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Cystic fibrosis (CF) is caused by mutations in the cystic fibrosis transmembrane
conductance regulator (Cftr) that impair its role as an apical chloride channel that supports
bicarbonate transportl. Patients with CF exhibit retained, thickened mucus that plugs
airways and obstructs luminal organs2 as well as numerous other abnormalities that include
inflammation of affected organsi, alterations in lipid metabolism3 and insulin resistance4.
Here we demonstrate that colonic epithelial cells and lungs from Cftr-deficient mice exhibit
a defect in peroxisome proliferator-activated receptor y (PPARY) function that contributes to
a pathological program of gene expression. Lipidomic analysis of colonic epithelial cells
suggests that this defect results in part from reduced levels of the endogenous PPARY ligand
15-keto-PGE2. Treatment of CFTR-deficient mice with the synthetic PPARY ligand
rosiglitazone (Ro) partially normalizes the altered gene expression pattern associated with
Cftr deficiency and reduces disease severity. Ro has no effect on chloride secretion in the
colon, but increases expression of carbonic anhydrase 4 and 2, increases bicarbonate
secretion and reduces mucus retention. These studies reveal a reversible defect in PPARYy
signaling in Cftr-deficient cells that can be pharmacologically corrected to ameliorate the
severity of the cystic fibrosis phenotype in mice.

Cftr knock-out (Cftri™Unc hereafter Cftr~-) mice accumulate mucus in the small bowel
and colon and die from intestinal or colonic obstruction within the first 6 weeks of life5.
Survival of the Cftr™~ mouse is partially improved by providing a low-residue elemental
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liquid diet (Peptamen)6 or electrolyte lavage solution (GOLYTELY)7. We performed
transcriptome analysis of colonic epithelial cells isolated from wild-type and Cftr~/~ mice,
maintaining both genotypes on GOLYTELY to exclude secondary consequences of
obstruction in the Cftr /= mice. GeneOntology analysis of genes that were down-regulated in
Cftr~/~ cells revealed significant enrichment for genes involved in lipid metabolism
(Supplementary Fig. 1a)8, and KEGG (Kyoto Encyclopedia of Genes and Genomes)
pathway analysis suggesting a defect in PPAR-dependent gene expression (p<0.05). A
corresponding set of genes was up-regulated in Cftr™~ cells, and these genes were enriched
for functional annotations linked to inflammatory responses, despite an absence of
inflammatory cells in Cftr '~ colons by standard H&E staining. Analysis of PPAR isoforms
in the intestinal tract revealed high levels of PPARYy in the colon of wild-type mice (Fig. 1a).
While a previous study reported a decrease in PPARy expression in the intact colons of
Cftr~~ mice9, we found that PPARy mRNA (Fig. 1a) and protein levels (Fig. 3d) were
similar in wild-type and Cftr~/~ colonic epithelial cells derived from mice maintained on
GOLYTELY. We therefore tested the possibility that administration of a synthetic PPARy
agonist might partially restore the abnormal pattern of gene expression observed in Cftr~/~
cells. Consistent with this hypothesis, transcriptome analysis of wild-type and Cftr =/~
colonic epithelial cells treated with the synthetic PPARY agonist rosiglitazone (Ro) revealed
that Ro treatment increased the expression of 107 of the 388 transcripts that were down-
regulated in Cftr~~ compared to wild-type cells, while reducing the expression of 75 of the
328 up-regulated genes (Supplementary Fig. 1b and Supplementary Tables 1 and 2).

We investigated whether the effect of Ro treatment could have a functional consequence by
randomizing 4-week old Cftr~~ mice to receive either GOLYTELY and standard chow,
water and standard chow, or water and standard chow mixed with Ro (20 mg/kg/d). Cftr =/~
mice receiving Ro were significantly less likely to suffer from bowel obstruction than mice
receiving control chow without Ro, resulting in an increased survival rate (Log-Rank test,
p<0.001, Fig. 1b). Several possibilities may account for treatment failure in the 50% of mice
going on to develop obstruction, including subclinical obstruction in this subset of mice
prior to study onset that would result in reduced feeding behavior and drug consumption.
Consistent with this, mortality rates were similar for mice treated with GOLYTELY or Ro.

Quantitative PCR confirmed down-regulation of known PPAR target genes, including
Acaalb, Angptl4, Mgll and Hmges2 10-12, in Cftr '~ cells and restoration of their expression
by Ro treatment (Fig. 2a and Supplementary Fig. 2a). Conversely, genes up-regulated in
Cftr '~ cells, including Cxcl1, Cxcl2, Pap and Reg3g, were suppressed by Ro
(Supplementary Fig. 3a). We generated mice lacking PPARY in the intestinal epithelium to
establish the receptor specificity of the effects of Ro in the gastrointestinal tract. We mated
mice carrying the exon 2 floxed allele of Pparg with mice in which the villin 1 promoter
drives intestinal-epithelial cell (IEC)-specific expression of Cre recombinasel3, resulting in
more than 95% recombination of the floxed Pparg locus in colonic epithelial cells with a
corresponding loss of PPARY protein (Supplementary Fig. 2b). We refer to Vill-

Cre~ Pparg”® mice as Pparg/f and Vil1-Cre* Pparg”® mice as Pparg'EC~/~. Similar mice
were previously described and noted to exhibit accumulation of Alcian blue positive mucins
in the colon and increased sensitivity to chemical colitis14.
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Assessment of gene expression in Pparg'EC~~ mice demonstrated reduced expression of the
PPARY target genes identified in the Cftr~/~ mice and no induction by Ro (Fig. 2b).
Conversely, genes up-regulated in the Cftr /= mice were up-regulated in Pparg'EC~/~ cells
and were not suppressed by Ro. These results confirmed that Ro acted through colonic
epithelial cell PPARY to affect target gene expression (Supplementary Fig. 3b) and
suggested that loss of PPARYy activity in colonic epithelial cells contributed to cell-
autonomous activation of inflammatory response genes. We crossed Cftr~~ mice with
Pparg'EC~/~ mice to investigate a functional interaction between PPARy and the CF
phenotype. Mice with the combined deletion (Cftr '~ and Pparg'EC/~, hereafter Cftr/
PpargPKO) were smaller at age 30-days compared to littermate controls (Cftr~~/Pparg™) in
both male and female groups (p<0.001), while there was no weight difference between
Ppargf control and Pparg'EC~/~ mice (Supplementary Fig. 4a). Cftr '~ and Cftr/PpargP*©
mice demonstrated similar poor survival when switched from GoLYTEY to water at 4-
weeks age, as expected. However, when we switched Cftr~/~/Ppargf mice and Cftr/
PpargPX© mice from GOLYTELY to water at 8-weeks age, Cftr/PpargPKk® mice were more
prone to death than control Cftr~/Ppargf (Log-Rank test, p<0.01)(Fig. 2c) and exhibited
massive mucus accumulation resulting in bowel obstruction (Fig. 2d and Supplementary Fig.
4b). Ro treatment had no effect on survival of Cftr/PpargPX® mice but prolonged survival
of 8-week old Cftr/~/Ppargf mice (Log-Rank test, p<0.05). Furthermore, the ability of Ro
to suppress mucus accumulation in Cftr~/~/Ppargff mice was absent in Cftr/PpargPK® mice
(Fig. 2d), demonstrating that Ro acted through PPARYy expressed in epithelial cells to
ameliorate the obstructive phenotype.

Expression levels of PPARYy target genes were also reduced in lungs of Cftr '~ mice,
exemplified by Angptl4 and Acaalb, and were restored by Ro treatment (Fig. 2e). To
address whether there is a defect in PPARy function in human cells bearing mutations that
are common causes of CF, we made use of the IB3-1, C38 and S9 cell lines. IB3-1 cells are
bronchial epithelial cells derived from a compound heterozygote CF patient (AF508/
W1282X) expressing only AF508 CFTR protein due to instability of the W1282X
mutation15. The C38 cell line was derived from IB3-1 cells by transduction with a
functional N-terminal truncated CFTR allele that restores chloride secretion, while the S9
cell line was transduced with a full-length version of CFTR. Although these cells are
aneuploid and exhibit a number of differences with respect to primary bronchial epithelial
cells, they allow a direct determination of CFTR-dependent alterations by comparison to the
parental linel6. Notably, basal levels of PPARY target genes, such as Angptl4 and Adfp,
were reduced in the IB3-1 cell line compared to the rescued C38 cell line and were induced
by Ro (Fig. 2f). Similar results were obtained in S9 cells (Supplementary Fig. 5).

We performed ion transport studies to determine whether Ro treatment ameliorated the
colonic phenotype of CFTR mice by affecting chloride secretion. Colonic tissue from
Cftr~~ mice or human colonic T84 cells treated with a CFTR inhibitor (CFTRj;-172)
demonstrated the expected defect in forskolin- or calcium-dependent stimulated chloride
secretion, but this defect was not affected by Ro treatment (Supplementary Fig. 6 and data
not shown). We therefore systematically searched for Ro-inducible, PPARy-dependent
genes that might be involved in other types of compensatory ion transport (Fig. 3a,
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Supplementary Fig. 7). These studies identified carbonic anhydrase 4 and 2 (Car4, Car2) as
being of potential interest because they were Ro-inducible in wild-type but not Pparg'EC~/~
cells and have established roles in bicarbonate production and secretion in the
intestine17,18. We confirmed reduced protein levels of Car4 and Car2 in the Pparg'EC~/~
cells under basal conditions that were increased by Ro treatment in wild-type cells (Fig. 3b).
Furthermore, Car4 and Car2 transcript and protein levels were reduced in colonic epithelial
cells derived from Cftr~'~ mice in comparison to cells derived from wild-type mice, and
were induced by treatment with Ro (Fig. 3c, d). Car4 and Car2 mRNA levels were also
reduced in lungs of Cftr '~ mice and were inducible by Ro (Fig. 3e). Finally, Ro was
capable of inducing the homologous genes (CAIV and CAIl) in the human lung epithelial
cell line Calu3 (Fig. 3f). We investigated whether increased carbonic anhydrase gene
expression correlated with physiologic consequences by measuring bicarbonate secretion
induced by the heat-stable enterotoxin of E. coli (STa)19 in colonic tissue from Cftr =/~ mice.
These studies demonstrated a significant increase in bicarbonate secretion in colonic tissue
derived from Ro-treated Cftr/~ compared to untreated control mice (Fig. 39).

The observation that Cftr~~ colonic epithelial cells exhibit a defect in PPARy-dependent
gene expression but normal levels of PPARYy protein suggested a defect in PPARy function.
We performed chromatin immunoprecipitation (ChlP) experiments to quantify PPARy
occupancy of PPAR response elements in wild-type and Cftr =/~ colonic epithelial cells. We
evaluated known PPARY binding sites in the case of the Hmgcs220 and Angptl421 genes.
We identified putative PPREs in the Acaalb, Mgll and Car4 genes by sequence analysis and
confirmed that they confer PPARy-dependent transcriptional responses in enhancer assays
(Supplementary Fig. 8). These experiments demonstrated equivalent binding of PPARY to
promoter proximal and intronic elements in the Angptl4, Hmgcs2 and Car4 genes and
reduced binding of PPARY to distal elements in the Acaalb and Mgll genes in Cftr = cells
(Fig. 4a). This binding was clearly specific for PPARy because it was not observed in
Pparg'EC~/~ cells (Fig. 4b). Thus, the expression of PPARY target genes was reduced in
Cftr~ cells even in cases in which genomic PPARY binding to response elements was
equivalent to that in wild-type cells. We performed ChlP for TRAP220, a nuclear receptor
coactivator that is a component of the mediator complex, to confirm a functional defect in
DNA-bound PPARY. Because TRAP220 interacts directly with PPARY in a ligand-
dependent manner through LXXLL nuclear-receptor-interacting domains22,23, its PPAR-
dependent interaction with PPRE-elements in vivo provided an assessment of the functional
activity state of PPARY. The binding of TRAP220 was reduced at all PPREs examined in
Cftr '~ colonic epithelial cells compared to wild-type cells, including sites at which PPARy
binding itself was equivalent (Fig. 4c). In contrast, binding of TRAP220 to the p-actin
promoter was equivalent in both cell types. Evidence that recruitment of TRAP220 to
PPREs in wild-type cells was dependent on PPARy was indicated by the marked reduction
of TRAP220 binding to these sites in PPARY'EC~~ cells, with no alteration at the p-actin
promoter (Fig. 4d).

We utilized both gas chromatography and liquid chromatography mass spectrometry
(GC/MS and LC/MS/MS) to quantitatively evaluate levels of fatty acids and eicosanoids
present in wild-type and Cftr~~ colonic epithelial cells in vivo. Among the 94 eicosanoid
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analytes that were quantified, 15-HETE and 15-keto-PGE2 were the two most abundant
species present in wild-type cells that are capable of activating PPARY in the low
micromolar range24,25. Although 15-HETE was unchanged, 15-keto-PGE2 was reduced by
about 65% in Cftr '~ cells (p<0.002, Fig. 4e). In concert with this finding, expression of 15-
hydroxyprostaglandin dehydrogenase (Hpgd), which is required for synthesis of 15-keto-
PGE2 from PGE2, was also reduced by 70% in Cftr '~ cells (Fig. 4f). Using induction of
Angptl4 expression as a functional assay, 15-keto-PGE2 was found to promote more
sustained induced expression than 15-HETE (Fig. 49).

In concert, these studies build upon prior work suggesting reduced expression and function
of PPARY in colon12 and airway epithelial cells26 in the setting of CFTR-deficiency. Here,
we provide evidence for a reversible defect in PPARy function in Cftr~~ colon and lung that
contributes to a pathogenic program of gene expression. Lipidomic analysis suggests that
this defect results, at least in part, from a reduction in endogenous PPARY ligands that
include 15-keto-PGEZ2. The corresponding reduction in Hpgd expression raises the
interesting possibility that reduced conversion of PGE2 to 15-keto-PGE2 might contribute to
the increased levels of PGE2 observed in CF patients27. The functional defect in PPARy
activity appears to contribute to the intestinal phenotype of Cftr~/~ mice based on the ability
of Ro to reduce mortality and the increased disease severity in Cftr/PpargP0 mice. Due to
the large number of down- and up-regulated genes that are “corrected’ in Cftr '~ colonic
epithelial cells by Ro treatment it is likely that multiple genes contribute to phenotype
attenuation. Mucus accumulation and overexpression of inflammatory response genes are
two relevant pathogenic features of CF that are inhibited by Ro in a PPARy-dependent
manner. Previous studies have demonstrated that PPARy agonists suppress pro-
inflammatory mediators and neutrophil recruitment in bronchoalveolar lavage fluid
following Psuedomonas aeruginosa infection26. Although inhibition of inflammation is a
well-established function of PPARYy in several cell types and tissues, including colon28,29,
roles in regulation of mucus have not been previously described. Several mechanisms have
been proposed to account for mucus accumulation in CF, including isotonic contraction of
the air-surface layer30 and reduced mucus clearance possibly due to defects in bicarbonate
transport31. The effects of Ro on bicarbonate secretion and mucus accumulation in the
colon are consistent with the hypothesis that luminal bicarbonate plays an important role in
the normal transition of mucins from the compacted to expanded state32.

PPARY ligands have been considered for treatment of CF based on their anti-inflammatory
activities33, but clinical efficacy remains to be established. The present studies suggest that
additional parameters be considered in the design of clinical trials. The relatively high rate
of treatment failure in Cftr /= mice suggests that appropriate dosing may be critical, as
documented in clinical studies of the effect of ibuprofen on neutrophil migration into the
lungs of CF patients34. Differences in the effects of 15-keto-PGE2 and 15-HETE on
Angptl4 expression raise the possibility that not all PPARY ligands may be equivalent with
respect to restoration of functional defects in the setting of CFTR deficiency. Finally,
measurement of levels of 15-keto-PGE2 may provide a biomarker for selecting patients
most likely to benefit from PPARY agonists.
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All procedures were approved by the University of California, San Diego IACUC. Mice
heterozygous for the S489X (B6.129P2-CFTRIMUNC or Cftr*/~) mutation were inbred >10
generations. An electrolyte solution containing polyethylene glycol 3350 (GOLYTELY,
Braintree Laboratories) was administered ad libitumto the colony to reduce intestinal
obstruction of the Cftr ™/~ mice5. Four-week old male and female Cftr '~ mice were
randomized to 3 groups to receive 1) control rodent chow (ground Harlan 8604) and
GOLYTELY, 2) control chow and water or 3) rosiglitzone 20 mg/kg/d in chow and water.
For the first 72-hours, all mice were maintained on GoLYTELY until day 0 of study. Mice
with signs of distress were euthanized and scored as study-related deaths.

Mice carrying the loxP-targeted PPARy were described previously35. Pparg”f mice were
crossed with Vil1-Cre mice to generate the intestinal epithelial specific deletion of PPARYy
(Pparg'EC~/7)13. Heterozygous loxP targeted PPARy and Cre transgenic mice were
backcrossed 8 generations to C57BI/6. Pparg'EC~/~ and Cftr~/~ mice were mated, and
double heterozygotes were backcrossed >8 generations to the original Cftr /= colony. Ten
Cftr/PpargPKO and Cftr/~/Ppargf controls were maintained on GoLYTELY until 8-weeks
of age, weaned to water, and assessed for survival with or without treatment with
rosiglitazone (20mg/kg/d). For histological analysis, mice were withdrawn from
GOLYTELY and the colon isolated on day 4. The tissue was cut longitudinally, fixed in 10%
neutral buffered formalin and paraffin embedded. 4 mm sections were cut, deparaffinised
with xylene and stained with haematoxylin-eosin, Alcian blue, or PAS.

n and quantitative PCR

Colonic epithelial cells were harvested from sibling female wild-type or Cftr~~ and Ppargf/f
or Pparg'EC~/~ mice as described36. Mice were fed control chow or Ro (20mg/kg/d) for five
days prior to isolation to ensure adequate drug levels. Total RNA was isolated from
intestinal and colonic epithelial cells by TRIzol (Invitrogen) and mMRNA enriched by
RNeasy column purification (QIAGEN). Following first-strand cDNA synthesis,
quantitative PCR was performed with SYBR-GreenER (Invitrogen) using an Applied
Biosystems 7300 Real-Time PCR System. Amplified transcripts were normalized to
standard housekeeping genes (GAPDH) using the AACt method as described by the
manufacturer.

Western blot

Intestinal epithelial whole-cell extracts were generated in RIPA buffer, quantified by the DC
protein assay (BioRad), separated by gel electrophoresis, and transferred to Immobilon-P
(Millipore). Antibodies used were anti-PPARy (C26H12, Cell Signaling), anti-CA Il (H-70,
Santa Cruz), anti-CA IV (M-50, Santa Cruz), and anti-pactin (AC-15, Sigma-Aldrich).
Secondary antibodies were from Jackson Immunoresearch and Dako.
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Human lung Calu-3 cells (ATCC) were maintained in Dulbecco's modified Eagle's medium
supplemented with 10% fetal calf serum (Hyclone), seeded on 12-mm Millicell-HA inserts
(Millipore) and cultured for 21 days. Human colon HT-29 (ATCC) were maintained in
McCoy's 5A (Mediatech) with 10% fetal calf serum, seeded in 24-well inserts, starved 12
hours in 0.5% serum and treated with 1 uM Ro, 10 uM 15-HETE, or 10 uM 15-keto-PGE»
(Cayman Chemical). Human bronchial I1B3-1 and C-38 cells (ATCC) were maintained in
LHC-8 (Invitrogen), seeded on bovine collagen type 1 (BD Biosciences) coated 12-mm
Millicell-CM inserts (Millipore) and cultured for 14-21 days at an air-liquid interface (ALI)
to achieve differentiation in a 1:1 mixture of bronchial epithelial basal media (BEBM) and
DMEM-H (Mediatech) supplemented with BEGM SingleQuots (Lonza)30.

Colonic epithelial ion transport

Proximal colon tissue was removed and placed in cold iso-osmolar solution containing
mannitol and indomethacin (10 uM). Tissue was stripped of seromuscular layers and
mounted on Ussing chamber inserts with a window area of 0.1 cm?2. Experiments were
performed under continuous short-circuited conditions (Voltage-Current Clamp, VCC 600;
Physiologic Instruments) as previously described19. Measurements were recorded at 5-min
periods and the values for 10-min intervals averaged. The rate of luminal bicarbonate
secretion is expressed as pmol-cm™2:h71,

Chromatin Immunoprecipitation

Chromatin immunoprecipitation assay was performed as previously described37. Briefly,
primary colonic epithelial cells were isolated by scraping, cross-linked with 1%
formaldehyde, lysed, and sonicated to generate DNA fragments of 300-900 nucleotides.
Protein-linked DNA was immunoprecipitated with anti-PPARy (H-100 and E-8, Santa
Cruz), anti-Trap220 (C-19, Santa Cruz), or control rabbit or goat IgG (Santa Cruz), reverse
cross-linked at 65°C overnight and column purified (QIAGEN). Extracted DNA was
amplified by quantitative PCR in quadruplicate replicates and the results normalized to
control serum.

Lipidomics analysis

Sample preparation, liquid chromatography mass spectrometry, and gas chromatography
mass spectrometry were conducted as previously described with details provided in the
supplementary methods38-40.

Statitistical analysis

Standard deviation, standard error, Log-Rank and unpaired two-tailed t-test were performed
with SigmaStat (Systat Software). Kaplan-Meier curves were analyzed by Log-Rank test
with multiple pair-wise comparisons performed by the Holm-Sidak method. Measurements
of multiple samples are presented as means * s.e.m or + s.d. as indicated in the figure
legends and differences were analyzed for significance by t-test.
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Figure 1. Effect of PPARYy activation on the CF intestinal phenotype in mice
(@) Left panel; Q-PCR analysis of Pparg mRNA in the indicated regions of the intestinal

tract (n=4). Right panel; Q-PCR analysis of Pparg mRNA in colonic epithelial cells from
wild-type and Cftr /= mice (n=8, P=0.17). Error bars represent s.e.m. Expression is
normalized to GAPDH and expressed relative to wild-type cells. (b) Kaplan-Meier analysis
of 4-week old Cftr '~ mice maintained on GOLYTELY, H,0 plus Ro or H,O alone. Log-
Rank test, *P<0.001 comparing H,O plus Ro to H,0 alone and p<0.60 comparing H,0 plus
Ro to GOLYTELY (n=12 mice per group).
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Figure 2. PPARY function and CFTR intestinal phenotype
(@) Q-PCR analysis of Acaalb, Angptl4, Mgll and Hmges2 mRNAs in colonic epithelial

cells derived from wild-type and Cftr /= mice treated with Ro (20 mg/kg/d for 5 days) or
maintained on a control diet (n=10 mice per group). mRNA levels are normalized to
GAPDH and expressed relative to wild-type cells. (b) Q-PCR analysis of mRNAs shown in
panel a in Pparg/f and Pparg'EC~/~ colonic epithelial cells (n=6 mice per group). In panels a
and b, values are means + s.e.m. For mice treated with Ro, *P<0.01 and **P<0.05 versus
untreated mice of the same genotype. For untreated knock-out mice (Cftr™~ or Pparg'EC~""),
+P<0.01 and ++P<0.05 versus wild-type or Pparg” controls. (c) Kaplan-Meier analysis, of
8-week old Cftr/~/Ppargff and Cftr/PpargPX® mice following removal of GoLYTELY
treated with standard or Ro chow (n=10 mice per group) Log-Rank test, *P<0.01 comparing
cftr~~/Ppargf and Cftr/PpargPX©, +P<0.05 comparing Cftr/~/Pparg®f and Cftr/-/Ppargf
plus Ro, and p=0.85 (ns) comparing Cftr/PpargPK© and Cftr/PpargPKO plus Ro. (d) Effect
of genotype and Ro treatment on accumulation of Alcian blue-positive mucins in the right
colon. Scale bar, 100 pm. (e) Q-PCR analysis of Acaalb and Angptl4 mRNAs in lung
derived from wild-type and Cftr~~ mice treated with Ro or control diet (n=6 mice per
group). (f) Effect of Ro treatment and expression of Angptl4 and Adfp mRNAs in polarized
CFTR mutant bronchial epithelial cell line IB3-1 and corrected wild-type C38 cells (n=3
replicates).
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Figure 3. Effect of Ro on Car4 and Car2 expression and bicarbonate transport
(a) Q-PCR analysis of Car4 and Car2 mRNAs in colonic epithelial cells derived from

Ppargf and Pparg'®C~/~ mice treated with Ro or maintained on a control diet (n=6 mice per
group). RNA levels are normalized to GAPDH and expressed relative to wild-type cells. (b)
Western blot of PPARY, Car4, Car2 and p-actin proteins using colonic epithelial cell lysates
derived from Ppargff and Pparg'EC~/~ mice. (c) Q-PCR analysis Car4 and Car2 mRNAs in
colonic epithelial cells derived from wild-type or Cftr~/~ mice treated with Ro or maintained
on a control diet (n=10 mice per group). In panels a and c, values are presented as means +
s.e.m. For mice treated with Ro, *P<0.01 and **P<0.05 versus untreated mice (similar
genotype). For untreated knock-out mice (Cftr~'~ or Pparg'E¢~/7), +P<0.01 and ++P<0.05
versus wild-type or Ppargf controls. (d) Western blot of PPARYy, Car4, Car2 and p-actin
proteins using colonic epithelial cell lysates derived from wild-type and Cftr~~ mice. (e) Q-
PCR analysis of Car4 and Car2 mRNAs in lung derived from wild-type and Cftr '~ mice
treated with Ro or control diet (n=6 mice per group). (f) Effect of Ro treatment on
expression of the human CA 1V and CA Il mRNAs in Calu-3 cells (* P<0.01, n=4
replicates). Values are means + s.e.m. (g) Bicarbonate secretion in response to STa (107 M)
as measured by pH-stat titration (n=4 mice per group, error bars represent s.e.m., *P<0.01
and +P<0.05).
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Figure 4. Molecular analysis of PPARy function in Cftr ™'~ colonic epithelial cells
(@) Chromatin immunoprecipitation (ChIP) of PPARy occupancy of promoter proximal

elements (Angptl4, Hmgcs2, and Car4) and distal elements (Acaalb, and Mgll) in colonic
epithelial cells derived from wild-type and Cftr~~ mice. (b) ChIP of PPARY binding to
elements shown in panel a in colonic epithelial cells derived from Ppargf and Pparg'EC~/~
mice. (c) ChIP of Trap220 on PPRE sites shown in panel a in wild-type and Cftr~~ cells
demonstrating reduced occupancy in Cftr-deficient cells. (d) ChIP of Trap220 on the PPRE
sites shown in panel a in Pparg/f and Pparg!E¢~/~ mouse colonic epithelial cells
demonstrating PPARY specificity for the displayed sites. Values are means + s.d. of n=4
technical replicates (* p<0.01, ** p<0.05 for wild-type vs Cftr /= or Pparf vs Pparg'EC—'").
Results are representative of 3 independent biological replicates. (e) Quantitative analysis of
endogenous 15-HETE and 15-keto-PGE2 levels in Cftr ™~ cells (* p<0.002). (f) Q-PCR
analysis of Hpgd in colonic epithelial cells derived from wild-type and Cftr =/~ mice (n=6
mice per group, error bars represent s.e.m., *P<0.001). (g) Q-PCR analysis of Angptl4
expression in HT-29 colonic epithelial cells treated with 1 uM Ro, 10 uM 15-HETE or 10
UM 15-keto-PGE;.
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