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Background/Aims: Previous studies have revealed that 
mast cells (MCs) may activate the protease-activated recep-
tors and release of neuropeptides involved in the pathogen-
esis of irritable bowel syndrome (IBS). The levels of protease-
activated receptor 2 (PAR-2) and tryptase can contribute to 
understanding the pathogenesis of IBS. Methods: Colono-
scopic biopsies were performed of 38 subjects (20 with IBS-
diarrhea [IBS-D], eight with IBS-constipation [IBS-C], and 10 
healthy volunteers). The mRNA and protein levels of tryptase 
and PAR-2 were assessed by real-time PCR and Western blot. 
The levels of vasoactive intestinal peptide (VIP), substance 
P (SP), and calcitonin gene-related peptide (CGRP) were 
measured by immunohistochemistry, and MCs were counted 
by toluidine blue staining. Results: Significant increases in 
the mRNA expression of tryptase (p<0.05, IBS-D, IBS-C vs 
control) and PAR-2 (p<0.05, IBS-D, IBS-C vs control) and in 
the tryptase protein level (p<0.05, IBS-D, IBS-C vs control) 
were detected in IBS. Elevations of MCs, CGRP, VIP and SP 
(p<0.05, IBS-D vs control) were observed for IBS-D only. Con-
clusions: Tryptase levels may upregulate the function of PAR-
2, resulting in the release of neuropeptide and they were 
correlated with clinical symptoms associated with IBS. (Gut 
Liver 2016;10:382-390)
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INTRODUCTION

Irritable bowel syndrome (IBS) is a multifactorial disease and 

the mechanisms associated with the onset and progression of 
IBS still remain unclear. It is generally considered that altered 
motility of gastrointestinal cells, neural immune endocrine bal-
ance, inflammatory response and visceral hypersensitivity are 
involved in pathophysiology of IBS. 

Elevation of mast cell has been observed in IBS patients as 
well as animal models of the disease.1 Vivinus-Nébot et al.2 
have reported an elevation of mast cells in the mucosa of IBS 
patients and have found a correlation of increased mast cells 
with altered mucosal permeability. Degranulation of mast cells 
releases tryptase,3 which is suggested to generate low grade in-
flammation, visceral hypersensitivity and high permeability4 in 
IBS. Mast cell tryptase is proposed to activate proinflammatory 
pathways and influences neuronal signaling by activation of 
protease-activated receptor 2 (PAR-2).5

PAR-2 belongs to a family of four G protein-coupled recep-
tors which are activated by trypsin, mast cell tryptase, coagula-
tion factors VIIa and Xa, and so forth.6 Previous studies have 
shown that PAR-2 is linked to visceral pain in the colon and 
results in an increased recruitment of inflammatory cells.7 Some 
studies have reported that tryptase can result in hypersensitiv-
ity symptoms via activation of PAR-2,8 present on epithelial 
cells, immune cells, and the terminal afferent nerves.9 However, 
Fiorucci et al.10 have reported that the activation of PAR-2 has 
a protective effect against the development of colitis. Activation 
of PAR-2 produces an inflammatory response and hypersensi-
tivity reaction11 by a neurogenic mechanism involving afferent 
neurons and release of the calcitonin gene-related peptide (CGRP) 
and substance P (SP).12 CGRP, SP and vasoactive intestinal 
peptide (VIP) are neuropeptides present in the central nervous 
system and the gastrointestinal system and play an important 
role in the regulation of visceral sensation and gastrointestinal 
motility. Numerous reports now indicate alterations of neuro-
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peptide in the IBS. However, most investigations demonstrating 
an association between PAR-2 and IBS are limited to investiga-
tions in animal models.8,13,14

Few studies have reported the correlation between tryptase, 
PAR-2, neuropeptides and clinical symptoms; while several 
studies on the expression levels of tryptase and PAR-2 report 
contradictory results. Moreover, there are more studies focusing 
on IBS-diarrhea (IBS-D) subtype when compared to the IBS-
constipation (IBS-C) subtype.

In this study, we investigate the mRNA and protein level ex-
pression of mast cell tryptase, PAR-2 and neuropeptides in the 
colon of IBS patients and their correlation with clinical symp-
toms of IBS patients. 

MATERIALS AND METHODS

1. Subjects 

Biopsy specimens of the ascending colon were drawn from 
colonoscopies of 20 patients with IBS-D, eight patients with 
IBS-C, and 10 healthy controls at the Guangxi Zhuang Autono-
mous Region People’s Hospital from May 1, 2012 to November 
29, 2012. All the IBS patients exhibited symptoms that meet the 
Rome-III criteria (Table 1). Subjects in the control group had no 
gastrointestinal symptoms, and no history of chronic medical 
disease. None of the IBS patients had asthma and other allergic 
diseases, history of abdominal surgery, inflammatory bowel 
disease, or postinfectious IBS. Informed consent was signed by 
all patients, and this study was approved by the hospital’s local 
ethics committee.

2. Reagents

Trizol and cDNA reverse transcription kit was from Roche 
(Roche, Mannheim, Germany). Polymerase chain reaction (PCR) 
primers were synthesized by Sangon Biotechnology (Shanghai, 
China). SuperReal PreMix Plus was purchased from Tiangen 
Biotechnology (Beijing, China). Rabbit anti-GAPDH and anti-
PAR-2 polyclonal antibody for Western blot were from Cell 
Signaling Technology (Danvers, MA, USA). Antitryptase poly-
clonal antibody for Western blot was purchased from Santa 
Cruz Biotechnology (Santa Cruz, CA, USA). All horseradish 

peroxidase-conjugated secondary antibodies were from Beyond 
Time (Beijing, China). Anti-SP, anti-CGRP, and anti-VIP anti-
body for immunohistochemistry was from Bioss Biotechnology 
(Beijing, China). SP-9000/9001/9002Histostain-Plus Kits was 
from ZSGB Biotechnology (Beijing, China). Toluidine blue dye 
was purchased from Solarbio Biotechnology (Beijing, China). 

3. Staining process of H&E and toluidine blue method

Tissues were treated with a series of fixation, dehydration, 
embedding, and staining. Samples were deparaffinized in xy-
lene, hematoxylin and eosin staining, dehydrated in 95%, 90%, 
80% ethanol, cleared in xylene, checked under microscope to 
observe morphological change of human colonic membrane (Fig. 
1). Sample was selected in the descending colon and cleaned 
with normal saline, fixed with 10% in formalin, dehydrated, 
paraffin embedded, continuously slided, toluidine blue method 
stained, deparaffinized and rehydrated, dipped in toluidine blue 
for 30 minutes, 2 to 3 drops of glacial acetic acid, until the 
nucleus and granulation were pretty clear, dried with cold air, 
cleared in xylene mounted in checked under microscope, ran-
domly selected three high-power fields (×200) and counted the 
number of cells, expressing mast cell counts. 

4. Real-time polymerase chain reaction

Tissue expression of tryptase and PAR-2 mRNA was assessed 
by quantitative real-time PCR (RT-PCR). After thawing, tissue 
was homogenized in Trizol (800 µL added to 5 mg tissue). Total 
RNA was extracted, and reversed by using reverse transcription 
kit after measuring concentration of total RNA with Nano drop. 
Total RNA is quantitatived to 1 µg. The information of primers 
of tryptase, PAR-2 and actin is listed as Table 2. The PCR reac-
tions were set up in a volume of 20 µL, containing 2 µL of the 
cDNA diluted 1:5 with PCR grade water, 10.4 µL of SYBR Green 
Supermix, and 300 nmol/L of the forward and reverse primer 
each. The PCR conditions consisted of preliminary denaturation 
at 95oC for 15 minutes, followed by 50 cycles of 95oC for 10 sec-
onds, 60oC for 32 seconds. Melting curve analysis was performed 
to confirm the specificity as well as the integrity of the PCR 
products by the presence of a single peak. Products were sub-
jected to agarose gel electrophoresis (Fig. 2). Expression levels of 

Table 1. Clinical Characteristic of Irritable Bowel Syndrome Patients and Control Subjects

Characteristic
Control
(n=10)

IBS-D
(n=20)

IBS-C
(n=8)

Age, mean (range), yr 45.9 (30–63) 41.8 (24–64) 34.1 (24–54)

Sex, female/male 5/5 13/7 6/2

Abdominal discomfort 0 4.15±0.76 4.38±0.64

Bloating 0 3.15±1.71 4.19±1.53

Altering diarrhea/constipation 0 0 0

History of infection 0 0 0

IBS-D, irritable bowel syndrome-diarrhea; IBS-C, irritable bowel syndrome-constipation.
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the mRNA were quantified by calculating threshold cycle values 
compare with the b-actin endogenous control using 2-DDCt.

5. Western blot

Total protein was extracted from colon musocal tissues and 
lysed in RIPA lysate (50 mM Tris [pH 7.4], 150 mM NaCl, 5 mM 
EDTA, 1% Triton X-100 [v/v], 1× protease inhibitor cocktail, 1 
mM sodium vanadate, and 10 mM NaF). Equal amount of total 
protein were separated by SDS-PAGE with 12% resolving layer 
and 4% stacking layer and then transferred to PVDF membranes 
with 200 mmA for 1 hour. After blocked in 5% notfat milk di-
luted with TBS-T for 1 hour in room temperature with shaking, 
membranes were incubated with primary antibodies (working 
dilution tryptase 1:3,000; PAR-2 1:100) with gentle shaking 
overnight at 4oC, washed with Tris-buffered saline and then 
incubated with species-appropriate secondary antibodies for 
90 minutes at 37oC. After washing in TBS-T, membranes were 
incubated with ECL Developer Kit in dark room. The efficiency 
of protein loading and transfer was assessed by reprobing mem-
branes with an anti-GAPDH antibody. Density of each band was 
analysis using Image J (http://rsb.info.nih.gov/ij/). Expression of 
the target protein band was compared with the corresponding 
control band and the overall trend in protein expression.

6. Immunohistochemistry

Colonoscopy was done using a standard bowel prepara-
tion and all colonic biopsy samples from 28 IBS patients and 
five control subjects were taken from the descending colon. 
One tissue sample (3 to 5 mg) from each patient and control 
subject was immediately fixed in buffered 10% formalin and 
processed for immunohistochemistry. For immunohistochem-

Table 2. Primers for Real-Time Polymerase Chain Reaction

Gene Forward primer/reverse primer PCR product, bp Gene bank no.

Actin TgACgTggACATCCgCAAAg/CTggAAggTggACAgCgAgg 205 NM_001101.3

Tryptase ATCgTgCACCCACAgTTCTAC/CTTCACCTgCTTCAgAggAAAT 216 NM_024164.5

PAR-2 CCCTgAACATCACgACCTg/AggCTgggAACAgAAAgACC 108 NM_005242.4

PCR, polymerase chain reaction; PAR-2, protease-activated receptor 2.

Fig. 2. Polymerase chain reaction (PCR) products were subjected to 
agarose gel electrophoresis. All the real-time-PCR products from the 
three groups migrated as expected (A: actin, 206 bp; T: tryptase, 216 
bp; P: protease-activated receptor 2, 108 bp). 
IBS-D, irritable bowel syndrome-diarrhea; IBS-C, irritable bowel 
syndrome-constipation.
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Fig. 1. H&E staining showed a normal structure of the intestinal 
mucosa; inflammatory cells were observed in the irritable bowel syn-
drome-diarrhea (IBS-D), irritable bowel syndrome-constipation (IBS-
C), and normal groups. (A) Control subjects (×200); (B) IBS-D patients 
(×200); (C) IBS-C patients (×200).
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istry, paraffin-embedded specimens were cut with a microtome 
at 4 µm. The process ran as follows. Briefly, sections antigen 
retrieval were performed by boiling in sodium citrate buffer so-
lution for 2 minutes and 30 seconds, and nonspecific antigens 
were blocked for 15 minutes with normal goat serum fluid. 
Slides were incubated overnight at 4oC with primary antibodies 
(working dilution anti-SP, 1:300; anti-CGRP, 1:300; anti-VIP, 

1:400). Then the peroxidase-conjugated secondary antibodies 
was added to slides for 30 minutes at 37oC after washing in PBS 
and then staining with the DAB kits. The negative control was 
incubated with blocking buffer alone without primary antibody. 
Photographs were taken on an Olympus microscope at 200× 
magnification. The difference in the protein expression was 
evaluated by the Image-pro Plus 6.0 image analysis software 
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Fig. 3. Quantification of tryptase and protease-activated receptor 2 (PAR-2) mRNA after normalization to the housekeeping gene b-actin. (A) 
Tryptase mRNA; (B) PAR-2 mRNA. Significant elevation of tryptase and PAR-2 expression was observed in irritable bowel syndrome patients 
compared with the control group, but no difference was observed in subtypes. The fold change in mRNA expression was calculated relative to the 
endogenous b-actin control using 2-ΔΔCt. The data are expressed as the mean±SEM. 
IBS-D, irritable bowel syndrome-diarrhea; IBS-C, irritable bowel syndrome-constipation. *p<0.05 compared with control subjects.
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Fig. 4. The expression of tryptase and protease-activated receptor 2 (PAR-2) in the colon mucosa. The expression results were compared with 
healthy controls. The density of each individual band was compared with the corresponding control band and normalized to the GAPDH gene. 
(A) The level of tryptase increased in the irritable bowel syndrome (IBS) group, but no significant difference was observed in subtypes of IBS. (B) 
There was no difference in the expression levels of PAR-2 between IBS patients and the control group. 
IBS-D, irritable bowel syndrome-diarrhea; IBS-C, irritable bowel syndrome-constipation. *p<0.05 compared with control group.
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(http://www.mediacy.com/index.aspx?page=IPP). 

7. Statistical analysis

Experimental data is represented as mean±standard deviation. 
One-way analysis of variance was used for analysis. Nonpara-
metric test (Kruskal-Wallis H test) was used for the analysis of 
nonnormal distribution data. Spearman analysis was used for 
correlation analysis. A p<0.05 was considered statistically sig-
nificant. SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) was 
used for data analysis.

RESULTS 

1. Elevated mRNA levels of tryptase and PAR-2

mRNA levels of tryptase (p=0.002, IBS-D vs control; p=0.000, 
IBS-C vs control) and PAR-2 (p=0.007, IBS-D vs control; 
p=0.000, IBS-C vs control) were higher in IBS patient group in 
comparison to the healthy controls (Fig. 3). However, no signifi-
cant difference was observed between IBS-D and IBS-C patients.

2. Different expression of tryptase and PAR-2

Elevated expression of tryptase was found in IBS group 
(p=0.002, IBS-D vs control; p=0.041, IBS-C vs control) (Fig. 4). 
There was no significant difference in the protein levels of PAR-
2 between IBS and controls. No difference was detected in IBS-
D when compared to the levels in IBS-C group.

3. Elevation of mast cells, CGRP, VIP, and SP in IBS-D

We found markedly different levels of neuropeptide be-
tween subgroups of IBS patients. Elevation of mast cells, CGRP, 
VIP, and SP were observed in IBS-D only (p=0.014, p=0.021, 
p=0.005, p=0.021 vs control) (Figs 5-8).

4. Correlation analysis

The scoring criteria for abdominal pain is as follows: 1 (mild) 
slight abdominal pain, does not affect daily activities, 2 (moder-
ate) moderate abdominal pain, not easy to ignore, need to adjust 
daily activities, 3 (severe) severe abdominal pain, daily activities 
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Fig. 5. The number of mast cells in the colon was detected by the toluidine blue method (×200). (A) Control subjects; (B) irritable bowel syndrome-
diarrhea (IBS-D) patients; (C) irritable bowel syndrome-constipation (IBS-C) patients. (D) Evaluation of the density (mean) showed an elevation of 
mast cell numbers in IBS-D patients compared to control patients, and IBS-D patients showed an increased level of tryptase compared to IBS-C 
patients. *p<0.05 compared with control subjects.
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affected and need to be adjusted. Severity of abdominal bloat-
ing was scored using a 1-3 scale (1: Mild; occasional bloating, 
about half an hour to ease, 2: Moderate; frequent bloating for 
1–2 hours cannot be relieved, 3: Severe; bloating persists for 
more than 2 hours and cannot be re-lieved except after taking 
medication). A correlation between mast cell number, tryptase, 
PAR-2, VIP, SP and CGRP and symptoms associated with IBS 
was detected. The presence of mast cells and the expression of 
tryptase, VIP and SP were associated with abdominal pain. A 
correlation between mast cell number and abdominal bloating 
was also found (Table 3). 

DISCUSSION

Our study demonstrates an elevated expression of mast cell 
tryptase in IBS patients when compared with the control group. 
We also observed increased mRNA levels of PAR-2, as seen 
from the RT-PCR analysis. Up regulation of CGRP, SP, VIP was 
detected in IBS-D. No significant difference was found in the 

protein levels of PAR-2 between IBS patients and control sub-
jects. We found a positive correlation between the levels of mast 
cell tryptase, PAR-2, neuropeptides and symptoms of IBS such 
as abdominal pain and bloating. 

Previous studies have shown that mast cells and tryptase 
play an important role in IBS. Some studies have revealed an 
elevation of mast cell and tryptase, which are consistent with 
the findings of our study. However, some experiments show an 
increased level of mast cell tryptase in IBS-D and not in IBS-
C, which may be attributed to the differences in experimental 
methods as well as sample size. Barbara et al.15 revealed that co-
lonic mast cells in proximity to mucosal nerves may contribute 
to abdominal pain in IBS. PAR-2 is ubiquitously expressed on 
gastrointestinal mucosal cells, smooth muscle cells and neurons. 
It has been shown in previous studies that activation of PAR-2 
induces a wide range of processes such as triggering intestinal 
secretion, modulating gatrointestinal motility,16,17 participating 
in colonic inflammatory reactions, visceral hypersensitivity,18 
and high paracellular permeability. Other studies indicate con-
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Fig. 6. The expression of calcitonin gene-related peptide (CGRP) in the colon as evaluated by immunohistochemistry (×200). (A) Control subjects; 
(B) irritable bowel syndrome-diarrhea (IBS-D) patients; (C) irritable bowel syndrome-constipation (IBS-C) patients. (D) An increase of CGRP was 
observed in the IBS-D group compared to the control group, and there was a significant difference between the IBS-D and IBS-C groups. *p<0.05 
compared with control subjects; †p<0.05 compared with IBS-C subjects. 
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trasting results regarding the expression of PAR-2 in IBS. Lee 
et al.19 found no differences in the mRNA expression levels of 
PAR-2 in IBS-D when compared to healthy controls. Kim et al.20 
have reported that PAR-2-positive cells numbers were signifi-
cantly higher stressed rats when compared to nonstressed rats 
(where stress was used to mimic visceral hypersensitivity and 
intestinal permeability related to IBS). The results above focus 
on the expression of PAR-2 in IBS-D. We were not able to find 
difference in protein expression levels of PAR-2, which is con-
sistent with the results of Bian et al.21 There is a possibility that 
PAR-2 contributes to the development of IBS upon its activa-
tion, rather than the level of mRNA or protein expression. This 
may explain no significant increase in the expression levels of 
PAR-2. 

PAR-2 may perform different functions between IBS-D and 
IBS-C, resulting in different clinical symptoms. Tryptase acti-
vated PAR-2-positive neurons release neuropeptides, such as 
CGRP, SP, and VIP, which further play an important role in 

regulating intestinal motility. The enteric nerve interacts with 
intestinal mast cells by neuropeptides such as SP, VIP, and 
CGRP. Furthermore, enteric nerves are activated by mast cell 
mediators, interacting with intestinal epithelial cells, vascular 
cells and multiple inflammatory and immune cells. Hence, neu-
ropeptide is thought to regulate gut motility and secretion and 
modulate visceral pain. An elevation of CGRP, SP, and VIP was 
detected in IBS-D compared with control. The mechanism of the 
involvement of neuropeptides in the pathological process of IBS 
has not yet been elucidated. The neuropeptide receptor subtypes 
perform different functions and are differentially distributed in 
the gut. In summary, our data indicates that mast cell tryptase 
might be responsible for the activation of PAR-2 and once acti-
vated, PAR-2 regulates neuropeptide secretion which is respon-
sible for symptoms associated with IBS. The expression of mast 
cell tryptase, SP, and VIP in the intestinal mucosa is positively 
correlated with abdominal pain in patients with IBS. There is a 
correlation between mast cells and the expression of tryptase, 

Fig. 7. The expression of vasoactive intestinal peptide (VIP) in the colon as evaluated by immunohistochemistry (×200). (A) Control subjects; (B) 
irritable bowel syndrome-diarrhea (IBS-D) patients; (C) irritable bowel syndrome-constipation (IBS-C) patients. (D) An increase in VIP was found 
in IBS-D patients compared to control subjects, and there was a significant difference between the IBS-D and IBS-C groups. *p<0.05 compared 
with control subjects; †p<0.05 compared with IBS-C patients.
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SP and VIP.
Interestingly, there’s a discrepancy between protein and 

mRNA levels of PAR-2, in contrast to those of tryptase levels. 
The absence of mRNA–protein correlation for a subset of in-
vestigated genes suggests that the relationship between mRNA 

and protein content is not strictly linear. Different regulatory 
mechanisms (such as synthesis and degradation rates), acting 
on both the synthesized mRNA and the synthesized protein can 
affect the expression levels of the two molecules differentially. 
Further research investigating the biosynthesis and degradation 
of mRNA and protein levels of PAR-2 and tryptase may unravel 
the reasons for the discrepancies observed.

One of the limitations of the current study is the small sample 
size of patients. And our study focused on only part of colon. 
RT-PCR, Western blot, and immunohistochemistry were used to 
detect expression of tryptase, PAR-2 and some neuropeptides. 
RT-PCR is a very sensitive technique that can detect low copy 
numbers of RNA by exponential amplification. Western blotting 
has high sensitivity of detecting protein. Immunohistochemistry 
help to reveal the location of protein in tissue. These methods 
are used widely in previous studies of tryptase, PAR-2, and neu-
ropeptides.

Our work evidences that mast cells are up regulated in IBS 
and mast cell tryptase may activate PAR-2, which regulates the 

Table 3. Relationship between Tryptase/Protease-Activated Receptor 
2 and Abdominal Pain and Bloating 

Abdominal pain Abdominal bloating

Mast cell

Tryptase

PAR-2

VIP

SP

r=0.391*

r=0.498*

r=0.123

r=0.399*

r=-0.445*

r=0.405*

r=-0.073

r=0.120

r=-0.148

r=-0.037

CGRP r=0.119 r=-0.188

PAR-2, protease-activated receptor 2; r, correlation coefficient; VIP, 
vasoactive intestinal peptide; SP, substance P; CGRP, calcitonin gene-
related peptide.
*p<0.05. 

Fig. 8. The expression of substance P (SP) in the colon as evaluated by immunohistochemistry (×200). (A) Control subjects; (B) irritable bowel 
syndrome-diarrhea (IBS-D) patients; (C) irritable bowel syndrome-constipation (IBS-C) patients. (D) An increase in SP was found in IBS-D patients 
compared to control subjects, and there was a significant difference between the IBS-D and IBS-C groups. *p<0.05 compared with control sub-
jects; †p<0.05 compared with IBS-C subjects.
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expression of neuropeptides, resulting in symptoms associated 
with IBD. Thus, we could conclude that increased activation of 
PAR-2 rather than the increased expression levels may be re-
sponsible for symptoms of IBS. Further studies investigating the 
mechanisms regulating PAR-2 activation will help shed light on 
the signaling mechanisms associated with the development of 
IBS and at the same time, targeting the mast cell-PAR-2 signal-
ing might help in developing therapeutic measures against IBS.
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