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Abstract
AIM: To investigate the effect of activation of 
canonical Wnt signaling pathway on the proliferation 
and differentiation of hepatic oval cells in vitro .
METHODS: WB-F344 ce l l s were t reated wi th 
recombinant Wnt3a (20, 40, 80, 160, 200 ng/mL) in 
serum-free medium for 24 h. Cell proliferation was 
measured by Brdu incorporation analysis; untreated 
WB-F344 cells were taken as controls. After treatment 
with Wnt3a (160 ng/mL) for 24 h, subcel lu lar 
localization and protein expression of β-catenin in 
WB-F344 cells treated and untreated with Wnt3a 
were examined by immunofluorescence staining and 
Western blot analysis. CyclinD1  mRNA expression was 
determined by semi-quantitative reverse-transcript 
polymerase chain reaction (RT-PCR). The mRNA levels 
of some phenotypic markers (AFP , CK-19 , ALB ) and 
two hepatic nuclear factors (HNF-4 , HNF-6 ) were 
measured by RT-PCR. Expressions of CK-19 and AFP 
protein were detected by Western blot analysis.
RESULTS: Wnt3a promoted proliferation of WB-F344 
cells. Stimulation of WB-F344 cells with recombinant 
Wnt3a resulted in accumulation of the transcriptional 
activator β-catenin, together with its translocation into 
the nuclei, and up-regulated typical Wnt target gene 
CyclinD1 . After 3 d of Wnt3a treatment in the absence 
of serum, WB-F344 cells retained their bipotential 
to express several specific phenotypic markers of 
hepatocytes and cholangiocytes, such as AFP and 
CK-19, following activation of the canonical Wnt 
signaling pathway.
CONCLUSION: The canonical Wnt signaling pathway 

promotes proliferation and self-renewal of rat hepatic 
oval cells.
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INTRODUCTION
The liver is an organ with a remarkable regenerative 
capacity, provided by preexisting hepatocytes and 
cholangiocytes under normal conditions[1]. However, 
viral infection, alcohol, some drugs and self-immunity 
may cause liver inflammation and fibrosis. When the 
regenerative ability of  hepatocytes to divide and replace 
the damaged tissue is compromised, oval cells are 
activated, and then may give rise to both hepatocytes 
and biliary epithelial cells[2,3]. Oval cell activation and 
proliferation serve as a source of  cell replenishment 
and tissue repair as they differentiate into functional 
mature hepatocytes, thus aiding in the process of  liver 
regeneration[4,5]. Therefore, oval cells are also designated 
as facultative hepatic stem cells because they proliferate 
only in response to chronic regenerative stimuli and have 
bipotential differentiation capabilities for both hepatocytes 
and cholangiocytes[6,7]. Although oval cells are usually 
found in normal human fetal livers, they are also observed 
in numerous hepatic pathologies[8,9]. Oval cell activation 
in malignancies such as hepatocellular carcinoma (HCC) 
and cholangiocarcinoma is of  special relevance in light of  
the theories supporting the existence of  cancer stem cells, 
which may serve as a tumor source, or as a mechanism 
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of  cancer recurrence or metastasis[10,11]. However, little is 
known about the signaling mechanisms involved in oval 
cell proliferation and differentiation.

The canonical Wnt signaling pathway is highly 
conserved throughout animal development, during 
which it exerts pleiotropic effects on cell proliferation, 
differentiation, and polarity or migration[12]. The Wnt 
signaling pathway, identified recently, critically regulates 
various postnatal stem cell compartments, including the 
hematopoietic, skin, and enteric systems. In this respect, 
it has been demonstrated that hematopoietic stem 
cells maintain an undifferentiated self-renewing state 
through constitutive activation of  the canonical Wnt 
signaling pathway with Wnt3a, a prominent member of  
the Wnt family[13,14]. In the liver, there is accumulating 
evidence that Wnt/β-catenin signaling plays a central 
role in various aspects of  hepatic biology, including liver 
development, regeneration, growth, and oncogenesis. 
During liver development, β-catenin critically regulates 
hepatic progenitor cell proliferation, and over-expression 
or inhibition of  β-catenin either increases or decreases the 
overall liver size, respectively[15-19]. Studies of  pathological 
specimens and rodent models of  liver diseases have 
demonstrated aberrations in the Wnt/β-catenin 
signaling pathway in conditions ranging from hepatitis to 
HCC[20]. However, no studies have definitively addressed 
the role of  canonical Wnt signaling in proliferation 
and differentiation of  hepatic oval cells. Therefore, 
we hypothesize that Wnt signaling can regulate the 
proliferation and differentiation of  oval cells.

WB-F344, a rat hepatic stem-like epithelial cell line, 
isolated from the liver of  an adult male Fischer-344 rat, 
can express a phenotypic repertory of  both hepatocytes 
and bile duct epithelial cells compared with those of  
normal hepatocytes, biliary epithelial (ductular) and 
“oval” cells isolated from liver treated with chemical 
carcinogens. The phenotypic properties of  cultured liver 
epithelial cell line most resemble those of  the “oval” 
cells. Thus, it is considered to be an in vitro model of  
bipotent oval cells as it shares their phenotype[21,22]. After 
transplantation into livers of  adult syngeneic German-
strain Fischer-344 rats that are deficient in bile canalicular 
enzyme dipeptidyl peptidase Ⅳ (DPP-Ⅳ), WB-F344 
cells integrate into hepatic plates and differentiate into 
mature hepatocytes[23]. Moreover, when treated with 
sodium butyrate and cultured on Matrigel, WB-F344 cells 
can differentiate along the biliary phenotype in vitro[24]. 
In the present study, we provided direct evidence for 
the activation of  canonical Wnt signal transduction in 
WB-F344 cells in response to Wnt ligands, and showed 
that activation of  canonical Wnt signaling regulates the 
proliferation and bipotential of  WB-F344 cells. A better 
understanding of  its role in hepatic stem cell proliferation 
and differentiation can lead to the successful manipulation 
of  liver biology for therapeutic purposes.

MATERIALS AND METHODS
Cell line culture
The rat hepatic oval cell line (WB-F344) was obtained 

from Academy of  Military Medical Sciences. The cells 
were cultured in Dulbecco’s modified Eagle’s medium/
F12 (Invitrogen, Carlsbad, CA), supplemented with 
10% fetal bovine serum (Gibco BRL, USA), 10 mL of  
200 mmol/L L-glutamine and 0.5 mL of  penicillin-
streptomycin mixture. All cultures were maintained at 
37℃ in 50 mL/L CO2.

Proliferation test (Brdu incorporation assays)
Cell proliferation was detected by Brdu incorporation 
assays. A total of  6000 WB-F344 cells were seeded 
into 96-well culture plates. Cells were brought to 90% 
confluence and then fasted overnight in serum-free 
media before addition of  Brdu to a final concentration 
of  10 μmol/L. Two hours later, the cells were stimulated 
with escalating doses of  Wnt3a (R&D, Systems, Inc) 
(20, 40, 80, 160, and 200 ng/mL) for 24 h, washed free 
of  BrdU and harvested. The cells were fixed with 4% 
paraformaldehyde for 30 min, blocked with 1% BSA 
in phosphate-buffered saline containing 0.2% Triton 
X-100 for 30 min, incubated with a HRP-Brdu antibody 
(1:200) for 2 h at 37℃, and washed. A TMB substrate 
solution was added to the wells and color developed 
in proportion to the amount of  Brdu bound. The stop 
solution changed the color from blue to yellow, and 
intensity of  the color was measured at 450 nm with a 
spectrophotometer.

Immunofluorescence staining
For subce l l u l a r l o c a l i z a t i on o f  β - c a t en in by 
immunocytochemistry, WB-F344 cells were plated 
onto chamber slides resulting in 90% confluence, and 
then fasted overnight in serum-free media before the 
addition of  160 ng/mL Wnt3a (R&D, Systems, Inc). 
The cells were fixed with 4% paraformaldehyde for 30 
min at 37℃. Permeabilization of  the cells was achieved 
after incubation for 30 min at 37℃ with PBS containing 
0.2% Triton X-100. To minimize nonspecific binding 
of  the antibody, blocking was carried out with a buffer 
containing 1% bovine serum albumin for 1 h. β-catenin 
antibody (R&D, Systems, Inc) was applied at a 1:25 
dilution for 90 min at 37℃. As a negative control, PBS 
was used instead of  the primary antibody to exclude 
the unspecific binding of  the secondary antibody. 
No fluorescent labeling was observed in the negative 
control. After repeated washing with PBS, the cells 
were incubated with a goat-anti-mouse antibody labeled 
with fluorescein isothiocyanate (1:10) for an additional 
30 min. Finally, cell nuclei were counterstained with 
Hoechst 33258. Images were obtained using a confocal 
laser scanning microscope.

RNA isolation and reverse-transcription polymerase 
chain reaction (RT-PCR)
WB-F344 cells were brought to 90% confluence and then 
fasted overnight in serum-free media. After stimulation 
with or without Wnt3a, cells were cultivated for 1 and  
3 d, respectively. Total RNA was extracted from WB-F344 
cells treated with Wnt3a with Trizol according to the 
manufacture’s instructions. RNA (1 μg) was reverse 
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transcribed. For semi-quantitative PCR, the number 
of  cycles corresponded to the mid-logarithmic phase. 
Primers were designed using GenBank sequences (Table 1). 
PCR amplification was performed using PCR Master Mix 
(Taqman) according to the manufacturer’s instructions. 
PCR products were analyzed by electrophoresis on a 2% 
agarose gel.

Western blot analysis
After stimulation with Wnt3a, cells were cultivated for 
1 and 3 d, respectively. Trypsinized protein was isolated 
using a lysis buffer (50 mmol/L Na2HPO4, 50 mmol/L 
NaH2PO4, 0.2 mol/L NaCl, 5 mmol/L EDTA, 1% 
Triton X-100, pH 6.0). After incubation on ice for  
30 min, samples were centrifuged at 13 000 r/min for 
20 min at 4℃. Then, a 2 × dithiothreitol (DTT) loading 
buffer containing 0.4 mol/L Tris (pH 6.8), 4% SDS, 
20% glycerol, and 10% DTT was added to the sample 
supernatants, and incubated for 5 min at 95℃. Following 
electrophoretic separation by 10% SDS-polyacrylamide 
gel electrophoresis, proteins were electroblotted onto 
nitrocellulose membranes. The membranes were blocked 
in a NET buffer (150 mmol/L NaCl; 5 mmol/L EDTA, 
pH 8.0; 50 mmol/L Tris/HCl, pH 7.5; 0.05% Triton 
X-100) containing 2.5% gelatin (Merck) for 1 h at room 
temperature. Polyclonal antibodies against β-catenin 
(R&D, Systems, Inc), cytokeratin-19 (CK-19) (Santa Cruz 
Biotechnology Inc), AFP (Santa Cruz Biotechnology 
Inc) were used at a dilution of  1:25 (β-catenin), 1:200 
(AFP, CK-19) and 1:400 (β-actin), respectively, and 
incubated for 1 h at room temperature. Thereafter, the 
membranes were washed in a NET buffer, and further 
incubated with a peroxidase-conjugated antibody at a 
dilution of  1:20 000. Antibody binding was visualized 
by DAB. The bands were semi-quantitatively evaluated 
by densitometric analysis. Protein expression levels 
of  β-catenin were thereby normalized to those of  the 
housekeeping gene β-actin.

Differentiation assay
WB-F344 cells grown in a Wnt3a-containing medium 
in the absence of  serum were cultured with or without 
Wnt3a for 3 d. The medium was changed every day. 

After 3 d of  coculture, total Mrna and protein were 
extracted and analyzed for expression of  CK-19, ALB, 
AFP by RT-PCR and Western blot analysis.

Statistical analysis
All results were expressed as mean ± SD. Measurement 
data were analyzed using one-way analysis of  variances 
(ANOVA, SPSS 11.5). P < 0.05 was considered statistically 
significant.

RESULTS
Activation of the Wnt pathway, accumulation of 
β-catenin, its translocation into nuclei, and 
transcriptional activation of Wnt target genes
To investigate whether treatment of  WB-F344 cells with 
recombinant Wnt3a (160 ng/mL) influences β-catenin 
in WB-F344 cells at the protein level, we monitored the 
expression of  β-catenin by semi-quantitative Western blot 
analysis. Accumulation of  β-catenin protein (1.2-fold) 
was observed 1 d after addition of  160 ng/mL Wnt3a 
(Figure 1A). To confirm the data obtained by Western 
blot analysis and prove whether Wnt3a stimulation 
has any influence on the subcellular localization of  
β-catenin, immunocytochemistry was performed. 
Clear nuclear staining for β-catenin was observed after 
treatment with 160 ng/mL Wnt3a for 1 d, suggesting that 
Wnt3a stimulation is responsible for the accumulation 
of  β-catenin and its translocation from cytoplasm into 
nuclei (Figure 1B). To evaluate whether Wnt3a-mediated 
accumulation of  β-catenin would result in the activation 
of  typical Wnt target genes, the mRNA expression 
levels of  CyclinD1 was semi-quantified by RT-PCR 1 
d after Wnt3a stimulation (160 ng/mL). A significant 
induction in CyclinD1 was observed (Figure 2).  
These findings indicate that activation of  the Wnt 
pathway in WB-F344 cells can result in accumulation 
of  β-catenin, its translocation into nuclei, and enhanced 
expression of  Wnt target genes.

Effect of Wnt3a on WB-F344 cell proliferation
To determine whether WB-F344 cells respond to Wnt 
ligand stimulation with activation of  the canonical 

Table 1  Primer sequences used for RT-PCR

Gene Primer sequences Annealing temp (℃) Cycles Ampliconsize (bp)

CyclinD1 5’-ATTGAAGCCCTTCTGGAGTCAAGCC-3’ 56 26 420
5’-TCTATTTTTGTAGCACCCCCCCGTC-3’

AFP 5’-GCTGAACCCAGAGTACTG AC-3’ 60 34 472
5’-GACACGTCGTAGATGAACGTG-3’

ALB 5’-AAGGCACCCCGATTACTCCG-3’ 56 36 608
5’-TGCGAAGTCACCCATCACCG-3’

CK-19 5’-ATGACTTCCTATAGCTATCG-3’ 64 34 340
5’-CACCTCCAGCTCGCCATTAG-3’

HNF-6 5’-GACAAATGGCAGGACGAGGG-3’ 62 36 781
5’-AGCGTACTGGTTTAGGTGCC-3’

HNF-4α 5’-CTTCCTTCTTCATGCCAG-3’ 62 34 269
5’-ACACGTCCCCATCTGAAG-3’

GAPDH 5’-ACCACAGTCCATGCCATCAC-3’ 56 24 469
5’-TCCACCACCCTGTTGCTGTA-3’
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Wnt pathway, WB-F344cells in culture were stimulated 
by purified Wnt3a protein. Brdu incorporation assays 
were performed to determine whether Wnt stimulates 
the proliferation of  WB-F344 cells. After serum 
starvation, Wnt3a stimulation of  WB-F344 cells resulted 
in significantly more uptake of  Brdu compared with 
controls in the absence of  serum. The proliferation of  
WB-F344 cells increased after the addition of  Wnt3a, 
and reached its peak at 160 ng/mL Wnt3a (Figure 3). 
To evaluate whether the expression of  Wnt target gene 
CyclinD1 is directly correlated with the proliferation 
of  WB-F344 cells, the mRNA expression level of  
CyclinD1 was determined by semi-quantitative RT-PCR 
1 d after Wnt3a stimulation (160 ng/mL). A significant 
up-regulation of  CyclinD1 expression was observed, 
suggesting that CyclinD1 has a major impact on the 
proliferation of  WB-F344cells. These findings indicate 
that proliferation of  WB-F344 cells is stimulated by 

the canonical Wnt signaling pathway, which may be 
the mechanism underlying the up-regulated CyclinD1 
expression.

Activation of the canonical Wnt signaling pathway 
promoted self-renewal of WB-F344 cells
Although Wnt3a can activate the canonical Wnt 
signaling pathway, it remains unclear whether activation 
of  the canonical Wnt signaling pathway results in 
differentiation of  WB-F344 cells. If  Wnt3a can promote 
cell differentiation, WB-F344 cells treated with Wnt3a 
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Figure 2  The mRNA expression levels of the known Wnt target genes 
CyclinD1 was semi-quantified at day 1 during stimulation with Wnt3a  
(160 ng/mL) and normalized to the expression levels in untreated WB-F344 
cells (set as 100%). The mRNA expression level of CyclinD1, one of the known 
Wnt target genes in WB-F344 cells after stimulation by Wnt3a (160 ng/mL)  
for 1 d was semi-quantified by RT-PCR and the results was normalized to 
the expression levels in untreated WB-F344 cells (set as 1). CyclinD1 was 
upregulated under stimulating conditions on day 1. For quantification, CyclinD1 
mRNA was scanned by densitometric analysis and normalized to GAPDH. Data 
are presented as mean ± SD of triplicate experiments. aP < 0.05 in comparison 
with un-treated cells.
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Figure 3  Proliferation of WB-F344 cells upon treatment with Wnt3a 
measured by Brdu incorporation assay. The proliferation of WB-F344 cells 
was significantly enhanced by stimulation with recombinant Wnt3a for 1 d Data 
are presented as mean ± SD. aP < 0.05 vs untreated WB-F344 cells.
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Figure 1  Effects of Wnt3a on β-catenin expression, its subcellular 
localization, and induction of typical Wnt target genes. A: Stimulation of 
WB-F344 cells with 160 ng/mL Wnt3a for 1 d revealing a slight increase in 
β-catenin protein level as shown by Western blot analysis and densitometric 
analysis; B: Immunocytochemistry analysis of β-catenin exhibiting perinuclear 
staining for β-catenin in unstimulated WB-F344 cells (upper panels), whereas 
addition of 160 ng/mL Wnt3a for 1 d (lower panels) showing clear nuclear 
staining for β-catenin. Immunofluorescence was performed using a polyclonal 
antibody against β-catenin (left panels). In addition, nuclei of WB-F344 cells 
were stained with Hoechst33258 (right panels). Scale bars: 50 μm.
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should express specific markers after activation of  the 
canonical Wnt signaling pathway. To test this hypothesis, 
WB-F344 cells were cultured in the presence or absence 
of  Wnt3a-containing medium for 3 d under serum-free 
conditions. RT-PCR and Western blot were performed 
for the expression of  markers in WB-F344 cells treated 
or untreated with Wnt3a. Two cell–specific markers, 
AFP and CK-19 and two hepatocyte nuclear factors, 
HNF-4α , HNF-6 were expressed in both Wnt3a-
treated and untreated WB-F344 cells. In respect of  these 
markers, Wnt3a-treated WB-F344 cells did not show any 
marked deviation compared with untreated WB-F344 
cells (Figure 4). The transcription factors, known to 
play a key role in differentiation of  hepatocytes and 
cholangiocytes, were expressed in both Wnt3a-treated 
and untreated WB-F344 cells. These findings suggest 

that self-renewal of  WB-F344 cells is stimulated by the 
canonical Wnt signal transduction.

DISCUSSION
Oval cell activation occurs in the majority of  chronic 
liver diseases and increases with the severity of  the 
disease. In moderate and severe degrees of  inflammation, 
intermediate hepatocytes occur, having a phenotype 
intermediate between progenitor cells/ductular cells and 
mature hepatocytes. The number of  these intermediate 
hepatocytes gradually increases with higher degrees 
of  inflammation and necrosis in necrotizing hepatitis 
or with more advanced stages of  (non) alcoholic 
steatohepatitis[25-27]. However, little is known about the 
signaling pathways involved in controlling hepatic oval 
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Figure 4  RT-PCR and Western blot analysis of differentiated WB-F344 cells treated or untreated with Wnt3a. A: Wnt3a-treated WB-F344 cells expressing two 
phenotypic markers (CK-19 and AFP) and two hepatic nuclear factors (HNF4α and HNF-6) at mRNA level with untreated WB-F344 cells as controls; B: Wnt3a-treated 
cells expressing two phenotypic markers (CK-19 and AFP) at protein level.
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cell proliferation and differentiation. The present study 
demonstrated that Wnt/β-catenin signaling plays an 
important role in the proliferation and renewal of  oval 
cells in vitro.

Although multiple Wnts are now known to play a 
role in the proliferation and renewal of  stem cells via 
the canonical or non-canonical pathway, Wnt-1 and 
-3 have a similar mode of  action leading to β-catenin 
accumulation[28,29]. Taking advantage of  this redundancy 
and availability of  biologically active Wnt3a, we tested 
the impact of  Wnt enrichment on WB-F344 cells, 
at beginning of  cultures. Thus, this study directly 
addressed the effect of  Wnt3a on the proliferation and 
differentiation of  WB-F344 cells.

We performed this study in serum-free conditions 
to minimize other confounding factors. Our initial 
results demonstrate that Wnt proteins, showing high 
transforming activity in WB-F344 cells, could activate 
the canonical Wnt signaling pathway. To activate the 
canonical Wnt signaling pathway, WB-F344 cells were 
stimulated with recombinant Wnt3a (160 ng/mL) 
for 24 h. β-catenin, upon treatment with Wnt3a, 
translocated into the nuclei of  WB-F344 cells where 
it promotes TCF/LEF-dependent transcription, with 
a slightly increased accumulation of  β-catenin at 
protein level, suggesting that degradation of  β-catenin 
diminished by the destructive complex is the underlying 
mechanism[30]. Nuclear accumulation of  this protein 
indicates that activity of  the Wnt signal pathway is 
increased[31]. Furthermore, Wnt3a-mediated nuclear 
translocation of  β-catenin results in the up-regulation 
of  CyclinD1, suggesting that the canonical Wnt target 
gene, originally identified in colon carcinoma cells[32], can 
be induced in WB-F344 cells. Accumulated β-catenin 
is translocated into the nuclei of  WB-F344 cells where 
it binds to the transcription factors, T cell factor (Tcf)/
lymphoid enhancer factor (Lef), thereby stimulates 
expression of  target genes[33]. Therefore, activation of  
the Wnt signaling pathway in WB-F344 cells results in 
accumulation of  β-catenin, its translocation into nuclei, 
and enhanced expression of  Wnt target genes.

We also investigated the effect of  recombinant 
Wnt3a on proliferation of  WB-F344 cells in serum-
free environment, showing that recombinant Wnt3a 
could stimulate the proliferation of  WB-F344 cells. This 
observation is consistent with the reported findings 
that β-catenin plays a central role in regulating the 
proliferation and regeneration of  hepatocytes[34-36]. To 
investigate whether the expression of  CyclinD1 is directly 
correlated with the proliferation of  WB-F344 cells, 
mRNA expression in CyclinD1, which plays a fundamental 
role in cell cycle at the G1-S phase transition, was semi-
quantified by RT-PCR 1 d after Wnt3a stimulation (160 
ng/mL). A significant mRNA expression was induced in 
CyclinD1. This effect was even more pronounced under 
Wnt stimulatory conditions. Moreover, it was reported 
that proliferation of  WB-F344 cells is severely impaired 
in the absence of  β-catenin, secondary to the decreased 
expression of  downstream targets such as CyclinD1, 
which are critical in proliferation[37]. It has also been 

shown that WB-F344 cells proliferate in postnatal liver 
development, ex vivo embryonic liver development, and 
in facultative liver stem and oval cells[38-41]. These findings 
further support the idea that the Wnt signaling pathway 
is largely involved in controlling the proliferation of  
WB-F344 cells.

Oval cells are known to be tumorigenic[42]. The Wnt/
β-catenin signaling pathway plays an important role in 
the pathogenesis of  hepatic adenoma and its progression 
to HCC[43] and also in self-renewal of  stem cells in 
several tissue types[44]. β-catenin is a mediator of  cancer 
stem cells[43] and plays an important role in early liver 
development at the stage of  ongoing hepatic progenitor 
proliferation[39,45]. In the present study, the hepatobiliary 
phenotype was confirmed by RT-PCR and Western blot 
analysis. Wnt3a-treated and untreated WB-F344 cells 
cells were positive for AFP and CK-19 but negative 
for ALB, one of  the final maturation phase markers, 
indicating that they were immature cells. The bipotential 
phenotype of  WB-F344 cells was observed in oval cells, 
presumed precursors of  hepatocytes and biliary cells. 
HNF4α and HNF6 are known to play a key role in 
differentiation of  hepatocytes and cholangiocytes[46-50]. 
Our results also demonstrate that WB-F344 cells treated 
or untreated with Wnt3a expressed HNF4α and HNF6. 
Studies in knockout mice showed that hepatocyte 
nuclear factor HNF4α regulates transcription of  genes 
essential for hepatocytic cell lineage[51,52], whereas HNF6 
is involved in the development of  gallbladder and bile 
ducts[53,54]. HNF4α and HNF6 are expressed in fetal 
hepatoblasts and show different expression patterns 
in adult liver. HNF4α is exclusively expressed in fetal 
and adult hepatocytes. No HNF4α expression has been 
observed in fetal ductal plate or in bile duct epithelium 
or in normal adult liver. HNF6 is also expressed in 
fetal and adult hepatocytes and in fetal BEC. HNF6 
is completely lost from the BEC with mature biliary 
phenotype[55]. It was reported more recently that the 
Wnt/β-catenin signaling pathway plays a critical role in 
oval cell activation[40]. HNF4α and HNF6 are expressed 
in oval cells of  the liver activated by 2-AAF/PH[56]. 
Our results show that activation of  the Wnt/β-catenin 
signaling pathway could promote self-renewal of  
WB-F344 cells, indicating that some molecules involved 
in the canonical Wnt pathway may be therapeutic targets. 
β-catenin targeting might be of  essence in preneoplastic 
and early or late HCC as a chemopreventive or che-
motherapeutic measure.

In conclusion, the canonical Wnt signaling pathway 
plays a key role in regulating the proliferation and self-
renewal of  hepatic oval cells. The detailed mechanism 
of  Wnt3a underlying the differentiation of  WB-F344 
cells and whether β-catenin can directly control the 
expression of  HNF4α and HNF6 need further study.

 COMMENTS
Background
Oval cell activation occurs in the majority of chronic liver diseases and 
increases with the severity of the disease. However, little is known about 
the signaling pathways involved in controlling hepatic oval cell proliferation 
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and differentiation. The canonical Wnt signaling pathway is highly conserved 
throughout animal development during which it exerts pleiotropic effects on cell 
proliferation, differentiation, and polarity or migration. In the present study, the 
authors aimed to investigate the effect of activation of canonical Wnt signaling 
pathway on the proliferation and differentiation of heaptic oval cells in vitro.
Research frontiers
There is accumulating evidence that Wnt/β-catenin signaling in the liver 
plays a central role in various aspects of hepatic biology, including liver 
development, regeneration, growth, and oncogenesis. Studies of pathological 
specimens and rodent models of liver diseases have demonstrated aberrations 
in the Wnt/β-catenin signaling pathway in conditions ranging from hepatitis 
to hepatocellular carcinoma (HCC). However, no studies have definitively 
addressed the role of canonical Wnt signaling in proliferation and differentiation 
of hepatic oval cells.
Innovations and breakthroughs
This is the first study addressing the role of canonical Wnt signaling in 
proliferation and differentiation of hepatic oval cells. The canonical Wnt 
signaling pathway plays a key role in regulating the proliferation and self-
renewal of hepatic oval cells.
Applications
Oval cells are known to be tumorigenic. The Wnt/β-catenin signaling pathway 
plays an important role in the pathogenesis of hepatic adenoma and its 
progression to HCC, and also in self-renewal of stem cells in several tissue 
types. β-catenin is a mediator of cancer stem cells. Activation of the Wnt/
β-catenin signaling pathway could promote self-renewal of oval cells, indicating 
that some molecules involved in the canonical Wnt pathway may be therapeutic 
targets. β-catenin targeting might be of essence in preneoplastic and early or 
late HCC as a chemopreventive or chemotherapeutic measure.
Terminology
The Wnt signaling pathway, identified recently, critically regulates various 
postnatal stem cell compartments, including the hematopoietic, skin, and 
enteric systems. In this respect, it has been demonstrated that hematopoietic 
stem cells maintain an undifferentiated self-renewing state through constitutive 
activation of the canonical Wnt signaling pathway with Wnt3a, a prominent 
member of the Wnt family.
Peer review
In this study, the authors demonstrated the role of canonical Wnt signaling in 
proliferation and differentiation of hepatic oval cells. This work adds significant 
information that activation of the Wnt/β-catenin signaling pathway could 
promote proliferation and self-renewal of oval cells, indicating that some 
molecules involved in the canonical Wnt pathway may be therapeutic targets.
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