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ABSTRACT

Globally regenerative medicine is considered as one of the rapidly growing biomedical industry have 

objective to substitute damaged cells. Cell transplantation is less intrusive than whole-organ transplantation, 

and has been used to provide an alternative for patients to whole-organ transplantation. The End-stage liver 

disease comprises a subgroup of patients with cirrhosis who have signs of decompensation that is irreversible 

with medical treatment. The only restorative therapy for severe end-stage liver disease is orthotropic liver 

transplantation. However, liver transplantation has several limitations such as scarcity of organ donors, 

immunosuppressive drugs, and several postoperative complications. Thus, cell transplantation can be used 

for the treatment of end stage liver disorders to decrease the mortality in acute liver failure. Therefore, stem 

cells can be used for cellular therapy, development of liver disease models, and tissue-engineering 

applications. This review involved the studies conducted on the stem cells potential of hepatic 

differentiation, isolated from different sources. The PubMed and Google Scholar were searched for scientific 
studies reported the sources of stem cells based on their origin and their potential of hepatic differentiation 

in-vitro by using different tools of differentiation. All the research articles were selected in which solely 

hepatic differentiation in combination with different tools is reported.
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INTRODUCTION

The aim of regenerative medicine is not only to 

replace what is impaired, but also to provide the 

fundamentals required for in vivo repair, to create 

alternates that seamlessly interact with the living 

body, and to stimulate the body’s inherent abilities for 

regeneration. Furthermore, it utilizes the combined 

knowledge of biomaterials, tissue engineering and 

contemporary cell therapy approaches that moves it 

beyond conventional transplantation and replace
1
. 

Nowadays there are various clinics around the world, 

working on stem cell-based interventions to treat 

severe chronic disease or terminal illness
2
.

Liver disease comprises for 3.5% of all deaths globally 

almost two million deaths annually, half is due to compli-

cations of cirrhosis and another half is due to hepatitis 

and liver cancers
3
. In end stage liver disease, orthotropic 

liver transplantation was thought to be the final 
treatment option. About 5000 patients undergo liver 

transplantation annually around the world
4
. Despite 

outstanding progress in lifespan, liver transplant is consid-

ered as a complicated surgical procedure with notewor-

thy morbidity and mortality
5
.

In order to overcome these hurdles, regenerative 

medicine emerges as aspiration for the treatment of 

degenerative disorders. In regenerative medicine 

and pharmacology researches, functional hepato-

cytes attain a therapeutic value and are an attrac-

tive substitute of orthotropic liver transplantation 

(OLT)
6
. Different types of cells have been exploited 

to produce donor free and expandable source of 

hepatocytes like cells
7
. Several groups documented 

the generation of hepatocytes like cells (HLCs) from 
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different types of cells by using stepwise protocols 

and combination of growth factors
8
.

DISCUSSION

This review explored the studies conducted on the 

recent sources of stem cells and their potential of 

hepatic differentiation by using different tools of 

differentiation. The searched for scientific studies 
reported (Figure 1) on the in vitro hepatic differentia-

tion of cells and tools to generate HLCs.

Adult Stem Cells

The chief source of stem cells in tissue regeneration is 

Adult stem cells. They are multipotent and obtained 

easily from diverse sources such as liver, bone marrow, 

adipose tissue, dental pulp, periodontal ligament, 

synovial membrane, hair follicle, that can undergone 

in vitro differentiation
10,11

. Kern et al. and Wagner et al. 

showed that Adipose tissue derived MSCs had alike 

features to bone marrow mesenchymal stem cells 

(BMMSCs)
12,13

; these cells harvested from cosmetic 

liposuctions and were grown easily under traditional 

tissue culture settings. Both stem cells were likely to 

differentiate into hepatocytes
14,15

. Besides this, mesen-

chymal stem cells are characterized as having immu-

nomodulatory effects by reducing the response of 

immunocompetent cells. Major limitations of these 

cells are having a carcinomatous potential and 

fibrotic effect thus they cannot be utilized for clinical 
purposes

16-18
. 

In Vitro Hepatic Differentiation of Adult Stem Cells 

Adult somatic tissues are the source of adult stem 

cells. Liver stem/progenitor cells reside in liver remain 

scanty in number, having specific markers and able to 
differentiate in vitro both in hepatocyte and biliary 

duct thus contribute in liver regeneration
10,11

. In 2006, 

Frédéric P Lemaigre concluded that Activin/TGFβ 
signaling pathway was responsible for liver progenitors 

(hepatoblasts) fate to differentiate into hepatocytes 

or biliary cells
19

. Mesenchymal stem cells differentiated 

into hepatocytes are a source for liver regeneration or 

tissue engineering
20

. Adult bone marrow mesenchy-

Figure 1: Different cell types and differentiation tools used for hepatic differentiation7,8.
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mal stem cells (BMMSCs) transformed into cells with 

similar structural and functional features of hepato-

cytes
21

. In a study BMMSCs were differentiated into 

hepatic like cells when cultured with the mixture of 

growth factors and small molecules as hepatocyte 

growth factor (HGF), insulin transferrin-selenium, 

nicotinamide, Wnt/β- catenin inhibitor (Hexachloro-
phene). Another study showed that dexamethasone 

also ameliorates the hepatic differentiation
22,23

. Similar-

ly, using fibroblast growth factor (FGF-4) and hepato-
cyte growth factor (HGF) BMMSCs were differentiated 

into hepatocytes
24

. Spindle shaped adipose tissue 

derived MSCs (ATMSCs) can transform into polygonal 

hepatic like cells which showed hepatic markers, 

including albumin (ALB) was enhanced by the 

addition of trichostatin A (TSA)
14

. The hepatic differenti-

ation of ATMSCs involved two-step protocol with 

sequential addition of growth factors
25

. Adult multipo-

tent adipose-derived stem cells (M-ADSCs) 

transformed into hepatocyte like cells by using 

four-step nonviral protocol, also expressed hepatic 

markers
26

. Dental pulp derived MSCs (MSC-DP) 

altered their morphology into hepatic like cells as well 

as produced albumin and IGF-1 when cultured in the 

presence of HGF, dexamethasone, oncostatin and 

incubated with hydrogen sulphide
27

. In case of 

transplantation of MSCs, it appears to repair injured 

liver and excel its function
17

.

Embryonic Stem Cells (ESCs)

The embryoblast is the rich source of embryonic 

stem cells and acquire the capability to develop 

into structures of three germ layers. However, 

application of ESCs has ethical limitation as they are 

obtained from the inner cell (embryoblast) of blasto-

cyst stage of the embryo and can lead to death of 

the fetus
16, 28

.

In Vitro Hepatic Differentiation of Embryonic Stem 

Cells 

 In vitro Hepatic differentiation from ESCs various tools 

of differentiation have been used on the basis signal 

pathways and hepatogenic growth factors. Such as 

Activin A, HGF, FGF, epidermal growth factor (EGF), 

bone morphogenetic protein (BMP), vascular 

endothelial growth factor (VEGF), oncostatin M (OSM) 

and touboul’s maturation media although the cost of 

recombinant growth factors were high but hepato-

cytes generated successfully. Besides growth factors 

hepatic like cells were produced by using small 

molecule the cost-effective method, CHIR a GSK3 

inhibitor, DMSO, dexamethasone, HGF receptor 

agonist N-hexanoic-Tyr, Ile-(6) aminohexanoic amide 

(dihexa) 
29-32

. In a research, it was shown that mouse 

ESCs differentiated from immature to matured 

hepatocytes via sequential addition of valproic acid 

and cytokines
33

. Cai et al. successfully established a 

three-stage method of hepatic differentiation in 

serum free media on human ESCs lines by the 

utilization of Activin A, fibroblast growth factor-4 and 
BMP-2

34
. 

Induced Pluripotent Stem Cells (iPSCs)

Induced pluripotent stem cells have identical charac-

teristics to ESCs, in addition to pluripotency. They can 

be generated in vitro from any cell of the body 

except the gametes. These cells have been widely 

used since the time of their first induction by Yamana-
ka in 2006, as an alternative to ESCs because of less 

ethical concerns. However, the propagation of iPSCs 

is hindered in skills of reprogramming the cells, which 

require external source of retrovirus transfection, 

plasmid and direct protein introducing mostly viral 

vector
16,35

.

 In Vitro Hepatic Differentiation of Induced Pluripo-

tent Stem Cells

After their emergence, iPSCs had been used by many 

authors reported hepatic like cells (HLCs) generation. 

Growth factors as Activin A, FGF-4, HGF, BMP-2, and 

OSM were used to differentiate mouse iPSCs into 

HLCs, which can perform main liver functions e.g. 

albumin secretion, glycogen storage, cytochrome 

P450 activity and indocyanine green uptake and 

release
36

. Transformation of iPSCs into hepatocytes 

become successful by utilization of growth factors 

during in vitro differentiation but the problem of 

increase cost of growth factors and cytokines would 

reduce their usage to great extent. Small molecule 

method, provides the affordable and efficient 
platform of in vitro hepatic differentiation having 

great potential in future clinical application
6,36,37

. Yuki 

Kondo et al. explained the effects of histone deacetyl-

ase inhibitor, valproic acid on hepatic transformation 

of iPSCs
38

. In another study small molecule, Glycogen 

synthase kinase (GSK) inhibitor such as CHIR99021 

utilized in the formation of definitive endoderm (DE) 
instead of growth factor, this is a cost-effective step 

toward hepatic differentiation. Further DMSO and 

Dexamethasone (Figure 2) were used for hepatic fate 

and maturation
39

. Schematic diagram is representing 

the stepwise differentiation of hepatocytes.
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Figure 2: The phases of differentiation of hepatocytes39, 40.

In Vitro Hepatic Differentiation of Adult, Embryonic, Induced Pluripotent and Perinatal Stem-Cells

Perinatal Stem Cells

Medical wastes after birth such as umbilical cord, 

placental membrane and amniotic fluid contain 
plenty of perinatal stem cells, which can be effortless-

ly, harvested, with low immunogenicity and have no 

ethical issue. Due to these characteristics after 

differentiation, they can be transplanted in effective 

manner. Perinatal stem cells can be divided into 

characterized and less characterized stem cells. 

Among them hematological stem (cord blood MSCs) 

cells first isolated in 1974, used in many hematological 
diseases are best characterized while the less charac-

terized stem cells retrieve from the placenta, amniotic 

fluid and from the tissue surrounding the umbilical 
cord vessels—i.e. Wharton’s jelly. Placental derived 

mesenchymal stem cells (PDMSCs) and Umbilical 
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cord mesenchymal stem cells (UCMSCs) are 

enormously populated in fetal membranes and umbili-

cal cord respectively. They can be isolated without 

invasive procedure, proliferate rapidly due to short 

doubling time also have trilineage differentiation 

potential
9,40,41

. Human amniotic epithelial cells (hAECs) 

are retrieved through noninvasive technique from 

amniotic membranes of placenta. They are ethically 

indisputable, anti-fibrotic and immunologically naïve. 
To keep the transplantation process secure hAECs 

avoid rejection as they are deficient in telomerase as 
well as HLA class I and II antigen and do not form 

teratoma as they express the tumor rejection antigen. 

(1-60)
42-44

. 

In Vitro Hepatic Differentiation of Perinatal Stem 

Cells

Placental derived mesenchymal stem cells (PDMSCs) 

have higher in vitro hepatic differentiation potential 

than BMMSCs and ATMSCs. Differentiated (HLCs) 

acquire hepatic phenotype as well as store glycogen, 

uptake lipoproteins and inclusion of rifampicin 

enhanced the expression of CYP3A4 
45,46

. UCMSCs 

avail same culture conditions as BMMSCs to differenti-

ate into HLCs by addition of HGF and FGF-4 but umbili-

cal cord mesenchymal stem cells did not develop 

into mature hepatocytes, as they did not express 

HepPar1 or hepatocyte nuclear factor 4
47

. In another 

study both UCMSCs and BMMSCs were induced in 

hepatic differentiation media for four weeks and 

examined for specific hepatic markers i.e. albumin 
and CYP3A4, UCMSCs shows increased levels of 

hepatic markers than BMMSCs
48

. In addition, 

Wharton’s jelly MSCs (WJ-MSCs) derived from umbili-

cal cord extracellular matrix can be differentiated into 

HLCs within 18 days by using hepatocyte growth 

factor and combination of small molecules such as 

nicotinamide, insulin transferrin selenium (ITS) and 

dexamethasone which is the simple, highly efficient 
and time consuming process

49,50
. In a study, small 

molecule encouraged hepatic transformation of 

UCMSCs as valproic acid, induced AKT and ERK signal 

activation and transform UCMSCs into HLCs both 

morphologically and functionally
51

. According to 

latest study, amniotic fluid mesenchymal stem cells 
(AF-MSCs) are as genetically stable as BMMSCs, a 

preclinical trial was done and undifferentiated human 

AF-MSCs transplanted into immunocompetent mice, 

which lessen hepatic apoptosis, and reduced inflam-
mation and fibrosis of liver52

. Human amniotic epitheli-

al cells (hAECs) retrieve from human amnion differenti-

ated into hepatic like cells and expressed hepatic 

markers, such as albumin, alpha-fetoprotein, andal-

pha1-antitrypsin
44,53

. In a study hAECs were differentiat-

ed into other liver cell types, such as hepatic sinusoidal 

endothelial cells (HSECs) 
54

. Hepatic differentiation of 

hAECs utilized the mixture of growth factors as FGF 

and HGF and cytokines as Activin-A. Differentiated 

hAECs expressed markers at levels comparable to 

those of fetal hepatocytes
43

. Human AECs differentiat-

ed into hepatocytes and transplanted in acute liver 

failure mice, which increased the existence rate of 

mice and repaired the hepatic damage
55

.

CONCLUSION

Liver transplantation has several limitations; thus, 

researchers discovered a substitute treatment in the 

form of “stem cells” which have regenerative and 

differentiation ability. By investigating stem cells 

behavior in proliferation, survival, differentiation, and 

regenerative potential, it would be able to assess their 

reliable healing potential in different degenerative 

disorders and bring its application closer to reality. 

Thus, there is a dire need of a cell type i.e., perinatal 

stem cells with non-tumorigenic potential, anti-inflam-
matory and immunomodulatory properties for hepato-

cytes regeneration. However, the future direction for 

scientific work is ameliorate the practice of liver  regen-
eration, hepatic like cells that can be culture and 

multiply repeatedly both in vitro and in  vivo that will 

be able to be used in cell transplantation to achieve 

the needs of compromised  livers for regeneration 

and for complete replacement of liver transplanta-

tion. 
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