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Abstract. Adipose‑derived mesenchymal stem cells (ASCs) 
play a positive role in tissue injury repair and regeneration. 
The aim of this study was to determine whether ASCs could 
ameliorate chronic pancreatitis (CP) induced by the injection 
of dibutyltin dichloride (DBTC) and to elucidate its potential 
mechanisms. Furthermore, this study also explored whether 
there was a significant difference if the ASCs were injected via 
the inferior vena cava or the left gastric artery. CP was induced 
in rats by a single intravenous administration of DBTC, and 
the accumulation of collagen and apoptotic rates of pancreatic 
acinar cells were analyzed. According to the results, ASCs 
markedly reduced DBTC‑induced pancreatic damage and 
collagen deposition in the rat model of CP. Moreover, ASCs 
significantly decreased pancreatic cell apoptosis by regulating 
the expression levels of caspase‑3, BAX and Bcl‑2. These 
effects were observed regardless of whether the injection 
was in the inferior vena cava or the left gastric artery. It was 
also found that the expression levels of phosphorylated PI3K, 
AKT and mTOR in pancreatic tissues of the DBTC‑induced 
CP model group were significantly increased, while the 
expression levels of phosphorylated PI3K, AKT and mTOR 
in the two treatment groups were markedly decreased. ASCs 
noticeably suppressed the PI3K/AKT/mTOR pathway in the 

pancreatic tissue of DBTC‑induced CP. This study indicated 
that ASCs protect against pancreatic fibrosis by modulating 
the PI3K/AKT/mTOR pathway, and have the potential to be a 
new strategy for the treatment of CP in the future.

Introduction

The etiology of chronic pancreatitis (CP) is most commonly 
related to alcohol abuse, the incidence rate for clinical cases 
increased significantly from 2.94/100,000 persons between 
1977‑1986 to 4.35/100,000 persons between 1997‑2006 (1). 
CP is characterized by exocrine and endocrine pancreatic 
insufficiency, persistent or recurrent inflammation, fibrosis 
and macrophage infiltration (2). The main clinical symptom 
of CP is abdominal pain (3). The specific pathogenesis of CP 
is not clear, leading to insufficient diagnosis and treatment. At 
present, the treatment of CP is limited to symptomatic treatment 
rather than treatment based on the etiology and pathogenesis 
of the disease (4). In some cases, partial or total resection of 
the pancreas is an effective surgical treatment for CP‑related 
abdominal pain if other treatments are ineffective (5,6). Due to 
the chronicity and constant inflammation of CP, it is necessary 
to seek a treatment plan that is highly effective and presents a 
low risk to patients. Therefore, mesenchymal stem cell therapy 
has the potential to be an effective means of treatment.

Mesenchymal stem cells are considered to be pluripo-
tent cells, which are present in adult bone marrow, the 
umbilical cord, endodontic pulp and other organs (7). They 
have the potential to differentiate into mesenchymal tissue 
lineages, including bone, fat and muscle (8,9). Mesenchymal 
stem cells have been used to treat pancreatic endocrine 
dysfunction in type 1 diabetes and have considerable 
efficacy  (10,11). Mesenchymal stem cells can inhibit the 
activation of T lymphocytes (12), and the proliferation of 
B lymphocytes (13) and natural killer cells (14). They also 
have immunomodulatory functions that provide a prom-
ising therapeutic strategy to regulate immune responses in 
immune‑mediated diseases (15).

There are a number of possible sources of mesenchymal 
cells, but those derived from adipose tissue are convenient 
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and abundant (16). Studies have shown that the transplanta-
tion of adipose‑derived mesenchymal stem cells (ASCs) 
markedly improves revascularization and tissue perfusion 
in limb ischemia  (17). Various studies have demonstrated 
that ASCs have a treatment effect for severe acute pancre-
atitis (AP)  (18), type 1 diabetes  (19,20) and experimental 
colitis  (21) in animal models. ASCs are currently being 
tested in clinical trials for the treatment of transsphincteric 
cryptoglandular fistulas  (22), Crohn's‑related rectovaginal 
fistula (23), refractory rheumatoid arthritis (24), severe osteo-
arthritis of the knee (25), systemic sclerosis (26) and other 
diseases  (27). Continuous regional arterial infusion with 
low‑molecular‑weight heparin exhibits strong therapeutic 
effects in the case of severe AP with a high level of safety (28). 
In the present study, the therapeutic effects of ASCs were 
studied in a rat dibutyltin dichloride (DBTC)‑induced CP 
model via inferior vena cava and left gastric artery injection. 
It was found that ASCs could delay the progression of CP by 
suppressing the PI3K/AKT/mTOR pathway.

Materials and methods

Animals and treatment. A total of 24 adult male Sprague‑Dawley 
(SD) rats weighing approximately 280 g were obtained from 
the animal center at Wenzhou Medical University. All animal 
work was approved by the Animal Ethics Committee of 
Wenzhou Medical University. The rats were kept in an envi-
ronment with a comfortable humidity and were given no less 
than ten hours of light each day at 28‑30˚C. The animals were 
allowed free access to food and water and were acclimated to 
the environment for one week before the experiment began. 
CP was induced by a single 8 mg/kg intravenous administra-
tion of DBTC (Schering AG) and ASCs were then introduced 
via different routes of administration. Lastly, the pancreatic 
tissue was removed for further study. The experiment schedule 
is shown in Fig. 1. The rats were randomly divided into four 
groups with six rats per group: Control group (rats received 
normal saline); DBTC‑induced CP model group (CP was 
induced in the rats via DBTC injection through the tail vein); 
ASC‑treated group I (after DBTC‑induced CP, the rats were 
anesthetized via an intraperitoneal injection of 5% chloral 
hydrate, 300 mg/kg, and received 2,000,000 cells/kg ASCs 
via inferior vena cava injection); and ASC‑treated group II 
(after DBTC‑induced CP, the rats were anesthetized via an 
intraperitoneal injection of 5% chloral hydrate, 300 mg/kg, 
and received 2,000,000 cells/kg ASCs by left gastric artery 
injection). All the rats, except for the control, were given 10% 
ethanol per day for 10 weeks after the DBTC injection to 
induce pancreatic fibrosis; the rats in the control group were 
given normal drinking water. In the third week, the rats in the 
ASC‑treated group I received 2,000,000 cells/kg ASCs by 
inferior vena cava injection, and the rats in the ASC‑treated 
groups II received 2,000,000 cells/kg ASCs by left gastric 
artery injection. The rats in the DBTC‑induced CP model 
group and the control group received the equivalent volume 
of normal saline by intravenous injection. At the end of the 
experiment, all animals were euthanized by intraperitoneal 
injection of pentobarbital sodium (200  mg/kg). Finally, 
pancreatic tissue samples were collected and stored at ‑80˚C 
for further examination.

Cell culture. SD rat ASCs were purchased from Cyagen 
Biosciences, Inc., and cultured in OriCell™ Adipose‑Derived 
Mesenchymal Stem Cell Growth Medium (Cyagen Biosciences, 
Inc.). Cells were incubated at 37˚C in an atmosphere containing 
5% CO2 and passaged using 0.25% trypsin‑EDTA solution 
before the treatment began.

Histological features of pancreatic tissue. Pancreatic tissue 
samples were placed on standardized 1x1 cm pieces of paper. 
They were fixed in 10% paraformaldehyde overnight at 4˚C, 
embedded in paraffin and sectioned into 6‑µm‑thick slices. 
The slices were then stained using Sirius red stain (staining: 
Sirius red dye for 1 h; and Mayer hematoxylin for 15 min 
at 25˚C). The sections were then observed under a light 
microscope (Nikon Corporation) to determine pancreatic 
pathological changes.

Immunohistochemistry assays. Pancreatic tissue samples were 
fixed in 10% paraformaldehyde overnight at 4˚C, embedded in 
paraffin and sectioned into 4‑µm‑thick slices. The slices were 
then incubated in an oven overnight at 55‑65˚C. After 30 min 
of deparaffinization in xylene, the slices were rehydrated in a 
graded ethanol series. The slices were then incubated in citrate 
buffer for 5 min at 25˚C and treated in a microwave oven for 
15 min for antigen repair at 65‑75˚C.

The sections were washed with 3% H2O2 and blocked with 
10% goat serum (OriGene Technologies, Inc.) for 60 min at 
37˚C. The samples were incubated with the primary anti-
body against collagen type I (1:1,000; cat. no. 66761‑1‑Ig; 
ProteinTech Group, Inc.) and collagen type III (1:1,000; cat. 
no. 22734‑1‑AP; ProteinTech Group, Inc.) overnight at 4˚C. 
Species‑specific secondary antibody (1:200; A0277; Beyotime 
Institute of Biotechnology) was added to the pancreatic tissue 
sections for 60 min at 37˚C. Finally, the pancreatic tissue 
sections were stained with diaminobenzidine for 10 min at 
25˚C, and the cell nuclei were stained with hematoxylin for 
3 min at 25˚C. After sealing the sections with neutral resin, 
they were examined under a light microscope.

Western blot analysis. The pancreatic tissues were incubated 
for 60 min in a mixture of radioimmunoprecipitation assay 
buffer (Beyotime Institute of Biotechnology), phosphatase 
inhibitor (Roche Diagnostics GmbH) and phenylmethyl-
sulfonyl fluoride (Beyotime Institute of Biotechnology) at a 
ratio of 100:10:1, which was used to extract proteins from the 
pancreatic tissue. The tissue lysate was then centrifuged at 
12,000 x g for 20 min at 4˚C, and the supernatant was collected. 
The total protein concentration was determined by a BCA 
protein kit (Beyotime Institute of Biotechnology). The mixture 
of protein samples and gel‑loading buffer was boiled for 5 min 
and then stored overnight at 4˚C. Protein samples (16 µl) were 
isolated by SDS‑PAGE (10%) and then transferred to PVDF 
membranes (EMD Millipore). Membranes were blocked with 
5% skimmed milk powder for 2 h at 25˚C. The blots were 
incubated with primary antibodies at 4˚C overnight, followed 
by incubation with a horseradish peroxidase‑conjugated goat 
anti‑rabbit IgG antibody (1:10,000; BioSharp, Technology 
Inc.) at room temperature for 1 h. Primary antibodies to the 
following proteins were used: Collagen type I (1:1,000; cat. 
no. 66761‑1‑Ig; ProteinTech Group, Inc.), Collagen type III 
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(1:1,000; cat. no. 22734‑1‑AP; ProteinTech Group, Inc.), tumor 
necrosis factor‑α (TNF‑α; 1:1,000; cat. no. ab6671; Abcam), 
PI3K (1:1,000; cat. no. 4249S; Cell Signaling Technology, 
Inc.), phosphorylated (p)‑PI3K (1:1,000; cat. no. 4228S; Cell 
Signaling Technology, Inc.), AKT (1:1,000; cat. no. 4691T; Cell 
Signaling Technology, Inc.), p‑AKT (1:1,000; cat. no. 4060S; 
Cell Signaling Technology, Inc.), mTOR (1:1,000; cat. 
no. 2983S; Cell Signaling Technology, Inc.), p‑mTOR (1:1,000; 
cat. no. 5536S; Cell Signaling Technology, Inc.), BAX (1:1,000; 
2772S; Cell Signaling Technology, Inc.), BCl‑2 (1:1,000; cat. 
no.  ab59348; Abcam), caspase‑3 (1:1,000; cat. no.  9662S; 
Cell Signaling Technology, Inc.) and GAPDH (1:1,000; cat. 
no. 5174S; Cell Signaling Technology, Inc.). Finally, protein 
bands were visualized by an enhanced chemiluminescence 
detection system (VisionWorks 8.20; Analytik Jena US LLC).

Statistical analysis. Data are presented as mean ± SD and 
analyzed using one‑way ANOVA followed by Tukey's post hoc 
test. Statistical significance was determined as P<0.05. The 
data were obtained from independent experiments conducted 
three times.

Results

ASC treatment ameliorates pancreatic fibrosis and allevi‑
ates collagen accumulation. The level of pancreatic fibrosis 
and collagen accumulation was visualized by Sirius Red 
staining. Rats from the control group showed a standard 
histological structure with pancreatic acinar cells closely 
arranged around the islets. Samples from the DBTC‑induced 
CP model group showed significant fibrous connective tissue 
hyperplasia, acinar cell atrophy and necrosis. However, ASC 
treatment markedly improved pancreatic morphology and 
architecture. There was no accumulation of collagen in the 
healthy pancreatic cells, but there was an accumulation of 
collagen in the wall of the healthy blood vessels (Fig. 2A‑a). 
In the DBTC‑induced CP model group, pancreatic cells 
were surrounded by collagen, and the normal structure of 
the pancreatic tissue was destroyed (Fig. 2A‑b). However, 
ASC treatment markedly decreased collagen accumulation 
and damage in pancreatic tissues of DBTC‑induced CP 
(Fig. 2A‑c and A‑d). Moreover, it was found that ASC treat-
ment markedly decreased the expression levels of collagen 
type I, collagen type III and TNF‑α in pancreatic tissues 
of DBTC‑induced CP (Fig. 2B‑F). However, there was no 
statistical difference in the expression level of collagen 
type I, collagen type III and TNF‑α between the ASC‑treated 
group I and the ASC‑treated group II. Overall, these find-
ings demonstrated that ASCs could preserve pancreatic 
structure and inhibit collagen accumulation and pancreatic 

fibrogenesis, regardless of the site of injection (inferior vena 
cava or left gastric artery).

ASCs decrease DBTC‑induced pancreatic cell apoptosis. In 
this study, the expression levels of apoptosis‑related proteins 
of the pancreatic tissues were examined using western blot-
ting. The apoptosis‑related proteins include BAX, Bcl‑2 and 
caspase‑3. As shown in Fig.  3, ASC treatment markedly 
increased the expression level of the anti‑apoptotic protein 
Bcl‑2. ASC treatment also significantly decreased the expres-
sion levels of the pro‑apoptotic protein BAX. The expression 
levels of caspase‑3 were significantly increased in the CP 
model group. After ASC treatment, the expression level of 
caspase‑3 was markedly decreased. However, there was no 
statistical difference in the expression of BAX, Bcl‑2 and 
caspase‑3 between ASC‑treated group I  and ASC‑treated 
group II. These results demonstrated that ASCs could reduce 
DBTC‑induced pancreatic cell apoptosis regardless of the site 
of injection (inferior vena cava or left gastric artery).

ASCs suppress the PI3K/AKT/mTOR pathway in 
DBTC‑induced CP. To explore whether there is a link between 
pancreatic fibrosis and the PI3K/AKT/mTOR pathway, the 
PI3K/AKT/mTOR pathway in pancreatic tissue was analyzed. 
The expressions of p‑PI3K, p‑AKT and p‑mTOR were 
markedly increased in the DBTC‑induced CP model group. 
However, ASC treatment significantly decreased the expres-
sion levels of the p‑PI3K, p‑AKT and p‑mTOR compared to 
the DBTC‑induced CP model group (Fig. 4A‑C). There was 
no statistical difference in the expression levels of the p‑PI3K, 
p‑AKT and p‑mTOR between the ASC‑treated groups I and II. 
These results demonstrated that the ASCs suppressed activa-
tion of the PI3K/AKT/mTOR pathway (Fig. 4).

Discussion

CP is characterized by inflammation and persistent pancreatic 
damage with collagen accumulation that ultimately leads to 
pancreatic fibrosis (29,30). Hepatocyte damage and fibrosis 
have a close relationship with hepatic stellate cell activa-
tion (31). Stellate cells that resemble hepatic stellate cells and 
have similar functions were also found in the pancreas (32). 
Pancreatic tissue damage and inflammation in CP that release 
cytokines can lead to the activation of pancreatic stellate cells 
(PSCs), which ultimately leads to pancreatic fibrosis  (33). 
ASCs were able to suppress PSC activation and proliferation, 
as well as inducing their apoptosis (34). ASCs could have a 
potential protective effect for pancreatic tissue damage and 
pancreatic fibrosis. At present, the underlying mechanism of 
how ASCs alleviate pancreatic fibrosis remains unclear. In the 

Figure 1. Experiment schedule. Rats were left to adapt to the environment for one week, following which a single injection of DBTC was administered in the 
tail vein and 10% ethanol to induce chronic pancreatitis. After two weeks of modeling, rats were injected with ASCs and euthanized at eight weeks. ASC, 
adipose‑derived mesenchymal stem cell; DBTC, dibutyltin dichloride.
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present study, CP was induced by a single intravenous admin-
istration of DBTC. The DBTC treatment caused severe injury 
and fibrosis of the pancreatic tissue, and ASCs treatment 
reduced the degree of pancreatic fibrosis and damage. These 
results indicated that ASCs are able to alleviate DBTC‑induced 
pancreatic damage.

Collagen type I and III are overexpressed in pancreatic 
fibrosis, and numerous studies have found that specific 
signaling molecules, such as Sma‑ and Mad‑related proteins, 
mitogen‑activated protein kinases, and peroxisome prolif-
erator‑activated receptor g participate in the synthesis of 
proteins of the extracellular matrix. Activation of these path-
ways leads to collagen accumulation and accelerates fibrotic 
progression  (35‑37). TNF‑α is a monokine that displays 
pro‑inflammatory properties. It is produced in the pancreas 
in the early stages of AP and is detected in high amounts in 

both blood and pancreatic tissue (38). TNF‑α also occurs in 
the early stages of CP, and its expression has been observed 
in acinar cells, as well as in inflamed cells  (39). Studies 
have revealed that TNF‑α is also important in the develop-
ment of CP by affecting PSCs (40). In a healthy pancreas, 
collagen type IX dominates, while type I is mainly produced 
in response to TNF‑α (41). In the present study, it was also 
found that DBTC injection leads to collagen accumulation in 
the pancreatic tissues, as shown by Sirius Red staining, and 
ASC treatment could markedly reduce collagen accumulation 
in the pancreatic tissues of DBTC‑induced CP. Moreover, 
ASC treatment notably suppressed the expressions of TNF‑α, 
collagen type I and collagen type III in pancreatic tissue. 
These results indicated that ASCs decrease the accumula-
tion of collagen in pancreatic tissue and reduce the degree of 
pancreatic fibrosis.

Figure 2. ASCs reduce pancreatic tissue collagen accumulation in DBTC‑induced pancreatic fibrosis. (A) Pancreatic collagen was observed by Sirius Red 
staining (magnification, x200). Using immunohistochemical staining (magnification, x200) the expression of (B) COI and (C) COIII was detected. Images 
represent: a, the control; b, the DBTC‑induced chronic pancreatitis model; c, the ASC‑treated group I; and d, the ASC‑treated group II. Using western blotting 
the expression of (D) COI, (E) COIII and (F) TNF‑α were detected. Bands represent: 1, the control; 2, the DBTC‑induced chronic pancreatitis model; 3, the 
ASC‑treated group I; and 4, the ASC‑treated group II. Data are presented as mean ± SEM (n=3). #P<0.05 vs. Control group; *P<0.05 vs. DBTC‑induced chronic 
pancreatitis model group. ASC, adipose‑derived mesenchymal stem cell; DBTC, dibutyltin dichloride; COI, collagen type I; COIII, collagen type III; TNF‑α, 
tumor necrosis factor‑α.
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The caspase family is a group of structurally related cysteine 
proteases in the cytosol that is closely related to cell prolifera-
tion, differentiation and migration (42). Caspases are divided 

into apoptotic and pro‑inflammatory types, depending on their 
involvement in these cellular responses (43). Caspases also play 
a key role in the regulation of pancreatic acinar cell death (44). 
Caspase 3 is the prototype of the protein family and has an 
important role in the mechanism of apoptosis (45). Bcl‑2 is an 
antiapoptotic protein that regulates mitochondrial pathways to 
led to antiapoptotic effects (46), and its expression is increased 
during the activation of PSC (47). Moreover, Bcl‑2 inhibitors 
potentiate acinar cell necrosis in the in vitro model of pancre-
atitis (48). The expression of BAX is increased during apoptosis 
of pancreatic acinar cells during induction AP (49). In the 
present study, ASC treatment markedly improved the expres-
sion levels of Bcl‑2 and significantly suppressed the expression 
levels of BAX and caspase‑3. These results demonstrated 
that the therapeutic effect of ASCs inhibit DBTC‑induced 
pancreatic fibrosis and reduce pancreatic cell apoptosis.

The PI3K/AKT/mTOR pathway is over‑activated in 
pancreatic neuroendocrine tumor pathogenesis (50‑55), breast 
cancer brain metastases (56) and colorectal cancer (57). The 
PI3K/AKT/mTOR signaling pathway is closely related to cell 
proliferation, differentiation, apoptosis, exercise, metabo-
lism and autophagy (58,59). The inhibition of this pathway 

Figure 3. Effects of ASCs on pancreatic tissue apoptosis‑related proteins in DBTC‑induced pancreatic damage. Protein expression levels of (A) BAX, (B) Bcl‑2 
and (C) caspase‑3 were examined by western blot analysis. Bands represent: 1, the control; 2, the DBTC‑induced chronic pancreatitis model; 3, the ASC‑treated 
group I; and 4, the ASC‑treated group II. Data are presented as mean ± SEM (n=3). #P<0.05 vs. Control group; *P<0.05 vs. DBTC‑induced chronic pancreatitis 
model group. ASC, adipose‑derived mesenchymal stem cell; DBTC, dibutyltin dichloride.

Figure 4. Effect of ASCs on protein phosphorylation in the PI3K/AKT/mTOR pathway of DBTC‑induced chronic pancreatitis. Using western blotting the 
protein expression levels were examined: (A) p‑PI3K and PI3K; (B) p‑AKT and AKT; and (C) p‑mTOR and m‑TOR. Bands represent: 1, the control; 2, the 
DBTC‑induced chronic pancreatitis model; 3, the ASC‑treated group I; and 4, the ASC‑treated group II. Data are presented as mean ± SEM (n=3). #P<0.05 
vs. Control group; *P<0.05 vs. DBTC‑induced chronic pancreatitis model group. ASCs, adipose‑derived mesenchymal stem cell; DBTC, dibutyltin dichloride; 
p‑, phosphorylated.

Figure 5. Illustration of the PI3K/AKT/mTOR signaling pathway. ASCs treat-
ment inhibited the PI3K/AKT/mTOR signaling pathway, which ultimately 
reduced damage in rats with dibutyltin dichloride‑induced chronic pancre-
atitis. ASC, adipose‑derived mesenchymal stem cell; p‑, phosphorylated.
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contributes to the treatment of cancer patients, suggesting 
that it can be used as a target for the treatment of certain 
cancers (60). Previous studies indicated that saikosaponin d 
prevents pancreatic fibrosis by reducing the autophagy of 
PSCs via the PI3K/AKT/mTOR pathway (61). In the present 
study, ASC treatment significantly decreased the phosphoryla-
tion of PI3K, AKT and mTOR in pancreatic tissue, suggesting 
that ASCs can successfully suppress the PI3K/AKT/mTOR 
pathway to reduce the degree of fibrosis in pancreatic tissue.

As discussed, pancreatic fibrosis is associated with the 
activation of PSCs; however, it is still unknown whether the 
ASC treatment of DBTC‑induced CP suppresses the activation 
of PSCs by inhibiting the PI3K/AKT/mTOR pathway. This 
needs further verification. The present study demonstrated 
the potential use of mesenchymal stem cell therapy in the 
clinical treatment of CP. In clinical practice, AP can be treated 
by regional arterial infusion of drugs, with improved results 
compared with intravenous treatment (62,63). Therefore, this 
study explored whether different approaches to CP could have 
an impact on the outcome of the treatment. It was shown that 
there was no statistically significant difference between the 
two treatment groups. The next step is to investigate whether 
ASCs can inhibit the activation of PSCs in  vitro and its 
possible mechanism. In conclusion, this study demonstrated 
that ASCs alleviated DBTC‑induced pancreatic fibrosis in rats 
by regulating the PI3K/AKT/mTOR pathway (Fig. 5). These 
findings may provide a new strategy for the treatment of CP.
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