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ABSTRACT Hepatic Tissue Engineering is a step toward alleviating the need for organ donors. The capacity of stem cells 
to differentiate into specific cell types makes them very promising in tissue regeneration and repair. However, 

realizing this promise requires novel methods for guiding lineage-specific differentiation of stem cells. In this study we 
aimed to evaluate the differentiation potential of bone marrow mesenchymal stem cells (BMSCs) into hepatocytes like cells 
in vitro. BMSCs isolated from rat femurs and tibias were cultured at passage 3 in the presence of hepatocyte growth factor 
(HGF), fibroblast growth factor-4 (FGF-4) and Oncostatin M (OSM). The medium was changed every 3 days and stored for 
albumin, alpha-fetoprotein (AFP) and urea assays. Expression of albumin, c-Met and alpha -fetoprotein mRNA were de-
tected by reverse transcriptase –polymerase chain reaction (RT-PCR).

INTRODUCTION 
Stem cells are considered new promising tool for treating 
many disorders (zahran et al., 2012). Mesenchymal stem cells 
(MSCs) are multipotent cells, able to differentiate into ele-
ments of the mesodermal lineage. Bone marrow and adipose 
tissue represent the main sources for MSCs isolation. In the 
last decade, several studies have reported the plasticity of 
MSCs toward a hepatocyte-like phenotype. Both types of 
cells have been cultured under similar pro-hepatogenic con-
ditions by sequential exposure to cytokines, growth factors 
and hormones reflecting their temporal expression during in 
vivo hepatogenesis. The different capacities of hepatic differ-
entiation of the two subsets in vitro have been investigated. 
(Gómez-Lechón and Tolosa ., 2013). 

Adult MSCs have generated immense research interest in 
cell base therapies owing to their mulipotentiality and ca-
pacity for self-renewal. Bone marrow stromal tissue has been 
regarded as the most likely source to obtain MSCs. Sever-
al preclinical and clinical studies have confirmed the great 
therapeutic potential of MSCs (Caplan, 2007). For MSCs’ pre-
clinical applications, an adequate number of cells are neces-
sary, and considering the low number of MSCs (Wexler et 
al., 2003; Caplan., 2007). An extensive ex vivo expansion is 
required. Mesenchymal stem cells (MSC) isolated from bone 
marrow and differentiated into hepatocyte-like cells have in-
creasingly gained attention for clinical cell therapy of liver 
diseases because of their high regenerative capacity. (Brück-
ner et al., 2013).

Hepatocytes derived from mesenchymal stem cells (MSCs) 
hold great potential for cell-based therapies for liver diseas-
es. The cell-based therapies are critically dependent on the 
hepatic differentiation of the MSCs with a high efficiency and 
on a considerable scale (Ji Ru et al., 2012).

MATERIALS AND METHODS:
Isolation and culture of mesenchymal stem cells from rat 
bone marrow 
Isolation of MSCs from bone marrow as previously described 
(Samad and Masoud., 2007) with some modifications. Eight-
week-old male Sprague-Dawley rat was sacrificed by cervical 
dislocation and their femurs and tibias were carefully cleaned 

from skin by pulling towards the foot, which is cut at the an-
klebone. The muscle and connective tissue were removed 
from both the tibias and the femurs by scraping the diaphy-
sis of the bones cleaning then pulling the tissue towards the 
ends of the bone. The bones were put in ethyl alcohol 10% 
for sterilization and leave it for some seconds. The ends of 
the tibia and femur were cut by sharp scissors. A 27-gauge 
needle were inserted and flushed with Dulbecco’s Modified 
Eagle’s Medium DMEM (lonza, Belgium), and collected in a 
15-ml tube. Nucleated cells were isolated with a density gra-
dient Ficoll/Paque (Lymphocyte Separation Medium 1.077, 
(sigma Aldrich, USA). Four milliliters of diluted BM was slowly 
folded into the same amount of Ficoll lymphocyte separa-
tion medium and was then centrifuged at 400 rpm speed for 
20 min in a cooling centrifuge at -20oC so that, BM mono-
nuclear cells were separated.

Culture of separated mononuclear cells 
The mononuclear cell suspension obtained was re-suspend-
ed in DMEM medium with 10% FBS and 1% penicillin-strep-
tomycin mixture (10 IU/10 IU/25mg, Lonza Belgium) Cells 
were cultured at a concentration of 5x10 6 per 25-cm 2 cul-
ture flask; they were then incubated at 37 oC in 5% humidi-
fied CO2 incubator (Heraeus, Germany). 

After 1 day, non-adherent cells were removed by two to 
three washes with PBS and adherent cells were further cul-
tured in DMEM. The medium was changed every 3 days until 
the monolayer of adherent cells reaches 70-80% confluence, 
then trypsinization made for cell splitting by trypsin-EDTA so-
lution for passage 1. The number of cells were evaluated by 
haemocytometer and cellular viability by the Try- pan Blue 
Exclusion test , each 250-300 × 103 cells inoculated in 25 cm2 
culture flask that were incubated at 37 0C and 5 % CO2. Cell 
cultivation was maintained up to the 3rd passage. 

Flow cytometer analysis 
Cells were characterized using cell surface markers by flu-
orescence-activated cell sorting (FACS) analysis (Daniel et 
al., 2010).The cells were stained with different fluorescently 
labeled monoclonal antibodies (mAb) Using the anti-rat 
CD105- PE mAb, CD34- FITC mAb (BD PharMingen, Frank-
lin Lakes, NJ). The fluorescence intensity of the cells was 
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evaluated by flow cytometer. In brief, 5×105 cells (in100 µl 
PBS/0.5% BSA/2mmol/L EDTA) were mixed with 5 µl of the 
fluorescently labeled mAb and incubated in the dark at 2-8 
0C for 30-45 min. washing with PBS containing 2% BSA was 
done twice and the pellet was re-suspended in PBS and ana-
lyzed immediately on flow cytometer to evaluate the fluores-
cence intensity of the cells. 

Hepatocyte differentiation
Hepatocyte differentiation as previously described (Kang et 
al., 2005) with some modifications. The cultured cells at pas-
sage 3 were seeded in the plastic culture flasks at 5×105/bot-
tle. When the cells grow at 70% confluence, the control group 
was continuously cultured in DMEM supplemented with 10 
%FBS, 1% penicillin- streptomycin mixture. The hepatocyte 
differentiation group was cultured in DMEM supplemented 
with 10 % FBS, 20 ng/mL HGF, 10 ng/mL FGF-4, 10 ng/mL 
OSM,1% penicillin- streptomycin mixture. Each flask was sup-
plemented with 5 mL medium, which was changed every 3 
days. The medium was collected for albumin, alpha fetopro-
tein (AFP) and urea assays. 

Hepatocyte functional activity
Albumin and Alpha fetoprotein assay:
ALB and Alpha fetoprotein secretion were measured at vari-
ous times throughout the cell differentiation. Undifferenti-
ated bone marrow cells and cultural bone marrow cells did 
not secrete any ALB. The albumin secretion rate was quan-
tified using the rat albumin ELISA quantitation kit (Kamiya 
Biomedical Company cat. number KT-354) and Alpha feto-
protein assay using (DRG Cat. Number EIA-1468) according 
to instructions provided in the kit.

Urea production:
Urea production and secretion by hepatocytes were de-
tected at various time points throughout differentiation 
by colorimetric assay according to manufacturer protocol 
(Diamond,Egypt) (Buga et al., 1996).

Reverse transcription-polymerase chain reaction (RT-PCR)
RNA extraction 
Total RNA was isolated from cell lysates using RNA extrac-
tion kit (RNeasy Mini Kit Qiagene catalog number 74104) as 
described by the manufacturer and digested with DNase I 
(Fermentas) to remove genomic DNA before cDNA was syn-
thesized. cDNA synthesis was performed using the reverse 
transcription-PCR protocol of the first strand synthesis kit as 
described by the manufacturer protocol. (QuantiTect Rev. 
Transcription Kit Qiagene catalog number  205310) (Alireza 
Khoshde et al., 2012).

Polymerase Chain Reaction (PCR) 
For PCR, 5 μl cDNA was incubated with 29.5 μl water, 4 μl 
25 mM MgCl2, 1 μl dNTPs (10 mM), 5 μl 10× PCR buffer, 
0.5 μl (2.5 U) Taq polymerase and 2.5 μl of each primer con-
taining 10 pmol. Specific PCR products were generated.All 
PCR experiments were performed using a Gene Amp PCR 
(Perkin-Elmer, USA).The following specific oligonucleotide 
primers were used: 

Albumin  
5’-AAGGCACCCCGATTACTCCG-3’ (sense)
5’ TGCGAAGTCACCCATCACCG-3’ (antisense) 
AFP 
5’ -AGGCTGTACTCATCATTAAACT-3’ (sense) 
5’-ATATTGTCCTGGCATTTCG-3’ (antisense)
c-Met 
5’-CAGTGATGATCTCAATGGGCAAT-3’ (sense)
5’-AATGCCCTCTTCCTATGACTTC-3’ (antisense)
β-actin  
5’-AGAGGGAAATCGTGCGTGAC-3’ (sense)
5’-AGGAGCCAGGGCAGTAATC-3’ (anti-sense)

Amplification reactions were carried out for 35 cycles at 94 0C 
for 1 min, 58 0C for 1 min, and at 720C for 1 min for albumin; 

at 940C for 45 s, at 510C for 45 s and at 72 0C for 45 s for AFP; 
at 940C for 1 min, at 600C for 1 min and at 720C for 1 min for 
C-met and at 940C for 30 s, at 550C for 45 s, and at 72 0C for 
45 s for β-actin (Shu et al., 2004).

Gel electrophoresis 
The reaction products were subjected to 2% agarose gel 
electrophoresis and visualized by ethidium bromide staining. 
The reaction products were 649 bp (albumin), 484 bp (AFP), 
725-bp (c-Met) and 353 bp (β-actin), respectively. House-
keeping gene β-actin was used as an internal control, adult 
liver tissue was used as a positive control.

RESULTS
Cell culture 
The cultures were observed by using an invert light micro-
scope. Attachment of spindle-shaped cells to tissue culture 
plastic flask was observed after 1 day of culture of bone 
marrow mesenchymal stem cells (BMSCs). Primary cultures 
reached 70-80% confluence in approximately 7-9 days for 
BMSCs, during the passages, the cell growth tended to ac-
celerate and morphology of cells changed gradually. Cells 
become more flat-shape with increasing in passage number 
(figure 1).

Immune phenotypic characterization: 
Cultures of third passage BMSCs were analyzed for expres-
sion of cell-surface markers. BMSCs were negative for the 
hematopoietic lineage marker CD34 and positive for CD105 
(figure 2).

Hepatocyte functional activity 
Table (1): Concentration of AFP, albumin and urea 
in the medium at different time points (mean ±SE). 
(n=5)

7 day of dif-
ferentiation

14 day of dif-
ferentiation

21 day of dif-
ferentiation

Alpha feto 
protein (IU/L) 16 ±.5 29 ±1.1 49 ±0.9

Albumin 
(mg/L) - 0.8±0.6 1.9 ±0.14

Urea 
(mmole/L) - - 4.8 ±0.17

Gene expression of liver specific markers 
To assess the direct differentiation of bone marrow cells into 
hepatocyte lineages we examined mRNA expression of en-
dodermal and liver specific genes including albumin, alpha 
fetoprotein which could not be detected in fresh bone mar-
row cells (figure 4).In bone marrow cells’ differentiated cul-
ture group, albumin, alpha feto protein mRNA expressions 
first appeared within 7 days of differentiation and lasted 
throughout differentiation time.
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Figure 1(A-E): cell morphology before and after differenti-
ation. (A) Image of MSC after isolation Scale bar=100 μm. 
(B) MSC culture at passage 1 Scale bar=100 μm. (C) MSC 
culture at passage 2 Scale bar=100 μm. (D) MSC culture at 
passage 3 (E) Differentiated bone marrow cells on day 21 
Scale bar=200 μm.

Figure (2): Flow cytometry analysis of cell surface markers 
in MSCs expressed CD105 but did not express CD34. The 
surface marker expression pattern corresponds to BM-
MSC.

Figure (3): Concentration of AFP, albumin and urea in the 
medium at different time points of differentiation.
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Figure (4). mRNA expression of Alpha fetoprotein, albu-
min, c-Met and β- actin gene.as detected by RT-PCR, Lane 
M: PCR marker with 100 bp ladder Lane 1, negative con-
trol (rat MSC) .Lanes 2-4, (7, 14, and 21 days after differ-
entiation respectively, lane 5 positive control .

DISCUSSION:
A study like the current investigation provides some insights 
on hepatic differentiation of rat bone marrow mesenchymal 
stem cells in vitro. Using such data, investigators will be able 
to use hepatocyte like cells differentiated from bone marrow 
MSCs in drug biotransformation studies and other studies.

Mesenchymal stem cells (MSCs) could differentiate into cells 
of all mesodermal origin, including adipocytes, osteocytes, 
chondrocytes and myocytes (zuk et al., 2002). Besides, these 
MSCs are also capable of “trans differentiation” into ecto-
dermal cells, such as neural cells (Woodbury et al., 2000) and 
hepatocyte like cells (Shu et al., 2004; Sgodda et al., 2007; 
Liang et al 2011; Ye et al., 2012).

In this study Bone marrow was harvested from Eight-week-
old male Sprague-Dawley rat, young male rats were chosen 
because it was observed experimentally that mesenchymal 
stem cells found in young more than adult and also found 
in male more than female, that are consistent with others 
(Asumda and Chase, 2011; Katsara et al., 2011).Femurs and 
tibias were carefully cleaned from muscles and then put it in 
ethyl alcohol 10% to ensure that is no any contamination , 
then the collected bone marrow were cultured in plastic flask. 
Plastic flask was used because mesenchymal stem cells unlike 
other cells in bone marrow can attached on plastic flask in 
short time. Bone marrow cells were cultured in DMEM which 
contain the nutrient needed to the cells and PH=7.2-7.4 that 
suitable for cells, FBS was added to the media which contain 
growth factors that help cells for growth and proliferation and 
the flask was incubated at 37oC like temperature of body, 
Then bone marrow cells were cultured in DMEM with FBS 
and 1% antibiotic (penicillin-streptomycin mixture) in plastic 
flask. Media of bone marrow cells were changed after 24 
hrs to get rid of non-adherent cells and leave adherent cells 
which mostly are MSCs.

The morphological changes of cells have been noted every 
day, cells showed spindle shape after about one day, it was 
noted that cells become more flat-shape with increasing in 
passage number (figure 1) and that are in line with (Samad 
and Masoud., 2007), but their study were on C57BL/6 mouse 
bone marrow.

Immunophenotyping characterization were done by flowcy-
tometery to know that surface markers were present or not 
(Asumda and Chase., 2011; Cheuk et al., 2011). Flowcytom-
etry measurements showed that bone marrow MSCs were 
negative for the haematopoietic lineage marker CD34 and 
positive for CD105 and these results were in agreement with 
others (somia et al., 2013; Julian Braun et al., 2013).

The hepatocyte differentiation protocol used in this study 
have been demonstrated as an efficient and convenient way 
to induce MSCs to hepatic lineage, the results showed that 
the differentiated cells displayed the hepatocyte like mor-
phology, expression of hepatic specific gene and protein, 
functioned as adult liver cells, these results are in accordance 
with previous studies (Wang et al., 2004; Seo et al., 2005; 
Chien et al., 2006; Sgodda et al., 2007).Some researchers 
believe that microenvironment played an important role in 
differentiation of stem cells (Tosh and Slack 2002). The dif-
ferentiation of stem cells is controlled under microenviron-
ment. Stem cells have reciprocity with adjacent cells, ECM 
and cytokines. They also have effects on differentiation of 
stem cells. (Schwartz et al., 2002; Fiegel et al., 2003), plated 
marrow stem cells on matrigel, fibronectin or collagen matrix 
and differentiated them into hepatocyte-like cells. Matrigel 
consists of a mixture of ECM components. Fibronectin and 
collagen matrix are two of ECM components. But in our 
study, MSCs cultured in plastic culture flasks not treated with 
matrigel or fibronectin. However, MSCs still differentiated 
into hepatocytes, suggesting that it is not important to cul-
ture MSCs on certain media in vitro. Maybe, cytokines play an 
important role in differentiating rat MSCs into hepatocytes. 
It seemed that the ECM could potentially modulate the lo-
cal concentration of cytokines and cytokines could regulate 
stem cell proliferation and differentiation. After being cul-
tured with HGF, adult human MSCs could also differentiate 
into hepatocytes in vitro (Fiegel et al., 2003). HGF was first 
identified as a blood-derived mitogen for hepatocytes. HGF 
and its receptor c-Met are the key factors for liver growth and 
function. FGF-4 is mitogenic for fibroblasts and endothelial 
cells. Mouse embryonic stem cells grown in medium supple-
mented with FGF-4 could differentiate into cells expressing 
hepatocyte-specific genes and antigens (Ruhnke et al., 2003). 
It has been reported that treatment of the cultures with OSM 
increased the cell size of hepatocytes and enhanced cell dif-
ferentiation (Lazaro et al., 2003), by co-operation of HGF and 
FGF, OSM the differentiation of MSCs was triggered and 
MSCs developed into hepatocytes.

Hepatocyte differentiation of BMSCs was characterized by 
Morphologic change of the cells, Reverse Transcriptase Poly-
merase Chain Reaction (RT-PCR) and hepatocyte functional 
activity.

Morphologic change of MSCs was apparent, cell shape 
changed from spindle and fibroblast-like to round and epi-
thelia-like, this results agree with (Shi et al., 2005) as shown 
in (figure 1).

The differentiation of MSCs into hepatocytes, revealed that 
hepatic specific gene C-Met was already expressed by MSCs 
without differentiation protocol. After induction, MSCs also 
expressed albumin and alpha fetoprotein besides C-Met. Al-
bumin and alpha fetoprotein mRNA appeared on day 7 after 
differentiation (figure 4).It was found that C-Met (a receptor 
for hepatocyte growth factor) mRNA already expressed by 
MSCs without differentiation protocol. C-Met mRNA was de-
tected by RT-PCR in freshly isolated BM cells as well as in 
normal rat liver as a positive control (Figure 4). Our results 
indicate that BMSCs can respond to HGF, this result in agree-
ment with (Oh et al., 2000).

Albumin (ALB) and AFP mRNA appeared on 7th day of dif-
ferentiation and these results are in accordance with (Alireza 
Khoshd et al., 2012), with prolonged period of induction, the 
expression of ALB was gradually increased and that of AFP 
was decreased. These findings were consistent with (Zhou et 
al., 2004). These results suggested that, MSCs could be in-
duced into hepatocyte-like cells in vitro.

In our study, the cells that were differentiated into hepato-
cyte-like cells could produce urea, secrete albumin and AFP. 
Urea production was characterized by hepatocyte activity, 
although kidney tubular epithelium also produced urea. In 
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contrast, albumin and AFP production were specific tests for 
the presence and metabolic activity of hepatocytes. Also it 
was found that AFP could be detected throughout the dif-
ferentiation process, from day 7, the level of AFP increased 
significantly, suggesting that MSCs began to secrete AFP, 
before day 14, the concentration of albumin could not be 
measured by ELISA assay because there was small amount 
of albumin in the medium, albumin was secreted by MSCs 
from day 14, and urea was significantly secreted from day 21 
as shown in figure (3). The data suggested that rat MSCs can 
be differentiated into hepatocytes by induction of FGF-4 and 
HGF, OSM our data are consistent with (kang et al., 2005) 

CONCOLUSION
Hepatic stem cells, especially bone marrow-derived hepatic 
stem cells may be therapeutically useful for treating a variety 

of diseases that affect the liver. This has been proved in some 
animal models (Lagasse et al., 2000, Zhan et al., 2003).

MSCs could be isolated, expanded, and maintained in vitro 
in an undifferentiated state for more than 100 population 
doublings(Jiang et al.,2002), and differentiate into hepato-
cytes. Our finding suggesting that MSCs may be used as an 
ideal cells for in vivo therapy of genetic or acquired disorders 
of the liver and also can be used in bio-artificial liver devices. 
Moreover, MSCs might be used as a new potential therapeu-
tic modality for severe acute pancreatitis. We hope that bone 
marrow MSCs will play the most important role in therapy of 
liver diseases in the future.
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