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a b s t r a c t

Human embryonic stem cells (hESs) and adipose-derived stem cells (hADSCs) are able to differentiate 
into hepatocytes. However, a role of Wnt signaling in hepatic differentiation of stem cells is unclear. This 
study characterized the transcriptional expression pattern of Wnt signaling genes during the sequential 
hepatocytes differentiation of hES and hADSC. The sequential hepatocytes differentiation of hES and 
hADSC was induced by three steps including induction, differentiation and maturation steps with the 
treatment of cytokines. Hepa tocytes differentiation was more efficient in hES than hADSC in terms of
the expression of hepatocyte-specific genes and the cellular uptake of ICG. The expression of WNT2B,
WNT5A, and WISP1 increased at late hepatic differentiation of hES, but the expression of DKK1 and 
CCND1 decreased during early hepatic differentiation of hES. During hepatic differentiation of hADSC,
the expression of WNT2B and WISP1 decreased, but the expression of WNT5B and DKK1 increased at late 
hepatic differentiation. These results showed that Wnt signaling appears to be activated in hepatic differ- 
entiation of hES, but repressed in hepatic differentiation of hADSC in a time-dependent manner, which 
suggests the differential regulation of Wnt signaling for hepatic differentiation of hES and hADSC.

� 2013 Elsevier Inc. All rights reserved.

1. Introduction 

Stem cells are unspecialized cells that renew themselves for 
long periods and differentiated into the specific functiona l cells.
The unique properties of stem cells have generated great interest 
for therapeutic use. Stem cells could be classified into embryonic 
stem cells (ESs) and adult stem cells (ASCs) based on their origin.
Human embryonic stem cells (hESs) were isolated from the blasto- 
cysts of preimplanta tion embryos [1], and have a potential to de- 
velop into a living organism. hES retain the developmental 
potency and are able to different iate into all of three germ layers 
in vitro and in vivo [1,2]. ASC are found among differentiate d cells 
in a tissue and play a role in replacement for the lost or injured 
cells. Human adipose-deri ved stem cells (hADSCs) are ASC within 
the adipose stromal compartme nt similar to bone marrow-der ived 
mesenchym al stem cells (MSCs) [3,4].

For clinical application of stem cells for hepatocyte transplanta- 
tion, stem cells should be differentiated into homogeneous func- 
tional hepatocytes. Many studies have reported the 
different iation of human hepatocyte-l ike cells from hES [5–8] or
hADSC [9–12]. The in vitro approaches for hepatocyte differentia- 
tion from hES or hADSC involve the treatment of the cells with spe- 
cific cytokines critical for liver developmen t [5,11], the 
introduct ion of genes inducing hepatocyte differentiation [13], or
the modification of culture environment by co-culturing with other 
cell types [14]. However, although various approach es to generate 
homogen eous functiona l hepatocytes have been developed, the 
efficiency of transplanta ble hepatic differentiation from hES or
hADSC is still not sufficient. Moreove r, the mechanism s underlying 
in vitro hepatic differentiation of hES and/or hADSC remain unclear.

Wnt signaling is involved in self-renewa l and differentiation of
stem cells, and stimulates intracellular signal transduction cas- 
cades [15,16]. Wnt signaling involved the canonical pathway for 
regulatin g cell fate determination and/or the non-canonical path- 
way for regulatin g planar polarity, cell adhesion and motility 
[17]. Canonical Wnt signals such as WNT2B, WNT3A and WNT7B 
induces the assembly of Frizzled receptors and LRP5-6 co-receptor 
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that inhibits the degradation of b-catenin by the glycogen synthase 
kinase-3b (GSK-3b). The accumulation of the stabilized b-catenin
results in its nuclear translocation, where b-catenin binds with 
the T cell factor/lymphoid enhancer factor (TCF/LEF) family and 
activates the target genes such as MYC, CCND1, AXIN20, WISP1 
and DKK1 [18]. Non-canonical Wnt signals such as WNT5A,
WNT5B and WNT11a re transduced through Frizzled receptors 
and ROR2/RYK co-receptor s to the Rho family GTPases or the cal- 
cium ion-dependent cascades [19].

It has been known that Wnt signaling is involved in animal 
embryonic development, including the regulation of prolifera tion 
and cell fate determination of stem cells [20]. In addition, Wnt sig- 
naling regulates the neuronal differentiation of embryonic stem 
cells [21], the adipocytogenes is of bone marrow stem cells [22],
and the osteoblas togenesis of mesenchymal stem cells [23]. An- 
other evidences also showed that Wnt/ b-catenin signaling plays a
role in liver growth and developmen t [24].

Wnt signaling appears to regulate the proliferation and fate 
determination of stem cells in a stage-specific and cellular con- 
text-dependen t manner [25]. Therefore, the aim of this study was 
to characteri ze the transcriptio nal expression of Wnt signaling 
genes during the sequential hepatic differentiation process of hES 
and hADSC. The results showed that the transcriptio nal expression 
of Wnt signaling genes is associated with hepatocyte differentia- 
tion of stem cells in a time and stem cells type-dependent manner.

2. Materials and methods 

2.1. Cell culture 

The hES line (H9) was provided by the Wisconsin International 
Stem Cell Bank in the USA. H9 was maintained on mitomycin C (Sig-
ma–Aldrich)-treated MEFs in Dulbecco’s modified Eagle medium 
(DMEM)/F12 (Invitrogen) supplemented with 20% knock-ou t serum 
replacemen t (Invitrogen), 1 mM nonessential amino acid (Invitro-

gen), 0.1 mM 2-mercapto ethanol (Sigma), 4 ng/ml FGF2 (Pepro-
Tech) and 1% antibiotic s. The media were changed every day.

hADSC were isolated from adipose tissue in breast fat pads of a
female as approved by the Institutio n of Review Board. Briefly, the 
adipose tissue was rinsed with sterile phosphat e-buffered saline 
(PBS) and minced for 5 min with fine scissors, and then incubated 
with 0.1% collagenase type I (Invitrogen) at 37 �C for 40 min. After 
adding the same volume of DMEM-10% FBS, the pellet was ob- 
tained by centrifugation at 260g for 7 min, resuspend ed in
DMEM/F12 (Invitrogen) supplemented with 10% FBS, 10 ng/ml epi- 
dermal growth factor (EGF, Peprotech), 2 ng/ml FGF2 and 1% anti- 
biotics. Non-adherent cells were removed by changing the medium 
after 24 h. At confluency, the cells were replated using 0.25% tryp- 
sin–EDTA (Invitrogen) at a ratio of 1:3. Cells at 3�5 passages in cul- 
ture were used for the experiments .

2.2. Induction of hepatocyte differentia tion 

Hepatic differentiation of hES was induced by three steps. In step 
1, hES were cultured on matrigel- coated plates in the induction med- 
ium (IM) containing RPMI1640 (Hyclone) supplemented with 0.5%
FBS, 100 ng/ml Activin A (PeproTech) and 1% antibiotic s for 2 days.
In step 2, the cells were cultured in the differentiation medium 
(DM) containing RPMI164 0, 2% KOSR, 10 ng/ml bFGF, 10 ng/ml 
HGF (PeproTech) for 3 days at 37 �C and 5% CO2. In step 3, the cells 
were cultured in the maturation medium (MM) containing William’s 
Medium E (Invitrogen), 1% ITS premix (BD Biosciences ), 0.05% bovine 
serum albumin (BSA, Fisher), 2 mM Ascorbic acid (Sigma), 1 lM
hydrocorti sone 21-hemisuc cinate (StemCell Tech), 10 mM nicotin- 
amide (Sigma), 1 lM dexamethas one (Invitrogen) for 24 days.

Hepatic differentiation of hADSC was induced by the three steps 
as described in the previous study [10]. In step 1 (induction step),
hADSC were pre-cultured in DMEM supplemented with 20 ng/ml 
EGF and 10 ng/ml bFGF for 2 days. In step 2 (differentiation step),
the cells were cultured in DMEM supplemented with 20 ng/ml 
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Fig. 1. Hepatic differentiation of hES and hADSC. (A) Morphological changes in three steps during hepatic differentiation (�100 magnification). (B) RT-PCR analysis of
hepatocyte-specific gene expression in hES-hepatic cells and hADSC-hepatic cells. (C) Cellular uptake of ICG by hES-hepatic cells and hADSC-hepatic cells. Abbreviations: hES,
human embryonic stem cells; hADSC, human adispose-derived stem cells; AFP, alpha-fetoprotein; ALB, albumin; TDO, tryptophan 2,3-dioxygenase; GAPDH, glyceraldehyde- 
3-phosphate dehydrogenase.
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