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Barrier; This study aimed to assess the protein expression of E-cadherin and filaggrin (FLG) in the
children; oesophagus of paediatric and adolescent patients diagnosed with eosinophilic esophagi-
E-cadherin; tis (EoE). It is a cross-sectional study conducted with 24 patients with EoE and 17 control
eosinophilic patients, from June 2015 to June 2018. The histological analyses were performed by a trained
esophagitis; pathologist. The protein expression of E-cadherin and FLG in oesophageal biopsy fragments
filaggrin; was determined using an immunohistochemical technique. The epidemiological data were
proteins retrieved from medical records. There were no statistical differences in age and sex between

case-patients and control patients. Food allergy was significantly higher in patients with EoE,
as was the number of eosinophils present in the oesophageal biopsy materials. The immu-
nohistochemical studies did not indicate FLG expression in any patient from the two groups.
E-cadherin showed significantly reduced expression in patients with EoE. We concluded that
FLG did not seem to play an important role in the mucosal alteration in EoE and that E-cadherin
under expression could be a promising marker of epithelial damage in these patients.
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Introduction and Objectives

The immune and inflammatory responses in eosinophilic
esophagitis (EoE) remain to be elucidated. The interaction
between genetic and environmental factors has been stud-
ied and, in addition to eosinophils, the role of the epithe-
lial barrier has gained prominence in the discussion of the
pathogenesis of this disease."? The presence of eosinophils
is conceptually accepted as a key element for diagnosis and
as a marker of inflammatory activity resulting from EoE.
However, in addition to cellular participation, some authors
have recently observed the importance of the oesophageal
epithelial barrier and its regulatory proteins.**

The functionality of the oesophageal epithelium is a
complex process dependent on several factors. Structural
changes induced by proteases, chemical injuries or trauma
and dysfunction of key proteins responsible for epithe-
lial junctions can lead to loss of protective balance and
changes in cell permeability, observed in the inflammatory
process caused by EoE.2>¢ The involvement of oesopha-
geal mucosa proteins has already been studied by authors
who observed differences in filaggrin (FLG) messenger
RNA expression when patients with active EoE and those
treated were compared.” FLG, whose alteration has been
well documented in the skin of patients with atopic derma-
titis, would be responsible for condensing the cytoskeleton
and generating protective scales in the stratum corneum.®

Another protein involved in the integrity of cell junc-
tions is E-cadherin, which helps in epithelial architecture
and actively participates in the stabilisation of cell struc-
ture, integrity and differentiation.’This protein is a part
of the intercellular junctions in epithelial cells, forming a
structural adhesive of the mucosal barrier, separating the
underlying tissue from the environment, allowing commu-
nication between cells and trans-cellular ionic transport.'®"

Understanding the participation of proteins in the
oesophageal epithelial barrier is essential to elucidate the
complex and multi-factorial nature of EoE. The goal of the
present study was to assess the expression of E-cadherin
and FLG in the oesophagus of paediatric and adolescent
patients diagnosed with EoE.

Material and Methods
Ethical considerations

The present study was approved by the Research Ethics
Committee of the Federal University of Uberlandia (UFU)
(Protocol No. 37330414.3.0000.5152). The legal guardians
of the participants and the adolescent participants signed
an informed consent form.

Study population

Patients aged 0-18 years with a diagnosis of EoE and other
gastrointestinal diseases, followed up at the Food Allergy
and Children’'s Gastroenterology Service of the Hospital de
Clinicas, Federal University of Uberlandia, State of Minas
Gerais, Brazil, were invited to participate in the study from
June 2015 to 2018. Twenty-four patients with EoE and 17

control patients were enrolled in the study. Data relating
to epidemiology were collected from the patients’ medical
records.

Upper digestive endoscopy

Endoscopic examinations were performed under anaesthe-
sia in the endoscopy sector of the same unit by two expe-
rienced paediatric endoscopists, using Olympus XP-150,
XP-140 and GIF-XP 160 gastroscopes, according to the size
of the children. Fragments of oesophageal mucosa were
collected, three in the middle oesophagus, and three in
the lower oesophagus, stomach and duodenum for the
anatomopathological examinations. Endoscopic findings
were entered in medical records.

Histological analysis

The fragments removed during the upper digestive endos-
copy were preserved in 10% buffered formalin and embed-
ded in paraffin. Subsequently, they were sectioned into
three micrometres thick slices, stained with haematoxy-
lin and eosin and analysed by a trained pathologist under
an optical microscope (Olympus BX 41) with 400-fold
magnification.

Immunohistochemical analysis

Sections of three micrometres thick biopsy specimens
embedded in paraffin were placed on histological slides
and treated with 3-aminopropyltriethoxysilane (SIGMA,
Chemical Co., USA). Then, they were deparaffinised in
xylene (two baths of 20min each), hydrated in decreasing
concentrations of ethanol, washed in running water (10 min)
and subjected to heat-induced antigen retrieval, using
EDTA buffer (0.3722g of EDTA per 1000ml of buffer, pH
8.03), and heated in a high-power microwave oven (three
cycles of 5min). Subsequently, they were cooled for 20min
and washed under running water. Endogenous peroxidase
activity was blocked with 10 volumes of hydrogen peroxide
(four baths of 3min). After being washed in running water
and immersed in phosphate buffer saline (pH 7.4), they
were incubated for 18h at 5°C with the FLG monoclonal
antibody (AE21) produced in mice (IgG, 200 micrograms/ml
- Santa Cruz Biotechnology, USA) and rabbit monoclonal
anti-E-cadherin antibody (clone EP700Y, Cell Marque, USA),
followed by the incubation for 30 min in a polymer detector
with peroxidase (Hi-Def rabbit HRP/mouse 954D-32; Cell
Marque, USA). Staining was performed by incubation with
substrate-chromogen 3,3'-diaminobenzidine developer solu-
tion in phosphate buffer saline (pH 7.4) for 5min, followed
by counterstaining with Harris' haematoxylin (1-2min). The
slides were dehydrated in increasing ethanol solutions,
cleared in xylene and mounted with coverslips and damar
gum. Positive controls were obtained using tissue sections
of skin, which are known to express the assessed FLG anti-
gens. The control used for E-cadherin was breast tissues
with neoplastic infiltrations. Expression was considered
present when the staining was detected throughout the
thickness of the mucosal epithelium, and under expression
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when there were areas of negative staining in the upper
two-thirds of the mucosa.

Statistical analysis

The Kolmogorov-Smirnov test was used to assess the nor-
mality of the distribution of variables. The Chi-square
test and Fisher's exact test were used for categorical vari-
ables when the frequencies were less than five. Regarding
the median age, an unpaired Student's t-test was used to
determine statistical differences between EoE patients
and control patients. The Mann-Whitney test was used for
numerical variables. The significance level for all analyses
was p<0.05. Analyses were performed using the GraphPad
Prism 7.0a (La Jolla, California, USA) software and the SPSS
Statistics (Armonk, NY, USA) software.

Results

Table 1 shows the clinical data, the number of eosino-
phils and the expression of E-cadherin in patients with EoE
and control patients. There was no statistical difference
in age and sex among case-patients and control patients.

Table 1 Clinical data and E-cadherin expression in EoE
patients and control patients.

EoE Without EoE

n=24 n=17 p

Age (years)? 10.8+0.1 8.6+0.1 0.1166
Sex®

Male 15 (62.5%) 10 (58.8%)  0.2159

Female 9 (37.5%) 7 (41.1%)
AsthmaP 9 (37.5%) 2 (11.7%)  0.0855
Rhinitis® 13 (54.1%) 14 (82.3%)  0.3211
Atopic dermatitis® 5 (20.8%) 0 (0.0%) 0.0650
Food allergy® 11 (45.8%) 0 (0.0%) 0.0009*
Number of 41.5 (33.03- 0 (0.10- <0.0001*

eosinophils® 70.39) 1.78)
Altered E-cadherin® 13 (54.1%) 1 (5.8%) 0.0020*

aStudent’s t-test; ®Fisher’s exact test; * p<0.01.

The presence of food allergies (IgE and no IgE mediated)
as vomiting, abdominal pain, diarrhoea and urticaria, was
significantly greater in patients with EoE in comparison to
control patients; however, there were no differences in the
other atopic diseases (asthma, allergic rhinitis and atopic
dermatitis). The diagnosis of food allergy was performed by
open challenge tests under medical supervision after and
before the sensitisation IgE tests. As expected, the num-
ber of eosinophils was higher in the EoE group than in the
control group. The reduced, therefore altered, expression
of E-cadherin was also significant in the patients of the
EoE group in comparison to the control patients (Table 1;
Figures 1.a and 1.b). On the other hand, and very inter-
estingly, we did not observe FLG expression in the immu-
nohistochemical assessments of the patients from the two
groups (Figures 2.a and 2.b). To confirm the functionality
of FLG-specific monoclonal antibodies used in the pres-
ent study, we performed immunohistochemistry for FLG in
skin specimens obtained from the control sample databank
of the pathology sector, which demonstrated normally
expected staining (Figure 2.c).

We also analysed the microscopic changes found in
patients with EoE relating to normal or altered E-cadherin
expression (Table 2). Only the number of eosinophils indi-
cated a statistically significant difference, whereas the
other findings indicated a similar difference. Therefore,
had the number of samples been increased, the difference
would have probably been the same.

Discussion

Despite advances in understanding the pathophysiology
of EoE, with consensual refinement for diagnosis and dis-
ease activity, there are still gaps in the understanding of
the role played by the oesophageal epithelial barrier, the
actual participation of its mucosal proteins and its perme-
ability change in the pathophysiology of the disease. "*"
EoE is an inflammatory oesophageal disease, with a sig-
nificant increase in prevalence and recognition in children
during the last decade. Its diagnosis is based on two pillars:
symptoms and histology.” Eosinophils are elements that
have already been categorised by other authors as being
of unique importance in the pathophysiology of the dis-
ease. In the present study, eosinophils were present in all

Figure 1

(A) Photomicrograph (40x4 magnification) of immunohistochemical staining for E-cadherin exhibiting large areas of

negative expression, mainly in the upper two-thirds of the mucosa in patients with EoE; 1. (B) Positive expression in the full

thickness of the mucosal epithelium.
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Figure 2 (A, B) Photomicrographs (40x4) of immunohistochemical staining for FLG in EoE patients and control patients; (C)
Photomicrographs (40x4) of immunohistochemical staining of FLG in control skin specimen.

patients with EoE. However, the fragility of the epithelial
barrier and the integrity of its proteins may be relevant in
its maintenance, perpetuation and, perhaps, at the begin-
ning of the inflammatory process.?*

In our patients, similarly to what was consensually
observed in the world literature, the disease exhibited a
strong correlation with atopic diseases such as food allergy
and atopic dermatitis.>* In particular, patients with atopic
dermatitis, the mutation of FLG expression and its consequent
loss of function would be responsible for the impairment of
skin permeability and subsequent allergic sensitisation.'

Some authors have observed that FLG and FLG gene
expression was lower in the oesophagus than in the
skin and is even more reduced in patients with EoE.'®"
However, our immunohistochemical analyses did not indi-
cate FLG expression in the oesophagus of the patients
from the two groups. On the other hand, our findings were
similar to those found by Benedetto et al. (2008), who
did not observe local expression of FLG in the middle,
proximal and distal oesophagus of atopic and non-atopic
patients. These authors concluded that the oesophagus—
as a non-keratin-producing mucosal surface organ—would
explain the non-expression of this protein in the oesopha-
geal epithelium of the assessed samples.” For this reason,
we consider that FLG should not be used as a biomarker of
the oesophageal barrier.

On the other hand, the assessment of the expression
of another junction protein (E-cadherin) indicated marked
under expression in our patients with EoE in comparison
to the control patients. E-cadherin is a part of the inter-
cellular junctions in epithelial cells that form a structural
adhesive of the mucosal barrier, separating the tissue from
the environment and allowing communication between
cells.?2?" The loss of adhesion could result from epithe-
lial aggression observed in patients with EoE. This protein
has already been studied in undifferentiated neoplasms,
in which its under expression was associated with greater
invasive power of tumours, indicating a clear involvement
of the barrier.222® E-cadherin has also been studied in aller-
gic diseases and seemed to contribute to the modulation of
the immune response. The studies of this protein in patients
with asthma and allergic rhinitis have indicated a reduction
in its expression in the nasal and pulmonary epithelia.?*?®
In the present study, patients with EoE were atopic in com-
parison to the control patients, and could exhibit deregula-
tion in the modulation of this barrier protein.

Table 2 E-cadherin expression and histological findings in
patients with EoE.

Normal Altered
E-cadherin E-cadherin
Histological findings n=11 n=13 p
Number of eosinophils® 28 (1-52) 73 (22-100) 0.0179*
Papillary elongation® 2 (18.1%) 6 (46.1%) 0.0608
Basal cell hyperplasia® 6 (54.5%) 12 (92.3%) 0.0608
Spongiosis® 8 (72.7%) 13 (100%)  0.0815
Eosinophilic 2 (18.1%) 6 (46.1) 0.2108

micro-abscesses®

aMann-Whitney test; "Fisher’s exact test; * p<0.05

In addition to the presence of eosinophils, other histo-
logical findings such as spongiosis, basal layer hyperplasia
and papillary elongation have already been described in
patients with EoE. Similarly, these findings were observed
in the patients of the present study.?* These observations
are the signs of mucosal aggression found in EoE and were
present in greater amounts in patients diagnosed with EoE
and E-cadherin under expression. It is worth noting that,
even though only the number of EOS indicated a statisti-
cally significant difference, the other histological findings
almost reached that difference. We attributed this fact to
the small sample size of our study.

Impairment of the epithelial barrier with findings sim-
ilar to those described in our patients has already been
found in patients with EoE and those with severe oesoph-
ageal damage (repaired oesophageal atresia and cerebral
palsy). Mucosal aggression could play a role in the gene-
sis of inflammatory processes in these patients and might
precede eosinophilia and possible allergen sensitisation. It
is also possible to consider whether these patients would
be part of a similar genetic profile that might predispose
them. processes.?6?”

The present study has some limitations, such as
its cross-sectional design and the number of patients
assessed. An interesting assessment would be the obser-
vation of E-cadherin throughout the treatment and control
of EoE to determine the presence of under expression of
this protein, even with the control of patients, and identify
possible EoE phenotypes.
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We could observe in our study that FLG does not seem

to play an important role in the mucosal alteration caused
by EoE and that E-cadherin under expression may be a
promising marker of epithelial damage in patients with
EoE. Further studies with a larger number of patients and
other proteins existing in the oesophageal mucosa is nec-
essary to understand the real participation of oesophageal
barrier proteins in the pathophysiology of this disease,
given that they can play a leading or supporting role in the
inflammatory processes affecting these patients.
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