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Abstract: Dysregulation of Wnt-mediated β-catenin signaling is associated with carcinogenesis and progression 
of hepatocellular carcinoma (HCC). Our previous studies showed that the Wnt10B gene, a member of Wnt gene 
family, over-activated in HCC tissues and cells. Here we demonstrate that stable silencing of Wnt10B reduces the 
viability of HCC cells in culture. HepG2, a human HCC cell line, was cultured in vitro and Wnt10B gene in the cells 
stably silenced, as showed in Western blotting analysis, by the shRNA interference with lentivirus plasmid transfec-
tion. Compared to the control (HepG2 cells without Wnt10B silencing), the Wnt10B-silencing cells showed signifi-
cant reductions in proliferation, colony formation, migration and invasion. Furthermore, serum deprivation-induced 
apoptotic death, assessed by Hoechst 33342 staining and fluorescent microscopy, increased significantly in the 
Wnt10B-silencing cells. FACScan analysis indicated an arrest of the cell cycle in the Wnt10B-silencing HCC cells, 
with significant increases in the number of cells in G0-G1 and S phases. Thus, we hypothesize that Wnt10B plays an 
oncogenic role in HCC and is a potential therapeutic target.
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Introduction

Hepatocellular carcinoma (HCC) is a most 
malignant tumor with very poor prognosis. It is 
the sixth most common cancer in the world and 
leads cancer-related death (>500,000 deaths 
annually) worldwide [1]. More than 80% of HCC 
cases have occurred in developing countries, 
with 55% in China alone. In Guangxi province of 
China, HCC is the first most common cancer 
among the man and its mortality rate is about 
55.3/100,000 [2]. The incidence of HCC con-
tinues to rise. Although previous studies have 
contributed considerably to the knowledge of 
HCC, to date there are limitations associated 
with effective prevention and treatment avail-
able for this disease. 

Wnt-mediated β-catenin signaling regulates 
cell proliferation, differentiation, and fate deci-
sions; dysregulation of β-catenin signaling due 
to aberrant expression of Wnt genes links to 
human tumorigenesis [3]. Nineteen members 
of the Wnt gene family, which encode secretory 

cystein-enriched glycoprotein ligands, have 
been identified in human or mouse genomes. 
As a canonical (β-catenin-dependent) pathway, 
Wnt ligands bind to Frizzled (Fz) receptors and 
LRP6 co-receptors, subsequently leading to 
Dishevelled (Dvl) activation and then inhibiting 
β-catenin phosphorylation, resulting in intracel-
lular accumulation of β-catenin that enters into 
the nucleus and thereby activating the Wnt 
transcriptional programme. Activation of Wnt 
genes results in increased cell proliferation and 
differentiation, reduces cell-to-cell adhesion, 
enhances cell migration, and promotion of 
tumor formation [3]. Wnt10B (named as Wnt10b 
in mouse), a 389-amino acid protein that is 
most closely related to zebrafish Wnt10a, was 
originally identified in the Mouse Mammary 
Tumor Virus (MMTV), and like other identified 
members of Wnt gene family, is involved in up-
regulation of the oncogenic β-catenin pathway 
[4]. 

Previous studies have shown that an over 
expression of Wnt10B exists in many human 
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malignant tumors such as osteosarcoma, 
breast cancer, endometrial cancer, cervical 
cancer, esophageal cancer, gastric cancer, 
colorectal cancer, and pancreatic cancer [5-8]. 
Overexpression of this gene may also occur in 
situation of the tumor/cancer distant metasta-
sis [5, 6, 8]. Wnt10B has been minimally stud-
ied in HCC. Research in liver cells demonstrat-
ed that the β-catenin signaling takes part in 
regulation of hepatic mitochondrial function 
and energy balance [9] and that Wnt10B aber-
rantly expresses in HCC tissues and cells [10-
12]. These studies implicate a particular rela-
tionship between Wnt10B and HCC, which, 
however, has still been poorly characterized 
[12]. In the previous study [11], we showed that 
several human HCC cell lines including HepG2, 
Huh7 and Bel7402 over-expressed Wnt10B. In 
this study, we used RNA interference tech-
niques to knockdown Wnt10B expression in 
HepG2 cell line and examined the impact of tar-
geting to silence this gene on the viability and 
function of HCC cells. 

Materials and methods

Cell culture

HepG2, a perpetual cell line derived from the 
liver tissue of a 15-year-old male with a  

well-differentiated HCC, was obtained from the 
American Type Culture Collection (ATCC No. 
HB-8065). The cells were cultured in a com-
plete medium, Dulbecco’s modified Eagle’s 
medium (DMEM) containing 10% fetal bovine 
serum (FBS) (GIBCO), 100 U/mL penicillin, and 
100 ìg/mL streptomycin, at 37°C in humidified 
5% CO2 atmosphere. Media were changed 
every other day and cells subcultured when 
reached to ~90% confluence (usually in 4 days). 
For the subculture, cells were harvested by a 
trypsin (0.25%) digestion, seeded (1:3) into new 
tissue culture plates with complete DMEM,  
and continually cultured in the CO2 incubator. 

Transfection of pLV-shwnt10b plasmids

For silencing Wnt10B expression, two oligo 
DNAs (TCCTGATCGATCTGCCCAC; GAGTCCCTA- 
TAGTTTCACC) which generated the small hair-
pin RNA (shRNA) targeting to region 1 and 2, 
respectively, of Wnt10B were synthesized and 

Figure 1. Fluorescent staining analysis of HepG2 
cells in culture with lentivirus vector transfection. 
HepG2 cells infected by lentivirus vectors pLVTHM 
(control), pLV-shwnt10b1 (shWnt10b#1) or pLV-
shwnt10b2 (shWnt10b#2) were under fluorescent 
staining and microscopy (photos), with a relatively 
high efficiency of the transfection (the rate of infec-
tion) achieved (bar graph, *P<0.05, n=3). 

Figure 2. Expression of Wnt10B protein in HepG2 
cells in culture. Western blotting analysis of protein 
expression of Wnt10B in HepG2 cells transfected  
with pLVTHM (control), pLV-shwnt10b1 (shWnt- 
10b#1), or pLV-shwnt10b2 (shWnt10b#2). Photos: 
Protein signals of Wnt10B (bands at ~42-55 kDa) 
presented on Western blots in a representative re-
sult from three independent experiments. Bar graph: 
relative levels of Wnt10B proteins are showed as 
mean ± SD (n=3); *P<0.01, vs. control; #P<0.05, vs. 
shWnt10b#1.
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cloned into lentivirus vectors (pLVTHM) to form 
constructed pLVTHM-shRNA plasmids, accord-
ing to the method reported previously [13]. To 
establish stably Wnt10B-silent HepG2 cells, 
the cells were seeded into 6-well plates 24 
hours prior to the transfection, then incubated 
with pLVTHM (vector control), pLVTHM contain-
ing the sequence 1 (pLV-shwnt10b1) or pLVTHM 
containing the sequence 2 (pLV-shwnt10b2) in 
serum-free transfection medium (GIBCO) for 24 
hours, and replaced with fresh complete DMEM 
and cultured additionally for 48 hours.

Western blotting analysis

HepG2 cells were washed (3×) with ice-cold 
PBS, lysed on ice (30 min) in RIPA lysis buffer 
(50 mM Tris-HCL, pH7.4, 150 mM NaCl, 1 mM 
EDTA, 1% Triton X-100, 1% sodium deoxycho-
late, 0.1% SDS) with protease inhibitors (per mL 
containing 10 μL of 0.1 mM PMSF and 1 mL of 
0.1% protease inhibitor solution; Beyotime), 
and scraped into microfuge tubes. Total pro-
teins in the supernatant were isolated by cen-
trifugation (12,000 rpm/min, 4°C) for 10-20 
minutes and quantitatively analysed by using a 
BCA kit (Beyotime). Equal amount (25 μg) of the 
protein were separated on 5-10% gradient SDS 

polyacrylamide gels and transferred to PVDF 
membranes (Millipore). After blocking with 5% 
non-fat milk, the membrane (blot) was incubat-
ed with the primary antibody against Wnt- 
10B (ProMab, 1:1000 dilution) or GAPDH 
(Bioworld, 1:2000 dilution) for 1 hour, then per-
oxidase-conjugated second antibody (Zsbio, 1: 
1000 dilution) for 1 hour. The blot was incubat-
ed with an enhanced chemiluminescent sub-
strate (Thermo Scientific) and exposed to 
Hyperfilm (Kodak Image Station 440CF; Kodak). 

Cell proliferation assay

Cell proliferation was determined by using a 
Cell Counting Kit (CCK)-8 (Dojindo, Japan), 
according to the manufacturer’s instructions. In 
brief, HepG2 cells were seeded in 96-well 
plates (2,000 cells/well), 100 μL per well of 
CCK-8 solution added at different time points 
(2, 48, 72 or 96 hours) after the seeding, and 
incubated for 2 hours at 37ºC. The absorbance 
at 450 nm was measured by using a microplate 
reader (Thermo Multiskan GO) with DMEM as a 
blank. 

Figure 3. Silencing of Wnt10B attenuates the pro-
liferation in HepG2 cells in culture. HepG2 cells 
transfected with pLVTHM (control), pLV-shwnt10b1 
(shWnt10b#1), or pLV-shwnt10b2 (shWnt10b#2) 
were cultured for 2 to 92 hours and at different time 
points assessed with a CCK-assay to determine cell 
proliferation rate (absorbance at 450 nm). Results 
are expressed as the mean ± SD (n=3); *P<0.05, 
**P<0.01, vs. control; #P<0.05, vs. shWnt10b#1.

Figure 4. Silencing of Wnt10B delays the colony 
formation in HepG2 cells in culture. HepG2 cells 
transfected with pLVTHM (control), pLV-shwnt10b1 
(shWnt10b#1), or pLV-shwnt10b2 (shWnt10b#2) 
were cultured for 2-3 weeks, then cell growth and 
colony formation determined. Photos: a representa-
tive result from three independent experiments. Bar 
graph: data are shown as mean ± SD (n=3). *P<0.05, 
**P<0.01 vs. control; #P<0.05, vs. shWnt10b#1.
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Colony formation assay

HepG2 cells were seeded in 6-well plates 
(1,200 cell/well) and cultured in complete 
DMEM for up to 3 weeks. When macroscopic 

24-hole chambers with chemoattractants 
(Corning Incorporated). A total of 2×105 HepG2 
cells in 200ìL serum-free DMEM were seeded 
into the upper chamber, with 600 ìl 10% FBS 
DMEM in the lower chamber, and cultured in 

Figure 5. Silencing of Wnt10B obstructs migration in HepG2 cells in cul-
ture. HepG2 cells transfected with pLVTHM (control), pLV-shwnt10b1 
(shWnt10b#1), or pLV-shwnt10b2 (shWnt10b#2) were cultured to reach to 
confluence, scratched and cultured continually for 48-96 hours, then the 
cell migration and wound healing assessed by microscopy at different time 
points. Photos: a representative result from three independent experiments. 
Bar graph: data are shown as mean ± SD (n=3). *P<0.05, **P<0.01 vs. 
control; #P<0.05, vs. shWnt10b#1. 

clone seen (by naked eyes) in 
the plate, the culture was stop 
and cells were treated as fol-
lows. After washing with PBS, 
the cells were fixed with 4% 
paraformaldehyde (2 mL/well) 
for 15-20 minutes, stained 
with 0.1% crystal violet (1 mL/
well) for 15-20 minutes, and 
after washing with distilled 
water and drying, the clones 
were observed and counted. 
For quantitative analysis, 33% 
acetic acid (1 mL/well) were 
added, then the plates shaken 
in a table concentrator at the 
speed of 80-90 r/min for 30 
minutes, and the absorbance 
at 560 nm was measured in 
the microplate reader (Thermo 
Multiskan GO).

Cell migration assay

The migration capacity of cells 
was accessed by using the 
wound-healing testing. HepG2 
cells were seeded into 6-well 
plates at a density of 5×105 
cells per well and cultured in 
complete DMEM up to 24 
hours to reach confluence. 
The confluent cells were 
scratched linearly in multiple 
areas with a plastic 200ìl-
pipette tip, then allowed to 
migrate toward the wound for 
48, 72, or 96 hours, and the 
“wounded” areas were photo-
graphed by an Olympus in- 
verted microscope coupled  
to a CCD-SPOT digital came- 
ra (Olympus DP71; Olympus, 
Japan). 

Cell invasion assay

Cell invasion was assessed by 
a Transwell assay of the cells 
cultured in matrigel (100 ìg/
ml; BD Bioscience)-coated 
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the CO2 incubator at 37ºC for 48, 72, or 96 
hours. Cells in the upper chamber were 
removed by scrapping gently the matrigel coat-
ed on the inner surface. The invaded cells 
remaining in the chamber were fixed in 600 ìL 
4% paraformaldehyde for 15 minutes at room 
temperature, washed (3×) in PBS, and stained 
with 600 ìL 0.1% crystal violet for 10 minutes; 
all reagents were directly added into the lower 
chamber. The stained cells were observed and 
counted under light microscope (×400), then 
washed with PBS, wiped out, and shaken in a 
concentrator (80-90 rpm, 30 min) for quantita-
tive analysis by measuring the absorbance at 
560 nm using a microplate reader (Thermo 
Multiskan GO). 

Apoptosis analysis 

Cell apoptosis was assessed by Hoechst 
33342 staining and fluorescent microscopy.

4°C in dark for 20 minutes. The cell cycle distri-
bution was determined using a FACScan 
(Becton Dickinson) and analysed with Modfit 
software (Phoenix).

Statistical analysis

Data were expressed as mean ± standard devi-
ation (SD) of three and more independent 
experiments. Statistically significant difference 
between groups was determined by the Least 
Significant Difference t-test using SPSS version 
18.0 for windows (SPSS Inc.). A value of P<0.05 
was considered statistically significant. 

Results

Expression analysis of the Wnt10B gene in 
HepG2 cells

To silence the Wnt10B gene, transfection of 
lentiviral plasmids constructed with the 

Figure 6. Silencing of Wnt10B reduces invasion of HepG2 cells in cul-
ture. HepG2 cells transfected with pLVTHM (control), pLV-shwnt10b1 
(shWnt10b#1), or pLV-shwnt10b2 (shWnt10b#2) were cultured in Matrigel 
chamber for 48-96 hours and analyzed at different time points as described 
in Materials and Methods. The rate of invasion in control cells was as 100% 
and the inhibitory rate of invasion in Wnt10B silencing cells compared to 
the control. Data are shown as mean ± SD (n=3). *P<0.05, **P<0.01 vs. 
control; #P<0.05, vs. shWnt10b#1.

HepG2 cells were seeded in 
24-well plates (2×105 cells/
well) with a cover glass in each 
well and cultured in complete 
DMEM overnight, then cul-
tured in serum-free DMEM for 
48, 72, or 96 hours. The cells 
were incubated with 1 mL/
well Hoechst 33342 staining 
solution (Fanbo Biochemicals, 
China) at 37°C for 15-20 min-
utes in the CO2 incubator. The 
cover glasses were taken out 
from plates and cells obser- 
ved under fluorescence micro- 
scope.

Cell cycle analysis

HepG2 cells seeded in 70 mm 
cell culture dishes (1×106 
cells/dish) were cultured in 
complete DMEM for 48, 72 or 
96 hours, harvested by 0.25% 
Trypsin digestion, washed in 
PBS, and fixed in ice-cold 70% 
ethanol-phosphate-buffered 
saline at -20°C overnight. 
After washing to remove the 
ethanol, cells were treated 
with 0.01% RNase (10 mg/
mL; Sigma) at 37°C for 10 
minutes, then stained with 
0.05% propidium iodide at 
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sequences targeting to distinctive coding 
regions of the gene was initially developed in 
HEK293T cells with the infection efficiency sat-
isfied (Data not shown). Two of these Wnt10B-
specific shRNA plasmids were applied to estab-
lish stable Wnt10B-silencing HepG2 cells, as 
described in the method section. Relatively 
high efficiency of the transfection was shown in 
the fluorescent staining assay (Figure 1) and 
Wnt10B silencing confirmed by Western blot-
ting analysis of its protein expression (Figure 2) 
in the cells following the transfection. The effi-
ciency of transfection of pLV-shwnt10b2 
appeared a little higher than that of pLV-

son with the control (Figure 5). Transwell matri-
gel assay showed that the in vitro cell invasion 
was significantly inhibited in the Wnt10B-
silencing cells in a time-dependent manner, 
with the rate of inhibition at ~32-45% in 
shWnt10b#1 and ~44-62% in shWnt10b#2 
cells (Figure 6).

Silencing of Wnt10B induces apoptosis in 
HepG2 cells

In Hoechst 33342 staining, typical apoptotic 
cells appeared a high concentration of nucleus 
chromatins, siding and fragmentation of the 

Figure 7. Silencing of Wnt10B promotes apoptosis in HepG2 cells in cul-
ture. HepG2 cells transfected with pLVTHM (control), pLV-shwnt10b1 
(shWnt10b#1), or pLV-shwnt10b2 (shWnt10b#2) were cultured under se-
rum-free DMEM for 48-96 hours, stained with Hoechst 33342, and ana-
lyzed by fluorescence microscopy. Photos: representative images of cells 
cultured for 72 hours from three independent experiments. Bar graph: data 
are showed as mean ± SD (n=3), *P<0.05, **P<0.01, vs. control; #P<0.05, 
vs. shWnt10b#1.

shwnt10b1 and consistently 
Wnt10B protein was less in 
the shWnt10b#2 than shWnt- 
10b#1 cells. 

Silencing of Wnt10B inhibits 
proliferation and colony for-
mation in HepG2 cells 

Compared to the control (cells 
with mock-vehicle infection), 
serum-induced proliferation 
slowed in Wnt10B silencing 
cells (shWnt10b#1 and shWnt- 
10b#2) in a time-dependent 
manner (Figure 3) and similar-
ly, the colony formation signifi-
cantly delayed as well in the 
Wnt10B silencing cells (Figure 
4), indicating an effect of the 
gene silencing. More delays of 
the proliferation and colony 
formation were shown in 
shWnt10b#2 than shWnt10b# 
1 cells, further indicating the 
effect dependent on Wnt10B 
expression since it was more 
silent in shWnt10b#2 than 
shWnt10b#1 cells (Figure 2). 

Silencing of Wnt10B reduces 
migration and invasion in 
HepG2 cells 

In the wound healing assay, 
the motility and wound healing 
process were significantly  
reduced in the Wnt10B-
silencing cells, with the rate  
of reduction at ~34-40% in  
shWnt10b#1 and ~55-67% in 
shWnt10b#2 cells in compari-
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Figure 8. Silencing of Wnt10B in cultured HepG2 cells decreases cells at G0-G1 phase, increases S phase cells, 
and does not changed the number of G2-M cells. HepG2 cells transfected with pLVTHM (control), pLV-shwnt10b1 
(shWnt10b#1), or pLV-shwnt10b2 (shWnt10b#2) were analyzed with FACS as described in Materials and Methods. 
A representative result from three independent experiments presented here indicates the percentage of cells in the 
different phases.
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nuclear, and apoptotic bodies observed under 
microscopy (photos in Figure 7). During the 
periods of serum-free culture for 48-96 hours, 
few apoptotic cells (<5%) were present in the 
control HepG2 cells but significant increasing in 
the apoptotic damage was found in the 
Wnt10B-silencing cells, with ~15-28% in sh- 
Wnt10b#1 and ~26-41% in shWnt10b#2 cells 
as apoptosis at 48-72 hours (bar graph in 
Figure 7). 

Increased arrest of cell cycle in Wnt10B-
silencing HepG2 cells

In the FACScan analysis (Figure 8), the number 
of cells at G0-G1 were significant decreased 
and that at S phase increased, with no signifi-
cant change in G2-M phase cells, in the 
Wnt10B-silencing cells, in comparison with the 
control, indicating the cell cycle retarded in the 
silencing cells. During the periods of cell cul-
tures for 48-96 hours, there were ~62-67% 
cells at G0-G1 phases and ~20-25% at S phase 
in the control group (cells without Wnt10B 
silencing), and in the Wnt10B-silencing cells 
~47-55% at G0-G1 and ~32-41% at S in the 
shWnt10b#1, and ~40-50% at G0-G1 and ~33-
45% at S in the shWnt10b#2. 

Discussion

Previous studies [10-12] showed an aberrant 
overexpression of Wnt10B gene in tissues and 
cultured cells from HCC. Here, we demonstrat-
ed that silencing of this gene results in reduc-
tion of cell proliferation, colony formation, 
migration and invasion, and increasing in serum 
deprivation-induced cell apoptosis in HCC 
HepG2 cells in culture. Consistently, FACS can 
analysis indicates a retardation of the cell 
cycle, with increasing G0-G1 cells and decreas-
ing cells at S phase in the stably Wnt10B-
silencing cells. To the best of our knowledge, 
the present study demonstrates, for the first 
time, that silencing of Wnt10B directly leads a 
reduction of the viability of HCC cells. 

Wnt/β-catenin signaling plays a crucial role in 
carcinogenesis and progression of cancers. 
Different Wnt ligands, through activating the β- 
catenin-dependent pathway, play important 
roles in deferent kinds of cancers. The major 
function of Wnt10B is, cooperated with other 
Wnt members, to promote the canonical Wnt 
(β-catenin) signaling pathway, in which accumu-

lated β-catenin complexes with T cell factor 
(Tcf)/Lymphatic enhance transcription factors 
(Lef) in the nuclear and regulates the target 
genes, resulting in biological activities [4]. Over 
activation of this signaling pathway may con-
tribute to maintain many of the abnormal bio-
logical activities of cancer cells, including vigor-
ous proliferation and invasion [3] as well as 
high mitochondrial production of energy for 
these activities [9]. Recent studies make 
efforts to understand the role and possible 
mechanisms of Wnt10B in the development of 
human cancers. Studies of patients with osteo-
sarcoma found that an aberrant high expres-
sion of Wnt10B and β-catenin was present in 
metastatic osteosarcoma tissue, associated to 
the invasion and metastasis of the tumor, and 
correlated with the reduced survival [5, 14]. 
Overexpression of Wnt10B might play a vital 
role in the development of breast carcinoma, in 
which it could induce high-mobility group pro-
tein A2 via activating Wnt/β-catenin pathways 
and accelerate the proliferation of high invasive 
breast cancer cells [6]. The expression of 
Wnt10B was involved in the activation of the 
Wnt/β-catenin pathway and in the carcinogen-
esis of endometrial cancer, particularly in endo-
metrioid carcinomas, while the clinical signifi-
cance of Wnt10B overexpression remain 
unclear [7].

Although at this time data concerning the role 
of Wnt10B in HCC remain limited, studies have 
provided the evidence of a close association 
between an aberrant high activity of Wnt/b-
catenin signaling and the liver cancer. For 
example, in the HCC-transplanted mice [15], 
WIF-1 and SFRP1, inhibitors of Wnt signaling 
pathways, could slow cell growth, induce cell 
apoptosis, and inhibit the tumor angiogenesis, 
resulting in suppression of the tumor growth. 
Liver stem cells marker epithelial cell adhesion 
molecules (EpCAM) was a target gene of Wnt/
β-catenin signal transduction, activation of 
Wnt/β-catenin promoted the expression of 
EpCAM, and HCC with EpCAM-positive HCC 
cells could be highly invasive tumor [16, 17]. Up 
to date, the role of Wnt10B in HCC remains 
largely unclear. A recent study showed that 
Wnt10B might express at high or low levels in 
HCC cells, thus it could be deregulated by either 
overexpression or silencing in HCC [12]. In addi-
tion, study of HCC HuH-7 (not HepG2) cells sho- 
wed that, although Wnt10B was able to act on 
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the oncogenic β-catenin pathway synergistical-
ly with the fibroblast growth factor (FGF), the 
up-regulated Wnt10B might suppress the cell 
growth via non-canonical Wnt pathways, the 
mechanisms independent of the β-catenin sig-
naling [12]. HepG2 cells, the HCC cell line used 
in the present study, expressed Wnt10B (more 
significantly than HuH-7 cells) [11] as well as 
FGF [18], and consistently in this study,  
stable silencing of Wnt10B significantly reduced 
the cell proliferation and invasion possibly via 
weakness of the Wnt/β-catenin signaling. The 
present study generated some novel informa-
tion on the Wnt signaling in HCC. Further stud-
ies are needed to examine the impact of 
Wnt10B silencing in HCC cells under in vivo 
conditions. 

In summary, this in vitro study provides the evi-
dence that stable silencing of Wnt10B directly 
reduces the viability, including reduction of cell 
proliferation and invasion as well as increased 
intendancy of apoptosis in HCC cells, implicat-
ing that Wnt10B plays an oncogenic role in HCC 
and is a potential therapeutic target. The role 
played by Wnt10B in HCC, however, still requires 
further investigation.
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