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Abstract. Surgeries, particularly ileocecal resection (ICR), 
are often required in the treatment of Crohn's disease (CD). 
However, recurrences are common for patients who undergo 
ICR, and anastomotic fibrosis is the main cause of re-operation. 
The present study aimed to investigate the therapeutic effects of 
triptolide (TPL) in ameliorating fibrosis following ileocolonic 
anastomosis. A model of IL-10-/- mice undergoing ICR was 
used to study postsurgical inflammation and fibrosis of 
anastomosis. For this purpsose, interleukin (IL)-10-/- mice were 
randomly divided into 3 groups as follows: the control group, 
the saline-treated group subjected to ICR (ST-ICR) and the 
TPL-treated group subjected to ICR (TT-ICR). Wild-type (WT) 
mice of matching ages were assigned to the WT group. The 
effects of TPL treatment on ileocolonic anastomosis were 
determined by histopathological evaluation, western blot analysis 
and ELISA. The analysis of the effects of TPL treatment on 
microRNA-16-1 (miR-16-1) and heat shock protein 70 (HSP70) 
expression was carried out by RT-qPCR and western blot 
analysis. Compared with the control group, significantly higher 
inflammation scores following anastomosis were observed in 
the ST-ICR group (P<0.05), although reversion was observed 
in the TT-ICR group, which was consistent with changes in the 
area of CD4

+ cell infiltration. The elevated fibrosis scores and 
the overexpression of procollagen I and III in the ST-ICR group 
were all inhibited by TPL. With an increase in the severity of 
inflammation and fibrosis, the levels of IL-6, tumor necrosis 
factor-α (TNF-α) and transforming growth factor-β1 (TGF-β1) 
increased; however, a significant decrease in these levels was 

observed following treatment with TPL (P<0.05). The results 
of RT-qPCR revealed that the upregulated miR-16-1 levels in 
the ST-ICR group were significantly reduced by TPL. HSP70, 
which can be inhibited by miR-16-1, ameliorates anastomotic 
inflammation and fibrosis. Thus, the present study demonstrates 
that TPL exerts a protective effect against fibrosis following 
anastomosis in CD. The miR-16-1/HSP70 signaling pathway, 
which can be regulated by TPL, may thus represent a novel 
therapeutic option in CD that deserves further investigation.

Introduction

Inflammatory bowel disease (IBD) is a group of complex 
intestinal disorders that includes ulcerative colitis (UC) and 
Crohn's disease (CD), both of which are characterized by 
chronic inflammation and damage, and the destruction of tissue 
architecture. Overall morbidity is relatively high in developed 
countries, and an increasing prevalence in the developing 
world has been noted, particularly for CD (1). In contrast to 
UC, CD is characterized by patchy, transmural inflammation, 
which may lead to perforation or stricture of the digestive tract. 
CD is defined by age at onset, and the location and pattern of 
disease, which are combined in the Vienna classification (2). 
Genetic and environmental factors all play important roles in 
CD, although a definitive pathogenesis remains unknown.

Intestinal fibrosis, defined as an excessive synthesis of 
connective tissue in the intestinal wall, is a common compli-
cation of CD that is associated with long-term enervating 
consequences that impair the quality of life of patients. 
Although surgical treatment is not curative for CD, it is still 
required for approximately 70% of CD patients if medical treat-
ments are ineffective or to ameliorate complications, such as 
obstruction caused by intestinal fibrosis. One of the key points 
for reducing the rate of re-operation is to alleviate fibrosis at the 
site of anastomosis.

The primary therapy for CD is pharmaceutical-based, 
which is evolving rapidly with many new biological agents 
under investigation. Possessing both immunomodulatory 
and anti-inflammatory effects, triptolide (TPL), an active 
component of Tripterygium wilfordii Hook F., has been used 
as a therapeutic agent for a number of autoimmune diseases, 
including CD, for several years. A previous study showed that 
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extracts of Tripterygium wilfordii Hook F. exhibited therapeutic 
activity in mild or moderately active CD (3). Many mechanisms 
of TPL have been reported in previous studies, including the 
inhibition of the expression of XPB (a subunit of TFIIH) (4), 
the Toll-like receptor (TLR)/nuclear factor (NF)-κB signaling 
pathway (5) and the tumor necrosis factor (TNF)-α/TNFR2 
signaling pathway (6). Recently, a novel model involving inter-
leukin (IL)-10-/- mice undergoing ICR has provided a novel 
method with which to investigate fibrosis following anasto-
mosis in CD (7).

TPL was used as a therapeutic substance in this new model 
of IL-10-/- mice undergoing ICR in the present study. The aim 
of this study was to investigate the therapeutic effects of TPL in 
ameliorating fibrosis following anastomosis.

Materials and methods

Animals and surgical procedure. Male C3H/HeJBir IL-10-/- 

and wild-type (WT) mice (8 weeks old) were purchased 
from Jackson Laboratory (Ben Harbor, ME, USA) and raised 
under specific pathogen-free (SPF) conditions at the Medical 
School of Southeast University, Nanjing, China. A total of 
18 IL-10-/- mice were evenly and randomly divided into 
3 groups as follows: the control group (no intervention), the 
ST-ICR group (ICR and intraperitoneally injected saline) and 
the TT-ICR group (ICR and intraperitoneally injected TPL). 
A total of 6 WT mice of matched ages were assigned to the 
WT group (no intervention). Mice were fasted 1 day before the 
beginning of the experiment. Surgeries were performed under 
sterile conditions with the assistance of a surgical microscope 
(x7 magnification). An intestinal segment comprising of 5 cm of 
small bowel proximal to the ileocecal junction and 2 cm distal 
to the proximal colon was resected after ligating the mesentery. 
The intestinal continuity was restored with a single-layered, 
interrupted, end-to-end anastomosis with a 9-0 monofilament 
suture. Animals surviving less than 4 days after surgery were 
excluded. All protocols for this animal research were approved 
by the Ethics Committee of Southeast University.

Administration protocol of drugs and assessment of disease 
activity. TPL (chemical structure shown in Fig. 1; Solarbio, 
Beijing, China) with a purity ≥99% was dissolved in dimethyl 
sulfoxide (DMSO; Solarbio) at a concentration of 0.0035 mg/
ml. A 0.07 mg/kg body weight dose of TPL was selected as the 
appropriate dose to inject mice intraperitoneally in the TT-ICR 
group every other day for 8 consecutive weeks, as previously 
described (6). Mice in the ST-ICR group were administered 
equal amounts of saline.

A disease activity index (DAI) was employed to evaluate 
the status of the mice after undergoing ICR for 8 weeks. Three 
parameters were taken into account as previously described: 
weight loss, stool consistency and bleeding (8). Each clinical 
parameter was assigned a value ranging from 0-4 (with 4 being 
the most severe). The final value of the DAI was calculated as 
(the sum of the scores for weight loss, stool consistency and 
bleeding)/3.

Tissue collection. A total of 8 weeks after the beginning of the 
experiment, the mice were weighed and sacrificed by decapita-
tion. A 1 cm segment of the small intestine (SI) spanning the 

ileocecal junction in the WT and control groups and a 1 cm 
segment of the SI proximal to the anastomosis in the ICR 
groups was collected for histological and immunohistochemical 
analyses, reverse transcription-quantitative PCR (RT-qPCR), 
ELISA and western blot analysis.

Histological analysis. The samples were fixed in 
10% neutral-buffered formalin for 24 h and then embedded in 
paraffin and sectioned at a thickness of 5 µm. Xylene was used 
to remove the paraffin; the slides were then cleared with alcohol 
and subjected to H&E (hematoxylin and eosin) and Masson's 
trichrome staining (both from Servicebio, Wuhan, China). 
The evaluation of histological inflammation scores (0-4, with 
4 being the most severe inflammation) based on H&E staining 
was performed in a blinded manner according to previously 
described criteria (9,10). This well-validated grading system 
is based on the severity and extent of leukocyte infiltration, 
epithelial hyperplasia, architectural distortion and depletion of 
goblet cells.

Masson's trichrome staining was used to visualize collagen 
accumulation. Fibrosis scoring was conducted based on the 
extent of collagen deposition on a scale from 0-3, with 0 repre-
senting no collagen deposition. The details of the grading criteria 
were designed as follows: 0, no significant collagen deposition; 
1, increased collagen deposition in submucosa and mucosa; 
2, increased collagen deposition in submucosa, mucosa and 
muscular layer; 3, increased collagen deposition throughout all 
layers, including serosa. All scoring was performed by a single 
qualified pathologist who was blinded to the intervention.

Western blot analysis. Protein was extracted from the SI tissue 
using lysis buffer (150 mM NaCl; 0.5% sodium deoxycholate; 
50 mM Tris, pH 8.0, containing 1.0% NP-40; 1.5 mM EDTA; 
10% glycerol) supplemented with a protease inhibitor 
cocktail (Bioss, Beijing, China) on ice. Supernatants were 
collected and centrifuged at 15,000 x g for 20 min at 4˚C. 
The protein concentration was measured using a BCA 
protein assay kit (Bioss). A total of 20 µg of total protein was 
resolved by 10% sodium dodecylsulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred to polyvinylidene 
difluoride (PVDF) membranes by electroblotting at 4˚C. After 

Figure 1. Structure of triptolide (TPL).
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blocking with 5% skim milk for 2 h at room temperature, the 
membranes were incubated with primary antibodies overnight 
at 4˚C. Following washing with TBST 3 times, the membranes 
were then incubated with HRP-conjugated secondary 
antibody (Cat. no. bs-0369M-HRP, Bioss) at a dilution rate 
of 1:10,000 for 1 h at room temperature. After washing with 
TBST 3 times, the membranes were then incubated with 
ECL (Amresco, LLC, Solon, OH, USA) and analyzed with a 
FluorChem FC system (Alpha Innotech, San Leandro, CA, 
USA). The levels of protein expression were normalized to 
those of β-actin. The primary antibodies used were as follows: 
rabbit anti-mouse procollagen-I (Cat. no. ab64409; Abcam, 
Cambridge, UK), procollagen-III (GTX39505; Genetex, Irvine, 
CA, USA) and heat shock protein 70 (HSP70; Cat. no. ab79852; 
Abcam) monoclonal antibodies. All primary antibodies were 
used at a dilution of 1:200.

Immunohistochemistry. Slides were prepared as described 
above in the ‘Histological analysis’ section. Following incu-
bation with 3% H2O2 and 10% methanol in 0.01 M PBS for 
15 min, the sections were blocked with 10% normal goat serum 
in 0.01 M PBS for 1 h and incubated at 4˚C overnight with 
a monoclonal antibody to mouse anti-CD4 (Cat. no. ab183685, 
Abcam) diluted 1:100 with 5% normal goat serum in Tris-Triton 
buffer. The sections were then incubated at room temperature 
for 1 h with goat anti-mouse (Cat. no. 115-505-003; Jackson 
Laboratory, Ben Harbor, ME, USA) 1:500 with Tris-Triton 
buffer. Finally, sections were visualized using the avidin-biotin 
DAB kit from Vector Laboratories, Inc. (Burlingame, CA, 
USA). Slice images (magnification, x100) were captured with a 
digital camera (Leica, Mannheim, Germany), which was linked 
to a microscope and managed with OPTIMAS™ software 
version 6.1 (Optima Corp., Doral, FL, USA). The analyses of 
the number of cells per area (12,234 µm2) were performed in 
3 random areas.

RNA isolation and RT‑qPCR. Total intestinal tissue RNA 
was isolated using the TRIzol® Plus RNA Purification kit 
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer's instructions. 18S RNA was used as an internal control. 
qPCR was performed using the SYBR® Premix Ex Taq™ II 
PCR kit (Takara Bio, Inc., Otsu, Japan).

A total of 4 mg of DNase-treated (Ambion, Austin, TX, 
USA) RNA was reverse transcribed into cDNA using oligo (dT) 
primers and reverse transcriptase (Promega Corp., Madison, 
WI, USA) under standard conditions. β-actin served as a control 
for HSP70. RT-PCR was performed using the StepOne™ and 

StepOnePlus™ Real-Time PCR System (Applied Biosystems 
Life Technologies, Foster City, CA, USA). Cycle thresholds for 
each test mRNA were recorded and normalized to a control. 
The denaturation process occurred at 95˚C for 2 min, and then 
PCR amplification was performed with 40 cycles at 95˚C for 
15 sec and annealing at 60˚C for 1 min. The relative expression 
of microRNA/miRNA-16-1 (miR-16-1 or HSP70 was measured 
using the ΔΔCq method. The abundance of miR-16-1 or HSP70 
mRNA was presented as the fold change from the mean expres-
sion levels in WT mice. The sequences of the primers are listed 
in Table I.

Cytokine‑specific ELISA. Protein was extracted from the 
intestinal tissue by homogenization (0.5 mg tissue/ml) in 
homogenization buffer with a protease inhibitor (Bioss). 
Homogenized tissue samples were collected following centrifu-
gation at 20,000 x g at 4˚C for 30 min, and the supernatants were 
then stored at -80˚C. The concentrations of TGF-β1, TNF-α 
and IL-6 were evaluated using a kit from Abcam according to 
the manufacturer's instructions. Values were expressed as pg/
mg protein.

Statistical analysis. Statistical significance among groups were 
calculated with one-way ANOVA testing: parametric data were 
assessed with a Bonferroni post hoc test and non-parametric 
data were assessed with the Kruskal-Wallis test with the Dunn's 
post hoc test (SPSS 21.0; IBM SPSS, Armonk, NY, USA). The 
data are expressed as the means ± standard deviation (SD). 
A value of P<0.05 was considered to indicate a statistically 
significant difference.

Results

TPL alleviates clinical symptoms and intestinal macroscopic 
changes in mice subjected to anastomosis. The IL-10-/- mouse 
represents a well-established animal model of CD owing to its 
persistent and dominant pro-inflammatory systemic immune 
profile. The model using IL-10-/- mice undergoing ICR was 
adopted in our study to investigate post-operative anastomotic 
inflammation and fibrosis in CD.

The mice in the ST-ICR group exhibited progressive weight 
loss, severe diarrhea, bowel wall edema and thickening, whereas 
no obvious signs of such symptoms were observed in the WT 
and control groups. In the mice in the TT-ICR group, slight 
diarrhea and weight loss were observed shortly after surgery, 
while bowel function recovered promptly following treatment 
with TPL, and no serious complications were observed in the 

Table I: Primer sequences for PCR.

Gene Forward primer Reverse primer

miR-16-1 5'-CCGCTCGAGTGCAGGCCATATTGTGCTGCC-3' 5'-TCCCCGCGGATTGTCTTCTAAGCTCTGTTC-3'
18S RNA 5'-GTAACCCGTTGAACCCCATT-3' 5'-CCATCCAATCGGTAGTAGCG-3'
HSP70 5'-GGCTGATCGGCCGCAAGTT-3' 5'-AACTGCACCCACTTCCCAGTC-3'
β-actin 5'-ACCACAGCTGAGAGGGAAATCG-3' 5'-AGAGGTCTTTACGGATGTCAACG-3'

HSP70, heat shock protein 70.
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mice who survived >2 weeks after surgery. The DAI score of 
each group at the 8th week after surgery is shown in Fig. 2. 
No significant differences were observed between the WT and 
control groups (P>0.05). The DAI score in the ST-ICR group 
was significantly higher than that in the control group (P<0.05); 
however, a reduction was observed following treatment with 
TPL (P<0.05).

The bowels of the mice in the WT and control groups showed 
no macroscopic signs of inflammation, whereas the intestinal tract 
and, in particular, the anastomosis site of the mice in the ST-ICR 
group removed 8 weeks after surgery revealed evident hyperemia 
and inflammation (Fig. 3). Specifically, significant anastomotic 
lumen stenosis was observed in the mice in the ST-ICR group, 
while ICR-induced intestinal inflammation and anastomotic 
stenosis were effectively attenuated by TPL, although intestinal 
walls immediately adjacent to the anastomosis site still exhibited 
mild thickening in the mice in the TT-ICR group.

TPL attenuates post-surgical inflammation and anastomotic 
fibrosis in IL-10‑/‑ mice that underwent ICR. H&E staining and 

inflammation scores were employed to determine the severity 
of anastomotic inflammation. No obvious inflammation or 
destruction of the tissue architecture was observed in the WT 
or control groups. A total of 8 weeks after undergoing ICR, 
significant anastomotic microvilli swelling, epithelial hyper-
plasia, and architectural distortion accompanied by leukocytic 
infiltration were observed in the ST-ICR group compared to 
the control group, and all of these pathological abnormalities 
were significantly attenuated by treatment with TPL (Fig. 4A). 
The inflammation score, based on H&E staining of the anasto-
mosis site, was further investigated in IL-10-/- mice (Fig. 4B). 
Compared with the control group, significantly higher inflam-
mation scores of the anastomosis site were observed in the 
ST-ICR group (P<0.05), and a reduction was observed after 
following treatment with TPL (P<0.05).

In patients with CD, over-activated Th1/Th17 type T cells 
are the main resources that induce local inflammatory 
reactions by producing pro-inflammatory cytokines; therefore, 
as a specific marker of Th cells, CD4 was examined by 
immunohistochemistry (Fig. 4A). The area of CD4

+ cell 
infiltration in the anastomosis site of the ST-ICR group 
was significantly larger than that in the WT and control 
groups (P<0.05; Fig. 4C), and CD4

+ cells were found infiltrating 
throughout the entire intestinal wall, particularly in the 
submucosa and mucosa. By contrast, following treatment with 
TPL, the CD4

+ area was diminished and showed no significant 
difference compared with the control group (P>0.05).

Collagen, which is the main component of the extracellular 
matrix (ECM), is mainly synthesized by fibrotic cells and 
indicates the severity of fibrosis (11). In this study, to determine 
whether intestinal fibrosis was the cause of luminal stenosis, the 
accumulation of collagen was visualized in the anastomosis site 
with Masson's staining 8 weeks after performing ICR (Fig. 5). 
No obvious deposition of collagen was observed in the WT 
and control groups, whereas significant collagen deposition 
throughout all layers of the intestinal wall was observed in 
the ST-ICR group compared to the WT and control groups. 
Once collagen synthesis becomes uncontrollable, thickening 
and stiffness of the bowel wall and luminal stenosis may be 
present; however, TPL treatment effectively attenuated the 
excessive accumulation of collagen. Furthermore, compared 
with the control group, the fibrosis scores in the ST-ICR group 
were significantly increased (P<0.05), whereas a significant 
reduction was observed in the TT-ICR group (P<0.05; Fig. 6A).

Collagen molecules are synthesized from larger precursor 
proteins, known as procollagens. Thus, the synthesis rate 
of fibrillar collagens was further determined by measuring 
procollagen I and III by western blot analysis. As shown 
in Fig. 6B-D, no noteworthy differences were detected between 
the WT and control groups (P>0.05). Compared with the WT 
and control groups, the upregulated levels of procollagen I 
and III in the ST-ICR group were significantly decreased by 
TPL treatment (P<0.05). These results indicate that the balance 
between the synthesis and catabolism of ECM was altered in 
the IL-10-/- mice that underwent ICR.

TPL inhibits the secretion of inflammatory and fibrotic cyto‑
kines. IL-6, TNF-α and TGF-β1 are efficient risk indicators and 
are closely related to the disease activity of CD. TGF-β1, the 
most potent activator of fibroblasts, is crucial for the progres-

Figure 2. DAI scores for each group were assessed 8 weeks after surgery. Data 
are presented as the average ± SD of 6 independent experiments. *P<0.05, 
significantly different from the WT group; #P<0.05, significantly different 
from the control group; +P<0.05, significantly different from the ST-ICR. 
DAI, disease activity index; ICR, ileocecal resection; WT, wild-type; ST-ICR, 
saline-treated-ICR group; TT-ICR, triptolide-treated ICR group.

Figure 3. Photograph of macroscopic view of the intestinal tract involving the 
ileocecal junction. Anastomosis sites are indicated by red arrows. ICR, ileo-
cecal resection; WT, wild-type; ST-ICR, saline-treated-ICR group; TT-ICR, 
triptolide-treated ICR group.
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sion of fibrosis (12-14). In this study, to further verify the degree 
and pathogenesis of inflammation and anastomotic fibrosis in 
the IL-10-/- mice that underwent ICR, cytokine-specific ELISAs 
were utilized to investigate the expression of IL-6, TNF-α and 
TGF-β1 (Fig. 7). With the increasing severity of inflammation 

and fibrosis, the anastomotic concentrations of TGF-β1, IL-6 
and TNF-α all increased. Following treatment with TPL, 
these levels were all significantly decreased (P<0.05). Of note, 
although no significant difference in inflammation and fibrosis 
was detected between the WT and control groups in macro-
scopic or histopathologic views, the levels of IL-6 and TNF-α 
in the control group were significantly higher than those in the 
WT group (P<0.05).

TPL attenuates ileocolonic anastomotic f ibrosis by 
regulating the miR-16-1/HSP70 pathway. As miR-16-1 is 
closely associated with the activity of CD (15,16) and can 
be regulated by TPL (17); the level of miR-16-1 was further 
investigated by RT-qPCR (Fig. 8A). The level of miR-16-1 in 
the ST-ICR group was significantly elevated compared with the 
WT group (P<0.05). Compared with the control group, a higher 
level of miR-16-1 at the anastomosis site was observed in the 
ST-ICR group (P<0.05), although this increase was reversed by 
TPL (P<0.05). Therefore, we demonstrated that the expression 
of miR-16-1 can be effectively inhibited by TPL, and the DAI 
score can be reduced through the inhibition of miR-16-1.

As a main member of the HSP family, HSP70 can inhibit 
inflammation and fibrosis through mechanisms, such as 
the suppression of the expression of cytokines, regulating 
myofibroblast and T cell differentiation, and the inhibition of 
epithelial cell apoptosis (18,19). More importantly, miR-16-1 
targets the 3' untranslated region (3'UTR) of HSP70 and 
reduces HSP70 expression (20). Therefore, in this study, 
RT-qPCR and western blot analysis were used to investigate the 
level of HSP70 and verify the association between HSP70 and 

Figure 4. H&E staining and IHC of CD4 were employed to evaluate the severity of inflammation at the site of anastomosis in IL-10-/- mice that underwent ICR. 
(A) Histopathological changes at the site of anastomosis in each group. H&E staining was performed to visualize the degree of inflammation at the site of 
anastomosis (magnification, x100); IHC was used to demonstrate the infiltration of CD4

+ cells (magnification, x100). (B) Anastomotic inflammation score of each 
group; (C) result of IHC for number of CD4

+ cells evaluated by image analysis (total area per field = 12,234 µm2). The data are presented as the average ± SD of 
6 independent experiments. *P<0.05, significantly different from the WT group; #P<0.05, significantly different from the control group; +P<0.05, significantly 
different from the ST-ICR group. IHC, immunohistochemistry; ICR, ileocecal resection; WT, wild-type; ST-ICR, saline-treated-ICR group; TT-ICR, triptolide-
treated ICR group.

Figure 5. TPL ameliorates the fibrosis of anastomosis. Masson's trichrome 
stain of the anastomosis in each group was used to demonstrate the accumu-
lated collagen deposition (stained blue) (magnification, x100). TPL, triptolide. 
ICR, ileocecal resection; WT, wild-type; ST-ICR, saline-treated-ICR group; 
TT-ICR, triptolide-treated ICR group.
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miR-16-1 (Fig. 8B-D). The level of HSP70 decreased along in 
the mice with anastomotic fibrosis severity at both the mRNA 
and protein level. Compared with the control group, the level 
of HSP70 in the ST-ICR group was significantly downregu-
lated (P<0.05). However, a sharp rise in HSP70 expression was 
observed following treatment with TPL (P<0.05), which partly 
results from the inhibition of miR-16-1.

Discussion

CD is a chronic inflammatory gastrointestinal disorder that can 
affect any portion of the gastrointestinal tract, particularly the 
terminal ileum. Chronic and persistent inflammation induces 
intestinal fibrosis, and severe fibrosis can result in intestinal 
stenosis, which can lead to obstructions that require surgery 

Figure 6. TPL attenuates anastomotic fibrosis and suppresses the synthesis of collagen. (A) Fibrosis score at anastomosis site in each group. (B) Results of western 
blot analysis for procollagen I and III in each group. The relative expression of procollagen I and III was statistically calculated compared to the β-actin level; 
(C) the ratios of the mean density of procollagen I at the anastomosis site in each group. (D) The ratios of the mean density of procollagen III at the anastomosis 
site in each group. The data are presented as the average ± SD of 6 independent experiments. *P<0.05, significantly different from the WT group; #P<0.05, sig-
nificantly different from the control group; +P<0.05, significantly different from the ST-ICR group. TPL, triptolide; WT, wild-type; ST-ICR, saline-treated-ICR 
group; TT-ICR, triptolide-treated ICR group.

Figure 7. Average concentration of (A) IL-6, (B) TNF-α and (C) TGF-β1 at the anastomosis site in each group. The data are presented as the average ± SD of 
6 independent experiments. *P<0.05, significantly different from the WT group; #P<0.05, significantly different from the control group; +P<0.05, significantly 
different from the ST-ICR group. TNF-α, tumor necrosis factor-α; TGF-β1, transforming growth factor-β1; WT, wild-type; ST-ICR, saline-treated-ICR group; 
TT-ICR, triptolide-treated ICR group.
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or repeat surgery (21). The most frequent surgical strategy 
for patients with CD is ICR and ileum-colon anastomosis; 
however, patients undergoing ICR and re-anastomosis tend 
to have a higher relapse rate compared with patients with 
stricturoplasties or isolated small bowel resections. Recurrence 
frequently occurs around the anastomotic sites and the proximal 
intestine (22). The concrete mechanisms underlying post-
surgical anastomotic fibrosis and stricture remain unknown. 
Therefore, further studies using animal models are warranted. 
Among numerous animal models, the IL-10-/- mouse model 
has features of Th1-/Th17-type inflammation similar to CD 
and has been extensively applied to study the pathogenesis of 
CD (23). As a novel model to study post-surgical pathological 
changes of anastomosis, the model of IL-10-/- mice undergoing 
ICR was constructed (7). In our study, no significant difference 
in either inflammation or fibrosis was detected between the 
WT and control groups; however, of note, the IL-6 and TNF-α 
levels in the control group were significantly higher than those 
in the WT group. We hypothesize that this may result from 
the innate immune features of IL-10-/- mice and environmental 
factors. IL-10 can inhibit the production of cytokines, including 
IFN-γ, IL-1, IL-6 and TNF-α, from pro-inflammatory cells; 
therefore, this suppressive effect may be weakened by a lack 
of IL-10. However, intestinal inflammation and fibrosis in 
the IL-10-/- mice is intestinal-content dependent (particularly 
bacteria or bacterial products) (7); thus, the IL-10-/- mice used 
in our study, which were raised under SPF conditions, suffered 
only from local colitis and slight collagen accumulation. 
Therefore, we hypothesize that IL-10-/- mice, which underwent 
ICR and were raised under SPF conditions, are appropriate 
models to investigate the pathogenesis of surgery-associated 
complications, particularly post-surgical anastomotic 
inflammation and fibrosis. In the present study, the upregulated 
inflammation and fibrosis score, the larger area of CD4

+ cell 

infiltration, as well as the overexpression of procollagen I and III 
in mice in the ST-ICR group, proved that the IL-10-/- mice 
that underwent ICR, which have many features in common 
with CD, can develop sustained and significant post-operative 
inflammation and anastomotic fibrosis. The pathogenesis 
can be attributed to mechanisms including impaired blood 
flow around the anastomosis site, an absence of the ileocecal 
valve and subsequent exposure of the anastomosis to luminal 
contents (7), or changes in the systemic immune response (22), 
as well as others. We showed that IL-10-/- mice that underwent 
ICR, models that precisely mimic post-surgical intestinal 
lesions of CD, provide an appropriate experimental platform 
with which to study the pathogenesis of inflammation and 
anastomotic fibrosis in patients with CD undergoing ICR.

The fibrotic process comprises a series of abnormal biological 
behaviors, including inflammatory cell infiltration, cytokine 
release, fibroblast differentiation and proliferation, and an 
imbalance in ECM synthesis and degradation. Previous studies 
have demonstrated the anti-inflammatory activity of TPL; 
however, an anti-fibrosis effect of this agent was still uncovered, 
and the therapeutic effects of TPL, attenuating fibrosis following 
intestinal anastomosis in this new model of CD have not been 
previously investigated, at least to the best of our knowledge. 
We demonstrated that following treatment with TPL, the 
inflammation and fibrosis levels at anastomosis sites of the mice 
in the TT-ICR groups were significantly attenuated compared 
with those in the ST-ICR group; additionally, TPL effectively 
inhibited the infiltration of CD4

+ T cells and the synthesis of 
collagen at the anastomosis site. The elevated expression levels 
of TNF-α, IL-6 and TGF-β1 were also reduced by TPL. As 
an effective risk-indicator of disease activity in CD, IL-6 can 
regulate T cell differentiation and activation, promote fibroblast 
proliferation and increase fibroblast collagen and tissue inhibitor 
of metalloproteinases-1 (TIMP-1) synthesis. TNF-α is also closely 

Figure 8. miR-16-1/HSP70 pathway is involved in anastomotic fibrosis in IL-10-/- mice undergoing ICR and can be regulated by TPL. (A) Relative expression of 
miR-16-1 at the anastomosis site in each group; (B) results of western blot analysis for HSP70 in each group. The relative expression of HSP70 was statistically 
calculated compared to the β-actin level; (C) the ratios of the mean density of HSP70 at the anastomosis site in each group. (D) Relative expression of HSP70 at 
the anastomosis site in each group; the data are presented as the average ± SD of 6 independent experiments. *P<0.05, significantly different from the WT group; 
#P<0.05, significantly different from the control group; +P<0.05, significantly different from the ST-ICR group. HSP70, heat shock protein 70; ICR, ileocecal 
resection; TPL, triptolide; WT, wild-type; ST-ICR, saline-treated-ICR group; TT-ICR, triptolide-treated ICR group.
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related to the process of fibrosis. A previous study demonstrated 
that TNF-α found in chronic inflammatory conditions 
inhibits collagen phagocytosis and induces tissue fibrosis (12). 
Additionally, by reducing chemokine production by fibroblasts, 
TPL can also limit inflammatory cell infiltration (24). Matrix 
metalloproteinases (MMPs) are involved in the catabolism 
of ECM, and the activity of MMPs is restricted by TIMPs; 
imbalances between TIMPs and MMPs may result in disorders 
of ECM metabolism (25). TLRs, which are a family of pattern 
recognition receptors, represent receptors of the innate immune 
system. They activate downstream inflammatory responses and 
initiate the acquired immune response. The dysregulation of 
TLRs may induce chronic inflammation and tissue impairment 
in IBD. TPL can inhibit MMP expression and augment TIMP 
expression. Moreover, the level of TLR-2 and TLR-4 can also 
be reduced by TPL in the intestines of patients with CD (5). In 
mice with collagen-induced arthritis, TPL was found to inhibit 
IL-1β, IL-6, TNF-α, MMP-13 and MMP-3 expression and 
augment TIMP-1 and TIMP-2 expression, thereby suppressing 
the inflammatory reaction and preventing the development of 
the fibrotic process (26). In IL-1β-treated human intervertebral 
disc cells, TPL significantly suppressed the expression of 
numerous genes, including IL-6, IL-8, MMP-1, MMP-2, 
MMP-3, MMP-13, TLR-2 and TLR-4 (27). TGF-β, which plays 
important roles in wound healing, the regulation of the immune 
system, metabolism of connective tissue, fibrosis and cancer 
progression, can drive fibrosis through multiple mechanisms, 
including the activation of the TGF-β/Smad signaling pathway 
and epithelial to mesenchymal transition (EMT) (13). TPL can 
inhibit ECM protein synthesis by fibroblasts by suppressing 
Smad2 activation (28). A previous study found that TPL 
treatment markedly inhibited the expression of TGF-β1 and 
attenuated cardiac fibrosis (29). TPL has also been reported 
to inhibit the TGF-β-induced phosphorylation of Smad2 and 
Smad3, but to increase the level of Smad7 (30). Additionally, 
the NF-κB/TNF-α/VCAM-1, TLR4-induced NF-κB/IL-1β and 
TGF-β1/α-SMA/Vimentin signaling pathways are all important 
targets of TPL (31). In particular, we have noticed that there 
are many miRNAs regulated by TPL, such as miR-344b-3p, 
miR-30b-3p (32) and miR-155 (33); as miR-16-1 is also an 
important target of TPL (17) and relates to the activity of CD, 
we hypothesized that the anti-fibrotic effects of TPL may be 
mediated partly through the inhibition of the expression of 
miR-16-1.

miRNAs are small non-coding RNA molecules that comprise 
approximately 22 nucleotides and function as inhibitors of 
gene expression by primarily binding to complementary sites 
on the 3'UTR of target mRNAs. miR-16-1, which was first 
reported to be associated with chronic lymphocytic lymphoma 
in 2002 (34), can regulate numerous cellular biological 
behaviors, including cell proliferation, differentiation, cell 
cycle regulation and apoptosis (35). Specifically, miR-16-1 has 
an increased expression both in the mucosa of the terminal 
ileum and in the peripheral blood of patients with active CD 
compared with healthy individuals (15,16). The association 
between miR-16-1 and anastomotic fibrosis in patients with 
CD has not been previously investigated, at least to the best of 
our knowledge. A previous study showed that TPL can inhibit 
the expression of miR-16-1 in a time- and dose-dependent 
manner (17), which is in accordance with the findings of the 

present study. In our study, the expression of miR-16-1 was 
significantly inhibited by TPL, and the level of miR-16-1 
positively correlated with the severity of inflammation and 
fibrosis in anastomosis. These results suggested that TPL may 
attenuate intestinal fibrosis partly through the downregulation 
of miR-16-1. Previous studies have tried to elucidate the 
association between miR-16-1 and inflammation and fibrosis. 
miR-16-1-expressing macrophages were found to promote 
the activation of purified CD4

+ T cells (36). A recent study 
demonstrated that HCV infection results in the overexpression 
of miR-16-1 and then inhibits the expression of Smad7 in the 
progression of liver fibrosis (37). Additionally, miR-16-1 is 
thought to be related to EMT, a significant contributor to the 
development of fibrosis (38). In addition, miR-16-1 functions 
through multiple mechanisms in a tissue- and cell-specific 
manner; for example, miR-16(-1) regulates T cell activation, 
proliferation and apoptosis by targeting Bcl2, CCND1, Erbb3, 
mTOR, Rictor and Runx1 (39-41). Recently, a study proved 
that miR-16-1 targets the 3'UTR of HSP70 and thus reduces 
HSP70 expression, and HSP70 was found to be crucial in the 
alleviation of intestinal damage (42,43). Therefore, we further 
attempted to explore changes in HSP70 expression in this new 
model.

HSPs, which can be found in all eukaryotes and 
prokaryotes, are a family of highly conserved proteins that play 
important roles in cellular proliferation and differentiation and 
oncogenesis (44,45). As the primary member of the HSP family, 
HSP70 has been shown to be involved in the pathogenesis of 
numerous chronic autoimmune diseases, including CD (18,46). 
In the present study, the level of HSP70 decreased in mice with 
inflammation and fibrosis following ICR; however a sharp rise 
in HSP70 expression was observed following treatment with 
TPL, which partly results from the inhibition of miR-16-1. 
Besides, there is also a tight connection between HSP70 and 
anastomotic inflammation and fibrosis. Furthermore, the levels 
of IL-6, TGF-β1 and TNF-α were all significantly elevated 
at the anastomosis site in the mice in the ST-ICR group and 
negatively correlated with the level of HSP70, and reversions 
were observed following treatment with TPL. As the TGF-β/
Smad pathway and EMT are all considered to be closely related 
to the level of TGF-β, the overexpression of HSP70 has been 
found to inhibit EMT by exerting domain-specific effects 
on Smad3 activation and nuclear translocation as well as 
increasing Smad7 expression in a dose-dependent manner (47). 
Additionally, HSP70 inhibits TGF-β signal transduction by 
interacting with Smad2; the overexpression of HSP70 can 
inhibit the phosphorylation and nuclear translocation of Smad2 
and blocks TGF-β-induced EMT (48). The overexpression of 
HSP70 has also been found to prevent the synthesis of cytokines, 
including IL-6 and TNF-α, and protects against TNF-α- and 
IL-6-induced intestinal damage (42,43). Furthermore, HSP70 
is involved in numerous signaling pathways, including nuclear 
factor-κB, Src, Akt and Raf (49). Through mechanisms such 
as regulating myofibroblast and T cell differentiation and 
inhibiting epithelial cell apoptosis, HSP70 is believed to 
effectively inhibit tissue inflammation and fibrosis (18,19,49,50). 
We demonstrated that through the inhibition of the expression 
of miR-16-1, TPL significantly upregulated the HSP70 levels, 
and thus prevented the development of the fibrotic process in 
IL-10-/- mice undergoing ICR.
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In conclusion, to the very best of our knowledge, the present 
study is the first to use the novel model of IL-10-deficient mice 
undergoing ICR to investigate the treatment utility of TPL on 
anastomotic fibrosis. The present study demonstrates that TPL 
is an effective substance against CD and exerts a protective 
role against post-surgical anastomotic fibrosis. The miR-16-1/
HSP70 signaling pathway, which is an important target of TPL, 
is a valuable therapeutic approach for CD that deserves further 
investigation.
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