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Dysregulation of the Wnt pathway in adult eosinophilic esophagitis
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SUMMARY. Eosinophilic esophagitis (EoE) is a chronic inflammatory disease characterized pathologically by
eosinophil infiltration. In addition to loss of barrier integrity, a dominant T Helper 2-associated immune response and
strong allergic connection, the esophagus tissue undergoes dramatic changes, with frequent presence of mucosal
rings, strictures, linear furrows, and trachealization. Although the inflammatory mechanisms behind this disease are
being increasingly well understood, the structural features remain unexplained. We examined the expression of key
members of the Wnt-signaling pathway in biopsies from patients with EoE. This pathway has been shown to be
critically important in regulating cellular homeostasis, growth, and differentiation and to be dysregulated in several
disease conditions. Biopsies from adult EoE patients were collected by endoscopy and mRINA extracted. After cDNA
synthesis, the relative gene expression from key upstream (secreted frizzled-related protein 1) and downstream
(c-myc and Cyclin D1) molecules in the Wnt pathway, as well as several Wnt pathway members (Wntl, Axinl,
low-density lipoprotein receptor-related protein 6, glycogen synthase kinase 3 beta, and B-catenin), were determined.
Biopsies from patients with EoE displayed significantly higher expression of secreted frizzed-related protein 1 than
controls, as well as reductions in Cyclin D1 and c-myc. In contrast, there were no differences in the Wnt pathway
molecules. The levels of expression of Cyclin D1 and c-myc, as well as B-catenin, in EoE patients showed strong
correlations with the frequency of esophageal eosinophils. Our findings suggest that although there are no changes in
the overall levels of key Wnt pathway genes in adult EoE, there is evidence for dysregulation of upstream and
downstream regulators of Wnt signaling. Importantly, the associations with eosinophilia suggest that these may
participate in the pathogenesis of this disease and be markers of disease severity.
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diameter, including the formation of rings, strictures,
or furrowing.? Although there has been much interest
in EoE in children, the adult form remains less under-
stood.? There is evidence both for and against child-
hood and adult EoE being a single disease, yet a key
difference seems to be the presence and severity of
these structural changes.*

The inflammatory processes underlying EoE are
being increasingly defined with key roles identified for
allergen-mediated triggering, pathology driven by
mast cells, interleukin-13, and eotaxin chemokines.*®
Epithelial barrier integrity is thought to be a key
component in protection against allergen. Prior
studies have demonstrated downregulation of mol-

INTRODUCTION

Eosinophilic esophagitis (EoE) is a chronic inflam-
matory disorder, characterized by the presence of
eosinophils in the esophageal tissue that is seen in
both children and adults. Clinically, EoE is associ-
ated with significant esophageal dysfunction that can
cause dysphagia, food impaction, failure to thrive,
heartburn, or abdominal pain.! A characteristic
feature seen on endoscopy that likely explains these
responses are the presence of macroscopic changes in
the esophageal tissue that cause narrowing of the
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ecules important in maintaining the epithelial barrier,
such as filaggrin and involucrin.®® Furthermore, aller-
gen avoidance is sufficient to diminish esophageal
eosinophils in many EoE patients.'” In contrast, the
pathogenesis of the structural changes remains
unclear.
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The Wnt pathway consists of a family of proteins
known to exert potent control over proliferation
and differentiation of healthy intestinal tissues —
dysregulation of this pathway has been extensively
studied in the setting of cancer.!" In the esophagus,
Wnt family members are expressed widely and
are dysregulated in Barrett’s esophagus.'>"* For
example, secreted frizzed-related protein 1 (SFRP1),
an important upstream inhibitor of Wnt signaling at
high concentrations,' is significantly downregulated
in Barrett’s esophagus.'® The outcome of such
changes in Wnt pathway responses in esophageal
cancer is the enhanced expression of several growth-
promoting genes, including c-Myc and Cyclin D1.'¢
Interestingly, microarray data from pediatric EoE
biopsies reported a fourfold increase in SFRP1
above control levels,'”” but this previous study
focused on other key genes.

Here we examined the expression profiles of several
key Wnt pathway components, focusing on adult
EoE, because these patients exhibit more structural
changes. Surprisingly, rather than increased activa-
tion of this pathway such as seen in Barrett’s esopha-
gus, adult EoE had significant upregulation in
SFRP1 expression, similar to the pediatric EoE
microarray. There were no significant alterations
found in the Wnt family proteins, but there was
downregulation in the Wnt-signaling target genes
Cyclin D1 and c-myc. These negatively correlated
with the levels of eosinophils present in the esopha-
geal tissues of these patients, suggesting that the loss
of Wnt pathway signals may relate to the severity of
EoE disease.

METHODS
Patients

All patients were enrolled in a prospective clinical
trial assessing EoE responses to food elimination and
consented to gene expression analysis on biopsy
tissues taken during esophagogastroduodenoscopy.
Additional biopsies were taken for pathological
assessment of eosinophil frequency, which is stan-
dard of care and used to diagnose EoE based on
greater than 15 eosinophils per high-powered field
(Eos/hpf). Patients were all over 18 years old and had
undergone an unsuccessful treatment period of 6-8
weeks of proton pump inhibitor therapy prior to
assessment, as necessitated by current consensus
guidelines.! Controls were determined as those
patients with less that 15 Eos/hpf. The control group
and EoE group did not significantly differ in sex or
age but differed in biopsy eosinophil counts (0 £ 0 vs.
57.2+ 6.8, P <0.005 by Student’s #-test). The North-
western University institutional review board com-
mittee approved this work.

Biopsy processing

Esophageal biopsies were taken and immediately
placed in RNAlater reagent (Qiagen, Valencia, CA,
USA) to stabilize mRNA and stored until processing.
After homogenization using a Tissuemiser hand-held
homogenizer (Fisher Scientific, Pittsburgh, PA,
USA), mRNA was extracted using an RNeasy
extraction kit (Qiagen), as per the manufacturers pro-
tocol. The quality and quantity of the mRNA was
determined using a Nanodrop (NanoDrop Products,
Wilmington, DE, USA).

Real-time reverse transcription polymerase chain
reaction (RT-PCR)

After ¢cDNA synthesis using qScript cDNA syn-
thesis kit (Quanta BioSciences, Gaithersburg, MD,
USA), gene expression was determined by poly-
merase chain reaction (PCR) using an ABI 7500
Thermal Cycler (Applied Biosystems, Grand Island,
NY, USA) and inventoried, specific Tagman primer/
probe reagents (Applied Biosystems) for each gene of
interest (glyceraldehyde-3-phosphate dehydrogenase
[GAPDH]: Hs02758991, SFRPI: Hs00610060,
WNT: Hs01011247, B-catenin: Hs00394718, Axinl:
Hs00394718, GSK-3B: Hs01047719, CyclinD:
Hs00765553, c-Myc: Hs00153408). The PCR reaction
was run for 50 cycles of 30 seconds at 90°C, 60
seconds at 56°C, 120 seconds at 72°C. Expression of
GAPDH was utilized as a housekeeping gene and
used to determine changes in the cycle threshold
values, as previously shown.®

Statistical analysis

Statistical differences between groups were deter-
mined using Graphpad Prism (San Diego, CA, USA)
software and unpaired z-test comparisons with
Welch’s correction to not assume equal variance.

RESULTS
SFRP1 expression is enhanced in adult EoE

Although not a primary focus of the study, because
existing microarray data from pediatric EoE had
reported a fourfold increase in SFRP1,!7 we initially
sought to determine the expression levels of this
important Wnt regulator in our adult sample collec-
tion. Using real-time RT-PCR and Tagman-based
specific primer and probe combinations, mRNA
expression of sfrpl was determined in EoE positive
(greater than 15 Eos/hpf by pathological assessment)
versus controls (patients demonstrating less than 15
Eos/hpf by pathological assessment). As shown in
Figure 1, sfipl expression was significantly elevated
in EoE versus controls. Interestingly, this increase
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Fig. 1 Expression of secreted frizzed-related protein 1 (SFRP1)
is elevated in adult eosinophilic esophagitis (EoE) patients.
Biopsy samples from patients with EoE or controls (C) were
analyzed by real-time reverse transcription polymerase chain
reaction for gene expression of mRNA for SFRP1. The
difference in cycle threshold (CT) was determined for

each sample compared with the expression of
glyceraldehyde-3-phosphate dehydrogenase. **P < 0.01 by
Student’s -test.

was also around fourfold, suggesting that the
dysregulation of this upstream Wnt-pathway regula-
tor is similarly affected in both adult and pediatric
EoE.
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Gene expression for many Wnt pathway members are
not altered

Since the gene expression for SFRP1 was altered, we
next examined if the Wnt pathway was also similarly
affected. As shown in Figure 2, the mRNA expres-
sion levels for several key Wnt pathway members
(Wnt, B-catenin, Axinl and GSK-3f3) were unaltered
in EoE versus controls (Fig. 2).

Downstream Wnt response genes are
downregulated in EoE

We next queried if there were evidence for alterations
in the expression levels of genes that are known to be
regulated by signaling through the Wnt pathway.
Cyclin D1, upregulation of which has been shown to
be prognostic in esophageal carcinoma studies,'®
showed significantly lower expression in EoE patient
biopsies than that in control patient biopsies
(Fig. 3a). The gene expression of ¢-Myc, another Wnt
target gene in the esophagus,'® also trended toward
less than control, with several EoE patients showing
undetectable levels, but this did not meet statistical
significance when compared with control biopsy
expression levels (Fig. 3b).
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Fig. 2 Gene expression for Wnt pathway members are not altered in adult eosinophilic esophagitis (EoE) patients. Real-time reverse
transcription polymerase chain reaction analysis of the expression of mRNA for (a) Wntl, (b) B-catenin, (¢) Axinl and (d) GSK-3f was
performed on biopsy samples from adult patients with EoE or controls (C). The difference in cycle threshold (CT) was determined for
each sample compared to expression of the housekeeping gene, GAPDH.
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Fig. 3 Downstream Wnt response genes are downregulated in eosinophilic esophagitis (EoE). The expression of mRNA for (a) Cyclin
D1 and (b) c-Myc was determined by real-time reverse transcription polymerase chain reaction on biopsy samples from adult patients
with EoE or controls (C). The difference in cycle threshold (CT) was determined for each sample compared to expression of the
housekeeping gene, glyceraldehyde-3-phosphate dehydrogenase. **P < 0.01 by Student’s 7-test.

pathology, including role of allergic triggers and Th2-
associated immune responses.”’ Additionally, links to
epithelial barrier integrity, specifically filaggrin, an
Because many of the gene expression profiles important junctional protein, have been demon-
displayed a range of levels within the EoE patient  strated® and suggest a deficiency in barrier function in
group, we queried if this is related to disease-related ~ EoE, similar to that observed in other allergic dis-
parameters. We compared the gene expression values  eases.’’ EoE also presents with several hallmark
for each patient with the reported frequency of  endoscopic features, including rings, furrows, and
esophageal eosinophils, used for clinical diagnosis.  strictures, that we postulated might be due to changes
As shown in Figure 4, we observed significant corre-  in tissue homeostasis through the Wnt pathway
lations between the expression levels of B-catenin  because this has been previously shown to be
(Fig. 4a), c-Myc (Fig. 4b), and Cyclin DI (Fig. 4c) dysregulated in a number of esophageal dis-
with the eosinophil frequency, used as a surrogate  eases.'>'*!® Surprisingly, our data demonstrates that
marker for disease severity and response to therapy.! the Wnt pathway is downregulated, as evident by
This association was particularly strongest with  increased SFRP1, an upstream inhibitor, and
B-catenin and c-Myc, which showed a highly signifi-  decreased Cyclin D1 and c¢-Myc, downstream
cant correlation. response genes.
While the Wnt pathway is often unregulated in
aberrant tissue growth of many cancers, including
DISCUSSION Barretts esophagitis,'*'®** it is also a critically impor-
tant mechanism that regulates epithelial homeostasis
EoE represents an increasingly prevalent disorder in through self-renewal and differentiation.’? It has been
both children and adults,* and there are few treat-  suggested that continual stimulation of the Wnt
ment options available." In recent years, studies have ~ pathway is required for normal proliferation of
begun to elucidate mechanisms likely behind the  transit-amplifying cells,” such as esophageal epithe-

Expression of Wnt response genes correlate with
clinical pathology
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Fig. 4 Expression of Wnt-related genes correlates with clinical pathology. For each individual patient, the reported frequency of
eosinophils in paired biopsies was determined by pathological assessment and these numbers correlated with the gene expression values
for (a) B-catenin, (b) c-Myc, and (c) Cyclin D1. Linear regression best-fit analysis was performed using GraphPad Prism, and R? values
and P values were calculated.
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lium. Indeed, experimental overexpression of the Wnt
upstream inhibitor, Dickkopf Wnt signaling pathway
inhibitor 1 (Dkk-1), led to ablation of normal intes-
tinal epithelial cell proliferation.”® Although we
did not observe any significant differences in Dkk-1
(data not shown), our findings show a significant
upregulation of SFRP1, another upstream inhibitor,
which has been previously shown to be decreased in
esophageal cancer.>'® Consequently, loss of epithe-
lial homeostasis via this mechanism may be a contrib-
uting factor in the loss of barrier integrity in EoE.

Altered differentiation of epithelial cells, as deter-
mined by epithelial-mesenchymal transition of cells
from biopsies treated with transforming growth
factor beta (TGFp) ex vivo, has been demonstrated in
EoE and to respond to therapy.* Mast cell activation
is upregulated in EoE® and these cells are a potent
source of TGFp,? as can be eosinophils.?® The TGF
pathway has been shown to extensively interact with
the Wnt pathway,”” but the cross talk between these
in EoE remains unclear. Potentially, the upregulation
of SFRP1 could be a feedback response designed to
limit the effects of TGFP in the esophageal tissue.
Alternatively, the responses we observe on the Wnt
family pathway may be more directly related to
esophageal inflammation, since SFRP1 has been
shown to be upregulated in periodontal inflammation
and its inhibition led to reductions in inflammatory
cell infiltrate and other pathological features.?®
Importantly, our data clearly demonstrate that the
alterations in the Wnt-associated responses are not at
the level of expression of the Wnt-signaling proteins
and, instead, would appear to be dysregulation of an
upstream regulator that impacts downstream
responses.

The strong correlation of the genes we investigated
with eosinophil frequency suggests that the Wnt
family pathway might be predictive of EoE severity.
Clinically, the presence of eosinophils in EoE has
been used as a diagnostic marker for therapeutic effi-
cacy in both steroid or dietary therapy studies."" Our
findings, demonstrating a clear correlation between
Whnt-associated pathway gene expression and the fre-
quency of eosinophils in the biopsy from the same
patient would suggest that these genes are potential
biomarkers for EoE. Currently, there are no clinical
biomarkers for EoE, although a recent report
described a predictive panel of miRNA molecules
that distinguished none-EoE from EoE.” Interest-
ingly, the two key miRNA molecules from this study,
miR-21 and miR-223, have been previously con-
nected to dysregulation of Wnt-signaling pathways in
colorectal cancer.*

In conclusion, our findings demonstrate a
dyregulation in the Wnt-signaling pathway of the
adult EoE patients we studied. While a previous
microarray had suggested altered expression of the
gene for SFRPI in EoE," this pathway had not been

© 2014 International Society for Diseases of the Esophagus

fully interrogated, despite being previously shown to
be altered in other esophageal diseases.>” In contrast
to our prediction, that Wnt pathway responses may
be increased and associate with the structural changes
characteristic of EoE, our findings show increased
expression of SFRPI1, an upstream regulator, and
decreased expression of Wnt-dependent genes. These
link to the severity of eosinophilic inflammation and
suggest that Wnt signals are contributing to the
inflammatory events in the esophagus.
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