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Abstract

Purpose
The aim of this study was to investigate the probable immune mechanisms of PI-IBS.

Methods
C57L/B6 mice, which have been infected by 500 Trichinella larvae for 56 days, were used to PI-IBS model mice,

the levels of the intestinal mRNAs and proteins of c-kit, interleukin-10 (IL-10), and IL-17 were measured by RT-
PCR and western blotting or ELISA. The locations of c-kit were detected using immunohistochemical staining.

Results
Levels of the c-kit protein and mRNA were up-regulated in the whole PI-IBS mice intestine. Compared to the

control bowel segments, IL-17 levels were significantly higher in the duodenum and ileum, and IL-10 levels were
lower in jejunum, ileum, and colon. By immunohistochemical staining, the increased signals of the c-kit were
mainly detected in the submucosa and myenteron.

Conclusions
These results suggested that increased levels of the c-kit resulted in the changes of the intestinal motility and

visceral sensitivity in PI-IBS mouse model induced by Trichinella Spiralis infection, and which may be co-
regulated by IL-17 and IL-10 in pathophysiology of PI-IBS.

Keywords: Post-infectious irritable bowel syndrome; C-kit;
Interleukin-10; Interleukin-17

Introduction
Irritable bowel syndrome (IBS) is a highly prevalent functional

gastrointestinal disorder characterized by abdominal pain and
alterations in bowel habits [1]. Caused by Viruses，bacteria，and
parasites infection, ranged from 3.7% to 36%, has been commonly
referenced to as “PI-IBS” [2]. Low-grade inflammation and chronic
alteration of the immune system at the molecular level have been
proved to target the mucosal secretory function, smooth muscle and
enteric nervous fibers [3-5]. So far, we only know that motility disorder
and hypersensitivity are typical characters in PI-IBS patients, however,
the mechanism of alterations in the motility and visceral sensitivity is
unwell defined in PI-IBS.

Intestinal c-kit is widely distributed in the interstitial Cells of cajal
(ICC), termed as c-kit positive cells, and which is the identity marker
gene of the ICC [6]. ICC are present throughout the gastrointestinal
tract, from the esophagus to the anus, three main functions of that

include acting as mechanoreceptors, transmitting enteric neuronal
signals to smooth muscle cells, and placing slow waves and regulating
their propagation.6 Overexpressed c-kit was required for development
and maintenance of ICC, also was necessary for development of
coordinated motility patterns and for survival of ICC [7,8] Although
some papers have shown c-kit positive cells were changed in PI-IBS
patients and animal models [9,10] it is always unclear that the
correlation between c-kit and immune regulatory cytokines.

IL-10 and IL-17 are the classical immune regulatory cytokines,
because they can regulate inflammatory response. IL-10 is released by
T-regulatory cells to reduce inflammation [11-16] IL-17 produced by
T-helper 17 cells has a protective role in infections, its main function is
to induce the production of multiple pro-inflammatory molecules and
subsequent activation of macrophages and neutrophils, [17]
meanwhile, it also have a regulatory function limiting accumulation
and/or activity of neutrophils during the inflammatory process by
attenuating the anti-apoptotic effect of inflammatory cytokines [18]
The IL-23/IL-17 signal pathway has been best described, which
regulates IL-12/IFN-γ, and drives neutrophil migration to mediate
inflammation injury [19-22] However, uncontrolled IL-17 responses
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can augment production of inflammatory factors including IL-1,
IL-6,IL-8,TNF-α,GM-CSF, and MIP-2 [21,23].

Now that c-kit positive cells were changed in PI-IBS which have
low-grade inflammation and chronic alteration of the immune system,
we hypothesis IL-10 and IL-17 can co-regulate intestinal c-kit in
different bowl segments of PI-IBS mice.

Materials and Methods

Establishment of PI-IBS mice model
The experimental procedure was approved by the Animal Welfare

committee of Chongqing Medical University, China. In our published
paper, procedures and methods about establishing PI-IBS mice model
had been introduced [24]. Briefly, Specific pathogen-free female
C57L/B6 mice were infected by 500 Trichinella larvae. When no
obvious inflammatory infiltrate was observed, abdominal withdrawal
reflex and intestine transportation time were measured to accessed PI-
IBS mice model.

Immunohistochemical Staining
Paraffin-embedded tissues sampled at day 56 PI were cut into 5-μm-

thick sections. To deparaffinize, the sections were immersed in xylene,
at 56°C, two times for 20 min, and hydrated with ethanol (two times
with 100%, one times with 95%, and one time with 75% ethanol) for 5
min. Then sections were pretreated with 3% hydrogen peroxide for 20
min at 37°C, and antigen retrieval was achieved by boiling in citrate
buffer (0.01 M, pH 6.0) for 20 min. After cooling at room temperature
for 1 h, the specimens were treated with 5% bovine serum albumin for
30 min at 37°C followed by overnight incubation with 1: 200 diluted
rabbit anti-mouse c-kit polyclonal antibody (Boster, China) at 4°C.
After washing in phosphate-buffered saline, the slides were incubated
for 60 min at 37°C with the corresponding secondary biotinylated goat
anti-rabbit antibody (Boster, China ) at a 1: 300 dilution. After
washing, slides were incubated with DAB chromogen (Zsbio, China)
for 5 min. nuclei counterstain was performed with Mayer’s
hematoxylin. Slides were with water and then immersed with 75,85,90
and 100% ethanol and finally, 100% xylene. Sealed slides were recorded
digitally using Leica Microsystem (Leica, Germany). The

immunohistochemical analysis was comprehensively scored as staining
intensity and the proportion of positive cells [25]. The scale of staining
intensity: 0, not detected; 1, minimal; 2, mild; 3, moderate; 4, marked.
The proportion scale of positive cells: 0, no staining, 1, c-kit positive
cells were in less than 1% population; 2, c-kit positive cells in 1-10%; 3,
c-kit positive cells in 10-50%; 4, c-kit positive cells in more than 50%.

ELISA and Western Blotting for protein assay
For ELISA and western blotting [26], all different bowel segments

were fractured using ultrasonic disrupter (Bandelin, Germany) and
homogenized in RIPA buffer (Takara, Japan). And then homogenates
were centrifugated at 10000 rpm for 20 min, the supernatants were
determined protein concentrations with the BCA protein assay kit
(Beyotime, China), and were diluted into a 3000μg/ml concentration.
Tissue cytokines levels were assayed by using mouse IL-10 and IL-17
ELISA kits (Boster, China) according to the manufacturer′s protocols.
Aliquots of 30 μg proteins were subjected to electrophorese on a
polyacrylamide gel for c-kit protein. The primary antibodies were c-kit
(Boster, China) and β-actin (Boster, China). The β-actin protein acted
as an internal standard. The signal was detected using ECL
chemiluminescent detection system (Bio-Rad, America). The densities
of the bands were assessed by the quantity one software (Bio-Rad,
America). The relative protein levels of target protein were obtained by
correction with the corresponding internal standard.

RT-PCR for mRNA assay
Total RNA in the intestinal mucosa was extracted using trizol

solution (Takara, Japan). The gene expressions of cytokines were
assayed by RT-PCR. The β-actin mRNA level was determined as an
internal reference, and their levels of expression were quantitated by
optical densitometry after electrophoresis on agarose gel. All primers
were listed in [Table 1]. The reverse-transcription was conducted at
37°C for 15 min, 95°C for 5 sec. The PCR cycling condition was 36
cycles at 94°C for 40 sec, 55°C (IL-10), 57°C (IL-17) or 59°C (β-actin)
for 30 sec and 72°C for 35 sec. The PCR end products were
electrophoresed on 5% agarose gel and stained with ethidium bromide.
The gray values of the bands were calculated using quantity one
software (Bio-Rad, America). The relative mRNA expression levels of
target genes were normalized to the corresponding internal standard.

Cytokines Primer sequence

IL-10 (116 bp)
Forward 5ˊ—ACAGCCGGGAAGACAATAAC—3ˊ

Reverse 5ˊ—CAGCTGGTCCTTTGTTTGAAAG—3ˊ

IL-17 (123 bp)
Forward 5ˊ—CGCAATGAAGACCCTGATAGAT—3ˊ

Reverse 5ˊ—CTCTTGCTGGATGAGAACAGAA—3ˊ

c-kit (214 bp)
Forward 5ˊ—CGACGCAACTTCCTTATGAT—3ˊ

Reverse 5ˊ—AGGACCTTCAGTTCCGACAT—3ˊ

β-actin (470 bp)
Forward 5ˊ—AGGCTGTGCTGTCCCTGTATG—3ˊ

Reverse 5ˊ—GAGGTCTTTACGGATGTCAACG-3ˊ

Table 1: RT-PCR primer sequences.
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Statistical analysis
Statistical analysis was performed using SPSS 19.0 software. Data

were expressed as the mean ± standard deviation (SD).The
independent sample T-test was used to compare the results between
the two groups. P-value<0.05 was considered statistically significant.

Results

Immunohistochemistry staining
Immunolabelling showed signals of the c-kit were mainly detected

in the submucosa and myenteron (Figure 1A and 1B) . Staining scores
of the whole intestine in PI-IBS group were notably higher than these
of control group (P<0.05, Figure 1C).

Figure 1: Comparison of the c-kit immunochemical staining
between PI-IBS (A) and control (B) groups. Black arrow: C-kit
positive cell, original magnification ×400, n=3. C. immunochemical
staining scores; Black: PI-IBS group (n=3), white: control group
(n=3). Data are presented as mean ± SD. *P<0.05, **P<0.01 versus
control group.

ELISA and western blotting
As shown in the Figure 2, Jejunum, ileum, and colon expressed

much less IL-10 in PI-IBS group than these in control group (all
P<0.05); however, compared to control mice, concentrations of the
IL-17 in duodenum and ileum of PI-IBS mice were significantly
higher(all P<0.05). C-kit levels in PI-IBS mice were noticeable up-
regulated in different bowl segments (all P<0.05) (Figure 2).

RT-PCR
The result of RT-PCR showed that c-kit mRNA levels were

significantly up-regulated in the duodenum, jejunum, ileum and colon
of the PI-IBS mice (all P<0.05, Figure 3B). IL-10 mRNA levels were
significantly lower in the intestinal segments including jejunum, ileum
and colon of PI-IBS group (all P<0.05, Figure 3C), and IL-17 mRNA

levels in the duodenum and ileum were notably higher in PI-IBS mice
compared to control mice (all P<0.05, Figure 3D) (Figure 3).

Figure 2: Cytokine protein levels of c-kit (B), IL-10 (C), and IL-17
(D) in the different intestinal segments in the PI-IBS (n=8) and
control (n=8) groups. A. Representative graphs of the western
blotting assay. Lanes 1-4 are duodenum, jejunum, ileum and colon
of PI-IBS group, lanes 5-8 are duodenum, jejunum, ileum and colon
of control group. Black: PI-IBS group, white: Control group. Date
are presented as mean ± SD. *P<0.05, **P<0.01 versus control group.

Figure 3: Expression of the cytokine mRNA levels of: IL-10 (B),
IL-17 (C), and c-kit (D) in different bowel segments in the PI-IBS
(n=8) and control (n=8) groups. A. Representative graphs of the
PCR assay. Lane 1,3,5, and 7 are duodenum, jejunum, ileum and
colon of PI-IBS group, lane 2,4,6, and 8 are duodenum, jejunum,
ileum and colon of control group. Black: PI-IBS group, white:
Control group. Date are presented as mean ± SD. *P<0.05, **P<0.01
versus control group

Discussion
PI-IBS has been defined as acute onset IBS symptoms (meeting

Rome Ⅲ criteria) that develop after the individual, who has not
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previously met the Rome criteria, experiences a gastrointestinal
infection with two or more of the following characteristics: Fever,
vomiting, diarrhea, or a stool culture positive for an infectious agent
[27]. Though the mechanism is unclear, visceral hypersensitivity and
the intestinal motor dysfunction have been defined to participate in
[28,29]. We used the method of literature to establish PI-IBS mouse
model [30]. Infected mice could act as PI-IBS mice when the intestine
inflammation could not be examined by pathological examination,
AWR scores increased and ITT became short.

The present finding showed that the c-kit protein level increased by
23.66, 21.97, 17.93, and 32.09 percent in duodenum, jejunum, ileum,
and colon of PI-IBS mice over these in control mice. The decreased
percent of IL-10 were 35.94%, 41.68%, and 42.45% in jejunum, ileum,
and colon of PI-IBS mice. The increased percent of IL-17 were 90.12%
and 48.46% in duodenum and colon of PI-IBS mice. According to the
above data, we found that the increased percent of c-kit only came with
decreased IL-10 or increased IL-17 in the duodenum, jejunum, and
ileum is lower than that accompanied by decreased IL-10 and
increased IL-17 in colon. We hypothesized that IL-10 and IL-17 could
co-regulate the expression of intestinal c-kit in PI-IBS, and which may
maintain a low-grade inflammation but no tissue injury to perform
regulatory processes. The below mechanisms may support our
hypothesis.

At the acute mucosal inflammation phase, immune system will
down-regulate IL-10 level and up-regulate IL-17 level so that immune
cells can produce more pro-inflammatory cytokines to defense invader
and remove damaged cells [12-14,19-21] IL-17 has a protective role in
infections, its main function improve inflammatory effects by
activating NF-κB, MAPKs and C/EBP cascades to induce the
production of multiple pro-inflammatory molecules and subsequent
activation of macrophages and neutrophils [17], meanwhile, it also
have a regulatory function limiting accumulation and/or activity of
neutrophils during the inflammatory process by attenuating the anti-
apoptotic effect of inflammatory cytokines [18] The IL-23/IL-17 signal
pathway has been best described, which regulates IL-12/IFN-γ, and
drives neutrophil migration to mediate inflammation injury [19-21].
Uncontrolled IL-17 responses can augment production of
inflammatory factors including IL-1,IL-6,IL-8,TNF-α,GM-CSF, and
MIP-2 [21,23], these cytokines were reported to be increased in the
peripheral blood and intestinal mucosa of PI-IBS patients [22], and
which would alter the gut physiology and host immunity and cause
clinical symptoms [22,31]. IL-10, as a classical anti-inflammatory
cytokines, reduces inflammation reaction through numbers of
mechanisms: It can diminish the production of inflammatory
mediators including IL-1β and IFN-γ in T cells and activated
macrophages [12-14]; it also can reduce the antigen-presenting cells
surface expression of major histocompatibility complex class II
molecules, co-stimulating and adhesion molecules [15,16]. Decreased
IL-10 levels and uncontrolled IL-17 in this study may hold a low-grade
inflammation mode undetected by pathological examination [22,31].
Meanwhile, mucosal acute inflammation of the gut resulted in loss of
ICC function because of structural injury and loss of c-kit positivity
[32]. When the low-grade inflammation was not enough to cause
tissue damage but could result in mild cell injury, inflammatory
cytokines can act as stimulating factors to
improve protein synthesizing just like inflammatory hyperplasia and
autoimmunity disease, in this moment, the rough endoplasmic
reticulum and Golgi apparatus of the injury ICC need to synthesize
proteins (including c-kit) to form new plasma membrane and to
recover structure and functions [32]. Overexpressed c-kit is required

for development and maintenance of ICC, also is necessary for
development of coordinated motility patterns and for survival of ICC
[7,8]. In the local intestine of PI-IBS, decreased IL-10 levels also induce
mast cell hyperplasia [33,34]. High concentration of 5-
Hydroxytryptamine (5-HT), produced by mast cells, were detected in
PI-IBS patients, which can combine with 5-HT2B receptors expressed
on the plasma membrane of ICC and promote proliferation of ICC
[35,36], hyperplasia ICC cells would synthesize more c-kit under a
low-grade inflammation condition.

Another important finding in this study was that c-kit positive
signals were mainly detected in the submucosa and myenteron where
the ICC mainly pace slow waves [37]. More c-kit positive cells can
accelerate the intestinal muscular contraction and peristaltic
propagation [38,39]. In addition, an increased in the number of ICC
can shorten the intervals between the migratory motor complex cycles
and decrease the bowel transmitting time [40].
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