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Abstract: The role of dendritic cells (DCs) in irritable bowel syndrome (IBS) is unclear. This study tested the hypothesis 
that intestinal DCs induced visceral hypersensitivity in IBS rats through mast cell (MC) activation. The IBS rat model 
was established by combining colorectal distension with restraint stress. The number of CD103-positive cells in 
colon was higher in the IBS group. Expression of PAR-2, IL-4 and IL-9 in the colonic mucosa was higher in the IBS 
group. Mesenteric lymph node DCs (MLNDCs) and splenic CD4+/CD8+ T cells were isolated and purified by a mag-
netic labeling-based technique; they were cultured alone or co-cultured (T4+DC/T8+DC). The coculture of MLNDCs 
and CD4+ T cells had the highest IL-4 secretion in the IBS group, while IL-9 expression was higher in the cultures con-
taining CD8+ T cells. Our findings indicate that an increased number of DCs in the colon stimulated CD4+ T cells to 
secrete high levels of IL-4, which led to the activation of MCs and subsequently resulted in visceral hypersensitivity.
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Introduction

Irritable bowel syndrome (IBS) is characterized 
by abdominal pain and discomfort and changes 
in bowel habit. It affects 6.5-10.1% of the Asian 
population, and although it does not have a 
high mortality rate, it is associated with fairly 
high morbidity in some patients, which affects 
their quality of life [1]. Dysfunction of brain-gut 
communication, gut motility, visceral percep- 
tion, neuroimmune responses, inflammation, 
and mucosal integrity, as well as psychosocial 
status may play a role in the pathophysiology of 
IBS [2]; however, this condition is not fully 
understood. Several lines of evidence suggest 
the involvement of systemic or intestinal 
immune activation in IBS. An increase in the 
amount of immune cells (e.g., CD3+, CD4+ and 
CD8+ T cells) and cytokines such as interleukin 
(IL)-5, IL-13, IL-6, tumor necrosis factor (TNF)-α 
and IL-1β has been reported in the colonic 
mucosa of IBS patients [3-5]. 

Antigen presenting cells (APCs) are initiators 
and modulators of the immune response, and 
DCs are the most important APCs, which 
present the antigens to T and B cells through 

phagocytosing pathogens and self-antigens. 
DCs have important significance in promoting 
inflammatory responses to pathogens, inducing 
immunotolerance and suppressing overactive 
immune responses [6]. Intestinal DCs are 
mainly distributed in intestinal lymphoid tissue, 
such as the Peyer’s patches (PP), intestinal 
mucosa lamina propria and mesenteric lymph 
nodes (MLNs). Oversensitivity or reactivity of 
APC antigens results in abnormal immune 
response, which may play an important role in 
the pathogenesis of IBS. However, research on 
the role of DCs in the pathogenesis of IBS is 
limited. 

Mast cells (MCs) appear to play a particularly 
important role in the pathogenesis of IBS. An 
increased number of MCs has been reported in 
the terminal ileum in patients with IBS [7]. 
Moreover, the observation that MCs are often 
found in close association with enteric neurons 
in vitro and in vivo animal studies suggests that 
MC mediators may influence enteric motility [8]. 
When bound to IgE, MCs get activated and 
release a series of biological active substances 
[9]. The secretory products of MCs, such as 
histamine, prostaglandins, and proteinases, 
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are capable of sensorimotor dysfunction. 
Tryptase is one of the major inflammatory 
mediators released during MC degranulation, 
which like other proteases, signals to cells 
through proteinase activated receptors (PARs) 
[10], and tryptase selectively activates PAR-2 
from among the four known clones PARs [11]. 
Tryptase induces activation of PAR-2 located on 
enteric nerves and visceral afferents, causing 
long-lasting neuronal hyperexcitability [12].

Considering the important role of DCs and MCs 
in the mucosal immune system and the poten-
tial relationship between mucosal immune acti-
vation and visceral sensitivity, we hypothesized 
that DC-mediated MC activation may contrib-
ute to the visceral hyperalgesia in IBS. We used 
a well established rat model of IBS to elucidate 
the role of DC-mediated MC activation in the 
development of this condition.

Materials and methods

Experimental animals and generation of the 
IBS rat model

Twenty adult Sprague-Dawley rats (weighing 
220-250 g; Animal Centre of Zhejiang Chinese 
Medical University, Hangzhou, China) were 
individually housed in a temperature-controlled 
room (22 ± 1°C). All the rats were housed in a 
12-h light/dark cycle with a room humidity of 
65-70%, water and food were provided ad 
libitum. All experimental protocols were 
conformed to the requirements of the State 
Authority for Animal Research Conduct. The 
rats were randomly separated into control 
group (n = 10) and IBS group (n = 10). The IBS 
rat model was generated according to the 
method reported by Plourde et al [13] and 
Agostini et al [14]. Briefly, an infant catheter 
balloon (8F, Bard, USA) was slowly placed 1 cm 
into the rectum of rats and secured by taping 
the attached tube to the tail. The rats then 
underwent colorectal distension (CRD) twice at 
a pressure of 60 mm Hg for 1 min, with a 
30-min between each distension, for 14 days. 
After CRD, plastic restrainers with a close fit to 
shoulder, upper limbs and chest of rats were 
used for immobilization. Restraint stress was 
induced by 2 h of immobilization starting at 9 
AM everyday for five consecutive days. The 
control group did not undergo any of these 
treatments.

Abdominal withdrawal reflex recording

The level of visceral sensitivity was determined 
by recording the abdominal withdrawal reflex 
(AWR). The rats were evaluated using the semi-
quantitative AWR test as follows: 0, no 
behavioral response to CRD; 1, brief head 
movement only; 2, contraction of abdominal 
muscles; 3, lifting of the abdomen; 4, arching of 
the body and lifting of the pelvis. The stimulus 
intensity that evoked visually identifiable 
contraction of the abdominal wall was recorded 
as the threshold intensity of CRD (AWR score of 
3) [15]. During the measurements, CRD was 
performed for 30 s every 5 min. Each 
measurement was taken three times to ensure 
accuracy.

Tissue and blood collection

Rats were euthanized. Blood from the abdo- 
minal aorta (5 ml) and tissues from the ileocecal 
junction were collected under sterile conditions. 
Tissues were cut, washed with phosphate-
buffered saline (PBS) and opened longitudinally, 
placed immediately in 10% formaldehyde or in 
liquid nitrogen, and stored at -80°C until they 
were assayed.

Cell isolation 

Isolation of splenic CD4+/CD8+ T cells: A splenic 
single-cell suspension was prepared by gently 
rubbing tissues between frosted glass slides, 
and it was placed on bandicoot percoll (Hao 
Yang Biological Company, Tianjin) for further 
purification. Then, splenic CD4+/CD8+ T cells 
were isolated using CD4/CD8 microbeads 
(Miltenyi Biotec, Bergisch Gladbach, Germany) 
in a MACS system (Miltenyi Biotec, Bergisch 
Gladbach, Germany). The surface phenotype of 
the isolated cells was analyzed within a few 
hours after cell preparation by flow cytometry 
(BD Biosciences, Franklin Lakes, NJ, USA).

Isolation of mesenteric lymph node DCs: 
Mesenteric lymph node DCs (MLNDCs) were 
isolated by gently rubbing tissues between 
frosted glass slides. The cell suspension was 
filtered through a 200-mm filter and washed. 
The MLNDCs were then incubated with OX62 
microbeads (Miltenyi Biotec, Bergisch Glad- 
bach, Germany). Selection was performed on 
MACS columns (Miltenyi Biotec, Bergisch 
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Gladbach, Germany) twice to achieve higher 
purity. The surface phenotype of the isolated 
cells was analyzed within a few hours after cell 
preparation by flow cytometry (BD Biosciences, 
Franklin Lakes, NJ, USA).

Immunohistochemistry

To determine the amount of DCs, we conducted 
immunohistochemical analysis for CD103, 
which is a marker for DCs. Paraffin-embedded 
samples from the ileocecal junction were cut in 
4-µm sections, the paraffin was removed with 
xylene, and the samples were rehydrated. 
Endogenous peroxidase activity was blocked 
with 0.2% hydrogen peroxidase solution, and 
non-specific labeling was blocked using a 
serum-blocking solution. Sections were incu- 
bated in complete medium for 1 h at room 
temperature with rabbit polyclonal anti-CD103 
(Wuhan Boster Bio-Engineering Company, 
China) at a dilution of 1:50. In the negative 
control, the primary antibody was replaced with 
PBS. Following incubation with the primary 
antibody, the sections were incubated for 10 
min with a biotin-goat anti-rabbit antibody 
(Kangwei Biotech Company, China) at room 
temperature. The avidin-biotin complex was 
used for immunochemical staining (Kangwei 
Biotech Company, China) for 10 min at room 
temperature, which was followed by staining 
with diaminobenzidine (Kangwei Biotech 
Company, China). Sections were mounted on 
gelatin-coated slides, dehydrated in a graded 
alcohol series, and covered with a cover slip. 
The sections were rinsed in 0.01 mol/L of PBS 
three times for 5 min each between steps. 

To measure the intensity of CD103 immu- 
noreactivity, CD103-positive cells were counted 
under × 200 magnification in five slides (for 
each animal).

Toluidine blue staining for MCs

Toluidine blue was used for staining MCs. The 
slides from the ileocecal junction were oven 
dried, dipped in alcohol for a few seconds, 
placed in xylol (xylene) solution for 2 s, dipped 
once more in alcohol for a few seconds, and 
stained using 1% aqueous toluidine blue for 30 
min. To complete the staining process, the 
specimens were washed in distilled water. 
Finally, after three washes with distilled water, 
the specimens were mounted as described 

above. The MCs appeared violet/red against 
the blue background [16]. 

MCs were counted under a microscope at × 
200 magnification. The average number of MCs 
in five fields was considered as the index for the 
corresponding lesion. The counting was per-
formed blindly and in duplicate.

Western blot analysis

Western blotting was used to determine the 
expression of PAR-2, a marker for MC activa-
tion. In brief, proteins were separated using 
12% sodium dodecyl sulfate, and the proteins 
were transferred onto polyvinylidene fluoride 
membranes (Amersham Biosciences, Piscata- 
way, New Jersey, USA). Membranes were 
blocked with 5% nonfat milk in PBS containing 
0.1% Tween-20 (Sigma, St. Louis, MO, USA) at 
4°C overnight with gentle rocking, and then 
probed with antibodies. The membranes were 
incubated with the primary antibody, rabbit 
polyclonal anti-PAR-2 (Abcam, Cambridge, UK), 
diluted to 1:1200 at 4°C. The membranes were 
then washed and incubated with HRP-
conjugated secondary antibody (1:10000 dilut-
ed; Abcam, Cambridge, UK) for 2 h at room tem-
perature. After incubation with the secondary 
antibodies, immunoblots were visualized using 
an ECL detection kit (Amersham Biosciences) 
and exposed to an X-ray film.

ELISA for IL-4/IL-9 

MLNDCs at a concentration of 5 × 105/ml were 
cultured with purified CD4+/CD8+ T cells at a 
concentration of 1.5 × 106/ml for 7 days. The 
control wells contained MLNDCs or CD4+/CD8+ 
T cells alone. The concentration of IL-4 and IL-9 
(both in the serum and mucosa cell samples) 
was measured using commercially available 
ELISA kits (BENDER, USA; GUSABIO, USA). 
Samples were assayed in duplicate according 
to the manufacturers’ instructions.

Statistical analysis

Data were expressed as mean ± SD and com-
pared using the independent samples t-test. 
One-way ANOVA was performed for comparison 
between multiple groups, and was followed by 
least significant difference (LSD) multiple range 
analysis. Statistical analyses were performed 
using SPSS17.0. P < 0.05 was considered to 
indicate statistical significance.  
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Results

Reliability of the IBS model

The balloon pressure required to reach the 
AWR score of 3 was significantly lower in the 
IBS group compared with the control group 

(48.00 ± 5.50 vs. 80.00 ± 8.57 mmHg; P < 
0.05). This was indicative of visceral hyper- 
sensitivity in the IBS model rats; the IBS model 
was therefore successfully established.

Immunohistochemistry results 

The number of CD103-positive cells in the 
lamina propria was significantly higher in the 
IBS model rats than in the control rats (8.91 ± 
2.88 vs. 6.34 ± 0.94; P < 0.05) (Figure 1).

MC count

The amount of MCs was markedly increased in 
the jejunal mucosa of IBS rats compared to the 
control rats (2.73 ± 0.21 vs. 1.13 ± 0.10; P < 
0.05) (Figure 2), and the majority of these cells 
were localized within the lamina propria. 

Figure 1. Expression of CD103 in the colon of rats (× 200). A. Control group. B. Model group. The number of CD103-
positive cells in the lamina propria was significantly higher in the IBS model rats than in the control rats. 

Figure 2. Mast cells in the colon of rats (× 200). A. Control group. B. Model group. The amount of MCs was markedly 
increased in the jejunal mucosa of IBS rats compared to the control rats.

Figure 3. Western blot analysis of PAR-2 protein ex-
pression. 1~2: Control group; 3~4: Model group. Pro-
tein expression of PAR-2 was significantly increased 
in the IBS group.
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Western blot results

Protein expression of PAR-2 was significantly 
increased in the IBS group (2.13 ± 0.81 vs. 
0.42 ± 0.29; P < 0.05) (Figure 3).

Expression of IL-4 and IL-9 in the serum and 
mucosa 

The median value of serum IL-4 and IL-9 levels 
was 3.68 pg/ml and 30.60 pg/ml respectively 
in the IBS group, while it was 2.19 pg/ml and 
21.85 pg/ml respectively in the control group. 
The median value of mucosal IL-4 and IL-9 
levels was 7.15 pg/ml and 7.30 pg/ml 
respectively in the IBS group, while it was 3.29 
pg/ml and 5.21 pg/ml respective in the control 
group. The differences between the two groups 
were statistically significant (Table 1).

Cytokine production of T cells in the presence 
of MLNDCs

Flow cytometric analysis showed that the 
amount of DCs was 85.57% ± 7.67% higher in 
the IBS group, and the amount of CD4+ T cells 
and CD8+ T cells was 92.46% ± 6.87% and 
90.21% ± 7.32% higher. Increased secretion of 
IL-4 was observed when CD4+ T cells were 
cultured with MLNDCs, compared to cultures of 
MLNDCs or T cells alone, with the IBS group 
showing significantly higher production of IL-4 
than the control group (P < 0.05). IL-9 production 
was found to be higher in the DC and CD8+ T 
cell coculture as well as the only CD8+ T cell 
culture; the difference in IL-9 values between 
the two groups was not significant (Table 2).  

Discussion

From the findings in this study, we think that 
increase in the amount of DCs in the colon 
stimulated CD4+ T cells to secrete high levels of 
the cytokine IL-4, which led to MC degranula-
tion, and this subsequently resulted in visceral 
hypersensitivity in the IBS model rats. To our 
knowledge, this is the first study to demon-

concentration of kynurenic acid, which is pro-
duced via the tryptophan degradation pathway 
regulated by indoleamine 2,3-dioxygenase 
(IDO), is increased in male patients with IBS 
[17]. Since IDO is a ke y enzyme that regulates 
the metabolism of tryptophan, which plays an 
important role in DC function, this finding sug-
gests that the function of DCs is altered in 
patients with IBS. Later on, Long and his team 
went on to show that LPDCs (lamina propria 
dendritic cells) displayed increased CD86 and 
MHC-II expression on enhanced induction of T 
cell proliferation in the PI-IBS (post infectious 
IBS) phase. Moreover, co-culture of CD4+ T cells 
with LPDCs in the post-infectious phase 
induced Th1 and Th17 responses. These 
results demonstrate that phenotypical and 
functional alterations of LPDCs contribute to 
the development of PI-IBS [18]. However, the 
specific mechanism of DC-mediated abnormal 
immune functions is not very clear, also with 
regard to the key target cells and molecules. In 
our study, we found high expression of TH2-
type cytokine IL-4 when MLNDCs were cultured 
with splenic CD4+ T cells from IBS rats, which is 
inconsistent with the findings of Long and his 
team; we believe that this difference may be 
attributable to the difference in the models 
used. Nonetheless, our findings do indicate 
that increase in the number of DCs play a role 
in activating the mucosal immune system and 
in turn effect visceral sensitivity and subse-
quently IBS by activating MCs via IL-4 secretion 
from CD4+ T cells.

IL-4 is cytokine specific for IgE generation, 
which is associated with the activation of MCs 
[19]. IL-9 activates MCs by increasing the 
expression of FceRIα on the surface of MCs 
[20]. Research into IL-4 levels in IBS are rare, 
and only one study has suggested that the 
intestinal cell in mice with acute infection 
express high levels of IL-4; after the PI-IBS 
model was established successfully, the 
expression returned to normal [21]. Therefore, 
in the early stage of IBS, IL-4 may play a key role 
in the activation of MCs. We found that the 

Table 1. Expression of IL-4 and IL-9 in the serum and colon mu-
cosa (pg/ml)
Groups IL-4 (serum) IL-4 (mucosa) IL-9 (serum) IL-9 (mucosa)
Control 2.19 ± 0.38 3.29 ± 1.01 21.85 ± 1.57 5.21 ± 0.63
Model 3.68 ± 0.61* 7.15 ± 1.17* 30.60 ± 4.63* 7.30 ± 1.30*
*P < 0.05 versus the control group.

strate a relationship between 
DC-mediated abnormal MC 
function and visceral hyper-
sensitivity in a rat model of 
IBS.

There is very little evidence 
for the role of DCs in IBS. One 
study found that the plasma 
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Table 2. Cytokine release from CD4+/CD8+ T cells cocultured with dendritic cells (pg/ml)

Groups
IL-4 IL-9

T4 alone T4+DC T8 alone T8+DC DC alone T4 alone T4+DC T8 alone T8+DC DC alone
Control 0.08 ± 0.063a 0.80 ± 0.48 0.08 ± 0.063a 0.08 ± 0.083a 0.09 ± 0.095a 0.50 ± 0.13c,d 9.9 0± 3.67c,d 173.75 ± 44.22 200.48 ± 57.17 0.20 ± 0.08c,d

Model 0.03 ± 0.046a 1.22 ± 0.33b 0.08 ± 0.067a 0.06 ± 0.053a 0.08 ± 0.067a 0.43 ± 0.20c,d 14.54±7.15c,d 210.31 ± 67.33 213.41 ± 91.23 0.16 ± 0.08c,d

F 32.811 47.738
P 0.000 0.000
T4 alone: culture of CD4+ T cells alone; T4+DC: coculture of CD4+ T cells and DCs; T8 alone: culture of CD8+ T cells alone; T8+DC: coculture of CD8+ T cells and DCs; DC alone: culture 
of DCs alone; aP < 0.05 versus T4+DC, bP < 0.05 versus the control group, cP < 0.05 versus T8 alone, dP < 0.05 versus T8+DC, P < 0.05.
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expression of IL-4 in the colonic mucosa and 
serum was higher in the model group. This 
indicates that the high level of expression of 
IL-4 both in the serum and mucosa may induce 
MC activation. 

So far, there has been no research on the 
relationship between IL-9 and IBS. Our study is 
therefore the first to report that the colonic 
mucosa and serum of IBS rats showed high 
expression of IL-9, which could indicate its 
involvement in MC activation. However, high 
expression of IL-9 was not found in the 
co-culture of MLNDCs with splenic CD4+ T cells, 
while the culture of CD8+ T cells alone and 
coculture of CD8+ T cells and MLNDCs had high 
levels of IL-9 expression; these findings suggest 
that the expression of IL-9 may be associated 
with CD8+ T cells.

In conclusion, we proved that the increased 
number of DCs in the colon stimulated CD4+ T 
cells to secrete high levels of the cytokine IL-4, 
which led to mast cell degranulation and 
visceral hyperalgesia in IBS. Although we 
attempted to elucidate the mechanism of 
DC-mediated abnormal immune function in IBS 
rats, further studies are still needed to clarify 
the detailed features and functions of DCs at 
the physiological level in IBS.
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