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Abstract: Objective: Wnt5a has been shown to be involved in cancer progression in a variety of tumor types. Previ-
ous experimental studies have indicated that it has been shown to be down-regulated in hepatocellular carcinoma 
(HCC). The goal of this study was to explore the effect of Wnt5a overexpression in an HCC cell line. Methods: We 
transfected the human HCC cell line Huh7 with a pcDNA3.1-Wnt5a overexpression vector or an empty vector control. 
The integration of the plasmid DNA and the expression of Wnt5a in Huh7 cells were confirmed by real-time RT-PCR 
and Western blot. A plate colony formation test was used to calculate the clone formation rate and the cell cycle 
was analyzed by flow cytometry. The effect of Wnt5a overexpression on cell migration was studied in vitro using a 
scratch assay and in vivo by xenograft studies in nude mice. Results: Our results showed that in Huh7 cells with 
overexpression of Wnt5a, the fraction of cells in the G1 and S phases of the cell cycle was significantly increased 
compared with untransfected cells. In agreement with this finding, overexpression of Wnt5a was associated with 
a lower colony formation rate compared with control cells. In our xenograft studies, nude mice injected with Huh7 
cells with overexpression of Wnt5a had decreased tumor volumes compared with controls. The vitro scratch assay 
revealed that Wnt5a overexpression cells had a diminished capacity for cell migration. Furthermore, we studied 
the expression of important proteins associated with Wnt5a signaling pathway, and it was found that Ror2 and E-
cadherin were both increased in Huh7 cells with overexpression of Wnt5a, whereas p53 expression was unaffected. 
Conclusion: Overexpression of Wnt5a in Huh7 cells was associated with decrease of cell proliferation and migration. 
Wnt5a may act as a tumor-suppressor gene in HCC, which works through the non-canonical Wnt signaling pathway 
by binding to the Ror2 and E-cadherin receptor.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth 
most frequent neoplasm worldwide and its inci-
dence is steadily increasing [1]. Although the 
major risk factors contributing to the develop-
ment of HCC are known, the molecular mecha-
nisms underlying the carcinogenesis of HCC, 
including those associated with dedifferentia-
tion and invasiveness, are not fully understood. 
In this regard, the Wnt family of proteins has 
been shown to include important regulators of 
malignant carcinogenesis [2]. The Wnts have 
historically been divided into two classes, those 
that signal through the canonical signaling 
pathway, and those that signal through the 
non-canonical signaling pathway. Furthermore, 
it has been established that signaling through 
the non-canonical pathway can antagonize sig-

naling through the canonical pathway [3, 4]. 
Canonical Wnts are thought to activate a signal-
transduction that induces the nuclear accumu-
lation and transcriptional activation of β-catenin 
[5]. The most well-recognized examples of non-
canonical signaling are the planar cell polarity 
pathway and the Wnt/Ca2+ signaling pathway 
[3, 4]. Wnt5a is a member of the large Wnt fam-
ily and has been demonstrated to play an 
important role in malignant progression of 
tumors. Recently research provide evidence 
that the Wnt5a gene produces two protein iso-
forms, WNT5A-long (WNT5A-L) and WNT5A-
short (WNT5A-S). Modulation  of  these  two 
WNT5A isoforms, either through ectopic expres-
sion or knockdown, demonstrates that they 
exert distinct activities in cancer cell lines: while 
WNT5A-L inhibits proliferation of tumor cell 
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lines and WNT5A-S promotes their growth [6]. 
Previous experimental studies have indicated 
that Wnt5a acts as a tumor-suppressor in the 
development of HCC [7]. The purpose of this 
study was to further explore the role of Wnt5a 
in HCC; this was achieved through the use of a 
Wnt5a expression vector to overexpress Wnt5a 
in the human HCC cell cline—Huh7.

Materials and methods

Cell lines

The human HCC cell line Huh7 was used in all 
experiments. Cells were cultured in DMEM sup-
plemented with 10% fetal bovine serum (Gibco, 
Life Technologies Co, Grand Island, NY, USA). 
All cell cultures were incubated at 37°C in 5% 
CO2, and the growth medium was replaced 
every second day.

Cell transfections

Cells were seeded in slide flasks and were 
allowed to reach 70% confluence. They were 
then transfected with either the pcDNA3.1-
Wnt5a expression vector or an empty vector, 
which served as a negative control. Cell trans-
fections were performed using Lipofectamine 
2000 (Invitrogen, Life Technologies Co., Grand 
Island, NY, USA) according to the manufactur-
er’s instructions. Four hours after transfection, 
the medium was replaced with fresh serum-
containing medium. For stable transfection, the 
medium was replaced after 48 h with G418-
containing medium, and cells which were stably 
transfected were preferentially selected by the 
antibiotic resistance cassette in the vector.

Real-time RT-PCR analysis

Cells were grown to about 85% confluence and 
were harvested for RNA isolation using Trizol 
reagent (Invitrogen). Isolated RNA was quanti-
fied and a total of 0.5 mg of total RNA was then 
subjected to RT-PCR using the PrimeScript RT 
reagent Kit and SYBR Premix Ex Tap. The prim-
ers used for Wnt5a amplification were followed: 
forward primer: 5’-ATTCTTGGTGGTCGCTAGG-3’; 
reverse primer: 5’-CTGTCCTTGAGAAAGTCCTG- 
3’.

Plate colony formation assay

Control and Wnt5a-transfected Huh7 cells were 
trypsinized, counted and seeded into six-well 

plates at a density of 2000 cells per well, in 
regular culture medium. After 10 days, cells 
were washed with PBS, fixed in 10% methanol 
for 15 min, and stained with Giemsa for 10 min. 
Visualized colonies were then photographed 
and scored. Each plate colony formation experi-
ment was repeated at least three times.

Cell cycle analysis

In order to determine the effect of Wnt5a over-
expression on the cell cycle, control and Wnt5a-
transfected Huh7 cells were harvested, fixed in 
70% ethanol and stained with 0.05 mg/ml of 
propidium iodide, as well as 0.05 mg/ml of 
RNase A. The cell cycle of stained cells was 
then analyzed by flow cytometry.

Xenograft studies in nude mice

Four-week-old male BALB/c nude mice were 
housed in a sterile environment. Animals were 
maintained under specific pathogen-free condi-
tions in the Animal Laboratory Unit of the 
Second Military Medical University. All animals 
used in this study were handled in accordance 
with the National Institutes of Health Guide for 
Care and Use of Laboratory Animals, and were 
approved by the Bioethics Committee of 
General Hospital of Jinan Military Command. 
Mice were injected with 5 × 106 Huh7 cells 
which were transfected with the pcDNA3.1-
Wnt5a vector or the control vector. Cells were 
injected into the anterior subcutaneous tissue 
of the hind leg (n = 3/group). After 15 days, the 
mice were sacrificed and all tumors were 
excised, photographed and had their dimen-
sions measured. Tumor volume (V) was calcu-
lated using the formula as V = (A × B2)/2; where 
A is the largest diameter of the tumor and B is 
the smallest diameter. We also performed stan-
dard histological (hematoxylin and eosin) and 
immunohistochemical studies on excised 
tumors that were formalin-fixed, paraffin-
embedded, and cut into 5-µm tissue sections. 
Immunohistochemical staining was performed 
to evaluate the expression of Hep-1 and Ki-67, 
using anti-Hep-1 (1:400) and anti-Ki-67 (1:100) 
primary antibodies, respectively. Immunopo- 
sitive cells were visualized with the Envision 
Plus System according to a previously described 
protocol [6].

Wound-healing assay

To assess cell migration, wound-healing scratch 
assays were performed by plating cells in slide 
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flasks. The cells were then allowed to attach 
and reach confluence, before a scratch was 
made in the cell monolayer. Photographs of 
cells invading the scratch were taken at the 
indicated time points and were used to assess 
the effect of Wnt5a overexpression on cell 
migration.

Western blot analysis

Cells were grown to 80% confluence and were 
then harvested on ice using lysis buffer. Cells 

ferred onto a 0.4 µm nitrocellulose membrane. 
Membranes were then probed with antibodies, 
and the protein was visualized using an ECL 
system. The Western blotting detection kit (ECL 
Plus) was obtained from Santa Cruz 
Biotechnology (Delaware Avenue Santa Cruz, 
CA, USA). The antibodies included: polyclonal 
anti-Wnt5a (1:1000; Lifespan), anti-Ror2 
(1:500; Abnova), anti-E-cadherin (1:1000; 
Santa Cruz Biotechnology), anti-p53 (1:1000; 
Santa Cruz Biotechnology).

Figure 1. A, B: Effect of Wnt5a on clonogenicity of Huh7 cells. The Huh7/Wnt5a cells displayed less clonogenicity 
than Huh7/pcDNA3.1 cells after 10 Days culture. C: Xenograft studies in nude mice. Nude mice injected Huh7/
Wnt5a cells had decreased tumor volumes compared with Huh7/pcDNA3.1 cells.

Table 1. Flow cytometry analysis of cell cycle
Group G1 phase (%) S phase (%) G2 phase (%)
Huh7/Wnt5a 62.76±1.01 30.64±1.45 6.59±0.50
Huh7/pcDNA3.1 55.82±1.70 38.03±1.14 7.15±0.53

were then Dounce homogenized and cen-
trifuged at 12,000 rpm for 15 min. The 
protein concentration in the supernatant 
was then quantified using a BCA protein 
assay. A total of 50 ng of each lysate was 
run out on a SDS-PAGE gel and then trans-
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Statistical analysis

All statistical analyses were carried out using 
SPSS13.0 software (SPSS Inc., Chicago, IL, 
USA). If not otherwise stated, means of at least 
three independent experiments ± SD are 
shown. Statistically significances between con-
trol and experimental group were calculated by 
independent t-test, a P-value < 0.05 was con-
sidered to be statistically significant.

Results

The Huh7 HCC cell line was selected for these 
experiments based on its low baseline Wnt5a 
gene and protein expression levels. Huh7 cells 
were transfected with plasmid vectors capable 
of constitutively driving expression of Wnt5a or 
an empty vector to serve as a control. The 
mRNA expression level of Wnt5a was mea-
sured to assess whether transfection with the 
pcDNA3.1-Wnt5a expression vector was suc-
cessful. The Wnt5a gene expression level was 
found to be low in untransfected Huh7 cells and 
Huh7/pcDNA3.1 cells.

Effect of Wnt5a overexpression on colony 
forming potential of Huh7 cells

To investigate whether Wnt5a expression 
affected the ability of Huh7 cells to form colo-
nies, the same number of Huh7/Wnt5a cells 
and Huh7/pcDNA3.1 cells were seeded at a low 
density in six-well plates. After 10 days, the 
existing colonies were visualized and counted 
microscopically (Figure 1). The number and size 
of colonies formed by Huh7/Wnt5a cells was 
lower than by Huh7/pcDNA3.1 cells. Statistical 

analysis revealed that the colony formation rate 
of Huh7/Wnt5a cells was 8.07%±0.37%, which 
was significantly lower than the rate of 
16.47%±0.39% observed for Huh7/pcDNA3.1 
cells (T = -27.174; P < 0.01).

Effects of Wnt5a overexpression on the cell 
cycle of Huh7 cells

To examine the mechanism underlying the 
effect of Wnt5a on Huh7 cell proliferation, we 
evaluated the cell cycle in control and Wnt5a-
overexpressing cells by flow cytometry. As 
shown in Table 1, our results indicated that the 
proportion of Huh7/Wnt5a cells in the G1 phase 
(62.76±1.01%) was significantly increased rela-
tive with Huh7/pcDNA3.1 cells (55.82±1.70%; 
P = 0.004). Conversely, the proportion of Huh7/
Wnt5a cells in the S phase (30.64±1.45%) was 
significantly decreased relative than Huh7/
pcDNA3.1 cells (38.03±1.14%; P = 0.002). This 
data showed that there was a suppression of 
cell cycle progression from G0/G1 to the S 
phase in Huh7/Wnt5a cells, compared with the 
control group, and a blockade in the G1 phase 
was observed in the cells transfected with 
Wnt5a expression vectors.

Xenograft studies in nude mice

To test the tumor-suppressing efficiency of 
Wnt5a overexpression in vivo, we established a 
xenograft model in nude mice by subcutaneous 
transplantation of Huh7/Wnt5a cells and Huh7/
pcDNA3.1 cells. As shown in Figure 1C, tumor 
volume was decreased in nude mice inj- 
ected with Huh7/Wnt5a cells compared with 
Huh7/pcDNA3.1 cells (P = 0.063). Immunohist- 

Figure 2. A: Immunohistochemical staining showed that hep-1 was expressed in each group without obvious dif-
ference; B: The expression of Ki-67 in Huh7/Wnt5a cells (37.74%±2.455%); C: The expression of Ki-67 in Huh7/
pcDNA3.1 cells (66.1%±2.162%).



Wnt5a and the biological behavior of HCC

991 Int J Clin Exp Pathol 2014;7(3):987-995

ochemical staining of tumor sections showed 
that Hep-1 was equally expressed in each 
group, suggesting that the tumor cells main-
tained the phenotypic characteristics of HCC 
cells (Figure 2A). Consistent with our in vitro 
data, we observed a significant decrease in the 
number of tumor cells stained positive for the 
cell proliferation marker Ki-67 in Huh7/Wnt5a 
group compared with Huh7/pcDNA3.1 group (P 
< 0.05; Figure 2B and 2C).

Effects of Wnt5a expression on the cell motil-
ity of Huh7 cells

We examined whether Wnt5a could regulate 
cell motility by performing an in vitro wound-
healing assay (Figure 3). 48 h after a scratch 
was made in the Huh7 cell monolayer, we 
observed that control cells had migrated into 
the scratch zone and the boundary area had 
become unclear. In contrast, the scratch area 
was still clear in cell cultures containing Huh7/
Wn5a cells. These results confirmed that 
Wnt5a overexpression resulted in a decreased 
capacity for cell migration in Huh7 cells.

Western blot analysis of Wnt5a overexpressing 
Huh7 cells

The protein expression levels of Wnt5a, Ror2, 
E-cadherin and p53 were assessed in control 
and Wnt5a-overexpressing Huh7 cells by 
Western blotting (Figure 4). Consistent with our 
gene expression data, the protein expression 
level of Wnt5a was higher in Huh7/Wn5a cells 
relative to control. Similarly, the protein expres-
sion levels of Ror2 and E-cadherin were also 
increased in Huh7/Wn5a cells; however, the 
expression of p53 was unaffected.

Discussion

Recent work studying various human tumors 
has indicated that Wnt5a has a critical role in 
malignant progression of cancer. For example, 
Wnt5a has been shown to be downregulated in 
neuroblastoma [8] and thyroid carcinoma [9]. 
Downregulation of Wnt5a has been associated 
with higher tumor grade and has been shown to 
be an independent factor indicating poor prog-

Figure 3. The Huh7/pcDNA3.1 and Huh7/Wnt5a cells motility were determined by wound migration assay. Huh7/
Wnt5a cell (A) spreading along the edges of the wound was significantly decrease as compared with the Huh7/
pcDNA3.1 cells (B) (scratch after 48 hr).
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nosis in a number of different tumor subtypes 
[10]. This tumor-suppressor role was further 
evidenced by studies that reintroduced Wnt5a 
into breast cancer cell lines MDA-MB-231 and 
4T1 and FTC-133 cells, a thyroid cancer cell 
line, resulting in decreased invasion, migration, 
clonogenicity and proliferation [9, 11]. But 
recently research reveal that Wnt5a promotes 
breast cancer cell migration via Dvl2/Daam1/
RhoA [12], then they demonstrated that Wnt5a 
promotes breast cancer cell migration via Dvl2/
Rab35/Rac1 signaling pathway in MCF-7 cells 
[13]. Although there was evidence that Wnt5a 
acted as a tumor-suppressor, a few studies 
have indicated an oncogenic role for Wnt5a in 
tumors arising from a variety of different tis-
sues. For example, increased expression of 
Wnt5a has been identified in gastric cancer 
[14], pancreatic cancer [15] and non-small-cell 
lung cancer [16]. A cancer-promoting function 
for Wnt5a was also shown in human gastric 
cancer cells (SGC-7901) [17], and human pan-
creatic cancer cell lines [18] where over expres-
sion of Wnt5a promoted cell proliferation and 
invasion.

Previous experimental studies have demon-
strated that Wnt5a mRNA expression was sig-
nificantly upregulated in HCC and in cases of 
non-tumorous liver disease such as chronic 
hepatitis and cirrhosis. However, these effects 
were not completely corroborated by immuno-
histochemical staining, where strong Wnt5a 
staining was observed in some cases of chron-

ic hepatitis and cirrhosis, although there was a 
reduction or loss of staining in liver tumors [19]. 
Previously, we investigated the expression and 
clinical significance of Wnt5a and Ror2 in HCC 
[7], our results indicated that all chronic hepati-
tis, cirrhosis and dysplastic liver cells exhibited 
strong positive immunostaining for Wnt5a. 
Contrastingly, in 76.5% of HCC patients, Wnt5a 
immunostaining was reduced or absent com-
pared with the expression level in adjacent non-
cancerous tissue. Furthermore, we also found 
a significant negative correlation between 
Wnt5a expression and tumor stage [7]. 
Consistent with previous reports [19, 20], the 
loss of Wnt5a protein expression in tumors was 
frequently observed in patients with HCC (71%-
81%), which correlated with increased AFP and 
poor histological grade. Based on the existing 
literature, we speculated that Wnt5 may play 
important roles in the control of differentiation, 
proliferation and invasiveness of HCC. To test 
this hypothesis, we examined the effect of 
Wnt5a overexpression in the HCC cell line, Huh-
7. We successfully established a Huh7 cell line 
that overexpressed Wnt5a, which was con-
firmed at the mRNA and protein level.

Our results demonstrated that overexpression 
of Wnt5a in Huh7 cells decreases cell prolifera-
tion, which was associated with a block in cell 
cycle progression in the G1 phase. Consistent 
with this finding, Huh7 cells with overexpress-
ing Wnt5a had a diminished colony forming 
potential compared to control cells. In agree-

Figure 4. A: Expression of Wnt5a in Huh7 cell lines. The overexpression of Wnt5a in huh7-W revealed the successful 
transfection. β-actin detection confirmed equal loading. B: Upregulation of Ror2 and E-cadherin protein in Huh7/
Wnt5a cells, while P53 had the same level expression in both Huh7/Wnt5a and Huh7/pcDNA3.1 cells. (Huh7-W: 
Huh7 cells transfected with Wnt5a expression plasmid; Huh7-P: Huh7 cells transfected with pcDNA3.1 plasmid.).
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ment with our in vitro data, xenografts of Wnt5a 
overexpressing Huh7 cells into nude mice yield-
ed tumors with smaller volumes than control 
Huh7 cells. We also noted that the tumors 
derived from Wnt5a overexpressing Huh7 cells 
contained less Ki-67 immunopositive cells, 
reflecting decreased cell proliferation. 

In the context of the existing literature and our 
own data, it was indicated that the expression 
of Wnt5a was correlated with the rate of cell 
proliferation in Huh7 cells. The association 
between high expression of Wnt5a and 
decreased cell proliferation suggests that 
Wnt5a is involved in the development of HCC. It 
has been reported that knockdown of Wnt5a 
results in a significantly increase in drug-
induced apoptosis and overexpression of 
Wnt5a or addition of recombinant Wnt5a medi-
ates resistance to apoptosis [21].

With regard to cell migration and metastasis, it 
has been reported that WNT5A knockdown in 
human colon cancer cells caused reduced 
directional migration, deregulated focal adhe-
sion site formation and reduced invasion, 
whereas Wnt5a administration promoted the 
directional migration of colon cancer cells [22]. 
It has also been reported that increased H.pylo-
ri is a Wnt5a inducer to macrophages; and 
macrophage-derived Wnt5a enhances gastric 
cancer cell migration through upregulating 
CXCR4 expression in a paracrine manner [23].

In our studies, we observed that Huh7/Wnt5a 
cells had a decreased capacity for wound-heal-
ing in an in vitro scratch assay, indicating that 
increased Wnt5a expression decreases the 
motility of Huh7 cells.

Emerging evidence suggests that the function 
of Wnt5a can be altered depending on the 
availability of key receptors [24-26]. It was 
recently reported that an alternative Wnt recep-
tor, receptor tyrosine kinase-like orphan recep-
tor 2 (Ror2) mediates Wnt5a-initiated non-
canonical signaling and is required for 
Wnt5a-mediated inhibition of canonical Wnt 
signaling [26, 27]. The Ror2 receptor belongs to 
the receptor tyrosine kinase superfamily [26]. 
This large protein family is involved in regulat-
ing diverse cellular process such as the cell 
cycle, migration, proliferation and differentia-
tion [27]. Previously we found that Ror2 gene 
transcription and protein translation were both 

suppressed in tumor tissues of HCC, and that 
the reduced expression of Ror2 in tumor tissue 
correlated with decreased Wnt5a expression 
[7]. In the current study, overexpression of 
Wnt5a was also associated with an increase in 
Ror2 expression. We interpret our results to 
indicate that Wnt5a acts as a tumor-suppres-
sor during the development of HCC, which is 
mediated via the non-canonical Ror2 signaling 
pathway.

E-cadherin mediated intercellular adhesion lim-
its cell motility and establishes cell apical-bas-
al polarity [28]. Loss of E-cadherin expression 
and disassembly of the E-cadherin/catenin 
complex on the cell surface induces a transi-
tion from a stationary to a motile phenotype 
and enables tumor cells to disseminate and 
metastasize [29]. Previous studies show that in 
pancreatic cancer cells WNT5A/JNK signaling 
promoted the mRNA expressions of vimentin, 
but decreased in E-Cadherin expression, which 
suggested its regulatory effects on the EMT 
processes [30]. Kanzawa also find that Wnt5a 
regulates the induction of epithelial-mesenchy-
mal transition (EMT) and the maintenance of 
caner stem cell (CSC) properties in MKN-7 cells 
[31]. In agreement with the literature, we found 
that Huh7/Wnt5a cells have an elevated level 
of E-cadherin protein expression, which was 
associated with decreased migration of these 
cells.

In summary, our experiments demonstrated 
that Wnt5a affects the biological behavior of 
the HCC cell line Huh7. Specifically, increased 
Wnt5a expression decreased the proliferative 
and migratory capacity of this HCC cell line. As 
such, we presumed that Wnt5a might be a 
potential therapeutic target for the inhibition of 
HCC progression.
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