
A (control group). However, many human AFP or ALB 
positive cells were scattered around sinus hepaticus and 
the central veins of hepatic lobules and in the portal area 
in group B and group C after one month. The fragment 
of human X chromagene could be detected in the liver 
tissue of groups B and C, but not in group A. 

CONCLUSION: Under certain conditions HUCBSC can 
differentiate into liver cells in vivo  and in vitro . 

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Umbilical cord blood (UCB) remains in the placenta and 
umbilical cord after birth. The placenta and umbilical cord 
blood is usually discarded after delivery as a medical waste. 
The presence of  hematopoietic stem cells (HSC) in UCB 
was first demonstrated in 1974. There is evidence that 
UCB is a rich source of  HSC. However, it was not until 
1989 that experimental and clinical studies were published, 
indicating that UCB can be used in clinical settings. Since 
then, UCB has been used as an alternate source of  HSC 
for transplantation. Some data suggest that UCB is a 
better source of  HSC than bone marrow (BM)[1,2]. It has 
been found that multipotent adult progenitor cells can 
differentiate into hepatocyte-like cells in vitro[3]. Neurons, 
astrocytes and oligodendrocytes can be propagated  
in vitro from UCB cells[4,5], indicating that stem cells can 
differentiate into hepatocytes[6,7]. These experiments  
studied the conditions and potential ity of  human 
umbilical cord blood cells (HUCBSC) to differentiate into 
hepatocyte in vivo or in vitro.

MATERIALS AND METHODS
Reagents
Fetal bovine serum (Hyclone, USA), Dulbecco’s modi-
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Abstract
AIM: To study the condition and potentiality of human 
umbilical cord blood stem cells (HUCBSC) to differentiate 
into hepatocytes in vivo  or in vitro . 

METHODS: In a cell culture study of human umbilical 
cord blood stem cell (HUCBSC) differentiation, human 
umbilical cord blood mononuclear cells (HUCBMNC) 
were separated by density gradient centrifugation. 
Fibroblast growth factor (FGF) and hepatocyte growth 
factor (HGF) and the supernatant of fetal liver were 
added in the inducing groups. Only FGF was added in 
the control group. The expansion and differentiation of 
HUCBMNC in each group were observed. Human alpha 
fetoprotein (AFP) and albumin (ALB) were detected by 
immunohistochemistry. In the animal experiments, the 
survival SD rats with acute hepatic injury after carbon 
tetrachloride (CCL4) injection 48 h were randomly divided 
into three groups. The rats in group A were treated with 
human umbilical cord blood serum. The rats in group B 
were treated with HUCBMNC transplantation. The rats 
in group C were treated with HUCBMNC transplantation 
followed by intraperitoneal cyclophosphamide for 7 d. 
The rats were killed at different time points after the 
treatment and the liver tissue was histopathologically 
s tud ied and human AFP and ALB de tec ted by 
immunohistochemistry. The human X inactive-specific 
transcript gene fragment in the liver tissue was amplified 
by PCR to find human DNA.

RESULTS: The results of cell culture showed that 
adherent cells were stained negative for AFP or ALB 
in control group. However, the adherent cells in the 
inducing groups stained positive for AFP or ALB. The 
result of animal experiment showed that no human AFP 
or ALB positive cells present in the liver tissue of group 
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fied Eagle’s medium (DMEM) (Gibco, USA), β-fibroblast 
growth factor (FGF) and hepatocyte growth factor (HGF) 
(Preprotech, USA), immunohistochemistry kit (PV900, 
Beijing), alpha fetoprotein (AFP) and mouse anti human 
monoclonal antibody (Maixin, Foochow), albumin and 
(ALB) rabbit anti human polyclonal antibody (DAKO), 
protease K , NaI, glass powder, Taq DNA polymerase, 
10 × buffer, random primer（2.5 mmol/L, dNTP）were 
provided by Promega Co. 

Collection and storage of umbilical cord blood 
Immediately after birth of  the baby, the umbilical cord was 
cut off  and the baby was separated from the placenta and 
mother. A sterile needle was inserted into the umbilical 
vein and UCB was drawn into a sterile blood collection 
bag containing ACD-B or heparin anticoagulant. Once 
the collection was completed, the specimen was packaged 
and sent to blood bank for processing and storage at 
low temperatures. The maternal blood sample was also 
collected for infectious disease analysis.

Separation of human umbilical cord blood mononuclear 
cells
Human umbi l ica l cord b lood mononuclear ce l l s 
(HUCBMNC) were separated from UCB by density gradi-
ent centrifugation. When cell motility rate was more than 
95%, the cell concentration was adjusted to 5 × 105-6/mL. 

Cell Culture
FGF 2.5 ng/mL and HGF 20 ng/mL and supernatant of  
fetal liver (5%, V/V) were added into the HUCBMNC 
culture flasks in the inducing groups. Only FGF was added 
into the HUCBMNC culture flasks in the control group. 
The expansion and differentiation of  HUCBMNC in 
each group were observed. Human AFP and ALB were 
detected by immunohistochemistry.

Animal experiment
Adult SD rats, weighing 180 ± 20 g were provided by the 
Animal Laboratory of  the Second Xiangya Hospital. Car-
bon tetrachloride (CCL4, 0.7 mL/100 g, 10%) was intra-
peritoneally injected into SD rats to establish an acute he-
patic injury model. Surviving rats 48 h after CCL4 injection 
were randomly divided into three groups. Rats in group A 
were treated with 1 mL human umbilical cord blood se-
rum. Rats in group B were treated with 1 mL HUCBMNC. 
Rats in group C were treated with 1 mL HUCBMNC fol-
lowed by intraperitoneal cyclophosphamide 2 mg/100 g 
per d for 7 d. The general state of  the rats in each group 
was observed. 

Detection of human AFP and ALB in rat liver tissue
The rats were killed at different time points after treatment 
and the liver tissue was histopathologically studied and 
detected for human AFP and ALB by immunohisto-
chemistry.

PCR amplification of human X inactive specific transcript 
gene
The primers of  PCR were designed according to human X 
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inactive specific transcript (XIST) gene (upstream primer 
P1: 5’- TTACTG GCTGTATTGCCTTGC- 3’；down-
stream primer P2: 5'- ATTATCTCCA CCGCTTCACT 
-3'). DNA was extracted from the rat liver tissue imbedded 
in paraffin and amplified by PCR. Gel electrophoresis was 
performed to find whether human DNA was present in 
the rat liver tissue.

RESULTS
Expansion and differentiation of HUCBSC
The result showed that most adherent cells had fusiform 
shape. No polygon shape cells were found in the control 
group. However, round shape, spherical and polygon 
shape adherent cells as well as fusiform cells were found in 
the inducing groups.

Immunohistochemistry staining of AFP and ALB
The adherent cells in the control group were stained 
negative for AFP or ALB by immunohistochemistry, thus 
these adherent cells were most probably fibroblasts. The 
adherent cells in the inducing groups were stained positive 
for AFP or ALB by immunohistochemistry (Figures 1A 
and 1B) and therefore they might be hepatocytes. 

Influence of two different decoagulants on HUCBMNC
Heparin or natrium citricum was used as a decoagulant 
w h e n U C B wa s c o l l e c t e d . T h e e x p a n s i o n a n d 
differentiation of  HUCBMNC anti-coagulated with 
heparin were better than those of  HUCBMNC anti-
coagulated with natrium citricum. 

B

A

Figure 1  Cells positively stained for AFP (A) and ALB (B) in inducing groups  
(400 ×). 
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Effects of two different inducing factors 
Two different inducing factors, HGF and fetal liver 
supernatant were used to induce differentiation of  
HUCBSC into hepatocytes. The inducing effect of  each 
was compared. The result showed that the inducing effect 
of  HGF was better than that of  fetal liver supematant.

Expression of human AFP and ALB in rat liver tissue
No human AFP or ALB positive cells were found 
in rat l iver t issue of  g roup A (control g roup) by 
immunohistochemistry. However, many human AFP or 
ALB positive cells were scattered around sinus hepaticus 
and central veins of  hepatic lobules and portal area in 
groups B and C after one month (Figures 2A and 2B). 
Moreover, a few human ALB positively conjugated nuclear 
cells were found in rat liver tissue of  group C (Figure 3). 

Fragment of human X chromagene in rat liver
XIST fragment of  human X chromagene could be 
detected in rat liver tissue of  groups B and C by DNA 
extraction and PCR amplification, but no human X 
chromagene fragment was found in group A (Figure 4). 

DISCUSSION
S t e m c e l l s p r e s e n t i n a d u l t B M a n d U C B a r e 
undifferentiated long-lived cells that have the ability 
to proliferate extensively and maintain the ability to 
differentiate into multiple cell types including bone cells, 
cartilage cells, fat cells, tendon cells, muscle cells, marrow 
stromal cells, astrocytes, etc. Potential liver-cell progenitors 
have been identified from BM, peripheral blood, UCB, 
fetal liver, adult liver and embryonic stem cells. Differences 
and similarities are found among cells isolated from 
rodents and humans[8]. 

Stem cells are present in UCB and possess several typi-
cal traits[9]. Clonal culture of  fluorescence-activated cell 
sorter CD34+ UCB and BM cells revealed a higher inci-
dence of  colony-forming cells with greater proliferation 
capacity in UCB than BM CD34+ cells. UCB CD34+ cells 
also demonstrated a higher secondary plating efficiency 
than BM cells. Rats transplanted with UCB mononuclear 
cells showed significantly higher levels of  chimerism than 
those transplanted with BM mononuclear cells. 

Recipients of  UCB transplants from HLA-identical 
siblings have a lower incidence of  acute and chronic graft-
versus-host disease than recipients of  BM transplants from 
HLA-identical siblings[10]. Immature human UCB cells with 
high proliferative, replating, ex vivo expansion and mouse 
NOD/SCID engrafting ability can be stored frozen for > 
15 years, and efficiently retrieved, and most likely remain 
effective for clinical transplantation[11]. Intravenous injec-
tion of  adult BM cells in FAH-/-mice, an animal model of  
tyrosinemia type I, could rescue the mice and restore their 
liver biochemical function. Within BM, only rigorously pu-
rified HSCs give rise to donor-derived hematopoietic and 
hepatic regeneration[12]. 

Adult human liver cells can be derived from stem 
cells originating in the BM or circulating outside the liver, 
so that blood-system stem cells could be used clinically 
to generate hepatocytes for replacing damaged tissue[13]. 
BM-derived hepatocyte stem cells integrate with hepatic 
cell plates and differentiate into mature hepatocytes. In a 
culture system simulating liver regeneration and contain-
ing cholestatic serum, these cells differentiate into mature 
hepatocytes and metabolize ammonia into urea depending 

B

A

Figure 2  Expression of human ALB (A) and AFP (B) in rat liver tissue (200 ×).

Figure 3  Human ALB positively conjugated nuclear cells in rat liver tissue (400 ×).

M N H 1 2 3 4 5 6 7 M 8 9 10 M11 12 13 14 15

533 bp→
469 bp→
312 bp→

Figure 4  PCR-amplified DNA. M: 100 bp marker; N: Negative control, the products 
of PCR templated by water; H: Positive control, the products of PCR templated by 
human fetal liver tissue DNA; 1-5: DNA extracted from rat liver tissue embedded in 
paraffin in group A; 6-10: DNA extracted from rat liver tissue embedded in paraffin 
in group B; 11-15: DNA extracted from rat liver tissue embedded in paraffin in 
group C.
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on a yet non-defined humoral signal existing in choles-
tatic serum. Transmission electron microscopy and three-
dimensional digital reconstruction have confirmed hepa-
tocyte ultrastructure of  cultured BM-derived hepatocyte 
stem cells[14]. In a primary culture system supplemented 
with growth/differentiation factors, about 50% of  UCB 
cells in 21-d cultures express ALB, and ALB+ cells co-
express hepatocyte lineage markers. ALB-expressing cells 
are able to proliferate in the culture system. In the cell-
transplantation model of  liver-injured SCID mice, inocu-
lated UCB cells develop into functional hepatocytes in the 
liver, which release human ALB into the sera of  the recipi-
ent mice. Thus, human UCB is a source of  transplantable 
hepatic progenitor cells[15]. 

It was reported that human UCB cells can migrate into 
NOD-SCID liver and become mature hepatocytes. No cell 
fusion can be detected in any of  the human cells found in 
mouse liver[16]. Human albumin expression can be detected 
only in CCl4-treated mice receiving transplants of  human 
stem cells, and recovery is increased by administration of  
human HGF 48 h after CCl4-mediated liver injury[17]. As 
the cells are morphologically transformed into hepatocyte-
like cells, UCB-derived human MSC can express Thy-1, 
c-Kit and Flt-3 on the cell surface, as well as albumin, AFP 
and cytokeratin-18 and 19 in the interior. About a half  of  
the cells are found to acquire the ability to transport DiI-
Ac-LDL[18].  

In this study, UCB transplantation demonstrated a 
good therapeutic effect on severe viral hepatitis without 
obvious side effects. UCB attenuated the liver lesions 
and reproduced hepatocytes. The effect of  UCB trans-
plantation combined with plasma exchange (PE) is much 
better than that of  PE alone, suggesting that UCB trans-
plantation can enhance the therapeutic effect of  plasma 
exchange on severe viral hepatitis[19]. After 4 wk of  induc-
tion of  HGF and oncostatin M, stem cells isolated from 
human BM and UCB showed cuboidal morphology of  
hepatocytes and cells expressed marker genes specific for 
liver cells in a time-dependent manner. Differentiated cells 
have in vitro functions of  liver cells, including albumin 
production, glycogen storage, urea secretion, uptake of  
low-density lipoprotein, and phenobarbital-inducible cyto-
chrome P450 activity[20]. Human UCB stem cells are able 
to transdifferentiate into hepatocytes, to improve liver re-
generation after damage and mortality rate. Intraperitoneal 
administration of  UCB stem cells contributes to a rapid 
liver engraftment[21]. 

CD34+ UCB cells are rich fractions in hepatic progeni-
tor cells, and trans-differentiation from UCB cells into 
hepatocytes and cell fusion simultaneously occur[22]. UCB 
stem cell transplantation displays good therapeutic effects 
on severe viral hepatitis and improves heart injury of  the 
patients. The rat liver immunohistochemistry in this study 
indicated that UCB stem cells could decrease liver dam-
age and increase hepatocellular regeneration. Human UCB 
stem cells can differentiate into liver cells in acutely dam-
aged SD rat liver[23]. Xeno-transplantation of  human UCB 
CD34+ (hCBCD34+) cells during pre-immune stages of  
development in immunocompetent mice might also lead to 
human-mouse liver chimerism. Freshly isolated hCBCD34 (+) 
cells were xeno-transplanted into non-immunosuppressed 

mice by both intra-blastocyst and intra-fetal injections in 
our study. One and four weeks after birth, immunostain-
ing was carried out for different human-specific hepato-
cyte markers, such as human hepatocyte-specific antigen, 
human serum albumin, and human alpha-1-antitrypsin 
indicated the presence of  human hepatocyte-like cells in 
the livers of  transplanted animals. The results indicate that 
detection of  human albumin mRNA further corroborates 
the development of  pre-immune human-mouse chime-
ras[24]. 

A new intrinsically pluripotent CD45- population called 
unrestricted somatic stem cells (USSC) has been isolated 
from human UCB. These cells grow adherently and can be 
expanded to at least 1015 cells while maintaining a normal 
karyotype and a pluripotency including hematopoietic, 
neural, and hepatic cell differentiation in the noninjured 
fetal sheep model. More than 20% albumin-producing hu-
man parenchymal hepatic cells have been obtained in the 
absence of  cell fusion in this model. One major biological 
difference between USSCs and human MSC is the ease of  
generation of  USSCs in cytokine-free cultures and the po-
tential to generate hematopoietic cells in vitro. Besides their 
differentiation potential, USSCs can also be distinguished 
from MSC by their phenotype. But similar to adult and 
fetal MSCs, they are also nonimmunogeneic and even im-
munosuppressive[25]. 

Some studies have shown that UCB may contain some 
hepatic progenitors. MSC has been isolated from UCB 
harboring a broader potential than expected. Single clon-
ally expanded cells isolated from either UCB or BM, can 
differentiate not only into osteoblasts, adipocytes, and 
chondrocyte-like cells (as expected for MSCs), but also 
into different cell types including functional hepatocytes 
in vitro. When UCB-derived cells are cultured under hepa-
togenic conditions all cells acquire a cuboidal morphology 
as opposed to the fibroblast-like morphology of  undif-
ferentiated cells. In this study, low level expression of  AFP, 
an early developmental marker gene of  hepatoblasts, was 
detectable by d 7 and remained detectable up to d 35. Ex-
pression of  cytokeratin-18 and albumin was detectable at 
all time points, and the expression of  tyrosine aminotrans-
ferase, a late marker gene of  hepatocytes, was detectable 
by d 14 and increased with time of  differentiation. Fur-
thermore, by d 7, differentiated cells were stained positive 
for albumin. Undifferentiated cells did not express AFP or 
tyrosine aminotransferase, but expressed low levels of  al-
bumin and cytokeratin-18. However, undifferentiated cells 
were negative for albumin. After 6 wk of  differentiation 
the hepatocyte-like cells demonstrated the ability to take 
up low-density lipoprotein, a function characteristic of  he-
patocytes, whereas undifferentiated cells failed to take up 
low-density lipoprotein[26].

By seeding UCB 2 m-c-Met+ cells (UCBCCs) on the 
cirrhotic fat-storing cells (CFSC)/HGF feeder layers with-
out any cytokine added, distinct morphological changes in 
some UCBCCs emerged after co-cultured for 4 d, and the 
changes increased even more as time went on. Morpho-
logical characteristics of  hepatocytes occurred after 7 d 
of  coculture in about 38%-46% of  UCBCCs, which were 
identified to possess hepatocyte-like functions. UCBCCs 
could also differentiate into hepatocyte-like cells by co-
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culturing with CFSC/HGFs separately using trans-wells, 
although the differentiation efficiency was lower than the 
former. Moreover, the tests showed limited contribution 
of  control CFSC/neo to the induction, which proved 
the important sustainment of  nonparenchymal cells and 
extracellular matrices on the stem cell differentiation and 
prompted us to consider the insufficient factor secretion in 
nontransfected hepatic stellate cells only[27]. 

Transplantation of  human HSC in sheep has led to the 

establishment of  human hematopoiesis and formation of  a 
significant number of  long-lasting, functional human liver 

cells, with some animals exhibiting levels as high as 20% 
of  donor (human) hepatocytes 11 mo after transplantation. 

Human hepatocytes generated in sheep retain functional 

properties of  normal hepatocytes, constitute hepatic func-
tional units with the presence of  human endothelial and 
biliary duct cells, and secrete human albumin that is detect-
able in circulation. Transplanting populations of  HSC can 
efficiently generate a significant number of  functional he-
patic cells in sheep[28]. 

Characterization of  UCB-derived USSCs with the ca-
pacity to differentiate into hematopoietic and nonhemato-
poietic cells in the absence of  cell fusion has highlighted 
the great potential of  stem cell plasticity. A great variety of  
stem cell types have been defined and even the most pure 
marrow stem cells are highly heterogeneous. Data suggest 
that stem cells may exist in a continuum with continually 
and reversibly changing phenotype[29].

Our study showed that with the induction of  HGF or 
fetal liver supernatant, HUCBSC could expand in vitro and 
differentiate into polygon cells expressing AFP and ALB. 
These cells are most likely hepatocytes. Moreover, the ex-
pansion and differentiation of  HUCBSC anti-coagulated 
with heparin were better than those of  HUCBSC anti-
coagulated with natrium citricum, suggesting that na-
trium citricum may be toxic for HUCBSC or heparin can 
promote the expansion of  HUCBSC in vitro. Therefore, 
heparin is better than natrium citricum as a UCB collec-
tion decoagulant. We also showed that the role of  HGF 
in inducing HUCBSC differentiation into hepatocytes was 
better than that of  fetal liver supernatant, indicating that 
HGF can promote the expansion of  HUCBSC and induce 
the differentiation of  HUCBSC into liver cells. Thus, it is 
better to use HGF as an inducing factor for the differen-
tiation of  HUCBSC. 

Our animal experiment showed that after one month 
treatment with HUCBSC，the rats with acute liver failure 
were positive for human AFP and ALB in liver tissue. The 
DNA fragment of  human X chromagene could be found 
in rat liver tissue of  HUCBSC-treated group. However, 
human DNA fragment could not be detected in the con-
trol group, indicating that the transfused human ALB and 
AFP were destroyed in the rats. Therefore, human AFP 
and ALB detected in rat liver tissue of  HUCBSC treated-
group were products of  liver cells differentiated from 
HUCBSC. The number of  positive human AFP and ALB 
cells found in HUCBSC-treated groups with or without 
cyclophosphamide was not obviously different, indicating 
that immunosuppression has mild or no effect on HUCB-
SC differentiation in rats. Moreover, a few AFP or human 
ALB positively conjugated nuclear cells were found in rat 

liver tissue of  HUCBSC-treated group, suggesting that cell 
fusion and cell division may occur in conjugated nuclear 
cells. 

In conclusion, HUCBSC can differentiate into liver 
cells in vitro and in vivo under hepatogenic conditions. Stem 
cells from UCB are able to differentiate into functional 
hepatocyte-like cells and may serve as a cell source of  cell 
therapy and transplantation for intractable liver diseases.
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