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Abstract Cirrhosis is the end-stage liver fibrosis,

whereby normal liver architecture is disrupted by fibrotic

bands, parenchymal nodules and vascular distortion. Portal

hypertension and hepatocyte dysfunction are the end

results and give rise to major systemic complications and

premature death. Mesenchymal stem cells (MSC) have the

capacity of self-renew and to give rise to cells of various

lineages, so MSC can be isolated from bone marrow (BM)

and induced to differentiate into hepatocyte-like cells.

MSC were induced to differentiate into hepatocyte-like

cells by hepatotic growth factor (HGF) and fibroblast

growth factor-4 (FGF-4). Differentiated cells were exam-

ined for the expression of hepatocyte-specific markers and

hepatocyte functions. MSC were isolated. Flow cytometry

analysis showed that they expressed the MSC-specific

markers, reverse transcriptase–polymerase chain reaction

(RT-PCR) demonstrated that MSC expressed the hepato-

cyte-specific marker cytokeratin 18 (CK-18) following

hepatocyte induction. This study demonstrates that BM-

derived—MSC can differentiate into functional hepato-

cyte-like cells following the induction of HGF and FGF-4.

MSC can serve as a favorable cell source for tissue engi-

neering in the treatment of liver disease.
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Introduction

Cirrhosis is a progressive liver disease and is marked by the

gradual destruction of liver tissue over time. Persistent

injuries lead to hepatic scarring (fibrosis), which, if unop-

posed, leads to cirrhosis and demise of liver function. End-

stage liver fibrosis is cirrhosis, whereby normal liver

architecture is disrupted by fibrotic bands, parenchymal

nodules and vascular distortion. Portal hypertension and

hepatocyte dysfunction are the end results and give rise to

major systemic complications and premature death [1, 2].

The main causes of cirrhosis globally are hepatitis C and B

and alcohol abuse. Egypt has the highest prevalence of

HCV in the world, up to 20 % in some areas [3].

At the cirrhotic stage, liver disease is considered irre-

versible and the only solution is orthotopic liver trans-

plantation (OLT). However, the increasing shortage of

donor organs restricts liver transplantation. With the

widening donor-recipient gap, the increasing incidence of

liver disease, life-long dependence on immunosuppression

and the poor outcome in patients not supported by liver

transplantation. All these drawbacks pave the way for

developing new strategies to supplement OLT [2, 4] as

stem cell therapies for liver regeneration. Such cells must

fulfill two major requirements: (i) they should be capable

of proliferating in the recipient’s liver, and (ii) they should

differentiate into mature (i.e., functionally competent)

hepatocytes. Evidence is growing in support of the role of

early pluripotent precursors (stem cells of various origins)

as a unique source for transplantation [5].

The first demonstration of the existence of putative liver

stem cells in the bone marrow (BM) was reported by

Petersen et al. [6]. They showed that BM cells transplanted

into lethally irradiated mice engrafted in the recipient’s

liver and differentiated into liver stem cells (oval cells) or
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mature hepatocytes. These in vivo results were confirmed

in animal models and in patients who received BM trans-

plantation for hematological disorders [7].

Stem cells are immature cells that have the capacity to

self-renew and to give rise to cells of various lineages.

Thus, they represent an important paradigm of cell-based

therapy for a variety of diseases.

BM contains at least two populations of stem cells,

haematopoietic stem cells (HSCs) and mesenchymal stem

cells (MSCs), which provide stromal support for HSCs [8].

Both HSCs and MSCs have the ability to trans-differentiate

to hepatocytes, but MSCs are the most potent component of

BM cells in hepatic differentiation [9]. Their differentiation

into functional hepatocyte-like cells has also been

demonstrated in vivo [10] and in vitro by continuous

exposure to cytokine cocktail [11].This selective differen-

tiation is dependent on specific environmental efforts:

usually a combination of growth factors and cytokines

supplied in vitro [12].

In our study, we aim to investigate the differentiation of

mesenchymal stem cells (MSCs) into hepatocytes by

induction of fibroblast growth factor-4 (FGF-4) and or

hepatocyte growth factor (HGF), characterization of this

population to detect appropriate expression of phenotype-

specific markers, gene expression profile, ultrastructure,

and functional activity.

Subjects and Methods

Subjects

This study was conducted on 24 BM samples from healthy

donors of BM to a related patient from BM Transplantation

Unit, Nasser Institute for Research and Treatment.

The donor’s age ranged from 12 to 58 years of both sex

and were found healthy in an orienting physical examina-

tion and all blood products were negative for common

blood-borne pathogens, as detected by standard assays.

This study was approved by the Ethical Committee of

Faculty of Medicine, Cairo University. After verbal and

written consent, 8–10 ml BM was aseptically collected

during BMA in a sterile heparinized vacutainers to be

handled within 6 h.

Methodology

MSCs Separation and Expansion

Mononuclear Cell Separation Under complete aseptic

conditions (laminar flow work area) the fresh blood was

diluted with sterile CMF-PBS in the ratio of 1:1 and they

were mixed well. Gently (15 ml) of the diluted blood was

layered over one third volume of warm ficoll-hypaque

(Biochrome AG) density (1.077 g/L). Then, tubes were

centrifuged for 20 min at 2000 rpm at 25 �C. After cen-

trifugation, the mononuclear cells (MNCs) fraction was

collected using a Pasteur pipette to carefully transfer the

opaque interface into a sterile 50 cc conical centrifuge

tube. The cells were washed twice (to avoid platelet con-

tamination) in 15 ml cold sterile PBS and spun at

1500 rpm for 10 min at 4 �C. The PBS was aspirated

leaving the cell pellet and immediately was resuspended in

1 ml serum free DMEM-media (Invitrogen) and 100 l
transferred to Eppendorf tube and counted using a

hemocytometer.

Cell viability was done using trypan blue (0.04 %)

exclusion dye (Sigma) (100 ll cell suspension ? 100 ll
Trypan blue stain), [13]. This method based on the viable

cells do not take up the dyes, whereas dead cells do. Viable

cells were counted and the number of viable cells/ml and

the total cell number were calculated:

Total count¼ number of cells 16 squareð Þ�dilution�104:

¼ count�2�105=1ml:

The viability % ¼ 100 � number of viable cells

Number of total cells ðviable þ deadÞ :

Cell viability was determined by Trypan blue and found

to be 95 % for all cases prior to culture.

Isolation, Primary Culture and Subculture of MSCs The

MNC suspensions were plated at a concentration of

(1 9 106 cells/mL media) and allow to adhere to tissue

culture plastic flasks 25 cm2 (0.2 lm vent cap flasks were

used) (Corning�), incubated in fresh complete nutrient

medium which was constituted of the following: Low-

glucose DMEM (DMEM-LG) with L-glutamine (Lonza)

(2 mmol/l L-glutamine), 10 % FBS (Lonza), 2 % Peni-

cillin-streptomycin (10,000 l/ml) (Sigma), 1 % Fungizone

(20 mg/ml) (Bioscience). For proper adherence of the cells,

the flasks were incubated in a horizontal position in a

humidified incubator at 37 �C and 5 % CO2. The media

were examined daily by naked eye to look for signs of

microbial contamination or fungal infections. Every

3 days, the flasks was examined by the inverted micro-

scope (100 to 4009) for assessment of the cell morphology

(fibroblastiod appearance), viability of cells and microbial

contamination. The first change of the media was accom-

plished at day 7 to remove the non-adherent cells the

adherent cells were kept in the flask and were fed by fresh

complete nutrient media. Then the media was changed

once weekly until reaching 70 to 90 % confluence which is

assessed by examination under the inverted microscope,

after that the adherent cells were harvested by
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trypsinization, firstly, the adherent cell layer was washed

with 5 ml PBS for 1 min and then incubated in 37 �C for

10 min. The PBS replaced with 2–4 ml trypsin 0.25 %

with 0.02 % EDTA and incubated in 37 �C for 7 min.

Flasks were shacked by tapping and examined under the

inverted microscope to ensure total detachment of the

adherent cell layer and after 80–90 % of the cells have

become detached the sides of the flask were gently tapped

to dislodge any remaining attached cells and 5 ml of RPMI

containing 10 % FCS was added to the flasks to stop the

action of trypsin. The flasks were rocked back and forth to

swirl the media around it, then the cell suspension was

transferred into a clean 15 ml conical tube, then the tubes

were centrifuged at 200 g for 7 min 20 �C and the super-

natant was removed and the pellet was resuspended in

appropriate amount of media. Cells were counted using

hemocytometer and tested for viability by trypan blue and

plated in new flasks.

Evaluation of the Harvested MSCs

(1) Cell count

(2) Cell viability analysis

(3) Flow cytometric characterization of MSCs

(Immunophenotyping)

Immunophenotyping was done using CD44, CD90, and CD

105 according the international guidelines for stem cell

identification.

Subculture of MSCs The cells from primary culture are

seeded into new 25 cm2 flasks at ratio 1:3 for 1st passage

and supplemented by the complete culture media as pri-

mary culture, the media changed every 4 day until reaching

80 % confluence.

Induction of MSCs into Hepatocyte Differentiation

At this step, the samples divided into three groups: Group

A (8 samples), induced by HGF 20 ng/ml, group B (8

samples), induced by b-FGF 10 ng/ml, and group C (8

samples) induced by HGF ? b-FGF. MSCs at 2nd passage

are seeded into 35 mm petri dishes at density 1 9

106/dishes. The differentiation media constituted of com-

plete DMEM-LG (2 mmol/l L-glutamine), 10 % FBS, 2 %

Penicillin- streptomycin (10,000 l/ml), 1 % Fungizone

(20 mg/ml). Growth factors according to each group,

incubated at 37 �C and 5 % CO2. The dishes were exam-

ined under inverted microscope for change in morphology

and microbial contamination every 4 days. The cells har-

vested from the dishes and stored at -20o C on RNA cell

protect reagent which was further used for RNA extraction

for detection of gene expression of cytokeratin 18 (CK18)

by RT-PCR.

Gene Expression Analysis

Detection of Gene Expression of CK18 by Reverse Tran-

scription Polymerase Chain Reaction (RT-PCR) The

total cellular RNA was extracted from cells using RNeasy

Protect Cell Mini Kit (Qiagen, catalog NO 74624)

according to standard protocols. Reverse transcription was

performed with The GeneAmp � Gold RNA PCR core Kit

(Applied Biosystems and MicroAmp, U.S. Roche Molec-

ular Systems, Inc) according to the manufacturer’s proto-

col. PCR amplification was performed in a final volume of

50, 0.5 ll first upstream Primer DM151, 0.5 ll down-

stream Primer DM152S, 20 ll template cDNA and sterile

high-quality water to a final volume of 50 u1. The fol-

lowing primer sequences were used: sense 50-GAGATC-
GAGGCTCTCAAGGA-30, antisense 50-CAAGCTGGCCT
TCAGATTTC-30. The PCR reaction was carried out in the

DNA thermal cycler (Perkin Elmer 9600). Thermal cycler

was programmed for the following conditions: hold 95 �C
for 10 min; 43 cycles: 94 �C for 20 s (denaturation), 62 �C
for 1 min (annealing), 62 �C for 1 min (extension); 1

cycle: 72 �C for 7 min. Then analysis of the product was

done by agarose gel electrophoresis (2 %) and ultraviolet

light transillumination.

Results

Detection of MSCs

Were identified according to the minimal criteria of MSCs

identification included the:

(1) First, morphological assay of MSC showed the

plastic-adherent cells when maintained in standard

culture conditions.

(2) Second, MSC express CD105, and CD90, and lack

expression of CD34.

(3) Third, MSC differentiate to osteoblasts, adipocytes

and chondroblasts in vitro.

Morphological Assay

Cells were examined every three days, by the inverted

microscope (100 to 4009) for assessment of the cell

morphology (fibroblastiod appearance), viability of cells

and microbial contamination. The first change of the media

was accomplished at day 7 to remove the non-adherent

cells, the adherent cells were kept in the flask and were fed

by fresh complete nutrient media. MSCs were examined

until 80 % confluence is reached, the adhered cells were

fibroblast-like and grew as a whirlpool. The sub-cultured

cells were much purer and fibroblast like, the other cells
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were disappeared. 100 % of samples in the primary culture

reached confluence 10–12 days later, the cells sub-cultured

at a ratio of 1:3 reached confluence at 8–10 days later

(Figs. 1, 2, 3, 4).

Results of Immunophenotyping of CD105, CD34,

and CD44 Positivity

It was found that CD105 ranged from (44.5 to 90) with

mean (71.8 ± 11.0), CD34 range from (0.57 to 5.6) with

mean (1.76 ± 1.35), and CD90 ranged from (36 to 83)

with mean 68.4 ± 11.72.

Evaluation of Hepatic Differentiation

The cultured samples were divided into three groups

according to the growth factor used to induce the

hepatocytes:

Group A (8 samples), induced by HGF 20 ng/ml.

Group B (8 samples), induced by b-FGF 10 ng/ml.

Group C (8 samples) induced by HGF ? b-FGF.

Morphologic Examination (H & E)

Hepatocytes appeared as round or pear shaped, most of

them contained one nucleus. However, few cells were

binucleated (Fig. 5).

Genetic Analysis

Results of CK-18 gene detection by RT-PCR within group

A, CK-18 gene was detected in sample 3,4,6,7, and 8, in

day 4, day 8, and day 16, while in sample 1 and 2CK-18

gene was not detected in day 4, day 8 or day 16, on other

hand in sample 5 CK-18 was detected in day 4 and day 8

but was not detected in day 16. Percentage of CK-18 gene

detection within group A was the same in day 4 and day 8

which was 75 % (CK-18 gene was detected in 6 samples

out of the 8 samples), while in day 16 it was 62.5 % (CK-

18 gene was detected in 5 samples out of the 8 samples).

Results of CK-18 gene detection within group, CK-18

gene was detected in all samples in day 4, day 8, and day

16. Percentage of CK-18 gene detection within group B,

the differentiation was 100 % (CK-18 gene was detected in

all 8 samples) in day 4, day 8 and day 16.

Results of CK-18 gene detection within group C, CK-18

was detected in all samples in day 4, day 8, and day 16

except sample number 3, CK-18 gene was not detected at

all. Percentage of CK-18 gene detection within group C,

the differentiation was the same in day 4, day 8 and day 16

which was 87.5 % (CK-18 gene was detected in 7 samples

out of 8 samples). Table 1.

Samples showed that MSCs could express this hepato-

cyte-specific gene in a time-dependent manner. mRNA
Fig. 1 A photomicrograph showing viability of MNCS cells (in-

verted microscope, 9400)

Fig. 2 A photomicrograph showing scattered small colonies of

mesenchymal stem cells after 3 days (inverted microscope, 9400)

Fig. 3 A photomicrograph showing large dense colonies of mes-

enchymal stem cells (50 % confluence) after 7 days (inverted

microscope, 9400)
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expression for tested gene appeared to be significantly

promoted in differentiating medium containing b-FGF or

HGF or both (b-FGF ? HGF) Figs. 6, 7.

Discussion

BM derived stem cells express the property of plasticity.

This means that these cells have the potential to transdif-

ferentiate into cells of other organs [14].

Many methods can isolate MNCs from BM [15–17] In

this study, we used the Ficoll (1.077 g/ml) to isolate MNCs

from BM, we combined the gradient density centrifugation

with plastic adherence and changed the medium many

times to purify MNC after gradient intensity centrifugation.

This method is relatively simply, and can easily yield pure

MSC [16].

In the present study, MSCs were isolated from MNCs by

conventional plastic adherence. Tondreau et al. reported

that different techniques were used to isolate MSCs: plastic

adhesion, negative selection (magnatic beads CD45/Gly-A,

and RosetteSep) or positive selection (CD44, CD90, CD29

and CD105) [17].

The culture done in this work was on DMEM media

supplemented with 20 % FCS that was in agreement with

Hung et al., Shadhafar et al. and Montzka et al. [18–20].

In this study, MSCs were detected after 3 days culture

and become more confluent after 7 days. They were seen

by inverted microscope and were proven by their

immunophenotyping profile (negative for CD 34), and

positive for CD44, CD105). The international society for

Fig. 4 A photomicrograph showing large dense colonies of mes-

enchymal stem cells (70–90 % confluence) after 12 days (inverted

microscope, 9400)

Fig. 5 Photomicrograph of culture MSC differentiated into hepato-

cyte, (inverted microscope, 9400)

Table 1 Comparison between

Percentage of CK-18 gene

within Group A, Group B and

Group C in Day 4, Day 8 and

Day 16

Item Day 4 (%) Day 8 (%) Day 16 (%)

Percentage of CK-18 gene within Group A 75 75 62.5

Percentage of CK-18 gene within Group B 100 100 100

Percentage of CK-18 gene within Group C 87.5 87.5 87.5

Fig. 6 RT-PCR analyses of the temporal expression pattern of

hepatocyte-specific marker (CK-18) after hepatic differentiation of

MSCs. M PCR marker (100–1000 bp), Lane 1 non induced day 4

(negative control), Lane 2 CK-18 gene detected in day 4 induced by

HGF, Lane 3 CK-18 gene detected in day 8 induced by HGF, Lane 4

CK-18 gene was not detected in day 16 induced by HGF, Lane 5 CK-

18 gene detected in day 4 induced by b-FGF, Lane 6 CK-18 gene

detected in day 8 induced by b-FGF, Lane 7 CK-18 gene detected in

day 16 induced by b-FGF

280 Indian J Hematol Blood Transfus (July-Sept 2016) 32(3):276–283

123



cellular therapy had defined MSCs, following isolation and

culture expansion, by being plastic adherent cells that have

trilineage differentiation potential towards osteoblast, adi-

pocytes, and chondroblasts. In addition, they are known by

their expression of various molecules including CD44,

CD90, CD105 and CD73 and absence of markers like

CD34, CD45, and CD 14 [20].

A variety of culture protocols have been developed for

promoting the differentiation of adult stem cells into hep-

atocytes. Most protocols employ growth factors important

for liver development or regeneration. Among the factors

implied in the embryonic liver development, fibroblast

growth factors (FGFs), produced by cardiac mesodermal

cells, are involved at an initial stage of endodermal pat-

terning to induce hepatic fate [21–23], Oncostatin M

(OSM), a member of the interleukin-6 cytokine family

produced by hematopoietic cells, is required from the mid-

fetal to the neonatal stages [24], and apparently coordinates

liver development and hematopoiesis in the fetus [25],

finally, several extracellular signals including epidermal

growth factor (EGF), hepatic growth factor (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 vary

as a function of gestation age [26]. Corticosteroids, HGF

and EGF play important roles in hepatic biology [27]. HGF

is a more potent proliferating factor for human hepatocytes

in culture than EGF [28, 29], and plays an important role in

liver development and regeneration in humans [30, 31].

The differentiation of BMSCs into hepatocyte-like pheno-

types in vitro by induction with HGF has been reported [30,

32]. Other reports showed differentiation of BM-derived

MAPC toward hepatocyte-like cells induced by FGF-4,

however the degree of differentiation was higher when

cells were also treated with HGF [33]. This is consistent

with the fact that FGF-4 may play a role in endoderm

specification [22], and that HGF induces differentiation of

hepatocytes that are not actively proliferating [30]. BM

cells cultured with HGF and EGF showed morphologic and

phenotypic characteristics of mature hepatocytes [34].

Also, bFGF is required to induce a hepatic fate in the

foregut endoderm [33]. In our study, we use HGF 20 ng/

ml, and b-FGF 10 ng/ml and a combination of both growth

factors. The morphology of the cells changed after 5 days

culture where round or polygonal-shaped cells with mod-

erate cytoplasm and a medium-sized nucleus were

observed. This was matching with many authors who stated

that, while a morphological change is common after

in vitro cell conditioning, the morphology is rarely similar

to mature hepatocytes and authors should rather talk about

a hepatocyte like morphology in differentiating cells [35].

Also Snykers et al. stated that epithelioid cells appeared in

culture from day 6 on. Furthermore, more than 85 % of

these epithelioid cells expressed liver-associated genes and

proteins. The presence of both morphologic and phenotypic

features, similar to that of primary hepatocytes, does,

however, not fully prove the differentiation of BMSC into

mature hepatocytes [36].

In our study, hepatocyte differentiation was evaluated

for (CK18) differentiation markers, after 4, 8 and 16 days.

Cells treated with 10 ng/ml bFGF alone, HGF alone, or a

combination of both, almost all samples expressed CK-18

from the day 4 and continue to express it on day 8 and day

16.

In a study to differentiate MAPCs from the BM into

functional hepatocyte like cells; cells treated with 10 ng/ml

FGF-4 alone, 20 ng/ml HGF alone, or a combination of

both. After 7 days, few cells stained positive for CK18.

After 14 and 21 days, more than 90 % of epithelioid cells

stained positive for CK18 [33].

In li et al. study, he reported the successful induction of

functional hepatocytes from induced pluripotent stem cells

by the sequential addition of DMSO and sodium butyrate

in the culture which expressed a panel of the hepatic lin-

eage markers, CK7, CK8, CK18, CK19, AFP, ALB, and

Cyp7a1, and exhibited functional hepatic characteristics

[35].

Zhang et al. study demonstrated that HGF and FGF-4

can effectively promote UC MSC to differentiate into

hepatocyte-like cells; the growth medium without HGF and

FGF-4 did not have any effect on hepatocyte differentia-

tion, also they demonstrated that ALB and CK-18 protein

expression is first detected on day 14 following hepatocyte

differentiation and the expression levels are similar or

Fig. 7 RT-PCR analyses of the temporal expression pattern of

hepatocyte-specific marker (CK-18) after hepatic differentiation of

MSCs. M PCR marker (100–1000 bp), Lane 1 non induced day 16

(negative control), Lane 2 (HGF ? b-FGF) day 4, Lane 3 (HGF ? b-

FGF) day 8, Lane 4 (HGF ? b-FGF) day 16. CK-18 gen was detected

in: Lane 2, 3 and 4
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higher on day 21 compared with day 14, suggesting that

cells on days 14 and 21 following differentiation contain

more mature hepatocytes than on day 7 [31].

Song et al. checked in their study the expression of AFP,

ALB and CK18 at day 0 in the Undifferentiated iPS cells

and found negative staining. However, the differentiated

cells expressed hepatic genes including AFP, ALB, CK8,

CK18, CK19 and PEPCK and the liver enriched tran-

scription factors HNF4a, HNF6, CEBPa, GATA4 and HEX

at the mRNA level, as detected by RTPCR, while these

genes were not expressed in the undifferentiated iPS cells

and hES cells [37].

Moreover, Theise et al. and Alison et al. reported that

hepatocytes were derived from BM cells during the

28 days of differentiation, with GF-4 and HGF induced

MSCs into cells with morphological and functional char-

acteristics of hepatocytes. And cells that differentiated into

hepatocyte-like cells could produce urea, secrete albumin,

AFP and Ck-18, and store glycogens [38].

In Kang et al. study, their results showed UCB-derived

MSCs When were cultured with FGF-4 and HGF Cells first

expressed CK-18 on day 16 through immunocytochemistry

analysis. RT-PCR analysis showed that differentiated cells

could express a number of hepatocyte-specific genes in a

time-dependent manner, Gene expressions of albumin,

AFP and CK-18 were readily detectable from day 8 and

substantially increased thereafter during the maturation

process [39].

The present study indicates that under certain defined

inducing conditions, MSC, isolated from BM, can differen-

tiate toward a hepatic phenotype in vitro. In addition to

hepatic biochemical functions, as shown in a previous report.

In summary, we have presented in vitro production of

functional and transplantable hepatocytes from BM derived

MSCs. Our findings, combined with the development of

tissue engineering technologies, may support stem cell-

based therapy for liver injuries and for the establishment of

a bioartificial liver.

The concept of this study may indeed be considered as a

future hypothetical option for patients who might benefit

from stem cells therapy. However, given these preliminary

results, testing in vivo the regenerative potential of this cell

population in animal models, including large animals, will

be the next logical step.
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