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Abstract
There are several differentiation methods for mesenchymal stem 
cells (MSCs) into hepatocyte-like cell. Investigators reported 
various hepatic differentiation protocols such as modifying 
culturing conditions or using various growth factors/cytokines. 
In this literature review, we compared different MSCs extraction 
and isolation protocols from Wharton’s jelly (WJ) and explored 
various MSCs differentiation methods. 

Various protocols have been recommended for MSCs isolated 
from WJ, such as enzymatic, enzymatic-explant, and explant 
methods. In the explant method, valuable time is wasted, but the 
cost and biological contaminations are reduced and the number 
of isolated cells is high. However, other features, such as immune 
phenotype and multiline-age differentiation capacity, do not 
differ from other methods. There are also several differentiation 
methods for hepatocyte-like cell including the induction of MSC 
by cytokines and growth factors, and the differentiation of MSC 
in 2- and 3-dimensional matrix (2D and 3D). Among several 
cytokines, hepatocyte growth factor (HGF) and fibroblast growth 
factor (FGF) are essential. In the early stage of the differentiation, 
2D culture is useful, and in the development stage, 3D culture 
system with HGF and FGF cytokines are more effective in the 
process of differentiation. Some studies have used 3D culture 
system in biocompatible scaffolds, such as alginate, collagen, 
gelatin, and peptide-Gly-Leu-amide (PGLA).

In conclusion, Wharton’s jelly-Mesenchymal stem cells 
(WJ-MSCs) can be considered as an appropriate source for 
hepatocyte differentiation. Moreover, we introduced the explant 
method as the most effective protocol. This review attempted 
to highlight factors in hepatocyte differentiation, but the most 
effective protocol is not still unknown.
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What’s Known

• Wharton’s jelly-Mesenchymal 
stem cells (WJ-MSCs) might be 
a suitable candidate for stem cell 
therapy. They have high proliferation 
rates, wide multipotency, and hypo-
immunogenicity. There are several 
differentiation methods into hepatocyte-
like cells, such as induction by cytokines 
and growth factors, and differentiation 
of mesenchymal stem cells (MSCs) in 
2- and 3-dimensional matrix.

What’s New

• In this review, we introduced the 
explant method as the most effective 
isolation protocol for Wharton‘s 
Jelly (WJ) as well as summarizing 
and discussing current hepatocyte 
differentiation protocol; however, the 
best and most effective protocol is still 
unknown. 

Review Article

Introduction

Chronic liver failure, such as cirrhosis, can be stimulated by viral 
hepatitis, metabolic diseases, alcohol, drugs, and autoimmune 
processes. Liver transplantation is the most popular procedure 
for chronic liver disease.1 However, there are some problems 
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such as lack of donor, surgical complications, 
immunological rejection, and high medical costs. 
Consequently, stem cell therapies can be a new 
approach to treat end-stage liver diseases.2 

Several studies have tried to find the best 
stem cell source for hepatocyte transplantation.3, 

4 Stem cells are isolated from various sources 
such as preimplantation embryonic, fetuses, and 
adult organs. These sources have advantages 
and disadvantages. Human embryonic stem 
cells (h-ESCs) are pluripotent, but several 
problems such as insufficient cell numbers, 
possible teratoma formation or immune rejection 
after transplantation can hinder their clinical 
applications.

MSCs can be extracted from several different 
sources and are plastic-adherent cells that 
have the capacity to self-renew. Cells defined 
by the international society for cellular therapy 
have a specific surface phenotype and can be 
differentiated into various lineages including 
bone, cartilage, and adipose.5, 6

MSCs extracted from the bone marrow and 
adipose tissue have limitations such as being 
invasive and having a painful procedure while 
the high degree of viral infection associated 
with MSCs removed from the bone marrow may 
lead to a restriction in their usage.7 Also, the 
obtained MSCs from older individuals is hard, 
since marrow cavity is filled with yellow fat due 
to aging process.8 

Umbilical cord (UC) mesenchymal stem 
cells (MSCs) with similar immune phenotype 
and multilineage differentiation have higher 
expansion potential in comparison with bone 
marrow MSCs (BM-MSCs) and adipose-
derived MSCs (ADMSCs).9 Umbilical cords are 
considered to be a medical waste; hence their 
clinical application in research and cell therapy 
is of no ethical concern. Furthermore, cells 
isolated from UCs proliferate rapidly in culture 
and they have the potential for differentiation.10 
UC-MSCs are capable of suppressing the 
immune response in vitro, which is similar to 
BM-MSC properties. Many researchers have 
investigated MSCs extracted from human 
UCs tissue, which is an acceptable source.11-16 
In some studies, MSCs were isolated from 
different parts of the umbilical cord, such as WJ 
matrix, perivascular regions,17 and sub-amnion 
membrane with various protocols.18-21 

It is unclear whether human WJ-MSCs can 
behave as h-ESCs, human MSCs, or both. They 
have high proliferation rates, wide multipotency, 
and hypo-immunogenicity, which do not induce 
teratomas. Human WJ-MSCs (hWJ-MSCs) 
express low levels of pluripotent embryonic stem 
cell markers including POUF1, NANOG, SOX2, 

and LIN28. That explains why hWJ-MSCs 
do not produce teratomas. Several cytokines 
such as IL12A, associated with the induction 
of apoptosis, were significantly upregulated 
in hWJ-MSCs. These properties propose that 
hWJ-MSC is an important applicable stem cell 
source for cell therapy in allogeneic settings 
without immune rejection.22 

MSCs can be isolated from WJ by different 
methods, such as enzymatic, enzymatic-
explant, and explants.12, 15, 16 

Extraction of MSCs is the first step of 
working with these cells. Recently, there has 
been extensive research on the transplantation 
of differentiated cells into damaged tissues for 
regenerative medicine.23 

There are several differentiation methods for 
MSC into hepatocyte-like cell including induction 
of MSC by cytokines and growth factors, and 
differentiation of MSC in 2- and 3-dimensional 
matrix (2D and 3D); however, the advantages 
are still insufficient in clinical applications. 
Researchers are investigating to improve the 
methods of hepatic differentiation of MSCs by 
modifying culture conditions or adding various 
growth factors/cytokines. We reviewed the 
literature and compared different extraction and 
isolation protocols to extract MSCs from WJ. 
We also explored various MSCs differentiation 
methods into hepatocyte-like cells and debated 
the achievements and prospective development. 

Human Umbilical Cord

Human UC matrix originates from extraembryonic 
mesoderm. The connective UC tissue is within 
two arteries and a vein in the amniotic wall.24 Five 
weeks after fertilization, the UC begins to form 
and gains an average of 50 cm. The different 
cell populations have been identified in WJ, 
the sub-endothelium of the umbilical vein, and 
UC blood. WJ is a matrix of mucous connective 
tissue composed of fibroblast-like stromal cells, 
collagen fibers, and proteoglycans, situated 
between the sub-amnion and the perivascular 
region. The perivascular region surrounding the 
umbilical vessels is a source of mesenchymal 
progenitor cells. The third source of MSCs 
can be found in the sub-endothelium of the 
umbilical vein. In addition, UC blood is a rich 
source of hematopoietic stem/progenitor cells 
but does not contain mesenchymal progenitor 
cells.25, 26 Furthermore, MCSs harvested from 
UC blood have low efficiency that exhibit a 
variety of morphologies and differentiations.27 
By investigating the umbilical cord, WJ and the 
sub-endothelium stem cell revealed that typical 
features of human MSCs could be differentiated 
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into chondrocytes and hepatocytes.
It should be noted that the number of isolated 

cells extracted from UC in the vaginal delivery 
were more than caesarian section births.28 The 
efficiency and number of cells isolated from each 
part of umbilical cord are the same, but there is 
still controversy between researches.13, 28, 29 

MSCs Isolation from WJ

MSCs Isolation by Enzymatic Method 
The Culture of Total Length of UC 

Some studies have described how to obtain 
MSCs from UC, by using the total length of the 
cord, which leads to an increase in stem cell 
yield without time-consuming producers. By 
using an enzymatic procedure, MSC isolation 
from the three recognized compartments, the 
perivascular, and the intra-vascular region within 
the WJ region, is possible. By different enzymatic 
isolation methods, higher cell populations can 
be harvested with less time. Approximately 
0.95×106 cells can be isolated from the UC 
by using an enzymatic procedure.8, 30 In this 
procedure, when UC is transferred into the 
laminar hood in complete sterile condition, the 
entire length of UC is used. The external surface 
is examined and engraved with a sterile scalpel. 
Next, the vessels are removed and the pieces 
of tissue are incubated in enzymatic cocktail 
containing enzymes such as hyaluronidase, 
collagenase, and trypsin for 45 minutes to 2 
hours at 37 °C. Then, the digested suspension 
are collected by gravity in the 50 mL conical 
tube, diluted and centrifuged. Finally, the pellets 
are cultured.12 

Culture of UC Parts
Conventionally, 5-7.5 cm-length pieces of 

UC from the mid-region are transferred into 
the sterile medium and cut into smaller 1-1.5 
cm-length pieces.13 

In some procedures, to isolate WJ-MSCs 
from these small pieces without removing the 
umbilical blood vessels, the matrix containing 
the WJ is placed face down in culture flasks or 
Petri dishes. The flasks containing an enzymatic 
solution of collagenase and hyaluronidase, in 
Dulbecco’s Modified Eagle’s Medium (DMEM), 
are incubated at 37 °C in a 5% CO2 in air 
atmosphere for 45 min to 2h. This allows WJ 
loosening and separation from the UC without 
complete digestion. After the incubation period, 
the cord pieces are transferred to a new Petri 
dish or culture flask containing fresh DMEM 
to remove any remaining enzymes. A pair of 
forceps is used to gently scrape off the gelatinous 
WJ from the inner compartments into the fresh 

medium. The suspension is passed through a 
syringe fitted with an 18G needle, centrifuged. 
Finally, cell pellets are re-suspended in culture 
media. Studies have revealed that approximately 
3-4×107 fresh live WJ-MSCs could be obtained 
from each piece.31 

Isolation of MSCs with Explants Method
In this procedure, UC is cut into smaller 2–4 

cm length pieces. The obtained small pieces of 
the cord are washed gently, and, then, at the 
external surface of each piece, with a horizontal 
section, the outer sheath of UC and its inner 
surface containing the WJ are extracted into 
dishes.15 

In the next step, vein and arteries are exposed 
and removed away from the inner matrix. Then, 
the inner matrix of WJ is divided into 3-5 mm 
pieces with a scalpel and washed again with a 
sterile dissection solution. For explant outgrowth, 
6-9 pieces are transferred onto the culture 
dishes and left undisturbed until the jelly is 
attached to the dishes. Then, a culture medium 
such as DMEM is added. The culture dishes are 
left undisturbed for 3-4 days and maintained at 
37 °C in a humidified atmosphere containing 
5% CO2. After the attachment of Wharton jelly, 
the medium of dishes is changed 2-3 days. 
Approximately, after 7-10 days, the cells with an 
MSCs phenotype can be isolated.14, 32 

Mori and others used a stainless steel mesh 
to prevent tissue explant pieces from floating; 
therefore, in this method, the cells can be 
isolated very easily with high proliferation rate 
in comparison with the conventional methods.33 

  
MSCs Isolation with a Mixed Enzymatic-Explant 
Method

In the mixed procedure, after blood removal, 
vessels and the outer sheath of UC, the matrix 
is allowed to come into direct contact with the 
enzymatic solution to extract WJ. Then, WJ is cut 
into smaller pieces. In the next step, WJ pieces 
are placed in a culture medium with an enzymatic 
cocktail such as Collagenase or Hyaluronidase, 
followed by trypsin-Ethylene diamine tetra acetic 
acid (EDTA) at 37 °C in a humidified environment 
containing 5% CO2 to loosen up the WJ without 
complete digestion. After the incubation period, 
the pieces are washed with PBS solution and 
transferred to a culture dish, where a similar 
procedure is repeated. In this method, the 
entire dish containing WJ pieces in either of the 
above-mentioned procedure is left undisturbed 
until MSCs migrate from WJ. By using mixed 
enzymatic-explant digestion, MSCs are isolated 
after 24-48 hours.16 

Beeravolu and others suggested that MSCs 
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isolated from cord-placenta junction (CPJ) 
have high proliferation potential and self-renew 
in vitro,29 They also showed that the partially-
digested perinatal tissue explants protocols 
are better because of less damage and higher 
amounts of homogeneous MSCs populations.29 

Robert Smith used a new closed system that 
decreased contaminant in mixed mechanical and 
enzymatic digestion. This protocol eliminates 
xenogenic supplement as well as the MSCs 
viability up to 90% after cryopreservation.28 

Comparison between Different MSCs 
Isolation Methods

Researchers have compared different MSCs 
isolation and proliferation methods. Studies 
have shown that cell isolation from the UC matrix 
using the 10-mm size tissue explant method 
causes shorter primary culture time, higher 
numbers of cells, and higher proliferation rates 
in comparison with the enzyme methods. In the 
explant method, much valuable time is wasted, 
but the price and biological contaminations are 
reduced and the number of isolated cells are 
high.33 

However, other characteristics such 
as immune phenotype and multilineage 
differentiation capacity did not differ 
significantly.34 In the explanted method, the 
MSCs are isolated by migration. Due to MSC 
migratory and plastic adhesive properties, 
the isolation took approximately 5 days. Other 
studies had developed an optimized enzymatic 
isolation protocol within 3 hrs. Results showed 
that the population doubling time of the UC–
MSC–Enzyme was estimated to be 2.76±0.60 
days.35 

The explant method has several advantages 
in comparison with the enzymatic isolation. 
These advantages include putting no proteolytic 

stress on cells, high yield isolation, and reduced 
cost and risk of biological contaminations.33 
Therefore, it has been shown that the explant 
method is very useful and effective amongst 
other methods (Table 1).

Hormones and Cytokines Induce MSC 
Differentiation into Mature Hepatocytes in 
Vitro

In order to induce MSC differentiation into 
mature hepatocytes in vitro, there are methods 
that provide adequate stimuli to maintain 
cellular function such as growth hormones, 
cytokines, extracellular matrix or co-culture 
with other cell types.36 Several cytokines have 
an effect on cell growth and cell differentiation 
in to hepatocytes in vitro including hepatocyte 
growth factor (HGF), basic fibroblast growth 
factor (bFGF), Oncostatin M (OSM), epidermal 
growth factor (EGF), transforming growth 
factor (TGF), insulin, insulin-like growth factor 
(IGF), leukemia inhibitory factor (LIF), etc. 
Furthermore, the roles of chemical compounds 
such as norepinephrine, dexamethasone (Dex), 
nicotinamide (NTA), retinoic acid, sodium 
butyrate, and dimethylsulfoxide in promoting 
hepatic differentiation have been explored. 
Growth factors such as FGF and HGF secreted 
from mesoderm in the embryonic period are 
added to differentiated hepatocyte phenotype. 
Hence, several protocols have been proposed 
to facilitate MSC differentiation into hepatocytes 
with different degrees of differentiation.36 
During embryonic development, endodermal 
specification leads to the production of HGF and 
FGFs.37 

HGF is produced by stromal cells that 
promote motility, proliferation, invasion, 
morphogenesis, and survival hepatocytes. It is 
a potent mitogen and pleiotropic cytokine with 

Table 1: Comparison between different MSCs isolation methods
MSCs isolation methods Advantage Disadvantage
Enzymatic procedure -Can use the total length of the cord and MSC 

isolation from the three recognized compartments 
or can use some parts of UC8, 13, 30

-Leads to an increase in stem cell yield without 
time-consuming producers8, 30

-Isolation protocol within 3 hrs.35

-Proteolytic stress on cells 
-Increased price and
-High risk of biological contaminations33

Explants procedure -High proliferation rate
-Higher numbers of homogeneous cell 
-The price and biological contaminations are 
reduced33

-no proteolytic stress on cells

-Explant pieces floating33

-The time need to isolate cells is loner35

Mixed enzymatic-explant 
digestion

-Shorter time need to isolate MSCs from tissue
-High amounts of homogeneous cell.29

-MSCs viability up to 90 % after cryopreservation.28

-There are proteolytic stress on cells but is 
less than an enzymatic method
-Price for enzymatic digestion also exists 
-High risk of biological contaminations33
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a mesenchymal origin and plays a pivotal role 
in organ formation during embryogenesis and 
tissue homeostasis as well as liver regeneration 
in adults.38, 39 Combining HGF and FGF initiates 
the related gene expression to different 
hepatocyte from MSCs. FGF cluster has a direct 
effect on cell growth, embryonic development, 
tissue restoration, and morphogenesis.36 A 
study showed that by pre-exposing cells to FGF4 
before treating with IGF-1 and HGF, liver-specific 
markers increased.40 Albumin was expressed 
more in the control cultures, but cytokeratin 18 
was expressed more in FGF4-treated cells.41 

Another cytokine that promotes liver cell 
growth is OSM. It is a member of the interleukin 
6 family cytokines. In spite of its failure to induce 
hepatocyte-like phenotype, OSM acts as a 
significant paracrine regulator in the hepatocyte 
development toward maturation.42 

Dex, a synthetic glucocorticoid, is a potent 
glucocorticoid receptor (GR) activator, which 
is a member of the nuclear hormone receptor 
superfamily. GR regulates genes controlling, 
metabolism, and immune response. It is binding 
to specific response elements and that leads 
to the expression of anti-inflammatory and 
immunosuppressant reactions manifested 
clearly through the repression of the NFκB and 
AP-1 pathways.43 Dex stimulates the hepatocyte 
to form a cuboidal phenotypic architecture in 
vitro while accommodating the expression of 
liver-enriched transcription factors such as C/
EBPα, HFN-4α, and RXRα.44 Furthermore, Dex 
suppresses the hepatocyte proliferative state 
otherwise stimulated by growth factors such 
as EGF.45 Dex exerts depends on the results 
of hepatocyte culture and differentiation, hence 
high doses of it lead to proliferation,46 but low 
concentrations of it induce hepatic lineage 
differentiation.47-49 

Hepatic Differentiation Methods

In regenerative medicine and liver tissue 
engineering, one of the most important issues 
is hepatic differentiation. As a result, different 
protocols have been examined that can be 
categorized into two groups of cocktail and 
sequential.50 Several sequential methods have 
been examined for hepatic differentiation. Some 
studies have reported hepatic differentiation 
protocols in four, three, and two steps.51-53 For 
example, the following method was explained 
by Yoon and others (2010). Mesenchymal stem 
cells were differentiated by a four-step protocol:

step1: DMEM low glucose (LG)+10 ng/ml 
FGF-4 for 2 days

step2: DMEM (LG)+1%ITS+20 ng/ml HGF for 

2 days
step3: DMEM (LG)+100nMDexamethasone

+1%ITS+100 nM Glucagon+10ng/ml OSM for 2 
days 

step4: DMEM (LG)+100 nM Dexamethasone 
+1%ITS+100 nM Glucagon+10 ng/ml+ 1%DMSO 
or100 nM TSA for 8 days. The medium was 
exchanged every two days.52 

The secreted molecules from human MSCs 
as well as growth factors in the medium affected 
hepatocyte-like cells differentiation.54 

A recent study showed that stem cells 
with certain microRNAs (miRNAs) could be 
differentiated into functional hepatocyte-like 
cells; however, such investigations should be 
approved in the future studies.55 Takagi and 
others have introduced and optimized five-
miRNA combinations to differentiate MSC-
derived hepatocyte-like cells during 7 days.56 
Table 2 and figure 1 include various parts, 
such as stem cells isolation protocols, various 
differentiation protocols (2-4 steps or cocktail), 
different culturing methods (2D, 3D), and results. 

Hepatocyte Differentiation in 3-Dimensional 
Culture

In recent years, several studies have been 
conducted on 3-dimensional (3-D) differentiation 
of mesenchymal stem cell, using biocompatible 
scaffolds such as alginate, collagen, gelatin, 
and peptide-Gly-Leu-amide (PGLA). Scaffold 
encapsulation system in vitro culture has been 
described in both the induction of adult stem cell 
differentiation and increased function of mature 
hepatocytes, that can enhance intercellular 
contacts, improve cell migration, and mimic an 
in vivo environment condition. 3-D cell culture 
condition improves the cell stability as well as 
influencing gene expression pattern.

Several studies have indicated that 3-D 
co-culture of hepatocytes with different cell types 
mimics the in vivo, which improves hepatocyte 
viability and function in vitro.69 The 3D scaffold 
system did not change the expression level of 
the cytoskeletal elements CK-18 and 19, but the 
expression of claudine as a tight junction marker 
increased significantly in 3D scaffold system.70 

Another study showed that the gelatin cryogel 
scaffold could improve hADMSCs differentiation 
capability into hepatocyte-like cells in 
comparison with 2D tissue culture polystyrene. 
In this scaffold cell number, morphology and 
viability increased. The gene expression of 
hepatocytes pacific genes (ALB, AFP, CK-18, 
and CK-19), urea production, and glycogen 
storage were reported to have improved.71 

In addition, liver expression markers and 
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Table 2: In vitro protocols of MSCs isolation and differentiation in- to-hepatocyte-like cells
Isolation of MSCs Induction growth factors Methods of hepatic 

differentiation
Culture (2D/3D) References

Enzymatic Animal model In vivo differentiation Animal model In vivo 
differentiation 

3D
In-vivo 

Chen et al. 
201612

Result: Transplanted hUCMSCs into hepatectomized rats differentiated into hepatocyte-like cells
Enzymatic EGF and bFGF, HGF, bFGF and 

nicotinamide, Dex, ITS premix and 
OSM

3 steps protocol 2D Lee, et al. 201213

Result: Potential for hepatogenic differentiation of placenta-derived stem cells (PDSCs) containing WJ
Explant HGF,FGF-4,OSM, Dex 2 2 steps protocol 2D Esmaeli 201415

Result: Shift in the fatty acid profile during the hepatocyte differentiation
Enzymatic EGF, bFGF (2 days)

 HGF, bFGF (10 days) nicotinamide, 
ITS (10 days)

Sequential 3 steps 2D Campard, et al. 
200831

Result: Human MSCs can be considered as a source with hepatogenic potential
Explant bFGF, EGF, Cocktail 3D Su et al. 201432

Result: Poly (3-hydroxybutyrate-co-3-hydroxyvalerate-co-3-hydroxyhexanoate) scaffolds loaded with UC-MSCs or 
differentiated UC-MSCs promoted the recovery of injured livers
Enzymatic DMEM/F-12 medium with  HGF, EGF, 

ITS, Dex, OSM
2 steps protocol 2D Zhou et al. 

201457

Result: Stimulation of host hepatocyte regeneration via hUCMSCs
Explant 40 ng/mL HGF

And 10 ng/mL FGF-4
Cocktail 2D Zhang et al. 

200958

Result: UC-MSC can differentiate into functional hepatocyte-like cells and have advantages over BM-MSC
Explant EGF and FGF4, HGF, FGF4, Dex, ITS 

and OSM
2 steps protocol 3D Chitrangi et al. 

201759

Result: gelatin-vinyl acetate scaffold enhanced differentiation of UC-MSCs to hepatocyte-like cells
Ex-vivo - Ex vivo - Gomez-

Aristizabl and 
Davies 201260

Result: Human UC perivascular Cells (hucpvcs) can act as stromal cells for rat hepatocytes,
Explant 10 ng/mL HGF, 10 ng/mL FGF4 Cocktail 2D Ewida, et al. 

201661

Result: hMSCs can differentiate in vitro into functional hLCs (hepatocyte-like stem cells) in a liver fibrosis rat model
Explant Liver homogenate supernatants (LHS) Cocktail 2D Xue, et al. 

201662

Result: Liver tissue microenvironment may contribute to the differentiation of hUCMSCs into hepatocytes both in vitro and in 
vivo
Enzymatic Dex, EGF, HGF, ITS and OSM 2-step (for 2 weeks) 2D Liang, et al. 

201263

Result: Extending hUCMSCs replicative lifespan without influencing hepatogenic differentiation potential via telomerization of 
hUCMSCs by human telomerase reverse transcriptase (HTERT)
Explant FGF-4 and HGF(14 days) HGF, ITS, 

oncostatin and Dex. (14 days)
Sequential 2 steps 3D Raut, and 

Khanna 201664

Result: improved expression of hepatocyte-specific miRNAs, miR-23b cluster (miR-27b-3p, miR-24-1-5p and miR-23b-3p), 
miR-30a-5p, miR-26a-5p, miR-148a-3p, miR-192-5p, miR-122-5p due to VPA pre-treatment
Explant ITS, HGF, OSM, Dex (15 days). Cocktail 2D An, et al. 201465

Result: The lineage conversion of hUCMSCs to hepatic cell fate by upregulating the expression of endodermal genes through 
AKT and ERK activation by valproic acid (VPA) 
Explant EGF, bFGF, HGF, bFGF nicotinamide, 

OSM, ITS
2 steps protocol 2D Zheng, et al. 

201566

Result: Oncostatin M (OSM) acts an important role in hepatogenic differentiation.
Explant HGF, infection with a lentivirus 

containing a miRNA inhibitor 
sequence

Cocktail 2D Cui, et al. 201367

Result: The capability of miRNAS to converting hMSCs to a hepatocyte phenotype in vitro
Explant IGF-I, HGF and Dex OSM up to 23 

days
2 steps 3D cell 

aggregate
Talaei-Khozani, 
et al. 201568

Result: Facilitating hepatocyte differentiation may be by the UCMSCs aggregate formation before administration of the 
differentiation protocols
HGF: hepatocyte growth factor; bFGF: basic fibroblast growth factor; OSM: Oncostatin M; Dex: dexamethasone; EGF: epidermal 
growth factor; ITS: insulin–transferrin–selenium; IGF: insulin-like growth factor; TGF: transforming growth factor; DMEM: 
Dulbecco’s Modified Eagle’s Medium
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HNF4α showed an improvement in 3-D culture 
in comparison with 2-D.72

Discussion

Stem cells represent a unique source of self-
renewing organism. Stem cell therapy has the 
potential to become an alternative therapy for 
liver transplantation. Several important factors, 
such as stem cell source, cytokine, hormone, 
differentiation protocols, and culture system, 
should be considered for hepatic differentiation 
of stem cells into hepatocyte-like cells. Hepatic 
differentiation is often linked to the selection 
of stem cell sources. Hence, UC-MSCs have 
been introduced as a suitable stem cell source. 
Several studies have shown that UC-MSCs with 
similar immune phenotype and multilineage 
differentiation have higher potential to expand 
in comparison with other sources such as 
BM-MSCs and ADMSCs.9, 10, 25, 26 

Selecting the best isolation method is critical 
since it saves time, reduces costs, and increases 
the cell expansion and proliferation. There are 
still ongoing studies on these methods. Most 
of these studies have reported that the explant 
method could be considered as a suitable 
alternative. A recent review showed that using 
explant method could lead to shorter primary 
culture time, higher numbers of cells, and higher 
proliferation rates in comparison with enzyme 
methods. Additionally, the price and biological 

contaminations were reduced as well.33 
In this review, various differentiation 

protocols of stem cells into hepatocyte-like cells 
are summarized in table 2. 

One of the most important factors in hepatic 
differentiation is to determine an appropriate 
induction method. Several hormones and 
cytokines including HGF, FGF, OSM, EGF, TGF, 
IGF, LIF, and … have known to be involved in 
the regeneration of liver after hepatic injury 
and during organogenesis. Combining these 
cytokines initiates the related genes expression, 
to differentiate MSCs into hepatocyte form. 
During organogenesis, liver development is a 
sequential array of distinct biological events. 
Therefore, several studies have been conducted 
on the use of cell cytokines, such as HGF, FGF, 
and oncostatin M, in a sequential manner in 3 or 
4 stages. 

The culture system method (2D and 3D) 
is very important. It has been shown that 
2D culture of stem cell in the first stage of 
differentiation is critical, and, in the second 
stage, 3D culture system can enhance stem cell 
differentiation into hepatocyte. The 3D culture 
system can mimic in vivo condition. Moreover, 
the differentiated hepatocyte has the best quality 
and function. Several studies investigated 
hepatic differentiation with cytokines in 2D 
and 3D culture, and the results revealed more 
advantages for 3D culture conditions than 2D 
culture conditions.69, 70 

Figure 1: The figure depicts the in vitro protocols of MSCs differentiation into hepatocyte-like cells
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Conclusion 

In this review, we conclude that WJ-MSC 
can be considered as a suitable source for 
differentiation into hepatocyte-like cells since it 
has no ethical concern but high proliferation and 
low immunogenicity. WJ-MSC isolation from the 
umbilical cord is very efficient through explant 
culture method in comparison with enzymatic 
methods. In the early stage of differentiation, 2D 
culture is more useful, but in the development 
stage, 3D culture system with HGF and FGF 
cytokines can be more effective in the differentiation 
process. In this review, we attempted to highlight 
all factors in hepatocyte differentiation, but the 
best and most effective protocol for hepatocyte 
differentiation is still unknown. 
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