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Abstract

Background: The comprehensive mechanism of MSCs (mesenchymal stem cells) differentiation into hepatocytes
is still not clear. Yet it is certain that the growth and differentiation of MSCs are regulated by the interaction of specific
extracellular mediators. Meanwhile, various kinds of cytokines and chemical compounds have shown certain effects
on hepatocyte differentiation of mesenchymal stem cells, certain mechanism of cytokines and combination of protocol
of cytokines has been well explored, while others are remain unclear.

Data Sources: A [pub med /Medline] search was performed on the topic of “mesenchymal stem cells”,
“hepatocytes”, “cytokines” and “chemical’. The relevant articles published in the past fifteen years were reviewed.

Conclusions: Most adult tissues and organs are derived from the process of mesenchymal to epithelial transition
(MET) and its reverse process EMT. Wnt pathways play an important role in switching on the EMT regulatory program.
Someof the important cytokines and chemical compounds such as FGFs, BMP and norepinephrine are involved in
this pathway. The major cytokines like HGF, EGF and Dexamethas are involved in DNA modification. The formulation
of the “optimal” cytokine / growth factor combinations is still at an immature stage of development depending upon

sources and types of MSCs.
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Introduction of MSCs Differentiation into Hepatocyte-
Like Cells

The comprehensive mechanism of MSCs (mesenchymal stem cells)
differentiation into hepatocytes is still not clear. Yet it is certain that the
growth and differentiation of MSCs are regulated by the interaction of
specific extracellular mediators [1]. Most adult tissues and organs are
derived from the process of mesenchymal to epithelial transition [MET]
and reverse process epithelial to mesenchymal transition EMT (Figure
1) [2]. Epithelial cells are closely connected with their neighbors and
apicobasal axis of polarity by order of adherens junctions, desmosomes,
while Mesenchymal stromal cells connected with a loose organization
of a three-dimensional extracellular matrix. The processes of MET and
EMT are essential for embryonic development.

Wnhnt signaling is one of the most important parts in the process
of the MET (Figure 2) [2]. Studies have shown that Wnts signaling
pathways and their downstream singling play a significant role in the
self-renewal and differentiation of MSCs [3]. Wnt signal is thought to
be involved in many animal embryonic development and proliferation
of hematopoietic cells, In the process of differentiation of MSCs into
hepatocytes, blocking [4] the Wnt signaling pathway can promote
the differentiation of MSCs into hepatocytes. In Wnt Norepinephrine
excited PCK is [5], which then stimulates G protein, reduce the
transient outward K+ current and block the pathway. The activity
of Wats is also influenced by external factors, especially the heparan
sulfate proteoglycans. Heparan sulfate chain contains Wnts, BMP,
FGF, which are the key factors to control cell growth and development.

DNA modification also contributes to differentiation of MSCs.
DNA methyltransferase has been shown to help in differentiation of
MSCs, chromatin reorganization is a promising method for induction
of MSCs specific differentiation. In this process Oncostatin M (OSM)
had been demonstrated that it through gp130, an OSM receptor subunit,
to accelerate maturation of the liver development [6]. Experiments

also showed that livers from mice deficient for gp130 displayed defects
in maturation of hepatocytes [7]. In vivo OSM carry on a paracrine
mechanism of hepatogenesis; blood cells, transiently expanding in the
fetal liver. Meanwhile several other mechanisms in DNA modification
are shown to be related with the effect of HGF, ras-ERK1/2 MAPK
and PI3K/Akt was detected to be associated with HGF mitogenic and
morphogenic effects, p** MAPK seemed to be linked with the arrest of
cell proliferation by blocking cells in the GO-G1 phase [8] (Table 1).

Cytokines and Chemical compounds

In vitro, under the circumstance of being induced by cytokines
such as hepatocyte growth factor (HGF), epidermal cell growth factor
(EGF), fibroblast growth factor (FGF), OSM, transforming growth
factor (TGF), insulin-like growth factor (IGF), bFGF, leukemia
inhibitory factory (LIF) and bone morphogenetic protein (BMP), MSCs
could be differentiated into hepatocyte like cells [8-16]. Since various
kinds of cytokines and chemical compounds have shown certain effects
on differentiation of mesenchymal stem cells, certain mechanisms of
cytokines and combinations of protocols of cytokines have been well
explored, while others are remain unclear.

Hepatocyte growth factor (HGF) serves as a starting signal of
liver regeneration [6], HGF involved with the endoderm development
in the process of embryonic development. It is a potent mitogen for
hepatocyte cloning, and has been considered as a pleiotropic cytokine
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proteasome function.

Figure 1: [2] Factors that promotes EMT biological process. Some of these transcription factors are regulated by their sub cellular localization and transcription after

mesenchymal stem cells (PMCs).

-
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R

Figure 2: [2] Wnt8 singnaling leads the human embryonic stem cell inhibition, switching on the EMT regulatory program, inducing the ingression of the primary

for the mesenchymal origin. C-Met is receptor of regulating growth
of liver, it is a transmembrane protein, with an intracellular tyrosine
kinase domain, and it has stimulating effect in the processes of mitosis
and remodeling. When short term exposure to HGF, MSCs can induce
its cognate receptor activation of ERK1 / 2, p*, MAPK and PI3K/Akt,
while long-term exposure to HGF, MSCs will lead to the cytoskeleton,
cell migration, and significantly inhibited in GI1-S restriction point
multiplication [8], which suggest that HGF may play a different role
according to cell’s proliferation cycle.

Epidermal cell growth factor (EGF) stimulates ion flow, accelerate
glucose transport, glycolysis and increases DNA, RNA and protein
synthesis , especially for liver epithelial cells, EGF is a mitogenic factor
and combines with membrane receptor EGFR, promoting liver stem
cells proliferation [17]. EGF fos family’s mRNA showed that the
combination between EGF and its receptor EGFR is mainly focused
upon PI3K and ERK1/2 signal pathway [10].

Basic fibroblast growth factor (bFGF) belongs to the polypeptide cell
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Cytokines/ Chemical Possiblemechanism Reference
Compounds
. . Wnt signaling pathway: Protein kinase C (PKC)
Norepinephrine activated, stimulates a G reduce the transient outward K+current 3
Wnt extra cellular factors: heparan sulfate proteoglycans. The polysaccharide chains of heparan sulfate bind to FGFs,
FGFs,BMP [3]
Wnts and BMPs
1. Ras-ERK1/2 MAPK: mitogenic and morphogenic
Hepatocyte growth factor (HGF) 2. PI3K/Akt: mitogenic and antiapoptotic [8]
3. p®MAPK: blocking cells in the GO-G1 phase
. g Gadd45b promoter activated by TGF-3
Transforming growthfactor-8 - 1 theaction of Smad2, Smad3, and Smadd o]
OSM gp130 induces gene-expression, followed byparacrine secretion [7]
Epidermal growthfactor (EGF) ) . 4 14 ERK1/2 phosphorylation [10]
Dexamethasone
Granulocyte macrophage colony
stimulating factor Induction of suppressor leukocytes: iINOS, T cell CD3-5 [11]
(GM-CSF)
Stromal Ligand for the chemokine receptor CXCR4. [12]
derived CXCR4-mediated signaling regulates cell
factor-1a (SDF-1a) migration and apoptosis
Retinoic acid Acting thrqugh RARYy up-regulation of hepatic CB1R mediates the autoinduction of CB1R expression by endo [13]
cannabinoids
1. Promotes protein acetylation at targets : H3K9
Sodium butyrate 2. Accelerates promoter DNA demethylation, expression of pluripotency-associated genes: POU5F1/OCT4 and [14]
DPPA2
Dimethyl sulfoxide Decreases membrane thickening, inducingapoptosis and differentiation [15]
Table 1: Possible Mechanism of cytokines/ chemical compounds.
Source/species Differentiation protocol Hepatocyte specific markers/functions Reference
r-MSC FGF-4+HGF+ITS+Dexa AFP, HNF3, HNF1,CK18,ALB [35]
r-MSC MSC+HGF+CNP AFP, CK18,CK19 [36]
r-MSC HGF+EGF+ Dexa CK19, AFP, DPP IVINOS [32]
h-MSC MACS sortedCD105+ ATMSCs/ HGF+FGF 1+ ALB, AFP, TTR, HNF-4,TDO2, CK18, TTR, ammonia (34]
FGF4 /OSM+Dexa detoxification, PAS staining, LDL-uptake
h-MSC HGF+bFGF+ nicotinamide+OSM+Dexa CK-18, CK-19, ALB,TTR, CYP2E1, EBPB [16]
h-MSC EGF+FGF2 / HGF+FGF2+nicotinamide / OSM+ Dexa - rALB. CK18, TAT, TDO2, G6P, HNF-4, urea synthesis, - CYP [37]
activity. LDL-uptake, PASstaining
h-MSC HGF+OSM+Dexa+ nicotinamide AFP,_CK18,ALB, _TI_:)O2,TAT,AAT, HNF-4, urea synthesis, PAS 38]
staining, CYP activity
h-MSC OSM+TSA+DMSO CK18, a-FP,a-SMA [39]

Table 2: Differentiation protocol of MSCs towards Hepatocyte-Like Cells.

growth factors and is a broad-spectrum mitogen, it play an important
role in embryonic development and cell proliferation, especially for
those who derive from mesoderm and ectoderm [18], When bFGF was
intravenous injected into rats, their osteogenic precursor cells were
significantly increased and new bone formation improved [19].

Fibroblast growth factor-4 (FGF-4) can induce the cells to
differentiate into hepatocytes and then express their related genes [20].
It shows that FGF-4 effect upon cell initial stage and endoderm parts
[21].

Interleukin 6 (IL-6) not only serves as important molecule start
liver regeneration [22], but also activates cell signal transduction
system [23,24] when mice whose IL-6 gene were knockout were found
out that the regeneration ability of its liver were reduced, meanwhile
the injection of IL-6 can restore DNA replication and STAT3’s activity
[25].

Oncostatin M (OSM) is a subfamily member of IL-6, it restrain
the activity of A375 melanoma cells, OSM is capable of stimulating
maturation of hepatic parenchymal cells and of terminating embryonic
liver function [26]. Leukemia inhibitory factor (LIF) is another member
of IL-6, which involve in the acquisition of hepatocyte features in BM-
MSC:s like protein and gene expression of hepatic markers [27]. Bone
morphogenetic protein (BMP) involved in cell’s regulation of growth,

reproduction, differentiation, and apoptosis [28,29]. The BMP-2, 7play
a key role in inducing MSCs expressing the transcription factors Runx-
2 and Osterix, The process is irreversible, yet no evidence had been
showed that BMPs have biological effects on mature cells.

Another important chemical compound is dexamethasone (Dexa),
which induces the expression of nuclear factor of 4 and CCAAT /
enhancer -binding protein alpha [30], these two factors belong to
hepatocyte nuclear factors and are the crucial transcription factors for
hepatocyte differentiation. Dexa inhibits the expression of hepatocyte
growth inhibitory molecules such as CXC chemokine receptor,
amphiregulin, cyclooxygenase 2, and hypoxia inducible factor.
Nor epinephrine (NE) is another important chemical compound,
experiment show that NE at 10 - 10" mol / L and cultured 8h could
promote BMSCs cell growth, the proliferation rate increased 5%, 37%
and 10%, its mechanism involve protein kinase C (PKC) [5] was excited
and then translocated from cytosolic to membrane, there are two types
of isomers of PCK, PCK8 and PCK)\, their distribution are various
according to different animals, even in a single cell their amount,
activation and function are different depend upon cell’s physiological
stages. It is still unknown who type of PCK are increasingly important.

Formulation of optimal combinations

Of all of these cytokines and growth factors, HGF, EGF, TGF and
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aFGF are the most cytokines used for researching [31-33] for any
certain cytokines or growth factor, it is important to note differences in
the different stage of MSCs development and different species/source
of MSCs [34], The optimal cytokine stimulation, dosage, time and
combination for the differentiation of MSCs should be well organized
according to the stem cell sources and types (such as ES cells, bone
marrow mesenchymal stem cells or hepatic stem cells). While the
formulation of the “optimal” cytokine / growth factor combinations is
still at an immature stage of development (Table 2).

While [40] using the combined exposure to FGF + HGF + ITS +
DEX to transform multipotent adult progenitor cells (MAPCs) into
hepatocytes, yet the result are less ideal. Several researchers added a
mixture of FGF + HGF [41-43]or of FGF + HGF + OSM [38] according
to distinctive hepatocyte markers such as albumin and urea secretion,
glycogen storage, and low-density lipoprotein, while others put
emphasis on hepatic function conversion by adding inducing factors
[44], the synergistical effects of DEX, ITS, and nicotinamide are
mainly focus upon driving the singling pathways [45], Itseems that the
optimized differentiation is gained from the same hepatogenic factors
[34].

Another consideration is the approach of adding factors, More
than 85% of sequentially cultured cells phenotype express highly
differentiated hepatocytes, including induction of cytochrome P450
(CYP) - dependent activity, When compare the approach of sequential
exposure and cocktail exposure to liver-specific factors, the latter
result shows more obvious and homogeneous BMSC differentiation
into functional hepatocyte like cells can be gained through sequential
differentiation process [35]. Also the dosage of and growth factors
and cytokines should be fine-tuned in vitro, usually 0-60ng/mL for
EGF and FGF, 0-30ng/mL for HGF and OSM, according to type of
combination[46].

Conclusion

Over the last decade, various studies have suggested that the effects
cytokines and chemical compounds are the major contributor for the
differentiation of mesenchymal stem cells towards to hepatocyte like
cells; current research suggests that most adult tissues and organs are
derived from the process of mesenchymal to epithelial transition MET
and its reversible process EMT. In which the Wnt pathways play an
important role in switching on the EMT regulatory program. Some of
the important cytokines and chemical compounds such as FGFs, BMP
and norepinephrin are involve in this pathway. The major cytokines
like HGF, EGF and Dexamethas are involved in DNA modification.
The HGF, EGF, TGF and aFGF used for combination, while the
formulation of the “optimal” cytokine / growth factor combinations
is still at an immature stage of development depend upon sources and
types of MSCs.
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