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Purpose: The study aimed to explore the level of psychological stress factors, mast cell
(MC), and neuropeptide in the occurrence of irritable bowel syndrome (IBS) and the
correlation among them, and to identify representative and effective indicators for the
pathogenesis and clinical medication development of IBS.

Subjects and Methods: Twenty-eight patients (20-64 years old) with diarrhea-
predominant IBS (IBS-D) were included in the IBS-D group and 8 healthy subjects
(3563 years old) were enrolled in the control group. All subjects accepted the colono-
scopic biopsies, self-rating depression scale (SDS) and self-rating anxiety scale (SAS)
assessment. MC degranulation, neuropeptide S (NPS), neuropeptide Y (NPY), NPY recep-
tor 2 (NPY2R) and Protease-activated receptor 2 (PAR-2) in colon tissues were performed
by Strept Avidin-Biot complex (SABC) immunohistochemistry. Enzyme-linked immuno-
sorbent assay (ELISA) detection was used to test the expression of NPS and NPY in
peripheral blood plasma and colon tissues. Western blot was applied to examine the level
of NPY2R and PAR-2.

Results: The level of anxiety and depression of patients with IBS-D was more serious than
that in the control. The expression of NPS, NPY and NPY2R was down-regulated in the IBS-
D. The total MC and tryptase-positive MC increased significantly in the colon tissue of IBS-
D and the expression level of PAR-2 was significantly up-regulated.

Conclusion: There has been a close connection among those indicators that the activated
MC may up-regulate the function of PAR-2, resulting in the change of neuropeptide (NPS
and NPY), successively leading to clinical symptoms and psychological negative changes in
the IBS.

Keywords: Irritable bowel syndrome, diarrhea, neuropeptide, protease-activated receptor 2,
mast cell

Background

Irritable bowel syndrome (IBS) is a common disease with a high incidence rate that
imposes enormous burdens on healthcare systems.' According to the predominant
stool form and bowel habits of patients there are four heterogeneous clinical
phenotypes of IBS: diarrhea-predominant IBS (IBS-D), constipation-predominant
IBS (IBS-C), mixed IBS and unclassifiable IBS.” IBS features various symptom
combinations including abdominal pain mainly, bloating, and altered stool fre-
quency, in the absence of any detectable organic disease or available clinical tests
and examinations.® It has been reported that the worldwide prevalence of IBS is
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approximately 10-20%.* The pathogenesis of IBS is
unclear so far, however, multifactorial factors such as
genetics, dietary intolerance, alterations in the gastrointest-
inal (GI) microbiota, visceral hypersensitivity, increased
intestinal permeability, small intestinal overgrowth
(SIBO), intestinal immune activation, disruption of the
gut-brain axis, abnormal pain processing, behavioral path-
ways, and altered GI motility have been reported.>*
Comorbidity of IBS and psychological disorders is
known to be widespread. According to US statistics,
47% of patients with IBS have a variety of common
mental diseases, including major depression, generalized
anxiety disorder, panic disorder, somatization disorder and
post-traumatic stress disorder, etc.” Studies also confirmed
that psychological stress can increase the visceral sensitiv-
ity in the gastrointestinal tract, thus playing an important
role in the onset of functional gastrointestinal diseases
such as IBS.® What’s more, other researches further
revealed that mental anxiety and depression, which may
be regulated by some major tyrosine peptides, such as
Neuropeptide Y (NPY),” were closely associated with the
onset of IBS-D and can be an effective target for its
treatment.'® In fact antidepressants, antianxiety drugs,
and some other psychotherapy (non-drug therapy) do
exert exact effects on IBS to a certain extent."’
Neuropeptide S (NPS), a 20 amino acid peptide, which
is highly conserved among mammals, works by binding to
the NPS receptor selectively.'> The activation of the NPS
system can lead to relief of anxiety.'? Another neuropep-
tide, NPY, as a 36-residue amidated peptide, is simulta-
neously existed in the central and peripheral nervous
systems.'* Combining with the receptor, the NPY system
can control memory retention, energy homeostasis, sleep
regulation, regulation of food intake and vasoconstriction.
Applied for the development of various kinds of agonists
and antagonists, it plays a critical role in treating diseases
such as epilepsy, neurodegenerative disorders, obesity, and
psychiatric disorders.'> Protease-activated receptor 2
(PAR-2), also called trypsin receptor 1, belongs to
a family of four G protein-coupled receptors, which is
reported to be connected with visceral pain in the colon
and results in increased recruitment of inflammatory cells,
including mast cell (MC).'*'” Inflammatory molecules
secreted by those activated cells, such as histamine and
proteases, increase the synthesis of inflammatory media-
tors by MC, which promote visceral hypersensitivity in
patients with IBS-D.'® Abnormal activation of PAR-2 by
colonic MC, induce visceral

in turn, appears to

hypersensitivity in patients with IBS-D as well. So far
accumulated pieces of evidence have indicated that IBS
pathophysiology has been linked to life stress, epithelial
barrier dysfunction, and MC activation.'® Yet the role of
mediators of stress responses in the gastrointestinal tract
on IBS mucosal function remains largely unknown.
Therefore, we hypothesize that there might be a linked
relationship between MC, PAR-2 and neuropeptide, which
could cause relevant clinical symptoms and psychological
negative changes in IBS patients.

This trial selected IBS-D patients, with the assessment
of depression and anxiety, measuring the expression level
of NPS, NPY, PAR-2, NPY2R, exploring the correlation of
psychological stress, MC, PAR-2 and brain intestinal pep-
tide in the occurrence and development of IBS, actively
investigating representative and effective indicators for
pathophysiology and clinical treatment of IBS.

Subjects and Methods
Subjects

This trial was approved by the ethics committee of the Sir
Run Run Shaw Hospital. Colonic mucosal biopsy speci-
mens were collected with the informed consent of patients.
The whole process of this study was conducted in accor-
dance with the Declaration of Helsinki.

From October 1, 2016 to September 30, 2017, 28
patients who met the IBS-D inclusion criteria were
recruited, including 13 males and 15 females, aged from
20 to 64 years old with an average age of 44.35 years.
While simultaneously 8 healthy volunteers were enrolled
as normal control, including 4 males and 4 females, aged
from 35 to 63 years, with a mean age of 47.88 years. All
subjects included in the study were informed of relevant
matters and signed informed consents.

IBS Diagnostic Standard

The diagnostic criteria for IBS-D patients were derived
from Roman IV standards: In the last three months, at least
3 days per month of recurrent abdominal pain, and with
the two or more items described below: abdominal pain
and bowel movement; Frequency of defecation changes
(>3 times per day); Fecal changes (watery stool or mucus
stool).

Symptoms of IBS-D patients appear at least 6 months
prior to the establishment of the diagnosis and last for 3
months. And abdominal pain occurs at least one day
a week. Importantly, there is no evidence of organic
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lesions that could explain the above symptoms, including
Only
patients who meet all the above criteria can be finally
diagnosed with IBS-D.

biochemical and B-ultrasonography inspection.

Inclusion Criteria

Subjects conformed to all of the following claims were
included in the IBS-D group: 1) Patients who meet the
above IBS-D diagnose standard; 2) No evidence of struc-
tural diseases that can explain the above symptoms
(including biochemical, gastrointestinal endoscopy,
b-ultrasonography, etc.); 3) Age from 18 to 70 years
old; 4) Superior informed consent and signed informed
consent.

Recruited healthy control volunteers should qualify the
conditions below: 1) Age from 18 to 70 years old; 2) No
history of digestive diseases; 3) Normal physical examina-
tion, colonoscopy, B-ultrasonography and other examina-

tions; 4) No recent history of medication.

Exclusion Criteria

Subjects with any of the following conditions will be
1) Not
Accompanied by acute intestinal infection; 3) Diagnosed

excluded: in the included age range; 2)
as organic lesions such as enteritis, peptic ulcer, gastro-
intestinal bleeding, and digestive tract tumor; 4) Individual
with mental illness or unable to describe subjective symp-
toms of discomfort independently; 5) Suffering from
severe cardiovascular, cerebrovascular, hepatorenal, endo-
crine and hematopoietic diseases; 6) With a history of
abdominal surgery; 7) Taking anticholinergic and nonster-
oidal anti-inflammatory drugs and hormone drugs; 8)
Participating in other trials in the last six months; 9)

Pregnant or breastfeeding.

Methods

Mental Health Assessment

Self-rating anxiety scale (SAS) and self-rating depression
scale (SDS) were applied to evaluate the mental emotion
of subjects in both groups. Score collection and counting
were executed by researchers blinded to the grouping. The
boundary-value of the SAS scale anxiety state was 50
points, and the boundary-value of the SDS scale depres-
sion state was 53 points. The higher the score was, the
more serious the anxiety or depression situation was.
Analysis of scores was used to compare the difference of
mental state between the healthy control and the IBS

group.

Specimen Collection and Disposal

Fasting for 6 to 8 hours, 4 mL of venous blood specimens
was collected (medical EDTA tube), kept for 30 minutes
and then followed by centrifugation for 10 min at a speed
of 3000 g. Transferring supernatant fluid to the tube and
numbering. The prepared sample to be tested could be
stored in a -80°C refrigerator for later use. All subjects
underwent a colonoscopy after adequate bowel prepara-
tion. And the uniform types of biopsy forceps were applied
for sampling. Three mucosal biopsies were drawn from the
ileocecal region ascending colon about Scm away from the
distal end of the
colonoscopy.

ileocecal valve opening during

Blocks were washed and dehydrated in ascending ser-
ies of ethanol, fixed in 4% formalin for 24h and embedded
routinely with paraffin, every section was 3 to Spm. Have
sections conventional hematoxylin-eosin (HE) stained,
then histopathological changes

were observed by

Olympus light microscope (x 400).

Mast Cell (MC) Degranulation Was Detected by
SABC

Strept Avidin-Biotin Complex (SABC) assay, a modified
immunohistochemical (IHC) technique,”® was used to
detect tryptase-positive MC.?' SABC-Pod Kit (Solarbio,
Beijing, China) was performed in the procedure. Briefly,
the paraffin section was dewaxed and rehydrated.
Peroxidase activity was quenched by 3% H,0, for 10
min and then washed with PBS (5 min, 3 times). After
washing the sample with tris buffer, the first and
biotinylated second antibody were added successively to
incubate for 60 min and 20 min, respectively, at the con-
stant temperature of 37°C. Then undergoing the proce-
dures of rinsing, SABC-Pod reagent incubation, and
diaminobenzidine tetrahydrochloride (DAB) staining, etc.
All specimens were counterstained with Macklin’s
Hematoxylin, examined and photographed on an
Olympus microscope, 3 high-power fields (x 400) were
randomly selected for MC count (MCC).

Refer to previous research,”> MC were identified by
their metachromatic cytoplasmic granules. Its degranula-
tion was assessed based on unclear or irregular cell mem-
branes and the presence of extruded secretory granules
(tryptase-positive). The average MC number per milli-
meter square of the mucosal area was counted. The ratio
of degranulated MC was also calculated in each section
(degranulated MC/the total number of MC % 100%). And

the quantitative analysis was made by using the Image-Pro
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Plus 6.0 software (Media Cybernetics, Inc. US), which
depends on the average integrated optical density (IOD).
During the analysis, the average 10D of positive staining
substances of three non-overlapping fields chosen ran-
domly was measured for the final analysis.

ELISA

Quantitative determination of NPS and NPY in peripheral
blood plasma and colon tissues were detected by enzyme-
linked immunosorbent assay (ELISA). The procedure was
performed by referring to relevant previous literature™ and
manufacturer’s instructions of Human NPS/NPY ELISA
kit (FineTest, Wuhan, China).

Colon Tissue Immunohistochemistry SABC

About 5-um-thick continuous paraffin sections were pre-
pared from selected colon tissue. Expression of NPS, NPY,
NPY2R and par-2 in colon tissues was detected by the
SABC IHC method. The specific processed steps referred
to the previous study”® and SABC Kit instructions
(Solarbio, Beijing, China): xylene dewaxing, gradient
alcohol hydration, 0.3% H,0O, blocking endogenous per-
oxidase, rising, incubation with primary antibody and then
with standard labeled streptavidin antibody biotin, wash-
ing and developing in DAB hydrochloride.

Western Blot

The Western blot method was adopted to detect quantita-
tive levels of NPY2R and PAR-2. NPY2R antibody
(GeneTex, Texas, USA) and PAR-2 antibody (FineTest,
Wuhan, China) were used in the procedure. To prepare
for total protein extraction, the tissues were grinded with
liquid nitrogen, homogenized in lysis buffer and protease
inhibitors (Sigma, MO, USA), followed by centrifugation
at 10,000 g for 20 min. Then the collected supernatant was
loaded on the prepared sepharose gel for electrophoresis
(Bio-RAD, USA) and later transferred to the PVDF mem-
brane (Millipore, USA) for electric rotation, with the para-
meter of 200mA current for 90 minutes. After being taken
out, the membrane was placed into the blocking solution,
subsequently incubated with antibodies twice. Finally, the
cleaned membrane was placed on the preservative film for
titration, the chemiluminescence method was used for
detection, and images were collected for analysis. Image-
Pro Plus 6.0 software (Media Cybernetics, Inc. US) was
used for measuring the gray level to quantify the expres-
sion of NPY2R and PAR-2.

Statistical Analysis

Graph Prism 6.0 software (GraphPad Prism, San Diego,
CA, USA) was used for image analysis. The prophase data
were processed by Microsoft Excel and later statistically
analyzed by SPSS 17.0 software package (SPSS Inc.,
Chicago, IL, USA). Counting data were checked by chi-
square test, while the mean number comparisons between
the measurement data group in the normal state were
performed by #-test, and the non-parametric test was used
for non-normal data. p < 0.05 and p < 0.01 were consid-
ered as statistically significant and very significant,
respectively.

Results

Twenty-eight cases were included in the IBS-D group, 15
cases for females and 13 cases for males, with an age
range from 20 to 64 years old and the mean age of 44
years old (44.46 + 11.90). Eight cases were enrolled in the
control group, aged from 35 to 63 years old, with an
average age of 48 years old (47.88 + 9.82) and a sex
ratio M\F=1:1. There was no statistically significant dif-
ference in gender and age between the two groups
(p > 0.05).

Anxiety and Depression Difference

Among all 28 patients with IBS-D, 9 cases had anxiety
alone, 6 cases had depression simply, and 3 cases suffered
from both anxiety and depression. Those 18 patients with
comorbid anxiety and/or depression included 11 patients
with mild anxiety, 1 patient with moderate anxiety, and 9
patients with mild depression. Thus, 64.29% (18/28) of
patients with IBS-D were accompanied by anxiety and/or
depression to varying degrees. The analysis result of the
SAS score was 48.29 + 1.05, and the SDS score was 49.36
+0.77.

Among 8 healthy controls, there were two individuals
suffered mild anxiety and mild depression, respectively.
The SAS score (42.50 + 1.90) and the SDS score (43.75 +
1.54) of the control group were significantly lower than
that in the IBS-D group (p = 0.013, p = 0.002).

Histopathological Changes

As shown in Figure 1, healthy individuals had normal colum-
nar villi in their colon tissues, the mucosal epithelial cells and
mucosal intrinsic layer cells were arranged in a neat sequence
with regular clear boundaries, normal MC and non-obvious
inflammatory cells (Figure 1A). The columnar mucosal
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Figure | Histopathological changes of the two group (% 400). (A) Colonic mucosal histology of normal controls (x 400); (B) Colonic mucosal histology of IBS-D patients (%
400). The positive cells were purple and blue. Hematoxylin-eosin (HE) was used for staining in the detection. IBS-D: Diarrhea-predominant irritable bowel syndrome.

structure of colon tissue was basically normal in patients with
IBS-D. Partial mucosal epithelial cells were irregular, the
intrinsic mucosal boundaries were obscure, with a massive
increase in MC and inflammatory cells in the space

(Figure 1B).

Mast Cell Degranulation

Compared with the control group (0.25 + 0.05), the mean
10D of tryptase-positive MC increased significantly (p <
0.05) in the colon tissue of the IBS-D (0.40 + 0.07). The
stained brown tryptase-positive MC in the IBS-D patient
(Figure 2B) was significantly more than that in the normal
control (Figure 2A). And the percentage of MC degranula-
tion was significantly increased (p < 0.01) in the colon

tissue of the IBS-D (42.4 + 6.51%) than that in the control
(22.7 + 4.00%).

Colon Tissue SABC

Immunohistochemistry

Results showed that the average IOD value of NPY2R in
the IBS-D (0.24 £ 0.05) decreased significantly (p < 0.05)
compared with the healthy colon tissue (0.35 + 0.07). The
average 10D value of PAR-2 in the IBS-D (0.60 £ 0.06)
increased significantly (p < 0.05) compared with healthy
colon tissue (0.48 = 0.05). The mean IOD of NPS in the
colon of patients with IBS-D was 0.29 + 0.06, and it was
significantly lower than the positive expression level of
the healthy control group (0.41 £ 0.03), the difference

Figure 2 Immunohistochemical results of tryptase-positive MC (x 400). (A): Tryptase-positive mast cell (MC) in the normal subject (x 400); (B) Tryptase-positive MC in the

patient with IBS-D (% 400). The positive cells manifested brown or yellow stained.
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was statistically significant (p = 0.001). The mean IOD of
NPY in the colon of patients with IBS-D was 0.38 + 0.10,
and it was significantly lower than the positive expression
level of the healthy control group (0.51 + 0.12), the

difference was statistically significant (p = 0.016). The
specific distributions of the four substances in the two

groups were shown in the immunohistochemical images
(Figure 3A—H).

Figure 3 Immunohistochemical results of NPS, NPY, NPY2R and PAR-2 (x 400). (A) NPS in the normal group (% 400); (B) NPS in the IBS-D group (* 400); (C) NPY in the
normal group; (D) NPY in the IBS-D group (*x 400); (E) NPY2R in the normal group (% 400); (F) NPY2R in the IBS-D group (% 400); (G) PAR-2 in the normal group (% 400);

(H) PAR-2 in the IBS-D group (x 400).

Abbreviations: NPS, Neuropeptide S; NPY, Neuropeptide Y; NPY2R, NPY receptor 2; PAR-2, Protease-activated receptor 2.
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Expression of NPS and NPY by ELISA
Respectively, the content of NPS and NPY in the per-
ipheral blood plasma of patients with IBS-D was 8.50
+2.72 ng/L and 260.85+76.21 pg/mL. Both significantly
lower than that in the healthy control group (NPS [11.80
+3.88 ng/L], NPY [511.27+143.95 pg/mL]) the differ-
ence was statistically significant (p = 0.025, p = 0.011,
respectively).

The levels of NPS and NPY in the colon tissue of
patients with IBS-D were 8.47+1.51 ng/L and 316.59
+78.50 pg/mL, respectively. Both significantly lower
than that in the healthy control (NPS [13.85 £ 6.08
ng/L], NPY [539.19 + 276.78 pg/mL]), the difference
was statistically significant (p = 0.027, p = 0.001,
respectively).

Expression of NPY2R and PAR-2 by

Western Blot

Compared with the normal group (1.00 £ 0.24), the rela-
tive expression level of NPY2R protein in colon tissues of
patients with IBS-D (0.59 + 0.15) was significantly
decreased (p < 0.05). And the relative expression level of
PAR-2 protein in the IBS-D (1.67 + 0.33) was significantly
increased (p < 0.05) than that in the control (1.00 + 0.37)
(Figure 4A—C).

Discussion

A tremendous amount of studies have shown that psycho-
logical stress such as anxiety and depression play an
important role in the pathogenesis of IBS. Gopi et al*
even found that anxiety and depression scores of patients
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Figure 4 Expression of PAR-2 and NPY2R in the two group. (A) NPY2R and PAR-2 protein bands detected by Western blot; (B) The expression of PAR-2 in the IBS-D
group was significantly higher than that in the normal group; (C) The expression of NPY2R in the IBS-D group was significantly lower than that in the normal group.

*represents p < 0.05 vs Normal.
Abbreviations: NPY2R, NPY receptor 2; PAR-2, Protease-activated receptor 2.
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with IBS-D were higher than those with IBS-C. Elyse
et al*® also confirmed that the risk of psychological dis-
orders in IBS patients increased significantly, and the liv-
ing quality of those patients was negatively correlated with
anxiety and depression. Same as previous studies, our
study demonstrated a higher level of anxiety and depres-
sion in IBS-D patients as well.

As regards the mechanism of IBS, the brain-gut axis
and ghrelin are catching more scholars’ attention.
Dysfunction of the neuroendocrine network two-way
loop channel in the brain-gut axis is widely regarded as
a key point in the pathophysiology of IBS.?” As an impor-
tant neuropeptide in the axis, NPS has the function of
adjusting anxiety, influencing feeding behavior, reducing
panic attacks, regulating the inflammatory response,
immune response, hurt feelings and allergy effect, by
binding with its receptor®® A multicenter study that
included 1664 patients with bowel disease found that the
incidence was related to the diversity of NPS receptor
genes.”” Experimental study on mice also shown that
NPS injection into the main center inhibited the distal
colon transmission,*” and injection into the lateral ventri-
cle inhibited the excretion of feces, while inhibitor injec-
tion into the lateral ventricle simultaneously antagonized
the inhibition of the colon movement caused by NPS.** It
can be seen that NPS is closely related to emotion and
intestinal symptoms both.

Existing in the submucosal nerve mainly, NPY func-
tions as an important neurotransmitter in the gastrointest-
inal tract, regulating the secretion of and absorption, and
adjusting the pressure by affecting the hippocampus and
hypothalamus and emotions.”’ Review pointed out that
underlying NPY system-related neurobiological factors
contributed to the comorbidity of stress disorder and gas-
trointestinal disorders such as IBS, and even NPY levels in
bowel tissue are lower in IBS-D versus IBS-C.*' Research
that NPY inhibited
transportation.>” It indicated that NPY is negatively corre-

in  Australia found colon
lated with emotions (such as tension and pessimism) and
gastrointestinal movement.** This is in agreement with the
results of our study. That’s to say, psychological stress
factors disturb peptide secretion in the brain-gut axis,
resulting in the reduction of NPY and NPS, successively
causing the enhanced movement and secretion of the
bowel in the IBS-D. Thus, NPY and NPS may be the
key node of gastrointestinal dysfunction caused by psy-
chological stress.

Intestinal mucosal mast cells (IMMC), existing in the
intrinsic layer of the intestinal mucosa, are known as the
fourth barrier of the gastrointestinal mucosa.** It exhibits
important effects on GI pathophysiology and physiology,
particularly in secretion, intestinal sensation, permeability,
motility, and inflammation.?> Research demonstrated that
biopsies from patients with IBS had larger numbers of
MCs, a higher percentage of MCs, higher levels of
tryptase,’® (the product of MC degranulation, which is
considered as the mark of activated MC). Some studies
identified that tryptase had a positive effect on PAR-2,*’
which was reported to be linked to visceral pain in the
colon.®® Our findings verified the same changing trends,
with enhanced IOD of tryptase-positive MC, increased
proportion of MC degranulation and up-regulated level
of PAR-2. Besides, further research reported that psycho-
logical stress is also one of the factors to activate intestinal
MC,*> MC degranulated tryptase influence neuronal sig-
naling by activating pro-inflammatory and PAR-2
pathways.*>* Therefore, we speculate that not only the
low level of neuropeptide but also the activation of MC
as well as PAR-2 may be responsible for the anxiety and/
or depression scores and symptoms of the IBS-D.

The limitations of the study are the small sample size of
patients and focus on only part of the colon and protein level
of the indicators without animal experimental verification.
Further research targeting the mast cell-PAR-2 signaling is
supposed to carry out a basic confirmatory test with agonists
or antagonists, identifying the specific mechanism network
and investigating therapeutic measures against IBS-D.

Conclusion

IBS-D patients are more likely to suffer from psychologi-
cal disorders, which in turn induce or aggravate the clin-
ical symptoms of IBS. There might be a close connection
among the activated MC, increased PAR-2, and reduced
NPY and NPS in the IBS-D accompanied by anxiety or
depression: the activated MC may up-regulate the function
of PAR-2, resulting in the change of neuropeptide (NPS
and NPY), successively leading to clinical symptoms and
psychological negative changes in the IBS-D. That may be
the worthwhile targets for IBS therapy.

Abbreviations
IBS, IBS-D,
predominant IBS; GI, gastrointestinal; SAS, self-rating anxi-

irritable  bowel syndrome; diarrhea-

ety scale; SDS, self-rating depression scale; MC, mast cell;
NPY2R, NPY receptor 2; PAR-2, protease-activated
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receptor 2; NPS, neuropeptide S; NPY, neuropeptide Y;
ELISA, enzyme-linked immunosorbent assay; SABC, strept
avidin-biotin complex; IHC, immunohistochemistry; IOD,
integrated optical density; SIBO, small intestinal over-
growth; IMMC, intestinal mucosal mast cells.
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