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Abstract
AIM: To investigate the effect of chymase inhibitor 
TY-51469 in the therapy of inflammatory bowel disease 
and the underlying mechanism. 

METHODS: Seventy-five healthy Sprague-Dawley rats 
were randomly assigned to one of the three groups 
(control group, model group and TY-51469 experiment 
group) and each group had twenty-five rats. The rats of 
the model group and experiment group were subjected 
to treatment with 3.5% dextran sulfate sodium (DSS) 
10 mg/kg to induce colitis. The control group and 
model group were subjected to intraperitoneal injection 
of saline, while the experiment group was subjected 
to intraperitoneal injection of 10 mg/kg TY-51469 
each day. Five rats of each group were sacrificed 
on 0, 7, 14, 21 and 28 d, respectively. The degree 
of inflammation was assessed by histopathological 
scoring; flow cytometry was performed to detect the 
proportion of CD4+CD25+ Tregs in peripheral blood; 
colon tissues of rats were collected to measure mRNA 
and protein expression by PCR, Western blot and 
immunohistochemistry; serum levels of interleukin 
(IL)-10, transforming growth factor (TGF)-β1 and IL-
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INTRODUCTION
Inflammatory bowel disease (IBD) is a group of inflam­
matory conditions of the colon and small intestine 
which mainly include Crohn’s disease (CD) and 
ulcerative colitis (UC)[1]. The underlying mechanism 
of the pathogenic process for IBD remains largely 
unknown. As a complex disease, IBD has been 
reported to be affected by intestinal microenvironment, 
immune factors and genetic predispositions[2-5]. 
Among various influencing factors, abnormal immune 
response and excessive inflammatory reactions play a 
critical role in the initiation and progression of IBD[6].

Regulatory T cells (Tregs) are a subtype of T 
cells which exert important effects of inducing and 
maintaining self-tolerance of the immune system[7]. 
It has been reported that Tregs could inhibit 
inflammatory reactions and relieve the development 
of IBD by secreting immunosuppressive factors such 
as interleukin (IL)-10, transforming growth factor 
(TGF)-β1 and IL-17A. IL-10 and IL-17A could restrict 
and terminate inflammatory reactions by inhibiting 
T lymphocytes and monocytes and activating 
macrophagocytes. In addition, the mechanism of the 
regulation of inflammatory reactions also involves the 
interactive effects of multiple immune cells including 
B lymphocytes, mast cells, and dendritic cells. The 
balance between T helper 1 (Th1) and Th2 are 
accordingly regulated after IL-10 interacts with these 
cells. TGF-β1 is a multidirectional regulatory cytokine 
which could inhibit immune reactions by regulating 
cell proliferation and differentiation and stimulating 
the secretion of extracellular matrix[8]. Also, TGF-β1 
maintains the immune balance of organism by 
suppressing the functions of Th1 and Th2.

Chymases are a family of serine proteases involved 
in a variety of physiological functions[9]. Upon inflam­
matory stimulation, chymases are released from 
mast cells, mesenchymal cells and endothelial cells by 
secretory granules, which could convert angiotensin-1 
to angiotensin-2[10]. Additionally, chymases play an 
essential role in repairing tissues and organs. However, 
over much chymases could lead to fibrosis of tissues. 
Chymase inhibitors can ameliorate the fibrosis of the 
lung. So far, the role of chymase in the heart, lung and 
kidney has been widely investigated.

Most previous studies focused on the association 
between chymase inhibitor and fibrosis of tissues or 
organs. However, little is known concerning its role 
in the immune system and no investigation has been 
performed in IBD. In the present study, we built a 
Sprague-Dawley (SD) rat model of colitis induced with 
dextran sulfate sodium (DSS) and treated the model 
rats with chymase inhibitor TY-51469. The changes of 
Tregs were further detected to investigate the effect 
of chymase inhibitor TY-51469 on IBD and to explore 
the underlying mechanism. It is anticipated that the 
results could provide new insights into clinical therapy 
for IBD.
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17A were detected by ELISA. 

RESULTS: The rats in the experiment group and model 
group had significantly more severe colitis than the 
ones in the control group (P  < 0.05) before treatment 
on day 0; no significant difference was observed 
between the experiment group and model group (P  > 
0.05). After treatment with TY-51469, the rats in the 
experiment group had significantly less severe colitis 
compared with the model group on 7, 14, 21 and 28 d (P  
< 0.05). The proportion of CD4+CD25+ Tregs was lower 
in the model group and experiment group than in the 
control group; the experiment group had a significantly 
higher proportion of CD4+CD25+ Tregs than that in 
the model group (P  < 0.05). The model group and 
experiment group demonstrated lower expression of 
Foxp3 than the control group; the experiment group 
had higher Foxp3 expression than the model group 
(P  < 0.05). Cytokines IL-10, TGF-β1 and IL-17A were 
lower in the model group and experiment group than 
in the control group; the experiment group had higher 
expression than the model group (P  < 0.05). 

CONCLUSION: After treatment with chymase inhibitor 
TY-51469, the experiment group demonstrated 
more significantly reduced intestinal inflammation 
and higher expression of immune tolerance related 
cytokines (IL-10, TGF-β1, IL-17A) and Foxp3 which 
is specifically expressed in Tregs compared with the 
model group. Therefore, chymase inhibitor TY-51469 
might ameliorate the progression of DSS-induced colitis 
possibly by increasing the expression of Tregs and 
cytokines.

Key words: Chymase inhibitor; Tregs; Inflammatory 
bowel disease; Cytokines; Rats
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Core tip: Until now, little is known of the role of 
chymase inhibitor in the immune system and no 
investigation has been performed in inflammatory 
bowel disease (IBD). In the present study, we built 
a Sprague-Dawley rat model of colitis induced with 
dextran sulfate sodium (DSS) and treated the model 
rats with chymase inhibitor TY-51469. The changes of 
Tregs were further detected to investigate the effect 
of chymase inhibitor TY-51469 on IBD and to explore 
the underlying mechanism. The results indicated 
that chymase inhibitor TY-51469 might ameliorate 
the progression of DSS-induced colitis possibly by 
increasing the expression of Tregs and cytokines.
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MATERIALS AND METHODS
Animals and reagents
This study was approved by the Institute Research 
Medical Ethics Committee of the First Affiliated 
Hospital of China Medical University. All rats in the 
study were used strictly in accordance with the 
National Institutions of Health Guide for the Care 
and Use of Laboratory Animals. Seventy-five eight-
week-old female SD rats weighing 180-220 g were 
obtained from the Experiment Animal Center, China 
Medical University. DSS was purchased from MP 
Biomedicals; TGF-β1, rat IL-17A, IL-10 and Flow 
cytometry staining Kit for Tregs were purchased from 
Platinum Company; Trizol reagent was purchased 
from Invitrogen Company; ELISA kit was bought from 
eBioscience; reverse transcription and real-time PCR 
kits were purchased from BioTeke Corporation, Beijing, 
China; Western blot kit was purchased by Beyotime; 
the primers for Foxp3 were synthesized by Invitrogen 
Company and the primary antibody was purchased 
from CST Company. Other necessary reagents were 
available in our laboratory. 

Induction of colitis in SD rats
Seventy-five SD rats were randomly assigned to one 
of the three groups (control group, model group and 
experiment group) and each group had 25 rats. The 
rats in the control group were subjected to treatment 
with distilled water; the model group and the 
experiment group were subjected to treatment with 
3.5% DSS for 6 d, and then distilled water for 6 d; the 
3.5% DSS and distilled water were changed every 6 d. 
Observation, weighing and scoring were performed on 
each rat every day. The observation indexes of colitis 
included weight, diarrhea degree and colon lesions. 

Experimental protocol and sample collection
After the first six days of 3.5% DSS, the rats in the 
experiment group were subjected to intraperitoneal 
injection of TY-51469 at a dose of 10 mg/kg each day 
while rats in the control group and model group were 
subjected to intraperitoneal injection of saline at 10 
mg/kg each day. The first day of injection of TY-51469 
was 0 d. Five SD rats of each group were sacrificed 
on 0, 7, 14, 21 and 28 d, respectively. The blood of 
the caudal vein was collected before death for further 
detection of serum level of TGF-β1 and IL-10 and 
the proportion of CD4+CD25+ Tregs. The peripheral 
blood mononuclear cells (PBMCs) of rats on 28 d were 
collected for flow cytometry and PCR. The whole colon 
of each rat was collected and cut longitudinally along 
the intestinal tract. The location of inflammation was 
confirmed after washing the stool. The tissues were 
collected to investigate Foxp3 mRNA and protein 
expression. 

Histopathological evaluation of inflammation
The histopathological results were evaluated 

and scored independently by two investigators 
(Liu WX and Gu SZ). Histopathological scoring 
included macroscopic, microscopic and pathological 
observations. The scoring criteria were in accordance 
with the suggestions by Dutra et al[11]: 0, normal 
mucosa or no obvious inflammation; 1, a little irregular 
mucosa with or without minimal inflammatory cell 
infiltration; 2, obvious irregular mucosa with infiltration 
of a few inflammatory cells; 3, relatively inordinate 
structure of the mucosa with infiltration of a large 
amount of inflammatory cells, and angiopoiesis can 
be seen; 4, obviously inordinate structure of the 
mucosa with severe inflammatory cell infiltration, and 
abundant angiopoiesis and thickening of intestines wall 
can be seen.

Flow cytometry analysis
The rats on 28 d with the largest difference of 
inflammation reaction were adopted for the detection 
of the proportion of CD4+CD25+ Tregs in rat peripheral 
blood by flow cytometry. PBMCs of rats (1 × 106 cells/
mL) were isolated by density gradient centrifugation, 
and 0.3 μl CD4 antibody and CD25 antibody were 
added into 100 μl PBMCs. The antibody incubations 
were performed in a 100 μl volume for 45 min in the 
dark at 4 ℃. After 5 min centrifugation at a speed of 
300 g, the samples were washed three times with 
PBS and added 200 μl stationary liquid, which were 
followed by incubation in the dark at 4 ℃ for 60 min 
and 5 min centrifugation at a speed of 300 g. The 
samples were washed twice with PBS and resuspended 
in 500 μl FACS buffer solution, which was finally 
analyzed by flow cytometry.

RNA extraction, cDNA synthesis, and quantitative real-
time PCR
The rats on 28 d with the largest difference of 
inflammation reaction were adopted to detect Foxp3 
mRNA expression in colon tissues by real-time PCR. 
The total RNA from colon specimens was isolated using 
Trizol reagent. The isolated total RNA was reverse-
transcribed into complementary DNA. Real-time PCR 
was performed using cDNA as templates. The reaction 
system of RT-PCR contained 2 μL cDNA, 10 μL SYBR 
Premix, 1 μL forward and reverse primer each, 0.4 μL 
ROX and 6.6 μL deionized water. The reaction condition 
was 95 ℃ for 30 s, 95 ℃ for 5 s, and 60 ℃ for 34 s. 
Each reaction was performed in duplicate, and no-
template controls were included in each experiment. 
The relative quantification of Foxp3 mRNA expression 
was calculated using the 2−ΔΔCt method. 

Western blot analysis
The rats on 28 d with the largest difference of inflam­
mation reaction were adopted for the detection 
of Foxp3 protein expression by Western blot. The 
colon tissue was dissociated to obtain total protein. 
Quantitative 40 μg proteins were resolved on SDS-
polyacrylamide gels, and then transferred electropho­
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Statistical analysis
All the statistical analyses were carried out by using 
SPSS 16.0 software (SPSS, Chicago, IL, United States). 
Histological scores are presented with mean ± SD. For 
variables in accordance with normal distribution, one-
way ANOVA was performed followed by LSD test. Non-
parametric test was used to evaluate variables which 
were not in accordance with normal distribution. P 
values < 0.05 were considered statistically significant.

RESULTS
Histopathological score of colitis
The degree of colitis before and after treatment 
was scored according to Dutra criteria. The results 
suggested that the rats in the experiment group and 
model group had significantly more severe colitis 
than the ones in the control group (P < 0.05) before 
treatment on day 0; no significant difference was 
observed between the experiment group and model 
group (P > 0.05). After treatment with TY-51469, the 
rats in the experiment group had significantly less 
severe colitis compared with the model group on 7, 
14, 21 and 28 d (P < 0.05). The detailed information 
is summarized in Table 1.

proportion of CD4+CD25+ Tregs in rat peripheral blood
The rats on 28 d with the largest difference of 
inflammation reaction were adopted for the detection 
of the proportion of CD4+CD25+ Tregs in rat peripheral 
blood by flow cytometry. The proportion of CD4+CD25+ 
Tregs in the experiment group was significantly higher 
than that in the model group but lower than that in the 
control group (Figure 1A and B).

IL-10, IL-17a and TGF-β1 mRNA expression in colon 
tissues
The results of quantitative real-time PCR indicated that 
after the administration of chymase inhibitor TY-51469, 
no significant difference was observed in IL-10, IL-17a 
or TGF-β1 expression in the three groups.

IL-10, IL-17a and TGF-β1 protein expression in colon 
tissues
The results of immunohistochemistry suggested that 
after the administration of chymase inhibitor TY-51469, 
the protein expression of immune-related cytokines 
IL-10, IL-17A and TGF-β1 in the experiment group was 

retically to polyvinylidene difluoride membranes. The 
membranes were blocked with 5% fat-free milk at 
room temperature for 1 h, and then hybridized with 
primary antibodies (1:500) overnight at 4 ℃, and 
secondary antibody for 1 h at room temperature. 
Immune reactive proteins were visualized using the 
ECL Plus Western blot detection reagent. GAPDH 
was detected as the loading control. All results are 
representatives of three independent experiments. 

Immunohistochemistry
Formalin-fixed, paraffin-embedded tissues were cut 
into 4-μm-thick sections and mounted on poly-L-lysine-
coated glass slides. Briefly, slides were deparaffinised 
in xylene, rehydrated in a graded alcohol series and 
washed in tap water. Endogenous peroxidase was 
blocked using 3% hydrogen peroxide for 10 min, 
and the sections were then washed with phosphate-
buffered saline (PBS), pH 7.4. Tissue collagen was 
blocked to avoid nonspecific binding by the addition of 
10% normal serum at 37 ℃ for 10 min. The antibody 
for IL-10, IL-17A or TGF-β1 was used as the primary 
antibody to detect protein expression, respectively, 
and incubated at 4 ℃ overnight. After rinsing three 
times with PBS for 5 min each, the sections were 
incubated with biotinylated secondary antibody and 
streptavidin-biotin peroxidase for 10 min each at 
37 ℃. The slides were then washed in PBS, stained 
with 3,3’-diaminobenzidine tetrahydrochloride and 
counterstained with haematoxylin. Finally, the sections 
were dehydrated and mounted. Primary antibodies 
were replaced with PBS as a negative control.

ELISA
The rats on 28 d with the largest difference of 
inflammation reaction were adopted to detect serum 
levels of TGF-β1, IL-10 and IL-17a by using ELISA. 
The antigens were diluted into 1-10 μg/ml by coating 
buffer for 0.1 ml each well overnight at 4 ℃. The 
samples were washed three times the next day, added 
0.1 ml diluted sample into the wells, incubated for 1 
h at 37 ℃ and then washed. Newly-diluted enzyme 
labeled secondary antibody 0.1 mL was added into the 
wells and incubated for 30-60 min at 37 ℃ followed by 
washes with the last wash by DDW. The TMB substrate 
solution 0.1 ml was added into each well for 10-30 
min at 37 ℃, which was terminated by 0.05 ml 2 mol/L 
sulfuric acid.
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Table 1  Histopathological scores of colitis

Group n 0 d 7 d 14 d 21 d 28 d

Experiment 25  0.33 ± 0.21a    3.55 ± 1.05a,c    3.32 ± 1.08a,c    2.49 ± 0.68a,c    1.12 ± 0.82a,c

Model 25  0.21 ± 0.53a  3.67 ± 1.02a  4.56 ± 0.92a  4.98 ± 0.62a  5.67 ± 0.87a

Control 25 0.32 ± 0.15 0.28 ± 0.01 0.31 ± 0.05 0.28 ± 0.04 0.26 ± 0.07

aP < 0.05 vs control group; cP < 0.05 vs model group. The results are shown as mean ± SD.
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significantly higher than that in the model group but 
lower than that in the control group (Figure 2).

Serum level of IL-10, TGF-β1 and IL-17A
The results of ELISA demonstrated that after the 
administration of chymase inhibitor TY-51469, the 
serum levels of immune-related cytokines IL-10, 
IL-17A and TGF-β1 were significantly higher in the 
experiment group than in the model group but lower 
than in the control group (P < 0.05) (Figure 1C, Table 2).

Foxp3 protein expression in colon tissues
According to the results of Western blot, the expression 
of Foxp3 protein which is specifically expressed in 
Tregs in the experiment group was significantly higher 
than that in the model group but lower than that in 
the control group after the administration of chymase 
inhibitor TY-51469 (P < 0.05) (Figure 1D).

DISCUSSION
IBD is a chronic intestinal disorder typified by UC 

and CD[12]. The etiology of IBD remains largely 
unclear, even though considerable amounts of data 
have demonstrated that IBD is triggered by various 
environmental factors in genetically predisposed 
individuals[13]. The lesions of IBD are mainly located 
in the sigmoid and rectum, as well as the descending 
colon or even the whole colon. IBD possesses 
characteristics of long disease course and frequent 
relapse, the clinical symptoms of which mainly include 
diarrhea, abdominal pain, purulent stools and weight 
loss[14]. Generally, immunosuppressive drugs or anti-
inflammatory drugs are used to treat IBD; steroids and 
non-steroidal anti-inflammatory drugs are effective 
for temporary relief of symptoms[15]. However, most of 
these treatments were insufficient and drug-induced 
severe side effects frequently occurred[16]. Chymase 
facilitates inflammation, tissue remodeling and matrix 
destruction, and thus might be implicated in IBD[17]. 
Rats have been widely used as the experimental 
models characterizing the role of chymase in the 
pathogenesis of a number of diseases primarily due to 
their availability. Aiming at elucidating the potential role 
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Figure 1  Changes of factors in the experiment, model and control groups. A, B: CD4+CD25+ Tregs were detected in rat peripheral blood mononuclear cells 
by flow cytometry. The proportions of CD4+CD25+ Tregs are shown; C: Serum levels of IL-10, TGF-β1 and IL-17A; D: Foxp3 protein expression in colon tissues; 
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of chymase inhibitors in the treatment of IBD, we used 
a DSS-induced SD rat model to explore the changes 
of Tregs and cytokines by treating the model rats with 
chymase inhibitor in this study.

Chymase, which can convert angiotensin-1 to 
angiotensin-2, has been extensively studied concerning 
its role in the pathophysiology of cardiovascular 
diseases[18]. Recently, the relation of chymase with 
inflammatory diseases including IBD has been 
described. Ishida et al[19] found that both chymase 
activity and MMP-9 activity were significantly increased 
in the DSS-induced colitis mice, which could be 
suppressed by chyamse inhibitor NK3201. Additionally, 

inhibition of chymase by use of TY-51469 has been 
reported to significantly attenuate indomethacin-
induced small intestinal damage in rats[20]. In the 
present study, a DSS-induced rat colitis model was 
successfully built. After treatment with chymase 
inhibitor TY-51469, the rats in the experiment group 
had significantly less severe colitis compared with the 
model group on 7, 14, 21 and 28 d. These results 
suggested that chymase inhibitor TY-51469 might 
ameliorate DSS-induced experimental colitis in rats. 
Therefore, chymase inhibitor may be a novel therapy 
for clinical treatment of IBD in the future, although it 
still warrants clinical investigations.

To further explore the possible mechanism of 
chymase inhibitor TY-51469 acting on IBD, we in­
vestigated the changes of Tregs in different groups 
and found that the proportion of CD4+CD25+ Tregs in 
the experiment group was significantly higher than 
that in the model group but lower than that in the 
control group. The mRNA and protein expression of 
Foxp3, which is specifically expressed in Tregs, was 
also significantly higher in the experiment group 
than in the model group but lower than in the control 
group. These findings indicated that chymase inhibitor 
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Figure 2  Immunohistochemistry staining results in colon tissues from different groups. IL: Interleukin; TGF: Transforming growth factor.

Table 2  Serum levels of interleukin-10, transforming growth 
factor-β1 and interleukin-17A

Group n IL-10 (pg/mL) TGF-β1 (pg/mL) IL-17a (pg/mL)

Experiment 5      98.79 ± 3.45a,c    59.23 ± 2.01a,c    67.82 ± 3.25a,c

Model 5   34.56 ± 5.78 23.45 ± 3.68 14.35 ± 2.46
Control 5 143.35 ± 2.35 68.56 ± 3.59 76.28 ± 3.56

aP < 0.05 vs model group; cP < 0.05 vs control group. The results are shown 
as mean ± SD. IL: Interleukin; TGF: Transforming growth factor.
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TY-51469 might promote the synthesis of Tregs. 
Moreover, the expression of immune tolerance related 
cytokines including IL-10, TGF-β1 and IL-17A in rat 
serum and colon tissues was also detected by ELISA 
and immunohistochemistry, respectively. The result 
of serum expression for cytokine was a supplement 
to the results of that at the site of inflammation. The 
results both demonstrated that cytokines IL-10, IL-17A 
and TGF-β1 protein expression was significantly higher 
in the experiment group than in the model group but 
lower than in the control group.

The imbalance of immune tolerance and immune 
reactions was found to be involved in the initiation of 
IBD[21]. Tregs have been reported to inhibit immune 
response by secreting cytokines, thereby preventing 
the occurrence and development of autoimmune 
diseases including IBD[22]. According to our present 
study, chymase inhibitor TY-51469 might reduce 
the progression of IBD possibly through increasing 
Tregs and cytokines, and thus inhibit immune and 
inflammatory reactions. As a kind of regulatory cells, 
Tregs can inhibit the activation and proliferation of T 
cells by directly contacting or by secretion of inhibiting 
cytokines such as IL-10 and TGF-β1, which ensure that 
the immune reactions are not excessively strong[23]. 
IL-10 exerts its immune regulatory function through 
suppressing T lymphocyte and activating monocytes; 
also, after interacting with B lymphocytes, mast cells, 
dendritic cells and keratinocytes, the balance of Th1 
and Th2 cytokines is accordingly regulated, thereby 
inhibiting inflammatory reactions[24]. TGF-β1 inhibits 
immune reactions by regulating cell proliferation, 
differentiation and promoting the secretion of 
extracellular matrix; it can also maintain immune 
balance through suppressing the functions of Th1 and 
Th2[25]. In addition, CD4+CD25+ Tregs possess specific 
phenotypes and functions of inhibiting the proliferation 
and activation of self-reactive T cells by autonomic 
regulation[26].

It is worth noting that IL-17A was also significantly 
higher in the experiment group than in the model 
group but lower than in the control group. The 
proinflammatory role of IL-17A has been widely 
described. Its protective role may be related not to 
regulatory function but to a beneficial pro-inflammatory 
effect during acute injury. In addition, recent evidence 
suggested that IL-17A also exert a protective effect 
within the intestine. For example, researchers have 
revealed that IL-17A knockout mice demonstrated 
worsened DSS-induced colitis[27,28]. IL-17A has been 
reported to be involved in the host defense against 
fungal infection[29,30]. Considering the diverse and 
complex biological functions of IL-17A, further studies 
are still warranted to elucidate the exact role of IL-17A 
in IBD. 

Some limitations should be acknowledged in 
this study. First, the finding that chymase inhibitor 
TY-51469 could ameliorate DSS-induced experimental 
colitis requires future studies to confirm in other animal 

model or clinical investigations. Second, our finding 
that chymase inhibitor TY-51469 might exert effects 
by increasing Tregs and cytokines was preliminary and 
exploratory, therefore future investigations concerning 
the specific mechanism of chymase inhibitor TY-51469 
in relieving IBD are still needed. Additionally, the 
mRNA expression of IL-10, TGF-β1 and IL-17A in 
colon tissue did not demonstrate significant difference 
among the three groups. Whether it was due to limited 
number of samples or post-transcriptional regulation 
warrants further research to elucidate.

In conclusion, after treatment with chymase 
inhibitor TY-51469, the experiment group demonstrated 
more significantly reduced intestinal inflammation 
and higher expression of immune tolerance related 
cytokines (IL-10, TGF-β1, and IL-17A) and Foxp3 which 
is specifically expressed in Tregs compared with the 
model group. We therefore suggested that chymase 
inhibitor TY-51469 might ameliorate the progression of 
IBD possibly through increasing Tregs and cytokines in 
rats.
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