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Wnt5A expression is associated with the tumor  
metastasis and clinical survival in cervical cancer
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Abstract: Aims: To identify the clinical significance of Wnt5A expression in the development and progression of 
cervical cancer. Methods: Real-time PCR was performed in 8 pairs of surgically resected cervical cancer and adja-
cent normal cervical tissues. Immunohistochemistry was performed to examine Wnt5A expression in 94 paraffin-
embedded cervical cancer samples. Associatio ns of Wnt5A expression with clinicopathological factors and clinical 
survival were analyzed. Results: Wnt5A expression was overexpressed in cervical cancer tissues compared with ad-
jacent normal cervix. Wnt5A expression tended to be positively correlated with lymph nodes metastasis (P = 0.028) 
and recurrence (P = 0.009). Moreover, patients with higher Wnt5A expression in cancer tissues had better overall 
(P = 0.004) and recurrent-free survival (P = 0.012) than those with lower Wnt5A expression. Multivariate analysis 
revealed that Wnt5A was an independent prognostic factor (P = 0.026) for predicting overall survival of cervical can-
cer patients. Conclusion: Upregulation of Wnt5A was associated with metastasis and progression of cervical cancer. 
The results of our study unravel the significance of Wnt/Ca2+ signaling in cervical cancer.
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Introduction

Cervical cancer is a malignant tumor of the cer-
vix, with an estimated 277,000 new cases and 
266,000 deaths annually worldwide [1]. The 
prognosis has been improved substantially in 
these decades, and the 5-year survival rate of 
patients with early stage cervical cancer is 
more than 80% [2]. Currently, surgical resec-
tion and radiotherapy are both potentially cura-
tive treatment for localized tumors. Unfortu- 
nately, 30-35% of patients present with advan- 
ced tumors failed treatments [3]. Moreover, 
recurrent cervical cancer usually exhibits a 
poor response to many chemotherapeutic agen- 
ts and radiotherapy [4]. Therefore, there is an 
urgent need to uncover the biological mecha-
nisms contributing to development and pro-
gression of cervical cancer.

The Wnt signaling pathway involves numerous 
proteins that are required for basic develop-
mental processes of cell proliferation and dif-
ferentiation in many different species and 
organs [5]. It begins when proteins binds the 
extracellular N-terminal domain of a Frizzled 

(Fz) family receptor, which is a seven-transmem-
brane protein and constitute a distinct family of 
G-protein coupled receptor. Upon activation of 
the Fz receptor, a signal is sent to the phospho-
protein Dishevelled (Dsh). In canonical Wnt sig-
naling pathway, phosphorylation of Dsh allows 
β-catenin to translocate into the nucleus and 
subsequently induce a cellular response via 
gene transduction alongside the TCF/LEF tran-
scription factors [6]. Accumulating evidence 
suggests that Wnt signaling plays important 
role in carcinogenesis and tumor progression. 
Activation of Wnt signaling may promote cancer 
cell proliferation and migration [7, 8], while sup-
pression of Wnt signaling inhibits cancer stem-
ness and tumor development [9, 10]. Besides, 
Wnt signaling pathway has been proposed to be 
implicated in chemosensitivity [11] and radiore-
sistance [12]. Moreover, persistent activation 
of Wnt/β-catenin signaling has been demon-
strated to be an indicator of poor clinical prog-
nosis in several cancers [13].

The Wnt signaling could be divided into two cat-
egories: the canonical and the non-canonical 
Wnt signaling pathway. The canonical Wnt sig-
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naling has been shown to be involved in the 
development and progression of cervical can-
cer. Li et al. revealed that activation of β-catenin 
and Akt pathways are required for the susten-
tion of EMT-associated stem cell-like traits of 
cervical cancer cells [14]. Chung et al. reported 
that epigenetic silencing of SFRP genes leads 
to oncogenic activation of the Wnt pathway and 
contributes to cervical cancer progression th- 
rough the EMT program [15]. Ramachandran et 
al. found that Wnt inhibitory factor 1 induces 
apoptosis and inhibits tumor growth, invasion 
and angiogenesis of cervical cancer [16]. 
However, the roles of non-canonical Wnt signal-
ing in the development of cervical cancer 
remain largely unknown. The aim of this study 
was to determine the clinical significance of 
non-canonical Wnt signaling in cervical cancer.

Materials and methods

Patients and tissue specimens

A total of 94 paraffin-embedded human cervi-
cal squamous cell carcinoma tissues were 
obtained from the First Affiliated Hospital of 
Shenzhen University from January 2004 to 
December 2007. Demographic and clinicopath-
ological data were collected from impatient 
medical records (summarized in Table 1). For 
the use of these clinical materials for research 
purposes, written informed consent from all 
patients and approval from The Institutional 
Research Ethics Committee were obtained. The 
median follow-up period was 46 months (range, 
0.5-60 months). In addition, 8 pairs of cervical 

cancer tissues and the paired adjacent non-
cancerous cervical tissues were disected and 
frozen liquid nitrogen until further use.

Real-time PCR

Approximate 100 mg tissues from cervical can-
cer and normal cervical tissues were used for 
RNA extraction using the Trizol Reagent (Invi- 
trogen) according to manufacturer’s instruc-
tions. Isolated RNA was quantified and then 
subjected to RT-PCR using the Prime Script RT 
reagent Kit. Sequences of the primers are: 
Wnt5A forward primer: 5’-ATTCTTGGTGGTCGC- 
TAGG-3’; reverse primer: 5’-CTGTCCTTGAGAAA- 
GTCCTG-3’, GAPDH forward primer 5’-GAATCTA- 
CTGGCGTCTTCACC-3’, reverse primer 5’-GTCA- 
TGAGCCCTTCCACGATGC-3’.

Immunohistochemical staining

Paraffin-embedded samples were obtained 
from 94 patients for immunohistochemical 
analysis. In brief, 4 μm paraffin-embedded sec-
tions were deparaffinized and rehydrated. 
Endogenous peroxidase activity was blocked by 
3% hydrogen peroxide for 15 min. After antigen 
retrieval, sections were incubated with 5% 
serum to avoid the non-specific binding. The 
sections were incubated overnight at 4°C with 
the primary antibody at dilutions of 1:100 for 
Wnt5A (Abcam, USA; 1:200). After the primary 
antibody was washed off, the sections were 
incubated with prediluted secondary antibody 
(Santa Cruz Biotechnology). Immunoreactivity 
was visualized by 3’, 3-diaminobezidine reac-
tion and then the sections were counterstained 
with hematoxylin. For blank controls, the pri-
mary antibody was omitted. For negative con-
trols, the primary antibody was replaced by 
nonimmune serum.

The stained slides were scored independently 
by two pathologists blinded to clinical data. The 
proportion of positive tumor cells was scored 
as follows: 0 (no positive tumor cells); 1 (< 10% 
positive tumor cells); 2 (10-50% positive tumor 
cells); 3 (51-80% positive tumor cells), and 4 (> 
80% positive tumor cells). Staining intensity 
was graded according to the following criteria: 
1 (weak staining = light yellow); 2 (moderate 
staining = yellow brown) and 3 (strong staining 
= brown). Staining index (SI) was calculated as 
the product of staining intensity score and the 
proportion of positive tumor cells. The cut-off 

Table 1. Associations of Wnt5A expression with 
clinicopathological characteristics in cervical 
cancer

Variable Category No. 
Wnt5A

P
+ -

Age (y) ≤ 50 69 33 36 0.129
> 50 25 8 17

FIGO Stage IB 62 24 38 0.132
> IB 32 17 15

Grade 1/2 40 16 24 0.543
3 54 25 29

LN Metastasis No 76 29 47 0.028
Yes 18 12 6

Recurrence No 81 31 50 0.009
Yes 13 10 3
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value for distinguishing high and low Wnt5A 
expression was set as an SI of 6.

Statistical analysis

The Statistical Program for Social Sciences, 
version 16.0 (SPSS, Chicago, IL), was used for 
statistical analysis. The Chi-square test was 
performed to examine the associations of 
Wnt5A expression with clinicopathological fac-
tors. Survival curves were generated using the 
Kaplan-Meier method and compared using the 
log-rank test. All results were expressed as 
means ± standard deviation (S.D.), where P val-
ues less than 0.05 were considered statistical-
ly significant.

Results

Wnt5A expression in human cervical cancer 
tissues

In order to determine the role of Wnt/Ca2+ sig-
naling in the development of cervical cancer, 
we investigated the expression profiling of 
Wnt5A in cervical cancer tissues. As shown in 
Figure 1, Wnt5A was significantly upregulated 
in primary cervical cancer samples compared 
with the paired adjacent noncancerous cervical 
tissues. Overall, 77.6% (73/94) of the paraffin-
embedded cervical cancers samples showed 
positive expression of Wnt5A. The representa-
tive immunostaining of Wnt5A in cervical can-
cer was shown in Figure 2A-D. 

survival of cervical cancer patients

The prognostic role of Wnt5A in cervical cancer 
was evaluated using the Kapla n-Meier survival 
curve analysis. As shown in Figure 3, patients 
with higher Wnt5A expression in cancer tissues 
had better overall (P = 0.004) and recurrent-
free survival (P = 0.012) than those with lower 
Wnt5A expression. Multivariate analysis indi-
cated that Wnt5A expression was an indepen-
dent prognostic factor of patient overall surviv-
al (Table 2). Our results revealed that Wnt5A 
may represent a potential prognostic indicator 
for cervical cancer patients.

Discussion

In this study, we found that there is an elevation 
of Wnt5A expression in cervical cancer tissues 
in compared to normal cervical tissues by Real-
time PCR. Wnt5A expression was closely corre-
lated with lymph nodes metastasis. Moreover, 
statistical analysis showed that higher expres-
sion of Wnt5A was associated with poor overall 
and recurrent-free survival of cervical cancer. 
Multivariate Cox regression analysis showed 
that Wnt5A expression was an independent 
prognostic factor for patients with cervical can-
cer. Our study unraveled that the non-canonical 
Wnt signaling was activated in cervical cancer, 
and that non-canonical Wnt signaling may play 
crucial roles in the development and progres-
sion of cervical cancer.

Figure 1. Wnt5A expression in cervical cancer specimens was detected by 
Real-time PCR (n = 8) compared with adjacent noncancerous tissue. aster-
isks, P < 0.05.

Associations of Wnt5A ex-
pression with clinicopatho-
logical features 

The associations of Wnt5A 
expression with clinicopath-
ological characteristics are 
summa rized in Table 1. 
Wnt5A expression tended to 
be positively correlated with 
lymph nodes metastasis (P 
= 0.028) and recurrence (P 
= 0.009). However, no sta-
tistic ally significant relation-
ships were found between 
Wnt5A expression and age, 
tumor stage, or tumor grade.

 Associations of Wnt5A 
expression with clinical 
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The main non-canonical Wnt signaling path-
ways include the planar cell polarity (PCP) path-
way, the Wnt/Ca2+ pathway. It has been dem-
onstrated that the planar cell polarity (PCP) Wnt 
signaling plays important roles in embryonic 
development and tissue homeostasis, and the 
Wnt/Ca2+ pathway is implicated in cell adhe-
sion and cell movements during gastrulation 
[17]. Recent studies indicated that Wnt/Ca2+ 
pathway was involved in the occurrence of can-
cer stem cell and carcinogenesis [18]. Wnt5A 
has been identified as a Wnt/Ca2+ signaling 
protein. Several recent studies have described 
a significant role for Wnt5A in tumor develop-
ment and metastasis, contributing to invasion 
and migration of cancer cells [19]. However, the 
exact roles of non-canonical Wnt signaling 
pathways in cancers are less well understood.

In the present study, we found that the expres-
sion of Wnt5A was up-regulated in cervical can-
cer tissues in compared to adjacent noncan-
cerous tissues, and that elevated expression of 

Wnt5A significantly predicted a poor overall and 
recurrent-free survival compared with low Wnt- 
5A expression in cervical cancer patients. 
Moreover, multivariate analysis implied that 
Wnt5A immunoreactivity may be a useful prog-
nostic indicator in patients with cervical cancer. 
These results indicate an oncogenic role of 
non-canonical Wnt signaling in cervical cancer, 
which concurs with several previous studies. 
Peng et al. reported that Wnt5A as a predic tor 
in poor clinical outcome of patients with ovari-
an cancer, and that it plays important roles in 
mediating chemosensitivity to anticancer drugs 
in ovarian cancer cells [20]. Da Forno et al. 
demonstrated that increased cytoplasmic Wnt- 
5A was associated with melanoma progres-
sion, and strong cytoplasmic Wnt5A was an 
independent risk factor for reduced metasta-
sis-free and overall survival [21]. Huang et al. 
shown that Wnt5A gene expression was signifi-
cantly correlated with tumor proliferation and 
angiogenesis of non-small-cell lung cancer, and 
that Wnt5A status was a significant prognostic 

Figure 2. High (A, B) and low (C, D) expression of Wnt5A in cervical cancer tissues by immunohistochemistry. (A, C 
with 200× magnification; B, D with 400× magnification).
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factor for non-small-cell lung cancer patients 
[22]. However, Syed Khaja et al., in contrast to 
us, described that elevated level of Wnt5A pro-
tein is associated with better clinical outcome 
in localized prostate cacner [23]. Ying et al. also 
suggested that Wnt5A could act as a tumor 
suppressor in colorectal cancer by antagoniz-
ing the canonical Wnt signaling [24]. This could 
be due to the tissue specific effect of Wnt/
Ca2+ signaling in different cancers.

Metastasis remains a major cause of morbidity 
and mortality in cervical cancer patients. In our 
study, we found that overexpression is associ-
ated with lymph nodes metastasis of cervical 
cancer. Our result is in agreement with previous 
studies demo nstrating Wnt5A is capable of 
mediating several biological events associated 
with cancer cell metastasis. Kurayoshi et al. 
demonstrated that Wnt5A expression is corre-
lated with gastric cancer aggressiveness 
through stimulating tumor cell migration and 
invasion [25]. Pourreyron et al. showed that 
Wnt5A is strongly expressed at the leading 
edge in non-melanoma skin cancer, indicating 

that Wnt5A signalling contributes to tissue 
invasion by non-melanoma skin cancer [26]. 
These findings underline the metastasis-pro-
moting effects of Wnt/Ca2+ signaling in can- 
cers.

Conclusion

In conclusion, our study reported an upregula-
tion of Wnt5A in cervical cancer, and that the 
expression of Wnt5A is closely associated with 
tumor metastasis and clinical outcome of 
patients with cervical cancer. Our study indi-
cates a potential role of Wnt5A in regulating E 
MT and metastasis in cervical cancer. However, 
further studies are needed to clarify the molec-
ular mechanism of Wnt5A in cervical cancer 
development and progression.
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Figure 3. Kaplan-Meier curves of 94 cervical cancer patients with low versus high expression of Wnt5A.

Table 2. Multivariate Cox regression analysis of OS and RFS in cervical cancer patients

Prognostic variables
OS RFS

HR (95% CI) P HR (95% CI) P
Age (> 50 vs. ≤ 50) 1.158 (0.248-5.409) 0.852 1.614 (0.354-7.356) 0.537
FIGO Stage (> IB vs. IB) 1.501 (0.382-5.900) 0.561 1.362 (0.367-5.052) 0.645
Differentiation (Grade 3 vs. 1/2) 1.051 (0.326-3.389) 0.934 1.199 (0.374-3.839) 0.760
LN Metastasis (+ vs. -) 3.155 (1.065-9.349) 0.038 2.092 (0.656-6.679) 0.212
Wnt5A expression (+ vs. -) 4.784 (1.208-18.941) 0.026 3.507 (0.886-13.871) 0.074
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