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ABSTRACT
Objective: Hepatic cirrhosis is the end stage of chronic liver disease, the majority of patients with cirrhosis die from life threatening complications.
Recently, Mesenchymal stem cells show ability to differentiate into hepatocytes, stimulate the regeneration of endogenous parenchymal cells and
enhance fibrous matrix degradation. Thus, this study aimed to evaluate the possible therapeutic effect of mesenchymal stem cells in thioacetamide
(TAA) induced liver cirrhosis in rats.
Methods: Animal model of liver cirrhosis was induced by intraperitoneal injection of thioacetamide in a dose of 150mg/kg body weight, twice a
week for 14 weeks. Ten male albino rats weighting 100-120 g were used for isolation of bone marrow derived mesenchymal stem cells(BM-MSCs)
and thirty-five healthy female albino rats weighting 150-200 g were divided into three groups; control, cirrhotic and treated groups. After the
experimental period, blood samples were withdrawn from the retro orbital vein plexus for estimation of liver functions, liver tissue was collected
for determination of hydroxyproline content, collagen gene expression and histological examination.
Results: Results showed that administration of BM-MSCs improved liver functions and reduced hydroxyproline content. Histological examination of
liver tissue showed a significant antifibrotic effect in treated group as evidenced by the disappearance of septal collagen deposition.
Conclusion: therapeutic potential of MSCs with injured liver tissue represents a novel strategy to augment the differentiation ability of cells towards
hepatic lineage. Furthermore, MSCs demonstrated better survival, proliferation, differentiation and functional abilities for hepatocytes.
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INTRODUCTION
Liver has a prominent role in the regulation of physiological processes. It
is involved in varieties of vital functions such as metabolism, secretion
and storage. Furthermore, detoxification of a variety of drugs and
xenobiotics occurs in liver. Hence liver diseases are among the most
serious health problems. They may be classified as acute or chronic
hepatitis (inflammatory liver diseases), hepatosis (non inflammatory
diseases) and cirrhosis (degenerative disorder resulting in fibrosis of the
liver). Liver diseases are mainly caused by toxic chemicals (certain
antibiotics, chemotherapeutics, peroxidised oil, aflatoxin, carbontetrachloride, paracetamol, chlorinated hydrocarbons, etc.), excess
consumption of alcohol, infections and autoimmune disorder [1].
Liver failure is a potentially life-threatening condition for which organ
transplantation is the only definitive therapy [2]. However, the current
shortage of available livers for transplantation results in the death of
many patients while awaiting transplantation [3]. A logical alternative
would be to isolate and transplant human hepatocytes. Unfortunately,
isolation of human hepatocytes is difficult and inefficient [4].
Therefore, stem cells can be readily isolated using non invasive
procedures to give rise to hepatocytes [5].
Stem cells have potential in several regions of medical research. One
probable application is to make new cells and tissues for medical
therapies. Such as, donated organs and tissues are frequently used to
exchange those that are diseased or destroyed. Inappropriately, the
number of individuals suffering from diseases that might benefit
from stem cell therapy is much greater than the number of organs
and tissues available for transplantation. Stem cells suggest the
probability of renewable sources of auxiliary cells and new tissues to
treat many kinds of diseases, conditions, and disabilities [6].
Bone marrow considered as a transplantable source of hepatic
progenitors. Initial reports of the hepatic potential of
haematopoietic stem cells were later shown to have resulted from
fusion between transplanted donor cells and resident recipient
hepatocytes [7]. Mesenchymal stem cells (MSCs) constitute a bone
marrow-derived stem cell population that has been shown to have
therapeutic potential in a wide range of diseases [8].

Hepatic fibrosis or cirrhosis results from the imbalance of
extracellular matrix (ECM) production and degradation. Any
approach that resets the balance could lead to the resolution of
fibrogenic liver disorders. The fact that MSC have antifibrosis effects
in injured liver has been clearly demonstrated in animal models of
liver fibrosis [9].
Thus, the aim of this study was to evaluate the possible therapeutic
effect of mesenchymal stem cells in thioacetamide induced liver
cirrhosis in rats.
MATERIALS AND METHODS
Materials
Chemicals
Thioacetamide (TAA), Chloramine T , p-dimethylaminobenzaldehyde,
acid soluble collagen and hydroxyproline were purchased from
Sigma Chemical Company (St. Louis, U.S.A) sodium acetate, citric
acid, perchloric acid, n-propanol, sodium hydroxide, acetic acid were
purchased from Fisher Scientific (St. Louis, U.S.A). Dulbecco's
modified Eagle's medium (DMEM), Streptomycin and Penicillin,
Fetal bovine serum (FBS) and 0.25% trypsin in 1mM
(Ethylenediaminetetracetic acid) EDTA were purchased from
(GIBCO/BRL). Agarose (Ultra-pure agarose, electrophoresis grade),
bromophenol blue, Ethidium bromide (EB), Tris-Acetate EDTA
buffer (TAE), glycerol, xylene cyanol and gel control DNA marker
were purchased from Ferments, Italy. Moloney murine leukemia
virus (MMLV) reverse transcriptase, Human Placental Ribonuclease
Inhibitor (HPRI), Deoxynucleotide triphosphate, First strand buffer,
Random hexamers and DEPC- treated water were purchased from
Ferments, Italy. Thermus aquaticus (Taq) DNA polymerase, Taq
buffer, dNTPs and CD29 biotinylated primers were purchased from
Ferments, Italy.
Experimental animals
Ten male albino rats weighting 100-120 g and thirty-five female
albino rats weighting 150-200 g were obtained from the animal
house of the National Research Center. Rats were bred and
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maintained in an air-conditioned animal house with specific
pathogen –free conditions, and were subjected to a 12:12 h
daylight/darkness and allowed unlimited access to chow and water.
All the ethical protocols for animal treatment were followed and
supervised by the animal facilities, National Research Center, Cairo.
All animal experiments received approval from the animal care
committee, National Research Center.

Homing detection of MSCs in liver tissue
Liver tissue was examined with a fluorescence microscope to detect
and trace the cells stained with PKH26.
Determination of liver functions in serum

Methods

Serum ALT and AST were determined according to [17], also serum
albumin and total protein levels were estimated according to [18]
and [19] respectively. In addition, A/G ratio was calculated.

Induction of cirrhosis

Hydroxyproline (Hyp) content assay

Induction of cirrhosis in this study was done and modified from the
method described by [10]. The animal model of cirrhosis was
induced by intraperitoneal injection of Thioacetamide (TAA) in a
dose of 150 mg/kg body weight twice a week for 14 weeks and then
5 animals were sacrified and pathological examination of liver was
done to ensure cirrhosis induction.

A colorimetric assay was performed according to [20]. Briefly, liver
sections (0.5 g) were hydrolyzed (20 h in 6 mol/L HCl at 100 °C),
redissolved in water and centrifuged to remove any impurities.
Samples were incubated for 10 min in 0.05 mol/L chloramine-T
(Fisher, Fair Lawn, NJ, USA) at room temperature, followed by 15
min incubation in Ehrlich'sperchloric acid solution at 65 °C. Sample
absorbance was assessed at 561 nm and resulting values compared
to a Hyp standard curve. Each sample was assayed in duplicate. The
Hyp content was expressed as micrograms per gram of wet liver.

Preparation of BM-derived MSC
Bone marrow was harvested by flushing the tibiae and femurs of
6weeks-old male rats with Dulbecco's modified Eagle's medium
(DMEM, GIBCO/BRL) supplemented with 10% fetal bovine serum
(GIBCO/BRL). Nucleated cells were isolated with a density gradient
[Ficoll/Paque (Pharmacia)] and resuspended in complete culture
medium
supplemented
with
1%
penicillin–streptomycin
(GIBCO/BRL). Cells were incubated at 37 °C in 5% humidified CO 2
for 12–14 days as primary culture or upon formation of large
colonies. When large colonies developed (80–90% confluence),
cultures were washed twice with phosphate buffer saline (PBS) and
the cells were trypsinized with 0.25% trypsin in 1mM EDTA
(GIBCO/BRL) for 5 min at 37 °C. After centrifugation, cells were
resuspended with serum-supplemented medium and incubated in
50 cm2 culture flask (Falcon). The resulting cultures were referred
to as first-passage cultures [11]. MSCs in culture were characterized
by their adhesiveness and fusiform shape [12] and by expression of
CD29 as a surface marker of MSCs according to [13].
RT- PCR detection of CD29 gene expression
Total RNA was extracted from cells using RNeasy Purification
Reagent (Qiagen, Valencia, CA), and then a sample (1 μg) was
reverse transcribed with reverse transcriptase (RT) for 30 min at 42
°C in the presence of oligo-dT primer. Polymerase chain reaction
(PCR) was performed using specific primers (UniGene Rn.25733)
forward: 5′-AATGTTTCAGTGCAGAGC-3′ and reverse:
5′-TTGGGATGATGTCGGGAC- 3′. PCR was performed for 35 cycles,
with each cycle consisting of denaturation at 95 °C for 30 s,
annealing at 55 °C to 63 °C for 30 s and elongation at 72 °C for 1 min,
with an additional 10- min incubation at 72 °C after completion of
the last cycle. To exclude the possibility of contaminating genomic
DNA, PCRs were also run without RT. The PCR product was
separated by electrophoresis through a 1% agarose gel, stained, and
photographed under ultraviolet light [14].

Semi-quantitative RT-PCR detection of collagen gene II
expression
Total RNA was extracted from liver tissue homogenate using RNeasy
purification reagent (Qiagen, Valencia, CA). cDNA was generated
from 5 μg of total RNA extracted with 1 μl (20 pmol) antisense
primer and 0.8 μl superscript AMV reverse transcriptase for 60 min
at 37 °C. For PCR, 4 μl cDNA was incubated with 30.5 μl water, 4 μl
25mMMgCl2, 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 containing 10 pmol.
Primer
sequences
were
as
follows:
forward
5′GCCCATGATACTAAGTGAGAAATAC-3′,
reverse
5′GTAAAACGTGAAACAATCCTAAGA-3′. The reaction mixture was
subjected to 40 cycles of PCR amplification as follows: denaturation
at 95 °C for 1 min, annealing at 67 °C for 1 min and extension at 72
°C for 2 min. To exclude the possibility of contaminating genomic
DNA, PCRs were also run without RT. The PCR product yielded a 333
bp fragment on 1.5% agarose gel electrophoreses [21].
Semi-quantitation was performed using the gel documentation
system (BioDO, Analyser) supplied by Biometra according to the
following amplification procedure: relative expression of each
studied gene (R) was calculated following the formula: R=
Densitometrical Units of each studied gene/ Densitometrical Units of
-actin.
PCR detection of β-actin

Labeling of stem cells with PKH26 dye

The presence of RNA in all tissues was assessed by analysis of the
“house-keeping” gene β-actin. cDNAwas generated from 1 μg of total
RNA extracted with AMVreverse transcriptase for 60 min at 37 °C.
For PCR, 4 μl cDNA was incubated with 30.5 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 containing 10 pmol. β-actin
primers (forward 5′-TGTTGTCCCTGTATGCCTCT-3′, reverse

MSCs were harvested during the 4th passage and were labeled with
PKH 26 fluorescent linker dye according to Sigma protocol (Saint
Louis, Missouri USA). Briefly, Cells were centrifuged and washed twice
in serum free medium. Cells were pelleted and suspended in dye
solution; the cells were injected intravenously into rat tail vain [15].

5′-TAATGTCACGCACGATTTCC- 3′) were designed from GenBank
(accession no.J00691). The reaction mixture was subjected to 40
cycles of PCR amplification as follows: denaturation at 95 °C for 1
min, annealing at 57 °C for 1 min and extension at 72 °C for 2 min.
The PCR product yielded 206 bp fragments.

Experimental design

Histological and histochemical examinations

30 female albino rats were divided into 3 groups as follows: Group I
(Control group): 10 healthy rats received phosphate buffer saline
(150 mg/kg body weight) intravenously infusion at the tail vein.
Group II (Cirrhotic group): 10 cirrhotic rats received phosphate
buffer saline intravenous infusion at the tail vein.Group III (Treated
group): cirrhotic rats injected with MSCs in a single dose of 10 6 cells
per rat by intravenous infusion at the tail vein [16].

Liver specimens were taken immediately after the rats were
sacrificed and stained according to [22].Glycogen storage ability of
hepatocytes was analyzed, Quantitative measurement of the severity
of liver fibrosis, and glycogen were achieved by using computerized
image analyzer (Leica Qwin 500 image).

After 4 weeks of MSCs administration, venous blood was collected
from the retro-orbital vein from rats of all groups. All rats were
sacrificed with the cervical dislocation, and the liver tissue was
harvested for histopathological and histochemical examination.

The results were expressed as the mean ± S.E. Comparisons were
made among the groups using ANOVA followed by t test (Origin Lab
publishes graphing and data analysis software version 4.0) at the
selected level of significance.

Statistical analysis
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RESULTS
Identification and homing of BM-MSCs
Bone marrow derived mesenchymal stem cells were identified by
their adhesiveness and fusiform shape (Figure 1). Also, CD29 gene
expression by RT-PCR was detected as a marker of MSCs (Figure 2).
Homing of MSCs into liver tissue was confirmed by labeled MSCs
with the PKH26 dye, these cells showed strong red auto fluorescence
after transplantation into rats, confirming that these cells were
actually seeded into the liver tissue (Figure 3).
MSCs administration improves liver functions
This study showed that serum ALT and AST activities were
increased significantly (P<0.05) in cirrhotic group compared to the

control group while these values were significantly decreased in
treated group and return to the normal levels (Table 1).
The mean values of serum albumin and total protein were
significantly decreased in cirrhotic group compared to control while
these values were significantly increased by MSCs administration
compared to the cirrhotic one (Table 1).
Collagen gene expression and hydroxyproline content
In the current study, gene expression analysis by RT-PCR showed
elevated level of collagen expression in the cirrhotic group
compared to the control group, while this value was significantly
decreased in treated group compared to the cirrhotic one. The
expression of this gene associated with hydroxyproline content in
liver tissue (Table 2, Figure 4).

Fig. 1: Photomicrograph shows the morphology of mesenchymal stem cells (MSCs) from culture.

Fig. 2: UV transilluminated agarose gel electrophoresis show PCR products of CD29 of isolated MSCs and β actin. (A) :PCR product of CD29.
(B): PCR product of β actin gene (218 bp). Lane M: DNA marker with (100, 200, 300, 700, 1000bp) Lane 1 (A):PCR product of CD29. Lane 1
(B): PCR product of β actin gene.

Fig. 3: Photomicrograph shows PKH26 fluorescent staining of cells in the liver tissue.
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Groups

Serum ALT (U/I)

Serum AST (U/I)

Cirrhotic Control

Mean ± SE

36
± 0.33

89
±0.68

Mean
± SE
Pa value
% of changea

46 ± 0.81
0.000*
27%

Treated

Table 1: Liver functions in the different studied groups
Albumin
(g/dl)
3.9
± 0.03

Total Protein (g/dl)

Mean ±SE
Pa value
Pb value
% of changea
% of changeb

33
± 0.74
0.014*
0.000*
-13.8%
-28.2%

Globulin
(g/dl)
3.8
± 0.1

Albumin/ globulin ratio

104 ±1.15
0.000*
16.8%

3.3
±0.04
0.000*
-15.3%

7.1 ±0.12
0.002*
-7.7%

3.8
± 0.1
N.S.
0%

0.86
±0.03
0.004*
16.2 %

85
± 1.11
0.008*
0.000*
-4.4%
-18.2%

3.8
± 0.03
NS
0.000*
-2.5%
15.1%

8
± 0.12
NS
0.000*
-3.8%
12.6%

4.2
± 0.14
N.S.
N.S.
-9.5 %
-9.5 %

0.92
± 0.03
N.S.
N.S.
-8%
6.9 %

7.7
±0.1

1.0
± 0.03

Significant P* value < 0.05, NS not significant
Pa value vs. control, Pb value vs. cirrhotic
Percent of change a: Percent of change from control
Percent of change b: Percent of change from cirrhotic

Table 2: Hydroxyproline content and collagen gene expression in the different studied groups
Groups
Control

Hydroxyproline content in liver tissue (µg/g protein)

Relative expression of collagen gene

Mean ± SE

73 ± 1.6

0.13 ± 0.013

Mean ± SE
Pa value
% of change a

304 ± 16.5
0.000*
316 %

1.54 ± 0.122
0.000*
1084.6 %

Mean ± SE
Pa value
Pb value
% of change a
% of change b

122 ± 4.3
0.001*
0.000*
67 %
-59.8 %

0.52 ± 0.05
0.001*
0.000*
300 %
-66 %

Cirrhotic

Treated

Significant P* value < 0.05, NS not significant
Pa value vs. control, Pb value vs. cirrhotic.
% of change a: Percent of change from control.
% of change b: Percent of change from cirrhotic.

Fig. 4: UV transilluminated agarose gel electrophoresis show PCR products of collagen gene expression in different studied groups. (A) β
actin gene (218bp). (P) Lane M: DNA marker with 100bp, Lane 1: PCR products in control group, Lane 2: PCR products in cirrhotic group,
and Lane 3: PCR products in treated group.
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Histological examination
In this study, histological examination of liver tissue from the
control group showed normal structure of hepatic lobules
(Figure 5-A). While, the cirrhotic group showed periportal
cirrhotic characterized by portal-portal fibrous septa
surrounding the hepatic lobules (Figure 5-B) with progress
increase in collagen accumulation in the liver (Figure 5-C) as

compare to the control group, while liver examination of the
treated group showed an improvement in the hepatic structure
as compared to the cirrhotic group (Figure 5-D).
Image analysis of the collagen distribution in liver of the cirrhotic
group showed significant increase as compared with the control
group. On the other hand, the treated group showed significant
decrease as compared with the cirrhotic group (Table 3).

Table 3: Collagen deposition areas in liver of cirrhotic and treated groups
Groups
Cirrhotic
Treated

Area (µm2)
518.12 ± 44.45
171.78 ± 17.69 *

Area Fraction
0.28 ± 0.02
0.01 ± 0.01

Area %
27 ± 2.29
10.106 ± 1.15

*Significant at P < 0.05 as compared with cirrhotic group.

A
B

C

D

Fig. 5: A photomicrographs of liver A) of control rat shows normal structure of hepatic lobules, B): of cirrhotic group shows coagulation
necrosis of hepatocytes that occurred primarily in centrilobular. Infiltration of macrophages and lymphocytes was seen in areas of
hepatic injury, C): of cirrhotic group shows fibrosis that evidenced by fibrotic septum formation starting in the portal areas and D): of rat
treated group showed an improvement in the hepatic lobule. The areas of hepatocytes necrosis were replaced by normal appearing
hepatic architecture; thickened septal cirrhotic became thinner or disappeared (H & E stain × 300).
Liver stained with Van Gieson’s stain showed a normal distribution
of collagen deposition in the control group (Figure 6-A), although, in
case of cirrhotic group, collagen accumulation was significant
increased as compared with control one (Figure 6-B). On the other
hand, septal collagen deposition disappeared or became thinner in
the treated group (Figure 6-C).
The hepatocytes that stained with PAS stain for glycogen revealed
normal distribution in the control rats (Figure 7-A). Loss of glycogen

in the hepatocytes of the cirrhotic group was present (Figure 7-B).
Liver sections from treated group showed diffuse and homogeneous
PAS staining for glycogen (Figure 7-C).
The grey levels of glycogen distribution in liver of control, cirrhotic
and treated groups were presented in table (4). The results showed
a significant decrease in glycogen in the cirrhotic group as compared
to control group. The treated group showed significant increase of
the glycogen as compared to the cirrhotic group.

A
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B

C

Fig. 6: Photomicrographs of liver A) of the control group shows normal distribution of collagen deposition, B): of the cirrhotic group
shows a progress increase in collagen accumulation in the liver, with periportal cirrhotic characterized by portal-portal fibrous septa
surrounding the hepatic lobules, and C): of the treated group shows disappearance of septal collagen deposition as compared with that
treated with thioacetamide (Van Gieson’s staining x 300).

A

B

C

Fig. 7: A photomicrographs of liver of rats shows A): the normal distribution of glycogen in the hepatocytes of the control rat, B): depletion
of glycogen of the hepatocytes of the cirrhotic rat, and C): the diffusion and homogeneous of the glycogen hepatocytes of the treated rat
(PAS staining x 300).
Table 4: Grey levels of glycogen distribution in liver of different studied groups
Groups
Control
Cirrhotic
Treated

Grey levels of glycogen distribution
112.18 ± 3.04
233.34 ± 2.29*
159.41 ± 1.36**

*Significant at P < 0.05 as compared with control group; **Significant at P < 0.05 as compared with the cirrhotic group
DISCUSSION
In this study, TAA administration results in deficiencies in liver
functions and a progress increase in collagen accumulation in the
liver with periportal cirrhotic characterized by portal-portal fibrous
septa surrounding the hepatic lobules.
These results were in agreement with [23] who indicated that TAAinduced cirrhosis characterized by cellular necrosis, fibrosis,
micronodular reorganization of the parenchyma, duct proliferation,
transaminase increase, peroxidation of lipid membranes, and
macronodular cirrhosis.
The proposed initiation of cellular events chain leading to
xenobiotic- induced liver necrosis is due to reactive metabolites

derived from biotransformation of chemical agents. The active
metabolites responsible for hepatotoxicity of thioacetamide are
those derived from thioacetamide S-oxide, the product of oxidation
of thioacetamide by FAD-monooxygenase system. The free radicals
generated by this oxidative pathway cause lipid peroxidation,
glutathione depletion and a reduction in SH-thiol groups. The
selective destruction of liver cells in the perivenous necrosis is
followed immediately by a proliferative process that reaches its
maximum at 48 h in 2-month-old rats after thioacetamide
administration, and at 72 h in 6- to 30-month-old animals [24].
In the current study, BM-MSCs were isolated from adult male rats,
characterized in culture by their adhesiveness and fusiform shape.
CD29 gene expression as a marker of MSCs was also detected.
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The potential therapeutic benefit of MSCs can only be realized
through their homing efficiency to the required site. The homing of
MSCs was detected by PKH26 dye which used to label MSCs [25].
Our results showed strong red auto fluorescence after
transplantation into rats, confirming that these cells were actually
insinuating themselves into the liver tissue as detected by
fluorescent microscope. These results were in agreement with [13],
who labeled bone marrow MSCs with PKH26 dye and administrated
it as red fluorescence of the MSCs.

inflammation was reduced, damaged hepatocytes were repaired,
and fibrosis was resolved, resulting in an overall improvement in
liver function with a definite increase in intracellular glycogen
storage.
Also, the primary BM-derived stem cells can undergo a process of
differentiation and the differentiated cells express various
hepatocyte-specific markers, and have hepatocyte-specific
bioactivities, including urea production, albumin secretion and
glycogen storage [36].

In this study, MSCs administration showed significant improvement
in liver functions in treated group compared to cirrhotic one. Also,
decreasing the collagen accumulation and hydroxyproline content
that were observed in cirrhotic rats. The histopathological
examination of liver tissue confirmed this result and showed that
MSCs have a significant antifibrotic effect as evidenced by the
disappearance of septal collagen deposition and diffuse and
homogeneous PAS staining for glycogen.

In addition to the transdifferentiation ability, soluble factors
produced by MSCs may play an important role in regeneration and
protection from hepatocellular death. It has been demonstrated that
MSC-CM (MSC conditioned medium) has direct anti-apoptotic and
pro-mitotic effects on cultured hepatocytes. Furthermore, an
infusion of MSC-CM inhibited death of hepatocytes enhanced the
liver regeneration in vivo, and, ultimately, improved survival in rats
after D-galactosamine-induced fulminant hepatic failure [37].

[26] suggested that the disappearance of collagen content in the
cirrhotic rats treated with MSCs was apparently due to the lysis of
fibrotic tissue which was accomplished by MMP2 activity.
Metalloproteinase (MMPs) more particularly the MMP2 that
promote the degradation of extra cellular matrix (ECM) in liver
cirrhosis should have been secreted by MSC, which in the presence
of hepatic growth factor (HGF) exhibited increased matrix
metalloproteinases 2 (MMP2) activity, as observed by enhanced
fibrolysis and/or prevention of collagen synthesis. This would have
facilitated the assembling and orientation of stem cells in the hepatic
nodules where they can differentiate into functional hepatocytes.

Moreover, angiogenic support provided by MSC can be considered
one more supportive effect, since the re-establishment of blood
supply is fundamental for recovery of damaged tissues [38]. In
addition, BM-derived cells change their gene expression pattern to
that of mature functional hepatocytes through fusion with damaged
recipient liver cells.

Bone marrow derived MSCs have the ability to repair damaged liver
25] however; extensive fibrosis, scar development and lack of
survival may influence regeneration ability. Strategies targeting
removal of activated HSCs have shown to reduce fibrosis and
augment liver function [28]. A combined approach aimed at specific
removal of activated HSCs would improve hepatic milieu allowing
MSCs to survive, engraft and differentiate into hepatocytes [29].
The underlying mechanisms in the modulation of HSC activity by
MSC were attributed to paracrine mediators, IL-10, TNF-α and HGF.
Blockade of MSC-derived IL-10 and TNF-α abolished the inhibitory
effects of MSC on HSC proliferation and collagen synthesis; MSCderived HGF was responsible for the marked induction of HSC
apoptosis as determined by antibody neutralization studies. IL-6
secretion from activated HSCs induced IL-10 secretion from MSC,
suggesting a dynamic response of MSC to HSCs in the
microenvironment. HSC apoptosis can also be triggered by MSCsecreted nerve growth factor (NGF) stimulation [30].
Several animal studies and clinical trials have demonstrated that
MSCs have the potential to reverse the fibrotic process by inhibiting
collagen deposition and transforming growth factor-β1 production.
The molecular mechanism underlying the antifibrotic properties of
MSCs can mainly reside in the high expression levels of matrix
metalloproteinase (MMPs), especially MMP-9, which may directly
degrade the extracellular matrix and lead to hepatic stellate cell
apoptosis [31].
[32] stated that BM-derived stem cells may be one of the important
sources for hepatocyte repair. Possible explanations are that, MSCs
can repair tissues by three mechanisms: (1) by differentiating into
the phenotype of the damaged cells; (2) by secreting growth factors
and cytokines that enhances repair of endogenous cells; and (3) by
undergoing cell fusion [33].
Differentiation of MSCs into the phenotype of the damaged cells was
confirmed by [34] who reported that adipose tissue derived MSC
have the endoderm differentiation capacity including insulin-,
somatostatin-, and glucagon- expressing cells as well as ALB- and
AFP-expressing hepatocyte-like cells with the ability to synthesize
urea and uptake LDL.
This was explained by [35] who indicated that when MSCs
administrated, it underwent transdifferentiation into hepatic oval
cells and then to hepatocyte-like cells. During this process,

CONCLUSION
The potential of MSC for transdifferentiation, paracrine functions
and fusion with damage recipient liver cells suggested that MSC
based cell therapy could be used successfully for the treatment of
liver inflammation and cirrhosis.
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