-
ciferol) is the most common form of vitamin D supplementation. However,
fat malabsorption is common in patients with cystic fibrosis (CF). In non-CF
populations, hydroxylated (polar) forms of vitamin D (e.g. calcidiol (25-
hydroxyvitamin D), calcitriol (1,25-dihydroxyvitamin D)) have been shown
to be more efficiently absorbed. In addition, it is postulated that unhydrox-
ylated forms of vitamin D could benefit patients with CF by improving
parathyroid hormone (PTH) levels, increasing calcium absorption, and con-
sequently improving serum calcium levels and bone mineral density
(BMD). However, the efficacy and safety of these agents in CF has not been
established. We conducted a systematic review of the benefit and safety of
supplementation with hydroxylated vitamin D in patients with CF.

Methods: This systematic review was part of a broad evidence review
of multiple questions to inform the development of CF Foundation clinical
practice guidelines on vitamin D. We conducted electronic searches of
MEDLINE, EMBASE, and CENTRAL in September 2010 to identify stud-
ies of any design comparing the use versus nonuse of hydroxylated vitamin
D supplements in patients with CF. We also searched the reference lists of
eligible studies. 

Results: We identified 2 studies including 83 participants. A non-ran-
domized controlled trial assessed oral calcidiol supplementation in 73 chil-
dren and adults with low BMD. Participants received either 0.7 µg/kg/day of
calcidiol or no intervention. Calcidiol was associated with greater improve-
ment in BMD Z-scores (from -2.9 at baseline to -2.5 at follow-up, p=0.002)
compared to the control group (from -2.3 at baseline to -2.1 at follow-up,
p=0.022). A before-after study assessed supplementation with 0.5 µg oral
calcitriol twice daily for 14 days in 10 adults. The authors reported no sig-
nificant improvement in mean 25-hydroxyvitamin D (58.6 (SD=5.9) nmol/L
at baseline versus 61.6 (SD=7.2) nmol/L at follow-up, p>0.05) or mean
1,25-dihydroxyvitamin D (62.1 (SD=5.8) pmol/L at baseline versus 70.6
(SD=7.3) pmol/L at follow-up, p>0.19). However, they reported a statistical-
ly significantly lower mean PTH level at follow-up 5 hours after a high cal-
cium meal (11.2 (SD=2.7) pg/mL) compared to study baseline (21.9
(SD=3.6) pg/mL) (p=0.03). While there was no significant improvement in
serum calcium levels, fractional calcium absorption (FCA) was higher at the
end of the study compared to baseline (p<0.01). No specific FCA results
were provided. No adverse events were reported in either study.

Conclusions: The included studies showed that hydroxylated vitamin D
supplements were safe but provided inadequate evidence for improvement
in serum vitamin D levels in CF. Calcidiol was associated with improve-
ments in BMD. While calcitriol was not associated with improvements in
serum calcium, it was associated with a significant reduction in PTH and a
significant improvement in FCA. The studies used different agents, preclud-
ing quantitative synthesis of results. We recommend studies comparing
hydroxylated with unhydroxylated forms of vitamin D supplementation and
more consistent assessment of outcomes (e.g. 25-hydroxyvitamin D, BMD).

516
SUPPLEMENTATION WITH ERGOCALCIFEROL
(VITAMIN D2) VERSUS CHOLECALCIFEROL (VITAMIN
D3) IN CYSTIC FIBROSIS: RESULTS OF A SYSTEMATIC
REVIEW
Saldanha, I.J.; Agbedia, O.O.; Donath, E.; Robinson, K.A.
Medicine, Johns Hopkins University, Baltimore, MD, USA

Background: Ergocalciferol (vitamin D2) and cholecalciferol (vitamin
D3) are the most common forms of vitamin D supplementation in cystic
fibrosis (CF). The CF Foundation (2005) recommends supplementation with
800 IU of ergocalciferol in all patients aged 1 year or older, with higher
doses in vitamin D deficiency. However, it has recently been suggested that
ergocalciferol is not as effective as cholecalciferol in improving vitamin D
levels in patients with CF. We conducted a systematic review of the benefit
and safety of supplementation with ergocalciferol compared to cholecalcif-
erol in patients with CF.

Methods: This systematic review was part of a broad evidence review
of multiple questions to inform the development of CF Foundation clinical
practice guidelines on vitamin D. We conducted electronic searches of
MEDLINE, EMBASE, and CENTRAL in September 2010 to identify stud-
ies of any design comparing supplementation with ergocalciferol to chole-
calciferol at any dose for any duration in patients with CF. We also searched
the reference list of the eligible trial. 

Results: One randomized controlled trial (RCT) including 28 clinically
stable participants was identified. Participants received 12 weeks of either
50,000 IU ergocalciferol (oil-based) weekly, 50,000 IU cholecalciferol
(powder-based) weekly, or ultraviolet (UV) therapy 5 times a week. The
authors reported greater improvement in serum 25-hydroxyvitamin D level
associated with cholecalciferol (from mean 21.2 (SD=10.18) ng/dL to 47.1
(SD=20.5) ng/dL) than with ergocalciferol (from mean 24.4 (SD=10.3)
ng/dL to 32.7 (SD=9.7) ng/dL). In the cholecalciferol group, 9 (100%) par-
ticipants were vitamin D sufficient at the end of the study (2 (22%) sufficient
at baseline) compared to 6 (60%) participants vitamin D sufficient at the end
of the study (4 (40%) sufficient at baseline) in the ergocalciferol group.
While both groups experienced reductions in parathyroid hormone (PTH)
levels, these reductions were not reported to be statistically significantly
different (from 49.8 (SD=46.7) pg/mL to 40.0 (SD=47.6) pg/mL in the
cholecalciferol group and from 129.9 (SD=47.3) pg/mL to 86.1 (SD=40.8)
pg/mL in the ergocalciferol group, p=0.86). All participants were 80% com-
pliant or better and there were no instances of hypercalcemia or other
adverse events. When compared with no supplementation of vitamin D,
cholecalciferol was shown to be effective in improving serum 25-hydroxyvi-
tamin D levels in 2 studies while the evidence for ergocalciferol was con-
flicting. Ergocalciferol was shown to be effective in 2 studies, but ineffective
or only marginally effective in 5 studies.   

Conclusions: There is insufficient evidence on the comparative benefit
between supplementation with ergocalciferol and cholecalciferol in CF. We
identified one RCT which found both interventions to be safe and effective
in achieving or maintaining optimal vitamin D status, with cholecalciferol
being more effective. However, the formulations of the two interventions
differed (oil-based versus powder-based) and study duration was insuffi-
cient to ascertain longer-term impact on vitamin D levels and bone mineral
density. We recommend more comparative studies with longer follow-up.

517
CORRELATION BETWEEN VITAMIN D AND LUNG
FUNCTION IN CYSTIC FIBROSIS: RESULTS OF A
SYSTEMATIC REVIEW
Agbedia, O.O.; Saldanha, I.J.; Donath, E.; Chandra, N.;
Robinson, K.A. Medicine, Johns Hopkins-Earth & Planetar,
Baltimore, MD, USA

Background: Serum concentration of vitamin D influences several out-
comes (serum albumin levels, bone mineral density, lung function, etc.) in
cystic fibrosis (CF). Lung function is indicative of the severity of disease in
CF. The correlation between 25-hydroxyvitamin D levels and FEV1, an
important measure of lung function, is poorly understood in patients with
CF. We conducted a systematic review to evaluate the correlation between
25-hydroxyvitamin D levels and lung function.
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Methods: This systematic review was part of a broad evidence review
of multiple questions to inform the development of CF Foundation clinical
practice guidelines on vitamin D. We conducted an electronic search of pub-
lished literature up to September 2010 on MEDLINE, EMBASE, and CEN-
TRAL to identify studies that addressed the correlation between 25-hydrox-
yvitamin D levels and lung function in persons with CF. We also reviewed
the reference lists of all eligible studies. 

Results: We identified 4 studies with 656 participants. We did not com-
bine study results quantitatively because of heterogeneity among studies. A
retrospective cohort study with 337 participants reported a statistically sig-
nificant correlation between FEV1 and 25-hydroxyvitamin D in an unad-
justed analysis (r=0.21, p=0.004). Analysis revealed that for each 10%
increase in FEV1, 25-hydroxyvitamin D increased by 1.0 ng/mL. Two
cross-sectional studies reported no statistically significant correlation
between 25-hydroxyvitamin D and FEV1 from unadjusted analyses. One
study with 101 participants reported no correlation between 25-hydroxyvi-
tamin D and FEV1 (p>0.05). The other study with 33 participants reported
that 25-hydroxyvitamin D correlated weakly with FEV1% (r=0.07, p>0.1).
This study also reported no statistically significant difference in mean
FEV1% comparing participants with low vitamin D levels to those with
normal vitamin D levels (63.3% versus 74.0%, p>0.05). Another cross-sec-
tional study reported on the correlation between 25-hydroxyvitamin D and
the ‘best’ and ‘worst’ annual FEV1 among 185 participants. The authors
reported results from both unadjusted analyses and analyses that adjusted
for age, gender, BMI, and race. In unadjusted analyses, the authors reported
a statistically significant correlation between 25-hydroxyvitamin D with
worst FEV1 only (worst FEV1: r=0.16, p=0.04 and best FEV1: r=0.1,
p=0.17). A slightly stronger correlation was reported in the adjusted analy-
ses. The correlation between 25-hydroxyvitamin D with worst FEV1
remained statistically significant (worst FEV1: r-squared=0.3, p<0.0001
(β=0.25, p=0.05) and best FEV1: β=0.24, p=0.07). 

Conclusions: Current evidence suggests a weak positive correlation
between 25-hydroxyvitamin D levels and lung function in patients with CF.
Levels of 25-hydroxyvitamin D levels were reported to correlate with FEV1
in one study while in another study, a significant correlation was reported
only with worst annual FEV1. Further studies that account for the variation
in lung function between individuals and within individuals at different time
points (different pulmonary function status) are needed to better understand
this correlation.

518
ARACHIDONIC ACID RELEASE IS INCREASED IN
CFTR-NEGATIVE BRONCHIAL EPITHELIAL CELLS IN
RESPONSE TO CALCIUM IONOPHORE A23187
Katrangi, W.; Seegmiller, A.; Laposata, M. Pathology, Vanderbilt
University, Nashville, TN, USA

Objectives: Patients with cystic fibrosis (CF) exhibit a dysregulated air-
way inflammatory response. This could be due to an increase in the produc-
tion of arachidonic acid (AA)-derived pro-inflammatory eicosanoids, which
requires release of AA from membrane phospholipids. Studies have shown
that AA release and eicosanoid production are increased in CF. The objec-
tive of this study is to investigate the mechanisms of AA release in a CF cell
culture model (16HBE). 

Methods: Experiments were performed in cultured 16HBE human
bronchial epithelial cells stably transfected with plasmids containing the
first 131 nucleotides of CFTR in the sense or antisense orientations, result-
ing in cells expressing CFTR (wild type phenotype, WT) or not expressing
CFTR (CF-like phenotype, CF), respectively. Arachidonic acid release was
evaluated by incubating confluent cells with 0.1 µCi/mL 3H AA for differ-
ent time intervals ranging from 15 minutes to 24 hours. Cells were then
stimulated by various concentrations (1-10 µM) of calcium ionophore
A23187. Aliquots of supernatant were removed at different time points and
cells were lysed. AA release was determined by measuring radioactivity
associated with both supernatant and cell lysate.

Results: At baseline, AA release varied from approximately equal in
WT and CF cells to slightly higher in CF cells. Incubation with A23187 led
to a marked dose-dependent stimulation of AA release that was approxi-
mately 2-fold higher in CF cells than in WT cells. AA release followed a
time course with the largest difference between cells with and without
CFTR observed at 15 and 30 minutes of stimulation with A23187. 

Conclusions: These findings demonstrate that CF cultured cells have a
significantly higher rate of Ca+2-dependent AA release in the initial phase of
stimulation. This has implications for a defect in inflammatory response
mediated by arachidonic acid-derived eicosanoids.

519
THE EFFECT OF FORMULA FORTIFIED WITH
DOCOSAHEXAENOIC ACID (DHA) ON INFANTS WITH
CF
O’Sullivan, B.1; Baker, D.1; Borowitz, D.2; Comeau, A.1;
Cleveland, R.3; Freedman, S.4 1. Pediatrics, UMass Medical
School, Worecster, MA, USA; 2. Children’s Hospital of Buffalo,
Buffalo, NY, USA; 3. Children’s Hospital of Boston, Boston, MA,
USA; 4. Beth Israel Deaconess Med Ctr, Boston, MA, USA

Background: DHA levels are known to be low in children and adults
with CF. It is postulated that lack of DHA may predispose to increased
inflammation and tissue destruction. DHA given in very high doses to
CFTR-/- mice leads to reversal of pancreatic injury. Since pancreatic dys-
function evolves over the first year of life in many CF infants, we hypothe-
sized that early treatment with low dose DHA might abrogate pancreatic
destruction and lead to improved growth and preserved fecal elastase (FE)
values. Furthermore, we wished to study the effect of DHA on chest x-ray
findings and to follow the natural history of fatty acid (FA) levels in infants
with CF.

Methods: Infants diagnosed with CF in the first 2 months of life who
were exclusively bottle fed at the time of entry were eligible. Since human
breast milk contains varying amounts of DHA, only infants whose parents
chose to bottle feed exclusively were enrolled. Infants were randomized to
control formula (standard Enfamil® with no DHA or arachidonic acid
[AA]) or LIPIL®x3 (0.96% of FA as DHA and 0.64% as AA). Block ran-
domization was performed based on FE measurement at screening, with a
low FE and high FE group defined as FE ≤ 20 or FE > 20, respectively. For-
mula was provided until 12 months of age. Study visits were at 3, 6, 9, and
12 months of age. Parents were asked to submit monthly stool samples for
FE determination. Primary endpoints were weight and height at 1 year of
age and FE levels. Secondary endpoints included serum DHA and AA lev-
els, IRT and alpha feto-protein levels at 3, 6, and 12 months of age and Bras-
field CXR score at 1 year. 

Results: Of the 83 infants enrolled from US CF Centers, 48 received
control formula and 35 received LIPIL®x3. Sixty-eight infants (82%) had
weight and height recorded at 12 months of age. There was no difference
seen in height or weight z-score for age between the two formula groups at
entry or at the end of the study. Both groups had negative height and weight
z-scores at entry and both showed considerable movement toward the mean
over the first 6 months of life. Human FE values were highly variable
between individual children. There was no significant change in mean FE
over the study period for either group. On average, subjects were on study
formula for 9 months between the first and last FE measurement. Mean
Brasfield scores at one year (n=66) did not differ between groups. FA levels,
IRT and AFP measurements are pending and will be presented at the confer-
ence. 

Conclusion: This study shows that adding low dose DHA to infant for-
mula does not affect growth or pancreatic function as measured by FE in the
first year of life. However, it is possible that this study is under powered and
a real difference between groups has been missed. Data presented reinforces
the nutritional value of early diagnosis of CF, as all study infants had
improved height and weight z-scores once they were followed in CF Cen-
ters. Furthermore, we anticipate seeing important information regarding the
natural history of FE, AFP, IRT and FA levels in infants with CF over the
first year of life.

Supported by Mead Johnson Nutritionals and CFF (OSULLI03A0).
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520
NATURAL HISTORY OF HUMAN FECAL ELASTASE
MEASUREMENTS OVER THE FIRST YEAR OF LIFE IN
INFANTS WITH CF
O’Sullivan, B.1; Borowitz, D.2; Baker, D.1; Leung, K.1; Reed, G.1

1. Pediatrics, UMass Medical School, Worecster, MA, USA; 2.
Children’s Hospital of Buffalo, Buffalo, NY, USA

Background: As part of a larger study of the effects of docosahexaenoic
acid (DHA) on CF, we obtained stool samples for fecal elastase (FE) meas-
urement monthly over the first year of life. In one study, two thirds of chil-
dren with CF were born with residual pancreatic function and gradually lost
this function, based on three day fat balance studies (Bronstein et al J Pedi-
atr 1992). Ninety-two percent of this group was pancreatic insufficient (PI)
by one year of age. FE has been shown to be an excellent indirect measure
of pancreatic exocrine function with 86% specificity and 99% sensitivity in
children with CF using a cut-point of 200 µg/gm of stool. Longitudinal stud-
ies of FE in the first year of life have not been carried out. Measurement of
FE on a frequent basis in the first year of life may allow for illumination of
the natural progression of pancreatic dysfunction in this patient population.
We hypothesized this loss of pancreatic function to be reflected in a trend of
decreasing FE with maturation. 

Methods: Parents of subjects enrolled in the DHA infant formula study
were asked to send monthly stool samples to a central laboratory where FE
was measured using a monoclonal antibody assay. Results were reported as
continuous values from 0 to greater than 500. All values >500 were record-
ed as being 501. Subjects in the main study could be on standard infant for-
mula or formula supplemented with DHA and arachidonic acid. Infants with
genotypes predictive of pancreatic sufficiency were allowed to enroll in the
study. 

Results: Eighty-three infants had an initial FE measurement. Four of
these did not have a second specimen sent to the laboratory. There were 664
samples analyzed on the remaining 79 infants. Of these, 46 received control
formula and 33 received study formula. Fifty-one infants had 9 or more
stool samples submitted. There was no difference in FE at baseline between
the two formula groups and no difference in trend over time between the
groups. There was wide inter-patient and some intra-patient variability in FE
longitudinally. However, for the group as a whole the rate of change over the
first year of life was not significant. 

We are currently analyzing the data in regards to FE changes over time
in both formula groups, in those with initially high vs. low FE and by geno-
type (mild vs. severe pancreatic genotype). 

Discussion: This study allows us to look at the natural history of FE val-
ues over the first year of life in 46 infants who received control formula.
Given that the study formula showed no statistical effect on FE change over
the study period, we can pool the data and analyze FE changes in 79 infants.
Knowledge about the reliability and/or degree of variability of this test will
be important for clinicians. Since steatorrhea can be caused by one of three
mechanisms (pancreatic dysfunction, bile salt pool abnormalities, and
mucosal disease) our results may help to determine if the increase in steat-
orrhea seen in the first year of life in CF patients truly is due to a loss of pan-
creatic function or due to other causes.

521
DELAYING GASTRONOMY TUBE PLACEMENT AND
THE IMPACT ON LONG-TERM PULMONARY AND
NUTRITIONAL OUTCOMES IN CHILDREN AND
ADOLESCENTS WITH CYSTIC FIBROSIS
VanDyke, R.1,2; McPhail, G.L.2; Kahill, L.2; Fenchel, M.1,2; Amin,
R.2; Boesch, R.P.2; Chini, B.2; Seid, M.2,3 1. Biostatistics &
Epidemiology, Cincinnati Children’s Hospital, Cincinnati, OH,
USA; 2. Pulmonary Medicine, Cincinnati Children’s Hospital,
Cincinnati, OH, USA; 3. Anderson Center for Health Systems
Excellence, Cincinnati Children’s Hospital, Cincinnati, OH, USA

Objectives: G-tube placement is one option in CF Foundation evidence-
based practice recommendations to avoid or minimize nutrition and growth
deficits. The aims of our study were: 1) To determine how often G-tube was
initiated in children and adolescents who were nutritionally at-risk (BMI
below the 50th%ile) and 2) To assess the long-term impact of delayed G-
tube placement on nutritional and pulmonary measures. 

Methods: We acquired data from the CF Foundation Patient Registry
(1996-2009). For those patients treated at least once with a G-tube, we
examined the association between G-tube delay (duration in years from
when patient BMI initially fell below the 50th %ile to when patient received
first G-tube placement) and each longitudinal outcome: annual percentile
rate of change from baseline for BMI, height, weight and FEV1% predicted
(for patients aged 6 years or older). We used population-averaged general-
ized estimating equations with covariate adjustment for confounders. Base-
line age and outcome value were included in all models. Potential con-
founders included baseline and prior year values of each outcome, number
of hospitalizations, age at CF diagnosis, age at baseline, number of ∆F508
copies, sex, and socioeconomic status (measured as having state insurance).
We also examined baseline and follow-up for Dornase alfa use, CF-related
diabetes mellitus, pancreatic insufficiency, GERD, infection with
Pseudomonas aeruginosa, MRSA, and B. cepacia. Backwards elimination
was used to identify significant covariates in regressions.

Results: There were 6,906 patients who underwent G-tube placement at
least once. Out of 22,722 patients who were at nutritional risk, 4,552 (20%)
actually received G-tubes (2,354 patients did not meet inclusion criteria). In
addition to previously identified predictors of FEV1, GERD was also statis-
tically significant for this cohort. For height-for-age, patients with the short-
est delay (< 1 year) had an average 0.42 (±0.18)%ile/year (P=0.0171)
greater annual rate of change for height-for-age compared to patients
delayed 1-5 years and 0.86±0.15%/year (P<0.0001) compared to patients
delayed more than 5 years. Shortest delay (<1 year) corresponded to
improvement in BMI %ile relative to intermediate (difference: 2.10±0.68%,
P=0.0019) and longest delays (difference: 3.64±0.69%, P<0.0001). Weight-
for-age %ile improved for patients with shortest delay compared to those
patients waiting 1-5 years (difference: 1.98±0.50%, P<0.0001) or more than
5 years (difference: 3.27±0.48%, P<0.0001) for G-tube placement. There
was no difference in FEV1 for patients who received G-tubes during the first
year compared to those waiting 1-5 years for placement.  

Conclusions: Improved growth was observed in children and adoles-
cents with CF who underwent more timely G-tube procedures. More work
is needed to understand the impact of G-tube placement and GERD on lung
function decline in CF patients with nutritional deficits.

522
MATERNAL AND INFANT OUTCOMES OF PREGNANCY
IN WOMEN WITH CYSTIC FIBROSIS
Tzemos, K.2,1; Wolf, K.2; Taylor, C.2; Nahikian-Nelms, M.2;
Gemma, S.1; Rice, A.1 1. Pulmonary Medicine, Nationwide
Children’s Hospital, Columbus, OH, USA; 2. School of Allied
Medicine, The Ohio State University, Columbus, OH, USA

Background: Advancement in medical care for patients with CF has led
to an increased life expectancy for the CF population. A growing number of
women with CF are reaching reproductive age and having successful preg-
nancies. There are increased risks associated with pregnancy in this popula-
tion, and concern remains regarding the effect that pregnancy in the woman
with CF may have on maternal and infant health. 

Objectives: Objectives of this study were to determine the relationship
between CF disease and maternal and infant outcomes and describe the
nutritional interventions provided during pregnancy. 

Methods: Retrospective chart review including all women with CF who
had successful pregnancies between 1996 and 2011 who still attended the
CF Center at a Midwestern Hospital. Measures collected include age, BMI,
FEV1, weight gain during pregnancy, preexisting CFRD, diagnosis of ges-
tational diabetes, hospitalizations during pregnancy, need for IV antibiotic
therapy, type of delivery, infant weight, gestational age, decision to breast-
feed infant, and nutrition topics discussed during counseling with the CF
dietitian. 

Results: Eighteen women in the study had 23 successful pregnancies.
Mean pre-pregnancy BMI was 20.6 kg/m2 with a mean weight gain of 26.2
lbs during pregnancy. Mean FEV1 was 81.7% for the 12 months prior to
pregnancy. Pre-pregnancy weight and FEV1 were shown to be strong pre-
dictors of weight and FEV1 status postpartum. Interestingly, women with a
BMI <22 had mean increase in BMI of 0.47 after pregnancy, compared to
women with an initial BMI >22 who experienced a mean decrease in BMI
of 1.46. Infant weight and gestational age did not differ based on maternal
factors however there was a 40% rate of premature births, and 30% rate of
low birth weight infants. 
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Conclusions: Maternal and infant outcomes are positive for most
women with cystic fibrosis who have sub-optimal body mass index. Pre-
pregnancy maternal BMI and FEV1 remain strong predictors of these meas-
ures 6 months after delivery. There is much variability in the health out-
comes during pregnancy regardless of weight and pulmonary status, sug-
gesting that all women with CF remain at risk for adverse health outcomes
due to pregnancy and should be monitored closely and frequently during this
time. Nutrition interventions to promote adequate weight gain and overall
optimal nutritional status for pregnancy should begin in the prenatal period,
and continue throughout the patient’s pregnancy.

ENDOCRINE

523�
BETA CELL DISTRIBUTION, BUT NOT BETA CELL
DENSITY, IS ALTERED IN THE NEONATAL CF PIG
PANCREAS
Meyerholz, D.K.1; Olivier, A.K.1; Hochstedler, C.1; Naumann, P.1;
Stoltz, D.A.3; McCray, P.B.2; Welsh, M.J.4,5; Uc, A.2 1. Pathology,
University of Iowa, Iowa City, IA, USA; 2. Pediatrics, University
of Iowa, Iowa City, IA, USA; 3. Internal Medicine, University of
Iowa, Iowa City, IA, USA; 4. Molecular Physiology and
Biophysics, University of Iowa, Iowa City, IA, USA; 5. Howard
Hughes Medical Institute, University of Iowa, Iowa City, IA, USA

Cystic fibrosis (CF) is caused by mutations in the gene encoding the
cystic fibrosis transmembrane conductance regulator (CFTR). Disease is
common in the CF exocrine pancreas eventually leading to complete
destruction of the exocrine organ, while disease of the endocrine pancreas
leads to CF related diabetes (CFRD). Because early beta cell pathology in
CF is not well described in humans, we studied neonatal CF and non-CF pig
pancreas using insulin immunostaining to determine the cellular distribution
and density of beta cells. In both groups, beta cells were loosely organized
as varying sized small islets to solitary cells within the parenchyma. CF pig
pancreas had reduced lobularity with corresponding increased interlobular
connective tissue as has been reported. Interestingly, most of the CF beta
cells were restricted to within or immediately adjacent to these remnant lob-
ules. In contrast, the interlobular space had an absence of beta cells (as well
as islets). We then examined the amount of beta cells in whole pancreas tis-
sue (average ~3-4 cm2 / tissue section) and found that beta cell tissue densi-
ty did not differ between CF and non-CF groups (NS, Mann-Whitney test).
However, when we examined the amount of beta cells in lobular tissues, CF
pancreas had increased beta cell tissue density compared to non-CF groups
(P<0.05, Mann-Whitney). The results of this study give some insight into
CF pathogenesis and have implications for future studies. 1) The extent of
beta cells, as assessed by insulin immunostaining, does not appear to be
altered at birth and suggests morphologic changes may be a result of post-
natal pathophysiology. Importantly, this work does not completely rule out
pathophysiologic differences between groups at birth. 2) Consistent with
islet derivation from developing duct progenitors, beta cells are generally
restricted to the diminutive lobules of the CF pig pancreas and are lacking
from the expanded interlobular spaces. Accordingly, generous sampling of
CF pig pancreas is essential to prevent artifactually low or high estimation
of beta cell populations. 3) Increased beta cell numbers within the remnant
lobules of the neonatal pig pancreas may reflect the findings of early autop-
sy studies where CF infant pancreas was sometimes described in pathology
reports to have increased islets. Future fetal and postnatal studies combined
with clinical analysis of endocrine pancreas function will further define the
role of beta cells in the pathogenesis of CF related diabetes.

524�
CFTR KNOCKOUT MICE REVEAL NORMAL
GLUCAGON RESPONSE TO HYPOGLYCEMIA
Stalvey, M.S.; Cass, S.; Mueller, C.; Flotte, T.R. Pediatrics and
Gene Therapy Center, University of Massachusetts Medical
School, Worcester, MA, USA

The frequency of CF related diabetes (CFRD) continues to rise. The
presence of CFTR in rat pancreatic islets was recently described, but was
primarily on glucagon secreting alpha cells. Previous clinical studies
demonstrated a reduced glucagon response to hypoglycemia in pancreatic
insufficient CF subjects. As Cftr knockout (Cftr-/-) mice do not develop
pancreatic disease, defects in glucagon response would be indicative of
intrinsic cellular abnormalities. We hypothesized that Cftr-/- mice would
have reduced responses to insulin-induced hypoglycemia.

Female Cftr-/- mice were compared to heterozygote and wildtype con-
trols for this experiment. All mice, ages 9-14 wks, were fasted for four hours
prior to study initiation. Fasting blood glucose, insulin and glucagon con-
centrations were obtained from control mice (n=3-6). Following a baseline
blood glucose value, insulin-treated mice were injected with 0.2 units of
insulin aspart, to induce hypoglycemia (n=5-6). Blood glucose concentra-
tion was monitored at 10, 30, 50, 70, 90 and 120 min., until blood glucose
fell below 60 mg/dL, or there was visual evidence of hypoglycemia. Serum
insulin and glucagon concentrations, following insulin-induced hypo-
glycemia, were then compared to control mice concentrations.

Insulin concentrations were significantly increased in Cftr-/-, heterozy-
gote and wildtype mice following insulin injection (p<0.05). Glucagon con-
centrations were increased following the induction of hypoglycemia (Cftr-
/- and heterozygote mice p<0.01, wildtype mice p=NS). However, there was
no significant difference in glucagon concentrations (mean±SD, pg/mL),
between the three groups, following insulin-induced hypoglycemia (Cftr-/-
465.2 ± 234.6, heterozygote 527.2 ± 176.5, wildtype 335.7 ± 240.9).

Despite previous evidence of CFTR expression on pancreatic alpha
cells, Cftr knockout mice have similar glucagon responses to insulin-
induced hypoglycemia, compared to heterozygote and wildtype controls.
Cftr knockout mice may not undergo the same endoplasmic reticulum stress
compared to deltaF508 mice. Additional studies are underway to compare
differences in these animals.

525�
DOES HYPERGLYCEMIA AFFECT LEVELS OF IL-17
SECRETION BY T CELL SUBSETS IN ADULTS WITH
CYSTIC FIBROSIS IN VITRO?
Ziai, S.1,2; Rabasa-Lhoret, R.1,2; Mailhot, M.3; Berthiaume, Y.4,3;
Coderre, L.4,2; Richter, M.V.5 1. Nutrition, Université de
Montreal, Montreal, QC, Canada; 2. Institut de recherches
cliniques de Montréal, Montreal, QC, Canada; 3. Cystic Fibrosis
Clinic, Centre Hospitalier de l’Université de Montréal, Montreal,
QC, Canada; 4. Medicine, Université de Montréal, Montreal,
QC, Canada; 5. Medicine, Université de Sherbrooke, Sherbrooke,
QC, Canada

Background:Cystic fibrosis-related diabetes (CFRD) increases morbid-
ity and mortality in CF patients. Abnormal glucose excursions can already
be observed in pre-diabetic CF patients and those with normal glucose tol-
erance when compared to healthy controls. During this pre-diabetic phase,
patients loose lung function years before the diagnosis of CFRD. The mech-
anisms of this deterioration of lung function are unknown and could be
related to repeated hyperglycaemic excursions that can potentially affect the
immune system and in particular lymphocytes. Hyperglycemia has been
shown to promote altered immune responses and could affect T lympho-
cytes subtypes and cytokine production. Th17 cells have been shown to be
present in the lungs of CF patients. Th17 cells secrete IL-17a, a cytokine
implicated in many autoimmune diseases and increased levels of IL-17a are
possibly involved in airway tissue destruction. Hypothesis: Compared to
healthy control subjects; CF patients would present an increase in IL-17a
production by Th17 cells which will be further exacerbated in hypergly-
caemic conditions. Subjects and methods: Peripheral blood lymphocytes
were isolated from 8 control subjects and 10 CF patients (2 with normal glu-
cose tolerance, 2 pre-diabetics and 6 CFRD) and cultured in medium con-
taining either 5 mM of glucose (normoglycaemic conditions) or 25 mM of



2011 Cystic Fibrosis Conference

404

glucose (hyperglycaemic conditions) for 24 or 48 hrs. To evaluate the pro-
portion of cells producing IL-17a, cells were stained for surface markers
(CD3, CD4, CD25), and intracellular FOXP3 and IL-17a to identify cell
subsets producing IL-17a, and then analyzed by flow cytometry. Results:
When cultured under normal glycemic conditions for 24 or 48 hrs, no differ-
ence was observed between CF patients and controls for IL-17a production
by Th17 cells. However, we found that under hyperglycaemic culture con-
ditions for 24 hrs and 48 hrs, a greater proportion of CD3+ CD4+ CD25-
cells secreted IL-17 among lymphocytes isolated from CF patients com-
pared to controls. Conclusion: Th17 lymphocytes from CF patients cultured
under hyperglycaemic conditions produce more IL-17a than those of
healthy counterparts. Our data suggests that frequent glucose excursions in
CF patients might contribute to increased Il-17a secretion which could pos-
sibly contribute to tissue inflammation. Further studies are needed to eluci-
date mechanisms involved in the increased IL-17a secretion by IL-17a
secreting T cells in CF patients in hyperglycaemic conditions.

IL-17a production by Th17 lymphocytes in CF patients and healthy
controls

Values are mean ± SD

526�
CLINICAL RESPONSES TO A NOVEL VITAMIN D
SUPPLEMENTATION STRATEGY IN ADULT CF
PATIENTS HOSPITALIZED FOR PULMONARY
EXACERBATION
Grossmann, R.E.1; Zughaier, S.2; Kumari, M.3; Seydafkan, S.3;
Liu, S.4; Lyles, R.4; Sueblinvong, V.5; Schechter, M.S.2; Stecenko,
A.6; Ziegler, T.R.3; Tangpricha, V.3 1. Nutrition and Health
Sciences Department, Emory University, Atlanta, GA, USA; 2.
Department of Pediatrics, Emory University, Atlanta, GA, USA;
3. Department of Endocrinology, Emory University, Atlanta, GA,
USA; 4. Department of: Biostatistics and Bioinformatics, Emory
University, Atlanta, GA, USA; 5. Pulmonary, Allergy and Critical
Care Medicine, Emory University, Atlanta, GA, USA; 6. Division
of Pulmonary, Allergy/Immunology, Emory University, Atlanta,
GA, USA

Background: Vitamin D is well known for its importance in calcium
absorption and bone mineralization. Appreciation for the role of vitamin D
in health has recently expanded to include roles in immune function, cardio-
vascular health, and diabetes. Further, vitamin D status has been associated
with improved survival in randomized controlled trials. It has also been rec-
ognized that individuals with cystic fibrosis (CF) are at increased risk for
vitamin D deficiency and vitamin D-related comorbidities such as low bone
mineralization, CF-related diabetes and increased susceptibility to infec-
tion. In the CF population, vitamin D status has been positively correlated
with lung function as measured by FEV1. In critically ill patients, vitamin D
has been positively correlated with plasma concentrations of LL-37, an
antimicrobial peptide. However, the clinical effects of vitamin D supplemen-
tation in CF subjects have not been studied in a randomized clinical trial.

Objective: To evaluate the impact of a novel vitamin D repletion strat-
egy on FEV1 % predicted, LL-37 and mortality in a pilot study.

Methods: We randomized 30 adults with CF admitted for pulmonary
exacerbation to a single 250,000 IU dose of vitamin D3 or placebo and
measured serum 25(OH)D, LL-37 and FEV1 %predicted at baseline, 1 week
and 12 weeks after treatment. Clinical outcomes included return of FEV1
%predicted to baseline and mortality at 12 months after randomization.

Outcomes: We found the mean increase in serum 25(OH)D in the first
week was 27(±14) ng/mL in the vitamin D group and -0.69(±6) ng/mL in
the placebo group (p<0.001). Over the first week after randomization, plas-
ma LL-37 increased in the vitamin D group by 60 ng/mL compared to a
decrease of 29 ng/mL in the placebo group (p=0.10). The proportion of CF
subjects that returned to >95% of their baseline FEV1 %predicted was 73%
in the vitamin D group and 38% in the placebo group (p=0.32). Survival
analysis demonstrated that there was a trend towards an increase in the risk

for death in the placebo group compared to the vitamin D group over a 12
month follow-up period (p=0.052).

Conclusions: This study demonstrates that a single, large dose of vita-
min D3 rapidly restores vitamin D status in CF patients admitted with an
acute pulmonary exacerbation. This pilot study also suggests that a rapid,
high dose vitamin D supplementation strategy during pulmonary exacerba-
tion may have important clinical effects, including improved lung function
and survival. Larger studies need to be conducted to confirm these findings
and to determine the potential mechanisms involved.

527
RISK FACTORS FOR CHRONIC KIDNEY DISEASE IN
ADULTS WITH CYSTIC FIBROSIS
Quon, B.S.1,2; Mayer-Hamblett, N.3; Aitken, M.L.1; Smyth, A.R.4;
Goss, C.H.1,3 1. Medicine, University of Washington, Seattle, WA,
USA; 2. Medicine, University of British Columbia, Vancouver,
BC, Canada; 3. Pediatrics, University of Washington, Seattle, WA,
USA; 4. Child Health, University of Nottingham, Nottingham,
United Kingdom

Rationale: Adults with cystic fibrosis (CF) possess multiple potential
risk factors for chronic kidney disease, including CF-related diabetes
(CFRD) and lifetime nephrotoxic drug exposure. 

Objectives: To determine whether cumulative intravenous (IV) amino-
glycoside exposure and CFRD increase the risk of chronic kidney disease in
CF adults. 

Methods: This was a retrospective cohort study using adults (≥18 years)
in the CF Foundation registry from 2001-2008. Chronic kidney disease
(Stage 3 or greater) was defined by an estimated glomerular filtration rate of
<60 mL/min/1.73m2. Time-dependent multivariable Cox proportional haz-
ards models were used to determine whether cumulative number of acute
pulmonary exacerbations (surrogate for IV aminoglycoside exposure) and
CFRD requiring insulin increase the risk of chronic kidney disease, adjust-
ing for confounders. 

Main Results: The study cohort included 11,912 adults with a median
follow-up of 4 years. During the study period, 204 subjects had chronic kid-
ney disease, with an annual disease prevalence of 2.3%. Disease prevalence
doubled with every 10-year increase in age. CFRD requiring insulin thera-
py substantially increased the risk of chronic kidney disease (1-4 years of
CFRD requiring insulin versus no CFRD: HR=2.40, 95% CI 1.74-3.32; ≥5
years: HR=4.56, 95% CI 2.84-7.31). Pulmonary exacerbations did not sig-
nificantly increase the risk of chronic kidney disease (1-5 exacerbations ver-
sus none: HR=0.79, 95% CI 0.56-1.11; 6-9 exacerbations: HR=0.92, 95%
CI 0.58-1.46; ≥10 exacerbations: HR=1.16, 95% CI 0.75-1.81). 

Conclusions: CF-related diabetes is a significant risk factor for chron-
ic kidney disease in adults with CF, but additional studies examining IV
aminoglycoside exposure directly are required.

Prevalence of Stage 3 or greater Chronic Kidney Disease (CKD) by
Age Category
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528
EFFECT OF REPAGLINIDE THERAPY IN ADULT
PATIENTS WITH CYSTIC FIBROSIS RELATED
DIABETES
Hubert, D.; Abiven, G.; Mosnier-Pudar, H. Hopital Cochin-
APHP, Paris, France

Objectives: Cystic fibrosis–related diabetes (CFRD) without fasting
hyperglycemia (CFRD FH-) is associated with low microvascular and no
macrovascular complications and insulin therapy is a significant treatment
burden for patients, with complex and time consuming medical care. There-
fore therapy of CFRD FH- has been started with oral repaglinide in some of
our patients in the past ten years. We evaluated the effect of repaglinide
therapy on diabetes control, nutritional and respiratory status in those
patients with CF. 

Methods and Patients: This retrospective study included patients cared
for at our adult CF center who were diagnosed with CFRD FH- between
May 2000 and May 2010 and initially treated with repaglinide. CFRD had
been diagnosed after a standard oral glucose tolerance test (OGTT) with
normal fasting oral glucose levels, but 2-h glucose � 200 mg/dl (11.1
mmol/l). Subjects were monitored until May 2010. Clinical outcomes,
including weight and BMI, respiratory function, hemoglobin A1c, were
evaluated quarterly, at each visit to the CF center. We also evaluated the time
until insulin therapy started and the reasons for this change of regimen. 

Results: Twenty-five patients (16 females - 64%) began repaglinide
therapy at a mean age of 27 (17-41) years. All had exocrine pancreatic insuf-
ficiency and negative GAD and IA2 antibodies. Mean age at diagnosis of CF
was 5 (0-26) years. All patients but 2 had severe CFTR genotype and 12
patients (48%) were F508del homozygous. At diagnosis of CFRD, mean
BMI was 19.17 ± 1.99 kg/m2, mean FEV1 56.6 ± 23.0 % pred., mean FVC
67.1 ± 19.6 % pred., mean A1c 6.7 ± 0.7 %.

At one year of repaglinide regimen, mean A1c was 6.4% in the 24
patients still treated with repaglinide, A1c had been stable in 12 patients,
nine patients had had a mean increase of 0.7% and 3 patients a mean
decrease of 0.55%. 

The mean dose was 5 mg/day. At 2 years, mean A1c had decreased by
0.9%, patients had gained weight (mean: +1.65 kg) and mean FEV1 had
improved. Nevertheless, after 2 years, there was a tendency to worsening of
health. Sixty-four percent of the patients had at least one episode of hypo-
glycemia, but none were severe.

The mean follow-up was 66 months. Nineteen patients (76%) were
treated with insulin after a mean time of 29.3 (6-84) months. The reasons for
insulin therapy were: poorly controlled diabetes in 13 patients (increase in
A1c in 6 patients, high postprandial blood glucose in 5 patients, hypo-
glycemia in 2 patients), lung function decline in 5 patients (including 4 with
poorly controlled diabetes), weight loss in 2 patients (who had also uncon-
trolled diabetes and lung function decline), lung transplantation in 3
patients, desire for pregnancy in one patient and initiation of enteral feeding
in one patient.

Conclusion: Improvement of CFRD remains transient after treatment of
CFRD with repaglinide. It may allow some patients to accept treatment of
diabetes. However regular monitoring is essential and a change to insulin
should be prescribed at the slightest sign of deterioration, not only on blood
glucose, but also on nutritional and respiratory status.

PSYCHOSOCIAL/BEHAVIORAL 

529�
JOURNEY TO INDEPENDENCE: TRANSITIONING TO
ADULT CYSTIC FIBROSIS CARE
Shipp, A.R.; Siragusa, A.; Crews, B.; Scott, P. Children’s
Healthcare of Atlanta, Atlanta, GA, USA

Background: In 2007, our pediatric cystic fibrosis (CF) care center rec-
ognized the need for a formal transition process and subsequently developed
a program called Journey to Independence. Program objectives include:
Assess patients’ transition readiness; offer opportunities for patients to dis-
cuss concerns and ask questions independent of parent input; establish edu-

cational goals and create homework assignments to help patients meet those
goals; and increase involvement with the adult care team. 

Methods: The Journey to Independence program is comprised of five
stages: Scout (ages 8-10 years); Explorer (ages 11-13); Trail Guide (ages
14-15); Deputy (age 16); and Park Ranger (ages 17-18). To date, we have
implemented the Deputy and Park Ranger stages of the program. Each stage
includes five components with specific educational objectives. To obtain the
objectives in each stage, patients are required to complete various age-
appropriate homework assignments or hands-on activities. Examples of
objectives for the Park Ranger stage include: “Understand CF” – prepare for
the final transition to adult care by engaging in a dialogue about the adult CF
care center; “Respiratory” – practice good self-care by describing the daily
medication and treatment regimens (My Med Sheet); “Nutrition” – plan
menus that meet patient health goals (My Meal Plan); “Treatment” – deter-
mine whom to call with certain health related questions (Make the Right
Call); and “Lifestyle” – identify and describe how to meet potential chal-
lenges of self-care (Challenges of Independence). There are a total of 25
assignments or activities throughout the program – five for each stage. Upon
completion of the program, patients attend a formal Adult Transition Clin-
ic, in which they are seen by both the pediatric and adult care teams. This
clinic is held at our pediatric care center and serves as the final step in the
Journey to Independence. 

Results: Since January 2008, a total of 18 patients have transitioned to
adult care. Nine additional patients are scheduled to transition to adult care
in 2011. In late 2010, the Journey to Independence secured an educational
grant from a specialty pharmacy, which provided the necessary funding for
additional program development. With this support, our team was able to
develop all remaining stages of the program, including printed educational
materials. Having previously introduced the final two stages of the program
– Deputy and Park Ranger, the additional stages – Scout, Explorer, and Trail
Guide – will be launched in the summer of 2011 for approximately 70
patients. 

Conclusion: In 2007, our pediatric CF care center recognized the need
for a formal adult care transition process and subsequently developed the
Journey to Independence program. This program represents an effort to
educate our patients more systematically and comprehensively than we have
done in the past. It has been well received by patients, parents, and staff at
both the pediatric and adult care centers, and we have met our initial objec-
tives. Our ultimate goal is to transition highly educated, motivated and
adherent patients, who can function independently when they first see our
adult care counterparts.

530�
FACILITATING SELF-MANAGEMENT IN
ADOLESCENTS AND ADULTS WITH CYSTIC FIBROSIS:
A PILOT STUDY
Jessup, M.1; Hauser, J.2; Cameron-Tucker, H.3; Cummings, E.3,4;
Turner, P.3,4; Blizzard, L.3; Reid, D.5 1. Research Centre for
Clinical and Community Practice Innovation, Griffith
University/Gold Coast Health, Gold Coast, QLD, Australia; 2.
Royal Hobart Hospital, Hobart, TAS, Australia; 3. Menzies
Research Institute, Hobart, TAS, Australia; 4. School of
Computing, University of Tasmania, Hobart, TAS, Australia; 5.
Queensland Institute of Medical Research, Brisbane, QLD,
Australia

Introduction: Transition to adult cystic fibrosis (CF) care assumes con-
comitant self-management. The aim of this pilot study was to assess a men-
tor-based behavioural modification intervention to enhance self-efficacy,
with some individuals utilizing an information and communication technol-
ogy (IT) tool - a modified mobile phone – for self-recording of symptoms
with immediate visual feedback on clinical status.

Methods: In this single-blind, randomized controlled trial (RCT), CF
adolescents and adults were randomized to one of three arms: mentor (M),
mentor plus mobile phone for self-recording of daily symptoms (M + IT), or
control (C). The primary outcome was self-efficacy, and secondary out-
comes were CF-related and generic quality of life (QOL), participant feed-
back on their experience via semi-structured interviews, lung function and
acute healthcare utilization.

Results: In the seventeen participants (median age 21 years, range
14–48 years), self-efficacy increased significantly in the M and M + IT
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groups compared to C (p<0.05); with a mean improvement in FEV1 of 133
mls in the M and M + IT arms combined, which was significant compared
to C (p<0.01). QOL scores were unchanged. Hospital admissions were sig-
nificantly reduced in the M + IT arms combined, compared to pre-interven-
tion (p<0.05). Participants reported increased accountability. 

Conclusion: This pilot RCT demonstrates mentorship has positive
effects over six months on self-efficacy, lung function and acute health-care
utilization in adults with CF.

531�
TEAMUP: A PILOT PROGRAM FOR TRANSITION
Erny, M.; Kennedy, M.; Spahr, J. Children’s Hospital of
Pittsburgh, Pittsburgh, PA, USA

Rationale: With patients surviving well into adulthood, transition to
adult providers is to be expected for most patients with cystic fibrosis (CF).
Frequently, transition is not discussed until late adolescence and early adult-
hood. There is a need for healthcare providers, parents and patients to start
the transition process early to increase the likelihood of a successful transi-
tion to adult care.

Program Description: TeamUP is a program developed by students in
the graduate school of health policy at Carnegie Mellon University in collab-
oration with healthcare providers at the Children’s Hospital of Pittsburgh.
The program was developed with the intent to empower patients and trans-
form young patients into healthy, confident and able adults, beginning in the
early pediatric setting. The program optimizes transition by providing
patients a comprehensive program complete with developmentally appropri-
ate tasks and activities that are consistent from early childhood to adoles-
cence. TeamUP focuses mainly on the patient who is at the center of transi-
tion. Patients who are empowered to ask questions of their doctors will have
a greater confidence in their ability to guide their own healthcare. The goal
is to create a patient who has an understanding of their condition(s), medica-
tion(s), and potential complications.

TeamUP uses Interactive Multi-tier Stages, encourages use of hospital
resources, teaches medical and social skills, and is easy to use. The program
materials include a development kit and step-by-step handbooks aimed at
guiding healthcare providers, patients and parents through the transition
process. TeamUP is a personalized a program that is broken down into 5
phases to address the needs of children and adolescents through the age of
22.

Results/Future Direction: To date, our CF center has 30 patients
enrolled in TeamUP. Results of surveys suggest that patients and families do
not think of transition especially in the 3-12 year age range. Our goal is to
change perceptions of transition so that patients and parents of patients with
CF start thinking about transition early in order to build the skills needed to
be an informed adult that can successfully handle the tasks necessary. Our
program is beginning with children aged 3-12 years old.

532�
DEPRESSION AND ANXIETY SYMPTOMS AMONG
ADULTS WITH CYSTIC FIBROSIS
Simonton, S.1; Sherman, A.C.1; Campbell, D.2; Reddy, R.M.3;
Kumar, S.1; O’Brien, C.E.4; Anderson, P.J.3 1. Behavioral
Medicine Division, University of Arkansas for Medical Sciences,
Little Rock, AR, USA; 2. Department of Social Work, University
of Arkansas for Medical Sciences, Little Rock, AR, USA; 3.
Division of Pulmonary and Critical Care Medicine, University of
Arkansas for Medical Sciences, Little Rock, AR, USA; 4.
Department of Pharmacy Practice, University of Arkansas for
Medical Sciences, Little Rock, AR, USA

There have been increased concerns about psychiatric distress among
adults with cystic fibrosis. Although several well-designed studies are
underway, as yet few published data are available, and prevalence estimates
vary widely. Moreover, little is known about important clinical or demo-
graphic factors that might contribute to risk for psychiatric morbidity.  

This report provides initial findings regarding depression and anxiety
symptoms from an ongoing study of adult patients in Arkansas. Mean age
was 27.5 (9.7), mean education was 13.4 (2.0) years, and most participants
were white. Depression and anxiety were assessed with the Hospital Anxi-

ety and Depression Scale (HADS), a standardized measure which avoids
confounding distress with symptoms of medical illness. 

The proportion of participants exceeding cut-off scores for depression
was 15.9%, and 31.8% exceeded cut-off values for anxiety. In multivariate
analyses, depressive symptoms were concurrently associated with older age
(β= .42, p <.001), lower education (β= -.23, p =.02), greater number of hos-
pitalizations within the past year (β= .27, p =.02), and less religious commit-
ment (β= -.41, p <.001). Anxiety was significantly related to lower religious
commitment (β= -.37, p =.01), and marginally tied to older age (β= .27, p
=.053). Disease characteristics (e.g., pulmonary function, BMI) were less
robust predictors of these outcomes. 

Identification and treatment of psychosocial morbidity requires addi-
tional attention in cystic fibrosis centers. Further investigations will be
important in refining prevalence estimates, tracking changes over the trajec-
tory of the illness, and identifying potential markers for risk and resilience.
In particular, increased age and lower religiousness appear to be associated
with distress, and merit further scrutiny.

533
ADHERENCE TO AIRWAY CLEARANCE THERAPY
AMONG ADULTS WITH CYSTIC FIBROSIS
Simonton, S.1; Sherman, A.C.1; Campbell, D.2; Reddy, R.M.3;
Kumar, S.1; O’Brien, C.E.4; Anderson, P.J.3 1. Behavioral
Medicine Division, University of Arkansas for Medical Sciences,
Little Rock, AR, USA; 2. Department of Social Work, University
of Arkansas for Medical Sciences, Little Rock, AR, USA; 3.
Division of Pulmonary and Critical Care Medicine, University of
Arkansas for Medical Sciences, Little Rock, AR, USA; 4.
Department of Pharmacy Practice, University of Arkansas for
Medical Sciences, Little Rock, AR, USA

There have been longstanding concerns about adherence among cystic
fibrosis patients, in view of the highly demanding treatment regimens that
these individuals must manage. Adherence to airway clearance procedures
has been particularly problematic. Compared with research on children with
cystic fibrosis, however, fewer studies have focused on adherence among
adults. 

This study examined levels of self-reported adherence among patients in
a cystic fibrosis clinic serving a rural Southern state. Participants were adults
(18 years and older), average age was 27.5, and mean household income was
modest. Adherence to airway clearance was assessed with items from two
validated instruments, the Cystic Fibrosis Treatment Questionnaire and the
Medication Adherence Report Scale. 

Only 38.1% of participants reported being fully adherent to airway
clearance therapy in the past month, and an additional 14.3% indicated that
they had missed no more than two chest treatments per week. Better adher-
ence (as a continuous variable) was significantly related to greater number
of hospitalizations within the past year (p = .04), and need for home intra-
venous antibiotics within the past year (p = 04). It was marginally associat-
ed with poorer pulmonary function (FEV1% predicted: r = -.27, p = .08),
greater depression (r = .29, p = .07), and increased illness-related stress (r =
.27, p = .08). 

Results highlight pronounced difficulties with adherence among adults
with cystic fibrosis, and tentatively suggest that those who are struggling
more sometimes might experience greater motivation for self-care.  Attain-
ing a more sophisticated understanding of adherence to airway clearance
remains an important priority for further research.

534�
COGNITIVE BEHAVIORAL THERAPY (CBT) FOR
PATIENTS WITH CYSTIC FIBROSIS (CF)
Heslop, K.1; Anderson, A.1; Corder, K.1; Doe, S.J.1; Johnston, S.1;
Caraher, M.1; Gascoigne, A.1; Baker, C.2; Bourke, S.1 1. Adult
Cystic Fibrosis Clinic, The Newcastle upon Tyne Hospitals NHS
Foundation Trust, Newcastle upon Tyne, United Kingdom; 2.
Department of Psychology, The Newcastle upon Tyne Hospitals
NHS Foundation Trust, Newcastle upon Tyne, United Kingdom

Aims and Method: CF is a complex disease and patients face substan-
tial physical and psychological problems. The emotional impact is as signif-
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icant as the physical symptoms. CBT is an evidence-based treatment for
emotional adjustment problems. It addresses unhelpful thinking and worry-
ing and promotes understanding of how thoughts, mood, behavior and phys-
ical symptoms interact. CBT can be learnt by members of the CF team and
used to support patients. Patients attending our clinic underwent screening
for anxiety and depression using the Hospital Anxiety and Depression
(HAD) Scale. Those with high scores were offered CBT provided by a nurse
who had undertaken a postgraduate diploma in CBT, supported by a clinical
psychologist.  

Results: Thirty-three patients were offered CBT and 20 (61%) complet-
ed a course of treatment; 11 (55%) were female. Their mean age was 30
(range 19 to 49) years. Their mean FEV1 was 1.85 (range 0.76 to 3.64) L.
Overall 18 (90%) had high scores for anxiety (HAD score ≥8) and 12 (60%)
had high scores for depression (HAD score >8), with 7 (35%) having both
anxiety and depression. There were significant falls in HAD-anxiety scores
from a mean 11.9 (SEM 0.9) to 7.6 (SEM 1.0), p<0.01, and in HAD depres-
sion scores from a mean 9.6 (SEM 1.1) to 5.8 (SEM 0.7), p<0.01 post-CBT.
The average number of consultations was 4.5. Six patients were referred on
to a clinical psychologist for further therapy. 

Conclusion: CBT shows promise as an effective treatment which
reduces anxiety and depression in patients with CF, across a range of ages
and disease severities. CBT techniques can be learnt by members of the CF
team and used to support patients.

535�
WHEN A GOOD JOB IS BAD MEDICINE: WHAT
TRANSITIONING ADULTS SHOULD KNOW ABOUT
WORK AND DISABILITY BENEFITS
Sufian, B.S.; Passamano, J.A.; Sopchak, A.L.; Thanos, C. Sufian
& Passamano, LLP, Houston, TX, USA

Introduction: Many CF adults continue work long after CF symptoms
meet the Social Security criteria for disability benefits. This study examines
why CF adults forgo Social Security Benefits and continue work after they
are eligible for benefits. 

Method: The study surveyed participants in the CF Insurance Access
Program (CFIAP). CFIAP helps CF adults obtain Social Security benefits.
CFIAP had 196 participants at the time of the survey; 26 CFIAP participants
responded to the survey. The survey inquired about FEV1, the frequency of
physician interventions and the frequency of antibiotic use.  

Results: Sixty-two percent of respondents (16 of 26) continued work
even after their FEV1 fell below 50%. Of these, 19% continued work with
an FEV1 from 41% to 50%. Sixty-two percent continued to work with an
FEV1 from 31% to 40%. Nineteen percent continued to work with an FEV1
from 21% to 30%. One had an FEV1 greater than 50% and 9 did not dis-
close their FEV1. CF adults continued work despite numerous physician
interventions. Seventy-seven percent (20 of 26) were hospitalized in the 12
months prior to stopping work. Twenty percent (4 of 20) were hospitalized
once in the prior 12 months, 15% were hospitalized twice, and 65% were
hospitalized 3 or more times in the prior 12 months.

CF adults continued work despite persistent pulmonary infection and
treatment with antibiotics. Eighty-five percent (22 of 26) used intravenous or
inhaled antibiotics at least 6 times in 12 months and 42.5% had continuous
use of antibiotics in the last 12 months of work. Twenty respondents stated
their reasons for continuing to work, and all stated more than one reason.
Eighty-five percent stated continuing work was necessary to meet financial
obligations; 55% said they could not stop work because they needed the
job’s health insurance; 35% said they were unaware how to qualify for ben-
efits. Ten percent said they could not afford the cost of COBRA and 5% stat-
ed that they had no health insurance option for the 29 month Medicare wait-
ing period. Ninety percent stated that they enjoyed work as a reason for con-
tinuing work, and almost all of these (17 of 18) stated one or more reason.
Eighty-five percent (6 of 7) of those who identified financial need or need
for insurance also stated that they were unaware that they were eligible for
Social Security benefits. 

Discussion: Most cited the need for income or health insurance as the
reason for continuing to work. Yet, SSI and SSDI provide an income bene-
fit and a health insurance benefit. Eighty-five percent of those who cited the
need for income or health insurance benefits also stated that they were
unaware that they were eligible for Social Security benefits. Unawareness of
Social Security eligibility standards explains the delay in applying for ben-
efits.

Those aware of Social Security still continued to work because they
could not forgo income during the 5 month income benefit waiting period.
Others could not fill the 29 month Medicare waiting period with a COBRA
extension, either because COBRA was unavailable or because the respon-
dent could not afford COBRA. 

Conclusion: Transitioning adults need regular counseling on the avail-
ability of Social Security benefits, how to qualify and when to end work. 

Proper counseling enables transitioning adults to end work, prepare for
the waiting periods and make other financial preparations for life after work.

536�
QUALITY IMPROVEMENT AND PATIENT’S
EMPLOYMENT STATUS: IMPROVED CF HEALTH
OUTCOMES THROUGH DISABILITY BENEFITS
Passamano, J.A.; Sufian, B.S.; Sopchak, A.; Thanos, C. Sufian &
Passamano, LLP, Houston, TX, USA

Introduction: Working CF adults often presume that ending work will
result in decreased income with no substantial change in their health status.
This study examines whether health outcomes improve when a CF adult
transitions from working to receiving Social Security disability benefits.

Method: The study surveyed CF adults participating in the CF Insur-
ance Access Program (CFIAP). The CFIAP is a project of the CFF Patient
Assistance Foundation. The CFIAP helps CF adults obtain Social Security
benefits. The CFIAP had 196 participants at the time of the survey. Of those,
107 had received a favorable determination by the Social Security adminis-
tration, with 89 applications still pending. Twenty-six CFIAP participants
responded to the survey.

The survey inquired about FEV1 at the time the respondent stopped
work, and about FEV1 at the time of the survey, which was least six months
after the respondent stopped work. 

Results: The survey showed that 17 respondents reported their FEV1
both at the time they stopped work and at least six months after they stopped
working. It showed that 59% (10 of 17) experienced higher FEV1 after they
stopped working; 18% had a lower FEV1; 23% maintained a stable FEV1.
If one regards both improved and stabilized FEV1 as positive health out-
comes, then 82% (14 of 17) experienced a positive health outcomes after
they stopped work.

Among those who experienced an increase in FEV1, their average
FEV1 when they stopped work was 42.6%. The average FEV1 at least six
months later was 50.6%. The average increase in FEV1 was 8.4 percentage
points. The average increase in FEV1 was 18.9%. The highest increase was
a 73% increase from 40% to 69% FEV1. The lowest increase was a 6%
increase from 46% FEV1 to 52% FEV1.

The three whose FEV1 decreased had an average FEV1 of 41% when
they stopped work. Their average FEV1 at least six months later was 37.3%.
The average decrease in FEV1 was 3.7 percentage points. The average
decrease in FEV1 was 8%.

Discussion: The demands of employment may have adverse affects on
maintaining a CF adult’s health, especially when the worker with CF has a
FEV1% below 50% and when there is steady progression in the severity of
symptoms. Working hours, preparing for the workday and commuting time
may all interfere with the prescribed treatment regimen. Work also imposes
varying degrees of work related stress. Also, work may increase fatigue and
reduce time for rest and recovery. The demands of work may also adverse-
ly affect proper nutrition.

Stopping work and receiving Social Security disability benefits (which
includes an income benefit and health benefit coverage) has several antici-
pated beneficial effects on health. The CF adult has adequate time to fully
adhere to their treatment regimen, including maintaining proper nutrition.
The patient has reduced stress and fatigue and has increased time for rest
and recovery. 

Conclusion: Stopping work and receiving Social Security disability
benefits results in substantial measurable improvement in health outcomes
measured by FEV1. Consequently, CF Care Centers should regularly coun-
sel patients on the availability of SSA benefits, SSA eligibility standards and
how the CFIAP can help them obtain benefits.
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NON-ADHERENCE TO THERAPY IN CHILDREN WITH
CYSTIC FIBROSIS
Hawthorne, N.1; Hawwa, A.F.1; Shields, M.D.2; Reid, A.J.3;
McElnay, J.C.1 1. School of Pharmacy, Queen’s University
Belfast, Belfast, United Kingdom; 2. School of Medicine,
Dentistry and Biomedical Sciences, Queen’s University Belfast,
Belfast, United Kingdom; 3. Paediatric Cystic Fibrosis Unit,
Royal Belfast Hospital for Sick Children, Belfast, United
Kingdom

Introduction: Non-adherence rates in children with chronic diseases
has been shown to be as high as 50%(1). Cystic fibrosis treatment involves
combining medication with physiotherapy and a high-fat diet. Due to its
complexity, treatment can pose a significant challenge to both parents and
children. The primary aim of this study is to evaluate non-adherence to cys-
tic fibrosis management (digestive enzymes, vitamins and physiotherapy) in
children in the UK and to examine factors associated with non-adherence.

Methods: A cross-sectional study involving children aged 18 or
younger with a diagnosis of cystic fibrosis (and their parents) is ongoing.
Non-adherence to therapies was measured using the Medication Adherence
Report Scale (MARS) self-report questionnaire, while necessity and con-
cerns about treatments was explored using the Beliefs about Medicine Ques-
tionnaire (BMQ). Both questionnaires were administered to
parents/guardians and children aged 11 years or older. Health-related qual-
ity of life was assessed using the Cystic Fibrosis Questionnaire-Revised
UK-English version (parents/guardians of children aged 6-13 years and chil-
dren 6 years and older). Finally the Centre of Epidemiologic Studies
Depression Scale (CES-D) was administered to parents/guardians to assess
depressive symptoms experienced.

Results: To date, 70 children and their parents have been enrolled. Self-
reported non-adherence varied with treatment type and participant (parent or
child; Table1). Chi squared analysis on paired data revealed that children
were significantly more likely to report non-adherence than parents for
enzyme supplements (p<0.001), vitamins (p=0.01) and chest physiotherapy
(p=0.051). Physiotherapy was considered the most necessary treatment
whereas vitamins were considered least necessary. Nevertheless concerns
were highest for chest physiotherapy and lowest for vitamins. Quality of life
was generally reported to be high with children and adolescents reporting
mean scores above 70% in all domains (except treatment for adolescents).
Parents reported slightly lower mean quality of life scores for their children
aged 6-13 years. Using the CES-D, 13.1% and 14.3% of parents reported
symptoms indicative of mild and severe depression respectively.

Conclusion: Children were more likely to report non-adherence than
parents for all therapies. There was high necessity and low concern for ther-
apies. Over a quarter of parents reported symptoms indicative of depression.
Quality of life scores were generally high.

Supported by the Research Forum for the Child (Queen’s University
Belfast).

(1) Sabaté E, Editor, Adherence to long-term therapies: evidence for
action. WHO (2003) http://www.who.int/chronic_conditions/adherencere-
port/en/.

Table 1. Self-reported non-adherence

538
TWO LIFELONG DIAGNOSES: GROWING UP WITH
CYSTIC FIBROSIS AND ADHD
Havermans, T. CF centre, UZ Leuven, Leuven, Belgium

Background: Patients with cystic fibrosis (CF) are, like healthy chil-
dren, at risk for developmental problems. Attention Deficit Hyperactive Dis-
order (ADHD) is a psychiatric diagnosis and symptoms (inattentive, hyper-
active, impulsive) are prone to interfere with CF treatment. The aim of this
paper is to evaluate the ADHD diagnostic process, its treatment and family
experiences of living with two lifelong diagnoses.

Method: Retrospective review of medical and psychological charts.
Results: Twenty-one patients had suspicion of ADHD (Table). Parents

reported disruptive behavioral problems at home and school. This behavior
was also reported during out-patient clinics. The subsequent diagnostic
process included 1) a detailed behavioral history; 2) observation and testing
of the child; and 3) reports from the pediatrician, school, home physiother-
apist and other caregivers involved. Results were discussed with the CF
team, the parents and child. When there was strong suspicion of ADHD, a
referral to an ADHD specialist was made. The remaining patients were
counselled and/or referred appropriately. 

Mean age at ADHD diagnosis was 6.75 (range 4-9). All 10 patients ini-
tially started ADHD medication, with good result for 8. By reaching adult-
hood, 3 patients had stopped ADHD medical treatment because they expe-
rienced no benefit. 

Follow-up of the pediatric patients included: three-monthly outpatient
CF clinics and an annual follow-up with the ADHD specialist. The CF psy-
chologist regularly contacted the family in between. Annual multidiscipli-
nary meetings were organized for two children, because of additional prob-
lems (conduct disorder and learning difficulties). Follow-up for the adult
patients included three-monthly CF follow-up, with support for ADHD
when wanted. 

The combination of CF and ADHD was described as stressful and wor-
rying. Parents noted that ADHD behavior strongly interfered with CF treat-
ment. The ADHD medication was however frequently portrayed by both
parents and physiotherapists as a relief: it helped to reduce disruptive behav-
ior during CF treatment, e.g. problematic eating, incorrect use of the nebu-
lizer or careless physiotherapy. The main concern with medical ADHD
treatment was the potential impact on appetite and the extra burden of even
more medication. 

Conclusion: In case of ADHD, CF treatment is often disrupted causing
additional stress within families. The results show the importance of a mul-
tidisciplinary diagnostic process and the regular follow-up of both medical
and psycho-social problems. Help has to be tailored to patients’ needs and
with consideration of the interaction between the 2 treatment modules.

Table Prevalence ADHD UZ Leuven, Belgium

* diagnosis during childhood ** autism spectrum disorder (1),
learning difficulties (1), parenting problems (3), epilepsy (1), other
(3)

539
CHANGES IN ANXIETY AND DEPRESSION IN
RELATION TO DETERIORATING DISEASE
Havermans, T.1; Lambrecht, P.2; Dupont, L.1 1. CF centre, UZ
Leuven, Leuven, Belgium; 2. Clinical and Developmental
Psychology, University of Brussels, Brussels, Belgium

Background: A significant number of patients with CF report elevated
anxiety and depression. Little is known about changes over time of self-
reported symptoms of anxiety and depression especially in view of deterio-
rating illness. 

Aim: Assess symptoms of anxiety and depression at two time points in
association with changes in CF disease.

Method: The Hospital Anxiety and Depression scale (HADS) was used
to screen for anxiety and depression. Lung function and BMI were record-
ed. First time point was 2006, second time point 2010. In 2006, 48 adult
patients participated (aged � 40 years). In 2010, 13 had dropped out (1
deceased, 4 transplanted, 3 refused and 4 other reasons). Analyses were per-
formed on the data of the remaining 35 patients (Table).

Result: A significant difference was found for lung function with lower
mean scores for 2010 compared to 2006. No changes in BMI, anxiety or
depression total scores were found. Anxiety and depression levels were not
related to lung function or BMI. No gender differences were found. 

When comparing patients with ‘normal anxiety’ with those with ‘elevat-
ed anxiety,’ it was found that patients from the ‘normal’ group had signifi-
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cantly higher scores in 2010 compared to 2006 (though still in the ‘normal’
range), whilst the ‘elevated anxiety’ group remained relatively stable. A par-
allel result was found for patients with either ‘normal’ or ‘elevated’ symp-
toms of depression.

Conclusion: The percentage of patients who reported elevated anxiety
and depression scores was in line with previous reports on anxiety and
depression in CF populations, and slightly higher compared to those of
healthy populations. As expected, lung function significantly decreased over
the four year period. Changes in lung function were not related to changes
in symptoms of anxiety or depression. For patients with ‘normal anxiety’ or
‘normal depression’ in 2006 an increase in symptoms of anxiety and depres-
sion was observed in 2010. In contrast, patients with ‘elevated anxiety or
depression’ in 2006 did not report significantly more symptoms after four
years. 

Chronic illness is often related to higher incidence of symptoms of anx-
iety and depression. The present results show that changes in disease sever-
ity (lung function) are not necessarily associated with an increase in these
symptoms. It is important to identify factors that are related to the increase
(or decrease) of symptoms of anxiety and depression in patients with CF, eg.
personality characteristics, social support or SES. A better understanding of
changes in psychological well-being over time will help CF teams to pro-
vide support and counseling.

Changes over time in anxiety, depression, BMI and lung function

540
EFFECTS OF INSURANCE, INCOME AND EDUCATION
IN CF PATIENTS
Afshar, K.1; Evangelista, L.G.2; Balekian, A.1; Fukushima, L.1;
Delgado, E.2; Rao, P.1 1. Div Pulmonary/Critical Care, USC, LA,
CA, USA; 2. CF, USC, LA, CA, USA

Socioeconomic factors (SEF) are important in outcomes of various dis-
eases. Evidence shows decreased survival for pediatric CF patients of low
socioecomonic status. Pediatric patients with Medicaid have lower FEV1
and 3.7X higher risk of mortality. Lower household income also increases
their incidence of death. Little is known about SEF affecting outcomes in
adult CF patients. Our aim was to determine rate of decline in lung function
and number of exacerbations based on SEF. 

Methods: Patients over 18 years at USC adult CF center during 1/2005-
12/2010 had their medical records retrospectively reviewed. IRB approval
was obtained. SEF evaluated included age, gender, ethnicity, type of insur-
ance, education, income.

Statistical Analysis: Outcome variable, FEV1, was recorded for each
patient at the initial clinic visit,1 and 2 year intervals. We tested fixed and
random effects using repeated measure analysis of co-variance (ANCOVA).
For continuous independent variables, we performed multivariate linear
regression of FEV1.

Results: In the study, 220 patients (110 men, 110 women) with mean
age 30 yrs and BMI 21.9 kg/m2 were Caucasian (81%) and Hispanic (16%).
Education levels included some high school (1.4%), high school graduate
(22.7%), some college (41.4%), college graduate (29.6%), or postgraduate
(5.0%). More than 50% declined to state their household income. Insurance
status comprised: PPO (45%), Medi-Cal (32%), Medicare (17%) and HMO
(5.4%). Initial visit FEV1 was significantly associated with age, BMI and
education level. FEV1 increased by 2.4% (95% CI 1.7% – 3.2%) for every
1-point increase in BMI (p<0.01), but decreased by 4.1% (95% CI 3.3% -
5.0%) for every 5-year increase in age (p<0.01). Although male and female
patients did not differ significantly in FEV1 at any single time point, the rate
of FEV1 decline was significantly different over a 2-year follow-up period.
FEV1 tended to remain stable in male patients while it declined in female
patients (mean diff 1.2% in males vs. -4.1% in female; p<0.01). FEV1
increased for postgraduate women, but decreased in women with lesser

degrees (mean diff 6.6% vs. -6.0%; p<0.01). Ethnicity and insurance status
did not impact FEV1 trends. Number of exacerbations during the first year
was significantly associated with FEV1 and gender (higher FEV1 and male
gender had fewer exacerbations). Education had no direct effect on number
of exacerbations.

Discussion: In our analysis, we have found that female gender and their
education level have a dramatic positive effect on their FEV1 and rate of
decline. Ethnicity or insurance status did not statistically impact FEV1 per-
centage trends. Although improvements in BMI showed an improved FEV1,
an incremental increase of 5 years in age may offset this benefit. We were
not able to assess the impact of income on the effects of FEV1. Number of
exacerbations were related to FEV1 and male gender.

541
DO ADULTS WITH CYSTIC FIBROSIS HAVE
NEUROCOGNITIVE IMPAIRMENT?
Fukushima, L.2; Evangelista, L.G.1; Rao, A.P.2; Afshar, K.2 1. CF,
USC, LA, CA, USA; 2. Div Pulmonary/Critical Care, USC, LA,
CA, USA

Background: Almost 45 percent of the CF population in the United
States now survives to adulthood. Adult CF patients may be at increased risk
for cognitive impairment due to increased incidence of hypoxemia and
hypercapnia. In addition, the CF transmembrane conductance regulator
(CFTR) gene has also been reported to be a neurotransmitter expressed in
the hypothalamic region, which could also negatively impact neurocognitive
function. The aim of this study was to assess cognitive function in adult CF
patients. 

Methods: Subjects were recruited at a routine scheduled out-patient CF
clinic visit. Data collected included demographics (age, gender, race), med-
ications used, height, weight, BMI, pulmonary function tests, oxygen satu-
ration, and serum vitamin levels. Subjects completed the Beck depression
inventory (BDI) and mini mental status examination (MMSE). The BDI is a
well used self reported screening tool for depression. The MMSE is a wide-
ly validated screening tool for cognitive impairment. Other factors that may
influence the cognitive functioning of adult CF patients include overall
nutritional status (BMI), deficiencies in vitamins A and E, presence of
hypoxemia and severity of lung function, and presence of depression. This
is a descriptive study. In comparing the male vs. female subjects, we used
paired student t-test and Fisher’s exact test, and 2X3 contingency tables.

Results: A total of 18 subjects were recruited; 9 males and 9 females; 13
Caucasians: 5 Hispanics. The average age was 28.6 years + 6.7 years, age
range (22-47), median age 26.3 years. The average height (cm) was 164.9 +
5.7, weight (kg) was 60.4 + 18.9, BMI score 44% (8 subject) with normal
score, 33% (6 subjects) noted a mild mood disturbance, 11% (2 subjects)
were scored as mild clinical depression, and 11 % (2 subjects) with moder-
ate depression. In comparing the male vs. female subjects, average age in
males was 27.7 + 8.2, females 29.49 + 4.9, male weight (cm) 61.5 + 25.3 vs.
female 59.2 + 10.9. Males were significantly taller than female subjects
167.8 cm vs. 162.1 cm, p=0.04. There was no significant difference between
males and females in age (p=0.64), weight (p=0.73), BMI (p=0.20) FVC %
predicted (p=0.99) FEV1 % predicted (p=0.87), FEF 25-75 % predicted
(p=0.58), oxygen saturation on room air (p=0.74), BDI (p=0.10), distribu-
tion of ethnicity (p=0.44), or in MMSE scores (p=0.5). 

Impression: In this study of mild normoxic adult CF patients, we did
not find gross evidence of neurocognitive dysfunction on the MMSE. There
was evidence of mild depression in this population using the BDI. These
findings suggest that the CFTR gene does not play a significant role in
increasing the risk of neurocognitive impairment. Further study is needed to
determine the risk factors of neurocognitive impairment in the adult CF
population, particular in those patients who have hypoxemia and malnutri-
tion.
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COPING EFFICACY MODERATES DISEASE SEVERITY
AND HEALTH-RELATED QUALITY OF LIFE IN
ADOLESCENTS WITH CF
Alpern, A.N.; McLean, K.A.; Quittner, A.L. Department of
Psychology, Univ Miami, Coral Gables, FL, USA

Background: Adolescents with CF face unique stressors that require
effective coping strategies. The efficacy with which adolescents cope is like-
ly to affect important psychological and health outcomes, such as health-
related quality of life (HRQOL). Although coping may be an important
moderator of adjustment, previous studies have utilized generic coping
measures that are not specific to the disease or context. Using the Role-Play
Inventory of Situations and Coping Strategies (RISCS; DiGirolamo et al.,
1997), a context-specific coping measure for adolescents with CF, the cur-
rent study examined whether coping efficacy moderates the relationship
between disease severity and HRQOL across several domains of function-
ing.

Methods: In the context of a multicenter, randomized controlled trial,
91 adolescents 10 to 17 years completed the RISCS to assess coping effica-
cy in the areas of Treatment Adherence, Future Issues, Medical Proce-
dures/Symptoms, and Friends/School Issues. The RISCS consists of 25
vignettes that describe frequent, problematic situations reported by adoles-
cents with CF. For each situation, adolescents specified the frequency and
perceived difficulty of the problem, and then generated a coping response,
which was rated for efficacy using empirically-derived criteria. Adolescents
completed the CFQ (Quittner et al., 2000), a disease-specific measure that
assesses HRQOL in several domains, including Physical Functioning, Res-
piratory Symptoms, Eating Problems, Digestive, and Social Functioning.
Demographic and medical information was collected by chart review.

Results: Preliminary analyses of a subset of participants (N = 40)
revealed that effective coping in the Treatment Adherence domain was cor-
related with better CFQ Respiratory Symptoms, controlling for FEV1 (r =
0.75, p < .05). Controlling for BMI %, effective coping in the Medical Pro-
cedures/Symptoms domain was associated with fewer CFQ Eating Prob-
lems (r = .93, p < .01). Following a median split, disease severity was asso-
ciated with decreased Social Functioning for those with poor coping skills
(FEV1: r = -.57, p < .05; BMI percentile: r = -.77, p < .01), but not for those
who demonstrated effective coping. FEV1 was correlated with better CFQ
Respiratory Symptoms for adolescents with effective coping skills (r = .56,
p < .01), but not for poor copers. Similarly, higher BMI % was associated
with better CFQ Eating and Digestive Symptoms for those with effective
coping skills (Eating: r = .54, p < .01; Digestion: r = .46, p < .05), but not for
those with poor coping. 

Conclusions: These results suggested that coping skills moderate the
relationship between disease severity and HRQOL, and partially account for
differences in HRQOL across individuals with comparable disease severity.
Specifically, effective coping buffered against the negative effects of disease
severity. These findings highlighted the importance of identifying those with
poor coping skills and creating targeted interventions. Future analyses will
use structural equation modeling in a larger sample to examine the moder-
ating role of coping efficacy on illness-related stress and HRQOL. 

Funding was provided by NIH (HL #47064).

543
ADVANCE CARE PLANNING PROTOCOL FOR
PATIENTS WITH CYSTIC FIBROSIS
Tatum, T.; Johnson, D.; Bilger, K. Marnie Paul Specialty Care
Center, Dell Children’s Medical Center of Central Texas, Austin,
TX, USA

Despite the promising advances in medications and treatments, cystic
fibrosis (CF) continues to be a life-limiting and life-shortening disease.
Advance care planning provides patients and their families the opportunity
to have some control over their health-related quality of life, especially dur-
ing end-of-life stages. The CF care team can provide this opportunity to
patients and families by implementing a standardized approach to address-
ing health-care related quality of life with all patients at some point during
the progression of their disease. Our goal for this protocol is to ensure the
CF care team addresses health-related quality of life by discussing relevant
topics such as the patient’s values and wishes, health concerns, and the ben-

efits and burdens of current and future treatment options when the patient is
not in crisis.

A literature review of current advance care planning best practices for
CF Centers and chronic care in general was conducted. It was found that
there were not currently any identified best practices for advance care plan-
ning for CF Centers, so a brainstorming session was held with the CF care
team (including an adult patient that serves on the quality improvement
team) to prioritize what should be included in advance care planning for
people with CF. Four major topics were identified: 1) Quality of Life, 2)
Lung Transplant, 3) Advance Directives and Life-Sustaining Treatments,
and 4) Referral to Palliative Care and/or Chaplain Services. It was decided
that the topics will be discussed with patients and families during outpatient
clinic visits over a course of time. It was decided that the initiation of the
Advance Care Planning protocol could be triggered in two ways: a) patient-
triggered when a patient started asking questions about advance care plan-
ning or b) health status-triggered when a patient’s baseline lung function
dropped below 50%. The team social worker will be the primary point per-
son on the delivery and coordination of the protocol. Finally, a standardized
Advance Care Planning protocol was developed reflecting all of this infor-
mation. 

Implementation of the Advance Care Planning protocol is scheduled for
September 2011. A list of patients with baseline lung function below 50%
will be compiled, and the team social worker will initiate the protocol with
these patients per the health status-triggered route. Moving forward, patients
with newly presenting baseline lung function below 50% will be identified
in bi-monthly, pre-clinic meetings. The protocol will be implemented via the
patient-triggered route as patients initiate conversations with the CF care
team. 

A subcommittee of CF care team members will meet with the Pediatric
and Adult Palliative Care teams within the hospital network to determine the
role these providers will play in advance care planning. A satisfaction sur-
vey looking at patients’ feelings about health-care related quality of life will
be given to patients identified in the health-status triggered route prior to the
initiation of the protocol. A post-survey will be administered one year after
initiation of the Advance Care Planning protocol to determine if patients feel
their quality of life has been affected by the implementation of this protocol.

544
USE OF THE MODIFIED MEDICATION POSSESSION
RATIO TO DETERMINE ADHERENCE IN CYSTIC
FIBROSIS PATIENTS
Farach, L.1; Quittner, A.L.2; Chau, H.1; Yang, S.3; Rutkowski, A.4

1. Kaiser Permanente, Baldwin Park, CA, USA; 2. University of
Miami, Coral Gables, FL, USA; 3. Kaiser Permanente, Pasadena,
CA, USA; 4. Kaiser Permanente, Harbor City, CA, USA

Objective: We sought to measure medication adherence to common
cystic fibrosis (CF) medications in the Kaiser Permanente Southern Califor-
nia region using the fully integrated pharmacy and electronic health record
by calculating the modified medication possession ratio (MPRm) and to
determine if associations existed between medication adherence and sever-
al variables hypothesized to impact adherence.

Methods: With ready access to pharmacy data, including the medica-
tion pick-up and refill dates, the modified MPRm ratios were measured for
pancreatic enzymes, tobramycin inhaled solution (TOBI), dornase alfa (Pul-
mozyme), and azithromycin (Zithromax). Patients were screened with a
telephone questionnaire for depression and anxiety using the Hospital and
Anxiety Depression Scale. Correlations between medication adherence and
the following variables were calculated: education, age, gender, number of
visits to the pulmonologist, the distance to the pulmonologist, body mass
index (BMI), the FEV1, co-morbid diagnosis of diabetes and symptoms of
depression and anxiety. 

Results: Non-adherence was defined as an MPRm <80%. Non-adher-
ence was identified in 37% of patients taking Zithromax (N=49), 69% of
those on pancreatic enzymes (N=87), 52% of those on Pulmozyme (N=67),
and 86% of those taking TOBI (N=35). Compared to children, older patients
were less adherent to TOBI (p=0.02), Pulmozyme (p=0.02), and pancreatic
enzymes (p=0.001). Patients who were seen more often by their pulmonolo-
gist were more adherent to Zithromax (p=0.05, N=48). Children of anxious
caregivers were less adherent to Pulmozyme (p=0.02, N=12). 

Conclusion: Considerable variability was found in adherence to CF
medications, with a significant proportion of patients evidencing MPRm
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<80% and classified as non-adherent. Results indicated that CF patients
were more adherent to Zithromax, an oral medication, than to inhaled med-
ications. Several variables were related to rates of adherence. Children with
CF were more adherent than adolescents or adults, and patients who were
seen more often in clinic were more adherent. Children of caregivers who
scored above the clinical cut-off score on an anxiety measure appeared to be
less adherent, but the sample size was small. No correlations were observed
between the MPRm and depression, FEV1, BMI, distance to the pulmonolo-
gist, gender, or co-morbid diabetes diagnosis. The MPRm represents an
objective method to estimate medication adherence in CF patients and could
potentially be used to both manage the individual patient at the point of care,
and to track utility of interventions aimed at improving adherence. 

Acknowledgments: This study was supported by a grant from Southern
California Kaiser Permanente. We thank Dr. Donald Fong, Dr. Sharon Hud-
son, and Dr. Greg Maletis who contributed comments and suggestions, Dr.
Craig Cheetham and Dr. Southida Vansomphone, who provided their knowl-
edge and expertise about the MPRm, and research assistant, Adrianna
Saenz, who screened patients and reviewed charts to obtain data. Special
thanks to the patients and families who participated in this study.

545
BEHAVIORAL PARENT TRAINING TO IMPROVE
MEALTIME BEHAVIOR AND NUTRITION ADHERENCE
IN TODDLER AND PRESCHOOL CHILDREN
Hourigan, S.E.1; Schmidt, K.2; Schmidt, H.J.2; Southam-Gerow,
M.1 1. Psychology, Virginia Commonwealth University,
Richmond, VA, USA; 2. Pediatrics, Childrens’ Hospital of
Richmond, Richmond, VA, USA

Background: Parent adherence to the high-calorie diet prescribed to CF
children during toddlerhood is critical for optimum health. Behavioral con-
cerns common to the toddler stage of development present challenges, and
parents concerned about CF nutrition guidelines often inadvertently encour-
age children not to eat. The current study pilots a developmentally sensitive
adaptation of an existing evidence-based intervention (Stark, 2003) to pro-
vide parents of toddlers and preschool children with the nutrition and child
behavior management strategies necessary to ensure adequate nutrition.

Methods: Parents of children with CF age 18-60 months were invited to
participate. All participants received the 8-week study intervention, a com-
bined behavior and nutrition group counseling for parents focused on: 1)
increasing calorie and fat intake, 2) ensuring appropriate dosage and timing
of pancreatic enzymes, and 3) teaching effective parent management skills.
All nutritional recommendations were individually generated in consulta-
tion with registered dietitians and physicians. This study employs a small-n,
within-group changing criterion design and frequent data collection to
demonstrate the causal relation between treatment and changes in caloric
intake and behavior.

Measures: Children’s height and weight were collected at baseline,
post-treatment, and 3-month follow up. During the 8-week active study
phase and follow up, parents completed 3-day diet diaries and videotaped
one family meal per week. These tapes will be coded to assess parent and
child behavior and child eating. Parents also completed the Behavioral Pedi-
atrics Feeding Assessment Scale (BPFAS; Crist and Napier-Phillips, 2001).

Results: Data are currently being collected and analyzed. Preliminary
results from two families suggest this intervention improved the toddlers’
nutrition. Parents of Ben, a 27-month-old Caucasian boy, increased his BMI
percentile from the 26th to the 33rd from baseline to post-treatment and
increased average weekly intake from 90% of RDA to 119%. Parents of
Amie, a 26-month-old Caucasian girl whose diet featured high-sugar, low-
nutrient foods, improved the quality of the foods in her diet and helped her
move from the 87th (overweight) to the 82nd percentile (healthy range). Par-
ent reports on the BPFAS at all time points indicated their toddlers’ behav-
ior was normal; however, report of parent perceptions of children’s problems
decreased from pre- to post-treatment, suggesting parents viewed children’s
normal behavior as less problematic at post-treatment.

Conclusions: A parent group intervention provides training in CF-spe-
cific child management skills to multiple families and may provide signifi-
cant benefits to parents who often struggle with the demands of nutrition
requirements and toddler behavior.

References:
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PAIN ASSESSMENT IN CHILDREN AND ADOLESCENTS
WITH CYSTIC FIBROSIS: UTILIZING AN ONLINE PAIN
DIARY
Blackwell, L.S.; Marciel, K.K.; Romero, C.V.; Quittner, A.L.
Psychology, Univ Miami, Coral Gables, FL, USA

Purpose/Background: Cystic fibrosis (CF) is a progressive disease
affecting multiple organ systems including the lungs, pancreas and diges-
tive. Currently, the treatment regimen is palliative and requires multiple
medications and treatments, averaging 2-4 hours per day. Pain is a signifi-
cant, but an under-studied complication of CF and may be related to disease
progression, which can include chronic pulmonary infections, reduced lung
function, and increased treatments, such as airway clearance and intra-
venous antibiotics. Although pain symptoms are a significant problem for
children and adolescents with CF, there is little data on the frequency, inten-
sity and location of their pain. The purpose of the current study is to system-
atically measure different aspects of pain and examine its relationship to
adherence, depression, anxiety and health-related quality of life (HRQoL).

Methods: The current study is part of an ongoing multi-center NIH
SBIR Phase II randomized, controlled trial. Enrollment is open, with a pro-
jected sample size of 150 participants ages 11-20. Participants complete a
battery of measures during clinic visits including assessment of pain,
HRQoL, adherence to prescribed medications, and symptoms of anxiety
and depression. Participants also complete an online pain diary for the six
days following their clinic visit that assesses pain location, duration, inten-
sity, affective ratings, and coping response. Data on two sibling participants
were analyzed to illustrate the variations in pain experience among patients
with CF. 

Results: Patient A (18 year-old Hispanic female) and Patient B (19
year-old Hispanic female) were seen at a CF clinic in South Florida and
completed all measures including the online pain diary. Lung function was
similar for both patients, at under FEV1% predicted of 70. Patient A report-
ed no pain at the clinic visit and for the 6 subsequent days. In contrast,
Patient B reported pain during her clinic visit and for 2 of the 6 days follow-
ing her visit. Patient B’s pain occurred in the stomach and was related to a
gastrostomy tube. Mean pain duration lasted one hour. Affective ratings of
pain included “aching” and “pressure.” Patient B also reported “resting” as
a means of coping with her pain. 

Conclusions: The current study is the first comprehensive investigation
of pain in children and adolescents with CF. The results illustrate the impor-
tance of assessing pain in this population on an individual basis. Two
patients who were similar in age, gender, and lung function were compared,
with data suggesting their pain experience was quite different. Although
providers may assume that discomfort is “temporary,” it is clear that pain is
a serious enduring challenge for these patients. Recent studies have alluded
to pain ratings as the “fifth vital sign,” establishing its clinical relevance for
routine care. In order to gain a better understanding of pain in this popula-
tion, future analyses will include a larger sample with descriptive statistics
assessing pain location, duration, frequency, and affective ratings. These
results will be informative, both for assessment and treatment of pain in CF.

Funding provided by the Cystic Fibrosis Foundation and the American
Psychological Association.
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547
EVALUATING THE EFFECTS OF YOGA ON CHILDREN
WITH CYSTIC FIBROSIS: PAIN, SLEEP, ANXIETY AND
DEPRESSION
Read, L.1; Johnson, M.1; Vander Velden, H.1; Thygeson, M.1; Liu,
M.1; Gandrud, L.1; McNamara, J.1,2 1. Cystic Fibrosis Research,
Children’s Hospitals and Clinics of Minnesota, Minneapolis, MN,
USA; 2. Children’s Respiratory & Critical Care Specialists, P.A.,
Minneapolis, MN, USA

Background: Cystic fibrosis (CF) primarily affects the lungs but may
also affect other organs. This multi-organ involvement leads to secondary
problems for people with CF. Recently an internal survey of children with
CF demonstrated depression (72%), sleep difficulties (16%), anxiety (37%),
and pain (29%). Yoga therapy has been shown to alleviate a variety of sim-
ilar symptoms for other chronic diseases but has yet to be studied in children
with CF.

Objective: To determine whether yoga exercise may effectively allevi-
ate symptoms of pain, sleep disturbance, anxiety and depression in children
with CF. 

Methods: Subjects eligible for enrollment included males and females
with CF between the ages of 7 and 21 years without any severe concomitant
illness such as advanced liver disease. Subjects participated in six individual
one-on-one sessions with a certified instructor who customized each class
based on a pre-determined selection of yoga postures (asanas). Sessions
occurred one week apart with each session lasting one hour. Questionnaires
were administered prior to the first session and after the last session includ-
ing: Cystic Fibrosis Questionnaire-Revised (CFQ-R), Hospital Anxiety and
Depression Scale, Memorial Symptoms Assessment Scale, Center for Epi-
demiological Studies-Depression Scale for Children, and Additional Pain
Symptoms and CF Behavioral Assessment. These questionnaires examined
pain, sleep disturbance, sustained anxiety, and depression. In addition,
immediately before and after each yoga session, subjects completed the
Spielberger State-Trait Anxiety Inventory-Children (STAIC) to assess for
immediate anxiety. Cortisol levels were analyzed through saliva samples. A
nonparametric Wilcoxon Signed Ranks Test was used to compare
mean/median values from questionnaires and cortisol levels. Repeated
measures ANOVA was used to evaluate anxiety levels before and after each
session as measured by STAIC. A two-sided p-value <0.05 was used for sig-
nificance. 

Results: Twenty subjects were assessed including 12 females and 8
males with a median age of 11 (7-20) years. All subjects completed six ses-
sions except for one subject who completed only five due to illness. Joint
pain improved from a mean score of 3.25 to 3.65 on a scale of 1-4 with 4
indicating never having joint pain and 3 indicating sometimes having joint
pain (p=0.033). Immediate anxiety scores decreased from a mean of 29
before each session to 23.6 after each session (p<0.001). The CFQ-R emo-
tion subscale showed an improvement from 79.2 to 85 (p=0.073), and the
respiratory subscale improved from 66.7 to 79.2 (p=0.076). All other ques-
tionnaire results and the cortisol analysis were insignificant. 

Participants expressed enjoyment and satisfaction and reported feeling
“relaxed” and “pleasant” following the yoga sessions. 

Conclusion: Yoga may be an effective method for reducing immediate
anxiety and joint pain in pediatric patients with CF. Further investigation is
warranted with a larger trial evaluating whether yoga may be beneficial for
other CF-related symptoms.

548
ARE YOUNG CHILDREN’S REPRESENTATIONS OF
RELATIONSHIPS WITH PARENTS IN A STANDARD
PLAY PROCEDURE ASSOCIATED WITH ADHERENCE
TO TREATMENTS? - A PILOT STUDY
Hope, H.F.1; Glasscoe, C.1,2; Southern, K.1,2; Nunn, T.1,2; Hill, J.3

1. Psychology, Health and Society, University of Liverpool,
Liverpool, United Kingdom; 2. Respiratory Paediatrics, Alder
Hey Children’s Hospital, Liverpool, United Kingdom; 3. Child
Psychiatry, University of Manchester, Manchester, United
Kingdom

Background: Little is known about the emotional resources young chil-
dren require to endure the intense treatment regimes of cystic fibrosis (CF).

Parents often administer these treatments and we do not know the stress this
puts on the parent-child relationship. This is a novel study to capture the
child’s perspective using an established methodology. 

Objective: To explore if children’s portrayal of processes in medical
procedures with parents and their attachment status is associated with non-
compliance to treatments. 

Methods: A trained researcher completed the Manchester Child Attach-
ment Story Task (MCAST), an established measure of attachment status,
and 6 stories from the MacArthur Story Stem Battery (MSSB), a standard
play assessment of children’s engagement with the challenge posed in the
story and their parental representations. Three stories are specific to living
with a chronic disease: The Dr’s test, New Medicine and Day Out. Adher-
ence was assessed using a “pink card” designed specifically for the study
that records refusal of all treatments and a daily phone diary. Intelligence of
child was controlled using draw-a-person and kinetic family diagram. 

Results: Ten boys and 10 girls aged between 3 and 9 years completed
MSSB and MCAST. Associations between each of the three story stem
groups and adherence will be examined using correlation coefficients, with
appropriate measures for skewed distributions. Preliminary joint analyses of
the three child representation variables in multiple linear regressions will be
presented. 

Conclusions: The child’s perspective is lacking in CF research and the
MSSB may provide a unique insight into a young child’s experience of liv-
ing with CF. The MSSB may be a useful tool to predict non-compliance in
young children and improve adherence to treatments.

549
ONLY SICK CHILD: IS IT A RISK FOR MOTHER’S
EMOTIONAL STATE?
Catastini, P.; Martellacci, A.; Lenzi, C.; De Masi, S.; Braggion, C.
pediatric, Meyer Hospital, Florence, Italy

Background: The International Depression/Anxiety Epidemiological
Study (TIDES) evaluates in a systematic way the anxiety and depression
levels in the parents of patients affected by CF.

The awareness about a chronic progressive illness represents an event
that destabilizes the personal and familiar prospects of life and asks parents
for a revision of their internal working models about being a mother or a
father and about their long-awaited child. 

During the growth of our patients we see parents who find new possibil-
ities of adaptation and new redefinition of their personal roles of mother or
father; this allows them to guide their child’s growth with illness. Many ele-
ments can influence the possibility of adaptation; personal and environmen-
tal variables can affect it and can represent both a risk and a protective fac-
tor. 

Aims: Our study intends to evaluate the effect carried out by the pres-
ence of other healthy children in addition to a child with cystic fibrosis, on
depression and anxiety levels of mothers. Specifically, the study wants to
determine if the presence of a sick “only child” can have a risk role in the
development of a depressive and anxious state in mothers.

Methods: We administered HADS (The Hospital Anxiety and Depres-
sion Scale - Zigmond and Snaith,1983) and CES-D (The Centre of Epi-
demiological Studies-Depression Scale - Radloff, 1977) to 71 mothers of CF
patients 0-18 age, followed at Florence CF Center, who were also chosen for
TIDES, to evaluate depression and anxiety state.

We recorded the presence or absence of healthy children in every single
family. Thirty-six mothers have only one child. We applied the risk analysis
(ODDS) to the resulted data. The analysis was made with the software Epi
Info 3.5.1 Version.

Results: From the risk analysis we found that the mothers with a single
ill child have an anxiety ODDS 1.5 times bigger than the ODDS of the
mothers with one or more healthy children in addition to the ill child. For the
clinical depression, we found an ODDS reduced by 25% in mothers with a
single ill child compared with mothers with one or more healthy children in
addiction.

Conclusion: Our study found that mothers of a single ill child have a
higher risk of developing high anxiety levels. The risk of developing high
level of depression is instead reduced in this group of mothers.

The clinical interpretation of our results leads us to hypothesize differ-
ent functions for the anxiety and depression responses to maintain the emo-
tional equilibrium during the daily management of a child’s disease.
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We can assume that being the mother of a single ill child carries an
emotional burden that increases anxiety, since it raises the needs of practi-
cal responses during everyday life. The contemporary presence of one or
more healthy children instead, is linked to a higher depression level, since it
increases mothers’ doubts about their capacity of being a resource to fulfill
the needs of their children.

The final results of our study are preliminary ones, since they are relat-
ed only to the CF Centre of Florence. They have to be spread and integrat-
ed with the data from other CF Italian Centers, which have already taken
part in TIDES. We think it could be interesting to add the variable about the
presence of two ill children in the family.

550
CARE OF THE CHRONIC PATIENT AND BURNOUT:
DOES A HIGHER RISK EXIST?
Catastini, P.; Martellacci, A.; Lenzi, C.; Gori, S.; Braggion, C.
Pediatric, Meyer Hospital, Florence, Italy

Background: Taking care of chronic patients, and facing the difficulties
that accompany their disease and needs always represents a strong commit-
ment by the team.

The patient and his parents, who, in a situation of chronic illness, will
guide him during his life or a large part of it, often ask the healthcare team
not just for care or management support but also for a general high quality
of life, which is limited and affected by the condition of the illness.

This means that taking care of the chronically diseased patient, from the
personal and familiar point of view, includes not only providing for the basic
therapeutic needs, but also involves method and time dedicated to re-vital-
izing a patient, which is especially involved because of a deep need for anx-
iety and anguish control, due to the condition. 

Emotional Exhaustion, Depersonalization and Personal Accomplish-
ment characterize the Burnout Syndrome. This syndrome is often the cause
of professional drop-out, professional absences and loss of motivation, espe-
cially in jobs held by aides (health-related, educational and social).

Therefore, taking care of patients affected by a chronic progressive dis-
ease like cystic fibrosis, which is loaded with huge emotional fatigue, is an
important element to analyze.

Aims: This study aims to evaluate whether the doctors who are involved
daily in the chronic department, have a higher risk of developing Burnout
Syndrome . 

Methods: We administered the Mashlach Burnout Inventory (MBI, C.
Maslach, S.E.Jackson and M.P.Leiter, 1981) to 22 medical doctors who
operate in the Meyer Children Hospital  in Florence. Thirteen of them (
group 1) were taken from the CF, neuro-metabolic, diabetes departments
and rheumatology and the other nine (group 2) were from the day hospital
of dermatology, otolaryngology and ophthalmology.

We applied frequency analysis to the resulting data.
Results: Our results show:
- Depersonalization(DP) level is 15% higher in group 1 
- Emotional exhaustion (EE) is 20% higher in group 2
Conclusion: Working with chronic illness represents a particularly dif-

ficult engagement for health related jobs. Specifically, doctors who work
daily with chronic disease (group 1) have a depersonalization (DP) level
15% higher than doctors who work in a day hospital (group 2).

However, group 2, made up of doctors who work in a day hospital,
shows an Emotional Exhaustion (EE) level 20% higher than group 1.

Our study shows a possible risk of Burnout Syndrome in both groups,
though the DP is higher in group 1 demonstrating a critical condition in
which the doctors could have difficulty in dealing with patients’ emotional
problems. 

This result indicates the need to discuss these risks with the different
healthcare groups in specific meetings.

551
DEPRESSION, ANXIETY AND SELF-ESTEEM IN
RELATION TO QUALITY OF LIFE IN PATIENTS WITH
CYSTIC FIBROSIS
Nagyova, I.1,2; Stepankova, K.3; Feketeova, A.4; Takac, B.5;
Kopcova, L.6; Beresova, E.7 1. Graduate School Kosice Institute
for Society and Health, Faculty of Medicine, PJ Safarik
University, Kosice, Slovakia; 2. Institute of Public Health -
Department of Social Medicine, Faculty of Medicine, PJ Safarik
University, Kosice, Slovakia; 3. Slovak Cystic Fibrosis
Association, Kosice, Slovakia; 4. Children’s Hospital, Kosice,
Slovakia; 5. Children’s Hospital, Banska Bystrica, Slovakia; 6.
University Hospital of L. Pasteur, Kosice, Slovakia; 7. Faculty
Hospital of F.D. Roosevelt, Banska Bystrica, Slovakia

Background: Numerous studies have demonstrated that in patients with
chronic disease markers of disease severity are only modestly associated
with quality of life (QoL), whereas depression, anxiety and self-esteem are
important correlates. Few studies of patients with cystic fibrosis (CF) have
looked at the associations between these variables. The aim of this study was
to examine whether CF patients with symptoms of depression and anxiety
and lower self-esteem report diminished QoL. 

Methods: The sample consisted of 47 adolescents and adults (≥14
years) with CF from 4 CF Centres in Slovakia (24 males – 51%, mean age
23.9±10.0 years). Patients completed the Cystic Fibrosis Questionnaire
(CFQ-R), Hospital Anxiety and Depression Scale (HADS) and Rosenberg
Self-Esteem Scale (RSE). Multiple linear regression analysis was used to
explore the data. 

Results: After controlling for relevant sociodemographic (age, gender)
and clinical variables (FEV1, BMI) symptoms of depression and anxiety
were significantly associated with lowered QoL in 3 out of 12 CFQ-R
domains: Emotional Functioning, Eating Disturbances and Weight. Self-
esteem was found to be significantly associated with 5 CFQ-R domains:
Physical Functioning, Vitality, Emotional Functioning, Social Functioning,
and Health Perception; even when controlling additionally for symptoms of
depression and anxiety. After entering all variables into the equation the
total explained variance for CFQ-R domains varied between 9-41%.

Conclusions: QoL is an important clinical outcome measure in CF. Cli-
nicians need to be sensitive to symptoms of depression and anxiety as well
as levels of self-esteem in patients with CF, because they seem to be impor-
tant determinants of QoL. Psychological interventions aimed on increasing
the self-esteem may potentially improve QoL among patients with CF.

Table 1. Linear regression model: associations of self-esteem and
quality of life; controlled for sociodemographic, clinical and psycholog-
ical variables

Displayed values are betas.
* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001
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552
HIGH-FREQUENCY CHEST WALL OSCILLATION IN
CYSTIC FIBROSIS: AN INVESTIGATION INTO
ADHERENCE AND THE RELIABILITY OF PATIENT
REPORTING
Mikesell, C.L.1; Kempainen, R.2; Laguna, T.A.1; Henn, L.3;
Gaillard, P.3; Hazelwood, A.1,2; Williams, C.1,2; Regelmann, W.1 1.
Pediatric Pulmonology, University of Minnesota, Minneapolis,
MN, USA; 2. Adult Pulmonology, University of Minnesota,
Minneapolis, MN, USA; 3. Biostatistics, University of Minnesota,
Minneapolis, MN, USA

Rationale: High-frequency chest wall oscillation (HFCWO) is used to
improve airway clearance in cystic fibrosis (CF), but has the lowest adher-
ence of all treatments, ≤ 50% by patient self-report. When compared to data
recorders self-report overestimates adherence. A novel data recorder was
developed to monitor date, duration, and frequencies used during HFCWO
therapy. 

Objective: To use this recorder to objectively quantify adherence and
the reliability of self-reported adherence to HFCWO. We hypothesized that
patients will perform less therapy than prescribed, will perform less as mon-
itoring time progresses, children < 12 years will be most adherent, patients
will be less adherent as prescribed time increases, patients and parents will
report performing more therapy than actually performed, patients will over-
estimate therapy time more than parents, and more therapy time and better
adherence will correlate with improved FEV1. 

Methods: Data was downloaded by technicians from data recorders
during 3 home visits approximately 30 days apart (Blocks 1-3). Fourteen-
day recall was obtained at these visits for self-report assessment. FEV1 was
measured from a valid spirometric effort and percent of predicted deter-
mined from NHANES standards. Adherence was (time recorded/time pre-
scribed) x100. Self-report overestimation was ((Self-reported time-recorded
time)/recorded time) x 100. Statistical analysis used 2-sample and paired t-
test, ANOVA and linear regression. 

Results: Of 124 potential participants, 104 were enrolled and 51 cur-
rently have complete data. Overall mean adherence was 77% which was sig-
nificantly higher than reported adherence in the literature (p<0.001). Mean
daily minutes performed was 46. Adherence did not change significantly
over the 3 month observation time. Patients <12 were 81% adherent com-
pared to adults at 70% (p=0.6). Therapy time increased but adherence
decreased significantly with increasing prescribed therapy time (112% at 30
min prescription vs 58% at >60 min prescription, p=0.01). Parents and
patients overestimated by self-report similarly (31% vs 27%). FEV1 %pre-
dicted did not correlate with therapy time performed (p=0.31), but trended
to correlate with adherence (p=0.07). 

Conclusion: In this single center study, patients were significantly more
adherent to HFCWO airway clearance than rates reported in the literature.
Adherence was consistent over time with no monitoring or representative
visit effects seen. Therapy time increased with prescribed therapy time but
adherence was highest in those prescribed less therapy time. Parents and
patients overestimated by self-report to a similar extent. This monitoring
device will be useful in trials to objectively determine HFCWO therapy
time, adherence and effectiveness of interventions to improve adherence. 

Supported by grants from the Cystic Fibrosis Foundation, Grant:
MIKESE08B0 and Hill-Rom®.

553
A DELICATE BALANCING ACT: MAINTAINING CYSTIC
FIBROSIS TREATMENT ADHERENCE IN THE FACE OF
ADULT DEVELOPMENTAL LIFE DEMANDS AND
SOCIETAL STIGMA: FOCUS GROUP FINDINGS
Balfour, L.1,2; Illing, V.1,2; Calhoun, M.1; Bickerton, E.2; Tasca,
G.A.1,2; Corace, K.1,2; Aaron, S.2,3; Sandre, D.1; Cameron, W.2,3;
Gaudet, E.3; Pakhale, S.2,3 1. Psychology, The Ottawa Hospital at
the University of Ottawa, Ottawa, ON, Canada; 2. Ottawa
Hospital Research Institute, Ottawa, ON, Canada; 3. Medicine,
The Ottawa Hospital at the University of Ottawa, Ottawa, ON,
Canada

Rationale/Objectives: Living with cystic fibrosis (CF) entails coping
with a life threatening chronic illness which demands relentless daily adher-
ence to a complex and time consuming treatment regimen. As treatments for
CF have improved, CF life expectancy has lengthened and people living
with CF now face new life challenges throughout different stages of adult-
hood. The complex life issue and challenges to treatment adherence faced by
adults living with CF and their family members are explored in this study
using a focus group format.

Methods: This abstract is a part of a larger research project currently in
progress designed to understand issues related to treatment adherence
among adults living with CF. The first part of this larger study was a quali-
tative focus group study. A focus group format was chosen to obtain first
hand accounts from adults living with CF and their family members regard-
ing their experiences with daily challenges, stigma, and issues related to
managing and maintaining necessary adherence to the complex CF treat-
ment regimen. Data from a two hour focus group consisting of 11 adults liv-
ing with CF and their family members was audiotape recorded, transcribed
verbatim, and analyzed using a thematic approach.

Results: Preliminary themes identified from the focus group included:
(1) integrating demands from social, occupational, and family responsibili-
ties, (2) factors that improve or impede adherence (e.g., lifestyle, social sup-
port, personality style, work), (3) disclosure of CF, (4) navigating the health
care system (e.g., drug insurance, transitioning through health care
providers, fertility treatments), and (5) public knowledge about CF (e.g.,
stigma).

Conclusion: The clinical and educational implications of these find-
ings for enhancing CF quality of life and helping adults living with CF opti-
mize their treatment adherence will be discussed. The importance of
improving society’s sensitivity to the complex needs of adults living with CF
so that they can optimally maintain healthy, active, and fulfilling lives needs
to be further addressed.

554
ADDRESSING HOW GAPS IN CYSTIC FIBROSIS
TREATMENT KNOWLEDGE IMPACTS TREATMENT
ADHERENCE: A PILOT STUDY
Pakhale, S.1,2; Illing, V.3,2; Calhoun, M.3; Bickerton, E.2; Tasca,
G.A.3,2; Aaron, S.1,2; Sandre, D.3; Cameron, W.1,2; Gaudet, E.1;
Balfour, L.3,2 1. Medicine, The Ottawa Hospital at the University
of Ottawa, Ottawa, ON, Canada; 2. Ottawa Hospital Research
Institute, Ottawa, ON, Canada; 3. Psychology, The Ottawa
Hospital at the University of Ottawa, Ottawa, ON, Canada

Background: Cystic fibrosis (CF) treatment regimen is complex and
time consuming. Understanding the importance of each aspect of the com-
plex treatment regimen and adherence are some of the important challenges
faced by adults living with CF. Communication is the key however, we do
not know whether CF treatment regimen expectations between CF patients
and the CF health care providers match up.

Rationale/Objectives: This study aims to examine gaps in how CF
patients and their health care providers understand and communicate infor-
mation regarding individual CF patient’s specific treatment regimen require-
ments. Examination of these issues will help to inform how best to develop
and validate clinical tools to help facilitate communication between CF
patients and their health care providers regarding expectations of the com-
plex CF treatment regimen and treatment adherence goals.
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Methods: Participants include N=30 adults living with CF who are
treated at a multi-disciplinary CF hospital based clinic in a medium size
Canadian city. Study participants are recruited during their regular CF clin-
ic and asked to complete a psychological questionnaire package which
includes measures on CF treatment regimen expectations and treatment
adherence. CF patients also provide information regarding their CF symp-
toms, quality of life, and provide consent for their medical chart to be
reviewed to obtain information on their pulmonary function test, hospitaliza-
tion and acute exacerbations. Members of the CF health care provider team
are also asked to complete a treatment regimen form corresponding to each
CF patient. Data collection is currently ongoing. 

Results: Data will be analyzed using quantitative analysis. Correlations
in treatment expectations between CF patients and their health care
providers will be performed to examine concordance rates. As well, these
concordance rates will also be correlated with CF patients’ adherence rates,
CF symptom reports, quality of life, and pulmonary function tests.

Conclusion: The clinical and educational implications of these find-
ings for developing clinical tools to enhance CF quality of life and help
adults living with CF optimize their treatment adherence through the use of
comprehensive interventions that can be tailored to the unique treatment
regimen needs of individual CF patients will be discussed.

555
END OF LIFE AND THE AFTER-DEATH BEREAVEMENT
PROCESS IN A LARGE ADULT CYSTIC FIBROSIS
CENTRE
Thomas-Diceman, A.1; Tullis, E.1,2; Stephenson, A.1 1. Adult
Cystic Fibrosis Program, St. Michael’s Hospital, Toronto, ON,
Canada; 2. University of Toronto, Toronto, ON, Canada

Background: The median age at death in Canada for individuals with
cystic fibrosis (CF) is 30 years. Dealing with end of life issues is challeng-
ing for both the dying individual and their family. As health care providers,
we need to better understand the circumstances around death to ensure that
we are meeting the needs of our patients and families at this difficult time. 

Purpose: 1) To understand the circumstances around death and end of
life processes in our adult CF population; 2) To describe and evaluate the
impact of our program’s after-death bereavement program on the CF team
and families.

Methods: This is a retrospective cohort study of all CF patients aged ≥
18 y of age followed at the St. Michael’s Hospital Adult CF Program who
died between 2007 and 2010. Data about the care provided at the end of life
were collected. Specifically, age at death, sex, location of death, transplant
status at the time of death, if advance directives were documented and
involvement of palliative care were recorded. The bereavement care offered
by our program was reviewed. After a death, all members of the CF team
sign a sympathy card which is sent to each family and once per year, a
memorial service is held at the hospital to remember those that have died in
the prior year. Team members provide input on, attend and take part in the
service. Families are invited. The CF clinic director offers personal anec-
dotes and stories about the person who has died and each family is given a
rose and invited to light a candle in honour of their loved one. Refreshments
are available and the CF team and families share their stories. A question-
naire developed to evaluate the impact of our bereavement care was mailed
to family members who had participated in prior years.  

Results: A total of 50 individuals died between 2007 and 2010. Data
collection and analysis is ongoing however preliminary data (n = 32 deaths)
for years 2009-2010 is summarized here. The mean age at death was 33.8
years (range 21-59 years). Two individuals died out of hospital. The remain-
ing individuals were hospitalized at the time of death. A total of 26/32 (81%)
individuals had been listed for transplant: 23 people for bilateral lung, 2 for
liver and 1 for lung-liver. Of those individuals listed for transplantation,
21/26 (81%) had received a transplant prior to death. The location of death
within the hospital was available on 18/30 subjects (data collection is ongo-
ing). Fourteen subjects were intubated on a ventilator and died in the inten-
sive care unit. Eleven of the 14 subjects were post-lung transplant. Spiritual
support with chaplaincy was offered to all patients. The memorial services
held in 2009 and 2010 were attended by 18 families. Feedback indicated that
the service was a source of great comfort, closure and was an extremely pos-
itive experience. Analysis of questionnaire data evaluating the bereavement
process is ongoing.     

Conclusions: The majority of our patients die within the hospital set-
ting. A small percentage died prior to transplantation. Families and the mul-
tidisciplinary team found the memorial service a great source of comfort and
closure following death of a patient or loved one.

556
POST-HIGH SCHOOL DECISION MAKING AND
EXPERIENCES OF INDIVIDUALS WITH CYSTIC
FIBROSIS
Entwistle, D.N.1; Mizda, M.2 1. Psychology, Malone University,
Canton, OH, USA; 2. Lewis H. Walker CF Center, Akron
Children’s Hospital, Akron, OH, USA

Background: Life expectancy and quality of life have improved for
individuals with CF over the past several decades, so that CF is no longer
just a childhood disease. Most individuals with CF now enter the period of
emerging adulthood with the prospect of getting a job or pursuing higher
education. However, little is known about how individuals with CF make
decisions about what to do after high school, and the impact of family,
teachers, CF caregivers, or CF disease status on these decisions. The goal of
this study was to gain a better understanding of how young adults with cys-
tic fibrosis make decisions about whether or not to attend college, and the
life experiences of young adults with CF during the post-high school peri-
od.

Method: After obtaining IRB approvals, a convenience sample of
young adults was recruited to participate in individual interviews. Guided by
a set of standardized questions, retrospective semi-structured interviews
were conducted and tape recorded. The tapes were transcribed, and analyzed
with the aid of ATLAS-ti, a qualitative research software program.

Results: Eight individuals (3 female, 5 male) participated in the study.
Participants ranged in age from 18 – 47, with an average of 28.4 and a stan-
dard deviation of 10.0, with a pronounced positive skew (6 participants were
under age 31, one subject was 38, and one was 47). Seven of the eight par-
ticipants completed their high school degrees on time, and one later earned
a GED. Six of the participants went to college; one participant did not pur-
sue higher education and instead worked full time, while another complet-
ed a vocational program. Most of the participants who went to college chose
to attend a school in reasonable proximity to their CF center. Participants
expressed a wide range of concerns about – and ability to adapt to – academ-
ic, health, social/emotional, and vocational challenges. Prior family expec-
tations and educational experiences significantly affected post-high school
plans. Some individuals made very good use of accommodation services in
college while maintaining accountability for their education, while others
struggled in one or both of these areas. Concerns about dating and reproduc-
tive issues were common. We observed that participants who were relative-
ly healthy or who moderated their expectations to match their health status
had better educational and vocational outcomes than those who did not do
so. 

Conclusions: Due to improvements in CF care, many individuals with
CF enter emerging adulthood with good prospects for educational and voca-
tional opportunities. However, health related issues may create academic
and vocational barriers and social/emotional concerns that should be consid-
ered in the context of comprehensive patient care.

557
SLOWER FEV1 DECLINE IN CF ADOLESCENTS IS
ASSOCIATED WITH POSITIVE RELIGIOUS COPING
Grossoehme, D.H.1; VanDyke, R.2,1; Seid, M.3,1 1. Pulmonary
Medicine, Cincinnati Children’s Hospital Medical Center,
Cincinnati, OH, USA; 2. Biostatistics & Epidemiology, Cincinnati
Children’s Hospital Medical Center, Cincinnati, OH, USA; 3.
Anderson Center for Health Services Excellence, Cincinnati
Children’s Hospital Medical Center, Cincinnati, OH, USA

Introduction: The rate of decline in pulmonary function is a significant
issue for adolescents with CF. Identifying factors associated with slowing
disease progression is an important step in improving health outcomes.
Given the importance of religion and spirituality (hereafter, R/S) in the lives
of many Americans, including adolescents, the specific aim of this study
was to determine if associations exist between a pulmonary outcome meas-
ure, the rate of decline in FEV1% predicted over a 3-year period, and R/S
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coping. Previous associations between R/S coping and health outcomes
among adults suggested it as a likely predictor variable. 

Method: Cross-sectional R/S coping data was collected using the Brief
RCOPE, a scale of spiritual/religious coping styles. There are 2 subscales
for positive and negative R/S coping: positive R/S coping sustains comfort,
hope and meaning while negative styles challenge them. FEV1% values for
the three years prior to that visit were obtained from medical records.
Descriptive analysis was performed with calculation of means, standard
deviations, and medians for continuous variables. We measured categorical
variables using percentages. We used a multiple linear regression model to
determine the association of positive R/S coping and rate of decline in
FEV1% predicted. An autoregressive lag-1 covariance structure was used to
account for longitudinal measurements of FEV1% predicted. The regression
was adjusted for baseline FEV1% predicted and time since taking the
RCOPE questionnaire by including both measures as covariates. To assess
the relationship between positive R/S coping and rate of decline in FEV1%
predicted, we tested the interaction between positive R/S coping score and
time (measured as age in years) in the model. All statistical analyses were
implemented in SAS 9.2. 

Results: Data were obtained for n=42 adolescents (n=30 male), mean
age of 13.6 yrs (SD=4.1; range: 9.9-19.9) and mean baseline FEV1% = 92
(SD=23). Mean time between FEV1 values and completing RCOPE was
33.4 months (SD=2.6). Reliability (Cronbach’s alpha) for the RCOPE was
0.71 (whole scale) and 0.84 for the positive subscale. Mean positive RCOPE
score was moderate (9.4; scores can range from 0 to 21; SD=2.01). Regres-
sion coefficient, adjusted for baseline FEV1 and time between RCOPE and
FEV1 up to 3 years prior, was 0.13 (SE=0.06; 95%CI: 0.010 to 0.25;
p=0.03). A 1-unit increase in positive RCOPE score is associated with a
0.13% predicted per year improvement in the rate of decline for an adoles-
cent’s pulmonary function. 

Conclusion: This positive association identifies an issue for clinical
chaplains to address with adolescents, and creates a new avenue for CF out-
comes research that is an important aspect in the lives of many.

558
“GOD WANTS ME TO TAKE GOOD CARE OF IT”:
MAKING MEANING OF AN ADULT CF DIAGNOSIS
Grossoehme, D.H.1,2; Ragsdale, J.2; Cotton, S.3; Myers, M.4; Seid,
M.5,1; Joseph, P.M.5,1 1. Pulmonary Medicine, Cincinnati
Children’s Hospital Medical Center, Cincinnati, OH, USA; 2.
Pastoral Care, Cincinnati Children’s Hospital, Cincinnati, OH,
USA; 3. Family Medicine, University of Cincinnati Academic
Health Center, Cincinnati, OH, USA; 4. CF Center, University of
Cincinnati Academic Health Center, Cincinnati, OH, USA; 5.
Anderson Center for Health Service Excellence, Cincinnati
Children’s Hospital, Cincinnati, OH, USA

Introduction: Diagnosis with a chronic illness is a stressor requiring the
use of one’s coping skills. Numerous studies have shown links between spir-
ituality and coping, and between coping and health. We have previously
shown that parents of children diagnosed with CF use spirituality to cope by
making meaning of their experience. We hypothesized that adults would
use spirituality differently when they were diagnosed later in life than would
parents of a child diagnosed with CF. 

Methods: Qualitative study using Grounded Theory methods to analyze
interviews of persons diagnosed with CF age 17 and above at this Center. A
theoretical model of their experience emerged centered on a “core dimen-
sion” (the most fruitful explanation for the social process being examined)
and “primary dimensions” (the means by which the core dimension pro-
ceeds). Demographic questions and questionnaires about religiosity and
treatment intentions were completed by 7 participants.

Results: Semi-structured interviews were completed with 12 of 25 eli-
gible adults (n=9 female). Median age was 49 (range: 25-68) years; median
age at diagnosis was 35.9 (range: 17-67) years. The core theoretical dimen-
sion is that after a CF diagnosis as an adult, most felt empowered, and pos-
itively reframed prior spiritual beliefs to understand how to care for their
bodies. Primary dimensions included God wanting the body to be cared for;
God’s help was conditional upon prior good stewardship of one’s body; and
God’s use of others to help with CF care, including physicians and
researchers. Other adults found faith unhelpful even to the point of losing
faith due to unanswered prayer. Participants were moderately spiritual and

used religious coping more often for problem-solving than seeking comfort
from the Divine or making meaning. 

Discussion: Adults in this sample were both similar to and different
from parents of a child diagnosed with CF. Persons diagnosed as adults
most commonly expressed relief; parents almost universally experienced
their child’s diagnosis as “devastating.” This sample of adults made a differ-
ent use of religion, reframing beliefs in terms of the need to take good care
of their bodies, rather than understanding their diagnosis as a divine calling,
as did CF parents. Both expressed empowerment. Adults diagnosed late in
life use spirituality differently than do parents of children with CF; clini-
cians may explore facilitating spirituality’s role in coping and treatment
adherence in this special population.

559
DISSEMINATION OF A BEHAVIORAL ADHERENCE
INTERVENTION TO MULTI-DISCIPLINARY CF TEAM
MEMBERS: TREATMENT FIDELITY IN THE I CHANGE
ADHERENCE AND RAISE EXPECTATIONS (ICARE)
STUDY
McLean, K.A.1; Kimberg, C.I.1; Marciel, K.K.1; Zhang, J.2;
Riekert, K.A.3; Quittner, A.L.1 1. Department of Psychology,
University of Miami, Coral Gables, FL, USA; 2. Novartis
Pharmaceuticals Corporation, East Hanover, NJ, USA; 3. Johns
Hopkins University, Baltimore, MD, USA

Background: Treatment burden for patients with cystic fibrosis (CF)
has increased markedly over the past 10 years, with rates of adherence gen-
erally below 50%. Patients now spend 2 to 4 hours per day on CF care. A
national adherence intervention, I Change Adherence and Raise Expecta-
tions (iCARE), aims to test a behavioral adherence intervention in 18 CF
Centers. Prior research supports the efficacy of this problem-solving (PS)
intervention when implemented by psychologists. iCARE seeks to evaluate
PS when implemented by multidisciplinary CF team members (pulmonolo-
gists, nurses, respiratory therapists, dietitians, social workers). The current
study examined treatment fidelity among these providers when implement-
ing PS in their clinics.   

Methods: iCARE compares the effectiveness of the Comprehensive
Adherence Program (CAP) to Standard Care (SC) at 18 CF care centers
across the US. Prior to implementing, CAP sites received in-person training.
The behavioral interventionist (BI) on the team conducts a PS session with
the adolescent and parent to identify barriers to adherence and brainstorm
solutions. The BI is instructed to video-tape the first session with each par-
ticipant for supervision and coding of treatment fidelity. Treatment fidelity
is rated on a scale of 0 to 8, with 8 indicating that all elements of the PS
intervention were completed. Treatment fidelity is rated by 2 clinically
trained PhD-level psychologists. Most PS sessions were coded independent-
ly, with a subset coded by both raters to achieve consensus.

Results: To date, 168 PS sessions have been videotaped. Social workers
have conducted the most sessions (n = 106), followed by nurses (n = 26),
research coordinators (n = 23), physicians (n = 10), and dietitians (n = 3). PS
sessions have been conducted by 30 different healthcare professionals
across 11 sites implementing CAP. Social workers and nurses demonstrated
the best treatment fidelity (M = 5.9, SD = 1.5; M = 5.9, SD = 1.0, respective-
ly), followed by dietitians (M = 4.7, SD = 1.2), physicians (M = 4.6, SD =
1.0), and research coordinators (M = 4.2, SD = 1.2).  

Conclusions: Preliminary results indicated that PS can be disseminated
to multidisciplinary CF team members for use in clinic settings. Preliminary
results suggest that social workers and nurses are most skilled in doing PS.
Note that the current rating system does not take into account the difficulty
of each PS step. A more comprehensive rating system will be applied and
associations between treatment fidelity and provider satisfaction will be
determined. 

Funding was provided by Novartis Pharmaceuticals Corporation,
Genentech, Inc., and Cystic Fibrosis Foundation.
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560
IMPACT OF BEHAVIOR-NUTRITION BOOSTER
TREATMENT SESSIONS ON ENERGY INTAKE OVER A
1-YR FOLLOW-UP PERIOD
Spear, S.L.; Brannon, E.E.; Sullivan, S.M.; Chamberlin, L.;
Barnett, K.A.; Powers, S.W. Cincinnati Children’s Hospital
Medical Ctr., Cincinnati, OH, USA

Background: Positive nutrition and growth outcomes present following
a randomized control trial of a behavior-nutrition (BN) treatment for tod-
dlers maintained at 2-year follow-up yet declined for several children
between follow-up years 2 and 41. Declines suggested that booster BN treat-
ment would be beneficial. 

Aims: To identify the number of booster sessions families would use
when offered. To examine the impact of booster treatment on energy intake
following treatment and 6 and 12-month follow-up. 

Methods: Eight families in the Powers et al. trial2 participated in one
booster session and then choose the number of additional sessions needed
(up to 5 total). Session content included recommendations to target chal-
lenges reported in a semi-structured interview3 and during booster sessions.
Families completed 3-day food recalls before and after booster treatment,
and at 6 and 12 month follow-up. Energy intake was analyzed using NDS
software. After excluding one family due to atypical intake at the pre-boost-
er time point, 7 children were included in the final analysis. One child was
lost to follow-up after the first booster session. 

Results: Mean age of children at the first booster session was 8.1 years
(SD=0.6) with a mean body mass index percentile of 65.2 (SD=27.1). Five
participants were male. Five of seven families received booster treatment
beyond the initial session. Average number of total booster sessions per
family was 3 (range=1-5). Average energy intake increase for the sample
was 272 calories (SD=313) from pre- to post-treatment. Four of the seven
children had an average increase of 514 calories (SD=115). The remaining
three children’s average calories were stable, respectively (M=-52, SD=10).
See Table 1 for 6 and 12-month outcomes. 

Conclusions: Calories increased for over half of the children following
treatment and maintained at 12 months for nearly all children. Notably, the
children who received the maximum number of sessions experienced the
least gains in energy intake at post-treatment. Achieving adequate CF nutri-
tion is complex and is affected by a number of factors3. Future research
examining the need for and effectiveness of booster treatment is warranted
with a larger sample. 

Supported by: NIH grants K24 DK059973 and T32 DK063929 (PI-
SWP) and UL1-RR026314-01 NCRR/NIH (REDCap database).

References:
1. Powers SW et al. Pediatr Pulmonol, 2008; Abstract 615: (S31):424 
2. Powers SW et al. Pediatrics. 2005; 116: (6): 1442-1450
3. Spear SL et al. Pediatr Pulmonol, 2010; Abstract 605: (S33): 439

Table 1. Number of treatment sessions and energy intake by partic-
ipant

561
RELATION BETWEEN PERCEPTION OF CYSTIC
FIBROSIS DISEASE SEVERITY, SATISFACTION WITH
THE HEALTH STATUS BY PARENTS OF BRAZILIAN
CHILDREN AND ADOLESCENTS AND SHWACHMAN-
KULCZYKI CLINICAL SCORE
Pizzignacco, T.M.1; Santos, D.S.1; Deon, K.C.1; Torres, L.2; Lima,
R.1; Santos, C.B.1 1. Nurse school, University of São Paulo,
Ribeirão Preto, Brazil; 2. College of Medicine, University of Sao
Paulo, Ribeirao Preto, Brazil

Objective: To identify the relation between perception of cystic fibrosis
disease severity, satisfaction with the health status by parents of Brazilian
children and adolescents and Shwachman-Kulczyki clinical score. 

Methods: Cross-sectional quantitative study involving parents of
Brazilian children and adolescents aged 8 to 18 years old. The data collec-
tion was conducted from January to October 2009, in outpatient reference
centers in four Brazilian states. To evaluate the perception of cystic fibrosis
disease severity, parents answered two questions: the first, to rate from 0 to
10 the current health status of their child; and second, to relate it to their sat-
isfaction (very satisfied, neither satisfied nor dissatisfied, dissatisfied).
Shwachman-Kulczyki clinical score was verified by patient’s pneumologist.
To analyze the statistical significance between proxy perception of severity
median scores and the Shwachman-Kulczyki clinical score in different cat-
egories, Kruskal-Wallis test was used. Chi-square was used to evaluate the
association between satisfaction and the clinical score. Finally, the relation
between proxy perception of severity median score and proxy satisfaction
was verified using Mann-Whitney test. All tests used an α value equal to
0.05. 

Results: Forty-two parents participated in this study. The mean age of
children and adolescents was 11.8 years. Severity categories according to
Shwachman-Kulczyki clinical score were: excellent (n=14); good (n=13);
and average (n=15). Almost 63% of parents gave a score of 8 to the health
status of their child, therefore in this study the perception of severity medi-
an score is not discriminated by proxy according to categories of Shwach-
man-Kulczyki clinical score (p = 0.363). There was no association between
proxy satisfaction and clinical score because 77% of parents indicated that
they were dissatisfied with the health status of their children (χ2 = 3.067; p
= 0.215). Surprisingly, the relationship between proxy perception of severi-
ty and proxy satisfaction was inverse (p = 0.009), meaning that parents who
answered that they were dissatisfied gave higher scores to the health status
of their children.

Conclusions: No relationship was found between perception of cystic
fibrosis disease severity, satisfaction with the health status by parents, and
Shwachman-Kulczyki clinical score. This could be, first of all, because the
clinical score focuses on pulmonary disease while parents’ evaluation con-
siders their child as a whole. Secondly, studies have shown that parents’
views tend to be different than their child’s, and the child’s evaluation of
health status may be closer to the clinical score. Regarding the inverse rela-
tionship between proxy perception of severity and proxy satisfaction, our
hypothesis is that parents are dissatisfied with the fact that their child has
cystic fibrosis, but the current health status may be better than it was at an
earlier time.

562
SLEEP QUALITY, SLEEP AIDS AND THE EFFECT OF
COGNITIVE BEHAVIORAL THERAPY IN ADULTS WITH
CYSTIC FIBROSIS
Al-Jaghbeer, M.; Shah, A.R.; Griffith, R.; Lomas, P.; Cohen-
Engel, E.; Cahill, C.; Bustami, R.; Ward, T. Internal Medicine,
Morristown Medical Center, Morristown, NJ, USA

Introduction: Cystic fibrosis (CF) is the most common life-shortening
disease affecting Caucasians. Many individuals with CF report disturbed
sleep (frequent awakenings, insomnia, hypersomnia), although limited data
have been reported. The causes of the sleep disturbances are multi-factorial.
Many individuals with CF also use over-the-counter and prescription sleep
aids. However, their use, side effects, and effectiveness have not been docu-
mented. Many sleep aids (alcohol, antihistamines) also have detrimental
effects on sleep. This study attempts to assess the prevalence of sleep
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aid/medication use in adults with CF and to assess the effect of cognitive
behavioral therapy on sleep disturbances.

Methods: A cohort of 32 adult CF outpatients completed a list of sleep
aids/medications and the Pittsburgh Sleep Quality Index (PSQI) at the start
of the study and six weeks later. Sleep scores were calculated from the
PSQI.  Intervention after the second PSQI and medication survey included
cognitive behavioral therapy and suggestions for improvements in sleep
hygiene. Sleep hygiene and cognitive behavioral therapy was explained by
a doctor or nurse either in person or over the phone. Guidelines were also
mailed to the patients. Participants completed a third PSQI and medication
survey six weeks after the intervention. Descriptive statistical analyses were
performed. For continuous variables, measures of central tendency (e.g.
mean, median) and standard deviation were provided. Proportions were used
to describe poor sleep indicated by PSQI score of 6 or more. Paired compar-
isons, overall and among poor sleepers, were made between baseline, six
weeks and post-intervention PSQI scores using the paired t-test or the
Wilcoxon signed rank test. Use of medications was analyzed using the
McNemar test on paired proportions.

Results: Of the 32 patients included in the study, 16 were categorized as
poor sleepers (50%) at baseline. Thirteen patients reported use of sleep med-
ications (41%), among which 60% used two or more medications. Results
from paired comparisons showed marginally lower PSQI scores post-inter-
vention compared to baseline [average baseline PSQI score was 5.7 vs. 4.8
post-intervention; p = 0.095]. No differences in PSQI scores were observed
comparing baseline vs. six weeks or six weeks vs. post-intervention. Among
poor sleepers, significantly lower PSQI scores were observed post-interven-
tion compared to baseline [average baseline PSQI score was 8.2 vs. 6.4
post-intervention; p = 0.029]. The use of sleep medications was less preva-
lent over time compared to baseline [29% at six weeks, 36% post-interven-
tion vs. 43% at baseline], but not statistically significant. Use of medications
among poor sleepers was also not significant at six weeks or post-interven-
tion [44% at follow up vs. 75% at baseline; p = 0.12].

Conclusion: Poor quality sleep is prevalent in CF, and is not related to
the degree of clinical impairment. Although sleep aids are commonly used
to help disturbed sleep, many have detrimental side effects, and may also be
contributing to the sleep disturbance. Cognitive behavioral therapy had a
significant effect on sleep quality among poor sleepers in adult CF patients.

563
OBJECTIVE EVALUATION OF ADHERENCE TO
INHALED LIPOSOMAL CYCLOSPORIN THERAPY FOR
LUNG TRANSPLANT PATIENTS IN A CLINICAL TRIAL
Fuchs, C.; Prante, S.; Pokorski, R.; Lim, H.; Denk, O.; Seemann,
S.; Knoch, M. PARI Pharma GmbH, Graefelfing, Germany

Lung transplantation may be a life-saving necessity for CF patients who
develop severe lung disease. Each year approximately 120 to 150 CF
patients receive a new lung. The success of lung transplantation is deter-
mined by the recipients’ improved quality of life and the length of time liv-
ing free of complications after surgery. 

Bronchiolitis obliterans (BO) is the most significant long-term sequelae
limiting survival after lung transplantation. Inhaled cyclosporine A (CsA)
optimizes immunosuppression and presents a promising treatment to over-
come BO [1]. A novel liposomal CsA formulation (L-CsA) enables deposi-
tion to the peripheral lungs using a customized eFlow® technology nebuliz-
er (PARI Pharma). Drug and device are part of a multi-center phase 2/3
study for the prevention of BO. 

Patient adherence is important for positive clinical trial outcomes.
Adherence is typically monitored from medication utilization and patients’
diaries. However, self-reported diaries have a high potential for manipula-
tion. 

Therefore, a chip card was incorporated into the eFlow device to objec-
tively monitor and evaluate patient adherence [2]. Compliance reports show
graphically the compliance per study day and the cumulative adherence for
periods between the visits. This provides immediate data on patients’ adher-
ence to the study protocol. 

Compliance reports for a duration of up to 300 days are included in the
adherence interim analysis for 23 patients taking inhaled L-CsA in the clin-
ical trial. The average recorded adherence rate was 80% for all patients
throughout the analyzed duration. This is considered a very high adherence
rate for an inhalation therapy that is taken over long periods with a twice
daily administration. A high percentage of patients had an adherence

between 80 and 100%, which means they rarely missed an inhalation treat-
ment. There was no trend for decreasing adherence during the study.

Conclusion: The eFlow technology nebulizer with patient monitoring
function provides key adherence data for clinical trial investigators allowing
timely intervention as soon as non-adherence is detected. The high adher-
ence rate in the inhaled L-CsA study indicates that treatment and handling
of the eFlow technology nebulizer are well accepted for inclusion in daily
care and treatment of lung transplant recipients.

References:
[1] Iacono, A. et al. (2006), “A randomized trial for inhaled cyclosporine

in lung transplant recipients,” NEJM, 354(2), pp. 141-50.
[2] Fuchs et al, Monitoring patient adherence with a new investigation-

al eFlow nebulizer system, Poster presentation, ISAM 2009, Monterey.

564
MEASURING SELF-EFFICACY IN CAREGIVERS OF
CHILDREN WITH CYSTIC FIBROSIS
Patel, T.P.1; Patel, L.1; Dixon, C.2; Glasscoe, C.1; Southern, K.W.1

1. Institute of Translational Medicine, University of Liverpool,
Liverpool, United Kingdom; 2. Institute of Child Health, Alder
Hey Children’s Hospital, Liverpool, United Kingdom

Introduction and Aims: Self-efficacy (SE) is the term used to describe
how confident an individual feels about his/her ability to perform a given
task. Families and caregivers of children with cystic fibrosis (CF) have a
considerable responsibility in managing day-to-day therapies and recognis-
ing symptoms that may require intervention. It is important that they feel
confident in their ability and empowered to undertake this role. We have
adapted an established tool to assess SE for caregivers of children with CF
(CF Self-Efficacy Questionnaire (CFSE-Q)), using a validated scale with an
additional four questions pertaining to CF. We assessed the CFSE-Q in an
exploratory trial in which SE was measured over two time points before and
after the CF annual review. Half of the families were randomised to com-
plete the Challenges of Living with CF Questionnaire (CLCF-Q), a parent
reported outcome measure of treatment burden, with their annual review. 

Methods: Families were randomly allocated to Group 1 (intervention,
the CLCF-Q) and Group 2 (control). Group 1 received verbal and written
feedback on their CLCF-Q answers during the subsequent clinic appoint-
ment and were encouraged to discuss issues raised with members of the CF
team. Participants completed the CFSE-Q at the beginning and end of the
study. A higher score indicates better self-efficacy.

Results: Thirty-seven participants were recruited (17 Group 1; 20
Group 2). The range of scores for baseline was 36-53 for Group 1 and 37-
51 for Group 2. At the end of the study, Group 1 had a range of 38-52 and
Group 2, 31-53. There were no floor or ceiling effects. The mean (SD)
CFSE-Q scores for the control group was 44.9 (4.1) at the first time point
and 43.0 (5.1) at the end of the study (paired students’ t test, p<0.05). CFSE-
Q scores in Group 1 remained stable (p= 0.48). 

Discussion: Group 2 received no intervention and we anticipated that
self-efficacy scores would be stable. The reduction in SE score in this group
was unexpected and may reflect their response to the annual review, which
is often viewed as a stressful process. These early data suggest that the
CFSE-Q is a valid measure of SE in this population. It may have a useful
role in assessing parental coping abilities, but this needs further validation in
larger studies.

565
PRESCRIBED REGIMENS AND TREATMENT
ADHERENCE IN THE I CHANGE ADHERENCE AND
RAISE EXPECTATIONS (ICARE) STUDY
Riekert, K.A.1; Eakin, M.N.1; Bilderback, A.1; Ridge, A.1; Zhang,
J.3; Quittner, A.L.2 1. Medicine, Johns Hopkins University,
Baltimore, MD, USA; 2. Psychology, University of Miami, Coral
Gables, FL, USA; 3. Novartis Pharmaceuticals Corporation, East
Hanover, NJ, USA

Objective: Following guidelines for chronic medications for mainte-
nance of lung health can result in a complex treatment regimen that makes
adherence challenging. The purpose of this study was to examine the rela-
tionship between prescribed CF regimens and an objective measure of treat-
ment adherence. 
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Methods: Eighteen CF care centers provided the prescribed treatment
regimen for 613 teens (age 14.4±2.6 year; 47% male) enrolled in the iCARE
study which required the teen be prescribed at least one drug listed in the
Table. Families reported pharmacies used to obtain refills. Refill records
were obtained from a national pharmacy switch company or direct from the
pharmacy. A medication possession ratio (MPR) was calculated for each
drug. An overall regimen MPR was calculated by averaging the drug MPR
for each drug prescribed. A teen was considered to have a valid MPR for a
drug if 1 of 2 criteria were met: a fill of any drug was found for all reported
pharmacies OR a 60 day supply of a prescribed drug was obtained in the
prior 6 months. 

Results: Almost 90% of teens were prescribed dornase alfa (DA) while
approximately half were prescribed azithromycin (Az), hypertonic saline
(HS) or inhaled tobramycin (IT) for chronic use. A total of 237 teens had a
valid MPR for all their prescribed pulmonary medicines. MPRs were low
for all drugs ranging from .33-.61 (Table) and the over regimen MPR was
Median [IQR]= 0.49 [.21,.76], Range 0-1.00. When prescribed both drugs,
teens were less adherent to HS compared to Az (HS=.49 vs Az=.61), DA
(HS=.33 vs DA=.66) and IT (HS=.33 vs IT=.67; all p-values<0.01). Regi-
men complexity (number of the 4 drugs prescribed) was correlated with
regimen MPR (Spearman Rho = .17, p<.01) such that teens with more com-
plex regimens were more adherent. The most commonly prescribed regi-
mens were: 

Az/DA/HS/IT (52%; MPR Median [IQR]=.57 [.26,.75])
DA (12%; MPR Median [IQR]=.26 [.03,.52])
DA/HS/IT (12%; MPR Median [IQR]=.43 [.22,.67])
Az/DA/IT (11%; MPR Median [IQR]=.56 [.34,.83]) 
Conclusions: Overall, adherence to each drug and the regimen was sub-

optimal; moreover adherence to HS was lower than other drugs. We found
that 26-40% of teens exhibited good adherence to a drug. Contrary to expec-
tations, high regimen complexity was associated with better adherence per-
haps reflecting care teams’ hesitancy to add a new drug to regimens families
already find challenging to follow. Interventions are needed to support ado-
lescents’ adherence to their complex regimens to ensure they achieve maxi-
mal health benefit.

Supported by Cystic Fibrosis Foundation, Genentech, Inc., and Novar-
tis Pharmaceuticals Corporation.

Prescribed Regimen and Treatment Adherence (MPR) by Drug

566
DEVELOPMENTAL DIFFERENCES IN HEALTH-
RELATED QUALITY OF LIFE AND ASSOCIATIONS
BETWEEN TREATMENTS AND PATIENT BURDEN IN
THE I CHANGE ADHERENCE AND RAISE
EXPECTATIONS (ICARE) STUDY
Marciel, K.K.1; Hernandez, C.1; Kimberg, C.I.1; Zhang, J.2;
Riekert, K.A.3; Quittner, A.L.1 1. University of Miami, Coral
Gables, FL, USA; 2. Novartis Pharmaceuticals Corporation, East
Hanover, NJ, USA; 3. Johns Hopkins University, Baltimore, MD,
USA

Background: Developmental differences in disease severity and pre-
scribed treatments are common in cystic fibrosis (CF). Health-related qual-
ity of life (HRQOL) measures, which evaluate the patient’s perspective of
how the disease affects daily functioning, should reflect these differences.
The current study evaluated differences in HRQOL between school-age and
adolescent patients in a randomized, controlled trial. We also evaluated asso-
ciations between HRQOL domains, health outcomes, and treatments.

Methods: CF Centers (N = 18) were randomized to the Comprehensive
Adherence Program or Standard Care in Year 1. The Cystic Fibrosis Ques-
tionnaire-Revised (CFQ-R; Quitter et al., 2005) was administered at Base-

line (Child version: ages 11 to 13, Teen/Adult version: age 14 and older).
Health variables and prescribed treatments (i.e., pulmonary medications,
enzymes) were collected.

Results: To date, 634 patients have been recruited; 514 patients (M =
14.5 years, SD = 2.6) completed the baseline assessment. Approximately
half were female (54.7%), average FEV1% predicted was 85.2 (SD = 22.1),
and average BMI percentile was 46.8 (SD = 26.8). As expected, children
reported better HRQOL than adolescents on the Respiratory Symptoms and
Treatment Burden scales (see Table). In contrast, adolescents reported bet-
ter HRQOL on the Social, Emotional, Eating, and Digestion scales. Respi-
ratory Symptoms were positively associated with FEV1% predicted (rChild =
.21, p < .01; rTeen/Adult = .24, p < .001); Weight scores for teen/adults were
positively correlated with BMI percentile (r = .55, p < .001). Across ages,
patients with more treatments reported worse Treatment Burden (r = -.14, p
< .01). 

Conclusions: Important developmental differences between children
and adolescents were found on several CFQ-R domains in this large, nation-
ally-representative sample. Children reported more digestive symptoms and
eating problems whereas adolescents had more respiratory symptoms and
treatment burden. Modest associations were found between relevant CFQ-R
domains and health outcomes. Patients with more treatments reported worse
burden. Clinicians should consider patient burden when adding new treat-
ments to the regimen.

Funded by Novartis Pharmaceuticals Corporation, Genentech, Inc., and
Cystic Fibrosis Foundation.

Comparison of CFQ-R domains: independent samples t-tests

567
CONTENT VALIDITY OF THE CYSTIC FIBROSIS
QUESTIONNAIRE-REVISED (CFQ-R)
Quittner, A.L.; Marciel, K.K.; Kimberg, C.I. University of Miami,
Coral Gables, FL, USA

Background: Health-related quality of life (HRQOL) instruments are a
type of patient-reported outcome (PRO) that assess how a patient “feels or
functions” with respect to his or her health across multiple domains (FDA,
2009). The Cystic Fibrosis Questionnaire-Revised (CFQ-R; Quittner et al.,
2005) is a disease-specific HRQOL measure used for both research and
clinical purposes. Given that the development of the CFQ-R occurred over
the past 9 years, during which treatment and long-term health outcomes for
CF have changed, we initiated a new content validity study to ensure the rel-
evance and validity of the items. 

Methods: Open-ended interviews were conducted with 66 participants:
18 children and 28 adolescents/adults with CF, and 20 parents of children
with CF. Participants were recruited from 3 sites across the US and complet-
ed open-ended interviews about how CF affects their (or their child’s) daily
lives. Interviews were audio-taped, transcribed, and content-analyzed using
Atlas.ti, a software program for qualitative data analysis. Transcripts were
coded for themes, including key symptoms of CF and the effects of CF on
daily functioning. Across each group, the frequency of coded themes was
analyzed to support content of each version of the CFQ-R.  

Results: Children ranged from 7 to 13 years (M = 9.89, SD = 1.81) and
38.90% were female. FEV1 % predicted ranged from 41 to 107 (M = 85.37,
SD = 19.09) and body mass index (BMI) percentile ranged from 7 to 93 (M
= 50.50, SD = 29.80). Overall, 85 disease-related topics were mentioned by
children during the open-ended interviews; 81 out of the 85 topics were
mentioned by the first 11 children. Adolescents/adults ranged from 14 to 57
years (M = 22.20, SD = 13.90) and 60.70% were female. FEV1 % predicted
ranged from 27 to 119 (M = 73.00, SD = 28.21), BMI (n = 15) ranged from
16.10 to 26.80 (M = 21.75, SD = 3.00) and BMI percentile (n = 10) ranged
from 3.0 to 55.0 (M = 22.20, SD = 13.90). Ninety-two disease-related top-
ics were mentioned by adolescents/adults with CF, with 83 topics mentioned
by the first 16 adults. Nineteen mothers and 1 father participated in the
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open-ended interviews. Ninety-five disease-related topics were mentioned,
with 90 topics mentioned by the first 10 parents. Topics mentioned by a
majority of respondents were represented by items on the CFQ-R. 

Conclusions: Open-ended interviews supported the content validity of
the CFQ-R. Further, the impact of CF on a variety of areas of functioning
demonstrated the importance of a multidimensional approach to assessing
HRQOL, rather than a singular focus on symptoms. Future directions
include expanding the Digestion Scale and developing items that assess
sinus symptoms. 

Funding was provided by Behavioral Health Systems Research.

568
OUT-OF-POCKET COSTS FOR MEDICATIONS IN THE I
CHANGE ADHERENCE AND RAISE EXPECTATIONS
(ICARE) STUDY
Eakin, M.N.1; Bilderback, A.1; Ridge, A.1; Quittner, A.L.2; Zhang,
J.3; Riekert, K.A.1 1. Johns Hopkins University, Baltimore, MD,
USA; 2. University of MIami, Coral Gables, FL, USA; 3. Novartis
Pharmaceuticals, East Hanover, NJ, USA

Background: Many new medication therapies have been developed for
CF. However, these new medications can be very expensive for families. A
recent study indicated that the cost of medication therapies is 39% of the
total cost of medical management of a CF patient. Furthermore, some health
insurance plans will not pay for them or will only pay a small portion result-
ing in an economic burden on the families. 

Objective: The purpose of this study was to examine the out-of-pocket
costs of medications in a pediatric CF patient sample. This study also eval-
uated the extent that costs of medication influenced the decision to skip the
medication and subsequent health outcomes (BMI percentile and FEV1 %
predicted). 

Methods: We recruited 165 adolescents and their caregivers (mean age
=14.6±2.7; range 11-20 years; 40% male; 89% Caucasian) from 18 CF care
centers as part of a multi-site randomized trial. Participants completed a
baseline assessment, which included measures of baseline demographics
and out-of-pockets costs for CF medications. Baseline health outcome data
included FEV1 % predicted and BMI percentile. 

Results: Preliminary results indicated that families reported spending
an average of $140 ±280 a year on outpatient medications and an overall
annual deductible = $402±1124; range = $0-5000. Out-of-pocket costs were
associated with income (spearman’s rho = 0.56; p <0.001), such that fami-
lies with higher incomes had higher out-of-pockets costs. Costs by individ-
ual medication indicated that families spent the least per refill for
azithromycin ($11±20; n = 77) and the most for dornase alfa ($53±168; n =
136). Families on private insurance reported significantly higher out-of-
pocket costs compared to families with public insurance [public insurance
mean(SD) =0(0) and private insurance = 100(25); p = 0.001]. Ten percent of
families reported that they skipped medications because of cost, and dornase
alfa was reported as the most frequently skipped medication. There were no
differences in the likelihood of skipping a medication by insurance type or
payment amount. There were no significant differences in health outcomes
(FEV1 % and BMI) by amount of out-of-pocket costs or reports of skipping
medications. 

Conclusions: This study demonstrated that families report a wide range
of out-of-pocket costs for medications that varies depending on medication,
insurance status, and income. However, total out-of-pocket costs were not
associated with the likelihood of skipping a medication or health outcomes.
These findings suggest that the impact of out-of-pocket costs is best under-
stood by examining the burden of these costs compared to household
income. More research is needed to further understand the burden of out-of-
pocket costs on medication adherence and family well being. 

Supported by Novartis Pharmaceuticals Corporation, Genentech, Inc.,
and Cystic Fibrosis Foundation.

569
IMPACT OF DEPRESSION ON ADHERENCE IN OLDER
ADOLESCENTS AND ADULTS WITH CYSTIC FIBROSIS
Eakin, M.N.; Green, A.; Rand-Giovannetti, D.; Riekert, K.A.
Johns Hopkins University, Baltimore, MD, USA

Background: Recent research has shown elevated rates of depression
among patients with cystic fibrosis. Depression has been associated with
worse health related quality of life in adults. However, little is known about
the impact of depression on medication adherence in adults. 

Objective: The purpose of this study was to examine the impact of
depressive symptoms on medication adherence and subsequent health out-
comes in older adolescent and adult patients with cystic fibrosis. 

Methods: We recruited 93 older adolescents and adults (mean age
=29.2±1.2; range 16-68 years; 53% male; 94% Caucasian) who are seen at
the Johns Hopkins CF care centers and prescribed at least one of the follow-
ing pulmonary medications for the past 12 months: azithromycin, dornase
alfa, inhaled tobramycin, and hypertonic saline. Participants completed a
baseline assessment that included measures of baseline demographics, the
Centers for Epidemiological Studies Depression (CES-D), and the Treat-
ment Adherence Questionnaire- CF. Pulmonary medication adherence was
measured using pharmacy refill records for the past 12 months and a com-
posite medication possession ratio (MPR), calculated according to the par-
ticipant’s regimen. Baseline health outcome data included FEV1 % predict-
ed (FEV1 %) and BMI. 

Results: Preliminary results indicated that 22% (n = 20) of enrolled
participants endorsed depressive symptoms on the CES-D. Participants who
screened positive for depressive symptoms had lower objective measures of
adherence (p<0.01; see Table). Furthermore, they self-reported significant-
ly lower rates of adherence to airway clearance (p <0.01) and vitamins
(p<0.001) and there was a trend for lower levels of exercise (p=0.06). There
were no significant differences in health outcomes (FEV1 % and BMI) by
depressive symptoms. 

Conclusions: This study demonstrated that over 20% of adults with CF
endorse depressive symptoms. Furthermore, the presence of depressive
symptoms impacted overall objective adherence to pulmonary medications
and self-reported adherence to airway clearance and vitamins. These find-
ings suggest that depression significantly impacts a patient’s ability to
adhere to prescribed therapies. 

Supported by NHLBI-HL087997.

570
QUALITY OF LIFE IN PEDIATRIC LUNG
TRANSPLANTATION
Mann, M.C.1; Williams, A.2; Czyzewski, D.2; Mallory, G.1;
Schecter, M.G.1 1. Pediatric Pulmonology, Baylor College of
Medicine, Houston, TX, USA; 2. Pediatric Psychology, Baylor
College of Medicine, Houston, TX, USA

Background: Lung transplantation is an accepted treatment option for
children with end stage lung disease. Cystic fibrosis is the most common
indication for pediatric lung transplants.  Some controversy exists regarding
the benefit of lung transplantation in children with cystic fibrosis. Outcomes
for transplantation traditionally have been defined by patient or graft sur-
vival. However, quality of life (QOL) is an important outcome when exam-
ining overall benefit of lung transplantation.  Studies have shown improve-
ment in overall and health related QOL after lung transplantation in adults,
however little data exists for pediatric recipients.

Objective: We aim to test the hypothesis that quality of life in children
listed for lung transplantation improves after transplant.  
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Methods: The PedsQL™ is a measurement model used to assess health
related and psychosocial QOL in healthy children and those with chronic or
acute disease. The modular system includes developmentally appropriate
child report and parent report versions as well as generic and disease specif-
ic modules. Patients followed by our lung transplant center over the age of
two years, pre- or post-transplant, were eligible for enrollment. Exclusion
criteria were transition to adult care or death. Children over the age of five
and parents of children over the age of two completed the PedsQLtrans-
plant™ and the PedsQL™ generic modules at scheduled follow up.  Word-
ing on several items on the transplant module was modified to reflect pre-
transplant status when applicable. Scores were calculated by transforming
responses into a 0-100 scale. Mean total scores for PedsQL™ generic and
PedsQLtransplant™ were calculated for parent and child reports. Independ-
ent samples t-tests were used to assess differences in QOL between pre-
transplant and post-transplant patients.

Data: Currently, thirty patients have been enrolled. Eight patients have
pre-transplant data and 25 have post-transplant data. Mean scores and (SD)
for the pre-transplant group were as follows: parent report PedsQL™
50.4(10.2), child PedsQL™ 51.7(14.4), Parent PedsQLtransplant™
66.5(11.6), and child PedsQLtranplant™ 69.5(14.4). Post-transplant scores
were, in the same order for the modules 71.5(15.6), 75.7(14.7), 75.6(11.5),
78.9(14.9). The mean scores for the post-transplant group were higher than
the means for the pre-transplant group in each module, and reached statisti-
cal significance in the parent and child reports for the PedsQL™ (p=0.00,
p=0.00). The difference in pre- and post- scores in PedsQLtransplant™ par-
ent reports trended toward significance (p=0.07). 

Conclusions: In this preliminary data analysis, quality of life in patients
after lung transplantation is greater compared to that of children who are
currently listed for transplant.

571
SUBJECTIVE WELFARE AND SYMPTOMS OF ANXIETY
AND DEPRESSION IN ADULT PATIENTS WITH A
HOMOZYGOUS F508DEL MUTATION
Lambrecht, P.J.1; Havermans, T.2; Jansegers, S.2; Jeanbaptiste,
A.2; Matossian, A.2; Theunis, M.2; Vandenoetelae, A.2; Flament,
I.2 1. Department of Clinical & Lifespan Psychology, Free
University Brussels, Brussels, Belgium; 2. Depression Study
Group Belgium, CF Centers Belgium, Flanders & Brussels,
Belgium

Background: Socioeconomic status (SES) is an important predictor of
health status in many chronic diseases including cystic fibrosis (CF), but
SES has also been found inversely associated with psychological health
problems. CF is one of the most common autosomal recessive genetic dis-
eases in Europe caused by a mutation in the CFTR gene. Almost half
(47.9%) of the Belgium patients are homozygous for F508del mutation.
Studies on anxiety and depression usually include patients with CF with a
wide variety of mutations. To avoid the potential influence of mutational dif-
ferences, the present study includes only patients with the homozygous
F508del mutation. The objective is to evaluate whether the prevalence of
depression and anxiety in this specific group of patients is associated with
welfare and lung function.

Methods: This study is part of a representative multi-center national
study of CF care in Belgium. A total of 119 non-transplanted adult patients
with a homozygous F508del mutation participated (aged ≥ 18 years). The
Hospital Anxiety and Depression scale (HADS) was used to screen for anx-
iety and depression. The variable subjective welfare (SW) was used as a
proxy measure of SES. Medical parameters included lung function
(FEV1%predicted). 

Results: Anxiety and depression rates were equivalent to previous stud-
ies. A significant negative correlation was found between patients’ (mean
age 27.1 years, SD = 7.4, range 18-49) subjective welfare and symptoms of
depression and anxiety (see Table). This association became stronger with a
decrease in lung function (mean FEV1%predicted: 66.9, SD = 22.2, range
19.0-126.8) and was highest for patients with severe impairment (< 40%
FEV1%predicted). The association between SW and depression was not
related to lung function. 

Conclusions: Socioeconomic status has an impact on the physical and
psychological well-being of people. The complex interactions between SES
and well-being may affect the clinical outcome of patients with CF. In
future, indicators of SES, both subjective and objective, could be used to

better understand the relationship between psychological and physical out-
come in CF.  

Supported by the Belgian Patient Association (BSVM/ABLM).

Table: Intercorrelation (τ) between subjective welfare (SW) and
anxiety (A) and depression (D) HADS-subscale, controlled for lung
function

Note: *p < .05. **p < .01. ***p < .001. NS not significant.

572
HEALTH-RELATED QUALITY OF LIFE AMONG ADULT
CYSTIC FIBROSIS PATIENTS
Anderson, P.J.1; Sherman, A.C.2; Campbell, D.3; Reddy, R.M.1;
Kumar, S.2; O’Brien, C.E.4; Simonton, S.1 1. Division of
Pulmonary and Critical Care Medicine, University of Arkansas
for Medical Sciences, Little Rock, AR, USA; 2. Behavioral
Medicine Division, University of Arkansas for Medical Sciences,
Little Rock, AR, USA; 3. Department of Social Work, University
of Arkansas for Medical Sciences, Little Rock, AR, USA; 4.
Department of Pharmacy Practice, University of Arkansas for
Medical Sciences, Little Rock, AR, USA

Growing interest has focused on quality-of-life outcomes for patients
with cystic fibrosis. Work in this area is expanding rapidly, but relative to
children with the disease, less is known about the experience of adults.
Moreover, few studies have compared the status of adult patients to that of
healthy community norms. 

In the current study, health-related quality of life was evaluated in a
sample of adult cystic fibrosis clinic patients using the SF-12. Mean age of
participants was 27.5 (9.7) years, mean FEV1% predicted was 65.7 (26.0),
and socioeconomic status varied widely.   

Average scores in physical functioning (p < .0001) and mental health
functioning (p = .03) were significantly worse than age-adjusted healthy
population norms. Moreover, 47.7% of participants reported clinically
meaningful impairment in physical functioning (i.e., 1 SD below population
norms); 25.0% reported compromised mental health functioning. 

A range of clinical and demographic characteristics was examined to
identify subgroups of patients at heightened risk. In multiple regression
analyses, the strongest predictors of better physical functioning included
younger age (β= -.37, p <.01), fewer medical comorbidities (β= -.26, p =
.03), and lower perceived stress associated with the illness (β= -.34, p <.01).
Better mental health functioning was significantly associated with younger
age (β= -.32, p =.02) and lower illness-related stress (β= -.40, p < .01). 

Disruptions in daily quality-of-life appear to be a salient concern for
adults with cystic fibrosis. Consistent with some prior studies, objective
clinical factors (e.g., pulmonary status) were less strongly predictive than
demographic and psychosocial factors (e.g., subjective appraisals of the ill-
ness). Additional longitudinal research is needed to examine changes in
quality of life, and their determinants, over the course of treatment.

573
DESCRIBING COLLABORATIVE MENTAL HEALTH
SYSTEMS IN CYSTIC FIBROSIS CENTERS
Garcia, G. Department of Psychiatry, Children’s Hospital Boston,
Boston, MA, USA

Background/Objectives: The purpose of this study is to describe the
mental health services within the National Cystic Fibrosis (CF) Centers in
the United States. The Cystic Fibrosis Foundation accredits centers and sets
standards of multidisciplinary care to patients with CF. The CF Foundation
collects data on depression in the CF Portal and provides guidelines for
expected mental health services for each center. Recently the International
Depression/Anxiety Epidemiological Study (TIDES) has reported an elevat-
ed prevalence of depression, anxiety compared to their peers. TIDES high-
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lighted the critical mental health needs of patients with CF and to my knowl-
edge there has not been a study published on the mental health providers and
care provided in the CF Centers.   

Design: This study is a national survey of Cystic Fibrosis Centers in the
United States. Electronic questionnaires will be emailed to each center’s
research coordinator to complete. Non-responders will be contacted and
requested to complete the survey. Estimated time to complete the study is 4
months, of which 2 months will be used to collect data.  

Participants and Setting: Eligible participants will include the 110
accredited National Cystic Fibrosis Foundation Centers in the United States. 

Materials/Methods: An electronic questionnaire designed to assess
mental health service providers and services. Areas of exploration will
include: 1) Cystic Fibrosis Center characteristics; 2) hospital characteristics;
3) mental health team composition; 4) percent utilization of mental health
providers; 5) mental health services provided; 6) sources of funding for
mental health; 7) perceived barriers to mental health care at their center. 

Results: The results will be described using descriptive statistics (fre-
quencies, means). Correlations between variables will be explored.   

Significance: The results of this study will be the first to describe
national mental health services for patients with cystic fibrosis. This study
would provide the foundation to understand the different models of collab-
orative mental health throughout CF Centers in the United States. In con-
junction with the TIDES data, knowledge of mental health care systems
would allow for the development of integrated and comprehensive preven-
tative and interventional strategies.

NURSING ISSUES

574�
IMPROVING COMPLIANCE WITH HAND HYGIENE:
“SHOW & TELL”
West, B.1; Leek, E.1; Galley, T.1; Ryan, D.1; Tsang, A.1;
Sweetman, S.1; Tullis, E.1,2; Stephenson, A.1,2 1. Adult CF
Program, Division of Respirology, St. Michael’s, Toronto, ON,
Canada; 2. Keenan Research Centre, Li Ka Shing Knowledge
Institute, Toronto, ON, Canada

Background: Chronic pulmonary infection is associated with increased
morbidity and mortality in cystic fibrosis (CF). Infection control measures
reduce the transmission of bacteria and hand hygiene plays a critical role in
prevention of infection, particularly in the CF population. However, poor
compliance with hand hygiene has been documented within hospitals. The
objective of this quality improvement initiative was to improve hand
hygiene practices in the inpatient respiratory unit by monitoring and engag-
ing the patients in the process. 

Methods: The Hand Hygiene Committee developed and implemented
the “Show & Tell” campaign to make hand hygiene a more transparent
process in October 2009. The campaign requested staff to “Show” the
patients that their hands are clean by performing hand hygiene in front of the
patient, and/or to “Tell” the patient their hands are clean upon entering the
room. All staff were educated on the campaign and “Show & Tell” signs
were placed at the entrance of each patient’s room. Monthly patient audits
were performed to provide the unit with regular feedback on staff compli-
ance. Patients were asked to record whether or not hand hygiene was per-
formed by each hospital staff member that entered their room on a particu-
lar day. In addition, patients indicated the discipline of each health care
team member they audited. Staff were unaware of the timing of the audits
and did not know which patients were performing the audits.

Results: Prior to initiating the “Show & Tell” campaign, 13% of
patients were aware that hand hygiene had been performed. Between
November 2009 and February 2011, a total of 65 patient audits were con-
ducted. Patients witnessed a total of 683 health care team members over the
study period. Direct patient observation of compliance with hand hygiene
increased from 13% to 58%. When data were analyzed by health discipline,
respiratory therapists and physiotherapists had the highest compliance with
hand hygiene (96% and 92% compliance respectively). Physicians were
noted to be compliant with hand hygiene 70% of the time. Research coordi-
nators had low recorded compliance at 33%. 

Conclusions: The “Show & Tell” infection control campaign has made
the hand hygiene process more transparent and has resulted in an increase in
hand hygiene compliance. Education for specific health care disciplines
such as research coordinators are needed to improve infection control meas-
ures further.

575�
IMPLEMENTING UNIFORM INFECTION CONTROL
PRACTICES IN THE PEDIATRIC AND ADULT CYSTIC
FIBROSIS (CF) OUTPATIENT CLINICS
Cheatham, J.M.; Lester, L.; Naureckas, E. University of Chicago
Medical Center, Chicago, IL, USA

The University of Chicago Medical Center is a moderate size CF care
center. The Pediatric Care Center and Adult Care Center are located on the
same medical center campus. Implementing infection control practices on
the inpatient units based on infection control standards has been fairly uni-
form and accepted. However, implementing infection control practices in
the cystic fibrosis outpatient clinics has posed challenges. The adult CF clin-
ic occurs bimonthly in the adult pulmonary specialty clinic.  The pediatric
CF patients are seen on several days in a multispecialty pediatric clinic with
multiple nursing staff members assigned to the various clinics.  

As part of a cystic fibrosis care center quality improvement initiative to
make infection control practices uniform across all care areas, it was essen-
tial to reach a consensus on the specifics of these practices and then to for-
mulate a plan to implement the practice changes. The adult CF clinic had
already implemented “contact isolation” precautions. This had been imple-
mented in a pulmonary clinic that uses the same space and has consistent
nursing personnel. However, implementing the practice changes in the pedi-
atric clinic was more difficult due to the variability in staff assigned and the
number of clinics occurring at the same time. The changes also would be
considered a slightly different approach to current infection control practices
for clinic staff and CF care center staff. 

The object of this study was to assess our pediatric clinic staff members’
knowledge of cystic fibrosis and cystic fibrosis outpatient infection control
practices pre- and post-implementation of the proposed infection control
practice changes. The method used was administration of on-line surveys.
Surveys containing 20 questions to assess basic knowledge about cystic
fibrosis and infection control procedures were sent to 28 pediatric speciali-
ty clinic staff: RNs, LPNs, clinic coordinators, medical assistants, before
and after they were offered an educational in-service on the basics of CF. 

Results: Thirteen or 46% of 28 staff members completed pre-inservice
surveys and percent of correct answers ranged from 20 to 100%. Seven of
the 11 (64%) staff who attended the inservice returned surveys and percent
of correct answers ranged from 60 to 100%. Improved scores for 14 of 20
questions were noted when pre-inservice respondents were compared to
post-inservice respondents. 

Conclusion: On line surveys appear to be a good way to assess clinic
staff’s knowledge about CF in a busy pediatric subspecialty clinic. The pedi-
atric clinic staff seemed overall to benefit from the inservice on cystic fibro-
sis and cystic fibrosis infection control. Infection control practices, similar
to those previously utilized in the adult Pulmonary/CF clinic have now
begun to be implemented with good cooperation of the Pediatric clinic and
team staff. Future studies could analyze the effectiveness of infection con-
trol practices in minimizing exposure to microorganisms through random
cultures of clinic surfaces that should be disinfected. Alternately, clinics
could survey parents/patients on observed staff’s adherence with recom-
mended infection control practices.

576�
COORDINATION OF CARE FOR PATIENTS WITH
CYSTIC FIBROSIS (CF): EARLY PLACEMENT OF
PERIPHERALLY INSERTED CENTRAL CATHETERS
(PICC) TO EXPEDITE INITIATION OF HOME
INTRAVENOUS (IV) ANTIBIOTIC THERAPY
Barnico, K.; Sullivan, K.; McGeachey, A.; Sawicki, G.S. Division
of Respiratory Diseases, Children’s Hospital Boston, Boston, MA,
USA

Objective: To optimize care for our CF patients via coordination of
PICC placement prior to admission to decrease length of hospitalization,
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expedite transition to home to complete IV therapy, and improve patient sat-
isfaction. 

Background: CF patients are often hospitalized for pulmonary exacer-
bations and treated with IV antibiotics for 10-21 days via a PICC. There is
often a delay in patients receiving PICC placement upon admission, howev-
er leading to delayed initiation of drug treatment and lengthier hospital
stays. The hospital recently opened a general procedure unit (GPU) for
sedated and non-sedated procedures to assist in early PICC placement. The
CF center nursing coordinator works as a liaison for the inpatient and out-
patient teams to facilitate PICC placement in the GPU in a timely manner.

Methods: A retrospective review of CF patients receiving PICC place-
ments and completing IV antibiotic therapy at home from January to June,
2010 and January to present in 2011 was obtained. A care map for place-
ment of PICCs in the GPU was developed in January 2011, which involves
coordination with the inpatient and outpatient CF teams, the sedation team,
the procedure room team, and the IV team. The general admission form was
modified to include the option of having a PICC placed prior to admission
and the use of sedation, if necessary. Prior to admission, a list of upcoming
admissions and PICC procedures was sent to the multidisciplinary teams to
further improve the coordination of care. Length of hospital stay and time to
PICC placement data were compared before and after the development of
the PICC placement care map and utilization of the GPU for this procedure.

Results: There were 28 CF patients from January 2010 to June 2010
that had a PICC placed for IV antibiotic administration to treat a pulmonary
exacerbation. The average time from admission to PICC placement was 16.4
hours. The average length of stay for these patients was 5.1 days. Beginning
in January 2011 and through the present, coordination of early PICC place-
ment in the GPU led to 5 patients receiving PICCs for IV antibiotic therapy.
The average time to PICC placement was 1.6 hours. Length of hospital stay
for these patients was 3.4 days. Patient-family satisfaction with coordination
of care and early PICC placement in the GPU was high. 

Conclusion: PICC placement in the GPU on the day of admission has
improved the quality of care provided to our CF patients, decreased length
of hospital stay, expedited discharge in order to complete IV therapy at
home, and met the hospital’s goal for discharge within 5 days for patients
pursuing home IV antibiotic therapy. Patient satisfaction with early PICC
placement and coordination of care was high. Coordination of care between
outpatient and inpatient CF teams from various departments has improved
efficiency of care.

577�
QUALITY IMPROVEMENT: ROLE OF PRE-PRINTED
ORDERS
Rakhshan, E.2; Fukushima, L.2; Benitez, D.1; Borok, Z.2; Rao,
A.P.2; Afshar, K.2 1. CF, USC, LA, CA, USA; 2. Div
Pulmonary/Critical Care, USC, LA, CA, USA

Pulmonary exacerbations (PE) are the most common cause of hospital-
ization (48%) in patients (pts) with cystic fibrosis (CF). Depending on the
severity of lung dysfunction and adherence to maintenance therapy, patients
may have an annual PE rate ranging from 0 to 5. Management of CF patients
experiencing a severe PE include aggressive airway clearance therapy, con-
tinued exercise regimen, inhalation therapies and institution of intravenous
(IV) antimicrobial agents. The Adult CF Program is a large academic pro-
gram with ~200 patients. The goal of this study was to compare calculated
time from admission to time of initial dose of IV antibiotics and time to ini-
tiation of respiratory therapy before and after initiation of pre-printed admis-
sion order sets.

Methods: Charts of all CF patients hospitalized for PE at the USC from
11/2010 to 2/2011 were retrospectively reviewed. These months were cho-
sen because standardized pre-printed order sets became effective 1/2011.
IRB approval was obtained. Data collected include: time from admission to
time of initial IV antibiotics, time to first respiratory therapy (RT) session,
and the unit’s familiarity with CF inpatient care.

Results: Seventy-four CF patients were admitted during the study peri-
od. Group 1 included 32 admissions from November to December 2010.
Group 2 included 42 admissions from January to February 2011. If docu-
mentation was not available for the time of initial IV antibiotics or RT, pts
were excluded. For the IV antibiotic portion of the study, we excluded 5 pts
in group 1, 2 pts in group 2. For the respiratory interaction portion of the
study, we excluded 14 pts from group 1 and 20 pts from group 2. Analysis
was done only for patient admissions that met criteria. Average time in

group 1 to receiving the first dose of iv antibiotics was 84 min, while group
2 had an average time 64 min (P=0.69). For time to first RT session, for
group 1 average time was 289 min while for group 2 average time was 253
min (P=0.57). Group 1 pts were admitted to an experienced CF unit, where-
as, group 2 pts were admitted to both experienced and semi-experienced
units. When evaluating the average time to antibiotic administration, the
unit admission did not make any difference (Group 1 (P=0.95); Group 2
(P=0.23)). Patients admitted to the experienced unit had an average time to
RT of 194 min compared to an average time of 556 min for admissions to
the semi-experienced unit (P=0.29).

Discussion: The time to first IV antibiotics was unchanged irrespective
of pre-printed order sets or admission to level of CF experienced units.
There were noticeable differences in the average time to RT. Plausible expla-
nations include a slightly higher number of admissions in group 2 (36 vs.
31) and the CF experience of the unit to which patients were admitted. Edu-
cation has been provided to equalize knowledge on the two units of inpatient
CF care pathways. Additional analysis with a longer time period will need
to be performed in order to determine factors accounting for discrepancies
between these times.

578�
MULTIDISCIPLINARY CARE ROUNDS AS PART OF A
NEW CF INPATIENT ADULT CARE UNIT
Hodo, A.3; Roger, C.1,2; Clark, S.4; Edwards, D.5; Fox, B.6;
Williams, M.7; Gabriel, P.8; Burk, J.R.1,2; Davis, S.Q.1,2 1. Adult
CF Program, Cook Children’s, Fort Worth, TX, USA; 2. Texas
Pulmonary & Critical Care Consultants PA, Fort Worth, TX,
USA; 3. Palliative Care Unit, Texas Health Resources Harris
Methodist Hospital, Fort Worth, TX, USA; 4. Respiratory
Therapy, Texas Health Resources Harris Methodist Hospital, Fort
Worth, TX, USA; 5. Physical Therapy, Texas Health Resources
Harris Methodist Hospital, Fort Worth, TX, USA; 6. Pharmacy
Services, Texas Health Resources Harris Methodist Hospital, Fort
Worth, TX, USA; 7. Clinical Nutrition, Texas Health Resources
Harris Methodist Hospital, Fort Worth, TX, USA; 8. Infection
Prevention, Texas Health Resources Harris Methodist Hospital,
Fort Worth, TX, USA

Background: The relocation of inpatient services for adults with CF
allowed for multiple interventions to improve the patient experience during
the hospitalization. Multidisciplinary rounds are one tool to improve care
coordination.

Methods: Representatives from all hospital service areas involved in the
care of the CF population meet weekly with the CF nurse practitioner and
physicians the morning after the CF outpatient clinic to discuss each admit-
ted patient. The meeting occurs in a conference room on the inpatient unit.
Patients are invited to meet individually with the CF team. Representatives
from each department introduce themselves to the patient, explaining their
roles within the CF inpatient team and asking the patient for suggestions on
improving both care and service. The department representatives then work
together to create a schedule for the patient that minimizes multiple, over-
lapping interventions (i.e., a physical therapy session set for the same time
as a respiratory therapy treatment). After the CF team has finished dis-
cussing the inpatients, team members often remain at rounds for a few min-
utes to discuss issues related to the CF inpatient unit. Hospital administra-
tion fully supports the rounds and is available as needed to assist with more
complicated hospital system concerns.

Results: Informal surveys of hospitalized CF patients support continu-
ing multidisciplinary rounds. Originally rounds were held at the patient’s
bedside, but space constraints and infection prevention practices made this
impractical (one patient reported feeling like a “zoo animal on display”).
The move to a nearby conference room was appreciated by all participants,
including the patients. Patients report a sense of empowerment with their
care, and appreciate meeting each care team member. Concerns that have
been voiced by several patients have been taken to hospital administrators,
who have facilitated further discussion across departments to improve care.
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Furthermore, staff satisfaction with rounds remains high. Rounds have pro-
vided a convenient venue to discuss CF-related topics, including staff edu-
cation and updates on previously hospitalized patients. 

Conclusion: Multidisciplinary rounds have been an effective tool to
promote communication between and among CF patients and staff, and will
continue to evolve to meet the needs of the inpatient CF nursing unit.

579�
OPTIMIZING HOME IV THERAPY FOR CHILDREN
WITH CYSTIC FIBROSIS
Butler, B.1; Young, M.2; Cuthriell, M.1; Leigh, M.3 1. Department
of Nursing, UNC Healthcare, Chapel Hill, NC, USA; 2.
Department of Pharmacy, UNC Healthcare, Chapel Hill, NC,
USA; 3. Department of Pediatrics, University of North Carolina,
Chapel Hill, NC, USA

Cystic fibrosis pulmonary exacerbations unresponsive to oral and/or
inhaled antibiotics require therapy with intravenous (IV) antibiotics. A pro-
longed inpatient admission can be a burden in the form of absence from
school/work, change in the quality of daily life, and missed wages for CF
patients and/or family members, in addition to costs of the hospitalization
itself. Recent studies suggest that CF pulmonary exacerbations can be man-
aged effectively in the home setting. A challenge for optimal management of
home IV therapy in large CF centers with multiple CF physicians is coordi-
nation of communication with multiple home health agencies that are
remote to the CF Center. 

Hypothesis: We aimed to improve delivery of home IV antibiotics by
developing a patient-centered care team, led by a “CF Community Health
Consultant” (CFCHC) who coordinates services related to home IV therapy
with home infusion companies, nursing agencies and regional medical cen-
ters across the state.

Methods: UNC Pediatric CF Program created a CFCHC nurse position
to serve as the single point person to convey communication between the CF
Center care team and community-based home health agencies across the
state in order to ensure continuity in the standard of care from the hospital
setting to the home environment. Most pediatric CF patients are hospitalized
for 4-6 days for initiation of IV antibiotics, then discharged when IV antibi-
otic doses are optimized through pharmacokinetic studies. Subsequent
bloodwork to monitor for potential drug toxicities and pharmacokinetic
studies are performed by the home health agencies with results directed to
the CFCHC for interpretation by the primary CF physician and the inpatient
pharmacist. The CFCHC serves as the primary support person for all
patients/families receiving home IV services and assists in resolving all
complications related to home IV therapy including but not limited to infect-
ed/clotted CVAD, IV medication discrepancies, lab errors or critical values,
adverse reactions to therapy, potential acute renal failure or questions or
concerns from home care companies, patients or families. 

Results: Since initiating this QI project in August 2008, the CFCHC has
established ongoing communication and education about CF with 17 home
infusion companies, 34 home nursing agencies and 5 regional health centers
across the state. The number of home IV therapies per year has increased
from 66 in 2009 to 142 in 2010. By closely monitoring the patient’s home
labs a minimum of once weekly, there have been no documented cases of
drug toxicity or acute renal failure and only 15% of patients have had to
have adjustments made to their home IV regimen. There have been 7 docu-
mented CVAD infections and 5 CVAD had to be removed or replaced after
unsuccessful attempts to declot. By using a community-based resource with
whom the CFCHC has established a working relationship, most issues have
been resolved in the patient’s home community. 

Conclusion: Establishing a single point person to convey communica-
tion between the CF Center and community-based resources across the state
has optimized delivery of home IV antibiotic therapy to our CF patients.

580�
WHAT DO CHILDREN WITH CF KNOW ABOUT THEIR
CF CARE?
Kalnins, D.; Agnew, J.; Taylor, L.; Carpenter, S.; Gold, A.;
Solomon, M. Respiratory Medicine, The Hospital for Sick
Children, Toronto, ON, Canada

Introduction: Formal education for children around CF care does not
always occur as education is directed to parents at time of diagnosis, when
infants or young children are too young to receive this education. We decid-
ed that a formal education process should be developed for patients over 10
years of age. In order to assess our patients’ education needs, a questionnaire
was developed by CF clinic staff. The project was approved by the quality
improvement team at SickKids. 

Methods: The 14 item questionnaire incorporated questions addressing
nutrition, physiotherapy, exercise and general CF knowledge. Most answers
were presented in a multiple choice format, or with responses of Yes or No.
One open-ended question asked what the patients would like to know about
their CF. Patients between the ages of 10 to 12 years were identified using
the CF database and during weekly pre-clinic reviews. Questionnaires were
handed out during clinic visits or hospital admissions. 

Results: Thirty-seven patients (n= 18 boys) responded out of 49 (76%)
identified. Nutrition: The majority of patients responded correctly on why
they should gain weight and eat well. Four patients (10 %) were not sure
which foods were high in energy or why they were taking vitamins. Most
patients (92%) understood the consequences of not taking enzymes. Physio-
therapy and Exercise: The majority (89 %) of patients knew that they did
physiotherapy (airway clearance techniques) to move mucous out of the air-
ways, and more than half (59%) knew that it helped to keep their lungs
healthy but very few (13.5%) were aware that it helped increase blood oxy-
gen levels. The majority of patients knew that exercise (86.5%) and sports
(81%) helped keep their lungs healthy and very few patients thought that CF
limited their sport participation. Surprisingly, 35% of patients thought that
they lose less salt when they sweat during exercise. Medication: The major-
ity (81%) of patients thought they knew the names of their medications, how
to properly take nebulized medications and how to clean their nebulizer
after each use (79%). General CF: The majority (81%) of patients knew that
the mucous in their lungs was thicker but fewer (32%) were aware that they
can get different bacteria in their lungs. Many patients had questions around
mortality and their future, suggesting that these issues were on their mind,
and that they would like them addressed.

Conclusions: We learned from results of this questionnaire that while
most patients in this age group had good knowledge about nutrition and CF
and their medications, why they do physiotherapy and that physical activity
helps to keep their lungs healthy, some patients did require more education
around their CF care. Our next step is to design educational materials that
provide information for patients on the important aspects of their CF care,
and prepare a formal education plan during routine clinic visits for patients
who are 10 years of age and older. We will also address the difficult ques-
tions patients had posed about their mortality, and their future as it relates to
their CF.

581�
PSYCHOSOCIAL AND CLINICAL FACTORS ARE
PREDICTIVE OF LONGITUDINAL TRENDS IN
HEALTH-RELATED QUALITY OF LIFE (HRQOL) OVER
40 MONTHS IN ADULTS WITH CF
Dill, E.J.1; Sellers, D.E.2; Sawicki, G.S.3; Robinson, W.M.2 1.
Centers for American Indian and Alaska Native Health,
University of Colorado Denver, Aurora, CO, USA; 2. Center for
Applied Ethics, Education Development Center, Inc., Newton,
MA, USA; 3. Division of Respiratory Diseases, Children’s
Hospital Boston, Boston, MA, USA

Background: Measures of HRQOL are used as patient-reported out-
comes in adults with CF, yet few studies have assessed changes in HRQOL
over time in patients not part of a clinical trial. Moreover, there is little data
on the clinical and psychosocial correlates of such HRQOL trends.

Methods: The CF Questionnaire-Revised, the CF Quality of Life Ques-
tionnaire, the Manchester CF Coping Questionnaire, and the Functional
Assessment of Chronic Illness Therapy-Spiritual Well-Being Scale were
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administered 4 times over 40 months between 2005 and 2008 to 333 adults
participating in the Project on Adult Care in Cystic Fibrosis, a longitudinal
panel study at 10 US CFF Care Centers. Clinical data were obtained from
the participating sites. Individual longitudinal growth curve regression mod-
els were fit to describe trends in HRQOL and relationships between clinical
and psychosocial covariates and HRQOL over time.

Results: Survey response rates varied from 70% to 93%. Mean age at
baseline was 33 yrs (range 19-64), and mean FEV1 % predicted was 59.8%
(SD 22%). Over 40 months, some HRQOL domains (health perceptions,
vitality, emotional functioning, concerns for the future) exhibited negative
quadratic change, while other HRQOL domains (role functioning, interper-
sonal relationships) exhibited negative linear change. FEV1 was positively
related to initial HRQOL, and exacerbation number was negatively related
to HRQOL. Individuals with B. cepacia complex reported significantly
greater concerns for the future at baseline, and they exhibited a greater
decline in health perceptions, vitality, and role functioning over time. Indi-
viduals having a greater sense of meaning and peace in their lives reported
a greater level of health perceptions, vitality, physical functioning, role func-
tioning, interpersonal relationships, and emotional functioning at baseline,
as well as fewer concerns for the future. Using optimistic coping strategies
was associated with a higher level of emotional functioning and fewer con-
cerns for the future at baseline. Conversely, individuals using distraction as
a coping mechanism reported decreased health perceptions, role function-
ing, interpersonal relationships, and emotional functioning at baseline, and
they reported greater concerns for the future.

Conclusion: In a population of adults with CF outside of a clinical trial,
clinical variables (FEV1, exacerbation frequency, and infection with B.
cepacia) were significantly correlated with various HRQOL domains at
baseline and over time. Psychosocial variables such as having meaning and
peace, or coping strategy, were also significantly correlated with various
HRQOL domains. A steady but small decline in role functioning and inter-
personal relationships was observed over a 40 month period. For other
HRQOL domains (health perceptions, vitality, emotional functioning, con-
cerns for the future), we found an increase in HRQOL for the first 26 months
of the study and a decrease in HRQOL after that time.

582�
CROSSING THE STAFF-PATIENT RELATIONSHIP
BOUNDARY
Govin, B.; Cowperthwaite, C.; Walshaw, M.J. Adult CF Unit,
Liverpool Heart and Chest Hospital, Liverpool, United Kingdom

Introduction: We have previously shown that ward nurses can become
more emotionally involved with CF patients compared to others and that
they struggle with nurse-patient relationship boundaries (Govin et al J of CF
2003:2; P269). The rapid expansion of the numbers of adult CF patients who
require inpatient care, coupled with the advent of social networking sites
such as “Facebook” and “Twitter,” has increased the exposure of ward based
healthcare workers to relationship boundary challenges: in small education
groups staff reported that they are using Facebook and texting to socialise
with patients. 

Methods: To look at these issues further, we devised 20 staff-patient
interaction scenarios including “crying with a patient,” “having a romantic
relationship with a patient,” and “being friends on a social networking site.”
Using a structured questionnaire, we asked 35 nurses and 5 physiotherapists
(all female, 14 = age 18 to 25 years, 13 = 26 to 34, 7 = 35 to 44, 5 = 45 to
54, and 1 > 54) working with CF inpatients to comment on their approach
to these, and whether such contact would be unprofessional. 

Results: Five (12.5%) would attend a personal social function: although
all 40 (100%) thought it unprofessional to drink alcohol in the patient’s
presence, 2 (5%) thought it acceptable to smoke in the same scenario.
Although none would text a patient, 17 (37.5%) would send a greetings
card, 2 (5%) would make a personal arrangement to go out for the day, and
1 (2.5%) thought it acceptable to be a patient’s Facebook friend. Thirty-
seven (92.5%) said it was acceptable to hold a patient’s hand to provide
comfort, and 8 (20%) thought it acceptable to visit a patient in hospital on
an ‘off-duty’ day. Although all stated it was unacceptable to visit a patient at
their home when off duty and 39 (97.5%) thought it unprofessional to
socialise with a patient outside the workplace, one (2.5%) said it was accept-
able to have a romantic relationship with a patient. All thought it unaccept-
able to talk about one patient’s situation with another patient but 36 (90%)
would disclose their own personal information to a patient.

Conclusions: Our study shows that healthcare workers continue to
struggle in their relationships with CF patients, with a significant proportion
indulging in social behaviour that crosses accepted professional boundaries.
Despite the known use of social networking sites, this was not reflected in
the questionnaire. We continue to work with our multidisciplinary team to
help them cope with the challenging social environment posed by these sick
young adults.

583
DOPPLER-US THROMBOSIS DETECTION AND
THROMBOPHILIA ASSESSMENT IN A PROSPECTIVE
SURVEY OF CYSTIC FIBROSIS PATIENTS WITH
TOTALLY IMPLANTABLE VENOUS ACCESS DEVICES
Munck, A.1; Kheniche, A.2; Alberti, C.3; Hubert, D.4; Reynaud-
Gaubert, M.5; Nove-Josserand, R.6; Pin, I.7; Hurtaud, M.8; Rithm,
S.9 1. CF center, AP-HP Hopital Robert debre, Paris, France; 2.
Imaging department, AP-HP Hopital Robert debre, Paris,
France; 3. Clinical Epidemiology department, AP-HP Hopital
Robert debre, Paris, France; 4. CFcenter, AP-HP Hopital Cochin,
Paris, France; 5. CF center, Hopital Nord, Marseille, France; 6.
CF center, Hopital Femme-Mere-Enfant, Lyon, France; 7. CF
center, Hopital de la Tronche, Grenoble, France; 8. Biological
Hematology department, AP-HP Hopital Robert debre, Paris,
France; 9. CF centers, France, France

Reported symptomatic catheter venous thrombosis (CVT) rates in CF
patients with totally implantable venous access devices (TIVAD) vary from
3.4 to 13.4%. Recently, a thrombophilic (TB) tendency has been reported in
CF patients. 

Objective: 1) To document the prevalence and incidence of CVT detect-
ed by Doppler-US (DUS) in a well-designed multicenter prospective study;
2) to assess genetic and acquired TB profiles, hypercoagulability (HC) state;
3) to provide recommendations on laboratory TB screening when TIVAD is
considered. 

Patients and Method: Patients have been selected at time of a TIVAD
insertion (V0). A DUS was scheduled for all 1 and 6 months later (V1, V2)
and also at V0 in case of a previous central line. Blood samples have been
drawn at V0 for TB profiles and HC state and at V1 and V2 for acquired TB
and HC. 

Results: One hundred patients from 28 CF centers, amongst them 65
adults (median age: 19.8 years) received a TIVAD from December 2005 to
July 2008, 90 completed the 6 month study. Among the 44 patients who pre-
viously had a TIVAD, DUS at V0 identified an asymptomatic CVT in 4
patients. During the study period, CVT were reported in 2 different patients
(at V1 asymptomatic, at V2 symptomatic). CVT prevalence and incidence
were 6.6 and 2.2% respectively. Prevalence of TB abnormalities has reached
17% including prothrombin G20210A mutation (2%), factor V Leiden het-
erozygosity (5%), combined heterozygosity (1%), reduced protein C (2%),
reduced protein S (4%), decreased antithrombin (3%), and increased IgG
anticardiolipin (2%). A HC state characterized by increased D-dimers, CRP,
and fibrinogen has been found in 38% of the cases and 5 cases combined TB
abnormalities. Among the patients with a CVT diagnosis (4 adults, 2 chil-
dren), a TB or HC abnormality was detected only in 3 adults; TIVAD has not
been removed, anticoagulant therapy has been done in all adults with an
uneventful clinical course (17, 29, 30, 31 months). 

Discussion and Conclusion: Despite a high incidence of TB (17%) and
HC (38%) abnormalities, our prospective study involving a large cohort
identified an unpredictable low prevalence of asymptomatic CVT (6.6%,
0.12/1000 days), thus allowing only a descriptive analysis and hampering
statistical analysis. The significance of the biological abnormalities remains
unclear. Our data do not support a biological screen at time of a TIVAD
insertion in terms of cost and benefit but emphasizes the relevance of: 1) col-
lecting personal data on VT; and 2) assessing prospectively DUS in order to
select patients who may take advantage of a biological screen and possibly
of an anticoagulant therapy. This study highlights the need of further
prospective longitudinal cohort assessment.

Supported by Vaincre La Mucoviscidose (RC O416).
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584
I’M LATE, I’M LATE FOR A VERY IMPORTANT DATE: A
PATIENT SATISFACTION SURVEY OF THE MOBILAIRE
COMPRESSOR
Benitez, D.1; Fukushima, L.2; Delgado, E.1; Afshar, K.2; Rao, P.2

1. CF Center, USC University Hospital, Los Angeles, CA, USA; 2.
Div Pulm/Critical Care, USC, Los Angeles, CA, USA

Background: The delivery of aerosol medications is integral for the
maintenance of lung function in cystic fibrosis (CF) patients. The usual daily
regimen includes twice daily aerosolized therapies taking approximately
four to six hours. The total time incorporates preparation, nebulization,and
cleaning of all equipment used for these treatments. This treatment burden
impacts patient adherence to necessary therapies and the overall quality of
life. Time has been a resounding theme amongst adult CF patients when dis-
cussing the adherence to maintenance therapies. Allowing more time for
patients to enjoy daily activities while balancing appropriate drug delivery
is a central goal for all CF patients. The aim of this project was to assess the
patient experience with this compressor. Based on its operating pressure
and durability the Mobilaire compressor was ordered for several of our CF
patients. The Mobilaire compressor is a 50 PSI compressor that can be used
in the delivery of aerosolized treatments. The aim of this study was to
describe patient experiences with this compressor.

Methods: A survey was created for our adult CF patients using the
Mobilaire compressor. IRB approval was obtained. A total of 23 patients
were asked to complete the survey in the study. The patient satisfaction sur-
vey was distributed in clinic to all CF patients that were using the Mobilaire
compressor. The questions asked were related to the advantages or disadvan-
tages of the Mobilaire with respect to time, ease of use, noise level, cost,
sturdiness, and the effect on cough and sputum production.

Results: A total of 23 patients completed (100%) the survey. There were
9 (39%) men and 16 (69%) women with an average age of 27 years (range
18-54). Eighteen patients (78%) noted the compressor reduced the time of
aerosol treatments. Sixteen patients (70%) noted the compressor to be easy
to operate. Fifteen patients (65%) found the compressor to be sturdy and
durable. Twelve patients (52%) noted that they had an increase in cough and
sputum production after their aerosol treatment using the Mobilaire. Ten
patients (43%) felt the cost to purchase the compressor and the volume of
noise emanating from the device were found to be the predominant negative
features.

Conclusion: CF patients expressed a positive response to the use of the
Mobilaire compressor. Patients were able to reduce the time for the aerosol
treatment and expressed the ease of use of the compressor to do their treat-
ments. Unfortunately, the Mobilaire compressor is not considered the stan-
dard durable medical device for CF patients. The cost of the Mobilaire com-
pressor is $250.00 and is not covered by state aid insurance. Most insurance
carriers cover the standard CF compressor, the Pari Vios at a cost of $50.12
(a difference of $199.88). This may pose an additional financial burden to
the healthcare dollars already spent by CF patients. In further analysis, we
will study the potential benefit of the additional cost of the Mobilaire on the
pulmonary status of CF patients such as drug delivery, pulmonary exacerba-
tions, and annual FEV1 trends.

585
CYSTIC FIBROSIS: EDUCATING THE SCHOOL AGE
CHILD
Richman, S.; Angelicchio, C.; Epperson, L.; Gunderman, C.;
Maguiness, K.M.; Savage, J.; Simons, N. Riley Hospital for
Children, Indianapolis, IN, USA

A goal of the Riley Hospital Cystic Fibrosis Center is successful transi-
tion to adult care for all individuals. Late in 2010, the Riley CF team began
to examine the preparation process for transition. A standardized education
program for the school age child with cystic fibrosis was developed and is
being implemented with a multi-disciplinary approach. Program evaluation
is planned for the fourth quarter of 2011. 

Twenty-five children, 8-12 years old, were surveyed regarding their
understanding of cystic fibrosis. Based upon the results, our center devel-
oped a structured education plan related to CF care of the school age indi-
vidual. The program goal is to increase the child’s knowledge of cystic fibro-
sis and care regimen. Topics include: definition of cystic fibrosis, nutrition,

respiratory care/management, respiratory culture, and medications. The edu-
cation is provided by a CF team member during an annual or scheduled
visit. More than one visit may be required to discuss all topics. An educa-
tional session includes an opportunity (5-10 minutes) for questions from the
child and their family. Visual tools were developed by CF team members
and are utilized during the educational session(s). The visual tools are pro-
vided to the child to help reinforce the teaching. Visual tools include:
What is Cystic Fibrosis?              

Love Me Nutrition Education Module
Order of Therapy 
Airway Clearance
Respiratory Cultures  
Dornase Alfa
Pancreatic Enzymes
Quick Relief Bronchodilator
Azithromycin
Hypertonic Saline
Tobramycin Inhalation Solution
Aztreonam
Evaluative data will be collected via survey during the fourth quarter of

2011. Post-education evaluation goals will indicate that individuals have an
enhanced understanding of cystic fibrosis, awareness of prescribed medica-
tions, increased understanding of respiratory care regimen, and awareness of
nutrition importance. Data will be analyzed and may initiate changes to the
standardized education program for the school age child. Successful com-
pletion of program goals will facilitate an enhanced understanding of cystic
fibrosis and care requirements which will benefit the transition outcome.

586
REMOTE TELEMATIC CONTROL IN CYSTIC FIBROSIS
Bella, S.; Montemitro, E.; Majo, F.; Alghisi, F.; Lucidi, V.;
Murgia, F. Medicina Pediatrica, Bambino Gesu Pediatric
Hospital, Roma, Italy

Introduction: In this study we describe and discuss the way we daily
act in remote telematic tracking of CF outpatients, a procedure which has
been improved through our daily experience in telehomecare.

Materials and Methods: Currently, there are almost 30 patients
involved in our telehomecare project, using Vivitel home medical equipment
(www.vivisol.com). Through this, we are able to collect data about patient’s
spirometry, pulse oximetry and heart frequency directly from their home,
and also transfer related data by phone.

We describe in detail the operational proceeding of telemonitoring activ-
ity, diagnostic procedure and therapeutic measures. 

We describe and discuss intervention parameters and the way we man-
age a register of performances in spreadsheet format, that allows us to auto-
matically obtain a monthly overview of activities, a tracking of the interven-
tions in loco on the medical equipment and of any critical issues arising dur-
ing the procedure.

We also describe the training program for the patients and their families
on the proper use of the medical equipment carried on by the staff of the
center and the procedures through which we maintain contacts with patients
and Vivisol assistance, and also the periodic satisfaction surveys, sent by e-
mail.

Results: From February 15, 2010 to May 25, 2011 we received 809
transmissions (1226 spirometry and 288 pulse oximetry).

The mean compliance (transmissions/patient day)was 8.9%.
We established a contact 699 times (80.9%). Over 494 calls, normally

by cell phone, 68% were successful at first attempt; in remaining cases
patients were contacted later. From June 2010 we recalled 18 patients into
the hospital following transmissions.

Discussion: We analyze the 2010 - 2011 data. We discuss the compli-
ance of patients toward Telehomecare, the efficacy of cell phone in estab-
lishing contact with patients and the relevancy of symptom rescue in diag-
nosing the pulmonary relapse episodes.

We discuss medico-legal aspects of telemedicine activity, in the light of
standards and legislation, including issues related to the processing of priva-
cy and security data.

We discuss the professional team needs and requirements, dedicated to
the activities of telemedicine and procedures related to clinical risk manage-
ment.
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We conclude by underlining how telemedicine represents a promising
new tool for patients and health professionals, and that under certain condi-
tions it can prove helpful, improving working conditions and also reducing
costs.

However, its usage has to be followed by precise studies about its effi-
cacy, and also by paying particular attention to the partly new issues that
derive from it.

EDUCATION 

587
PARENTAL SELECTION AND USE OF INFORMATION
WHEN LEARNING ABOUT NEWBORN BLOODSPOT
SCREENING
Nicholls, S.G.1; Southern, K.W.2 1. Politics, Philosophy and
Religion, Lancaster University, Lancaster, United Kingdom; 2.
Division of Child Health, Royal Liverpool Children’s NHS Trust,
Liverpool, United Kingdom

Background: Newborn bloodspot screening (NBS) is an international
population health intervention. Despite decades of NBS there is a paucity of
data relating to parental information use when making decisions to accept
screening. Studies have noted a range of sources but there is little evidence
as to why parents use certain types of information materials nor the relative
importance placed on these. The present study addresses this deficit.

Methods: An exploratory sequential mixed methods approach using
semi-structured interviews and a self-completion postal questionnaire. 

Results: Consistent with Wilson’s (1999) model of information-seek-
ing, parents could be distinguished as active-seekers or passive-receivers of
information. In the UK the main contact is the midwife and survey results
indicated that the midwife was the principal information source; only half of
parents used official leaflets. Barriers to use included provision post-natally
and the inclusion with other, non-medical, leaflets and booklets. Multinomi-
al logistic regression confirms the significant effect of the most important
source in explaining the number of information sources used (Likelihood
Ratio Chi-square = 19.322, df=6, p=0.004). Passive-receivers tended to cite
their primary healthcare contact (the midwife) as the most important source
and were more likely to use only that one source. Active-seekers sought out
information not only from different perspectives but from more sources. 

Discussion: The main practitioner contact (here the midwife) is the
principal source of information for parents, irrespective of information-seek-
ing behaviour, although their perceived importance varied. This person is
best placed to act as a gate-keeper for parents seeking information about
NBS. Parents should be provided with information in the pre-natal period in
order to maximise information uptake. This should be supported by addi-
tional written materials. These materials should be clearly referenced.

588
TRANSLATING RESEARCH INTO PRACTICE:
IMPLEMENTING A DECISION AID FOR ADULT CYSTIC
FIBROSIS PATIENTS
Vandemheen, K.1; Stacey, D.1; Hennessey, R.2; Gooyers, T.3;
Salgado, J.5; Freitag, A.2; Pakhale, S.1; Berthiaume, Y.4; Brown,
N.5; Aaron, S.1 1. Ottawa Hospital Research Institute, Ottawa,
ON, Canada; 2. McMaster University, Hamilton, ON, Canada; 3.
University of Western Ontario, London, ON, Canada; 4. Centre
Hospitalier de L’Universite de Montreal, Montreal, ON, Canada;
5. University of Alberta, Alberta, ON, Canada

Rationale: We developed a decision aid to support adults with cystic
fibrosis who are considering whether or not to be referred for lung transplan-
tation. A randomized controlled trial of the decision aid found it to be an
effective decision support tool. The objective of this study was to build an
effective and sustainable approach for implementing the patient decision
aid into clinical practice. 

Methods: We used the action cycle of the Knowledge to Action Process
Framework to guide the implementation process. We surveyed healthcare
professionals working in 23 Canadian adult CF clinics; the survey questions

included statements about attitudes, knowledge and willingness to use the
decision aid. The survey responses were rated by the participant from a
score of one = strongly disagree, to five = strongly agree. The participants
were invited to attend a presentation at NACFC that discussed shared deci-
sion making, how to recognize decisional conflict and how to administer
tools to prepare patients for shared decision making. This presentation was
followed up with a one day workshop which was designed to enhance their
knowledge and skills in decision support and to determine interventions to
facilitate implementation of the decision aid and monitoring of its use. The
participants are currently participating in bi-monthly conference calls dis-
cussing any issues influencing implementation of decision support within
their CF program. The implementation program will continue for one more
year.

Results: Thirty of 46 (65%) healthcare professionals consented and
returned their survey. The participants rated the decision aid as acceptable
(mean survey score = 4.2, SD 0.6); simple to use (mean survey score = 4.1,
SD 0.7) and felt that it would improve patient decision making (mean sur-
vey score = 4.1, SD 0.7). They felt comfortable offering the decision aid to
their patients (mean survey score = 4.7, SD 0.6). Some barriers were identi-
fied- participants felt they needed to enhance their knowledge about support-
ing patients making health decisions related to their CF (mean survey score=
3.3, SD 1.2) and that they needed to enhance their skills in helping patients
make informed decisions (mean survey score= 3.5, SD 1.0).  Finally, some
participants stated that process changes would be required to use the deci-
sion aid in their current clinic setting (such as scheduling decision- support
meetings with patients outside of clinic to allow more time). 

Currently, participants are using the knowledge and skills learned in the
workshop to provide enhanced decision support. Participants are distributing
and reviewing the CF decision aid with their CF patients who are consider-
ing whether or not to be referred for lung transplantation. 

Conclusion: An interactive knowledge translation and implementation
program has the potential to increase the use of clinical research tools that
have been proven to be effective in randomized controlled trials.
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UTILIZING A VISUAL RESOURCE AND
DEMONSTRATION IN EDUCATION ON PANCREATIC
INSUFFICIENCY
Bilger, K.; Tatum, T. Marnie Paul Specialty Care Center, Dell
Children’s Medical Center of Central Texas, Austin, TX, USA

Optimal learning styles vary from person to person, and most often peo-
ple learn best through a combination of visual, verbal, and written informa-
tion. Targeting multiple learning styles is particularly important when teach-
ing children, low literacy populations, and persons who are receiving a lot of
information at one time, such as with a new diagnosis of cystic fibrosis
(CF). 

When a cohort of patients at our CF center were surveyed on which
learning style fits their education needs best, 30% of the patients chose the
response “demonstration/hands-on learning.” A review of the educational
materials available on CF nutrition and pancreatic insufficiency revealed
that no resource utilizing a visual or demonstration method is currently
available. Considering the patient survey results and the lack of a readily
available tool to meet those needs, the development of a magnetic board
including pictures of parts of the body and gastrointestinal tract involved,
foods for demonstration, and enzymes of all brands and dosages was devel-
oped and named “The CF Dietitian’s Sidekick.” The 3 primary goals of the
CF Dietitian’s Sidekick include the explanation of pancreatic insufficiency,
how enzymes work in the body, and the ideal way to take enzymes for opti-
mal growth and nutrition status.

Education and demonstration was performed with three pediatric
patients and their parent(s) and six families of newly diagnosed patients to
pilot the resource and gather feedback. Education with the magnetic board
included the following: a) digestion and absorption in a person without CF,
b) explanation of mucus blocking enzyme release from the pancreas, c)
digestion and absorption in a person with CF with and without enzymes, d)
patient recognition of the enzyme they take, e) the importance of timing
when taking enzymes, f) the need for additional calorie, fat, protein, and
vitamin intake, and g) growth outcomes when enzymes are taken properly
versus when they are not. 

Pilot patients and families educated with The CF Dietitian’s Sidekick
returned demonstration and offered positive feedback on its effectiveness.
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They indicated that having a visual image aided in their understanding of
pancreatic insufficiency and the importance of proper enzyme administra-
tion. This education resource will continue to be used at our center, in addi-
tion to verbal and written education, with families of newly diagnosed
patients, elementary school age pediatric patients, and as needed with any
patient or family member requiring or requesting more information about
CF nutrition.
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COLLABORATIVE TEACHING: AN INTERACTIVE,
MULTI-DISCIPLINARY CYSTIC FIBROSIS TEACHING
DAY
Gent, K.; Taylor, L.; Ratjen, F.; Solomon, M. Hospital for Sick
Children, Toronto, ON, Canada

Objective: The multi-disciplinary team ran a Cystic Fibrosis (CF)
Teaching Day for families of patients in October 2010. A Knowledge
Assessment Questionnaire (KAQ) and evaluation were designed to help
determine the best approach to effective and interactive delivery of informa-
tion. 

Methods: Presentations by the multi-disciplinary CF team, Ability
Online™ and Cystic Fibrosis Canada were made. The KAQ was completed
before the presentations and at the end of the day. Program evaluation was
undertaken to understand the relevance of presented material, education
strategies employed and learning outcomes for participants. Ninety adults
attended. Data were collected on-site and analysis of the pre- and post-KAQ
and evaluation were conducted. The KAQ addressed specific topics related
to CF patient care. The evaluation assessed overall satisfaction of the teach-
ing day. Results from both were analyzed and summarized. 

Results: Response rate for the assessment tool was 57% (pre) and 41%
(post) and program evaluation was 62 %. There was an improved under-
standing of the disease process and interventions available for CF demon-
strated in the post-KAQ. Post-teaching, 61% more respondents were able to
list Haemophilus influenza and 34% more listed Staphylococcus aureus as
common bacteria found in CF. Understanding of nutrition and gastrointesti-
nal system-related issues included a 50% increase in being able to suggest
ways to boost growth and 64% increase in recognizing the need for a high
fat diet. Participants demonstrated improved knowledge of airway clearance
techniques, PEP (34 % increase) and VEST (13% increase). There was also
a 23% increase in understanding of inflammation and infection in the lungs
of the child with CF. The evaluations revealed a high satisfaction with the
teaching day with 10 describing it as surpassing their expectations. Sugges-
tions for future topics included: potential new clinical drug trials (n=9), dia-
betes education (n=3) and ideas to perform treatments with an uncooperative
child (n=2). Areas of improvement included having a bigger venue and hold-
ing teaching days more frequently. 

Conclusions: Results of the KAQ and evaluation revealed improved
knowledge and overall satisfaction. Suggestions include a session on genet-
ics, projections for the future, and allowing submission of questions prior to
the teaching day. Teaching days provide CF families with increased knowl-
edge and understanding of the disease process, possibly leading to improved
adherence. This setting also allowed parents to socialize and establish
friendships for support. It provided access to resources for all participants.
In order to improve the response rate, an incentive should be considered. 

Practical Implications: Measuring the effectiveness of this teaching
day is useful for staff and participants. Staff of CF centers considering run-
ning a teaching day can see that participants benefit with increased knowl-
edge, satisfaction with the process and a chance to meet other families for
support.
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CF EDUCATION NIGHTS: ANOTHER STRATEGY OF
FAMILY ENGAGEMENT IN THE CF PROGRAM
Biller, J.1; Miller, T.3; Krueger, S.J.2; Quintero, D.1; Freeman, M.3

1. Medical College of Wisconsin, Milwaukee, WI, USA; 2.
Froedtert Hospital, Milwaukee, WI, USA; 3. Children’s Hospital
of Wisconsin, Milwaukee, WI, USA

At the recommendation of the CFF, most CF centers have incorporated
parents/patients’ voices to optimize care. Often this takes the form of Par-

ent/Patient Advisory Boards. We present another option to engage families
in the care they receive.

Our CF center is comprised of approximately 170 pediatric and 130
adult patients, followed at Children’s Hospital of Wisconsin and Froedtert
Hospital by two separate CF teams. Both teams meet weekly to collaborate
on patient care issues, develop newsletters and CF Education night pro-
grams.

Within the context of LLC II participation, we launched a series of CF
Education programs to educate families on changes in care that would be
provided at their clinic visits. The programs included information on the
basics of CF, clinical treatments and therapies, aiming the information at
specific age groups: Infants/toddlers; School-age; Adolescents/Adults.
These programs were held on Saturdays with < 20 attendees. Using feed-
back from families, future events were scheduled on weeknights for 2-3
hours including families as well as teens and adults with CF. 

Since 2006, 16 CF Education Nights have been very successfully
implemented between our adult and pediatric CF Centers. Program topics
have been both educational (Reproduction, Nutrition, At the Sinus Disease,
etc.) and motivational (CF Research with Dr. Beall, Isabel Stenzel, Jerry
Cahill). At the beginning of each education night, CF vendors display their
products and educational materials and interact with families. Dinner is also
provided. The CF Center Staff uses this opportunity to help families network
with other CF families, and solicit feedback on the program. Most programs
feature a parent-patient panel with a moderator who targets questions to
reinforce program messages and encourage a connection with real-life expe-
riences. Attendance averages 88 per session.

A key reason our CF programs have been so successful has been the
personal invitation and expectation that our families and people with CF will
attend these events. About 1-2 weeks before the event, those who have not
responded to our invitation receive a personal phone call or email. For those
who live too far away or have other commitments, the Education Nights are
recorded and DVDs are distributed following the events. We have a library
of previous programs for families who would benefit from that information
at a later time.

Additional suggestions for Education Nights:
1. Aim for at least 3 programs a year. 
2. Once patients come to a few of the events, they become regular atten-

dees
3. Encourage diverse staff to attend
4. Use these events as a strategy to announce changes in the center
5. Find guest speakers to reinforce key CF care messages
6. Try to balance medicine/science presentations with personal stories 
7. Have tissues, hand cleanser for infection control; seat participants at

least 3 feet from each other
8. Develop an evaluation tool to solicit ideas for future program topics

and assess the current program
Launching a successful CF Education Night series can be daunting, yet

very rewarding for both CF staff and families. Consider these types of pro-
grams to supplement family advisory boards.


