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Abstract
The field of regenerative medicine is growing up rapidly in the last decades, the usage of cellular therapy such as
stem cells start to grasp attention in many experimental and even clinical trial.
In this article, we mainly concentrate on the potentiality of the mesenchymal stem cell (MSC) to differentiate into
hepatocyte like cells, which can overcome the problem of donor’s shortage. MSC have been use lately in many in
vitro and in vivo experiments, and have showed great capacity of multilinage differentiation, interestingly they have
the capacity to differentiate into hepatocyte like cells. Currently many clinical trials started to involve the usage of
self-MSC as a novel therapy for hepatic complication such as fibrosis or cirrhosis, which showed promising results in
treatment of hepatic patients. MSC can be injected in hepatic patient to replace the cirrhotic liver, which gives a real
hope for the hepatic patients as a reliable source for regeneration.

Keywords: Stem cells; Mesencymal stem cells; Hepatocyte like cells;
Mesencymal stem cell culture

Introduction
Research in the field of stem cells grew out by the findings of Ernest
A. McCulloch and James E. Till the two Canadian scientists. As early as
1960s McCulloch and Till initiated a series of experiments by injecting
cells from bone marrow into irradiated mice, they observed newly
formed nodules inside the spleens of these mice, equal in number to
the injected bone marrow cells. They agreed to call these nodules
‘spleen colonies’, in which they concluded that each nodule arose from
a single marrow cell [1]. Stem cells (SC) are further defined as the
primitive cells that have the ability for extensive self-renewal and the
capacity to differentiate into several cell lineages [2]. Stem cells are
classified either as embryonic or adult, depending on their respective
origins; embryonic stem cell (ESC) arises from blastocyst-stage while
adult stem cell arises from niches of mature adult tissues and bone
marrow [3].
There are three main characters of the stem cells. Firstly, they must
be capable of self-renewal, i.e. SC population is maintained by
undergoing symmetric or asymmetric divisions. In symmetric division,
the two daughter cells preserve full SC characteristics, while only one
of the two daughter cells preserves SC characteristics in asymmetric
division and the other continues into a differentiation pathway.
Secondly, SC should have the competency to differentiate into multiple
cell lineage. Thirdly, SC should be capable of functional activity of a
given tissue in vivo [4].

Stem cell potency
The term potency identifies the differentiation potential of the SC;
i.e. the potential capability to differentiate into numerous cell types [5].
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ESCs derived from the inner cell mass in the blastocyst stage, are
totipotent which means that these cells can differentiate into
embryonic and extraembryonic tissue. They can be propagated
indefinitely in vivo and in vitro. When engrafted into immunodeficient
mice. ESCs develop into teratocarcinoma tumors with mesoderm,
endoderm, and ectoderm [6].
Pluripotent stem cells are the progenies of totipotent cells and have
the capacity to differentiate into three germ layers: (mesoderm,
endoderm, and ectoderm) [7]. While multipotent stem cells is capable
of producing cells of a strictly related family of cells such as
hematopoietic stem cells in which they differentiate into white blood
cells, red blood cells, platelets [8]. Lastly unipotent stem cell cells can
only give progeny to one cell type, besides having self-renewal capacity
distinguishing them from non-stem cells e.g. muscle stem cells [9].

Stem cell and tissue regeneration
Two physiological mechanisms have been proposed for tissue
regeneration in organ recovery in adults; the first is the restoration of
differentiated cells by a new cell populations originated from traveling
SCs in the blood. Hematopoietic cell renewal is a classic example of
this kind of mechanism. While the other mechanism is the self-repair
mechanism of adult differentiated functioning cells that still possess
proliferative activity; hepatocytes, endothelial cells, smooth muscle
cells, keratinocytes, and fibroblasts are typical example of this type
[10].

Mesenchymal Stem Cells
Mesenchymal Stem Cells (MSCs) are stem cells that have the
capability to differentiate into muscle, bone, cartilage, ligament,
tendon, and adipose tissue, MSC can participate in the regeneration
process of the these tissues. They also have the capacity to replicate
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many times in culture while preserving their ability to grow in
multilineage differentiation. Morphologically MSCs are described by
having a small cell body with a few long cell processes [11].
Criteria for defining MSC have been approved by The International
Society for Cellular Therapy (ISCT). For the cell to be classified as
MSC it must have the property of adherence to the plastic in the
normal culture environment besides having fibroblast like morphology
[12].
MSCs can undergo osteogenic, chondrogenic, and adipogenic
differentiation in vitro. Cultured MSCs can express CD73, CD105,
CD44, CD29 and CD90 as surface markers while negatively expresse
CD45, CD34, CD14, CD11b, CD19, CD79a and HLA-DR [13].
MSCs hold a unique criterion of SC which is homing, this indicates
the capacity of the MSC migrate to the specific injured site [14].
Phenotypically, MSCs express multiple markers, but none of them
unfortunately, is unique to MSCs. It is well known that the human

adult MSCs usually do not explicit the very well-known hematopoietic
stem cell markers such as CD34, CD45, CD11, nor CD14. Many costimulatory markers are also not expressed by MSCs such as CD86,
CD80, the adhesion molecules, CD40 or CD31, CD18, PECAM 1
(platelet endothelial cell adhesion molecule 1), nor CD56 (neuronal
cell adhesion molecule-1). On the other hand they can express CD73 ,
CD44, CD105 , CD90 (Thy-1), Stro-1 and CD71, besides the adhesion
molecule vascular cell adhesion molecule (VCAM-1 or CD106) , and
are known to express CD166 that is known as activated leukocyte cell
adhesion molecule (ALCAM), intercellular adhesion molecule
(ICAM)-1, and CD29 as well [15].
Numerous reports illustrated the segregation of human and nonhuman MSCs by positive antibodies selection of MSCs based on their
phenotypical characterization. Other trials have used negative
selection method to augment MSCs, while as hematopoietic cell
lineage was removed [16,17] (Figure 1).

Figure 1: Different pathways for MSC [16].

Difference between human MSCs and other species

Effect of growth factors on MSC expansion

There are a dissimilarity between human MSCs and other species in
expression of some molecules; for example, while human and rat MSCs
do not express CD34, some reports published variable level of
expression of CD34 on murine MSCs cell surface [18].

Many studies showed the effect of growth factors on MSC
expansion, for the example the effect fibroblast growth factor 2
(FGF-2) on fibroblast colony formation from human MSC was studied;
it showed proliferation and osteogenic differentiation of human MSC.
This proved that FGF-2 had valuable effect on proliferation and bone
differentiation from MSC in vitro [19]. Moreover, FGF-2 can maintain
MSC’s chondrogenic differentiation effect even after 50 doubling [20].
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Serum free media augmented with and L-ascorbate and
dexamethasone (Dex) were found to be crucial for colonies formation
from stem cell population derived from bone marrow. These MSCs
express cell markers such as STRO-1+ and STRO-1+ /VCAM-1+
whereas EGF and platelet derived growth factor (PDGF) were found to
play a pivotal role in colony growth support [21].
In another study human multipotent adult progenitor, cells (MAPC)
have been isolated in a serum free media containing endothelial
growth factor (EGF), PDGF and insulin-like growth factor-1 (IGF-1)
with dexamethasone, ascorbic acid [22] (Figure 2 and Table 1).

MSCs into hepatocyte–like cells. Human umbilical cord Blood
(HUCB) derived MSC shows high differentiation potentiality into
hepatocytes after four weeks of culture media enriched with HGF
together with either OSM (oncostatin M) or FGF-4 (fibroblast growth
factor-4 ) [24].
MSCs isolated from HUCB are cultured on tissue culture plates or
flasks containing fetal bovine serum (FBS) fortified media. FBS
obtained from different source and at different time; greatly affect the
MSC culture in terms of efficiency of plating and expansion [25,26].
FGF-4 is a strong mitogen for fibroblasts and endothelial cells.
When FGF-4 is added to a medium contains mouse embryonic stem
cells, it can induce their differentiation into cells expressing
hepatocyte-related genes and surface markers [27].
Snykers et al. reported that nicotinamide (NTA) plays a role in
formation of small hepatocyte colonies as it can induce the
proliferation of primary hepatocytes. Upon culture with different
cytokines hepatocyte-like cells, derived MSCs may show a variety of
phenotypic characteristic [28].
There are various types of cytokines which have a crucial role in the
hepatic differentiation of stem cells in vitro including [29-31]. HGF,
oncostatin M, EGF, IGF, transforming growth factor (TGF), bFGF and
LIF (leukemia inhibitory factor). Moreover, chemical compounds such
as (Dex), retinoic acid, NTA, norepinephrine, sodium butyrate and
dimethyl sulfoxide might have a role. During embryogenesis, HGF and
FGF are linked to endodermal commitment. They have been identified
and cloned as a strong hepatocyte mitogen; HGF is mesenchymal
originated pleotropic cytokine, acting with a transmembrane protein
called c-met receptor. Moreover, in the process of early hepatogenesis
and liver development, HGF plays a vital role and it is involved in the
process of hepatic regeneration [32].

Figure 2: Mesenchymal stem cell in culture [16].

1

Adherence to plastic in standard culture conditions

2

Phenotype

It was found that OSM cannot induce stem cell hepatocytic
differentiation by itself, but it plays a considerable role in process of
hepatocyte maturation and it is produced by HSCs during the early
stages of embryogenesis. While another IL-6 subfamily member is LIF,
which shares OSM in signaling pathways [33].

Positive

Negative

CD105

CD45

CD73

CD34

CD90

CD14 or CD11b
CD79α or CD19
HLA-DR

3

in vitro differentiation: osteoblasts, adipocytes,
(demonstrated by staining of in vitro cell culture)

chondroblasts

Table 1: Criteria for defining MSC [13].

In vitro trials for differentiation of MSCs into hepatocytelike cells
Liver cell growth and differentiation in vitro are known to be
affected by a specific cytokines and growth factors. The proper
cytokines combination that can reach the cell microenvironment and
maintain the suitable cytokines concentrations and their associated
receptors over time is the crucial step of any stem cell culture system
[23].
So far hepatocyte growth factor (HGF) is involved in most
investigations using growth factors to stimulate the differentiation of
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Different Chemical compounds reported to affect the differentiation
process such as insulin-transferrin-selenium (ITS) that has a chief role
in promoting the survival and the proliferation of primary hepatocytes.
Dex suppresses cell division that leads to encouragement of hepatocyte
phenotype expression. The differentiation capacity of different liverspecific factors such as HGF, ITS, Dex and NTA were studied and
compared either individually or in combination. The study showed
that HGF and NTA have the major hepatogenic differentiation
potential as well as in vivo functional hepatic integration [31].

Characterization of hepatocyte-like cells derived from MSCs
After in vitro or in vivo differentiation, phenotype characterization
of the cells is considered a critical step, which includes not only
morphological or phenotypical characterization but functional
characterization as well. Under specific conditions favoring hepatocyte
differentiation, it becomes easy to detect the change of cells from a
fibroblast-like phenotype to the polygonal cells that has a typical shape
to epithelial cells. During liver differentiation, numerous liver
transcription factors as well as numerous cytoplasmic proteins are
expressed selectively and can be detected using microarray analysis.
Analysis of the hepatocyte-like cells derived from MSCs Show a
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numerous change in the gene expression profile, which is relatively
similar to those of adult and fetal hepatocytes [34].
During the early stage of MSC differentiation into hepatocyte, these
cells express RNA transcripts like nestin (stem cell-specific marker),
cytokeratin19 (CK19, epithelial cell marker), CX43 which is gap
junction protein specific for liver stem cells and numerous early
differentiation markers such as AFP, CK7, HNF4, HNF1α, HNF3β,
GATA4 and C/EBPα [35].
In contrast, in the late stage of MSC differentiation, these cells
express proteins as well as cell markers similar to mature hepatocytes,
including connexin 32 (CX32); a hepatocyte specific gap-junction
protein, (FoxM1) fork head transcription factor that plays a key step in
hepatocyte differentiation [36]. CK18 an epithelial cell marker, and
secretory plasma proteins like albumin, transferrin, fibrinogen, and cell
adhesion molecules; also enzymes classically produced by mature
hepatocytes including the cytochrome P450 subtypes 3A4 and 1A1,
urea synthesis enzyme carbamoyl phosphate synthetase (CPS)
gluconeogenic phosphoenol pyruvate carboxy kinase 1 and the
ectopeptidase dipeptidylpeptidase type IV (CD26) [37].
Human hepatocyte-like cells can express Heppar1, a distinct marker
for human hepatocytes and the differentiated hepatocytes
progressively miss the expression of mesenchymal cell markers [35].
In addition to these well characterized methods, more subtle
molecular biological approaches have been subjugated recently in the
evaluation of hepatocyte like cell differentiation from MSCs [34].

Functions of MSCs derived hepatocyte-like cells
The key functions of liver include principally detoxification,
glycogen storage as well as lipid metabolism. To assess the metabolic
function of the differentiated hepatocyte like cells, some crucial tests
should be carried out such as ammonia detoxification through the
colorimetric di acetyl monoxime test, periodic acid-Schiff (PSA)
staining can be used to detect glycogen deposition. Other tests that are
used to distinguish between MSCs derived hepatocyte-like cells and
the undifferentiated MSCs such as the cellular GSH and catalytic
activity of GST to 1-chloro-2, 4-dinitrobenzene [36].

In vitro trials of differentiation of hepatocytes from HUCMSCs
There are many essential factors that induce the process of in vitro
hepatocytes differentiation of HUC-MSCs such as growth hormones ,
cytokines ,extracellular matrix and co-culture with other cell, Several
in vitro models for hepatocyte differentiation have been well proven,
though the preciseness of differentiation in these models is insufficient.
Therefore, many efforts are still to be done to discover innovative
means to facilitate HUC-MSCs differentiation into hepatocytes [37].
Different species of HUC-MSCs such as human, mouse as well as
rat multipotent adult progenitor cells (MAPCs), were seeded on
matrigel with both FGF-4 and HGF. They were found to have the
capacity of differentiation into epitheloid cells, these cell were found to
express HNF3b (hepatocyte nuclear factor-3b), GATA4, transthyretin
cytokeratin 19 (CK19) and alpha-fetoprotein on the 7th day. While
they expressed CK18, HNF-alpha 1 on the 4th till 28th day. Practically
all human, in addition to greater number of rodent cells are positively
stained for albumin on day 21 and interestingly 5% of rodent to 25% of
human cells were found to be binucleated by the 21st day. They
similarly showed that these cells had obtained functional features of
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mature hepatocytes such as secreting albumin and urea besides having
high content of phenobarbital as well as cytochrome p450. Moreover,
they have shown capability to take up LDL, and accumulate glycogen.
MAPCs -besides its capability of expansion in vitro and maintaining
the undifferentiated state for what is greater than hundreds of
doublings has the capacity to differentiate into cells possessing the
phenotype, the morphology as well as the functions of hepatocytes
[38].
Another study showed that the human MSCs have a variable
capacity of differentiation not only mesenchymal cell linage but can
even differentiate into endoderme or neuroectodermal. In addition,
the capacities to differentiate in hepatocytes like cells. They also
studied the ability of HUC-MSCs to differentiate into hepatocyte-like
cells. The cells were seeded under the pro-hepatogenic environment
comparable to the environment used to culture the bone marrow
(BM)-derived MSCs. They analyzed the expression hepatic lineage
using
flow
cytometry,
Western
blot,
RT-PCR,
and
immunofluorescence. The functional ability of the differentiated cells
was evaluated by their ability to integrate DiI-acetylated low-density
lipoprotein. They also showed that these cells were morphologically
changed into hepatocyte-like cells, and start to express Thy-1, Flt-3,
and c-Kit, on their cell surface, and showed ability to secrete αfetoprotein, albumin, and cytokeratin-18 and 19. Furthermore, around
half of these cells were found to attain the ability to transport DiIacetylated low-density. Built on the above interpretations, they
concluded that HUCB-MSCs preserve hepatogenic properties [39].
They isolated MSCs from human umblical cord blood and start
culturing them in iscove modified Dulbecco medium (IMDM)
enriched with FBS, FGF 4 and HGF untill reaching 70% of confluency.
Alpha feto protein (AFP), urea assay, expression of CK-18 and
Glycogen storage in hepatocytes was determined. Around 63.6% of the
cultured cells changed into small, rounded and epitheloid on the 28th
day. The cells showed increased expression of AFP starting from day 12
reaching the peak level of execration on day 28; they also expressed
albumin starting from day 16 reaching the maximum level of
expression of day 28. Urea was detected on day 20 showing peak on
day 28. Cells expressed CK18 on day 16 while Glycogen storage was
detected on day 24 [40].
Another study compared the culture of both Mononuclear cells
(MNCs) obtained either from cord blood or from BM, both cells were
allowed to grow in the same culture conditions, the media in both
conditions was fortified by HGF, FGF 1 and FGF2. Morphological
characterization were done for both cells using immunoflourscent
which showed rounded, large cell and functional analysis were done
using mRNA and analysis of proteins expressed from both cell lines.
They found that both cells were adherent to the plate and mRNA
revealed that both of them secrete albumin, AFP and CK18.

In vivo experimental trials
After being able to differentiate hepatocyte-like cells MSC research
were further investigated in vivo. Numerous studies was done-using
transplantation of MSCs in different animal models of liver injuryhave displayed their differentiation into hepatocytes in vivo; MSCs
have shown a differentiation potentiality into hepatic like cells in vivo
besides they have been able to induce the endogenous parenchymal
cells regeneration, and stimulate the fibrous matrix degradation [41].
MSCs were proved to have some anti-inflammatory properties
besides being able to differentiate into hepatocytes like cells under in
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vivo and in vitro conditions. Hepatocyte apoptosis was suppressed by
production of secretory molecules and by adjusting the acute phase
response. It was concluded that MSCs are a favorable cell population in
the management of acute liver failure [42].
Another study was performed in NOD-SCID mice, the liver injury
was induced by CCL4, then the animals were injected by with HUCMSC to induce regeneration , these cells were which found in the mice
regenerated liver [43].
In another model of acute liver injury using D-galactosamine, the
rats were injected with MSC conditioned medium which resulted in
90% reduction of hepatocyte apoptosis, augmentation the number of
hepatocyte proliferation up to three folds. Besides the decrease in the
level of the injury biomarkers, together with up regulation of the
hepatic genes is known to take a role in hepatic replication [44].

Clinical Trials
MSC have been used recently in many of the clinical trials to induce
liver regeneration. A one-year study included 45 patients suffering
from chronic hepatitis B patient with decompensated liver cirrhosis, 30
of these patients received transfusion of UC-MSC, while the other 15
received saline as a control, the treated group showed a marked
decrease in the ascites volume, increased serum albumin and
decreased in the serum bilirubin compared to control. While no side
effect or complications were detected in either group, they concluded
that UC-MSC transfusion besides being clinically safe can induce
remarkable improve in patients with decompensated liver cirrhosis
[45].
Another study used also transfusion of UC-MSC in patients with
acute on top of chronic liver failure associated with HBV, 43 patient
were included in this study, 24 received UC-MSC transfusion while the
19 were injected as a control with saline. The transfusion was given at 4
weeks interval while the follow up took place during the 48 and the 72
weeks after. There was significant increase in the survival rates in the
treated group compared to the control group with increase the serum
albumin and decrease in the serum bilirubin [46].
In addition, another study used BM-MSC in alcoholic cirrhotic
patients. 11 patients were recruited who had been alcohol free for 6
month, the MSC were isolated from the patients’ bone marrow, after
being amplified for 6 month, and the patients received two injections
through the hepatic artery. 12 weeks after the injection, follow up
biopsies were taken which showed improve in the histological features
[47].

Conclusion
Mesenchymal stem cells have the capacity to multiply and
differentiate into numerous types of cell linages including hepatocytes.
Many preclinical and clinical trials have been done to elicit their role in
the hepatic regeneration that was proved curial. MSC provides a
reliable source of hepatocytes after liver injury, beside the
improvement in the liver function, this can give a hope for the hepatic
patients and can decrease the gap between the availability and the
demand the liver donors.
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