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Abstract

AIM

To investigate the roles of the neuropeptides vasoactive
intestinal peptide (VIP), substance P (SP), and calcitonin
gene-related peptide (CGRP) in chronic gastritis and
duodenitis in children.

METHODS

Biopsy samples from the gastric and duodenal mucosa
of 52 patients and 30 control subjects were obtained.
Samples were taken for pathological examination,
immunohistochemical staining, enzyme activity mea-
surements and quantitative measurements of tissue
peptide levels.

RESULTS

We observed differential effects of the disease on
peptide levels, which were somewhat different from
previously reported changes in chronic gastritis in
adults. Specifically, SP was increased and CGRP and
VIP were decreased in patients with gastritis. The
changes were more prominent at sites where gastritis
was severe, but significant changes were also observed
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in neighboring areas where gastritis was less severe.
Furthermore, the degree of changes was correlated with
the pathological grade of the disease. The expression of
CD10, the enzyme primarily involved in SP hydrolysis,
was also decreased in patients with duodenitis.

CONCLUSION

Based on these findings, we propose that decreased
levels of VIP and CGRP and increased levels of SP
contribute to pathological changes in gastric mucosa.
Hence, new treatments targeting these molecules may
have therapeutic and preventive effects.

Key words: Gastritis; Neuropeptides; Childhood; Neutral
endopeptidase

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The etiology and pathogenesis of childhood
gastritis are not entirely known. The lamina propria of
the gastrointestinal tract includes sensory neuropeptides
that regulate gastric blood flow, local inflammatory
responses and healing processes. Vasoactive intestinal
peptide (VIP), substance P (SP), and calcitonin gene-
related peptide (CGRP) are such neuropeptides,
and their roles in chronic childhood gastritis are not
known. In this study, we investigated the changes in
neuropeptides in childhood gastritis and duodenitis.
Disturbances in the neuropeptide content in gastric
mucosa may cause gastritis. On the basis of our
findings, we propose that decreased levels of VIP and
CGRP and increased levels of SP may contribute to
pathological changes in gastric mucosa. New treatments
targeting these molecules may have therapeutic and
preventive effects.

Islek A, Yilmaz A, Elpek GO, Erin N. Childhood chronic gastritis
and duodenitis: Role of altered sensory neuromediators. World J
Gastroenterol 2016; 22(37): 8349-8360 Available from: URL:
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INTRODUCTION

Inflammation of the gastric mucosa is an important
cause of chronic abdominal pain in children. Neither
the gastric mucosa’s protective mechanisms nor the
pathogenesis of gastritis have been fully elucidated.
Increases in gastric acid secretion and Helicobacter
pylori (H. pylori) infections are the most important
factors implicated in the pathogenesis of gastritis.
Patients may not respond to conventional medical
treatments, which suggests the involvement of
unknown factors in the pathogenesis of gastritis!*,
The gastrointestinal system contains sensory
neuropeptides, such as vasoactive intestinal peptide
(VIP), substance P (SP), and calcitonin gene-related
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peptide (CGRP)™. SP increases the migration of immune
cells and cytokine production; therefore, it has sug-
gested that SP may regulate inflammatory processes
and wound healing™®. VIP has anti-inflammatory
effects through (1) decreasing the secretion of
proinflammatory cytokines (TNFa, IL-6, and IL-12); (2)
increasing the secretion of anti-inflammatory cytokines
(such as IL-10); and (3) reducing Th1l activation®,
CGRP has a vasodilatory effect, and blocking the CGRP
pathway causes an insufficient hyperemic response.
Disturbances in neuropeptide content may result
in mucosal damage, physiological stress, and mild
irritation™*",

Neutral endopeptidase (NEP, CD10) is a cell-surface
membrane-bound enzyme commonly located in the
brush border of the mucosa of the small intestine.
NEP has been suggested to function in the growth
and differentiation of intestinal epithelial cells. NEP
hydrolyzes SP and may terminate its biological
activity!?, To date, no studies have investigated
changes in SP, VIP, CGRP, and NEP levels in the gastric
mucosa of children. Advances in our knowledge of the
underlying mechanisms will help in developing new
treatment options.

The primary objective of this study was to inves-
tigate the roles of neuronal and non-neuronal peptides
in the pathogenesis of chronic gastritis in children. The
secondary objective was to investigate the changes in
NEP expression and activity in normal and inflamed
mucosa.

MATERIALS AND METHODS

This study was conducted between May 2012 and May
2013 at the Pediatric Gastroenterology Department of
the Akdeniz University Faculty of Medicine. The study
protocol was approved by the Ethics Committee at the
Faculty of Medicine, Akdeniz University, Antalya, Turkey
(protocol number: 14.05.2012/110). All patients and/
or their families gave written and verbal consent to
participate in the study.

Establishment of patient and control groups

Patients under the age of 18 who presented to the
outpatient clinic with abdominal pain and dyspepsia
(epigastric pain, discomfort, burning, and fullness,
with bloating, early satiety, nausea, and vomiting)
lasting longer than 3 mo and who underwent upper
gastrointestinal system endoscopy were included in
the study group. The control group included individuals
who presented with complaints other than dyspepsia,
such as weight loss, iron deficiency anemia, and
suspected celiac disease, and who underwent upper
gastrointestinal endoscopy.

At baseline, patients who were determined to have
gastritis £ duodenitis via endoscopic examination were
included in the study group, and patients who had
normal upper endoscopic examination results were
included in the control group. After the histological
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examination (based on the Sydney classification and
activity scores) patients were re-grouped™’!. Patients
whose histological examination results were normal or
who had Sydney 1 gastritis were included in the control
group. Patients with Sydney II or Il gastritis were
included in the study group. Patients with and without
duodenitis (based on a histological assessment) were
analyzed separately via CD10 staining.

Inclusion criteria

Pediatric patients who were scheduled to undergo
endoscopy for any reason and whose families gave
written and verbal consent to be included in the study;
Patients who did not have any contraindications for
endoscopic biopsy.

Exclusion criteria

Patients who had chronic diseases, such as malignancy,
diabetes mellitus, celiac disease, hemolytic uremic
syndrome, immune deficiency, and rheumatic diseases;
Patients who were receiving immunosuppressive
agents, anticoagulants, chemotherapeutic drugs, or
any non-steroidal anti-inflammatory drug; Patients who
had received a proton pump inhibitor, Hz blocker or any
antibiotics, including H. pylori eradication therapy, within
the previous three months.

Obtaining, storing, and processing of samples

The same pediatric gastroenterologist (Islek A)
performed all endoscopic examinations and biopsy
procedures using a Fujinon video endoscope. The
region between the oropharynx and the second part of
the duodenum was examined during the endoscopic
examinations, and endoscopic diagnoses were recorded.

Two biopsy samples were taken from the antrum of
all patients and used for the detection of H. pylori using
the rapid urease test. In patients with gastritis (based
on the endoscopic assessment), two biopsy samples,
one from where the gastric lesion was severe (S1)
and one from where the gastric lesion was less severe
(S2), were obtained from the antrum for pathological
examination and immunohistochemical staining. The
S2 biopsies were taken from tissue approximately
3-5 cm from S1. In addition, two more gastric biopsy
samples from S1 and S2 were taken for quantitative
measurements (ELISA) of tissue peptide levels and
NEP enzyme activity.

In patients with normal appearing gastric mucosa,
two biopsy samples from the antrum (C) were obtained
for pathological examination and immunohistochemical
staining, and two more gastric biopsy samples from
the antrum were taken for quantitative measurements
(ELISA) of tissue peptide levels and NEP enzyme
activity.

In all patients, three biopsy samples from the
second part of duodenum were obtained for histological
examination and NEP staining.

Paraffin blocks were prepared from all collected
tissue samples, and samples were cut into 4-um-thick
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sections. Sections were then incubated at 60 C for 5
min and stained with a CD10 primary antibody (anti-
CD10, Clone: 2A1H5E1; Thermo Fisher Scientific Inc.,
United Kingdom) using a closed-system automated
immunohistochemical staining device (Ventana, Roche,
United States) at the Department of Pathology. The
Sydney classification system was used to classify the
degree of gastritis™™. Biopsy samples for the ELISA
and enzyme activity assays were snap-frozen in liquid
nitrogen and kept at -80 “C until the analysis.

Measurement of peptide levels

We previously established a method to differentially
measure the SP levels present in nerve endings and
in non-neuronal tissue****!, Briefly, biopsy specimens
were cut into small pieces and kept in 1 mL of 2%
acetic acid at 95 °C for 10 min. Sequential collections
of the supernatant were performed in which the first
10-min extraction included predominately neuronal
SP, whereas the second extraction, which was re-
incubated in 1 mL of 2% acetic acid at 95 °C for 50
min, primarily yielded non-neuronal SP. Supernatants
were dried completely and then reconstituted in
150-300 pL of sample buffer from an SP EIA kit
(Cayman Chem., Catalog No. 583751). From each
sample, 25 and 50 uL were used for immunoassays,
which gave results with a 95% confidence interval.
Tissue extractions were also used for quantifying VIP
(Bachem-Pennisula Laboratories, cat. No. S1183) and
CGRP (Phoenix Pharmaceuticals, cat. No. EK-015-02)
via immunoassay. The detection limit for SP was
4-500 pg/mL, and we tested multiple dilutions of the
samples to avoid very low and high concentrations
because the assay is most sensitive within the 20-80
percentile (approximately 10-250 pg/mL). Under these
conditions, both intra- and inter-assay variabilities were
< 20%. The half maximal inhibitory concentration (ICso)
for VIP measurements was 200 pg/mL, and the same
precautions were taken to keep intra- and inter-assay
variabilities < 20%.

Measuring NEP-like activity
Dansyl-d-Ala-Gly-p-nitro-Phe-Gly, dansyl-d-Ala-
Gly, and phosphoramidon, a specific NEP inhibitor,
were purchased from Sigma (St. Louis, MO, United
States). Measurement of NEP activity was performed
as previously described, with some modifications!®.
Briefly, snap-frozen tissues were weighed and
sonicated five times on ice for 15 s in ice-cold 50
mmol/L Tris-HCI (pH 7.4) buffer that included 1%
Triton X-100. The homogenates were centrifuged at
10000 x g for 3 min to remove cellular debris and
nuclei and then stored at -80 “C until used.

Samples (10 puL) were pre-incubated with enalapril,
an angiotensin-converting enzyme (ACE) inhibitor,
to prevent the cleavage of the fluorogenic substrate
(N-dansyl-d-Ala-Gly-p-nitro-Phe-Gly) by ACE, in the
presence or absence of phosphoramidon. Following
this preincubation, the fluorogenic substrate was
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added, and samples were incubated for an additional 2
h at 37 °C. The final concentrations were 16.5 pmol/L
for enalapril, 16.5 umol/L for phosphoramidon, and
200 pmol/L for the substrate in a reaction volume
of 160 uL. After 2 h of incubation, the fluorescence
absorbance of the sample was recorded using a
BIOTEC FX800 Reader. The amount of product was
estimated by measuring its fluorescence intensity
at 562 nm, with excitation at 342 nm. Arbitrary
fluorescence units for each sample were compared
against a standard curve prepared using dansyl-d-Ala-
Gly (cleavage product) to determine the NEP-specific
activity per mg tissue. To verify the method, tissue
samples from freshly frozen kidneys were included as
a positive control.

Immunohistochemistry

Tissue neprilysin (NEP, CD10) levels were also
examined via immunohistochemistry. Immunostaining
was performed on formalin-fixed paraffin-embedded
sections. Sections from each block were deparaffinized
and heated in a microwave oven for 10 min for
antigen retrieval. Endogenous peroxidase was blocked
by incubating sections in 3% hydrogen peroxide in
methanol for 10 min. Each sequential incubation was
then followed by a thorough washing of the slides in
distilled water and phosphate-buffered saline (0.001%,
Sigma). After incubation with a monoclonal CD antibody
(Thermo Scientific, Fremont, CA, United States) for
60 min, the sections were allowed to react with a
biotinylated secondary antibody for 15 min, followed
by an incubation with streptavidin for an additional 15
min. Finally, all slides were treated with DAB for color
development and were then counterstained with Mayer’
s hematoxylin. Negative controls were created using
non-reactive TBS-1% BSA at the same concentration as
the primary antibody. Serial sections from an abdominal
lymph node from a patient diagnosed with diffuse
large-cell lymphoma were used as positive controls for
CD10 staining. Staining was evaluated separately in
foveolar, glandular, and endocrine cells. The staining
patterns were classified as focal or diffuse. The
intensity of staining was classified as weak, moderate,
or strong. The distribution of staining (cytoplasmic or
membranous) was also noted.

Histopathological examination

Histopathological examinations were performed by the
same experienced pathologist (OE). The evaluations
were performed according to the Sydney classification
system!*!. Grouping (control or study group) was
performed according to the chronicity and degree
of the activity score (based on mononuclear cell
infiltration).

Determining the presence of H. pylori infections
H. pylori infection diagnoses were performed with
rapid urease tests and histopathological examinations.
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Statistical analysis

Statistical analysis were performed using SPSS
software 18.0 and GraphPad InStat 3 software.
Paired or unpaired t-tests were used for comparing
parametric values in accordance with a normal
distribution, and Pearson’s chi-square tests were used
for analyzing descriptive statistics. A P value < 0.05
was considered to be statistically significant.

RESULTS

Of the 163 consecutive patients who underwent upper
endoscopic examination, 14 were excluded because of
their refusal to participate in the study, 8 because of a
diagnosis of celiac disease, four because of insufficient
samples, and 51 because of the previous use of proton
pump inhibitor, H. pylori eradication therapy or NSAIDs
and the presence of other chronic diseases. In addition,
four patients who had bile reflux during the endoscopic
examination were excluded from the study because
of the insufficient number of patients for a statistical
analysis. After the histological examination, the study
group comprised 52 patients who had grade I or
Il chronic gastritis, and the control group, who had
grade I chronic gastritis or histologically normal gastric
mucosal samples, comprised 30 patients. Histologically
defined gastritis was present in all patients whose
endoscopic examinations indicated gastritis. After
the histological examination, ten patients with
grade [ gastritis were moved from the study group
to the control group, and ten patients with grade II
gastritis were moved from control group to the study
group (Figure 1). The demographic characteristics of
the patients are shown in Table 1.

Changes in substance P levels in patients with gastritis
The S1 and S2 biopsy samples underwent a 2-step
extraction, and their SP levels were measured via
ELISA. Although the first extraction mostly contained
SP from neurons, the SP in the second extraction
reflected levels outside of neurons'”’,

In both the first and second extractions, SP levels
were significantly higher in S1 than in C samples
(14980.11 £ 1950.82 pg/g vs 6913.20 + 1360.56 pg/g
tissue in the first extraction and 8249.51 £ 1342.45
pg/g vs 2977.23 £ 777.21 pg/g tissue in the second
extraction, respectively). Moreover, SP levels were
significantly higher in the S1 than in S2 samples in both
extractions (14980.11 + 1950.82 pg/g vs 6370.18 +
1603.87 pg/g tissue in the first extraction and 8249.51
+ 1342.45 pg/g vs 2980.37 + 742.35 pg/qg tissue in the
second extraction, respectively). However, there were
no significant differences in SP levels between the S2
and C samples in either the first or second extractions
(6370.18 £ 1603.87 pg/g vs 6913.20 £ 1360.56 pg/g
tissue in the first extraction and 2980.37 £ 742.35
pg/g vs 2977.23 £ 777.21 pg/g tissue in the second
extraction, respectively) (Figure 2A).
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14 patients did not want to
participate to the study

Four patients were excluded
because of insufficient material

51 patients were excluded
because of using PPI, H. pylori
eradication therapy or NSAIDs
and other chronic diseases

Eight patients were excluded
because of diagnosis of celiac

disease

Four patients were excluded

because of bile reflux

163 consecutive patients who
underwent upper endoscopic —
examination
110 patients with dyspeptic complaints
and
39 patients with non-dyspeptic complaints
(such as iron deficiency, weight loss, and
suspicion of celiac disease)
52 patients 30 patients
study group control group

Figure 1 Patient recruitment flowchart. PPI: Proton pump inhibitor; H. pylori: Helicobacter pylori.

Table 1 Demographic characteristics of the patients

Patient characteristics Study group Control group P value
n 52 30

Age (y1)

mean 12.47 +4.087 11.6 + 4.065

median 13.5 12.6 0.847
range 6-17 6-17

Sex (E/M) 29/23 17/13 0.981
Grading of gastritis S1 S2 Normal gastric

(Sydney class, activity mucosa; 14 patients

score)

Mild (Grade 1) - 44

Moderate (Grade IT) 24 8 Grade [ gastritis;

Severe (Grade IIT) 28 16 patients

H. pylori 23 6 0.027

H. pylori: Helicobacter pylori.

Changes in SP levels in H. pylori (+) and (-) patients

H. pylori was detected in 29 of 82 individuals in the
study. There were no significant differences in SP
levels between H. pylori-positive and H. pylori-negative
individuals (Figure 2B).

Changes in substance P levels according to gastritis
grade

There were significant differences in SP levels between
patients with mild (Sydney I ) and moderate/severe
(Sydney II or Sydney III) gastritis. SP levels were
higher in the patients with Sydney II or Sydney III
gastritis than in those with Sydney I gastritis (16734.86
+ 1754.35 pg/g vs 6534.27 + 986.45 pg/g tissue
in the first extraction and 8790.83 + 1326.92 pg/g
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vs 3567.23 + 1065.21 pg/g tissue in the second
extraction, respectively) (Figure 2C).

Effects of sex on tissue SP levels

We did not observe any significant difference in SP
levels in the first and second extractions in the study
group (S1 and S2) and control group (C) between girls
and boys.

Changes in vasoactive intestinal peptide levels in
gastritis patients

In the first and second extractions, VIP levels were
significantly higher in the C samples than in both S2
(11633.70 + 2596.89 pg/g vs 4867.64 + 1862.84
pg/g tissue in the first extraction and 8339.03 +
2437.23 vs 3435.87 £ 707.74 pg/g tissue in the
second extraction, respectively) and S1 (11633.70
+ 2596.89 pg/g vs 288.21 + 116.24 pg/g tissue
in the first extraction and 8339.03 £+ 2437.23 pg/
g vs 1895.53 £ 655.41 pg/g tissue in the second
extraction, respectively) samples. Also, VIP levels
were significantly lower in S1 than in S2 samples
in both the first and second extractions (288.21
+ 116.24 pg/g vs 4867.64 £ 1862.84 pg/g tissue
in the first extraction and 1895.53 £ 655.41 pg/g
vs 3435.87 £ 707.74 pg/g tissue in the second
extraction, respectively) (Figure 3A).

Changes in VIP levels in H. pylori (+) and (-) patients

No significant differences in VIP levels was detected
between H. pylori (+) and H. pylori (-) individuals
(Figure 3B).
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Figure 2 Substance P levels in the control (n = 30) and study (n = 52) groups. A: Substance P (SP) levels were significantly higher in the gastric mucosa from
sites with severe gastritis (S1) (a) than in the control group in both the first and second extractions (b) (P = 0.001 and 0.004, respectively). SP levels were significantly
higher in S1 (a) sites than in areas with less severe gastritis (S2) (c) in both extractions (P = 0.006 and 0.001, respectively). However, there were no significant
differences in the SP levels between the S1 and S2 samples in both the first and second extractions (P = 0.81 and 0.99, respectively); B: There were no significant
differences in the SP levels between H. pylori (+) and H. pylori (-) patients; C: SP levels were significantly higher in patients with high-grade gastritis. H. pylori:

Helicobacter pylori.

Changes in VIP levels according to gastritis grade
There were significant differences in VIP levels
between patients with mild (Sydney grade I ) and
moderate/severe (Sydney grade II or IlI) gastritis.
VIP levels were higher in patients with a mild disease
than in patients with a moderate/severe disease
(6876.12 £ 896.31 pg/g vs 256.68 £ 46.87 pg/g
tissue in the first extraction and 4045.23 + 876.21
pg/g vs 1042.12 + 241.12 pg/g tissue in the second
extraction, respectively) (Figure 3C).

Effects of sex on tissue VIP levels

We did not observe any significant difference in VIP
levels in the first and second extractions in the study
group (S1 and S2) and control group (C) between girls
and boys.

Changes in calcitonin gene-related peptide levels in
patients with gastritis
In the first and second extractions, CGRP levels
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were significantly lower in S1 than in the C samples
(229.56 + 49.63 pg/g vs 1184.18 + 80.46 pg/g
tissue in the first extraction and 397.80 + 145.84
vs 1184.18 £+ 80.46 pg/g tissue in the second
extraction, respectively) and in S2 than in C samples
(947.42 £ 265.65 pg/g vs 1184.18 + 80.46 pg/g
tissue in the first extraction and 618.02 + 206.71 vs
1184.18 + 80.46 pg/g tissue in the second extraction,
respectively). Moreover, CGRP levels were lower S1
than in S2 samples (229.56 + 49.63 pg/g vs 947.42
+ 265.65 pg/q tissue in the first extraction and 397.80
+ 145.84 pg/g vs 618.02 + 206.71 pg/g tissue in the
second extraction, respectively) (Figure 4A).

Changes in CGRP levels in H. pylori (+) and (-) patients
There was no significant difference in CGRP levels
between H. pylori (+) and (-) individuals (Figure 4B).

Changes in CGRP levels according to gastritis grade
There were significant differences in CGRP levels
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Figure 3 Vasoactive intestinal peptide levels in the control (n = 30) and study (n = 52) groups. A: Vasoactive intestinal peptide (VIP) levels were significantly
lower in the gastric mucosa from sites with severe (S1) and less severe (S2) gastritis than in the control group. (P = 0.0095, P = 0.0013, first extraction, respectively
(aand b); P =10.001, P = 0.030, second extraction, respectively (a and b)]. The VIP levels were significantly lower in S1 (a) samples than in S2 (c) samples in both
the first and second extractions (P = 0.017 and P = 0.030, respectively); B: There were no significant differences in VIP levels between H. pylori (+) and H. pylori (-)
patients; C: VIP levels were significantly higher in patients with low-grade gastritis. H. pylori: Helicobacter pylori.

between patients with mild (Sydney grade 1) and
moderate/severe (Sydney grade II or II) gastritis.
CGRP levels were higher in patients with grade [ gastritis
than in those with grade 11 or Il gastritis (1063.87
+ 276.51 pg/g vs 312.34 x 43.61 pg/g tissue in the
first extraction and 862.85 = 112.29 pg/g vs 328.13 +
49.12 pg/gq tissue in the second extraction, respectively)
(Figure 4C).

Effects of sex female status on tissue CGRP levels

We did not observe any significant difference in CGRP
levels in the first and second extraction in the study
group (S1 and S2) and control group (C) between girls
and boys.

Changes in neutral endopeptidase in patients with
gastritis

The gastric mucosa samples of 45 patients from the
study group and 29 patients from the control group
were stained for CD10, and the staining characteristics
of epithelial cells and lymphoplasmacytic cells were
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recorded. We also measured NEP activity in freshly
frozen tissues.

In the study and control groups, no CD10 staining
at the gastric epithelium was observed (Figure 5A and
B). In accordance with this observation, we did not
detect measurable levels of NEP-like activity in these
samples.

In 38 of the 45 patients in the study group,
CD10 staining was positive (focal or diffuse) in
lymphoplasmacytic cells in S1 samples, whereas no
staining was observed in seven patients. In 28 S1
biopsy samples from patients, diffuse staining was
observed in lymphocytic cells, and focal staining was
observed in 10 patient samples. In 15 S2 biopsy
samples from patients, CD10 staining was diffuse, and
in 23 patient samples, the staining was focal. Based on
the statistical analysis of these results, S1 staining was
significantly more diffuse than S2 staining (Pearson's
chi-square test, P = 0.002). In the H. pylori (+)
patients, intense staining was observed in the germinal
centers of lymphoid follicles.
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Figure 4 Calcitonin gene-related peptide measurements in the control (n = 30) and study (n = 52) groups. A: The calcitonin gene-related peptide (CGRP)
levels were lower in the gastric mucosa from sites with severe (S1, b) and less severe (S2, a) gastritis than in the control group in the first and second extractions (P
=0.011, P = 0.031, first extraction, respectively; P = 0.002, P = 0.004, second extraction, respectively). Moreover, in the study group, CGRP levels were lower in S1
than in S2 samples in both the first and second extractions (P = 0.037 and P = 0.046, respectively); B: No significant differences in the CGRP levels were observed
between H. pylori (+) and H. pylori (-) patients in the first and second extractions; C: CGRP levels were significantly higher in patients with low-grade gastritis. H.

pylori: Helicobacter pylori.

Despite the positive staining of some samples, we
could not detect measurable levels of NEP-like activity,
suggesting that factors extracted during the sample
preparation inhibit the enzymatic activity of NEP™".

In 27 of the 29 patients in the control group, CD10
staining was positive in lymphoplasmacytic cells,
whereas no staining was observed in samples from
two patients. In eight patients, sample staining was
diffuse. However, samples from 19 patients had focal
staining. These results indicate that the gastric mucosa
(lymphoplasmacytic cells) of the control group had less
diffuse staining than did the severe and less severe
areas of gastritis of the study group (P = 0.011 and P
= 0.040, respectively; Pearson’s y° test).

Changes in CD10 in patients with duodenitis

We investigated CD10 staining in the duodenal
mucosa, which reflects NEP activity. The patients
without duodenitis (n = 30) had more pronounced
diffuse and strong CD10 staining than did the patients
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with duodenitis (n = 52, P = 0.012) (Figure 5C). The
loss of CD10 staining was more pronounced in cases
of severe (based on the severity of mononuclear cell
infiltration) duodenitis (33/52).

DISCUSSION

Gastritis, which is defined as an inflammation of the
gastric mucosa, is a major cause of chronic abdominal
pain in children™. In the current study, we investigated
the roles of neuronal and non-neuronal peptides in
the pathogenesis of chronic childhood gastritis. We
observed differential effects of the disease on peptide
levels. Specifically, SP was increased and CGRP and
VIP were decreased in patients with severe gastritis.
The changes were more prominent in S1 areas (where
the gastritis was severe), but significant changes were
also observed in the neighboring tissue (areas with less
severe gastritis). In addition, the changes correlated
with the pathological grade. The expression of CD10,
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Figure 5 Gastric mucosa samples stained with CD10. A: In patients with gastritis, diffuse CD10 positivity is shown in lymphocytes under the surface epithelium.
Staining was not observed in the glandular epithelium (CD10, magnification x 200); B: CD10 positivity is shown in lymphocytes inside the epithelium of patients with
gastritis. Staining was not observed in the glandular epithelium (CD10, magnification x 400); C: Intense positive staining is shown in the brush borders of the surface
epithelium and supranuclear cytoplasm from healthy duodenal samples (CD10, magnification x 100 and 200); D: Loss of CD10 staining on the surface epithelium of

duodenal samples from patients with duodenitis.

the enzyme primarily involved in the hydrolysis of SP
was also decreased in patients with duodenitis.

SP is an inflammatory peptide that is mainly
released from sensory nerve endings. In the gas-
trointestinal tract, SP and its receptor have been
reported to be extensively expressed in myenteric
and submucosal nerve plexuses. In addition, SP is
found in neutrophils, eosinophils, macrophages, and
dendritic cells. SP plays roles in muscle contraction,
epithelial ion transport, vascular permeability, and the
regulation of immune function™®?*. The inflammatory
activity of SP has often been shown in in vitro studies
and in animal experiments. Specifically, the activation
of SP-containing nerve endings increases neutrophil,
lymphocyte, monocyte, and fibroblast chemotaxis,
suggesting a role in neurogenic inflammation™*2%,
Although experimental studies have shown that SP
plays an important role in the formation of ulcers, it is
not known how the levels of SP change in association
with childhood gastritis. Here, we used a quantitative
approach and found that SP is increased in both
neuronal and non-neuronal diseased-tissue in a grade-
dependent manner. Furthermore, the presence of an
H. pylori infection did not alter SP levels; hence, SP
probably exerts its inflammatory effect independent of
H. pylori infections.

These findings correlate well with the inflammatory
role of SP but differ from the results reported for adult
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patients in a study using a very similar approach!*”,
Specifically, Erin et al''’! evaluated 57 adult patients
with gastritis and reported two-way changes in SP
levels. In patients with gastritis, SP levels in gastric
mucosa with a lesion were found to be similar to the
levels in healthy gastric mucosa, even though the
amount of neuronal SP was significantly lower in
lesion-free gastric mucosa than in healthy mucosa. The
researchers suggested that neuronal SP is suppressed
in lesion-free regions in patients with gastritis, which
may suggest a degeneration of sensory nerve endings.
However, the researchers did not compare their
findings based on the Sydney classification system
in that study. Also, differences between adult and
pediatric patients might be due to lower physiological
levels of neuronal SP in children. This possibility
should be evaluated further. Our results, together
with previously published data on SP, suggest that an
SP antagonist may have therapeutic value in treating
children with chronic gastritis.

VIP has anti-inflammatory effects by reducing
the secretion of proinflammatory cytokines (TNFa,
IL-6, and IL-12), increasing the secretion of anti-
inflammatory cytokines (such as IL-10), and reducing
Th1 activation'*”). VIP analogs have been shown to be
useful in inflammatory and autoinflammatory models,
such as models of endotoxic shock, Crohn’s disease,
ulcerative colitis, rheumatoid arthritis, Parkinson’s
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disease, and brain injury®®. Information regarding the
change in VIP levels in upper gastrointestinal diseases
is very limited. In an experimental cold-induced stress
ulcer rat model, the administration of intraperitoneal
VIP led to decreased histamine and methylhistamine
levels and healing of mucosal ulcers®, and a few
animal studies have demonstrated gastro-protective
effects of VIP***Y, In a study with a limited number
of adult H. pylori (+) gastritis patients, VIP levels
were shown to be decreased in the gastric mucosa.
Researchers have suggested that this decrease in
VIP levels may play a role in the pathogenesis of
gastritis'*®, In 1985, 8 adult patients with duodenal
ulcers were reported to have increased levels of VIP
in their proximal duodenal mucosa®'!. In 2012, Erin
et al''’! evaluated 57 adult patients and reported that
neuronal VIP levels were significantly higher in healthy
gastric mucosa samples than in samples from patients
with gastritis and ulcers. In addition, reductions in VIP
levels, particularly VIP of neuronal origin, were shown
to be more pronounced in patients with peptic ulcers.
Therefore, the researchers suggested that reductions
in VIP levels may lead to inflammatory gastrointestinal
pathologies, such as gastritis and ulcers. In our study,
we found that VIP levels were significantly higher in
healthy gastric mucosa and in areas with mild gastritis
(control group) compared with the levels in areas with
moderate-severe gastritis (both S1 and S2). Moreover,
we also found that VIP levels in S1 samples were
significantly lower than levels in S2 samples in the first
and second extractions.

In our study, we did not find any relationship
between decreased VIP levels and H. pylori infections.
VIP increases the secretion of HCOs™ in the mucus,
contributing to the protection of the underlying
epithelium®. The decreased levels of VIP may lead
to the degradation of the gastric mucus barrier and
damage to gastric epithelial cells, which in turn allows
the easy penetration of H. pylori. The results of our
study suggest that reductions in VIP rather than H.
pylori infections causes gastritis, which is consistent
with the findings of the study by Erin et a*”! on adult
patients. Our study is the first to evaluate the VIP levels
in childhood gastritis and suggests that mimetics of
VIP may have a therapeutic value in treating childhood
gastritis.

Blocking the CGRP pathway (such as via the
ablation of afferent nerves with capsaicin) decreases
the protective hyperemic response. In experimental
studies, the administration of CGRP has been shown
to result in the stimulation of sensory nerves, and in
various experimental gastric ulcer models, CGRP has
been found to create a protective effect. CGRP also
accelerates the healing of gastric mucosal lesions
and gastric ulcers created by various ulcerogenic
factors!*®****, It has been suggested that CGRP and
its receptor in the transient receptor potential vanilloid
type-1 pathway might be novel targets for therapeutic
agents in treating gastric mucosal injury and visceral
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sensitivity in functional bowel syndrome!®*%,

Sipos et al'"” evaluated 10 adult patients with
gastritis and found that CGRP- containing immuno-
reactive nerve endings were slightly decreased relative
to the number present in the control group. In our
study, we found that CGRP levels were lower in S1
and S2 samples in the first and second extractions
in children with gastritis compared with levels in the
controls. Moreover, the CGRP levels were lower in
S1 than in S2 samples. These results indicate that
decreased levels of CGRP might be involved in the
pathogenesis of gastritis. To our knowledge, this study
is the first to evaluate changes in CGRP and their
effects on pediatric patients with gastritis. Finally, we
observed no differences in SP, CGRP, or VIP levels in
the H. pylori (+) vs H. pylori (-) groups, but we found
significant differences in patients with grade I vs II1-1I
gastritis. The reason for this is related to the fact that
almost half of the patients in the study group, where
severe gastritis was more common, were H. pylori (-).
Therefore, we suggest that changes in neuropeptides
can cause gastric mucosal damage independent of H.
pylori infection.

NEP is a membrane-bound cell-surface enzyme
that is densely concentrated in the brush border
of the small intestinal mucosa. In healthy mucosa,
linear (regular) CD10 staining was observed via
immunohistochemical methods. Trejdosiewicz et a/t*”!
reported no CD10 staining in healthy gastric mucosa
in patients with celiac disease. In our study, we did not
observe any NEP enzyme activity in the gastric mucosa
or epithelial CD10 staining. In adults with chronic
gastritis, intraepithelial neutrophil density indicates
the extent of mucosal damage. Neutrophil density has
been shown to be far lower in children than in adults,
but lymphocyte infiltration is more prominent™®!. In
our study, diffuse CD10 staining of gastric mucosal
lymphoplasmacytic cells was significantly lower in the
control group than in the study group. Moreover, we
observed more intense CD10 staining in S1 than in
S2 samples. Hematopoietic progenitor cells, called
common lymphoid progenitors, have the potential to
transform into T, B, and natural killer cells and express
NEP. The more frequent detection of CD10-positive
lymphoplasmacytic cell-inflamed regions suggests that
cells expressing NEP may play a role in the onset or
aggravation of inflammation.

NEP hydrolyzes SP at the GIn®-Phe’, Phe’-Phe®
and Gly®-Leu regions and creates SP fragments with
different activities!*?!. In our study, we observed
elevated SP levels and an increased presence of
CD10 positive cells in regions with lesions, which
can be interpreted as a reactive response. The role
and significance of epithelial NEP expression seem to
differ from the role and significance of its expression
in immune cells. Epithelial NEP expression seems to
be important in the protection of the mucosa. NEP
may have a role in the growth and differentiation
of intestinal epithelial cells, and it has been used in
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support of diagnoses of microvilli inclusion disease
using light microscopy™’***!1, In a study of ulcerative
colitis patients, a regular staining pattern was detected
in healthy ileal mucosa, but no staining was observed
in inflamed mucosa'®®, and changes in NEP expression
were reported in a patient with intestinal metaplasia
accompanied by gastric adenocarcinoma'®*!. Moreover,
we observed a more prominent diffuse CD10 staining
pattern in the duodenal mucosa of patients without
duodenitis than in those with duodenitis.

Our study is the first to evaluate the level and
expression of NEP in inflamed gastric mucosa and
the duodenum, and our results suggests that the
loss of epithelial NEP activity is involved in duodenal
inflammation. The changes observed in inflammatory
infiltrates most likely signify the reactive infiltration
of immature immune cells associated with gastritis.
In conclusion, based on these findings, we propose
that decreased levels of VIP and CGRP and increased
levels of SP contribute to the pathological changes in
the gastric mucosa observed in patients with gastritis.
Hence, new treatments targeting these molecules may
have therapeutic and preventive actions.
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COMMENTS

Background

Chronic gastritis is an important childhood health problem. The disruption of
balance between aggressive and protective factors of gastric mucosa has been
demonstrated to lead to gastritis. And Helicobacter pylori (H. pylori) infection is the
most important factor implicated in the pathogenesis of gastritis. However, neither
the gastric mucosa’s protective mechanisms nor the pathogenesis of gastritis
have been fully elucidated. Patients may not respond to conventional medical
treatments or H. pylori eradication therapy which suggests the involvement of
unknown factors in the pathogenesis of gastritis. The gastrointestinal system
contains some regulatory sensory neuropeptides that may play a role in gastritis
pathogenesis. There are insufficient data regarding in this issue.

Research frontiers

It has been suggested that substance P (SP) may regulate inflammatory
processes, vasoactive intestinal peptide (VIP) has anti-inflammatory effects,
and calcitonin gene-related peptide (CGRP) has a vasodilatory effect. Neutral
endopeptidase (NEP) hydrolyzes SP, it may terminate its biological activity and
it has been suggested to function in the growth and differentiation of intestinal
epithelial cells. To date, no studies have investigated changes in SP, VIP, CGRP,
and NEP levels in the gastric mucosa of children. Disturbances in neuropeptide
content may result in mucosal damage. Advances in current knowledge of the
underlying mechanisms will help in developing new treatment options.

Innovations and breakthroughs

In a recent study with adults authors found that, neuronal SP levels decreased
significantly in normally appearing mucosa of patients with gastritis while levels
of non-neuronal SP increased in diseased areas of gastritis and ulcer. The
content of VIP in both disease-involved and uninvolved mucosa, and expression
of NEP, markedly decreased in patients with gastritis or ulcer. Since VIP, as well

Baishidenge ~ WJG | www.wjgnet.com

Islek A et a/. Neuropeptides in childhood gastritis

as SP fragments, formed following hydrolysis with NEP is recognized to have
gastroprotective effects, decreased levels of VIP, SP and NEP may predispose
to cellular damage. In the present study, the authors aimed to investigate the
roles of neuronal and non-neuronal peptides in the pathogenesis of chronic
gastritis in children.

Applications

Advances in the knowledge of the authors’ underlying mechanisms will help in
developing new treatment options. The use of SP antagonists, VIP analogues
or targeting the CGRP pathway with novel therapeutic agents can be a good
treatment option.

Terminology

Inflammation of the gastric mucosa is defined as gastritis. The gastrointestinal
system contains sensory neuropeptides, such as VIP, SP, and CGRP.
Disturbances in neuropeptide content may result in gastritis.

Peer-review

Authors reported that in this study decreased levels of VIP and CGRP and
increased levels of SP contribute to pathological changes in gastric mucosa in
children. The results suggest that new treatments targeting these molecules
may have therapeutic and preventive effects.
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