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Abstract. The aim of this study was to explore the expres-
sion of cytokines by Th17 cells and their mechanisms of 
action in a mouse model of 2,4,6-trinitrobenzenesulfonic acid 
(TNBS)‑induced inflammatory bowel disease (IBD). ELISA was 
used to detect the expression of the Th17 cytokine interleukin, 
(IL)-17, and that of the Th1 cytokine, interferon-γ (IFN-γ), in 
colon tissues. Western blot analysis was used to detect IL-17 
expression in the peripheral blood mononuclear cells (PBMCs), 
spleen mononuclear cells (SMCs), mesenteric lymph node cells 
and colon tissues of the colitic mice. RT-PCR analysis was used 
to detect the effect of anti-IL-17 antibody application on the 
tumor necrosis factor (TNF)-α, IFN-γ and IL-6 mRNA levels 
in the SMCs of the colitic mice. The Th17 cytokine, IL-17, and 
the Th1 cytokine, IFN-γ, were expressed at high levels in the 
TNBS‑induced colitic mice. In addition, the expression of the 
Th17 cytokine appeared earlier than that of the Th1 cytokine. 
The IL-17 levels in the SMCs, mesenteric lymph node cells 
and colon tissues of the disease model group were significantly 
different from those of the normal control group (p<0.01), while 
the IL-17 levels in the PBMCs of the disease model group were 
not significantly different (p>0.05) from those of the control 
group. Following the application of 10 µg/ml anti‑IL‑7 antibody, 
the TNF-α, IL-6 and IFN-γ mRNA levels in the SMCs of the 
model group demonstrated no significant differences from those 
of the non-antibody‑treated control group (p>0.05). In conclu-
sion, Th17 and Th1 cells are involved in TNBS-induced IBD 
and the effect of the Th17 cells may be mediated through the 
induction of the secretion of pro-inflammatory cytokines.

Introduction

Inflammatory bowel disease (IBD) is a type of chronic gastroin-
testinal tract-specific inflammation with unclear etiology, that 

belongs to the category of autoimmune disease. The incidence 
of IBD is increasing and it has become a common digestive 
system disease and a major cause of chronic diarrhea (1). The 
disease is now considered to be primarily mediated by an 
immune response, as well as involving genetic and environ-
mental factors. Dysfunction of immune regulation may be the 
key factor in its pathogenesis (2,3). Th1 cells are considered 
to be closely related to IBD pathogenesis; however, the nature 
of this relationship has not been fully explained. A new CD4+ 
helper T cell subtype, Th17, has been identified, which is 
named after the major cytokine it secretes, interleukin (IL)-17. 
Previous studies have suggested that Th17 cells are important 
in the pathogenesis of autoimmune diseases, and these cells 
have therefore become a popular topic for immunological 
studies (4,5). In the current study, 2,4,6-trinitrobenzenesul-
fonic acid (TNBS) was used to establish an animal model of 
IBD, and the mutual relationship of Th17 and Th1 cells in the 
pathogenesis of IBD was explored using this model. In addi-
tion, a monoclonal antibody against the Thl7 cytokine was 
used to specifically block IL-17 in order to observe its effect 
on other pro-inflammatory cytokines. The exploration of the 
expression of cytokines by Th17 cells in IBD mice and inves-
tigation of the mechanisms should provide new therapeutic 
directions for the treatment of IBD.

Materials and methods

Materials. A total of 40 female BALB/C mice aged 8 weeks 
and weighing ~25 g (from the SPF grade Laboratory Animal 
Center of Harbin Medical University Public Health College) 
were used in this study. The study was carried out in strict 
accordance with the recommendations in the Guide for the 
Care and Use of Laboratory Animals of the National Institutes 
of Health. The animal use protocol was reviewed and approved 
by the Institutional Animal Care and Use Committee (IACUC) 
of Shengjing Hospital of China Medical University.

Establishment of experimental model. After weighing and 
assigning an ID, the BALB/C mice were randomly divided 
into the normal control and IBD model groups comprising 
5 and 35 mice, respectively. The normal control group was 
normally fed. With reference to the literature, an IBD mice 
model was established by enema using a solution of TNBS 
(Sigma, St. Louis, MO, USA). Specifically, the mice were 
fasted for 24 h prior to TNBS enema and anesthetized by an 
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intraperitoneal injection of 0.08 ml 5% chloral hydrate. TNBS 
and 50% ethanol solution were mixed at a 1:1 ratio and a total 
of 0.2 ml of the mixture was used for the enema. The mice 
received a normal diet following the procedure. The model 
group mice were sacrificed on days 1, 2, 3, 5, 7, 14 and 21 
following the TNBS enema and the normal control mice were 
sacrificed on day 3. Colon tissues with evident damage were 
removed by dissection and preserved at -80˚C for ELISA anal-
ysis. On day 3, peripheral blood, spleen and mesenteric lymph 
nodes from the normal and IBD mice were also obtained when 
sacrificing the mice.

Peripheral blood mononuclear cells (PBMCs). Blood was 
drawn from the eyeballs of the mice, placed in anticoagulant 
tubes and centrifuged in Ficoll-Hypaque density gradient 
separation solution to obtain PBMCs.

Spleen mononuclear cells (SMCs). Suspensions of mouse 
spleen cells were centrifuged in Ficoll-Hypaque density 
gradient separation solution to isolate the SMCs.

Culturing of SMCs. SMCs isolated from the mice 3 days after 
TNBS enema were divided into 3 groups, each containing 
1x106/ml cells. The cells were placed into RPMI-1640 culture 
medium and 1 µg/ml anti-IL-17 antibody, 10 µg/ml anti-IL-17 
antibody or an equal amount of PBS were added. The same 
number of SMCs from the normal control group were also 
placed in RPMI-1640 culture medium and an equal amount of 
PBS was added. Cells from all 4 groups were cultured at 37˚C 
in a 5% CO2 incubator and removed after 24 h.

ELISA. Tissues were homogenized and centrifuged in order to 
generate a supernatant. An ELISA procedure was performed 
following the instructions provided with the kit (JingMei 
Biotechnology Co., Ltd., Shenzhen, China) and the absorbance 
value of each well was read at 450 nm after terminating the 
reaction. A standard curve was plotted with OD values as the 
y-axis and standard concentrations as the abscissa. Sample 
concentrations were calculated according to the corresponding 
OD value.

Western blot analysis. Western blot analysis was used to detect 
IL-17 protein expression in the PBMCs, SMCs, mesenteric 
lymph node cells and colon tissues of the normal control 
mice and disease model mice sacrificed on day 3. First, total 
protein was extracted from the cells and tissues of each group 
and UV spectrophotometry was used for protein quantifica-
tion. Protein samples were then subjected to SDS-PAGE and 
transferred onto PVDF membranes following electrophoresis. 
The membranes were blocked at room temperature for 2 h and 
incubated with 1:800 rabbit anti-mouse anti-IL-17 primary 
antibody at 4˚C overnight. After washing with PBS, the 
membranes were incubated with 1:1,000 goat anti‑rabbit IgG/
HRP secondary antibody at room temperature for 2 h, washed 
3 times, reacted with chemiluminescence reagents for 5 min, 
exposed and then developed.

RT-PCR. Total cellular RNA was extracted following the kit 
instructions (Microgene Co., Shanghai, China) and UV 
spectrophotometry was used to determine the RNA quality 

and concentration in the samples. RNA was synthesized into 
cDNA by a reverse transcription reaction for later PCR 
amplification. The primers used for the internal control β-actin 
were: forward, GAATACTCTATTGCCGATGGT and reverse, 
CGATGGGTTTGCGTTTG; amplification length, 722 bp. 
The primers for tumor necrosis factor (TNF)-α were: forward, 
TTACGCCTTTGAAGTTAGCAG and reverse, CGTCC 
AAATACATCGCAAC; amplification length, 498 bp. For 
IL-6, the primers were: forward, ACAACGGGTGGAAC 
ATTACC and reverse, TGGGTTTGCGTTTGTGAG; ampli
fication length, 422 bp. For interferon-γ (IFN-γ), the primers 
were: forward, ACCCTCCTGGTTATTGAGCC and reverse, 
TGGTAATGTTCCACCCGTTG; amplification length, 288 bp. 
The synthesized primers were purchased from Shanghai 
Biotechnology Co., Ltd. (Shanghai, China). The PCR products 
were subjected to electrophoresis on a 1.5% agarose gel and 
analyzed using a UV gel imaging analysis system. The relative 
expression levels of the target genes were calculated as the 
ratio of the absorbance of the target gene band to that of the 
internal control.

Statistical analysis. Experimental data were analyzed by 
ANOVA using SPSS 13.0 software and p<0.05 was considered 
to indicate a statistically significant result.

Results

ELISA. Following the administration of TNBS by enema, 
ELISA was used to detect the expression levels of IL-17 and 
IFN-γ in the mouse colon tissues. The results revealed that the 
levels of IL-17 were significantly increased (p<0.05 compared 
with the normal control group) on day 1 following the TNBS 
treatment, peaked on day 3 and decreased afterwards. The 
IL-17 levels in the model group remained significantly different 
from those in the normal control group until day 7 (p<0.05), 
but decreased to levels of no significant difference from the 
control on days 14 and 21 (p>0.05). The levels of IFN-γ had 
not significantly increased on day 1 (p>0.05 compared with 
the normal control group) and slowly increased afterwards to a 
significant level on day 3 (p<0.05). The IFN-γ level peaked on 
day 7 and subsequently began to decrease. On days 14 and 21, 
the IFN-γ levels were significantly different from those in the 
control group (p<0.05) (Table I). These results suggest that the 
involvement of IL-17 in the TNBS‑induced colitis occurred 
earlier than that of IFN-γ, while the effect of IFN-γ in the target 
tissue was sustained for longer since its expression remained 
detectable even after the elevated expression of IL-17 had 
disappeared. Since the expression of IL-17 reached its highest 
levels on day 3, the model mice on day 3 after TNBS treatment 
were selected for further study.

Western blot analysis. As shown in Fig. 1, western blot analysis 
was used to detect IL-17 protein expression in the PBMCs, 
SMCs, mesenteric lymph node cells and colon tissues of the 
normal control group and model group 3 days after TNBS treat-
ment. The results revealed that the IL-17 levels in the SMCs, 
mesenteric lymph node cells and colon tissues of the model 
group were significantly higher than those of the normal control 
group (p<0.01) and were particularly high in colon tissues. 
The IL-17 levels in the PBMCs of the model group were not 
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significantly different from those of the control group (p>0.05) 
(Table II).

RT-PCR. As shown in Fig. 2, SMCs from the day 3 model 
group mice were treated with PBS, 1 µg/ml anti-IL-17 antibody 
or 10 µg/ml anti-IL-17 antibody, respectively, and the SMCs 
from the normal control group mice were treated with PBS 
only. The cells were cultured for 24 h and RT-PCR was used to 
detect the expression of TNF-α, IFN-γ and IL-6 mRNA. The 
TNF-α, IFN-γ and IL-6 levels of the PBS model group were 
significantly different from those of the normal PBS control 
group (p<0.05). The TNF-α and IL-6 levels in the 1 µg/ml 
antibody-treated model group were decreased compared 
with those of the PBS model group but the differences were 
not statistically significant (p>0.05); the IFN-γ levels in the 
1 µg/ml antibody-treated model group were also not signifi-
cantly different from those in the PBS model group (p>0.05). 
The TNF-α and IL-6 levels in the 10 µg/ml antibody-treated 
model group were significantly different from those in the PBS 
model group (p<0.05), while the difference in IFN-γ levels 
between the 10 µg/ml antibody-treated model group and the 
PBS model group was not statistically significant (p>0.05) 
(Table III). The results indicate that the expression levels of 
TNF-α, IFN-γ and IL-6 mRNA increased in the SMCs of the 

TNBS-induced colitic mice and that the application of an anti-
IL-17 antibody reduced the secretion of TNF-α and IL-6, but 
had no effect on IFN-γ secretion.

Discussion

It is currently considered that the pathogenesis of IBD is related 
to a series of susceptibility genes, environmental factors and 
immune system abnormalities (6). A number of factors of the 
intestinal mucosal immune system, including cytokines and 
immune regulation, are involved in the pathogenesis of IBD.

The role of CD4+ T cells in the pathogenesis of IBD has 
been well-recognized. Previous studies have suggested that 
the IL-12/IFN-γ axis-mediated Th1-type immune response 
is closely related to the incidence of IBS; however, TNBS is 
able to induce colitis in mice even following IFN-γ knockout 
or anti‑IFN-γ monoclonal antibody application  (7), indi-
cating that IFN-γ is not the key factor in colitis induced by 
TNBS. Th17 cells have been confirmed to be a CD4+ T-cell 
subtype. Previous studies have shown that IL-23 is capable 
of stimulating memory CD4+ T cells to produce IL-l7 and 
is involved in the proliferation of Thl7/ThlL-17 cells and the 
maintenance of their survival (8). Related studies using mice 
revealed that almost no Th17 cells were formed in the absence 
of IL-23 (9,10). It has been demonstrated that IL-17 expression 
is significantly increased in patients with a variety of autoim-
mune diseases and animal models of these diseases, and its 
functional status is closely related to the onset of numerous 
autoimmune diseases (11). A previous study found that the 
IL-23/Thl7 cell axis is closely related to the pathogenesis of 
IBD (12). Blaschitz and Raffatellu (13) revealed that IL-17 
was not expressed in normal colonic mucosa, ischemic 
colitis or infectious colitis. However, IL-17 expression was 
significantly increased in the affected mucosa of active IBD 

Figure 1. IL-17 protein expression in various tissues detected by western blot 
analysis. Lane 1, control peripheral blood mononuclear cells (PBMCs); lane 2, 
model group PBMCs; lane 3, control mesenteric lymph nodes; lane 4, model 
group mesenteric lymph nodes; lane 5, control SMCs; lane 6, model group 
spleen mononuclear cells (SMCs); lane 7, control intestinal tissues; lane 8, 
model group intestinal tissues. 

Table I. ELISA results of IL-17 and IFN-γ levels in mouse colon 
tissues.

Group	 IL-17 (pg/ml)	 IFN-γ (pg/ml)

Day 0	 89.4±23.7	 54.6±16.5
Day 1	 118.7±29.7a	 60.8±18.9
Day 2	 160.1±34.7a	 67.4±20.1
Day 3	 219.4±57.8a	 78.6±19.8a

Day 5	 187.5±44.6a	 90.6±30.4a

Day 7	 159.8±36.8a	 109.8±29.8a

Day 14	 98.4±18.7	 90.6±20.1a

Day 21	 90.8±24.6	 77.8±26.3a

Day 0, normal control group. In the day 1, 2, 3, 5, 7, 14 and 21 groups, 
mice were sacrificed on days 1, 2, 3, 5, 7, 14 or 21, respectively, 
after the administration of 2,4,6-trinitrobenzenesulfonic acid (TNBS) 
by enema. All other groups were compared with the normal control 
group, ap<0.05.

Table II. Western blot analysis detection of IL-17 protein 
levels in various tissues.

		  Mesenteric		  Colon
Group	 PBMCs	 lymph nodes	 SMCs	 tissues

Model	 0.83±0.15	 3.98±0.54a	 3.01±0.52a	 2.06±0.30a

Control	 1.03±0.18	 0.82±0.13	 1.02±0.19	 0.28±0.06

PBMCs, peripheral blood mononuclear cells, SMCs, spleen mono-
nuclear cells. ap<0.01 compared with the normal control group.

Table III. Comparison of TNF-α, IFN-γ and IL-6 mRNA levels.

Group	 TNF-α	 IFN-γ	 IL-6

PBS model	 0.54±0.11a	 0.53±0.10a	 0.92±0.18a

1 µg model	 0.49±0.12b	 0.52±0.13b	 0.84±0.20b

10 µg model	 0.29±0.06c	 0.50±0.12	 0.77±0.15c

PBS control	 0.28±0.07	 0.40±0.08	 0.73±0.13

ap<0.05 compared with the PBS control group; bp>0.05 compared with 
the PBS model group; cp<0.05 compared with the PBS model group.



HE et al:  CYTOKINE EXPRESSION AND Th17 CELLS IN MOUSE COLITIS 1441

patients. IL-17R knockout or overexpression of IL-17R IgGl 
fusion protein has been reported to significantly inhibit 
TNBS‑induced colitis  (14), indicating that Th17 cells are 
significantly involved in the pathogenesis of IBD. However, 
further studies focusing on Th17 cells revealed that Th17 
cells are not the only effector cells to induce organ‑specific 
autoimmune diseases. A previous study demonstrated that rats 
with a defective p19 subunit of IL-23 were highly susceptible 
to hapten-induced colitis, which may be related to the over-
production of IL-12 by intestinal dendritic cells in an IL-23 
deficient environment (15). Thus, it is likely that Th1 cells and 
Th17 cells synergize to induce organ-specific autoimmune 
diseases. Therefore, the mechanisms by which Th17 and Th1 
cells contribute to the pathogenesis of autoimmune diseases 
require urgent investigation.

In the current study, TNBS was administered to establish 
an IBD model and western blot analysis were used to detect 
IL-17 expression in affected colon tissues, mesenteric lymph 
node cells, SMCs and PBMCs. Compared with the normal 
control group, the results revealed that IL-17 expression was 
significantly increased in the affected local area, which is 
consistent with previous reports  (14). However, the IL-17 
expression levels in PBMCs did not increase, suggesting 
that Th17 cells mainly act locally rather than systemically, 
which further indicates that the immune response mediated 
by memory T lymphocytes is tissue- and organ-specific (16). 
Since IL-17 is mainly produced by memory T lymphocytes, 
its elevation locally may induce an inflammatory response at a 
certain location and specific to this location (17).

An ELISA method was used in this study to detect the 
expression of the Th17 cytokine IL-17 and the Th1 cytokine 
IFN-γ in mice. A specific anti-IL-17 monoclonal antibody was 
also applied to block IL-17 and the effect on IFN-γ expression 
was evaluated. The results revealed that the levels of IL-17 
peaked prior to those of IFN-γ while IFN-γ was sustained for 
longer in the target tissues, even after the elevated expression 
levels of IL-17 had disappeared. This is consistent with the 
results of Batten et al (18) in a study which tested the dynamic 

expression of cytokines in the cerebrospinal fluid of an experi-
mental autoimmune encephalomyelitis (EAE) model. Our 
study confirmed that Th17 and Th1 cells played important 
roles at different stages of IBD, i.e., the effect of the Th17 cells 
was produced sooner than that of the Th1 cells to initiate acute 
inflammation, while the Th1 cells were involved in sustaining 
inflammation subsequently. This suggests that the Th17 and 
Th1 cells are involved in the pathogenesis of IBD. In addition, 
an anti-IL-17 antibody was not able to block IFN-γ secretion, 
further suggesting that the Th17 and Th1 cells have a syner-
gistic effect in the pathogenesis of IBD (19).

Furthermore, pro-inflammatory cytokines play an indispens-
able role in the pathogenesis of IBD (20). Among a large number 
of pro-inflammatory cytokines, IL-6 and TNF-α are frequently 
used for studying the pathogenesis of IBD  (21,22), as the 
expression levels of both are significantly increased in the local 
mucosa of IBD patients. The application of anti-TNF-α antibody 
has been revealed to significantly improve certain pathological 
changes in the IBD mice model and reduce mortality, as well 
as ameliorate the clinical symptoms of IBD patients (23,24). In 
the current study, semi-quantitative RT-PCR confirmed that the 
levels of TNF-α and IL-6 were increased in the SMCs of colitic 
mice. In order to verify the relationship between Th17 cells and 
these two cytokines, we added anti-IL-17 antibody to the cell 
culture medium and found that the expression levels of IL-6 
and TNF-α decreased in direct proportion to the concentration 
of antibody added. This result suggests that Th17 cells further 
induce the onset of IBD by stimulating the production of the 
downstream products TNF-α and IL-6.

The current study demonstrates that Th17 cells play a key role 
in the early stage of IBD onset and that this effect is tissue- and 
organ-specific, as well as direct-targeting. In addition, Thl7 cells 
execute an inflammation-sustaining function since blocking the 
secretion of cytokines by Thl7 reduces the generation of IL-6 
and TNF-α, indicating that the downstream effects of IL-17/
IL-17R pathway activation are important in the pathogenesis of 
IBD. Therefore, further study on the mechanisms of Th17 cells 
may help in the search for an effective treatment for IBD.

Figure 2. mRNA expression of TNF-α, IFN-γ and IL-6 detected by RT-PCR. Lanes 1-4: TNF-α mRNA for the PBS model, 1 µg model, 10 µg model and 
PBS normal control groups, respectively. Lanes 5-8: IFN-γ mRNA for the PBS model, 1 µg model, 10 µg model and PBS normal control groups, respectively. 
Lane 9: Marker. Lanes 10-13: IL-6 mRNA for the PBS model, 1 µg model, 10 µg model and PBS normal control groups, respectively. Lanes 14-17: β-actin 
mRNA for the PBS model, 1 µg model, 10 µg model and PBS normal control groups, respectively.
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