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Abstract. Invasion and metastasis are the primary causes of 
mortality from hepatocellular carcinoma (HCC). Effective 
inhibition against participants in the tumourigenesis and 
metastasis process is critical for treatment of HCC. Wnt3a 
is involved in the development and metastasis of many 
malignant tumours. However, the specific mechanisms of 
Wnt3a-mediated cell proliferation, invasion and metastasis in 
HCC remain unclear. In this study, we found that Wnt3a and its 
target gene c‑Myc showed higher expression in tumour tissues 
than normal liver tissues in HCC patients; 71.8% of the cases 
studied had high Wnt3a and c‑Myc expression levels (n=32); 
Wnt3a expression positively correlated with its target genes 
MMP‑7 and c‑Myc. Intriguingly, the expression of Wnt3a, 
MMP‑7 and c‑Myc is significantly correlated with Notch3 and 
Hes1 expression. In vitro experiments showed that Wnt3a was 
highly expressed in MHcc97H and SK‑Hep‑1 cells. Therefore, 
Wnt3a expression was silenced with siRNA, and then, MTT, 
flow cytometry, wound healing and Transwell assays were 
performed to analyse cell proliferation, cycle, migration and 
invasion. The results demonstrated that downregulation of 
Wnt3a expression inhibited cell viability and induced G0/G1 
cell cycle arrest via decreased expression of cyclin D1 and 
c‑Myc and increased expression of p21 and p27. In addi-
tion, deletion of Wnt3a significantly inhibited migration and 
invasion by downregulating MMP‑2/-7/-9 expression via the 
MAPK (p38, ERK1/2 and JNK) pathway. In conclusion, our 

data show that Wnt3a is involved in HCC development. Wnt3a 
may be an effective target for treatment of HCC.

Introduction

Hepatocellular carcinoma (HCC) is the third most common 
cancer worldwide, and over 50% of patients emerge from 
Asia (1). Although significant progress has been made in the 
diagnosis and treatment of HCC, the overall prognosis is still 
poor, and high metastasis and recurrence rates are the main 
factors affecting the prognosis of HCC patients (2,3). Therefore, 
it is important to investigate and clarify the molecular mecha-
nisms underlying HCC metastasis and recurrence in order to 
find novel therapeutic targets.

The Wnt signalling pathway is a highly conserved 
signalling pathway that controls cell growth, differentiation, 
apoptosis and self-renewal, and it is implicated in maintenance 
of tumour progenitor cells, drug resistance, tumour progres-
sion, invasion and metastasis (4,5). Canonical Wnt signalling 
is mediated by ligand binding to Frizzled and the low-density 
lipoprotein receptor-related protein-5/6 (LRP5/6) receptors, 
resulting in the accumulation of β-catenin in the cytoplasm 
and β-catenin transfer to the nucleus, where it interacts with 
T cell factor (TCF)/lymphatic enhancement factor (LEF) to 
regulate the expression of various target genes (6,7). Wnt3a is a 
ligand in the Wnt signalling pathway. It has been reported that 
Wnt3a is activated and participates in the metastasis process in 
many cancers, including non-small cell lung cancer, colorectal 
cancer, gastric cancer and breast cancer (8-11). Recently, some 
researchers have suggested that targeting the Wnt/β-catenin 
signalling pathway can regulate HCC cell proliferation, inva-
sion and metastasis (12-14). However, these studies primarily 
focused on β-catenin, and whether Wnt3a is activated and 
involved in the occurrence and metastasis of HCC has rarely 
been reported.

Given the effects of Wnt3a on progression, recurrence 
and metastasis of other tumours, it is important to analyse the 
function of Wnt3a in HCC. In the present study, we assessed 
the critical role of Wnt3a in HCC. We also investigated the 
effects of Wnt3a siRNA on cell cycle distribution and the 
metastatic ability of HCC cells in vitro. Our findings suggest 
novel therapeutic strategies for HCC treatment.
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Materials and methods

Clinical specimens. In total, 32 primary HCC patients, diag-
nosed by an oncologist and a pathologist, were sampled from 
a prospectively designed database. In accordance with the 
protocol approved by the Affiliated Hospital of Guangdong 
Medical University (Ethics Committee protocol no. PJ2013105), 
all the participants signed an informed consent. We ensured that 
the patients understood the information regarding the applica-
tion of specimens. Cancerous tissues and adjacent tissues from 
32 patients were obtained from the Hepatobiliary Surgery Center 
and were frozen in liquid nitrogen before use. None of the patients 
received radiotherapy or chemotherapy before sample collection.

Cell culture. Several hepatoma cell lines (SK‑HEP-1, QGY7701, 
HeP3B, QGY7703, HepG2, MHCC97H, MHCC97L, and 
Smmc7721) and one immortalized liver cell line (HL7702) were 
used in this study. All cells were purchased from the Cell Bank 
of Shanghai (China). The HepG2, HL7702 and Smmc7721 
cells were cultured in RPMI-1640 basic medium supplemented 
with 10% fetal bovine serum (FBS, cat. no. 10100‑147; Gibco, 
Australia). The other cells were cultured in DMEM supple-
mented with 10% FBS.

siRNA transfection. MHcc97H and SK‑Hep‑1 cells were plated 
into 6-well plates and transfection procedures were performed 
according to the manufacturer's protocol. To confirm the 
validity of the experiment, we screened the efficacy of Wnt3a 
knockdown and selected the best performing siRNA transcript. 
Before each experiment, we transiently transfected MHcc97H 
and SK‑Hep‑1 cells using an siRNA-Wnt3a gene knockdown 
kit (Jima Biotechnology Co., Shanghai, China) and the nega-
tive control siRNA (NC‑si).

Cell inhibition and cytotoxicity assay (MTT assay). MHcc97H 
and SK‑Hep‑1 cells (1x104 cells/well) were seeded into 96-well 
plates. Following 24 h of adherent culture at 37˚C, the cells were 
treated with siRNA to inhibit Wnt3a expression. Phosphate-
buffered saline treatment served as a blank control, and NC‑si 
treatment acted as a negative control. Then, 20 µl of MTT stock 
solution at a concentration of 5 mg/ml was transferred to each 
well to obtain a final volume. Next, the cell supernatants were 
gently removed, and 200 µl of DMSO was added to each well to 
solubilize the formed crystals. The absorbance was detected at 
570 nm with a spectrophotometer (Perkin-Elmer, USA).

Flow cytometry analysis. The cells treated with siRNA were 
placed into 6-well plates (1x105 cells per well). Following 
overnight growth, cells were carefully collected, pelleted, 
washed with PBS, and suspended in binding buffer. Then, 
100 ml of cells was incubated with 5 ml of Annexin V-FITC 
and 5 ml of PI for 15 min in the dark. The fixed cells under 
each experimental condition were examined, and DNA content 
was analysed using FlowJo software. Then, cell cycle analysis 
was performed with a flow cytometer (BD FACSCalibur). All 
measurements were performed as described under the same 
instrumental settings following the manufacturer's protocol.

Colony formation assay. Briefly, MHcc97H and SK‑Hep‑1 
cells were initially plated in 6-well culture dishes (BD) and 

cultured in DMEM containing 10% FBS for seven days, and 
the medium was refreshed every two days. After the incuba-
tion, we removed the medium and washed the cells twice with 
PBS. Then, the cells were stained with 1% crystal violet for 
15 min before being counted. The results were photographed 
with a camera and analysed with ImageJ software. All the 
studies were repeated three times.

Wound healing assay. The cells were cultured in a 24-well 
plate in DMEM containing 10% FBS for 24  h until they 
grew to 100% confluence. A straight scratch was created in 
the adherent cells with a pipette tip after three washes with 
phosphate-buffered saline to remove cellular debris. Then, 
the cells were cultured in DMEM containing 1% FBS. The 
wounds were observed under a microscope, and images were 
captured at 0, 12 and 24 h. The data were analysed with ImageJ 
software, and the experiments were conducted in triplicate 
independently.

Transwell assay. MHcc97H and SK‑Hep‑1 cells were seeded in 
Transwell chambers at a concentration of 1x105 cells/chamber 
in the absence or presence of Wnt3a‑siRNA treatment. 
Transwell inserts (chambers) were placed in a 24-well plate, 
cells were diluted with serum-free DMEM, and growth 
medium (DMEM with 10% FBS) was added to the lower 
chambers. After incubation for 24 h at 37˚C, the cells that 
passed through the membrane to the bottom wells were fixed 
in 75% ethanol and stained with 0.1% crystal violet (Amresco, 
Solon, OH, USA). The cells were observed under a microscope 
and imaged, and the experiments were performed three times 
independently. Cell invasion ability was also assessed. The 
cell invasion assay was similar to the cell motility assay, with 
the exception that the inserts were pretreated with Matrigel 
(1:10 diluted in DMEM).

qRT-PCR analysis. Total RNA was extracted from frozen 
tissues using TRIzol reagent (Invitrogen, Guangzhou, China) 
according to the manufacturer's protocol. Reverse transcrip-
tion was performed with 1 µg of RNA using a PrimeScript RT 
reagent kit and a gDNA Eraser kit (Takara, Dalian, China). We 
employed (10x(Log2

∆CT))-1 calculations to determine relative 
mRNA expression. Data were evaluated using the comparative 
count method and normalized to the corresponding 18S ribo-
somal RNA value.

The primer sequences used were as follows: Wnt3a, 
forward, 5'-AATTTGGAGGAATGGTCTCTCGG-3' and 
reverse, 5'-CAGCAGGTCTTCACTTCACAG-3'; Wnt5a, 
forward, 5'-TCCGGACTACTGTGTGC-3' and reverse, 5'-AGC 
AGCACCAGTGAAAC-3'; Frizzled, forward, 5'-CGTACTGA 
GTGGAGTGTGTTTTG-3' and reverse, 5'-TGAGCTTTTCCA 
GTTTCTCTGTC-3'; c‑Myc, forward, 5'-CGTCCTGGGAAG 
GGAGAT-3' and reverse, 5'-CGCTGCTATGGGCAAAGT-3'; 
MMP‑7, forward, 5'-CACCACACTATTTTGAGGTCTTCC 
GCAG-3' and reverse, 5'-CATCCTAGGCTGAGGCTGGTAT 
GTTTTG-3'; 18S, forward, 5'-CGGCGACGACCCATTCG 
AAC-3' and reverse, 5'-GAATCGAACCCTGATTCCCC 
GTC-3'.

Western blot analysis. Protein samples were prepared from 
cancerous and adjacent tissues collected from eight patients 
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using Fastprep-24 Sample Preparation equipment (MP, USA), 
and the Wnt3a and Notch3 protein levels were detected. The 
cells were harvested and lysed in lysis buffer. Equal amounts of 
protein samples were loaded per well. Membranes containing 
protein blots were incubated in blocking buffer (5% non-fat 
milk) for 1 h at room temperature, and then, the membranes 
were incubated with primary antibodies (Cell Signaling 
Technology) diluted 1:1,000 at 4˚C overnight. Following a 
wash with TBS-T, the membranes were incubated with goat 

anti-rabbit secondary antibodies diluted 1:3,000 for 1  h. 
Immunocomplexes were detected with enhanced chemilumi-
nescence reagent.

Statistical analysis. The data were obtained from at least three 
independent experiments, and all analyses were performed 
with GraphPad version 5.0 software. The results were evalu-
ated using Student's t-test, and Pearson correlation analyses 
were used to examine the correlation between two parameters. 

Figure 1. The Wnt3a pathway is activated in HCC tissues. Wnt3a pathway-related gene expression levels were measured with qRT-PCR (A-E). Wnt3a and 
c‑Myc genes were expressed at higher levels in tumour tissues than in normal liver tissues [(A) P=0.0241; (D) P=0.0347; n=32)]. The Wnt5a, Frizzled and 
MMP‑7 mRNA levels were not changed [(B, C and E) n=32]. In 71.8% of patients, Wnt3a and c‑Myc expression was higher in tumour tissues than in normal 
liver tissues. However, no significant difference in MMP‑7 expression between tumour tissues and normal liver tissues was observed (F). We analysed gene 
expression correlations using Pearson analysis and found that Wnt3a expression is positively correlated with MMP‑7 and c‑Myc expression [(G) R=0.4901, 
P=0.0044; (H) R=0.3765, P=0.0337], which suggests that the Wnt3a pathway is activated (*P<0.05).
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The statistical significance levels were defined as P<0.05, 
P<0.01 and P<0.001.

Results

The Wnt3a pathway is activated in HCC tissues. We assayed 
the expression of Wnt-related genes [Wnt3a, Wnt5a, Frizzled, 
c‑Myc, and matrix metalloproteinase (MMP)-7] in HCC 
tissues and normal liver tissues with qRT-PCR. We found that 
the expression of Wnt3a and c‑Myc genes was significantly 
increased in tumour tissues compared with normal liver tissues 
from the same patient (Fig. 1A-E). The data showed that 71.8% 
of all cases (n=32) expressed higher Wnt3a and Myc mRNA 
levels compared with normal liver tissue. In addition, MMP‑7 
gene expression was increased in tumour tissues compared with 
normal liver tissues in >59.4% of the cases (n=32) (Fig. 1F). 
We analysed the relationship between the Wnt3a and the 
Wnt pathway target genes c‑Myc and MMP‑7, and the data 

showed that they are positively correlated (Fig. 3G and H). 
These experimental data strongly support our view that the 
Wnt signalling pathway is activated in tumour tissues of HCC 
patients.

Wnt3a signalling activation is correlated with activation 
of the Notch3 signalling pathway in HCC. Our previous 
experimental results indicated that Notch3 and Hes1 gene 
expression levels are significantly increased in tumour tissue, 
and there is a positive correlation between Notch3 and Hes1 
gene expression levels (15). Interestingly, Wnt3a was found to 
be positively correlated with Notch3 (R=0.39, P=0.026) and 
Hes1 (R=0.68, P<0.001) (Fig. 2A and B). We also evaluated the 
correlation between Notch3 and the Wnt pathway target genes 
c‑Myc and MMP‑7. MMP‑7 is involved in cancer cell inva-
sion and metastasis processes (16,17). c‑Myc is a well‑known 
gene that determines the cell capacity for self-renewal and 
proliferation  (18). Our data show that Notch3 expression 

Figure 2. Wnt3a signalling activation is correlated with activation of the Notch3 signalling pathway in HCC. (A) Pearson correlation analysis revealed a 
correlation between Wnt3a and Notch3 and Hes1. Wnt3a is positively correlated with Notch3 and Hes1 [(A) R=0.3923, P=0.0264; (B) R=0.6862, P<0.001]. 
In addition, Notch3 expression is positively correlated with MMP‑7 and c‑Myc expression [(C) R=0.6756, P<0.001; (D) R=0.5359, P=0.0016]. We measured 
Wnt3a and Notch3 protein content with western blots. High Wnt3a expression was always accompanied by an increase in Notch3 expression (E).
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is significantly correlated with the expression of c‑Myc and 
MMP‑7 (Fig.  2C  and  D). In addition, we determined the 
Wnt3a and Notch3 protein contents in the tumour specimens 
and the accumulation of Wnt3a and Notch3 in the tumour 
tissues  (Fig. 2E). Based on these data, Wnt3a and Notch3 
participate in the process of HCC carcinogenesis. Wnt3a 
may influence hepatocarcinoma cell invasion, metastasis and 
proliferation by targeting MMP‑7 and c‑Myc.

Downregulation of Wnt3a expression inhibits MHcc97H 
and SK‑Hep‑1 cell viability. We first examined the baseline 
Wnt3a protein expression level in several hepatoma cell 
lines. Wnt3a exhibited higher expression levels in hepatoma 
cells compared with the normal liver cell line HL7702. 
Among the hepatoma cell lines, we found that MHcc97H and 
SK‑Hep‑1 cells highly express Wnt3a (Fig. 3A). Therefore, we 
silenced Wnt3a mRNA expression via siRNA transfection in 
MHcc97H and SK‑Hep‑1 cells. The knockdown efficiency 
of 3 different Wnt3a siRNA sequences was tested in both 
MHcc97H and SK‑Hep‑1 cell lines, and the results were 
assessed with western blotting. Sequence 2 was chosen for 
use in subsequent experiments because of its excellent Wnt3a 
knockdown performance  (Fig.  3B). The inhibitory effect 
of Wnt3a knockdown was measured with MTT assays after 
depletion of Wnt3a via siRNA interference in MHcc97H and 

SK‑Hep‑1 cells. Cell growth was potently inhibited in a time-
dependent manner (Fig. 3C). A colony formation assay was 
used to evaluate the ability of MHcc97H and SK‑Hep‑1 cells to 
form colonies after Wnt3a was downregulated by siRNA, and 
we found that Wnt3a inhibition reduced the colony-forming 
capability of the cells (Fig. 3D and E).

Silencing of Wnt3a expression induces cell cycle arrest by 
regulating cell cycle regulatory proteins. To investigate 
whether the anti-proliferative effect of decreased Wnt3a 
expression was triggered by cell cycle arrest, we examined 
cell cycle distribution using flow cytometry. We observed that 
after 24 h of siRNA interference, cell cycle progression was 
arrested in MHcc97H cells at G0/G1 phase. Compared with 
the control and NC‑si-transfected cells, the percentage of 
G0/G1 cells was increased significantly from 28.04 and 28.61 
to 42.12%. There was a similar effect on cell cycle distribution 
in SK‑Hep‑1 cells, and the percentage of G0/G1 cells increased 
significantly from 53.6 and 54.14 to 63.41%. Analysis of this 
mechanism revealed that downregulation of Wnt3a was asso-
ciated with downregulation of c‑Myc and cyclin D1 expression 
and upregulation of p21 and p27 (Fig. 4).

Downregulation of Wnt3a expression suppresses MHcc97H 
and SK‑Hep‑1 cell migration. To evaluate whether 

Figure 3. Downregulation of Wnt3a expression inhibits the viability of MHcc97H and SK‑Hep‑1 cells. The Wnt3a expression profiles of several HCC cell lines 
were screened by western blotting (A). The knockdown efficiency of 3 different Wnt3a siRNA sequences was tested in both MHcc97H and SK‑Hep‑1 cell 
lines by western blotting (B). The viability of cells treated with Wnt3a‑siRNA for 12 and 24 h was determined using an MTT assay (C). The clonogenicity of 
cells after depletion of Wnt3a via siRNA interference was measured with a colony formation assay (D and E). The data are expressed as the means ± SD of 
3 independent experiments. *P<0.05, **P<0.01 and ***P<0.001 between the indicated groups, control vs. siRNA; #P<0.05, ##P<0.01 and ###P<0.001 between the 
indicated groups, NC‑si vs. siRNA; NC‑si, negative control siRNA; si-1, 2, 3, Wnt3a‑siRNA-1, 2, 3.
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downregulation of Wnt3a expression affects the metastatic 
ability of MHcc97H and SK‑Hep‑1 cells, we performed 
a wound healing assay. MHcc97H cell migration was 
significantly inhibited by Wnt3a knockdown. The size of 
the wound in the Wnt3a‑siRNA group was 0.82±0.04 mm, 
which was significantly larger than the wound size in either 
the control group (0.32±0.04 mm) or the NC‑si-transfected 
group (0.27±0.06  mm)  (Fig.  5A  and  B). Similar results 
were obtained for SK‑Hep‑1 cells; the size of the wound in 
the Wnt3a‑siRNA group was 0.77±0.05 mm, compared to 
0.40±0.07 mm in the control group and 0.48±0.07 mm in the 
NC‑si group (Fig. 5C and D). We used a Transwell Boyden 
chamber system with porous polycarbonate membranes to 
further quantify cell motility. The results were consistent with 
those of the wound healing assay. After MHcc97H cells were 
transfected with siRNA for 24 h, the number of cells was 
reduced from 186.33±10.26 and 180.67±10.07 to 60.33±16.65 
compared with the control and NC‑si groups. Similarly, the 
number of migrated SK‑Hep‑1 cells per field was reduced from 
161.33±10.41 and 157±11.14 to 46.67±10.79 (Fig. 5E and F). 
Taken together, our results support a role for Wnt3a in the 
migratory capability of MHCC97L and SK‑Hep‑l cells.

Downregulation of Wnt3a expression inhibits the invasion 
and adhesion of MHcc97H and SK‑Hep‑1 cells. Transwell 
assay chambers with a Matrigel coating were used to evaluate 
tumour aggressiveness. The cells observed to degrade the 
Matrigel and pass through the membrane were counted, and 
the results revealed that the number of aggressive MHcc97H 

cells was lower in the Wnt3a‑siRNA group (30±25.51) than 
in both the NC‑si group (113.33±8.14) and the control group 
(116±13.23). Similar results were obtained for SK‑Hep‑1 
cells (Wnt3a‑siRNA, 38±13.45; NC‑si, 149±14; control, 
155.33±21.73) (Fig. 6A-C). Whether Wnt3a affects the adhe-
sion ability of HCC cells was also investigated with an MTT 
assay. The data demonstrated that depletion of Wnt3a dramati-
cally inhibited cell adhesion compared with the control group 
and NC‑si group (Fig. 6D and E). Overall, these results support 
the proposal that downregulation of Wnt3a expression can 
significantly suppress the invasion and adhesion capability of 
MHCC97L and SK‑Hep‑l cells.

Wnt3a siRNA downregulates MMP‑2, MMP‑7 and MMP‑9 
protein expression in MHcc97H and SK‑HEP‑1 cells. MMPs are 
known to play an important role in tumour metastasis (16,19). A 
western blotting assay showed that the MMP‑2/-9 protein levels 
in the Wnt3a‑siRNA group were significantly lower than those 
in the other groups. Notably, the MMP-7 protein levels were 
also decreased after Wnt3a knockdown (Fig. 7). These results 
indicated that Wnt3a promotes cell migration and invasion by 
regulating the expression of MMP‑2/-7/-9.

Wnt3a-altered MMP expression is associated with the 
MAPK signalling pathway. We examined the expression of 
mitogen‑activated protein kinase (MAPK) pathway-associated 
proteins, including the total protein levels of ERK1/2, p38, 
JNK and their phosphorylated forms (p-ERK1/2, p-p38, and 
p-JNK). The results demonstrated that downregulation of 

Figure 4. Silencing of Wnt3a expressions induces G0/G1 cell cycle arrest by regulating cell cycle regulatory proteins in MHcc97H and SK‑Hep‑1 cells. Cell 
cycle profiles were measured with flow cytometry following Wnt3a‑siRNA interference treatment for 24 h (A). Western blotting was performed to detect 
c‑Myc, p21, p27, and cyclin D1 expression in MHcc97H and SK‑Hep‑1 cells; GAPDH was used as a loading control (B).
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Wnt3a had no effect on the protein levels of ERK1/2, p38 and 
JNK; however, the levels of the phosphorylated form were 
markedly decreased (Fig. 8).

Discussion

HCC patients have a higher mortality rate and a lower 5-year 
survival rate than patients with various other cancers (20,21), 
mainly because of tumour cell invasion and metastasis. Thus, 
novel therapies that specifically inhibit these processes are 
critical. Some reports have suggested that the Wnt signalling 
pathway is activated and involved in tumour metastasis, but the 
detailed molecular mechanisms remain unclear. Our experi-
ments attempted to explore the role of Wnt3a in pathogenesis 
and metastasis of HCC.

The expression of related genes in tumour specimens 
from HCC patients were evaluated with qRT-PCR. We found 

that expression of Wnt3a and the Wnt target gene c‑Myc was 
upregulated. Wnt ligands can promote β-catenin nuclear 
translocation and enable β-catenin to interact with T-cell 
factor (TCF)/lymphoid enhancer factor (LEF) transcription 
factors to regulate gene expression, such as c‑Myc, MMP‑7 
and cyclin D1 (5,22,23). Wnt3a is a ligand in the Wnt signal-
ling pathway. Driskell et al reported that Wnt3a knockout mice 
lacked LEF1 protein expression in submucosal gland (SMG) 
placodes, and confirmed that Wnt3a can directly transcrip-
tionally regulate the LEF1 gene, which needs TCF4 to bind to 
the LEF1 promoter Wnt response region (24). Galceran et al 
showed that null mutations LEF1/TCF1 resulted in a defect 
in the formation of paraxial mesoderm, which was virtually 
identical to that seen in Wnt3a-deficient mice (25). Multiple 
studies reported that inhibition of Wnt3a expression reduced 
LEF/TCF activity and overexpression of wnt3a promoted 
LEF/TCF activity (26-28). In conclusion, Wnt3a can directly 

Figure 5. Downregulation of Wnt3a expression suppresses MHcc97H and SK‑Hep‑1 cell migration. Wound healing assays were performed in which the 
migration of cells into the wound was measured; images were captured at the indicated time-points. Downregulation of Wnt3a inhibited MHcc97H (A and B) 
and SK‑Hep‑1 (C and D) cell migration compared to the control and NC‑si group. (A) Transwell Boyden chamber system was used to assay cell migration, 
and the representative images show that MHcc97H and SK‑Hep‑1 cell migration was decreased in the Wnt3a siRNA group compared to the control and NC‑si 
groups (E and F).
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Figure 6. Downregulation of Wnt3a expression inhibits invasion and adhesion of MHcc97H and SK‑Hep‑1 cells. Cell invasion assays were performed using 
Transwell assays in which a Matrigel coating was added. Representative images showing that MHcc97H and SK‑Hep‑1 cell invasion was decreased in the 
Wnt3a siRNA group compared to the control and NC‑si groups (A). Quantification of the number of invasive MHcc97H and SK‑Hep‑1 cells (B and C). 
Absorbance of the MHcc97H and SK‑HEP‑1 cells in an adhesion assay (D and E).

Figure 7. Downregulation of Wnt3a expression reduces the expression of MMP‑2/-7/-9. The protein expression of MMPs (MMP-2/-7/-9) in MHcc97H and 
SK‑Hep‑1 cells after siRNA transfection for 24 h was examined by western blotting (A). Quantification of the expression levels of related proteins following 
transfection with siRNA (B-D).
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transcriptionally regulate the LEF/TCF gene activity. Our 
data confirmed that Wnt3a plays an essential role in HCC 
progression. Activation of Wnt3a pathway is accompanied 
by higher expression of Notch3. Hyperactive Wnt3a could 
cause its target gene transcription activation. Stemness gene 
(c‑Myc and MMP‑7) expressed in HCC always suggest poor 
prognosis  (29,30). c‑Myc is known as the stemness gene 
which determines the cell capacity of self-renewal and cell 
proliferation. MMPs are involved in the process of cancer 
cell invasion and metastasis (16,17,30). The Wnt pathway is 
implicated in HCC pathogenesis through its interaction with 
many signalling pathways, including Hippo, AKT/PKB, 
ERK1/2, and NF-κB signal transduction pathways (31-34). In 
addition, Sun et al (35) reported that Wnt and Notch1 pathways 
promote hepatitis B virus X protein-induced hepatocarcino-
genesis. Our previous study found that Notch3 expression 
reflects differentiation properties and correlates with a poor 
prognosis in HCC and plays a role in modulating the stemness 
of HCC cells. Notch3 is a distinct biomarker of cancer stem 
cells in HCC progression. Therefore, HCC development may 
be associated with activation of multiple signalling pathways. 
Our data demonstrated that Wnt3a is positively correlated with 
Notch3 and Hes1 expression, and Notch3 is positively corre-
lated with c‑Myc and MMP‑7 expression. Furthermore, we 
measured the protein levels of Wnt3a and Notch3 in the same 
specimen and confirmed that Wnt3a and Notch3 were highly 
expressed. Based on these data, we concluded that team work 
of Wnt pathway with Notch pathway contributed to regulate 
the maintenance of cellular stemness and recurrence as well 
as metastasis of HCC. However, their specific cooperation 
mechanism still needs to be clarified in the future.

Some studies have reported that the expression of Wnt3a 
was inhibited by the inhibitors including AXIN2, DKK-1, 
NKD-1, β-TRCP and HS20 in liver cancers  (36,37), and 
these reports primarily elaborated the biological capability of 
these antagonists. However, the effect on Wnt pathway target 
gene and the capacity of proliferation and metastasis of the 
tumour cells were not further investigated after the reduction 
of Wnt3a. In our study, silencing of Wnt3a expression via 
siRNA transfection suppressed cell proliferation and induced 
G0/G1 cell cycle arrest in MHcc97H and SK‑HEP‑1 cells. 
Deregulation of cell cycle progression is a well-known and 
common feature of cancer (38). c‑Myc is a key transcription 
factor involved in several cellular processes, including growth 
and proliferation in different cells (39,40). The p21, p27 and 
Cyclin D1 proteins function as regulators of cell cycle progres-
sion through G1 and S phases (41-43). Thus, altered expression 
levels of these proteins indicate cell cycle arrest. Our data 
suggested that downregulating the expression of Wnt3a can 
reduce the expression of the target gene c‑Myc. In addition, 
the protein levels of p21 and p27 were increased and cyclin D1 
was decreased, indicating that Wnt3a siRNA treatment induce 
p21- and p27-dependent cell cycle arrest. In conclusion, these 
results clearly indicate that the Wnt3a pathway is involved in 
cell cycle progression in HCC cells.

Based on a functional analysis, we further examined the 
potential molecular mechanism of metastasis progression 
mediated by Wnt3a. MMPs, including MMP‑2/-7/-9, play an 
important role in tumour metastasis (9,17,19). Suppression of 
MMPs decreases cancer cell invasion and migration (44,45). 
Accordingly, potential inhibitors of MMPs will undoubt-
edly be valuable in our attempts to treat HCC. Our studies 

Figure 8. Wnt3a-altered MMP expression is associated with the MAPK signalling pathway. The expression of MAPK pathway proteins was examined by 
western blotting in MHcc97H and SK‑Hep‑1 cells after siRNA transfection for 24 h (A). Quantification of the expression levels of related proteins following 
transfection with siRNA (B).
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demonstrated that inhibition of Wnt3a expression suppressed 
HCC cell invasion and metastasis by decreasing MMP‑2/‑7/-9 
expression. The MAPK signalling pathway, including JNK, 
ERK1/2 and p38, has been reported to be the essential 
upstream signalling pathway that activates MMP expression 
and participates in regulation of cell migration and invasion in 
various cancers (46-48). To determine whether the downregu-
lation of MMP expression is associated with MAPK signalling 
pathways, we assessed the effects of Wnt3a siRNA on JNK, 
ERK1/2, and p38 levels and those of their phosphorylated 
forms. The results demonstrated that cooperation of JNK, 
ERK1/2 and p38 plays a crucial role in Wnt3a-mediated cell 
migration and invasion in SK‑Hep‑1 and MHCC97L cells.

In conclusion, we confirmed that Wnt3a plays an essential role 
in HCC progression. Activation of the Wnt3a pathway is accom-
panied by higher expression of Notch3. Furthermore, Wnt3a 
may be critical for HCC cell cycle and metastasis by regulating 
cell cycle regulatory proteins and the MAPK (p38, ERK1/2 and 
JNK) pathway. Wnt3a may represent a novel therapeutic target 
for treatment and inhibition of HCC metastasis.
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