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Abstract 

Purpose: Liver injury triggered by intestinal ischemia-reperfusion (IIR) usually presage multiorgan 
dysfunction and death in patients. Recent studies suggest mesenchymal stem cells (MSCs) possess 
a protective potential against organ damage. Since relative evidence is insufficient and the mech-
anism is not well understood, we investigated the effect of hepatocyte growth factor c-Met sig-
naling (HGF/c-Met) on recruitment of MSCs and subsequent protection against liver injury trig-
gered by IIR in a rat model.  
Methods: IIR models were built as rats were subjected to 75 min of superior mesenteric artery 
occlusion and subsequent 4 h reperfusion. Either of pure MSCs and MSCs pretreated with HGF or 
SU11274 (c-Met inhibitor) were injected into rat models. Biochemical and pathologic alterations of 
liver in IIR model were measured to evaluate the therapeutic effect of MSCs and drug treatment. 
Concurrently, the effect of HGF and SU11274 on c-Met and phosphorylated Met expression in 
MSCs and MSCs migration were assessed in in vitro experiment. 
Results: IIR-induced liver injury was manifested by significant increase in serum ALT, AST and HGF 
levels as well as pathological change. MSCs with highly c-Met expression ameliorated the increase 
of serum transaminase levels and hepatic histopathological change, while SU11274 weaken these 
effects. HGF upregulated c-Met and phosphorylated Met expression in MSCs and enhanced its 
liver protection effect. Transwell assays demonstrated HGF promoted MSCs migration, which was 
blocked by SU11274.  
Conclusions: HGF/c-Met signaling pathway plays an essential role in the homing of MSCs towards 
injured liver triggered by intestinal ischemia-reperfusion, and then mediates MSC-induced liver 
repair. 

Key words: Mesenchymal stem cell, ischemia reperfusion, intestine, liver injury, hepatocyte growth 
factor 

Introduction 
Intestinal ischemia-reperfusion (IIR) injury is a 

serious and common clinical event and can occur 
from different pathophysiologic factors, including 
superior mesenteric artery (SMA) occlusion, hemor-
rhagic shock or small bowel transplantation [1]. This 

condition may lead to severe local and remote tissue 
injury and subsequent distant organ dysfunction, in-
cluding the liver [2, 3]. It is reported that mortality for 
acute mesenteric ischemia patients is up to 60-80% [4]. 
Until now, no therapeutic protocol has proven to 
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modify the course of this condition. Understanding 
and ultimately ameliorating IIR is crucial to improv-
ing outcomes after this injury. Liver is likely to bear 
the brunt of IIR injury since it is supplied by dual 
blood systems from the bowels [5, 6]. Several publica-
tions have demonstrated that oxidative stress and 
inflammatory response play a critical role in liver in-
jury triggered by small intestinal ischemia reperfusion 
[5, 7, 8]. However, the mechanism has yet to be elu-
cidated. 

Mesenchymal stem cell (MSC) research has ex-
panded greatly since 1970s, when Friedenstein et al. 
described an adherent, nonhematopoietic cell type 
present in the bone marrow (BM) of different species 
that could form fibroblasts in vitro [9]. MSCs show 
great promise as a biological therapeutic for a diverse 
range of unmet medical needs. Many factors contrib-
ute to this promise of MSCs, including the easy isola-
tion and expansion of these cells in culture, their mul-
tilineage potential, ability to evade the host immune 
response recognition, paracrine effects, immuno-
modulatory properties, migratory behavior, and non-
ethical considerations [10, 11]. Stem cell therapy has 
become a novel strategy for the treatment of various 
diseases. So far, several studies involving a variety of 
animal models have shown beneficial effects of 
MSC-based therapy on tissue structural repair, in-
cluding bone, myocardial tissue, skin, kidney and 
liver [12-16].  

Hepatocyte growth factor/ scatter factor c-Met 
signaling pathway (HGF/ c -Met) supports diverse 
biological processes including development, prolifer-
ation, scattering, and branching morphogenesis 
[17-19].  Several studies had demonstrated protective 
effect of HGF on liver damage [20-22].  

In the present study, we investigated whether 
systemic infusion of mesenchymal stem cells led to a 
hepatoprotective response in liver injury triggered by 
intestinal ischemia-reperfusion (IIR) in a rat model. 
Using in vivo and in vitro assays, we demonstrated the 
effect of HGF and c-Met inhibitor on migration of rat 
mesenchymal stem cells and its protection against 
liver injury triggered by IIR. 

Materials and Methods 
Experimental model 

This study was approved by the Institutional 
Animal Care and Use Committee of Sun Yat-Sen 
University in Guangzhou, China, and followed the 
national guidelines for the treatment of animals. 
Fourty healthy male adult Sprague-Dawley rats 
weighing 180-270 g were raised by basic diet for a 
week at stable room temperature (25-27℃), illumi-
nated from 8:00 am to 8:00 pm. All rats were anesthe-

tized with 10% Choloral hydrate at a dose of 3.5 
ml/kg intraperitoneal injection after they were fasted 
for 16 h. In IIR group, the abdomen was opened and 
superior mesenteric artery (SMA) was identified and 
clamped for 75 min, then the clamp was released and 
incision was closed. Reperfusion was initiated by re-
moving the clamp following the ischemia (for various 
periods of time). In sham-operated group (SHAM 
group), abdomen was opened and SMA was isolated 
without clamping.  

According to our previous study [23], a total of 3 
× 106 MSCs suspended in 500 μL PBS were injected 
via the tail vein (MSC group) 2 h before the surgical 
operation. For control, the same amount of PBS 
without MSC was infused into SHAM and IIR group 
by the same route. For MSC+HGF or MSC + SU11274 
group, MSCs were incubated with recombinant HGF 
(25 ng/ml, Peprotech) for 4 h or SU11274 (2.5 μmol/l, 
Sigma) for 1h respectively, then 3 × 106 MSCs sus-
pended in 500 μL PBS were injected via the tail vein 2 
h before the surgical operation. 

At the end of the specified reperfusion period, 
eight rats per group were sacrificed at predetermined 
time points (6 h and 72 h) of reperfusion to collect 
serum and liver samples.  

Isolation of rat MSCs 
Bone marrow from femur and tibia cavities of 

Sprague-Dawley rats was flushed with DMEM (Gib-
co, Rockville, MD) containing 10% fetal bovine serum 
(FBS; Gibco) plus penicillin/streptomycin (100 U/mL 
/0.1 mg/mL, Gibco), and the cell suspension was 
centrifuged (200 g, 5 min). The cells were then plated 
in flasks (200,000 cells/cm2). Nonadherent cells were 
removed after 48 h, and MSC were purified by their 
capacity to adhere highly to plastic culture flasks.  

Characterization of rat MSCs 
The MSC phenotype was confirmed by their 

typical spindle-shaped appearance and by differenti-
ation into osteocytes and adipocytes with specific 
differentiation media (protocol described later). For 
western blot, total cell lysates were prepared by lysing 
the cells with the buffer (1% SDS, 10 mM Tris-Cl, pH 
7.6, 20 mg/ml aprotenin, 20 mg/ml leupeptin and 1 
mM PMSF). The protein concentrations were deter-
mined using the Bradford method. About 80 µg of 
protein were separated on 10% SDS-PAGE gels, and 
transferred to PVDF membranes. After being blocked 
with 10% non-fat milk, the membranes were incu-
bated with anti-c-Met polyclonal antibody (1:200 di-
lution; Santa Cruz), anti-CD11b polyclonal antibody 
(1:200 dilution; Santa Cruz), anti-CD34 polyclonal 
antibody (1:200 dilution; Santa Cruz) and anti-CD45 
polyclonal antibody (1:200 dilution; Santa Cruz) at 
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4ºC overnight. After three 10-min washes, the mem-
branes were incubated with goat anti-rabbit IgG 
(1:5000 dilution) for 1 h at room temperature. The 
signals were developed with the ECL kit (Amersham 
Pharmacia Biotechnology Inc, Milpitas, CA), using 
anti-β actin antibody (Santa Cruz, CA, USA) as an 
internal control. Passages 3-5 of MSCs were used for 
all experiments. 

C-Met and pMET detection in MSCs treated 
with HGF and SU11274 

MSCs were cultured in 6-well plates at a density 
of 1 -2×105 cells/cm2 overnight. Then, the cells were 
treated with recombinant HGF (25 ng/ml) for 4 h or 
SU11274 (2.5 µmol/l) for 1h respectively before being 
lysed. Another group of MSCs cultured in 6-well 
plates without drug treatment was set up as control. 
After that total cell lysates were prepared and western 
blot were performed according to the same procedure 
described in the previous paragraph. Anti- phos-
phorylated Met antibody (Tyr1234/1235) (1:5000 di-
lution) were from Cell-Signaling Technology (Beverly, 
MA, USA). 

HGF detection in liver tissue 
Liver tissues were made into homogenates with 

cold normal saline, and then spun at 4000 revolu-
tions/min for 15 minutes. Supernatants were trans-
ferred into fresh tubes for detection. Liver total pro-
tein was measured by BCA Protein Assay Kit pro-
vided by KenGen Biotech Company, Nanjing, China. 
The concentration of protein in the liver was ex-
pressed as μg/ml. The content of HGF was measured 
by ELISA kits (R&D systems Inc, USA). The absorb-
ance was read at 450 nm by a Biokinetics microplate 
reader Model EL340 (Biotek Instruments, USA). The 
liver tissue level of HGF was expressed as ng/g pro-
tein. 

Measuring serum liver enzymes levels 
Two ml blood was obtained from the inferior 

vena cava, frozen at -20 ℃ for 5 minutes and centri-
fuged for 15 minutes at 4,000 revolutions/min. Su-
pernatants were transferred into fresh tubes for eval-
uation. The activities of alanine aminotransferase 
(ALT, a specific marker for hepatic parenchymal in-
jury), and aspartate Aminotransferase (AST, a non-
specific marker for hepatic injury) in serum were de-
termined in units per liter using automatic biochem-
istry analyzer (Abbott Laboratories, Abbott Park, IL, 
USA). 

Histopathological evaluation 
Paraffin-embedded samples were sectioned at 4 

µm thick slices and stained with hematoxylin and 
eosin for light microscopic examination. The hepatic 

histophathological changes were assessed under light 
microscopy by two pathologists who were blinded to 
the experiment. Five randomly areas were selected to 
evaluate the damages of liver induced by IIR through 
the following standard12: Grade 0: Normal structure 
of hepatic lobule, hepatocyte, hepatic cords, central 
vein and hepatic sinus. Grade 1: Some degeneration of 
liver cells and some inflammatory cells infiltrate in the 
portal area. Grade 2: Blood stasis in central vein and 
hepatic sinus, scattered degeneration or necrosis of 
liver cells, and more inflammatory cells infiltrate in 
the liver tissues, and the hepatic lobule is integrity. 
Grade 3: Blood stasis in central vein and hepatic sinus, 
extensive degeneration or necrosis of liver cells, and a 
large number of inflammatory cells infiltrate in the 
liver tissues, and parts of the hepatic lobule are bro-
ken. 

Transwell migration assay 
Transwell migration assays were performed in 

transwell inserts with 8 μm pore uncoated membrane 
filters (Corning Incorporated, Corning, NY, USA). 
MSC were trypsinized, resuspended in serum-free 
DMEM, and transferred to the upper chamber (5×104 
cells resuspended in 1.0 mL DMEM) (control group). 
For SU11274 group, 5×104 cells resuspended in 1.0 mL 
DMEM containing 2.5 μmol/l SU11274 were added to 
the upper chamber. An equal volume maintenance 
medium supplemented with 5, 25, 50 ng/ml of HGF 
was added to the lower chamber. The cells were al-
lowed to migrate for 24 h in a humidified CO2 incu-
bator at 37 ℃. Following incubation, the media were 
aspirated, and the cells remaining on the upper sur-
face of the filter were removed with a cotton swab; the 
cells that had migrated to the lower surface were 
stained with crystal violet for 30 min. The average 
numbers of migrated cells were determined by 
counting the cells in 6 random high-power fields 
(×200). The transwell assays for each condition were 
performed in triplicate and representative results are 
shown. 

 

Statistical analysis 
Data analysis was performed with a personal 

computer with SAS 8.1 software. The data were all 
analyzed by normality test and homogeneity test of 
variances. Measurement data of normal distribution 
were expressed as mean ± SD. One way analysis of 
variance (one-way ANOVA) was used to compare 
values among multiple groups and the Stu-
dent-Newman-Keuls (SNK) test was used for pair-
wise comparison. A value of P<0.05 was considered 
statistically significant. 
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Results 
Characterization of rat MSCs 

Rat MSCs were identified by western blot analy-
sis and the mesenchymal lineage differentiation. Rat 
MSCs expressed CD54 and CD90 and did not express 
CD34. Rat MSCs also could be differentiated into os-
teoblasts and adipocytes. (Figure 1) 

 
 
 

 
Figure 1 Characterization of rat MSCs. (A) Immunophenotype of rat MSCs, 
SW620 cells and BRL 3A cells. Cells were labeled with the antibodies specific 
for the indicated rat surface antigens or negative controls, and analyzed by 
western blot. β-actin was used as an internal control. (B) Rat MSCs were 
induced to differentiate into osteoblasts stain positive for calcium with alizarin 
red solution. Under adipogenic conditions, rMSCs differentiate into adipocytes, 
which are positively stained by oil red staining. Original magnification, ×400. The 
results shown are representative of three experiments that had similar results. 

 

Rat MSCs reduced the release of serum 
enzymes in rats with IIR 

The release of ALT, AST enzymes, markers for 
liver injury, was measured by a clinical biochemistry 
analyzer. At 6 h after the operation, the serum AST, 
ALT levels in the rats of IIR group were significantly 
higher than those of the rats in SHAM group (Figure 
2). In contrast, the serum AST, ALT levels induced by 
IIR were greatly decreased in the MSC group and 
MSC+HGF group at 6 h after the operation. The se-
rum AST, ALT levels in MSC+HGF group were sig-
nificantly lower than those in MSC group. For MSC + 
SU11274 group, the serum AST, ALT levels were just 
between those of IIR group and MSC group. At 72 h 
after the operation, the increased serum AST and ALT 
levels in the five groups gradually recovered, but the 
trend was similar to that at 6 h, except for the differ-
ence between MSC group and MSC+HGF group was 
no more statistically significant. 

Rat MSCs improved the histopathologic 
changes in the liver of rats with IIR 

Histopathologic analysis showed no pathologic 
findings in the sham group. The histologic changes 
induced by IIR were examined, including necrosis of 
liver cells, inflammatory cells infiltration and integrity 
of hepatic lobule. After 6 h of reperfusion, the rats in 
the IIR group showed higher hepatocellular necrosis, 
while the rats in the MSC group and MSC+HGF 
group still had large areas of normal liver architec-
ture, like the rats in the SHAM group. Although the 
rats in the MSC+SU11274 group have minor liver 
histopathologic changes than IIR group, more necro-
sis of liver cells and more inflammatory cells infiltrate 
in the liver tissues were discovered comparing with 
the rats in MSC group. After 72 h of reperfusion, liver 
histopathologic scores were decreased in all groups, 
yet differences of histopathologic scores between the 
SHAM group, IIR group and MSC group were still 
obvious. (Figure 2 and Table 1) 

Table 1 Mesenchymal stem cells improved the histopathologic 
scoring in the liver of rats with intestinal ischemia-reperfusion. 

 Liver histopathologic 
score at 6h after reperfu-
sion 

Liver histopathologic 
score at 72h after reper-
fusion 

SHAM group 0.5±0.20 0.0±0.0 
IIR group 3.8±0.5 1.1±0.3 
MSC group 1.5±0.3 0.4±0.12 
MSC+HGF group 1.0±0.25 0.4±0.2 
MSC+SU11274 group 2.9±0.35 0.6±0.14 
P* ＜0.01 ＜0.01 
P** ＜0.01 ＜0.01 
P*** ＜0.01 ＞0.05 
P**** ＜0.01 ＞0.05 
* indicates comparison of SHAM group versus IIR group, ** indicates comparison 
of IIR group versus MSC group, *** indicates comparison of MSC group versus 
MSC+HGF group, **** indicates comparison of MSC group versus MSC+SU11274 
group. 
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Figure 2 Rat MSC improved the histopathologic changes of the liver and 
reduced the release of serum enzymes in rats with IIR. Representative histologic 
appearances of the liver from the SHAM group (A), IIR group (B), MSC group 
(C), MSC+HGF group (D) and MSC + SU11274 group (E) at 6 h after reper-
fusion following 75 min of intestinal ischemia (HE staining) (magnification×400). 
Normal hepatic architecture was observed in rats in the SHAM group. After 6 h 
of reperfusion, IIR group and MSC + SU11274 group rats had higher hepato-
cellular necrosis and more hepatocellular vacuolation and bleb formation with 
mild neutrophil accumulation, while the MSC group, MSC+HGF group rats still 
had large areas of normal liver architecture, like the SHAM group rats. As 
markers for hepatic, serum AST and ALT levels were determined at 6 and 72 h 
after reperfusion (F and G). The data are represented by mean ± standard 
deviation. n = 8 independent experiments. p values of less than 0.05 were 
considered to be statistically significant. * indicates p < 0.05 when compared 
with SHAM group, # indicates p < 0.05 when compared with IIR group, ▲ 
indicates p < 0.05 when compared with MSC group, ◆ indicates p < 0.05 when 
compared with MSC + HGF group. 

 

HGF upregulated c-Met and phosphorylated 
Met expression in MSCs 

Western blot results showed that MSCs ex-
pressed higher level of c-Met and phosphorylated Met 
after 4 h treatment of HGF compared with control 

group. SU11274 treatment had no effect on c-Met ex-
pression in MSCs. (Figure 3) 

 
Figure 3 Western blot analysis of c-Met and pMet (Tyr1234/1235) in MSCs 
treated with HGF and SU11274. MSCs were cultured in 6-well plates incubated 
with recombinant HGF (25 ng/ml) for 4 h or SU11274 (2.5 μmol/l) for 1h 
respectively before being lysed. Another group of MSCs cultured in 6-well 
plates without drug treatment was set up as control. Each column represents 
the mean ± standard deviation of at least three determinations. All values are 
shown as mean ± standard deviation. * indicates p < 0.05 when compared with 
control group. 

 

HGF level was elevated in the liver of rats with 
IIR 

At 6 h and 72 h after reperfusion, hepatic HGF 
level in the rats of the IIR group increased gradually, 
while hepatic HGF level in the rats of the SHAM 
group showed no significantly changed. At 6h and 72 
h after reperfusion, the rats in the IIR group all 
showed markedly higher hepatic HGF level com-
pared with those in the SHAM group. (Figure 4) 

 

 
Figure 4 HGF level was elevated in the liver of rats with IIR. At 6h and 72h after 
reperfusion, hepatic HGF level in the rats of the IIR group and SHAM operation 
group were detected by ELISA kits. Each bar represents the mean ± standard 
deviation of five determinations. * indicates p < 0.05 when compared with 
SHAM group. 
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Effect of HGF and c-Met inhibitor on migration 
of MSCs 

As the concentration of HGF increased, MSC 
migration increased consequently. The maximum of 
cells migration was recorded when the concentration 
of HGF reached 50 ng/ ml. As shown in Figure 4, the 
presence of SU11274 decreased MSC migration. The 
average migrated cell number of MSC decreased 
nearly 50% compared with the controls. (Figure 5) 

 

 
Figure 5 HGF and c-Met inhibitor influenced migration of rMSC. (A)During 
transwell migration assay, MSCs were exposed to 5, 25, 50 ng/ml of HGF (lower 
chamber) to identify potential chemoattractants. (B)MSCs treated with 
(SU11274 group) or without (CONTROL group) 2.5 μmol/l SU11274 were 
exposed to 50 ng/ml of HGF (lower chamber) to identify difference of cell 
migration. Average numbers of migrated cells were determined by counting the 
cells in 6 random high-power fields (crystal violet staining, ×200). Each bar 
represents the mean ± standard deviation of at least three determinations. * 
indicates p < 0.05 when compared with CONTROL group. 

 

Discussion 
Intestinal ischemia-reperfusion injury has been 

demonstrated as a main mechanism in the etiopatho-
genesis of multiple organ dysfunction syndromes 
(MODS) as an initiator of remote organ injury [3]. The 
liver is usually the first injured remote organ affected 
by IIR because its vasculature is coupled in series with 
the intestinal circulation [24]. In the present study, 
IIR-induced liver injury was manifested by significant 
increase in serum ALT and AST levels as well as 

pathological liver injury. Hepatic dysfunction often 
predicts death in patients with IIR and multiple organ 
dysfunction syndromes. Several lines of evidence had 
shown that IIR-induced release of toxic substances 
contribute to post-ischemic liver injury through portal 
circulation, oxidative stress and inflammatory re-
sponse were involved as well [25-27]. A number of 
studies had tried to modify this course, but still no 
significant progress had been made.  

Stem cell therapy has become a novel and po-
tential treatment for various diseases. Previous re-
searches had reported the capacity of MSCs to dif-
ferentiate into hepatocytes and express surface anti-
gen of hepatocytes [28]. In addition, administration of 
MSCs could improve liver function after injury [23, 
29]. However, few studies have examined the influ-
ence of bone marrow MSCs on liver injury induced by 
intestinal ischemia reperfusion. To the best of our 
knowledge, this is the first report to show that MSCs 
may accelerate the structural and functional recovery 
from liver injury triggered by IIR. In the present 
study, MSC treatment ameliorated the increase in 
serum transaminase levels, which serves as the most 
sensitive marker for clinical and experimental hepatic 
injury evaluation. 

Nowadays, bone marrow still is the richest and 
most reliable reservoir for MSCs. Multilineage poten-
tial, immunomodulatory properties and migratory 
behavior of bone marrow MSCs have made them at-
tractive for treating organ inflammatory diseases. 
However, the precise mechanism of MSCs on ische-
mia/reperfusion-injured tissues remains largely un-
known. Previous researches had suggested that en-
grafted MSCs at injury sites were able to differentiate 
into multipotential cells and organ-specific cells, then 
directly contributed to wound healing [14, 30-33]. 
However, a previous report showed that engrafted 
MSCs scattered mostly in the hepatic tissue and sur-
vived in the liver 4 weeks after transplantation, but 
did not differentiate into hepatocytes expressing al-
bumin or alpha-fetoprotein [34]. This report suggest-
ed that a variety of bioactive cytokines secreted by the 
transplanted MSCs might be involved in restoring 
liver function and promoting regeneration. In addi-
tion, another report had shown that MSC-conditioned 
medium (MSC-CM) had the potential to reduce cell 
death [35]. Moreover, a research concerning ischemia 
reperfusion induced acute renal failure of rats dis-
covered that the effect of MSCs on renal protection 
was present at only 72 h after administration, which 
was insufficient for MSC differentiation. Furthermore, 
in a study of MSC differentiation into hepatocyte-like 
cells in vitro and in vivo, 14 - 21 days were usually re-
quired for MSCs to perform hepatocyte differentiation 
under the conditions used [36]. These findings indi-
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cated that MSCs were viable to function shortly after 
transplantation. There was limited time for MSCs to 
trans-differentiate into hepatocytes or hepatocyte-like 
cells during the acute phase. Therefore, it is unlikely 
that trans-differentiation is involved in tissue protec-
tion and repair at early stage.  

Recently the paracrine effects of MSCs, instead of 
its differentiation effects, have attracted a great deal of 
attention as the prime mechanism of the beneficial 
effects [37]. A broad range of growth factors secreted 
by MSCs, such as HGF, epidermal growth factor 
(EGF), vascular endothelial growth factor (VEGF), 
basic fibroblast growth factor (bFGF), and transform-
ing growth factor beta (TGF-b), composes the biolog-
ically role of these cells under injury conditions [12, 
38-40]. These studies implied that MSCs possess the 
capacity to secrete soluble factors to alter the tissue 
microenvironment and may play prominent role in 
tissue repair. This paracrine hypothesis of MSC is 
supported by the observation due to these effects oc-
cur at a very early stage. Similarly, in our current 
study, MSCs treatment significantly protected rats 
from liver injury, even after 6 h and 72 h of intestinal 
reperfusion. Therefore, the application of MSCs seems 
to be a promising strategy to alleviate acute liver in-
jury triggered by IIR, maybe in part because of their 
paracrine production of growth factors.  

To interpret the involvement of MSCs in tissue 
regeneration, a hypothesis had been brought up re-
cently that tissue injury may result in the release of 
various cytokines, which can promote the migration 
of MSCs into the peripheral blood and then to sites of 
injury. MSCs which are attracted by chemokines 
could follow a signal of increasing chemokine con-
centration towards the source. In this study, c-Met 
was found to be highly expressed in bone marrow 
MSCs, while the related ligand, HGF was 
up-regulated under the IIR-induced liver injury con-
dition in current study. Ligand and receptor interac-
tions may play an important role on the recruitment 
of MSCs. Furthermore, pretreating MSCs with HGF in 
this study enhanced MSCs-induced liver protection, 
while pretreating MSCs with c-Met inhibitor showed 
an opposite effect. C-Met expression and phosphory-
lated Met were upregulated by HGF indicated that 
c-Met may be the reason why HGF enhanced 
MSCs-induced liver protection. Finally, the present 
study confirmed that the migration of MSCs in vitro 
increased as HGF concentration increased, and cellu-
lar migration was notably inhibited by blockage of 
c-Met. All above results support the hypothesis that 
HGF and c-Met interaction may therefore contribute 
to the recruitment of bone marrow MSCs to injured 
liver. HGF would serve as one of the important 

chemotactic factors for the migration of bone marrow 
MSCs.  

Researchers have reported beneficial effects of 
MSC-based therapy on liver structural and functional 
repair [15, 41, 42]. However, the percentage of 
hepatocytes that trans-differentiated from do-
nor-derived MSCs is actually very low [43]. Our result 
implied that transplanted MSCs at wound sites may 
not only able to trans-differentiate into multiple 
component cell types but also secrete cytokines to 
stimulate the recovery of the hepatic cells at early 
stage, so as to contribute to liver regeneration and 
wound healing. Strategies to mobilize an internalized 
receptor such as c-Met and increase its functional ex-
pression may be useful for improving homing of 
MSCs to injured tissues. Moreover, discover of 
HGF/c-Met interaction makes it possible to attract 
endogenous and engrafted MSCs to a specific site for 
wound healing and tissue regeneration, which would 
be an easier, safer and more efficient therapy than 
traditional cell therapy.  

In summary, the present study indicated that 
MSCs represented a potential therapeutic strategy to 
alleviate liver injury induced by IIR. HGF/c-Met in-
teraction may contribute to the recruitment of MSCs 
to injured liver and the following liver protective ef-
fects. Our results provide new insights into liver re-
pair based on MSCs treatment, and add new infor-
mation of developing therapeutic protocols in com-
bating IIR mediated liver injury. 
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