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Abstract
AIM: To investigate the malignant potential of hepatic 
stem cells derived from the bone marrow stromal cells 
(BMSCs) in a mouse model of chemical hepatocarcino-
genesis.

METHODS: BMSCs from male BALB/c mice were harvested 
and cultured, then transplanted into female syngenic BALB/
c mice via  portal vein. Hepato-carcinogenesis was induced 
by 6 mo of treatment with diethylnitrosamine (DEN). Six 
months later, the liver was removed from each treated 
mouse and evaluated by immunohistochemistry and 
fluorescence in situ  hybridization (FISH).

RESULTS: Twenty-six percent of recipient mice survived 
and developed multiple hepatocellular carcinomas (HCCs). 
Immunohistochemically, HCC expressed placental form 
of glutathione-S-transferase (GST-P) and α-fetoprotein, 
but did not express cytokeratin 19. Y chromosome 
positive hepatocytes were detected by fluorescent in situ  
hybridization (FISH) in the liver of mice treated with DEN 
after BMSCs transplantation while no such hepatocytes 
were identified in the liver of mice not treated with DEN. 
No HCC was positive for the Y chromosome by FISH.

CONCLUSION: Hepatic stem cells derived from the bone 
marrow stromal cells have a low malignant potential in 
our mouse model of chemical hepatocarcinogenesis.

© 2008 WJG. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common 
cancer in the world[1]. Hepatitis B or C virus can induce 

chronic hepatitis and potentially result in liver cirrhosis and 
HCC, and these viral infections are frequently seen among 
HCC patients[2]. However, there is no clear evidence as 
to which cell is directly involved in the development of  
HCCs[3-5]. Two cell lineages have been considered as can-
didates: the first is hepatic stem cell, and the second is ma-
ture hepatocyte.

Oval cells are small, oval shaped epithelial cells identi-
fied as hepatic stem cells in the adult liver only following 
severe, repetitive liver injury[6]. There are increasing evi-
dences that oval cells are the cellular targets for transfor-
mation in the development of  HCC[7-8]. Oval cells might 
give rise to HCC as a result of  the arrest of  stem cell 
maturation[9]. Previous studies indicated that bone marrow 
cells can differentiate into oval cells in rodents and that a 
similar process could possibly take place in humans[10,11]. 
The incidence of  plasticity has been shown to be very vari-
able, from extremely rare to a range from 20% to 40%[12,13]. 
Although there is still controversy about which part of  
bone marrow cells can differentiate into hepatocytes, 
the present study clearly shows that transplanted bone 
marrow cells may help restore the hepatic degenerative 
diseases and reduce CCl4-induced liver fibrosis[14]. Some 
studies readily demonstrated bone marrow stromal cells 
(BMSCs) differentiated into hepatocyte-like cells in culture 
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after HGF treatment in vitro[15]. Therefore, BMSCs could 
be a valuable strategy for future replacement therapy of  
damaged or malfunctioned hepatocytes, because getting 
autologous BMSCs is easier than obtaining other tissue-
specific stem cells. However, the safety and efficacy of  
hepatic stem cells derived from bone marrow cells should 
be adequately confirmed before any such therapies are 
tested in humans.

Our aim was to study the malignant potential of  he-
patic stem cells derived from BMSCs in vivo. To identify 
hepatic stem cells, BMSCs of  male mice were transplanted 
into recipient female mice. After BMSCs transplantation, 
HCC was induced in the recipients by chemical hepatocar-
cinogenic compounds and the presence of  the Y chromo-
some was evaluated in HCC.

MATERIALS AND METHODS
Animals
Six to eight week old BALB/c mice were purchased from 
the Animal Breeding Center of  Sun Yat-Sen University 
(Guangzhou, China). Mice were bred and maintained in an 
air-conditioned animal house with specific pathogen-free 
conditions, using an alternate 12 h cycle of  daylight and 
darkness, and unlimited access to chow and water. All ani-
mal experiments were performed in accordance with the 
guidelines of  the Animal Care and Use Committee of  Sun 
Yat-Sen University.

Isolation and culture of bone marrow stromal cells (BMSCs)
BMSCs were harvested from bone marrow of  the femurs 
and tibias of  male mice by inserting a 21-gauge needle into 
the shaft of  the bone and flushing it with DMEM medium 
supplemented with heparin[16]. The cell suspension was 
centrifuged over a Ficoll step gradient (density 1.077 g/mL)  
(Sigma, St. Louis, MO) at 1500 r/min for 10 min. The 
interface fraction was then collected and cultured in 
DMEM medium, supplemented with 10% fetal bovine 
serum, 2 mmol/L L-glutamine, 100 U/mL penicillin, and 
100 μg/mL streptomycin. Isolated cells were grown at 
37℃ and 5% CO2 for 3 d. After removing the suspended 
cells, the adherent BMSCs were grown to 90% confluence 
and used between passages 3 and 4. After serum starvation 
for 4 h, BMSCs were treated with human recombinant 
HGF (Sigma-Aldrich, USA) at a concentration of  50 μg/L. 
Cultures were maintained by media exchange every 3 d. 
On d 21, all cells were detached for the next experiment.

The above detached cells were coated on the glass 
slides and fixed with 4% paraformaldehyde for 10 min 
at room temperature, followed by methanol for 2 min 
at -20℃, and permeabilized with 0.1% Triton X-100 for 
10 min. Slides were blocked for 30 min using blocking 
and diluent solution, then incubated with rabbit anti-α-
fetoprotein antibody or goat anti-albumin antibody at 
4℃ overnight. The cells were reincubated sequentially 
for 30 min with FITC-conjugated secondary antibody 
or PE-conjugated secondary antibody. The slides were 
counterstained with 4′,6-diamidino-2-phenylindole (DAPI, 
Sigma) before mounting and observed under fluorescence 
microscope.

Transplantation of BMSCs
BMSCs were harvested after cultured for passages 3 or 
4 and suspended in DMEM medium supplemented with 
penicillin/streptomycin. BMSCs were washed twice in 
DMEM medium before intraportal injection. Cell viability 
(> 95%) was measured by trypan blue dye exclusion.

Anesthesia was performed with ether and partial hepa-
tectomy used the standard method for two-thirds resec-
tion[17]. Briefly, after ligation of  the pedicule and resection 
of  the two largest lobes (median and left), the remaining 
liver was composed of  the caudate and epiploic lobes. 
BMSCs were injected into the female liver via the superior 

mesenteric vein using insulin syringes after hepatectomy[18]. 
A total of  106 cells were injected per mouse.

Diethylnitrosamine(DEN)-induced hepatocarcinogenesis
After partial hepatectomy and BMSCs injection, mice were 
allowed to recover for one week. Thereafter, DEN (Sigma) 
was continuously administered for 12 wk through drinking 
water at a final concentration of  100 μg/L to induce hepa-
tocarcinogenesis[3].

Sixty female BALB/c mice were randomly assigned 
to three groups. Ten mice in the normal control group 
were given BMSCs and non-supplemented drinking water. 
Twenty-five mice in the model group were continuously 
administered dEN in the drinking water. Twenty-five mice 
in the experimental group received BMSCs and den. The 
animals were sacrificed at 6 mo after the carcinogen regi-
men and the livers were fixed in 10% formalin for 24 h  
and embedded with paraffin. Routine histology was per-
formed with haematoxylin-eosin staining. Serial sections 
were cut from liver samples with the macroscopically vis-
ible liver tumors and the right lobe for pathologic exami-
nation.

Liver histopathology 
To identify characteristics of  tumors in the liver after 
BMSCs transplantation and DNE administration, placental 
form of  glutathione-S-transferase (GST-P), α-fetoprotein, 
and cytokeratin 19 were assayed immunohistochemi-
cally for these tumor nodules as previously described[19]. 
Briefly, after being deparaffinized with xylene, quenched 
with hydrogen peroxide and blocked with normal serum, 

the liver tissue sections were incubated for 1 h with rab-
bit anti-α-fetoprotein polyclonal antibody (dilution 1:100; 
Santa Cruz, USA), goat anti-cytokeratin 19 monoclonal 
antibody (dilution 1:100; Santa Cruz), or goat anti-GST-P 
polyclonal antibody (dilution 1:1000; Stressgen, Canada). 
FITC-conjugated secondary antibody or PE-conjugated 
secondary antibody was added. Counterstaining of  nuclei 
was performed with DAPI for fluorescence staining. 

Fluorescent in situ hybridization (FISH)
Because BMSCs transplantation was performed from male 
donor mice to female recipient mice, the transplanted 
bone marrow derived cells could be recognized in the 
recipient by the presence of  the Y chromosome in the 
nucleus. Therefore, FISH for the mouse Y chromosome 
was conducted to detect the transplanted bone marrow de-
rived cells according to the Cambio protocol (http://www.
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cambio.co.uk/). Paraffin-embedded slides were deparaf-
finized by baking in an oven overnight at 37℃ and cleared 
in xylene three times for 10 min each; and they were then 
dehydrated and air-dried. Sections were incubated in  
1 mol/L sodium thiocyanate for 10 min at 80℃, washed in 
PBS, and digested in pepsin (0.4% w/v) in 0.1 mol/L HCl 
at 37℃ for 10 min. The protease was quenched in glycine 
(0.2% v/w) in 2 × PBS, post-fixed in paraformaldehyde (4% 
w/v) in PBS, dehydrated through graded alcohols and air-
dried. A fluorescein isothiocyanate (FITC)-labeled Y-chro-
mosome paint (Cambio, Cambridge, UK) was added to 
the sections, sealed under glass with rubber cement, heated 
to 80℃ for 10 min, and incubated overnight at 37℃. The 
slides were washed in formamide (50% w/v)/2 × saline 
sodium citrate (SSC) at 37℃, washed with 2 × SSC and  
4 × SSC/Tween-20 (0.05% w/v) at 37℃. The slides were 
rinsed in 0.5 × SSC at 37℃. FITC amplification kit (Cambio) 
was used to amplify fluorescence signal. The slides were 
counterstained with DAPI before mounting and observed 
under confocal microscope (Zeiss, German). 

Statistical analysis
Data were presented as mean ± SD. Significant differences 
were determined using ANOVA in SPSS10.0. P < 0.05 was 
considered statistically significant.

RESULTS
Differentiation of BMSCs into hepatocytes in vitro
To conf i r m the d i f f e r en t i a t ion o f  BMSCs in to 
hepatocytes, we selected cultural BMSCs with or 
without treatment of  HGF for 21 d in culture and 
examined the expres s ion of  α - f e topro te in and 
a lbumin by immunof luorescence. We found that 

cultural BMSCs without treatment of  HGF could not 
express α-fetoprotein and albumin (Figure 1A and B),  
while differentiated hepatocyte- l ike BMSCs with 
treatment of  HGF expressed α-fetoprotein and albumin  
(Figure 1C and D).

Survival rate
We evaluated the survival rate of  mice that underwent 

BMSCs transplantation and/or DEN treatment. All mice 
that underwent BMSCs transplantation were still alive at 
the end of  the study. Thirteen (26.0%) of  50 mice induced 
with DEN survived at the end of  the 6-month study pe-
riod, including six mice in the model group and seven in 
the experimental group. The survival rates were similar 
between the model group and the experimental group  
(P > 0.05).

Tumor development in the livers of recipient mice
All of  the survived recipient mice developed multiple 
HCCs. Thirteen mice developed HCCs including six mice 
in the model group and seven mice in the experiment 
group. These tumors were evenly distributed among the 
liver lobes of  mice. The average sizes of  hepatic tumors 
were not different between the two groups (4.8 ± 1.5 mm 
vs 4.4 ± 1.1 mm; P > 0.05).

HE stained sections of  these tumors confirmed to be 
HCCs (Figure 2A) expressed GST-P and α-fetoprotein 
(Figure 2B and C), but not Cytokeratin 19 (Figure 2D). No 
other types of  liver tumors, such as hepatoblastoma or chol-
angiocellular carcinoma, were noted in our experiment. 

Repopulation and carcinogenesis of transplanted BMSCs
To follow the repopulation and differentiation of  BMSCs, 
we transplanted male BMSCs into the liver of  normal and 

DC

BA
Figure  1   Immunof luorescence o f 
α-fetoprotein and albumin in bone marrow 
stromal cells, with or without treatment of 
HGF in culture (× 400). A: α-fetoprotein 
expression was negative in the absence of 
HGF; B: Albumin expression was negative 
in the absence of HGF; C: α-fetoprotein 
expression localized at the cytoplasm 
in hepatocyte-like BMSCs; D: Albumin 
expression localized at the cytoplasm in 
hepatocyte-like BMSCs.
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DEN-treated female mice. FISH was performed to detect 
Y chromosome in the female recipients. A positive FISH 
signal was detected in the nucleus which was confirmed 

by counterstaining with DAPI. In male mouse liver, 
which served as positive control, most of  the cells stained 
positive for Y-chromosome with fluorescein signal in the 
nuclei (Figure 3A).

We found that male BMSCs infused via portal vein into 
female syngeneic mouse liver could engraft and differenti-
ate into hepatocytes after induction with DEn using FISH 
for Y chromosome. Six months after BMSCs transplanta-
tion and Den challenge, FISH revealed that 15% of  he-
patocyte nuclei were positive for the Y chromosome in the 
liver of  female recipients (Figure 3B). In addition, no nu-
cleus showed two or more signals. However, donor-derived 
cells were not detected when BMSCs were transplanted 
to normal recipients without DEN treatment (Figure 3c). 
Moreover, no HCC was positive for the Y chromosome by 
FISH (Figure 3d).

DISCUSSION
The liver is classified as a conditionally renewing tissue 
and hepatocytes proliferate quiescently and hepatic stem 
cells are not needed under normal circumstances. Oval 
cells reside within or adjacent to the canals of  Hering and 
comprise a quiescent compartment of  dormant stem cells 
in adult livers[6]. They can be activated to proliferate and 
differentiate into hepatocytes or bile duct epithelial cells 
when there is severe hepatic liver damage and coexistent 
impaired hepatocyte regeneration.

Accumulated evidence indicates that bone marrow 
cells can differentiate into specific cell types[20]. It has 
been reported that 30%-50% liver regeneration with bone 
marrow-derived cells in the FAH mouse model offers a 
selective proliferative advantage in the transplanted cells[21]. 
Bone marrow-derived hepatocytes may originate from the 

DC

BA
Figure  2   H is topatho log ica l 
analysis of the tumors in the liver 
serial sections of recipient mice 
after 6 mo of DEN treatment  
(× 400). A: HCC nodules deve- 
lopment at 6 mo stained with  
haematoxyl in-eosin;  B :  HCC 
expressing GST-P appeared as  
red f luorescence by immuno-
fluorescence; C: HCC expressing 
α-fetoprotein appeared as green  
fluorescence by immunofluore-
scence; D: HCC was negative  
for cytokeratin 19 by immuno-
fluorescence.

DC

BA

Figure 3  Repopulation and carcinogenesis of male bone marrow-derived cells 
in female recipient liver tissues by FISH for Y chromosome (× 400). A: normal 
male liver, positive Y-chromosome signals appeared as green dots in the nuclei 
stained with DAPI, a chromosomal marker that appears as blue fluorescence; B: 
Six months after BMSCs transplantation and DEN treatment, some of hepatocyte 
nuclei were positive for the Y chromosome in the liver of female recipients; C: Six 
months after BMSCs transplantation without DEN treatment, none of hepatocyte 
nuclei was positive for Y chromosome in the liver of female recipients; D: HCC was 
negative for Y chromosome in nucleus. 
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mesenchymal compartment, rather than the hematopoi-
etic compartment[22]. However, other data demonstrate 
that bone marrow-derived hepatocyte is only a possible 
but rare event, even in the presence of  very strong selec-
tion pressure[23]. Several reports have demonstrated that 
cell fusion is the principal source of  bone marrow-derived 
hepatocytes[24], and bone marrow-derived hepatocytes 
are primarily of  mature myelomonocytic cells which fuse 
spontaneously with host hepatocytes producing functional 
liver repopulation[14].

The identity of  the specific cell types that differentiate 
to express hepatocyte characteristics remains undeter-
mined. BMSCs comprise marrow stromal stem cells, shar-
ing characteristics with other multi-potent stem cells such 
as neural stem cells and hematopoietic stem cells, because 
they possess the capability of  self-renewal and progeny 
differentiation potentials[25]. Our study demonstrates that 
cultured BMSCs differentiated hepatocyte-like cells which 
expressed α-fetoprotein and albumin with the treatment 
of  HGF in vitro. After BMSCs transplantation, Y chromo-
some positive cells appeared only in mice treated with 
DEN and not in mice who did not receive DEN. These 
results suggest that in our model, BMSCs can differentiate 
into hepatocytes under limited conditions. Bone marrow-
derived hepatic stem cells seem not to be required for nor-
mal hepatocyte substitution. Indeed, in the present study, 
we found that in positive hepatocytes, no nucleus had two 
or more Y chromosomes by FISH. This finding indicates 
that transdifferentiation, rather than cell fusion, was the 
main process in our model.

DEN is a DNA alkylating agent that is rapidly metab
olized to reactive metabolites. These metabolites interact 
with DNA to form various DNA adducts, leading to 
genetic alterations[26]. GST-P is a highly expressed cyto
plasmic protein during early and late steps of  carcinogen
esis and GST-P sensitivity is higher than that of  other 
enzymes for the detection of  malignant transformation[27]. 
Seventy percent of  HCCs were stained positively for 
α-fetoprotein in clinical cases. In our study, chronic expo-
sure to DEN caused multiple HCCs. These HCCs express 
GST-P and α-fetoprotein, but not cytokeratin 19 which 
was expressed in cholangiocellular carcinoma.

In this study, we focused our interest on the original cell 

lineage of  carcinogenesis. There are two major nonexclusive 
hypotheses of  the cellular origin of  cancer: from stem cells 
due to maturation arrest or from dedifferentiation of  ma-
ture cells. Debate has centered on whether hepatocytes are 
responsible for HCCs through dedifferentiation, or whether 
oval cells are the prime target for malignant changes after a 
differential “block”[3,5]. Oval cells are possibly involved in he-
patocarcinogenesis based on the followings: (1) massive ex-
istence of  oval cells in an animal rodent hepatocarcinogenic 
model[28]; (2) development of  HCC after transformation of  
oval cells[8]; and (3) occurrence of  mixed hepatocellular and 
cholangiocarcinomatous tumors (oval cell exhibits bipotential 
developmental ability)[29]. However, the relationship between 
oval cells and cancer is only circumstantial. In this study, 
no HCC was positive for Y chromosome after long-term 
carcinogenic induction. However, as all hepatic stem cells 
might not be labeled by our method as mentioned above, we 
cannot completely exclude the stem cell theory. Although 

our results may be limited to BMSCs transplanted mice 
treated with DEN, we can state that the malignant potential 
of  the hepatic stem cell derived from bone marrow seems 
to be low. Further studies are needed to clarify the precise 
interaction of  bone marrow cells with hepatic regeneration 
and carcinogenesis using other animal models or human  
studies.

In conclusion, our study demonstrates that cultured 
BMSCs could differentiate hepatocyte-like cells with HGF 
treatment in vitro. BMSCs can differentiate into hepato-
cytes in our model. Hepatic stem cells derived from bone 
marrow stromal cells are not cellular origin of  hepatocel-
lular carcinomas in the DEN model of  carcinogenesis. 
Bone marrow cells may potentially be used in cell based 
replacement therapy or gene delivery systems. Under these 
circumstances, our results indicate that hepatic stem cell 
therapy derived from bone marrow is safe.
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 COMMENTS
Background
Bone marrow stromal cells can differentiate into hepatic stem cells in rodents and 
in humans. Bone marrow stromal cells could be a valuable strategy for future 
replacement therapy of damaged or malfunctioned hepatocytes, because getting 
autologous bone marrow cells is easier than obtaining other tissue-specific stem 
cells. However, the safety and efficacy of hepatic stem cells derived from bone 
marrow stromal cells should be adequately confirmed before any such therapies 
are tested in humans.

Research frontiers
There are two major nonexclusive hypotheses of the cellular origin of cancer: 
from stem cells due to maturation arrest or from dedifferentiation of mature cells. 
Debate has centered on whether hepatocytes are responsible for hepatocellular 
carcinoma (HCC) through a process of dedifferentiation, or whether oval cells 
are the prime target for malignant changes after a differential “block”. There are 
increasing evidences that oval cells are the cellular targets for transformation in 
the development of HCC. Accumulating evidences indicate that bone marrow cells 
can differentiate into specific cell types. It has been reported that 30%-50% liver 
regeneration with bone marrow-derived cells in the FAH mouse model offers a 
selective proliferative advantage in the transplanted cells. Bone marrow-derived 
hepatocytes may originate from the mesenchymal compartment, rather than the 
hematopoietic compartment.

Innovations and breakthroughs
This study demonstrates that cultured bone marrow stromal cells could differentiate 
hepatocyte-like cells in vitro. Bone marrow stromal cells can differentiate into 
hepatocytes. Hepatic stem cells derived from bone marrow stromal cells are not 
cellular origin of hepatocellular carcinomas in a mouse model of carcinogenesis. 
Bone marrow cells may potentially be used in cell based replacement therapy or 
gene delivery systems. The results in this study indicate that hepatic stem cell 
therapy derived from bone marrow is safe.

Applications
Bone marrow stromal cells might be applicable for future replacement therapy of 
damaged or malfunctioned hepatocytes.

Peer review
This paper is interesting and the study appears well conducted. The conclusions, 
although of a limited scope given the design of the study, are in agreement with 
the results.
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