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Abstract

Introduction: Eosinophilic esophagitis (EoE) is a clinico-pathological diagnosis characterized by esophageal dysfunction and
eosinophilic infiltration of the esophagus. Demonstration of esophageal eosinophilia (more than 15 eosinophils/hpf) in biopsy
specimen obtained by esophagogastroduodenoscopy (EGD) continues to be the gold standard for diagnosis and monitoring
of response to therapy. There is a growing necessity for non-invasive biomarkers that can accurately diagnose this condition
and assess response to therapy. While microRNAs (miRNA) are being investigated in allergic diseases, including EoE, not
many studies have explored the role of salivary miRNAs in EoE. MiR-4668-5p is a particularly interesting candidate, as it is
predicted to regulate TGF-beta signaling and has not previously been identified as a target in any allergy disease. VWe sought
to further investigate the role of miR-4668 as a biomarker to characterize and monitor response to treatment with
swallowed topical glucocorticoids.

Methods: After IRB approval, twenty-two adult patients with EoE were randomly enrolled to provide a saliva sample before
and after 2 months of swallowed fluticasone therapy. Differences of miRNA expression before and after treatment were
analyzed by paired T-test. A significance cutoff of <0.05 was used for all analyses.

Results: Expression of miR-4668 was higher in EoE vs. non-EoE subjects. The level of miR-4668 decreased in all subjects
except one, with a mean fold change 0.49 £0.25. There was an association between miRNA expression and number of
positive aeroallergens. The miR-4668 high group had a higher number of positive aeroallergen tests, while the miR-4668 low
group had a greater number of subjects with drug allergies.

Conclusions: In this study, we identified that salivary miRNAs may serve as biomarkers to characterize EoE and response
to topical corticosteroids. We specifically identified miR-4668 as a novel potential biomarker, which was not previously
discovered as a target in EoE or any other allergic disease.
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least six biopsies should be obtained from different loca-
tions, with the accepted threshold for eosinophil density
for diagnosis being 15 eosinophils per high power field in
esophageal mucosa.! Histology of esophageal biopsy
specimen obtained invasively via EGD continues to be
necessary for diagnosis as well as monitoring of activity
of this disease. Numerous non- or minimally-invasive
markers are under investigation but none has been
shown to be accurate so far.* Some minimally invasive
devices have shown promise but results need to be cor-
roborated in large studies.’

MicroRNAs (miRNAs) are short, endogenous RNA
molecules 19 to 25 nucleotides in length that regulate
expression of target genes by posttranscriptional silenc-
ing.”> Our lab and others have investigated the role of
miRNAs in allergic diseases including asthma, allergic
rhinitis, atopic dermatitis and EoE, and they are consid-
ered promising candidates for biomarker develop-
ment.* ' These genetic elements are easily detectable
in most body fluids and tissues. Only a few studies
have explored the expression and role of microRNAs
in patients with EoE. Lu et al. profiled esophageal
tissue miRNA expression in patients with active EoE
and those responsive to glucocorticoid treatment.'!
They further compared the expression profiles with
those of healthy control subjects and those with non-
eosinophilic esophagitis. EoE patients had 32 differen-
tially regulated miRNAs. MiRNA-21 and -223 were
most upregulated while miRNA-375 was most downre-
gulated. Moreover, the expression levels of these
miRNAs correlated with esophageal eosinophil levels.
These expression profiles were reversible in patients
who responded to glucocorticoid treatment.!' Plasma
analysis revealed miR-146a, miR-146b, and miR-223 as
the most differentially expressed miRNAs in the plasma.
Zahm et al in 2014 profiled esophageal miRNA expres-
sion in pediatric patients with active EoE and compared
that to healthy control subjects.'” Five miRNAs (miR-
203, miR-375, miR-21, miR-223, and miR-142-3p) were
shown to be significantly altered between the groups but
these changes were not reflected in the circulating RNA
pool. No change in expression was noted following treat-
ment that caused resolution of esophageal eosinophilia.
Furthermore, Lu et al investigated differential miRNA
expression in esophageal squamous cells after IL-13
stimulation.!"” MiRNA-375 expression was inversely
related to the degree of inflammation in esophageal
biopsies from patients with EoE. Moreover, overexpres-
sion of miR-375 could markedly modify the immune-
regulatory pathways associated with IL-13 in vitro.

Surveillance by EGD with biopsy continues to be the
standard of care for assessing the response to treatment
in EoE patients. The need for this invasive procedure on
a recurrent basis can be challenging and justifies the
urgent pursuit of noninvasive markers that correlate

with disease activity, have high sensitivity and specificity
and are cost-effective.* Evaluation of miRNA profile in
noninvasively obtained specimen such as plasma or
saliva provides a potential option for a non-invasive bio-
marker to monitor disease progression and responses to
therapy. Lu et al in 2012 identified miR-146a, miR-146b
and miR-223 as the most abundant circulating miRNAs
in plasma differentially expressed between EoE and
healthy individuals.'® The levels of miR-146a and miR-
223 reversed in glucocorticoid responsive EoE. Saliva is
a promising alternative that yields itself to noninvasive
surveillance. Swanson et al presented an abstract where
they profiled salivary miRNA in a pediatric cohort and
discovered 97 differentially expressed miRNAs, with
miR-223 having the greatest level of expression.'* Our
group previously analyzed miRNA expression in saliva
samples from 15 adult patients with EoE and 17 healthy
controls. We identified a set of candidate miRNA bio-
markers and found increased levels of miR-570-3p, miR-
3613-5p, miR-4668-5p, and miR-30a- 5p in EoE samples
compared to control."> Expression of miR-3613-5p and
miR-4668-5p decreased in patients following fluticasone
treatment, suggesting these two miRNAs may be candi-
date biomarkers for surveilling treatment response.

MiR-4668-5p was a particularly interesting candidate,
as it is predicted to regulate TGF-beta signaling and has
not previously been identified as a target in any allergy
disease. In this study, we sought to further investigate
the role of miR-4668 as a biomarker to, characterize and
monitor response to treatment with swallowed topical
glucocorticoids.

Subjects and Methods

Human Subject Recruitment and Study Design

This study was approved by the Penn State College
of Medicine Institutional Review Board (Study:
PRAMSO040665EP). In accordance with approved pro-
tocols, written informed consent was obtained from all
patients. Study group comprised of 22 adults with
biopsy proven diagnosis of EoE (endoscopic biopsy of
esophagus, showing >15 eosinophils/hpf) and 22 sub-
jects without EoE (Figure 1 shows a representative his-
topathological section). Subjects with history of
autoimmune disease, HIV, cancer, congestive heart fail-
ure, diabetes mellitus, chronic liver, kidney dysfunction,
pregnancy or breast feeding were excluded. Patients who
agreed to participate in the study were asked to provide
a sample of saliva. They were given standard of care for
two months, including treatment with topical fluticasone
(440 mcg swallowed twice daily through a metered dose
inhaler). At the end of two months, another saliva
sample was collected. This study compared expression
of miRNAs in saliva before and after two months of
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treatment with a topical steroid in subjects with EoE.
The primary outcome measure was difference in
miRNA expression profile between the pre- and post-
treatment groups.

Saliva Collection and Processing

Whole saliva was collected from subjects in a sterile
50ml tube and 500 microliters was aliquoted and
mixed 1.5ml of TRIzol LS reagent (Life Technologies).
RNA was isolated using the Direct-zol RNA isolation
kit (Zymo Research) per manufacturer protocol and as
previously reported.” Seven pl of purified RNA was
reverse transcribed using the qScript miRNA cDNA
synthesis kit (Quanta bio). Expression of miRNAs was
analyzed by real time PCR as described previously.’

Data Processing, Analysis, and Statistics

Differences in continuous variables was assessed by T-
test or Wilcoxon rank sum, for data with normal and

Figure |. An H&E stained section of esophageal epithelium from
a patient with EoE showing numerous intraepithelial eosinophils
(arrows). Courtesy: Dr. Negar Rassaei, Assistant Professor, Penn
State Health Anatomic Pathology.

Table I. Subject Demographics.

non-normal distribution, respectively. Differences in cat-
egorical data were determined by Fisher’s exact test.
Association between miRNA expression and continuous
variables was analyzed by linear regression. Expression
pre- and post-therapy was analyzed by paired T-test.
Data were analyzed using Prism Ver. 6.01 (Graphpad).

Results

The study population was comprised of 22 subjects with
biopsy-proven diagnosis of EoE and 22 subjects without
EoE. The mean age of EoE patients was 41.9years,
with a female majority (64%) and primarily white race
(Table 1). Regarding atopy in EoE subjects, 77% had
allergic rhinitis, 45% had asthma and 16% had atopic
dermatitis. The mean maximum eosinophil count/hpf
was 51.6+46 among EoE subjects prior to initiation
of treatment with swallowed fluticasone. The mean age
of the control population was 37.8 years with a male
majority of 59% and primarily white race. The incidence
of allergic rhinitis and asthma was 59% and 45% respec-
tively among controls.

Associations between Baseline miRNA Expression
and Clinical Features of EoE

We previously utilized a qPCR array to identify a panel
of candidate miRNAs whose salivary expression was dif-
ferent in subjects with EoE vs. those without.'> MiR-
4668 emerged as a novel target, as it has not previously
been studied in allergic disease. To further characterize
its potential as a biomarker in EoE, we measured its
expression in an expanded cohort of subjects in this
study. We compared expression in whole saliva taken
from EoE subjects (taken before initiation of swallowed
topical steroids) to non-EoE subjects with similar atopic
backgrounds. Expression of miR-4668 was higher in
EoE vs. non-EoE subjects (Figure 2(A)). We next
sought to determine whether its expression was associat-
ed with any clinical features of EoE and performed

Characteristics Non-EoE Subjects (n=22) EoE Patients (n=22) P value
Age (y) 378+ 13.1 41.9+129 0.3016
Sex

Male/female, no. (%) 13/9 (59/41) 14/8 (64/36) 1.000
Race: White/non-white, no. (%) 18/4 (81/19) 21/1 (95/5) 0.3449
BMI (mean + SD, kg/m?) 28.8+3.7 30.2+89 0.4994
Allergic rhinitis, no. (%) 13 (59) 17 (77) 0.3319
Asthma, no. (%) 10 (45) 10 (45) 1.000
Eczema, no. (%) 29 2 (16) 1.000
Food allergy, no. (%) Not tested/reported 10 (45) N/A

Max. Eos/HPF Not tested/reported

51.6+46 N/A
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linear regression analysis between miR-4668 expression
and continuous variables collected in the research sub-
jects (Figure 2(B)). We found an association between
miRNA expression and number of positive aeroallergen
tests on a panel of 38 aeroallergens relevant to the north-
east U.S. However, we did not observe any other asso-
ciations between salivary miRNA expression and other
clinical measures in EoE (tissue eosinophils, food allergy
testing, disease severity, subject demographics such as
age, sex, BMI).

We next sought to determine whether miR-4668 may
be used to further characterize sub-groups of patients
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Figure 2. miR-4668 expression to characterize EoE. A,
Comparison of miR-4668 expression in subjects with vs. without
EoE. *p < 0.05. B, Linear regression analysis of miRNA expression
vs. number of positive aeroallergen tests on a panel of relevant
aeroallergens.

with EoE. We categorized EoE subjects into miR-4668
“high” or miR-4668 “low” groups if expression was
above or below the median miR-4668 level (Table 2).
The miR-4668 high group had a higher number of pos-
itive aeroallergen tests, while the miR-4668 low group
had a greater number of subjects with drug allergies.
There were trends towards increased age and female
sex in the miR-4668 low group, but these did not reach
statistical significance.

MiIRNA Expression Changes in EoE Subjects after
Swallowed Topical Corticosteroids

In order to determine whether therapy with swallowed
topical glucocorticoids altered miRNA expression, we
measured salivary levels before and after 8 weeks of flu-
ticasone propionate HFA 220mcg 2 puffs swallowed
twice a day. The level of miR-4668 decreased in all sub-
jects except one, with a mean fold change 0.49 +0.25
(Figure 3).

We performed an in-silico analysis to gain insight into
the function of miR-4668. A miR-Path analysis
(DIANA miR-Path v.3 using the microT-CDS database)
identified multiple KEGG pathways regulated by the
miRNA (Figure 4). The top pathway identified was
TGEF-pf signaling, and targets included TGF-fR1, and
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Figure 3. Change in miR-4668 pre- and post-treatment with
swallowed topical steroids. Relative expression change in salivary
miR-4668 in EoE subjects before and after treatment with swal-
lowed ICS.

Table 2. Comparison of Subjects With Low and High miR-4668-5p Levels.

miR-4668 Low (n=10) miR-4668 High (n=12) P Value
Age 377+ 154 45.8+10.0 0.15
Sex: M/F, (%) 8/10 (80%) 6/12 (50%) 0.204
Race (W/B) 10/0 /1 |
Positive food allergy test 5/10 (50%) 4/12 (33%) 0.665
Number positive aeroallergens (mean + SD) 9.0+£53 3.6+29 0.0071
Allergic rhinitis 9/10 (90%) 8/12 (67%) 0.323
Asthma 5/10 (50%) 5/12 (42%) 0.665
Atopic dermatitis 1710 (10%) 1/12 (8%) |
Drug allergy 0/10 (0%) 6/12 (50%) 0.0152
Peak tissue eosinophils/HPF (mean =+ SD) 44.1 +353 57.9+£54.0 0.496
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Figure 4. miRPath 2.0 analysis of miR-4668-5p target pathways. KEGG pathways targeted by the miRNA are shown. Individual genes

targeted by miR-4668-5p shown for the top 5 pathways.

SMADS2, 4, 5. The pathway analysis also identified
tight junction regulation as a target of miR-4668,
which is linked to TGF-f signaling and has been impli-
cated in EoE.

Discussion

MiRNAs are short, endogenous RNA molecules
involved in post-transcriptional silencing of target
genes.>'® Extracellular miRNAs can be effectively iso-
lated from noninvasively obtained saliva samples.'®'®
Our lab as well as others have demonstrated the bio-
marker potential of miRNAs in many allergic diseases
including asthma, atopic dermatitis and allergic rhini-
tis.*%1% In this study, we identified salivary miRNAs
that may serve as biomarkers to characterize EoE and
response to topical corticosteroids. We specifically iden-
tified miR-4668 as a novel potential biomarker, which
was not previously discovered as a target in EoE or any
other allergic disease.

Only a few studies have investigated the biomarker
potential of miRNA expression in EoE. Lu et al.
detected a unique miRNA signature of 32 miRNAs in
esophageal tissue in EoE patients compared to non-EoE
controls."® Subsequently, Zahm et al. identified 14
miRNAs differentially expressed between EoE patients
and healthy subjects.!? These two studies identified miR-
375, miR-21 and miR-223 as potential diagnostic and
therapeutic biomarkers for EoE. Our previous results
also identified miRs-21 as a potential biomarker, sug-
gesting that saliva may serve as a useful non-invasive

source that provides similar findings as tissue biopsy.
We have previously shown than miRNA expression pat-
terns associate with different phenotypes with different
severities and outcomes in allergic rhinitis and
asthma.®®® The finding that miR-4668 is associated
with allergic sensitization in EoE indicates that
miRNAs may be useful to characterize and potentially
phenotype EoE. It is particularly interesting to note that
the miR-4668 low group was associated with drug aller-
gy. Associations between drug allergy and EoE has not
been previously described. There could be common
pathways that make patients susceptible to drug allergy
and EoE, and should be an area for further study. We
also saw trends towards associations of sex and age with
miR-4668, but our study was not powered to character-
ize phenotypes of EoE. Larger studies will be needed to
further investigate these findings.

The current standard of care for EoE patients contin-
ues to be periodic surveillance via biopsy specimen
obtained by EGD.! The traumatic and financial
burden imposed by recurrent EGDs necessitates the
quest for a biomarker that can be obtained non-
invasively and that can accurately diagnose the condi-
tion as well as reflect response to therapy. We found that
salivary levels of miR-4668 decreased after therapy with
swallowed ICS, suggesting that this may be a candidate
to assess response to therapy.

An extensive literature search did not reveal previous
reports of association of miR-4668 with atopy. The find-
ing that miR-4668 expression is associated with atopy
and repressed after corticosteroid treatment raises the
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question about whether it plays a role in disease patho-
genesis. We performed an in-silico analysis to predict
function of miR-4668, as this miRNA has not been
well studied, and found that targets included genes in
TFG-f signaling and epithelial barrier function. Loss
of epithelial barrier integrity may be important to the
pathogenesis of many atopic diseases, as it allows entry
of allergens and pathogens into tissue Elevated level of
TGF-f1 has been observed in EoE, and a recent study
demonstrated that this cytokine can disrupt barrier func-
tion by down-regulating claudin-7, a tight junction mol-
ecule.'” It remains to be determined whether miR-4668 is
protective or deleterious. Predictive models identified
SMADs 2.4, the TGF-f1 receptor, and ROCK2 as tar-
gets, which would suggest an inhibitory function of this
miRNA on TGF-f signaling. It is possible that elevated
levels of the miRNA represent a form of feedback inhi-
bition to repress TGF-f signaling, a commonly observed
feature of miRNA function.

As observed with many other miRNAs, miR-4668 is
emerging as a player in not only immunity and inflam-
mation, but in cancer as well. It has been identified as a
biomarker in hepatocellular carcinoma and liposarcoma,
found to be de-regulated in IgA nephropathy, and
altered by mycobacteria infection of macrophages.'® !
While the exact mechanisms of miR-4668 in these dis-
eases has not been established, its effects on CD36 may
be a common link. CD36 is a plasma membrane protein
that is widely distributed across many cell types and is
upregulated by IL-4.22 It has been shown to be expressed
on eosinophils and regulates macrophage differentiation
as well as the TGF-f8 pathway.>* Thus, miR-4668 could
regulate the TGF-f pathway at multiple levels, by alter-
ing expression of CD36 or by effects on the TGF-f1
receptor or other mediators in the signal transduction
pathway.

The findings of this study show promise of miRNAs
as non-invasive biomarkers to assess response to treat-
ment in EoE. Saliva is an ideal source of biomarkers, as
it can be obtained in all age groups easily. It is important
to note limitations in our study. First, our sample size
was relatively small, as this was a pilot study. Second,
our EoE study population did not have a repeat endos-
copy by the time the post-ICS treatment sample was
collected. As a result, there was no histological confir-
mation of response to topical steroid therapy. The
8 week duration of treatment with topical steroid may
not be sufficient to see a change in MiRNA and one can
argue that the effect will be more prominent with longer
duration of anti-inflammatory treatment. As the case
with all biomarkers, larger studies will be needed to val-
idate these findings and determine their optimal use in
diagnosis and monitoring of therapy. However, this
work has developed standardized methodologies that
can be used for these additional studies.
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