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Original Article 
Bone marrow-derived mesenchymal stem cells inhibits 
hepatocyte apoptosis after acute liver injury
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Abstract: Objective: To investigate the protective effect of bone marrow-derived mesenchymal stem cells (BMSCs) 
transplantation on acute liver injury (ALI) rats. Material and Methods: BMSCs were extracted from rat bone marrow, 
cultured and expansion in vitro, and identified by flow cytometer. Rat model with acute liver injury was established 
by employing D-galactosamine and Lipopolysaccharide. Male rats were randomly divided into ALI model group and 
BMSCs transplantation group. Rats were sacrificed 24 h, 72 h and 120 h after BMSCs injection to determine alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST) levels in serum. Proliferating cell nuclear antigen 
(PCNA) immunohistochemistry staining and quantitative reverse transcription polymerase chain reaction (RT-PCR) 
of α-fetoprotein (AFP) and glypican-3 (GPC3) were performed to analysis proliferation. Terminal deoxynucleonti-
dyl Transferase Biotin-dUTP Nick End Labeling (TUNEL) assays were used to analyze apoptosis and mitochondria-
dependent-pathway related factors Bax and Bcl-2 were examined by Western blot. Results: Compared with the ALI 
model group, the BMSCs transplantation group presented the lower levels of ALT, AST, decreased Bax proteins 
expression, and increased Bcl-2 expression. The mRNA levels of AFP and GPC3 and expression of PCNA were signifi-
cantly higher in BMSCs transplantation group. Conclusions: BMSCs transplantation could significantly restore liver 
function. These effects were supposed to be mediated by suppressing hepatocyte apoptosis as well as promoting 
proliferation. Reduction of apoptosis seemed to correlate with mitochondria-dependent-pathway.
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Introduction 

Acute liver diseases can be caused by diverse 
etiology and may aggravate to severe clinical 
outcomes including hepatic encephalopathy, 
hepatorenal syndrome, severe infection, multi-
ple organ failure and even death [1]. Liver trans-
plantation is currently the most effective thera-
py for end-stage liver disease. However, its 
application is limited for shortage of available 
donor organs, high costs and lifelong immuno-
suppressive therapy [2]. In recent years, 
Mesenchymal Stem cells (MSCs) have emerged 
as a promising drug to various diseases due to 
their multi-potency, immune-modulation and 
secretome activities [3]. Many studies have 
demonstrated that mesenchymal stem cells 
(MSCs) promote repair of damaged tissue by 
inhibiting apoptosis [4-6]. 

As previously reported, derangements in apop-
tosis of liver cells are mechanistically important 
in the pathogenesis of end stage liver disease 
[7]. Furthermore, another research demonstrat-
ed that increased hepatocyte protection is 
associated with down-regulation of pro-apop-
totic signaling in an acute liver injury model [8]. 
Therefore, therapeutic strategies to inhibit 
apoptosis in liver injury may have the potential 
to provide a powerful tool for the treatment of 
liver disease [9].

Although the functions of BMSCs have been 
widely studied, there is limited information 
about the anti-apoptosis function of BMSCs 
during acute liver injury. In this study, we aimed 
to explore the effectiveness of bone marrow-
derived mesenchymal stem cells (BMSCs) 
transplantation on the prevention of acute liver 
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injury in vivo and explore the potential mecha-
nism of their protection. 

Materials and methods

Isolation and culture of BMSCs from rats

Take one SPF healthy Sprague Dawley rat, 
male, 9 weeks old, and 170 g in weight, and 
sacrifice it by over-dose injection of chloral 
hydrate. The bilateral femur and tibia were sep-
arated under sterile conditions. Subsequently, 
whole bone marrow of the bilateral femur and 
tibia was collected and cells from bone marrow 
were seeded in a 25 cm2 plastic bottle to sepa-
rate the BMSCs using the adherence method. 
α-MEM (Thermo Scientific, USA) and fetal bovin 
serum (Gibco, USA) with the volume fraction of 
10% were added. Then transferred the plastic 
bottle into the incubator for cultivation. After 24 
hours, the non-adherent cells were removed, 
the solutions were changed 3 days afterwards. 
0.25% trypsin (Gibco, USA) was used for diges-
tion and regeneration once adherent cells 
reached confluence of 70%-80% and cells were 
replated at 1:2 dilution. The flow cytometer 
analysis was performed when BMSCs were at 
3rd passage for identification. The cells from 
passages 3-5 were used for subsequent 
experiments.

Acute liver injury induction and BMSCs trans-
plantation procedures

All experimental protocols were approved by 
the Animal Care Ethics Committee of Wenzhou 
medical University, and all rats received 
humane care according to the Guide for the 
Care and Use of Laboratory Animals. Fifty male 
SPF Sprague Dawley rats weighing 150 ± 20 g 
were purchased from Shanghai Experimental 
Animal Co., Ltd (Shanghai, China). All rats were 
randomized allocated to two groups: Acute 
Liver Injury (ALI) model group as control group 
(24 rats), and BMSCs transplantation group as 
therapeutic group (24 rats). 48 rats in two 
groups underwent acute liver injury induction 
with D-galactosamine (Sigma, USA) at a dose of 
400 mg/kg and lipopolysaccharide (Sigma, 
USA) at a dose of 80 μg/kg via intraperitoneal 
injection. Subsequently, 24 rats in ALI model 
group were received a transfusion of 0.5 ml 
normal saline, whereas BMSCs transplantation 
group were received a transfusion of 3 × 107/
kg BMSCs suspended in 0.5 ml normal saline 
through tail vein injection, respectively. All sam-
ples in both groups were collected at 24 h, 72 

h, 120 h after transplantation with each 8 rats, 
respectively. At each time point, blood samples 
were collected through portal vein and centri-
fuged to obtain serum for detection of serum 
alanine aminotransferase (ALT), aspartate ami-
notransferase (AST). And fresh liver tissues 
were collected for further studies such as 
hematoxylin and eosin (HE) staining, proliferat-
ing cell nuclear antigen (PCNA) immunohisto-
chemistry assay, reverse transcription poly-
merase chain reaction (RT-PCR), and western 
blotting. 

Serum ALT, AST determination and hematoxy-
lin-eosin (HE) staining 

The serum biochemical parameters ALT, AST 
which closely reflect the liver function were 
analyzed by the Department of Laboratory 
Medicine, First Affiliated Hospital of Wenzhou 
medical University (Wenzhou, China). The liver 
tissue were fixed in 4% paraformaldehyde, 
embedded in paraffin, and 4 µm thick sections 
were cut from each paraffin block. Slices were 
taken for Hematoxylin-Eosin (HE) staining, 
PCNA staining and TUNEL assay.

PCNA immunohistochemistry

The samples were dewaxed, rehydrated and 
treated with 3% H2O2. Sections were applied 
350 W microwave irradiation for 5 minutes in 
0.1 M citrate buffer solution (pH 6.0) for anti-
gen retrieval. Slides were incubated for 25 min-
utes with 5% bovine serum albumin and incu-
bated overnight at 4°C with rabbit monoclonal 
anti-PCNA (1:16000 dilution, Cell Signaling 
Technology, USA). After that, Slides were incu-
bated for 30 minutes with appropriate peroxi-
dase-conjugated secondary antibody (PV-
6001; Zhongshan Goldenbridge Biotechnology 
Co., Ltd., Beijing, China). Then 3, 3’-diamino-
benzidine (DAB) served as the chromogen and 
hematoxylin as the counterstain. Subsequently, 
slides were sealed with neutral gum. Samples 
treated with phosphate buffer served as the 
negative control. Sections were examined 
microscopically for specific staining and nuclei 
with brown color regardless of staining intensi-
ty were regarded as positive. PCNA positivity 
was calculated under 40x magnifications by 
dividing the number of positive cells by the total 
number of cells counted in 5 random visual 
fields and expressed as percentage for PCNA 
[10]. Photographs were taken with a digital 
image-capture system (Nikon Eclipse, Japan).
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Detection of apoptosis by TUNEL assay

The TUNEL (DNA fragmentation by Terminal 
deoxynucleontidyl Transferase Biotin-dUTP 
Nick End Labeling) assay kit was purchased 
from Roche Applied Science for detection of 
apoptosis. According to the manufacturer’s 
instructions, paraffin-embedded tissue sec-
tions were dewaxed in xylene, rehydrated 
through graded ethanol, and pretreated with 
proteinase-K. Endogenous peroxidase activity 
was blocked by immersing in 3% H2O2 in metha-
nol for 10 minutes. TUNEL reaction mixture and 
Converter-POD were then added. Each slice 
was stained by DAB, and liver cell apoptosis 
was observed under light microscopy. TUNEL-
positive cells per field were counted in 5 ran-
dom fields under 40× magnifications, and posi-
tive cell percentages were averaged. 

RNA extraction and reverse transcription-poly-
merase chain reaction (RT-PCR) 

Total RNA was extracted by using the RNAiso 
Plus reagent (Aidlab Biotechnologies Co., 
China). According to manufacturer’s instruc-
tion, first-strand cDNA was synthesized by using 
Power RT kit (Bioteke Corporation, China). AFP, 
GPC3, and internal control primers were syn-
thesized by Invitrogen Corporation. The sequen- 
ces of AFP primers were designed as follows: 
forward, ACCATCGAGCTCGGCTATTG; reverse, 
GAGACAGGAAGGTTGGGGTG. The sequences of 
GPC3 primers were designed as follows; for-
ward, TGTGCTGGAACGGACAAGAG; reverse, 
TGGGCACAGACATGGTTCTC. Expression data 
were normalized to the geometric mean of hou- 
sekeeping gene β-actin (forward: CACCCGCG- 
AGTACAACCTTC and reverse: CCCATACCCACCAT- 
CACACC) to control the variability in expression 
levels. The ABI 7500 Real-Time PCR System 
was applied to determine Ct value of product.

Protein extraction and western blot analysis in 
the liver tissue

Liver tissue lysates were obtained by using lysis 
buffer supplemented with a protease inhibitor 
cocktail from Roche (Summerville, NJ, USA). 
Following heat denaturation at 95°C for 3 min, 
the samples (15 μg protein each) were subject-
ed to polyacrylamide gel electrophoresis (SDS-
PAGE) and subsequently transferred to polyvi-
nylidene fluoride membrane (PVDF) (Bio-Rad, 
USA). Skimmed milk was then employed to 
blocked membrane for 1 h at room tempera-
ture. The primary antibodies against Bax, Bcl-2 
and GAPDH which were obtained from Santa 
Cruz Biotechnology, Inc. (Santa Cruz, CA, USA) 
were used for incubation with the membrane 
overnight at 4°C, respectively. After primary 
antibody incubation, the membranes were took 
to be washed with PBS three times, and the 
secondary antibody was added for incubation 
at room temperature for 1 h, and then the film 
exposure was performed.

Statistical analysis

The data was analyzed by SPSS19.0 statistical 
software and expressed as mean ± SD. Multi-
group comparisons were performed using one-
way ANOVA multiple comparisons among 
means. Student’s t test was used for compari-
sons of two groups. P < 0.05 denoted a statisti-
cally significant difference.

Results

Identification of BMSCs and transplantation of 
BMSCs assist to reverse liver function 

After 15 days from isolation of cells from bone 
marrow, adherent cells exhibited spindle-shape 

Figure 1. BMSCs prepared for the transplantation. A: BMSCs exhibited a spindle shape morphology (magnification 
×10. Scale bar, 50 μm. B: Determination of rat BMSCs phenotype by flow cytometer. BMSCSs, bone marrow-derived 
mesenchymal stem cells.
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morphology as showed in Figure 1A. The BM- 
SCs of passages 3 generation were obtained 
for flow cytometer analysis. The analysis results 
(Figure 1B) showed that the BMSCs from pas-

sages 3 were positive for CD29 and CD90 but 
negative for CD11b and CD45, indicating that 
the cells used for transplantation exhibited 
classic MSCs phenotype [11]. The effect of 

Figure 2. Results of the biochemical assays. Serum was collected from the ALI group and the BMSCs transplantation 
group at 24 h, 72 h, and 120 h after BMSCs transplantation. Data were expressed as mean ± S, *P < 0.05, the ALI 
group versus the BMSCs transplantation group. ALI, acute liver injury; BMSCs, bone marrow-derived mesenchymal 
stem cells; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Figure 3. H&E staining. A: ALI livers, 24 h after D-gal/LPS injection, showed a typical ALI histology with hepatocyte 
necrosis and hemorrhage. A majority of hepatocyte were present had a swollen cytoplasm vacuolization and a mod-
erate increase in inflammatory cells (×100). B and C: 72 h and 120 h later, the liver injury is ameliorated (×200, 
×100). D-F: The BMSCs transplantation significantly ameliorated D-gal/LPS-induced liver injury at 24 h (×200), 72 h 
(×100), and 120 h (×100). Scale bar, 50 μm. H&E, hematoxylin and eosin; ALI, acute liver injury; D-gal, D-galactos-
amine; LPS, lipopolysaccharide; BMSCs, bone marrow-derived mesenchymal stem cells.
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BMSCs was demonstrated by the data from the 
serum markers of liver injury. Compared to nor-
mal range, both the serum levels of ALT, AST in 
ALI model group and BMSCs transplantation 
group significantly increased after D-gal/LPS 
injection indicating a successful establishment 
of acute liver injury model. In addition, the 
serum makers from the BMSCs transplantation 
group significantly decreased compared with 
those in the ALI model group, especially at 72 

h, and 120 h after transplantation (Figure 2, P 
< 0.05), suggesting a role of BMSCs in the 
improvement of liver function. 

Histopathological examination of liver tissue 

As showed in Figure 3, in the ALI model group, 
significant anomalies of liver cells and degen-
eration of structure were observed in D-gal/
LPS induced rats, such as vacuolization of cyto-

Figure 4. PCNA immunohistochemistry. A: PCNA immunohistochemistry; B: Histogram of immunohistochemistry. 
The PCNA positive rates were 1.69 ± 0.38%, 3.50 ± 2.07%, 6.01 ± 0.93%, 5.12 ± 1.9%, 9.65 ± 3.38%, and 31.1 ± 
9.54%, respectively, in ALI model 24 h, 72 h, 120 h, BMSCs transplantation 24 h, 72 h, 120 h. *P < 0.05. Scale bar, 
50 μm. PCNA, proliferating cell nuclear antigen; ALI: acute liver injury; BMSCs: bone marrow-derived mesenchymal 
stem cells.

Figure 5. RT-PCR detection of the mRNA expression in liver tissues. The ABI 7500 Real-Time PCR system was used 
to determine Ct value of product. The relative amount of 2−ΔΔCt method was used to compare expression of gene 
AFP and GPC3 in rat liver tissues. A: AFP mRNA expression in liver tissue. B: GPC3 mRNA expression in liver tissue. 
*P < 0.05. RT-PCR: reverse transcription-polymerase chain reaction; ABI: Applied Biosystems; AFP: α-fetoprotein; 
GPC3: glypican-3.
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(Figure 5). Moreover, AFP and GPC3 mRNA 
expressions were gradually increased as the 
liver function improved in both groups. Taken 
together, these data demonstrated that infu-
sion of BMSCs promote liver proliferation after 
an acute liver injury.

BMSCs transplantation alleviate apoptosis in 
the liver cells

To investigate whether BMSCs transplantation 
reduced the ALI-related apoptosis, the TUNEL 
assay was performed to examine the levels of 
apoptosis in each group. In sections from ALI 
model group rats, many large, apoptotic hepa-
tocyte nuclei were observed, whereas only few 
were present after BMSCs treatment (Figure 
6A). Number of positively stained apoptotic 
cells with round shape and brown nucleus were 
counted. In ALI model group, the apoptotic cell 
rates at 24 h, 72 h, and 120 h were 51.92 ± 
11.02%, 30.29 ± 7.89%, 20.48 ± 4.93%, how-
ever, after infusion of BMSCs, the rates fell to 
32.39 ± 10.89%, 12.04 ± 3.62%, and 3.22 ± 
2.02%, respectively (Figure 6B). Thus, these 
present data demonstrated the capability of 
BMSCs to alleviate apoptosis of liver cells.

Expression of Bcl-2 and Bax protein

To further investigate the effect to apoptosis of 
liver cells by BMSCs transplantation, western 
blotting was performed to detect the expres-

plasm, hemorrhage and infiltration of inflam-
matory cell in portal area, but were alleviated in 
the BMSCs-treated group at 72 h and 120 h. At 
120 h, the animal showed a relatively normal 
liver structure with minor cytoplasmic vacuol-
ization and periportal inflammatory cell infiltra-
tion (Figure 3F). Overall, these results suggest-
ed the treatment with BMSCs could effectively 
protect the liver from D-gal/LPS-induced acute 
liver damage, supporting the observed bio-
chemical effects of BMSCs. 

BMSCs transplantation promotes liver cells 
proliferation

To clarify the effect of BMSCs on the prolifera-
tion of liver cells, the PCNA immunohistochem-
istry was performed (Figure 4A). As showed in 
Figure 4B, the PCNA positive rates were 1.69 ± 
0.38%, 3.50 ± 2.07%, 6.01 ± 0.93%, 5.12 ± 
1.9%, 9.65 ± 3.38%, and 31.1 ± 9.54%, respec-
tively, in ALI model 24 h, 72 h, 120 h, BMSCs 
transplantation 24 h, 72 h, 120 h. At 72 h, 120 
h time points, the PCNA positive rate of BMSCs 
transplantation group was significantly higher 
than ALI model group (P < 0.05), indicating an 
evident regeneration after the treatment of 
BMSCs. Consistent with PCNA immunohisto-
chemistry findings, the RT- PCR results indicat-
ed that AFP and GPC3 mRNA expressions were 
significantly increased in BMSCs transplanta-
tion group compared with ALI model group at 
24 h, 72 h and 120 h after transplantation 

Figure 6. Effects of BMSCs on apoptosis of hepatocytes in D-Gal/LPS -induced acute hepatic injury in rats. Apoptosis 
of hepatocytes was determined by TUNEL assay. A: The apoptotic cells showed a dark-brown nucleus. B: The TUNEL 
positive cell rates were 51.92 ± 11.02%, 30.29 ± 7.89%, 20.48 ± 4.93%, 32.39 ± 10.89%, 12.04 ± 3.62%, and 
3.22 ± 2.02%, respectively, in ALI model 24 h, 72 h, 120 h, BMSCs transplantation 24 h, 72 h, 120 h. *P < 0.05. 
Scale bar, 50 μm. TUNEL: terminal deoxynucleontidyl transferase biotin-dUTP nick end labeling; ALI: acute liver in-
jury; BMSCs: bone marrow-derived mesenchymal stem cells.
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sion of Bcl-2 and Bax protein in liver tissue. As 
illustrated in Figure 7, compared with the ALI 
model group, the group treated with BMSCs 
resulted in an evident decline of Bax and signifi-
cant increase of Bcl-2. The results revealed 
that BMSCs transplantation induced the up-
regulation of Bcl-2 expression and down-regula-
tion of Bax expression in a time-dependent 
manner as liver function improved. Hence, 
these findings further confirmed that BMSCs 
do play a role in alleviating liver cells apoptosis 
and then ameliorating acute liver injury.

Discussion

In last decade, MSCs had gained a wave of 
enthusiasm in clinical applications for their 
properties such as regeneration, immunomod-
ulation, anti-inflammation and trophic effects 
[12]. The results of MSCs treatment in the 
severe disease, such as graft versus-host dis-

ease (GvHD) [13], osteogenesis imperfecta 
[14], ischaemic cardiomyopathy [15], Crohn’s 
disease [16], are encouraging. However, the 
underlying mechanism of the therapy has yet to 
be clearly elucidated. It has been preliminarily 
reported that BMSCs were capable of transdif-
ferentiating into hepatocytes and bile duct cells 
in the repair process after severe liver injury 
[17-19]. Intriguingly, Parekkadan and Xagorari 
et al. both performed infusion of MSC-derived 
conditioning medium to liver injury animals and 
demonstrated that these improvements could 
be more attributed to the secretion of soluble 
factors by MSCs, rather than transdifferentia-
tion into hepatocytes [20, 21]. Anyway, BMSCs 
therapy seems to be a promising strategy in 
acute liver injury treatment.

In the present study, we established an acute 
liver injury rat model by induction of D-galac- 
tosamine and lipopolysaccharide, which is gen-

Figure 7. Levels of Bax and Bcl-2 in liver tissues 
were determined by Western blot analysis. A: The 
bands of Bax, Bcl-2 and GAPDH. B: Western blots 
were scanned by densitometry and data presented 
as relative intensity units. Data were expressed as 
mean ± SD. n = 8.*P < 0.05. Bax, Bcl-2 associated 
x protein; Bcl-2, B cell lymphoma/lewkmia-2; GAP-
DH, glyceraldehyde-3-phosphate dehydrogenase. 
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erally considered to mimic clinical liver dysfunc-
tion and useful for evaluating the efficiency of 
treatment [22-24]. The rats exposed to D-gal/
LPS presented significant increase of ALT and 
AST, commonly used markers of liver cytolysis, 
whereas, these increase were attenuated by 
the transplantation of BMSCs. In addition to 
the decrease of serum makers, the histopatho-
logical results showed that BMSCs administra-
tion significantly alleviate the cytoplasmic vacu-
olization and infiltration of inflammatory cells. 
Taking these results together, we reported that 
BMSCs are of certain of hepatoprotective effect 
on this model of liver damage.

However, a successful liver cell therapy requires 
a better understanding of the underlying mech-
anisms protecting against liver injury and of 
their implication in cell transplantation. 
Preliminary trials reported that the positive 
effect most likely do not involve repopulation of 
liver parenchyma with bone marrow-derived 
cells themselves but might result from the pro-
duction of soluble growth factors or cytokines 
by the infused cells. By releasing these mole-
cules, BMSCs might stimulate pro-proliferation 
or anti-apoptosis functions to favor the recov-
ery of liver injury [21]. In our study, we suspend-
ed BMSCs into saline and then transfer it into 
model rats to explore if BMSCs themselves 
could reverse acute liver injury by influencing 
hepatocyte proliferation or apoptosis.

To determine the effect of BMSCs on liver cells 
proliferation, we performed PCNA immunohis-
tochemistry. We found the PCNA positive rates 
were significantly higher in BMSCs group, indi-
cating high regeneration rates. However, wheth-
er the promotion of regeneration was produced 
by directly effects of BMSCs or the subsequent 
effects of providing pro-proliferation factors or 
reducing anti-proliferation factors was 
unknown. Therefore, further study was needed 
to explore underlying mechanism of BMSCs 
pro-proliferation function. In order to further 
study the effect of pro-proliferation function of 
BMSCs, the expression of GPC3 and AFP mRNA 
was detected. As a maker for hepatic progeni-
tor cells, GPC3 is reported to be high expres-
sion during embryogenesis and organogenesis 
[25]. Mostly, after an induction of acute liver 
injury by D-gal/LPS, hepatic progenitor/oval 
cells proliferate when the regenerative capaci-
ties of hepatocytes are compromised [26]. 
Moreover, it has been suggested that overex-

pression of GPC3 inhibit liver regeneration and 
hepatocyte proliferation [27], indicating GPC3 
may play an important negative feedback regu-
lating role in the mechanism of liver regenera-
tion. In this study, we showed the levels of 
GPC3 mRNA expression gradually increased as 
time extended after BMSCs transplantation 
and liver function improved. Compared with ALI 
model group, the GPC3 mRNA expression is 
much higher in BMSCs transplantation group at 
three time points, indicating that BMSCs might 
enhance liver regeneration. AFP, which was a 
marker of hepatocyte proliferation as well, was 
commonly used to evaluate the level of liver 
proliferation [28]. In concordance with the 
results of GPC3 mRNA, AFP mRNA expression 
significantly increased following liver function 
restored after BMSCs transplantation. The 
available data above support the notion that 
BMSCs transplantation leads to the pro-prolif-
eration of hepatocyte in liver injury, although 
the underlying mechanism remains to be 
elucidated.

Traditionally, hepatocyte apoptosis is consid-
ered as a characteristic feature of acute liver 
injury, and increasing evidence indicates hepa-
tocyte apoptosis plays a dominant role in 
pathogenesis of fulminant hepatic failure as 
well [29]. To restore the function of the dam-
aged recipient liver, BMSCs not only enhanced 
the ability of liver regeneration, but also inhibit 
apoptosis of hepatocytes. In our study, TUNEL 
assay, a widely used technique designed to 
detect and quantify apoptotic cell death at tis-
sues via labeling of DNA strand breaks by 
Terminal deoxynucleotidyl transferase, was 
performed and expression levels of Bcl-2 family 
of proteins which determines the commitment 
of cells to apoptosis were observed. The results 
revealed that hepatocytes underwent obviously 
apoptosis after D-gal/LPS induction but BMSCs 
transplantation intervention decreased the 
extent of apoptosis. However, the underlying 
mechanism that how BMSCs regulate the apop-
totic process is uncertain. As the intrinsic path-
way of apoptotic signal, mitochondrion-depen-
dent pathway was reported previously to be 
regulated by Bcl-2 family members [28]. In our 
study, the expression levels of the Bax and 
Bcl-2 were significantly altered. Based on these 
results, we demonstrated that BMSCs might 
reduce hepatocyte apoptosis via mitochondri-
on-dependent pathway. Given evidence that 
reactive oxygen species (ROS) was involved in 
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LPS/D-Gal-induced liver damage and the mito-
chondrial pathway can be triggered by ROS, we 
further speculate that BMSCs might affect 
mitochondrial pathway by reducing ROS [30, 
31]. Thus, it would be of interest to verify this 
hypothesis in a future study by investigating 
mitochondria-dependent-pathways (e.g., cyto-
chrome c or caspase-9) in the protective effect 
of BMSCs on liver injury.

Li et al. had reported the effectiveness of 
BMSCs in the treatment of fulminant hepatic 
failure using human BMSCs and pig fulminant 
hepatic failure (FHF) model [32]. Nevertheless, 
our study was different from theirs by the rea-
sons that we further confirmed the protection 
of BMSCs transplantation on liver injury rat 
model and predicted the potential underlying 
mechanism. BMSCs were injected via the tail 
vein as previously reported. BMSCs treatment 
significantly inhibits liver cells apoptosis and 
promotes liver cells proliferation, and ultimately 
improved the liver function of liver injury rats. 
By up-regulation of Bax and down-regulation of 
Bcl-2, we give a hypothesis that BMSCs may 
reduce cells apoptosis through mitochondria-
dependent-pathways. Further studies are need-
ed to clarify the exact mechanism and to 
improve the effectiveness of BMSCs trans- 
plantation.
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