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Abstract: Objective: This study aimed to compare the therapeutic efficacy of transplantation of human umbilical 
cord mesenchymal stem cells (hUCMSC) in different routes in acute hepatic failure (ALF) in rats. Methods: hUCMSCs 
were isolated and identified by detection of surface antigens via flow cytometry. In T group and H group, ALF rats 
received hUCMSC transplantation through the tail vein and intrahepatic injection, respectively. In hUCMSC group, 
healthy rats received hUCMSCs transplantation via the tail vein. In ALF group, rats received injection of normal 
saline through the tail vein. Results: The TBil and ALT in ALF rats with and without transplantation were significantly 
higher than in healthy rats (P<0.05). HE staining of the liver showed obvious hepatocyte regeneration and reduced 
infiltration of inflammatory cells, and liver pathology was improved in T group and H group as compared to ALF 
group. At 3 d after transplantation, CK18 expression was detectable in both H group and T group. At 1 w and 2 w, 
the mRNA expressions of CK8, CK18 and AFP in H group and T group were significantly different from those in ALF 
group (P<0.05). The liver function and differentiation of stem cells were comparable between H group and T group 
(P>0.05). Conclusion: hUCMSCs transplantation can improve the liver function and promote the liver repair follow-
ing ALF. hUCMSCs transplantation via tail vein has similar therapeutic efficacy to that through intrahepatic injection.
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Introduction

Acute liver failure (ALF) is a syndrome caused 
by multiple factors and characterized by mas-
sive hepatocyte degeneration and necrosis as 
well as infiltration of inflammatory cells shortly 
after injury. ALF has a rapid progression and 
numerous complications, and its treatment is 
very difficult, which renders it a disease with 
high mortality and poor prognosis. To date, ALF 
has been a refractory disease in clinical prac-
tice [1]. Traditional pharmacotherapy is unable 
to timely exert protective effect when the ALF 
progresses into end stage, bioartificial liver has 
not been widely used in clinical practice, and 
liver transplantation is also limited due to the 
severe organ shortage [2-4]. Mesenchymal 
stem cells (MSCs) as a source of seed cells 
have been paid increasing attention to in the 
field of cell therapy. MSCs may be induced to 

differentiate into hepatocyets and alter the tis-
sue microenvironment and immune function via 
a paracrine dependent manner, which is effec-
tive for the tissue repair [5-8]. Thus, stem cells 
transplantation becomes another promising 
strategy for the therapy of liver failure following 
orthotopic liver transplantation. Human umbili-
cal cord is a safe and rich source of stem cells 
and has been another reliable source of MSCs 
(hUCMSC) after bone marrow MSCs [9-11]. 
However, few studies have been conducted to 
investigate the hUCMSC transplantation in the 
therapy of ALF. In this study, ALF was induced in 
rats and hUCMSC transplantation was conduct-
ed to investigate the effects of hUCMSC trans-
plantation on the liver pathology and the 
expressions of hepatocytes related genes and 
to explore the safety and effectiveness of hUC-
MSC transplantation in the therapy of ALF as 
well as the optimal route of transplantation.
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Materials and methods

Animals and reagents

Animals: Healthy male SD rats (n=48; specific 
pathogen free, SPF) weighing 130-180 g were 
purchased from the Experimental Animal 
Center of Kunming Medical University. Animals 
were given ad libitum access to food and water. 
All the procedures were conducted according to 
the Guide for the Care and Use of Laboratory 
Animals and this study approved by the Ethics 
Committee of Kunmin Medical University.

Reagents: modified Eagle medium-LG (EMEM-
LG), fetal bovine serum (FBS), trypsin (HyClone, 
USA), rabbit anti-human CK18 monoclonal anti-
body, horseradish peroxidase (HRP) conjugated 
goat anti-rabbit IgG (Sigma, USA), diaminoben-
zidine (DAB) substrate kit (Invitrogen, USA), 
reverse transcription kit (Beijing Bioteke 
Biotech Co., Ltd), primers (Invitrogen, USA) and 
Syber fluorescence quantification kit (BD com-
pany, USA) were used in the present study. 

Separation, culture and identification of hUC-
MSCs

hUCMSCs were separated and cultured accord-
ing to previously reported [12]. Cells of the third 
generation were digested with 0.25% trypsin 
and re-suspended at a density of 1×106/ml. 
These cells were independently incubated with 
following mouse anti-human antibody: FITC-A 
conjugated CD90 monoclonal antibody, PE-A 
conjugated CD73 monoclonal antibody, FITC-A 
conjugated CD45 monoclonal antibody, and 
PE-A conjugated CD34 monoclonal antibody. 
Incubation was conducted at room tempera-
ture for 30 min in dark. After washing in PBS, 
cells were subjected to flow cytometry for the 

[13]. Rats developed listlessness, reduced 
activities, poor appetite, diarrhea, and ascites 
which are characteristics of liver failure. At  
24 h after establishment of animal model, 
serum ALT and TBil increased significantly, and 
pathological examination of the liver also 
revealed the animal model was successfully 
established. 

A total of 48 SD rats were randomly assigned 
into 4 groups (n=12 per group). (1) 
Transplantation via tail vein: ALF was induced 
in rats which received hUCMSCs (3-5×106/ml; 
1 ml) transplantation via the tail vein at 24 h 
after establishment of animal model (T group); 
(2) Transplantation via intrahepatic injection: 
ALF was induced in rats which received hUC-
MSCs (3-5×106/ml; 1 ml) transplantation via 
the intrahepatic injection (H group); (3) ALF 
group: ALF was induced in rats which received 
injection of normal saline (1 ml) via the tail vein; 
(4) MSCs group: healthy rats received hUC-
MSCs (3-5×106/ml; 1 ml) transplantation via 
the tail vein. 

Sample collection and detections 

At 0 h (24 h after establishment of animal 
model), 24 h, 48 h, 72 h, 96 h and 1 w after 
hUCMSCs transplantation, venous blood (1 ml) 
was collected from the posterior orbital vein 
and centrifuged 1 h later. The serum was col-
lected into a new EP tube and stored at 4°C for 
further detections. At 3 d, 1 w and 2 w after 
hUCMSCs transplantation, 2 rats in each group 
were sacrificed, and the liver was rapidly col-
lected into a storage tube. Liver tissues were 
immediately frozen in liquid nitrogen and then 
stored at -80°C for further detections. At the 
same time, the right lobe of the liver was col-
lected (about 0.5 cm×1 cm) and fixed in 40 g/L 
paraformaldehyde. 

Table 1. Serum TBil at different time points in 4 groups (x±s)

Group n
TBil (μmol/L)

Before 24 h 48 h 72 h 96 h 1 w
MSCs 12 0.2±0.1 0.3±0.1 0.2±0.1 0.2±0.2 0.2±0.2 0.3±0.1
ALF 12 0.3±0.1 3.8±1.1 7.6±1.3 3.8±0.9 1.0±0.2 0.5±0.2
T 12 0.2±0.1 3.8±1.2 2.2±1.0a 1.3±0.4a 0.6±0.3a 0.3±0.1a

H 12 0.2±0.1 4.0±1.0 3.0±1.2a 1.4±0.2a 0.8±0.3a 0.3±0.2a

Note: aP<0.05 vs. ALF group. hUCMSCs transplantation was conducted at 24 h after 
establishment of animal model. ALF: acute liver failure, T: tail vein transplantation; H: 
intrahepatic transplantation; MSCs: mesenchymal stem cells.

detection of these mark-
ers. After identification, 
cells were harvested and 
re-suspended at a density 
of 3-5×106/ml for further 
use. 

Establishment of ALF ani-
mal model and grouping 

ALF was induced by intra-
peritoneal injection of 50% 
CCl4 in olive oil at 2.5 ml/kg 
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Serum ALT and TBil: serum ALT and TBil were 
measured with the HITACHI 7600 automated 
biochemistry analyzer.

Pathological examination of the liver: Liver tis-
sues were fixed in paraformaldehyde for 24-48 
h, dehydrated in ethanol, treated in xylene, 
embedded in paraffin and cut into 5-μm sec-
tions, followed by HE staining. After mounting, 
sections were observed under a light micro-
scope and pathological examination was con-
ducted by two experienced pathologists accord-
ing to the Guideline for the Diagnosis and 
Therapy of Liver Failure. Consensus was 
obtained between two pathologists. 

Detection of CK18 expression in the liver: 
Immunohistochemistry was performed to 
detection CK18 in the liver. Liver sections were 
heated for 2 d, deparaffinized and dehydrated. 
After antigen retrieval, sections were incubated 
with 3% H2O2 at room temperature for 10 min. 
After washing in PBS, sections were blocked in 
goat serum, and then incubated with CK18 
monoclonal antibody (1:100) at 4°C  over night. 
After incubation with HRP conjugated goat anti-
rabbit IgG (1:200) at room temperature for 30 
min, anti-protein-peroxidase solution was 
added, and visualization was conducted with 
DAB. After counterstaining, fixation, transpar-
entization, and mounting, sections were 
observed under a light microscope. Fiver fields 
were randomly selected from each section at a 
high magnification. CK18 positive cells showed 
brown granules in the cytoplasm and cell mem-
brane. Image Pro-Plus 6.0 was employed for 
the detection of optical density (OD) as the 
CK18 expression.

Detection of CK8, CK18 and AFP mRNA expres-
sion: Real-time PCR was conducted to detect 
the CK8, CK18 and AFP mRNA expressions in 
the liver according to previously reported [6]. 

β-actin served as an internal reference, and 
2-ΔΔCt method was used to calculate the relative 
expression of target gene.

Statistical analysis

Statistical analysis was performed with SPSS 
version 17.0. Quantitative data are expressed 
as mean ± standard deviation (

_
x±s) and com-

pared with two way analysis of variance among 
groups and Bonferroni method between two 
groups. The survival rate was compared with 
Fisher exact test. A value of P<0.05 was consid-
ered statistically significant. 

Results

Morphology and identification of hUCMSCs 

After 3-d culture, cells showed single growth, a 
few cells were adherent to wall, and most cells 
were short spindle-shaped. After culture for 
7-10 days, cells increased and formed cell mon-
layer, and most cells were long spindle shaped 
or polygonal. Cells of the third or forth genera-
tion showed favorable morphology and trans-
mittance, became fibroblast-like and displayed 
whirlpool growth. Flow cytometry showed more 
than 95% of cells of the third generation were 
positive for CD90 and negative for CD45, a 
characteristic of MSCs. 

Behaviors and survival rate after ALF 

After induction of ALF, rats developed listless-
ness, reduced activities, poor appetite, and 
piloerection. Progressively, drowsiness, diar-
rhea, and ascites, characteristics of liver fail-
ure, were present. At 72 h, the survival rate was 
16.7% (2/12) in T group, 25.0% (3/12) in H 
group, 50.0% (6/12) in ALF group and 0 in con-
trol group. hUCMSCs transplantation reduced 
the survival rate as compared to ALF group 
although significant difference was not 

Table 2. Serum ALT at different time points in 4 groups (x±s)

Group n
ALT(U/L)

Before 24 h 48 h 72 h 96 h 1 w
MSCs 12 36.8±7.4 33.4±8.3 34.5±3.7 40.4±4.8 38.5±9.2 35.9±6.4
ALF 12 36.3±7.8 1157.5±282.4 1673.4±399.5 495.1±134.2 190.6±60.3 59.8±10.4
T 12 34.5±6.6 1239.7±275.3 847.5±202.1a 148.5±54.6a 82.5±28.7a 38.3±10.3a

H 12 36.0±9.0 1296.2±264.6 955.0±266.1a 197.2±64.2a 98.0±22.3a 37.5±11.6a

Note: aP<0.05 vs. ALF group. hUCMSCs transplantation was conducted at 24 h after establishment of animal model. ALF: 
acute liver failure, T: tail vein transplantation; H: intrahepatic transplantation; MSCs: mesenchymal stem cells.
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observed (P>0.05). In addition, the survival 
rate was comparable between H group and T 
group (P>0.05). 

Serum ALT and TBil in different groups 

At 24 h after ALF, serum ALT and TBil increased 
significantly, and peaked at 48 h. At 5 d after 
ALF, the liver function of survived rats gradually 
returned to nearly normal. At 48 h (24 h after 
transplantation), 72 h, 96 h and 1 w, the serum 
ALT and TBil in hUCMSCs transplantation 
groups were significantly lower than in ALF 
group (P<0.05). In addition, the serum ALT and 
TBil in T group were slightly lower than in H 

group at different time points, although signifi-
cant difference was not observed (P>0.05; 
Tables 1 and 2). 

Liver pathology of different groups 

In MSCs group, there were not hepatocyte 
degeneration and necrosis. In T group, H group 
and ALF group, the hepatocyte necrosis 
expanded outward the hepatic lobules, which 
was accompanied by infiltration of inflammato-
ry cells and sinus congestion at 24 h, and 
degenerated hepatocytes were only found at 
the periphery of hepatic lobules. At 3 d and 1 w, 
the hepatocyte degeneration was attenuated, 

Figure 1. Liver pathology of different groups (HE×100). ALF: acute liver failure, T: tail vein transplantation; H: intra-
hepatic transplantation.
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cytoplasm was even, cell arrangement was rel-
atively regular, the structure of hepatic lobules 
was clear, newly generated cells were found 
along the periportal region, and these cells 
were large in volume and had large and dark 
nucleus or even double nuclei in H group and T 
group. In ALF group, the hepatocyte arrange-
ment was relatively regular, but cells were blur-
ry, degenerated cells were still observed in the 

mRNA expressions of CK8, CK18 and AFP in 
the liver

At 3 days after transplantation, the mRNA 
expressions of CK8, CK18 and AFP remained at 
a low level in the liver. At 1 w and 2 w, the mRNA 
expressions of CK8, CK18 and AFP began to 
increase and were significantly higher than 
those before (P<0.05). In addition, the mRNA 

Figure 2. CK18 protein expression in the liver (immunohistochemistry ×100). At 3 d after transplantation, CK18 
protein expression was detected in H group and T group. At 1 w and 2 w, cells positive for CK18 migrated into the 
center of hepatic lobules. ALF: acute liver failure, T: tail vein transplantation; H: intrahepatic transplantation; MSCs: 
mesenchymal stem cells.

Figure 3. mRNA expressions of CK8, CK18 and AFP in tail vein transplantation 
group (T group). Compared with time at 3 d, *P<0.05; Compared with time at 
1 w, #P<0.05. 

peri-portal region, cyto-
plasm was loose and a 
large amount of inflamma-
tory cells infiltrated (Figure 
1).

CK18 protein expression in 
the liver 

At 3 d after transplantation, 
CK18 protein expression 
was detected in H group 
and T group. CK18 was 
mainly distributed along 
the peri-portal region. At 1 
w and 2 w, cells positive for 
CK18 migrated into the 
center of hepatic lobules 
(Figure 2). However, CK18 
was undetectable in ALF 
group at any time point. 
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expressions of CK8, CK18 and AFP in T group 
were higher than in H group at 3 d, 1 w and 2 w 
although there was no marked difference 
(P>0.05; Figures 3 and 4). 

Discussion

Following ALF, a large amount of hepatocytes 
becomes necrotic. Under this condition, the 
endogenous hepatocyte regeneration fails to 
timely and effectively repair the injured liver, 
resulting in a high mortality [14]. Exogenous 
MSCs have potent capabilities of self-prolifera-
tion and immunoregulation, which offsets the 
incomplete repair of endogenous hepatocytes. 
These MSCs may differentiate into functional 
hepatocytes and also promote hepatocytes to 
repair injured liver via paracrine, which is help-
ful for the attenuation of liver injury [15]. MSCs 
were first separated from the bone marrow. 
However, bone marrow collection is invasive, 
and the number of MSCs separated from bone 
marrow is small and may not meet the clinical 
requirement for autologous cell transplanta-
tion. Thereafter, investigators found that umbil-
ical cord and cord blood are rich in MSCs which 
have the pluripotent as in MSCs from bone 
marrow. MSCs from umbilical cord and cord 
blood have been successfully used in the ther-
apy of organ failure and immune related dis-
eases [16]. In respect of current techniques in 
China, the separation and purification of MSCs 

studies [17]. The prognosis of ALF is mainly 
dependent on the regeneration of hepatocytes. 
Under pathological conditions, the liver has a 
compromised capability to regenerate hepato-
cytes. In recent years, studies reveal that hUC-
MSC transplantation may improve the liver fail-
ure because the transplanted hUCMSCs may 
repair the injured liver via paracrine or through 
differentiating into hepatocyte-like cells [18, 
19]. In the present study, results showed both 
intravenous and intrahepatic transplantation 
could reduce serum ALT and TBil and improve 
liver pathology. This suggests that hUCMSCs 
transplantation is able to effectively treat ALF, 
which was consistent with previously reported. 

hUCMSCs may repair the injured liver via pra-
crine or through differentiating into hepatocyte 
like cells [20-22]. MSCs can differentiate into 
hepatocytes, which have been confirmed in 
studies. There is evidence showing that the 
phenotypes of liver stem cells and their 
response in humans are similar to findings 
observed in animal models in the presence of 
acute or chronic liver diseases. Tsai et al [23] 
found the transplanted hUCMSCs were mainly 
distributed in the connective tissues of the 
liver, but they did not directly differentiate into 
hepatocytes, and they confirmed that these 
stem cells could secrete a lot of bioactive fac-
tors to promote the liver repair and hepatocyte 
regeneration. Ren et al [24] also found that 

Figure 4. mRNA expressions of CK8, CK18 and AFP in intrahepatic transplanta-
tion group(H group). Compared with time at 3 d, *P<0.05; Compared with time 
at 1 w, #P<0.05.

from umbilical cord blood 
are very difficult and often 
expensive, and the quality 
of these cells may not be 
guaranteed. However, the 
separation of MSCs from 
umbilical cord is relatively 
simple and has a high suc-
cess rate, and has been 
used in several experimen-
tal institutes for industrial 
production in China. MSCs 
from umbilical cord have 
the advantages of stable 
source, reliable quality and 
easy industrial production. 
Thus, MSCs from umbilical 
cord were used in the pres-
ent study. 

MSCs can differentiate into 
hepatocyte-like cells, which 
has been confirmed in 
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hUCMSCs differentiated into hepatocyte-like 
cells to improve liver function, but they failed to 
promote the vascularization of hepatic sinus. 
They revealed that human specific AFP and ALB 
mRNAs were detected in the liver of NOD/SCID 
rats with chronic hepatic fibrosis after hUCMSC 
transplantation, VEGF expression in the liver 
increased markedly as compared to normal 
liver, but the vascular density (CD31 and vWF) 
remained unchanged. Several studies have 
confirmed in different (chronic) animal models 
of liver diseases that MSCs transplantation is 
able to inhibit inflammation in the liver, promote 
hepatocyte regeneration, and inhibit the hepat-
ic fibrosis, leading to the improvement of liver 
function. 

However, the adjustability of MSCs proliferation 
is still controversial [25]. In a study, MSCs pas-
saged for 20 generations have detectable 
telomerase activity, proto-oncogene c-myc 
over-expression and inhibition of tumor sup-
pressor genes (Rb, p53 and P16), as well as 
Wnt signaling pathway down-regulation (all are 
characteristics of cancer cells), leading to MSCs 
immortalization. This suggests these cells 
might have the tumorigenic activity [26]. 
However, to date, no study has revealed the 
tumorigenic effect of MSCs after transplanta-
tion. On the contrary, MSCs are able to inhibit 
the tumor formation via secreting IFN-β, IFN-γ, 
IL-2 and IL-12 or expressing TRAIL. In future 
studies, it is necessary to control the passaging 
and quality of hUCMSCs and the molecular and 
genetic characteristics of hUCMSCs should be 
maintained, which are crucial for the safe clini-
cal application of hUCMSCs transplantation.

MSCs can be transplanted via different routes 
including intraperitoneal injection, portal 
venous injection, hepatic arterial injection, 
peripheral venous injection, intrasplenic injec-
tion and intrahepatic injection [27, 28]. 
Currently, transplantation via the intrahepatic 
portal vein or hepatic artery is often used, but 
its operation is difficult and also invasive and 
has the possibility of causing thrombosis. In 
addition, transplantation via the hepatic artery 
is not helpful for the transdifferentiation of 
stem cells. Thus, transplantation via peripheral 
veins is more feasible in the clinical therapy of 
liver diseases [29, 30]. Yuan et al [31] com-
pared the therapeutic efficacy of BMSCs trans-
plantation via portal vein as compared to that 

via tail vein in rats with liver failure. Their results 
showed the number of MSCs migrating into the 
liver and the cloning of MSCs were not associ-
ated with the routes of transplantation, but 
related to liver injury. In the present study, 
MSCs were transplanted via tail vein injection 
and through intrahepatic injection. Results 
showed MSCs transplantation via tail vein 
injection seemed to exert a better therapeutic 
effect as compared to that through intrahepatic 
injection. At 1 d after hUCMSCs transplanta-
tion, the liver function was improved; at 3 d, 
human specific markers for hepatocytes were 
detectable in rats receiving hUCMSCs trans-
plantation in both groups. Cells positive for 
CK18 were mainly distributed along the peri-
portal region, and these cells differentiated 
into mature cells and migrated into the area of 
central vein, which is consistent with biological 
law of hepatocyte regeneration after liver 
injury. 
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