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ABSTRACT 
 Liver cell transplantation and cellular-based therapies evolved as viable clinical 

alternatives to whole organ transplantation required in some liver diseases. Differentiation of 

stem cells into hepatocyte like cells would provide a renewable source of exogenous 

hepatocytes for drug toxicity testing and cell-based therapeutics. Many protocols of in vitro 

differentiation of stem cells into hepatocyte like cells had been employed to check the ability 

of differentiation as well as the functional efficacy of differentiated cells. But still the 

exploration of an easy and affordable one is needed to facilitate MSC differentiation into 

hepatocytes. In this study, we employ three different protocols of differentiation of bone 

marrow mesenchymal stem cells (MSCs) into hepatocyte-like cells with a view to developing 

easier and affordable protocol using liver extract verses expensive growth factors cocktails. 

MSCs were isolated from rat’s bone marrow using the plastic adherence technique. Cells 

were then sub-cultured till passage 3 for their purification and proliferation. CFU-F assay and 

immunological characterization was done through the flow cytometric analysis of CD29, 

CD90 and CD45 surface markers. Flasks then were divided into four groups, first; control 

group cultured in proliferative media. Second group; cells cultured in hepatocytic 

differentiation media 1 (HDM) 1 containing FGF-4. Third group; cells cultured in HDM2 

containing FGF-4 and HGF and finally fourth group; cultured in HDM3 containing liver 

extract instead of the previously mentioned growth factors. Cells were tested for their 

differentiation morphologically and functionally through assessing Urea secretion, glycogen 

storage and gene expression of albumin by RT-PCR. Flow cytometric analysis showed that 

after passage 3, the cells do not express hematopoietic marker CD 45 but express the two 

mesenchymal markers CD29 and CD90. Cells cultured in HDM2 and HDM3showed 

morphological changes of hepatocyte like cells in day 12 and day 15 respectively, these 

changes didn’t appear neither in control group nor in cells cultured in HDM1. Urea 

production and secretion by hepatocytes like cells were detected at various time points 
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throughout differentiation. In the HDM 2 and 3 groups cells produced urea 3 d later, and in a 

time-dependent manner. On d 24, the amount of urea produced by differentiated bone 

marrow cells reached the maximum amount and was detected with a concentration of 

23.06±11.9 mmol/L on HDM 2, and 20.89±10.44 mmol/L on HDM 3. Cells in the control 

and HDM 1 groups did not secret any urea. Intracellular glycogen accumulation was analyzed 

by staining the cells with the PAS reagent. On d 24 accumulation of glycogen was detected in 

the HDM 2 and 3, while no accumulation of glycogen was found in the other groups. 

Albumin mRNA was detected by RT-PCR, the results showed that the cells cultivated in 

HDM 2 and 3 expressed albumin, while in control group and HDM 1 did not. The usage of 

liver extract in the differentiation of MSCs into hepatocyte like cells proved to be almost as 

effective as the usual used cocktail of HGF and FGF, yet more affordable and easier 

approach, thus useful in providing a renewable source of exogenous hepatocytes for drug 

toxicity testing and cell-based therapeutics. 

 
KEYWORDS: Mesenchymal Stem Cells, Liver Extract, Hepatocytic Like Cells, Growth Factors. 
 
BACKGROUND 
 Since described in 1970’s by Friedenstein(1) , mesenchymal stem cells ,an adherent 

fibroblastoid cell population within the bone marrow (BM) , have been  the interest of many 

scientists and researchers seeking ways to employ them in the treatment of large number of 

diseases. 

Stem cells (SCs) are cells that have two important characteristics distinguishing them from 

other cell types. First, they are undifferentiated cells that renew themselves for long periods 

through cell division, resulting in considerable amplification of stem cell numbers. Second 

under certain physiologic or experimental conditions, they can be induced to become cells 

with special functions such as cardiomyocytes , pancreatic cells  hepatocyte , osteocytes (2) 

etc. Scientists classify stem cells according to the source from which they are derived(3)into  

adult stem cells or embryonic stem cells. Others, meanwhile, categorize them in terms of 

their ability of differentiation or potency to totipotent, pluripotent or multipotent cells(4). All 

of which were in the scope of research in the past few decades as many researchers believe 

that stem cells would provide a glimmer of hope in the treatment of different diseases. 

Given the gloomy picture shrouding the treatment of many liver diseases consisting in; bad 

prognosis in some of these diseases, the inadequate therapeutic treatment and shortage of 

donors for transplantation(5). Liver cell transplantation and cellular-based therapies evolved as 

viable clinical alternatives to whole organ transplantation, stem cells being one of these cell-
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based therapies. But the behavior of stem cells after transplantation has been always a point 

of question to researchers, whether the clinical improvement of such patients was due to the 

cell differentiation and thus turned to be a functioning hepatocyte or due to the paracrine 

effect of the transplanted cells. Since then many protocols of in vitro differentiation of stem 

cells into hepatocyte like cells, had been employed to check the ability of differentiation as 

well as the functional efficacy of differentiated cells. 

A standard, optimal, affordable hepatocyte differentiating protocol is still undeveloped, but 

increasing the trials with different protocols would enrich the literature with knowledge that 

would lead to the establishment of such protocol. 

In this study, we employ three different protocols of differentiation of bone marrow stem 

cells into hepatocyte-like cells with a view to developing easier and affordable protocol using 

liver extract verses expensive growth factors cocktails.  

 

Materials and Methods 

Isolation and culture of mesenchymal stem cells from rat bone marrow(6,7) 

Bone marrow was obtained from Sprague-Dawley (SD) rats purchased from the medical 

experimental research center (MERC) of Mansoura University. 

The animals were sacrificed using overdose of thiopental. Both femurs and tibias were 

extracted with much care to avert marrow exposure to external environment. Each bone was 

wiped with sterile gauze to remove the remaining tissues, tendons or muscles then disinfected 

using 70% alcohol. The proximal of femur and distal of tibia were cut then a needle was 

inserted in to other side of bone and bone marrow was flushed. 

The rat’s extracted marrow cells were cultivated (about 1.2x106) in the proliferation media in 

75cm² tissue culture flasks at 37C and 5% CO2 in fully humidified air. (Centrifugation and 

immuonodepletion were not applied).The media was changed every 3 days and passaging of 

cells take place whenever the cells in flask are about 80% confluent. 

 

Preparation of media 

1- Proliferation media: 

 DMEM (Dulbecco’s Modified Eagle’s Medium, powder for 10 liter; Hyclone, USA) 

supplemented with 10% FBS (fetal bovine serum; yclone, USA), 100 U/ml penicillin, 100 

μg/ml streptomycin (Hyclone, USA), 2mM L-glutamin (Hyclone, USA) , 15mM HEPES (4-

(2-hydroxyethyl)-1-piperazineethanesulfonic acid ;MP biomedical, France), 1.9g/L NaHCO3 
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(sodium bicarbonate; Lonza, Belgium) and 0.006g/L phenol red (Acros organic,USA). pH 

adjusted to 7.2-7.4 and filtered through 0.22µm nylon filter (Teknokroma;CEE). 

2- HDM 1(Hepatocyte Differentiation Medium 1):  

HDM 1 (Hepatocyte Differentiation Medium 1):  DMEM (Hyclone, USA),  supplemented 

with 5%FBS (Hyclone, USA) 100 U/ml penicillin, 100 μg/ml streptomycin (Hyclone, USA), 

2mM L-glutamin (Hyclone, USA), (10-4 M)Ascorbic acid 2-phosphate, (10-6 M) 

Dexamethasone, 10ng/mL FGF-4 (fibroblast growth factor-4)(Sigma-Aldrich; USA) 

,(0.1%=0.012M) DMSO(TEDI;USA), 15mM HEPES (MP biomedical, France), 1.9g/L 

NaHCO3 (Lonza, Belgium) and 0.006g/L phenol red (Acros organic, USA). pH Adjusted to 

7.2-7.4 and filtered through 0.22µm nylon filter (Teknokroma;CEE). 

3- HDM 2 (Hepatocyte Differentiation Medium 2):   

HDM 1  supplemented with  20ng/mL HGF (Hepatocyte growth factor) (R&D Systems; USA). 

4- HDM 3 (Hepatocyte Differentiation Medium 3):  

 DMEM (Hyclone, USA),  supplemented with 5%FBS (Hyclone, USA) 100 U/ml penicillin, 

100 μg/ml streptomycin (Hyclone, USA), 2mM L-glutamin (Hyclone, USA), 150 mg/ml liver 

extract, 15mM HEPES (MP biomedical, France), 1.9g/L NaHCO3 (Lonza, Belgium) and 

0.006g/L phenol red (Acros organic, USA).pH Adjusted to 7.2-7.4 and filtered through 

0.22µm nylon filter (Teknokroma;CEE). 

Preparation of from Liver extract (LE): 

Liver of SD rat was weighted, minced to small pieces and placed into PBS and homogenized 

using homogenizer for 10 min. Homogenate was centrifuged at 500g for 5 mins, the 

supernatant was aspirated and filtered through sterilized gauze then through 0.70µm nylon 

filter (Teknokroma;CEE) and finally through 0.2u nylon filter(8). 

Colony forming unit-Fibroblast (CFU-F) assay 

The colony forming potential of the isolated cells (third passage) was tested. In this assay, 60 

cells were plated on a six-well plate and incubated for 7 days. After discarding the medium 

and washing with PBS, the cells were fixed and stained using Crystal Violet(Sigma-

Aldrich,USA) at 3% (w/v) in methanol to each well for 5 minutes at room temperature, then 

the stain was aspirated and the cells washed with excess distilled water until the background 

is clear. 

The number of colonies for each well was counted, the mean derive, and the plating 

efficiency or ‘‘CFU potential’’ (% CFU formed relative to inoculum) calculated as follows: 

Plating efficiency = number of colonies formed/number of cells plated x 100.  
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All visible colonies were counted; the number of colonies displaying five or more cells was 

scored under an inverted microscope. A good culture of MSCs typically has a CFU potential 

of over 40% (9). 

Flow cytometric analysis 

Flow cytometric analysis was performed with a FACS caliber flow cytometer (Becton 

Dickinson; USA) this analysis was carried out after the initial sample was obtained and later 

in passage 3. 

Trypsinized cells were resuspended in washing buffer (10 mL/L bovine serum, 2 g/L sodium 

azide in PBS), and 1 × 106 cells were stained on ice according to the manufacturer’s 

recommendations with the monoclonal antibodies as follows: 

Pcy5 conjugated mouse anti-rat-CD90, FITC conjugated mouse anti-rat-CD45 and PE.  

After washed three times with washing buffer, the stained cells were resuspended in 300 μL 

fixation buffer (20 g/L formaldehyde in PBS) and run on a flow cytometer. The results were 

analyzed by Cell Quest software (BD, USA). 

MSCs plasticity and differentiation potential: 

Documentation of MSCs differentiation potential to other lineages was studied in this 

research, where MSCs were induced to differentiate into Adipocytes and Osteocytes like 

cells. Cultured cells at passage 3 were trypsinized then seeded in six-well cell culture clusters. 

When the cells grew at 70% confluence, they were still cultured in DMEM-LG supplemented 

with 10% FBS (as a control) or treated in osteogenic differentiation medium or adipogenic 

differentiation medium, respectively. The medium was changed every 4 d, and cells were 

used for histochemical staining after the completion of differentiation identified by 

morphology. 

 Osteogenic differentiation medium : PM containing 5 mM β-glycerol phosphate 

(Sigma-Aldrich, USA), 50 μg/mL ascorbate-2-phosphate(Sigma-Aldrich,USA), and 1 

nM dexamethasone (Sigma-Aldrich, USA) 

 Adipogenic Differentiation Medium:  PM containing 0.5 µM Isobutylmethylxanthine 

(1000× stock, 0.5 mM in methanol) (Sigma-Aldrich,USA),  50 µM Indomethacin 

(1000× stock, 50 mM in methanol), (Sigma-Aldrich,USA) and 0.5 µM 

dexamethasone(1000× stock, 0.5 mM in water) (Sigma-Aldrich,USA). 

 

 

 

 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 1.393, ISSN: 2320-5083, Volume 2, Issue 2, March 2014 

 

39 
www.jiarm.com 

Hepatocyte differentiation 

Cultured cells were harvested from the culture flask with 0.25 g/L trypsin. Cultured cells at 

passage 3 were seeded in six-well cell culture clusters  and  2 mL of PM containing 1 × 105 

cells was added to each well of a 6-well plate(total plate number was 8). The final density 

was approximately 1 × 103 cells/cm2 incubated at 37◦C under 5% CO2 with changes of 

medium every 2 days until the cells reach 40% confluence then the PM was aspirated from 

the wells. Plates were then divided into 4 groups, each of which contain 2 plates. 2 mL of PM 

were added to the control group, 2 mL of HDM 1 to the second group, 2 mL of HDM 2 to the 

third group and 2 mL of HDM 3 to the fourth group, all incubated at 37◦C under 5% CO2 

with changes of medium every 2 days.  

The medium on day 0,4,8,12,16,20 and 24 was stored at -20C for urea assay and the cells of 

one plate of each group were detached with 0.25% trypsin-EDTA solution and collected for 

RNA extraction, the other plate in each group were stained for glycogen storage. Cell 

morphology was observed under Olympus phase contrast microscope (IX70, Olympus, 

Japan).  

Periodic acid-Schiff treatment for glycogen 

On day 24 media was removed from one plate in each group and the cells were rinsed with 

PBS thrice, and then fixed with 100 mL/L formaldehyde for 30 min. The cells were oxidized 

in 10 g/L Periodic acid (Sigma-Aldrich,USA) for 10 min and rinsed thrice in dH2O. 

Afterwards, cells were treated with Schiff’s reagent for 10 min, rinsed in dH2O for 10 min, 

stained with hematoxylin for 2 min, differentiated by 1% alcohol-HCl, and rinsed in dH2O 

again, observed under an inverted microscope. 

All photos were analyzed using ImageJ 1.42 software (U.S. National Institutes of Health)(10)    

where  20 different digital images corresponding to 4 different preparations of differentiated 

cells and undifferentiated controls were analyzed using Image J on an appropriate threshold. 

Urea assay 

Urea concentrations were determined by colorimetric assay kit. The cells on d 0, 4, 

8,12,16,20 and 24 of each well of 8 plates were incubated in 2 mL medium containing 

5mmol/L NH4CL for 24 h in 5% CO2 at 37°C. After incubation, the urea concentrations in 

the supernatant were measured by specterophotometer at 492 nm. Culture medium used as a 

control (11).  
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Detection of albumin mRNA (12). 

Total RNA was isolated from cultured cells in the 4 different groups. Total RNA was isolated 

using (Gene JETTM RNA Purification Kit), according to the manual. The purified RNA was 

first reverse transcribed into cDNA by (RevertAid First Strand cDNA Synthesis Kit), 

followed by amplification of the resulting cDNA using PCR. 3µl of cDNA were used for 

amplification with specific primers for albumin and housekeeping gene (GAPDH). The 

albumin primers used were (5’-AAGGCACCCCGATTACTCCG-3’ (Forward), 5’-

TGCGAAGTCACCCATCACCG-3’ (reverse). and GAPDH 5/-

TGAAGGTCGGTGTGAACGGATTTGGC-3/(forward), 5/ TGTTGGGGGCCGAGT-

TGGGATA-3 / (reverse). under the following conditions: at 94°C for 4 min followed by 30 

cycles at 94°C for 30 s, 62°C for 90 s and 72°C for 1 min, and then a final cycle at 72°C for 4 

min. Albumin mRNA was determined by 2.0% agarose-gel electrophoresis of PCR 

products followed by ethidium bromide staining . Finally the bands were visualized at 

540 and 496 bp (Albumin and GAPDH respectively) by UV transilluminator and then 

photographed. For densitometrical scanning of DNA preparations and data evaluation, we 

used the Gel documentation system, the software Microsoft Photo Editor, Ingenius Syncene 

Bioimaging, Canada, software version 5. 

Statistical analysis 

The data were expressed as mean ±SD. The statistical software Graph prism 5 was used. The 

results were analyzed by t-test. P < 0.05 was considered statistically significant. 

 

RESULTS 

Isolation and proliferation of mesenchymal stem cells  

The cells isolated by plastic adherence property showed heterogeneity during the first 6 days. 

The adherent cells were observed on d 1-2. The spindle-shaped cells appeared at the bottom 

of plates. Many round cells were suspended in the medium. By continuous changes of 

medium, the suspending cells decrease until completely removed after the third change of 

media. The sub-cultured cells were much pure and fibroblast-like (Figure1A and 1B). The 

primary culture cells reached confluence 6-8 d later, the cells sub-cultured at a ratio of 1: 2 

reached confluence 3-4 d later.  



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 1.393, ISSN: 2320-5083, Volume 2, Issue 2, March 2014 

 

41 
www.jiarm.com 

Figure 1: morphology of mesenchymal bone marrow derived stem cells. A:Cells with spindle shape 
morphology at passage one; B: Cells at passage 3, confluency is about 90% with homogenous population 
CFU-F assay 

CFU-F assay provides a convenient means of assessing the proliferation and clonogenic 

capacity of the cells (third passage) expanded in culture. The number of colonies displaying 

five or more cells was scored under an inverted microscope (Figure 2A-B). Colonies whose 

morphology clearly differed from the MSC morphology were excluded from the results. The 

results showed that each well with 60 cell give 85% ± 4.195 of colonies after 8 days. 

 

 
Figure 2: colony forming-unit assay. A: One colony under Olympus phase contrast microscope ; B: 
colonies in six-well plate stained with crystal violet by the naked eye. 

Flowcytometry analysis 
Flow cytometric analysis showed that after passage 3, the cells do not express hematopoietic 
marker CD 45(figure 3A-D) but express the two mesenchymal markers CD29 (figure 3 B -E) 
And CD90 (figure 3C-F) simultaneously. 
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Figure 3: Flow cytometric analysis of surface protein markers of mesenchymal bone marrow 
derived stem cells.  . Co-expression of CD90-CD29, CD90-CD45 and CD45-CD29 is shown in dot-plots 
:(A) cells positive for CD 29  and Negative for CD45. (B) Cells positive for both CD 29 and 90. (C) Cells 
positive for CD90 and negative for CD 45. Surface antigen markers were positive for CD90 (F) and CD29 
(D) and negative for CD45 (E). 
 

MSCs plasticity and differentiation potential  
Osteogenic differentiation and adipogenic differentiation were attained on d 21 following the 

treatment. Under the influence of ODM and ADM, Oil red O stained lipid droplets that 

appear as cherry red spheres within individual cells(Figure 4Aand B) , on the other hand cells 

Alizarin red stained calcium deposits appear as irregular red-orange crystals (Figure 4C). 

While the control in both groups did not, suggesting that rat MSCs differentiated into 

osteocytes and adipocyte. 

 

  

Figure 4 : Differentiation capacity of stem cells. (A) lipid vacuoles appear clearly without 
stain(B) Adipocyte differentiation is visualized by highly refractive intracellular lipid vacuoles 
and droplets appear as cherry red spheres within the cells and by Oil Red O staining. (C)The 
differentiation toward osteoblasts is indicated by the formation of calcium-rich hydroxyapatite, 
detected with Alizarin red and appears as irregular red –orange. 
 
Cell morphology and differentiation. 

Before day 6 of culture the cells did not show any changes compared with the control. After 

that, small round cells appeared in the HDM 2 and 3 groups, epithelioid cells were also 

observed. On day 12, we could see some polygonal cells in the HDM 2,  and after day 15 in 
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HDM 3. The number and sizes of colonies of epithelial-like cells or polygonal cells increased 

in the course of the cell directed differentiation (Figure 5A). 

On d 21, cells were detached and counted. The yield of the cells was approximately 

8×103/cm2. In the control and HDM 1 cells were still fibroblast-like; the density of cells was 

increased. The cells were overlapped in some regions (Figure 5B). 

 

 
Figure 5: Cell morphology and differentiation (A) cells significantly changed the morphology, and 
developed a polygonal shape during differentiation after day 15. (B) The control and HDM 1 cells were 
still fibroblast-like, the density of cells was increased. The cells were overlapped in some regions. 
 
Urea assay 

Urea production and secretion by hepatocytes like cells were detected at various time points 

throughout differentiation. In the HDM 2 and 3 groups cells produced urea 3 d later, and in a 

time-dependent manner. On d 24, the amount of urea produced by differentiated bone 

marrow cells reached the maxium amount and was detected with a concentration of 

23.06±11.9 mmol/L on HDM 2, and 20.89±10.44  mmol/L on HDM 3(figure 6).Cells in the 

control and HDM 1 groups did not secret any urea.  
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Figure 6: Urea concentration at the end of differentiation period for all groups. 
Periodic acid-Schiff treatment for glycogen 
Intracellular glycogen accumulation, one feature of adult liver, was analyzed by staining the 
cells with the PAS reagent. On d 24 accumulation of glycogen was detected in the HDM 2 
and 3, while no accumulation of glycogen was found in the Other groups (Figure 7 A and B). 
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Figure 7 : Periodic acid-Schiff treatment for glycogen 
 (A) HDM 2 cells stained by PAS, (B) HDM 3 cells stained by PAS Glycogen storage is seen as 
accumulated magenta staining in the cytoplasm. 
 
Image J analysis of differentiated vs. undifferentiated cells resulted in  0.5+0.3,  2.8+0.4,  
3.3+0.3 sequentially compared to control staining fold increase. 
 
Detection of albumin mRNA.  

We examined whether BM cells express the albumin gene. Albumin mRNA was 

detected by RT-PCR in the control group of BM cells as well as in the three differentiating 

groups on d 24 (figure 8). The results indicated that after the period of differentiation the cells 

cultivated in HDM 2 and 3 could express albumin (lane5 and 6) while in control group and 

HDM 1 they could not express albumin (lane 8 and 7). Also gel documentation analysis 

showed that the expression level in case of HDM 2 (Lane 5) was higher than the expression 

in HDM 3(lane 6).                                                                  
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Figure 8: RT-PCR analysis of Albumin mRNA expression in different groups of 
cultured cells after differentiation. 
Lane 1,2,3 and 4 represent GAPDH in the four different groups . lane 5: Differentiation 
media 3, lane 6: Differentiation  media 2, lane 7: Differentiation  media 1 and lane 8: control 
group. 
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DISCUSSION 
Stem cell therapies hold great promise to repair, restore, replace or regenerate affected organs 

Thus, over the recent years, they have generated great interest for their potential therapeutic 

use. Bone marrow has been considered as the major source of multipotent adult MSC since it 

is able to differentiate into mesodermal and ectodermal lineages (13). Several studies have 

shown the potential of BMSC to differentiate into many cell types, one of which is 

hepatocyte-like cells (14-16).  

Experimental cell therapy has a longer tradition in hepatology, since it has been known for 

more than 30 years that isolated hepatocytes infused into the portal vein engraft into the liver 

cords and express normal cell function(17). Such a therapeutic strategy was used as an 

alternative to orthotopic liver transplantation (OLT), which requires major surgery and is 

limited by the availability of donors. It was shown that significant clinical results can be 

obtained with the transplantation of isolated hepatocytes corresponding to as little as 1-5% of 

the total hepatocyte mass.(17,18) The procedure seems relatively safe, provided portal pressure 

and/or portal flow are monitored during cell infusion in order to prevent vascular 

thrombosis.(19) Hepatocyte transplantation has recently been used as an alternative to OLT in 

patients with liver-based congenital metabolic disorders, such as Crigler-Najjar disease(20) α- 

1-antitrypsin deficiency(21) glycogen storage disease type Ia (22) ornithine transcarbamylase 

deficiency(23) and the deficiency of factor VII .(24)  The role of hepatocyte transplantation in 

the treatment of acute and chronic liver disease is less clear (23-25) due to difficulty in 

organizing large-scale clinical trials.  

Hepatocyte transplantation is still a limited line of treatment mainly due to the unavailability 

of liver grafts for cell isolation. Moreover, the metabolic effects of cell transplantation seem 

to be fading with time, a problem which can partially be solved by repeated hepatocyte 

infusions but which probably indicates the progressive loss of the terminally differentiated 

exogenous cells.  

Theoretically, both problems could be solved by replacing the hepatocyte with stem or 

precursor cells. Stem cells isolation, proliferation and differentiation provide a renewable 

source of exogenous hepatocytes for drug toxicity testing and cell-based therapeutics and thus 

had been studied using different protocols of each, but none had proved to be the best and 

thus allocated as a standard method.  

In the present study stem cells were isolated from bone marrow, characterized and 

differentiated to hepatocyte like cells using three different approaches and then assessed 

morphologically and functionally. 
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Different methods of stem cells isolation have different defects and virtues. Plastic adherence 

can easily isolate mesenchymal stem cells from other cells population on the basis of stem 

cell plastic adherence characteristics, but could never be 100 % pure cells(26). Gradient 

density(27) centrifugation depends on the density of mononuclear cells to separate MSCs, 

although an effective method but the contamination of the yield with such gradient may affect 

its viability. Immunomagnetic selection(28), uses the surface  receptors of MSC. is the most 

effective method in purifying the cells but yet an expensive one . In this study MSCs were 

isolated from bone marrow cells according to their plastic adherence property. After 72 h of 

primary culture, many cells were suspended in the medium. Changing the medium thrice was 

able to relatively purify MSCs and thus overcome the heterogenicity of the isolated cells. 

Cells were then cultured for three passages in an attempt to purify and to proliferate cells thus 

acquire homogenous population.  

Plastic adherence MSCs separation technique was used in many studied(26,27,29) and proved to 

be effective in accordance with the present study. Cells were then assessed for their self-

renewal capacity through CFU-F to assure that only the cells which have spindle shape 

morphology and high proliferation rate are present in the culture plates. These cells are 

considered to be a multipotent fraction of adherent cells. 

Characterization of these cells was done using the flow cytometric technique which assured 

their identity as undifferentiated MSCs by expressing surface stem cell markers, CD90 and 

CD29, but they did not express the hematopoietic marker CD45 in agreement with previous 

studies.(30,31) 

Cell plasticity is the ability of the cell to differentiate across tissue lineage boundaries, 

irrespective of its classical germ layer designations. In the present study, plasticity of MSCs 

was shown through their ability of differentiation into osteocytes and adipocytes like cells 

when cultured in ODM and ADM  respectively. Plasticity of MSCs was also proven by other 

studies (32,33), one of which is conducted by   Song and Tuan(34), who didn’t only report the 

ability of MSCs to differentiate to these cell types but also reported that ,fully differentiated 

osteoblasts, from BMMSCs, were able to change their differentiation program and became 

lipid-producing adipocytes. 

Differentiation of MSCs into hepatocyte like cells needs growth factors and /or specific 

environment .Among the factors implied in embryonic liver development is the fibroblast 

growth factors (FGF), produced by cardiac mesodermal cells, involved in an initial stage of 

endodermal patterning to induce hepatic fate. Also, several extracellular signals including 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 1.393, ISSN: 2320-5083, Volume 2, Issue 2, March 2014 

 

47 
www.jiarm.com 

EGF, HGF, OSM, FGFs, glucocorticoids and insulin are involved in the late maturation stage 

leading to an increase in liver-specific gene expressions and their effects on differentiation 

differ  as a function of gestation age, however, cell differentiation in vitro may be different 

from the in vivo process. It is not known which cytokines affect the process of stem cells' 

differentiation into hepatocytes in vitro (35). 

Some studies concluded that  HGF  is the only growth  factor involved in stem cells 

differentiation into hepatocytes (36-38). Others said that the combination of HGF and EGF(39) or 

HGF and FGF(40) is a must for their differentiation. In this research we addressed this 

question and attempted to identify the most effective directed-differentiation medium through 

uniform design. 

We established three differentiation culture protocols, the first include only FGF-4 as a 

growth factor, Dexamethasone and DMSO , second include FGF-4, HGF, Dexamethasone 

and DMSO, finally the third medium contains liver extract alone as an attempt to mimic the 

microenvironment where hepatocyte live. During differentiation period the cells were 

regularly observed for morphological changes. Urea concentration in the media was regularly 

measured. On the 24th day the cell ability of storing glycogen and the level of albumin gene 

expression were assessed.  

Morphological changes of differentiated cells displayed morphological characteristics of 

hepatocytes. Through exposing cells to HDM2 and HDM3, cells developed a fibroblastic-like 

flattened shape, and then changed to a polygonal morphology and a large round nucleus with 

a few nucleoli and many granules in the cytoplasm after day 12 in the former and after day 15 

in the latter media. These changes were neither seen in control group nor in cells cultured in 

HDM1. 

The results show that MSCs are capable of giving rise to cells that can express albumin, 

however, the cells differentiated by HDM2 expressed albumin higher than that differentiated 

by HDM3. Albumin mRNA wasn’t expressed neither in control group nor in BM cells grown 

in the presence of HDM1 during the differentiation period  of culture.  

In the study of Saji et al(41), FGF was used to induce BMSC trans differentiation which is a 

contradictory to our result which shown that FGF is not enough to induce hepatic 

differentiation. Others show that the degree of differentiation was higher when cells were also 

treated with HGF(42). However, our result showed that FGF-4 alone could not induce BMSC 

differentiation into hepatocyte. 
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Suzuki et al supported and explained our results as they found that HGF could be a potent 

inducer for hepatic fate. It has been shown that HGF induced an early transition of albumin 

ALB-negative stem cells to ALB positive hepatic precursors resembling hepatoblasts (43).  

Studies on BMSC differentiation into hepatic lineage using Liver extract are very scarce and 

there are no previous results showing albumin expression in BMSC differentiated into 

hepatocyte using liver extract. 

Urea production was characterized by hepatocyte activity, although kidney tubular epithelium 

also produces urea. Urea was produced in HDM2 and HDM3, but its production in HDM2 

was higher. 

The generation and storage of glycogen is an important function of hepatocytes. Only 

hepatocytes can generate and store glycogens. In this study, functional assay-glycogen 

storage -was mostly negative for cells grown in control group and HDM1. On the other hand 

both cells cultured in HDM 2 and HDM3 showed glycogen storage. 

By using J image analysis the accumulated magenta stain in the cytoplasm of differentiated 

cells cultured in HDM2 was more than differentiated cells cultured in HDM3. 

Urea secretion, glycogen storage and albumin expression were also employed as assessment 

tools for hepatocytic like cell differentiation in many studies using different differentiation 

approaches ( 44-45)  

As shown in the results of the current study , MSCs can differentiate into hepatocytic like 

cells upon their culture in differentiation media containing HGF and FGF , the same finding 

was shown in many other studies (40,46,47) .Comparing these cells regarding the morphology 

and function to that differentiated upon their culture in liver extract supplemented media 

instead of such factors was investigated in this study and revealed the ability of such 

approach to differentiate MSCs into hepatcytic like cells as proved by their morphological 

changes together with their ability to produce albumin, secret urea and store glycogen . 

Although their functional capabilities were still lower than that differentiated through HGF 

and FGF exposure but still there were no significant difference between the two approaches 

in the different assessed parameters. 

 

Conclusion 
The usage of liver extract in the differentiation of MSCs into hepatocyte like cells proved to 

be almost as effective as the usual used cocktail of HGF and FGF, yet more affordable and 

easier approach, thus useful in providing a renewable source of exogenous hepatocytes for 

drug toxicity testing and cell-based therapeutics.  
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