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Rat bone marrow mesenchymal stem cells 
(BMSCs) inhibit liver fibrosis by activating GSK3β 
and inhibiting the Wnt3a/β‑catenin pathway
Zhaoguo Liu1,2, Song Zhou1, Ya Zhang1 and Ming Zhao1,3* 

Abstract 

Background:  Bone marrow mesenchymal stem cells (BMSCs) can effectively alleviate liver fibrosis, which is a patho-
logical injury caused by various chronic liver diseases. This study aimed to investigate the antifibrotic effects of BMSCs 
and elucidate the underlying mechanism by which BMSCs affect liver fibrosis in vitro and in vivo.

Methods:  After the rat liver fibrosis model was induced by continuous injection of carbon tetrachloride (CCl4), BMSCs 
were administered for 4 weeks, and histopathological analysis and liver function tests were performed. T6 hepatic 
stellate cells (HSC-T6 cells) were stimulated by TGF-β1, and the activation and proliferation of cells were analyzed by 
CCK-8 assays, flow cytometry, real-time PCR, western blotting and enzyme-linked immunosorbent assay (ELISA).

Results:  Our data demonstrated that BMSCs effectively reduced the accumulation of collagen, enhanced liver 
functionality and ameliorated liver fibrosis in vivo. BMSCs increased the sub-G1 population in HSC-T6 cells. In addition, 
coculture with BMSCs reduced the expression of α-SMA, collagen I, cyclin-D1, and c-Myc in HSC-T6 cells and activated 
the phosphorylation of GSK3β. The GSK3β inhibitor SB216763 reversed the effect of BMSCs. The Wnt/β-catenin signal-
ling pathway was involved in BMSC-mediated inhibition of HSC-T6 cell activation.

Conclusions:  Our data suggested that BMSCs exerted antifibrotic effects by activating the expression of GSK3β and 
inhibiting the Wnt3a/β-catenin signalling pathway.
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Background
Although the liver is remarkably regenerative, fibrosis 
due to various chronic liver diseases can cause cirrhosis, 
hepatocellular carcinoma and liver failure [1, 2]. At pre-
sent, few drugs can reverse or treat liver fibrosis, and the 
drugs have certain toxicities and adverse effects; there-
fore, drugs with curative effects and few side effects are 
urgently needed [3]. Currently, liver transplantation is 
considered to be an effective treatment option. However, 

the use of liver transplantation is restricted due to organ 
donor shortages, requirements for lifelong immunosup-
pression and surgical complications. Therefore, finding 
an alternative therapeutic strategy for treating liver fibro-
sis is urgently needed.

In recent years, there has been hope that stem cells can 
ameliorate hepatic disease due to advances in stem cell 
research [4, 5]. Bone marrow mesenchymal stem cells 
(BMSCs) have been extensively studied, and BMSCs can 
regulate nutritional factors and indirectly inhibit apopto-
sis. In addition, it was also found that BMSCs had tanti-
fibrotic and angiogenic effects and played an important 
role in tissue repair [4, 6]. BMSCs have significant thera-
peutic potential in liver fibrosis, and it was reported that 
BMSCs could decrease hepatic fibrosis, improve hepatic 

Open Access

*Correspondence:  zhaoming02@hotmail.com
3 Department of Organ Transplantation, The Second School of Clinical 
Medicine, Southern Medical University, Guangzhou 510280, Guangdong 
Province, China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13027-022-00432-4&domain=pdf


Page 2 of 10Liu et al. Infectious Agents and Cancer           (2022) 17:17 

function and contribute to hepatic regeneration [7, 8]. In 
addition, it has been reported that BMSCs can promote 
hepatocyte proliferation by inhibiting the activation of 
hepatic stellate cells and hepatocyte apoptosis [9]. In this 
study, we focused on the underlying mechanisms of liver 
fibrosis improvement.

An increasing number of molecules have been shown 
to play important roles in the initiation and develop-
ment of fibrosis, and GSK3β is one of the important 
targets. GSK-3β, a key kinase in the Wnt/β-catenin 
pathway, participates in embryonic development, apop-
tosis, cell differentiation, translation and transcription 
[10, 11]. Activation of the Wnt/β-catenin pathway has 
been proven to be relevant to fibrosis of the lung, kid-
ney, skin and liver [12, 13]. Previous studies have shown 
that Wnt/β-catenin signalling is one of the key pathways 
and is abnormally activated in many kinds of lung fibro-
sis, and the Wnt/β-catenin signalling pathway can inhibit 
the progression of pulmonary fibrosis when inhibitors 
are used [14]. Additionally, an inhibitor of CBP/β-catenin 
could exert an antifibrotic effect in vivo by inhibiting the 
activation of hepatic stellate cells (HSCs) and promot-
ing inflammation resolution [15]. It was reported that 
the Wnt signalling pathway was upregulated in acti-
vated HSCs, and an inhibitor of GSK3β restrained the 
expression of α-SMA [16]. Moreover, BMSCs have been 
reported to attenuate the Wnt/β-catenin signalling path-
way to relieve renal fibrosis and pulmonary fibrosis [17, 
18].

In this study, we aimed to investigate the antifibrotic 
role of BMSCs and expose the underlying mechanism 
of BMSCs on liver fibrosis in vitro and in vivo. First, the 
rat liver fibrosis model was induced by the continuous 
injection of CCl4, and BMSCs were administered for 4 
weeks. Second, histopathological analysis and liver func-
tion tests were performed in vivo. Finally, the activation 
and proliferation of HSC-T6 cells stimulated with TGF-
β1 were analysed by CCK-8, flow cytometry, real-time 
PCR, western blotting and enzyme-linked immunosorb-
ent assay (ELISA). This study was the first to validate the 
reduction in BMSCs in rat liver fibrosis and found that 
BMSC treatment exerted antifibrotic effects by activat-
ing the expression of GSK3β and inhibiting the Wnt3a/
β-catenin signalling pathway. These findings may reveal 
strategies for the application of BMSCs as an effective to 
treat liver fibrosis.

Materials and methods
Cell culture
Rat BMSCs were purchased from Cyagen 
Biosciences(China). T6 hepatic stellate cells (HSC-
T6 cells) were purchased from Procell Life Technol-
ogy (China). BMSCs were cultured in OriCell Sprague 

Dawley Rat Bone Marrow Mesenchymal Stem Cell Basal 
Medium (Cyagen, Guangzhou, China), and HSC-T6 cells 
were cultured in Dulbecco’s modified Eagle’s medium 
(DMEM) (Gibco, Grand Island, USA) with 10% foetal 
bovine serum (FBS) (Gibco, New Zealand) and 1% peni-
cillin streptomycin (Gibco, Grand Island, USA) at 37  °C 
and 5% CO2.

CCl4‑induced liver fibrosis in rats
Sprague Dawley (SD) rats (8 weeks old, female) were pur-
chased from Guangdong Medical Experimental Animal 
Centre and were housed in a specific pathogen-free envi-
ronment with a day and night cycle of 12  h. To induce 
the liver fibrosis model, rats were intraperitoneally (i.p.) 
injected with 30% carbon tetrachloride (CCl4) (MACK-
ELIN, Shanghai, China) at a dose of 3 mL/kg body weight 
twice per week for 8 weeks. Then, CCl4-treated rats were 
randomly divided into two groups (n = 10): CCl4 + PBS 
(model group) and CCl4 + BMSCs (treatment group). 
Rats that were not treated with CCl4 served as the con-
trol group (n = 10). Rats in the CCl4 + BMSC group were 
injected with 1 × 106/200 µL BMSCs through the tail 
vein, and rats in the CCl4 + phosphate buffer saline (PBS) 
group rats were injected with 200 µL PBS. Four weeks 
later, the rats were euthanized, and the serum and liv-
ers were collected to evaluate the therapeutic effects of 
BMSCs on liver fibrosis by western blotting and ELISA. 
The animal experiment protocols were approved by the 
Animal Experiment Ethics Committee of Southern Med-
ical University (Ethics No.: L2017062).

Cell coculture
Twenty-four-well plates with a Transwell chamber 
(0.4 μm pore size, Corning, USA) were used to physically 
separate the two cell populations. HSC-T6 cells were 
seeded in the lower chamber, and BMSCs were seeded in 
the upper chambe in DMEM with 10% FBS. After 24 and 
48 h, the samples were collected for subsequent tests.

Enzyme‑linked immunosorbent assay (ELISA)
Blood samples and urine were collected from the rats, 
and serum was collected after centrifugation for 10 min 
at 3000 rpm. Aspartate aminotransferase (AST), alkaline 
phosphatase (ALP), Helicobacter pylori (HP) and cata-
lase (CAT) levels in rat serumwere measured by ELISA 
kits (CUSCBIO, Wuhan, China). The concentrations of 
AST, ALP, HP and CAT were determined quantitatively 
according to the corresponding standard curves.

mRNA extraction and real‑time PCR
Total RNA was isolated from HSC-T6 cells according to 
the specifications of RNA the reagent (Invitrogen, Cali-
fornia, USA), and reverse transcription of RNAs was 
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performed by using the PrimeScript™ RT Master Mix kit 
(Takara Bio, Japan). Then, real-time PCR was conducted 
by using SYBR Premix Ex Tap™ II (TaKaRa, Tokyo, 
Japan). After normalization to glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH), the relative amount 
of the PCR products was calculated using the 2 − ΔΔCt 
method. The primers were designed by Primer 5.0 and 
are shown in Table 1.

Western blotting
HSC-T6 cells and liver tissue were obtained and lysed 
using radioimmunoprecipitation assay (RIPA) buffer 
(DGCS Biotechnology, China). The protein concentra-
tions of the samples were measured using a BCA pro-
tein assay kit (Beyotime, Jiangsu, China). Then, the 
cell extracts were separated by 8% sodium dodecyl sul-
fate–polyacrylamide gel electrophoresis (SDS–PAGE) 
and transferred to a polyvinylidene fluoride (PVDF) 
membranes (Millipore, USA). Then, the samples were 
visualized by incubation with primary antibodie against 
alph-smooth muscle actin (α-SMA) (ab124964, Abcam, 
USA), collagen I (ab270993, Abcam, USA), matrix met-
alloproteinase-7 (MMP7) (3801T, CST, USA), Wnt3a 
(DF6113, Affinity, China), β-catenin (ab68183, Abcam, 
USA), p-GSK3β (AF2016, Affinity, China), cyclin-D1 
(55506T, CST, USA), c-Myc (18583s, CST, USA) and 
GAPDH (AF0006, Beyotime, China) at 4  °C overnight, 
followed by incubation with HRP-labelled goat anti-
mouse/rabbit IgG (H + L) secondary antibodies (A0216/
A0208, Beyotime, China) for 1 h. The immune complexes 
were immunoblotted, and the immunodetection was per-
formed by using enhanced chemiluminescence reagents 
((FdBio, China).

Cell counting kit‑8(CCK‑8) assay
A CCK-8 kit (Dojindo, Kyushu, Japan) was used to deter-
mine the proliferation of HSC-T6 cells. First, 5 × 103 
cells were seeded into 96-well plates CCK-8 reagent 
was added, and the plates were incubated for 2  h at 
37  °C according to the manufacturer’s protocol. Optical 

densities were measured using a multifunctional micro-
plate reader at 450 nm (OD450).

Cell cycle assay
HSC-T6 cells were harvested and fixed for the cell cycle 
assay. The samples were fixed in 70% ethanol overnight at 
4 ℃. After being centrifuged, the cells were stained with 
propidium iodide (PI) at 37 ℃ for 30  min using a Cell 
Cycle Analysis Kit (Beyotime, Jiangsu, China). The dis-
tribution of cells in the different phases of the cell cycle 
were analysed on a FACSCalibur flow cytometer (Becton 
Dickinson, New Jersey USA).

Statistical analysis
The data are presented as the mean ± SD. All statistical 
analyses were performed by GraphPad software (v6.0). 
Statistical significance was determined using one-way 
analysis of variance (ANOVA) and Tukey’s test or Stu-
dent’s t test. Allexperiments were repeated three times. 
Values of *p < 0.05, **p < 0.01, and ***p < 0.001 were con-
sidered significant.

Results
BMSCs alleviate liver fibrosis in CCl4‑induced rats
In this study, we used a CCl4-induced liver fibrosis model 
in rats to determine whether BMSCs could exert thera-
peutic effects on liver fibrosis. The rats were injected 
with CCl4 for 8 weeks and then treated with BMSCs for 
4 weeks (Fig.  1A). The results showed that the livers in 
the model group were enlarged and coarse; however, con-
trol rat livers were smooth, had a uniform surface and 
had a soft texture; treated with BMSCs showed reduc-
tions in surface coarseness, and the livers were reddish, 
smoother and more lustrous than those in the model 
group (Fig.  1B). HE, Sirius red and Masson staining 
were used to examine liver fibrosis. Collagen deposition 
was markedly decreased in injured liver tissues from the 
BMSC-treated rats with hepatic fibrosis compared with 
those in model group. Western blotting showed that 
BMSCs could significantly inhibit the protein expression 
of α-SMA, collagen I, and MMP7 in fibrotic liver tissues 
(p < 0.05 or p < 0.001) (Fig. 1C). Moreover, the biochemi-
cal analyses were performed to evaluate the restoration of 
liver function after BMSC treatment. The results showed 
that serum and urine levels of AST, ALP and HP were 
significantly inhibited in the BMSCs group compared 
with the model group (p < 0.05 or p < 0.01). In addition, 
the serum and urine levelsl of CAT in the BMSC-treated 
group were higher than those in the model group (p < 0.05 
or p < 0.01) (Fig. 1D). These results suggested that BMSC 
treatment could enhance liver function.

Table 1  The primer sequences used for RT-qPCR

Gene Primer ID

α-SMA Forward: ACC​ATC​GGG​AAT​GAA​CGC​TT
Reverse: CTG​TCA​GCA​ATG​CCT​GGG​TA

58

Collagen I Forward: GAG​ACA​GGC​GAA​CAA​GGT​GA
Reverse: GGG​AGA​CCG​TTG​AGT​CCA​TC

1277

Wnt3a Forward: CGG​GTT​CTT​CTC​TGG​TCC​TTG​
Reverse: GGG​CAT​GAT​CTC​CAC​GTA​GT

89,780

GAPDH Forward: GCA​AGT​TCA​ACG​GCA​CAG​
Reverse: GCC​AGT​AGA​CTC​CAC​GAC​AT

2597
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Fig. 1  BMSCs alleviates liver fibrosis in CCl4 rats. A Schematic illustration showing the process of in vivo experiments. B The representative images 
showing the gross morphology of liver and the representative photomicrographs of liver tissue sections stained with H&E, Masson and Sirius Red 
(100 μm). C The western blotting analysis measuring α-SMA, Collagen I and MMP7 in liver fibrosis tissue. D The AST, ALP, HP and CAT levels of serum 
and urine by ELISA assay. Data were presented as the mean ± SD obtained from three separate experiments. *p < 0.05, **p < 0.01, ***p < 0.001
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BMSCs suppress the activation of TGF‑β1‑induced HSC‑T6 
cells
TGF-β1 can activate hepatic stellate cells and promote 
liver fibrosis. In this study, 10 ng/ml and 20 ng/ml 
TGF-β1 significantly increased the mRNA expression 
of α-SMA, and collagen I (Fig.  2A). To investigate the 

inhibitory effect of BMSCs on stellate cells, a coculture 
assay was used to determine the effects of BMSCs on 
the proliferation of stellate cells. The results showed 
that (Fig.  2B, C) TGF-β1 significantly increased HSC-
T6 cell proliferation, while coculture with BMSCs 
inhibited HSC-T6 proliferation as shown by CCK-8 

Fig. 2  BMSCs suppresses TGF-β1-induced HSC-T6 activation. A The mRNA expression of α-SMA and Collagen I in HSC-T6 cells were detected by 
RT-qPCR after treatment with TGF-β1. B The cell viability of HSC-T6 cells was measured by CCK-8 analysis. C The cell cycle was detected by flow 
cytometry analysis of HSC-T6 cells in each group. D The protein expression of α-SMA, Col1α1, cyclin-D1, c-myc, and MMP7 from HSC-T6 cells was 
detected by western blotting. E The protein expression of cyclin-D1and c-myc from rat liver tissues was detected by western blotting. Data were 
presented as the mean ± SD obtained from three separate experiments. *p < 0.05, **p < 0.01, ***p < 0.001
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and cell cycle assays. Compared to the TGF-β1 group, 
the coculture group had significantly inhibited protein 
expression of α-SMA, collagen I, cyclin-D1, c-Myc and 
MMP7 (p < 0.01 or p < 0.001) (Fig. 2D). BMSCs also sig-
nificantly inhibited the protein expression of cyclin D1 
and c-Myc in liver tissue, as shown by western blotting 
(p < 0.05) (Fig. 2E).

The effects of the Wnt/β‑catenin signalling pathway 
on the proliferation and activation of HSC‑T6 cells
The expression levels of proteins involved in the Wnt/β-
catenin signalling pathway in rat liver tissues were ana-
lysed by western blotting (Fig.  3A). Compared to that in 
the model group, the protein expression of Wnt3a (p < 0.05) 
and β-catenin (p < 0.01) was significantly inhibited in the 
BMSC treatment group, while the expression of p-GSK3β 

Fig. 3  Effects of Wnt/β-catenin signaling pathway on proliferation and activation of HSC-T6 cells. A The protein expression of Wnt3a, β-catenin and 
p-GSK3β from rat liver tissues was detected by western blotting. B The cell viability of HSC-T6 cells was measured by CCK-8 analysis. C The cell cycle 
was detected by flow cytometry analysis of HSC-T6 cellsp. D The protein expression of α-SMA, Collagen I, cyclin-D1, c-Myc, MMP7, Wnt3a, β-catenin 
and p-GSK3β in HSC-T6 cells was detected by western blotting. Data were presented as the mean ± SD obtained from three separate experiments. 
*p < 0.05, **p < 0.01, ***p < 0.001
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in the BMSC treatment group was significantly increased 
(p < 0.01), which suggested that BMSCs could effectively 
activate GSK3β and inhibit the Wnt/β-catenin signalling 
pathway in rat liver fibrosis. CCK-8 and cell cycle assays 
showed that TGF-β1 significantly increased HSC-T6 prolif-
eration, while FH535, a specific inhibitor of Wnt/β-catenin 
signalling, inhibited the proliferation of HSC-T6 cells 
(Fig. 3B, C). As shown in Fig. 3D, FH535 blocked the abil-
ity of TGF-β1 to increase the protein expression of α-SMA 
(p < 0.01), collagen I (p < 0.01), cyclin-D1 (p < 0.05), c-Myc 
(p < 0.05), MMP7 (p < 0.05), Wnt3a (p < 0.01) and β-catenin 
(p < 0.01) in the HSC-T6 cells. FH535 also promoted 
GSK3β phosphorylation (p < 0.001). These results sug-
gested that the Wnt/β-catenin signalling pathway might be 
involved in the activation of HSC-T6 cells and liver fibrosis.

BMSCs effectively inhibit liver fibrosis via the Wnt3/
β‑catenin signalling pathway in HSC‑T6 cells
TGF-β1 significantly increased the protein expression 
of Wnt3a (p < 0.01) and β-catenin (p < 0.01) and inhib-
ited GSK3β phosphorylation (p < 0.001). BMSC coculture 
attenuated the effect of TGF-β1 on HSC-T6 cells (p < 0.01) 
(Fig. 4A). To analyse the relationship between BMSCs and 
the Wnt/β-catenin signalling pathway in TGF-β1-induced 
activation of HSC-T6 cells in  vitro, CT99021, an activa-
tor of the Wnt/β-catenin signalling pathway, was added 
to HSC-T6 cells. The results showed that CT99021 could 
significantly promote the expression of Wnt3a (p < 0.001) 
and β-catenin (p < 0.001), and it could also inhibit the phos-
phorylation of GSK3β (p < 0.01) (Fig.  4B). Coculture with 
BMSCs attenuated TGF-β1-mediated promotion of HSC-
T6 cell proliferation; however, the addition of CT99021 
abrogated the effects of BMSCs (Fig.  4C). In addition, 
CT99021 reversed the inhibitory effect of BMSCs on the 
proliferation and activation of HSC-T6 cells and promoted 
the expression of α-SMA, cyclin-D1, c-Myc, collagen I, 
MMP7, Wnt3a and β-catenin in the HSC-T6 cells (Fig. 4D). 
Therefore, BMSCs might effectively inhibit liver fibrosis 
through Wnt3/β-catenin signalling in HSC-T6 cells.

Discussion
Almost all chronic liver injury causes liver fibrosis, but the 
current clinical treatment of liver fibrosis is not satisfactory, 
and there is a lack of effective drugs, resulting in the devel-
opment of cirrhosis or hepatocellular carcinoma in some 
patients and leading to more than 1  million deaths every 
year [19, 20]. Chronic liver fibrosis greatly threatens human 

health, and its mechanism is complex due to an imbalance 
in the synthesis and degradation of extracellular matrix 
(EMC) during liver injury, which leads to the pathological 
deposition of fibrous connective tissue in liver cells [21, 22]. 
Liver fibrosis can be reversed to a certain extent, and the 
key to reversing liver fibrosis is early and accurate diagnosis 
and treatment. Therefore, finding an alternative therapeu-
tic strategy for treating liver fibrosis is urgently needed. In 
our study, we investigated the antifibrotic role of BMSCs 
and elucidated the underlying mechanism of BMSCs on 
liver fibrosis in  vitro and in  vivo. This study was the first 
to validate the reduction in BMSCs in rat liver fibrosis and 
found that BMSC treatment exerted antifibrotic effects 
by activating the expression of GSK3β and inhibiting the 
Wnt3a/β-catenin signalling pathway.

To investigate the therapeutic effects of BMSCs on the 
CCl4-induced rat liver fibrosis model histopathological 
analysis and liver function tests were performed in vivo. 
The data revealed that BMSC treatment could reduce 
the protein expression of α-SMA, collagen I, and MMP7, 
and it could correct the CCl4-induces increases in the 
expression of AST, ALT and HP. Moreover, BMSCs also 
reduced the rat liver tissue fibrosis index, decreased fatty 
degeneration and significantly enhanced liver functional-
ity. These results suggested that BMSC treatment had an 
effect on the rat liver fibrosis model induced by CCl4.

Hepatic stellate cells (HSCs), which are the main effec-
tor cells in liver fibrosis, play an important role in liver 
fibrosis [23, 24]. HSCs are generally quiescent. During 
chronic liver injuries, HSCs can be activated to become 
contractile myofibroblast-like cells and lead to colla-
gen accumulation [25, 26]. Inhibition of HSC activa-
tion and proliferation has been regarded as the primary 
approach to treat liver fibrosis [27]. TGF-β, an important 
regulatory factor in the development of liver fibrosis, 
is involved in the activation and proliferation of HSCs 
through the upregulation of excessive ECM deposition 
[28, 29]. Our study confirmed that TGF-β could increase 
the expression of α-SMA and collagen I increase the sub-
G1 portion of cells and promote the activation and pro-
liferation of HSC-T6 cells. More importantly, our study 
also showed that BMSCs inhibited the activation and 
proliferation of HSCs by decreasing the expression lev-
els of α-SMA, collagen I and several proteins involved in 
proliferation.

In recent years, the Wnt/β-catenin signalling pathway 
has been confirmed to be involved in the pathogenesis 

Fig. 4  BMSCs effectively inhibits liver fibrosis through the Wnt3/β-catenin signaling in HSC-T6 cells. A The protein expression of Wnt3a, β-catenin 
and p-GSK3β in HSC-T6 cells detected by western blotting. B The protein expression of Wnt3a, β-catenin and p-GSK3β in HSC-T6 cells detected by 
western blotting assay after using CT99021. C The cell cycle was detected by flow cytometry analysis of HSC-T6 cells. D The protein expression of 
α-SMA, Collagen I, cyclin-D1, c-Myc, MMP7, Wnt3a, β-catenin and p-GSK3β in HSC-T6 cells was detected by western blotting in each group. Data 
were presented as the mean ± SD obtained from three separate experiments. *p < 0.05, **p < 0.01, ***p < 0.001

(See figure on next page.)
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Fig. 4  (See legend on previous page.)



Page 9 of 10Liu et al. Infectious Agents and Cancer           (2022) 17:17 	

of different kinds of diseases [30]. Some studies have 
demonstrated that the Wnt/β-catenin signalling path-
way is activated in many types of human organ fibro-
sis [31, 32]. It has been reported that activation of the 
Wnt/β-catenin signalling pathway leads to enhanced 
activation of HSCs by TGF-β1 [33]. Moreover, the 
Wnt/β-catenin signalling pathway is abnormally acti-
vated in silica-induced pulmonary fibrosis, and BMSCs 
may attenuate rat pulmonary fibrosis by inhibiting its 
expression [18]. In this study, the protein expression 
of Wnt and β-catenin in tissues or cells was decreased 
when BMSCs were used to treat liver fibrosis, while 
the protein expression of P-GSK3β was increased. This 
result suggests that the Wnt/β-catenin signalling path-
way plays an important role in BMSC treatment of liver 
fibrosis.

To further identify the role of the Wnt/β-catenin sig-
nalling pathway in treatment of liver fibrosis, CT99021 
was added to HSC-T6 cells that were cocultured with 
BMSCs, and CT99021 could abrogate the effect of 
BMSCs on Wnt3/β-catenin signalling in HSC-T6 cells. 
CT99021 reversed the inhibitory effect of BMSCs on 
the proliferation and activation of HSC-T6 cells and 
promoted the expression of α-SMA, cyclin-D1, c-Myc, 
collagen I, MMP7, Wnt3a and β-catenin in HSC-T6 
cells. These results suggest that BMSCs can effectively 
inhibit liver fibrosis through Wnt3/β-catenin signalling.

Conclusions
In summary, our study showed that BMSCs could effec-
tively alleviate the rat liver fibrosis and inhibit the acti-
vation and proliferation of HSC-T6 cells. These effects 
were associated with interference with the Wnt/β-
catenin signalling pathway in hepatocytes.
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