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Abstract: Neural Wiskott-Aldrich syndrome protein (N-WASP) is an important member of the WASP family involved
in the actin cytoskeleton reorganization. Recent evidence suggests that N-WASP may play important roles in tumor
progression and metastasis. However, the contribution of N-WASP to cervical cancer is still unknown. The present
study focused on elucidating the role of N-WASP in the malignant behavior of cervical cancer cells. We found that
N-WASP overexpressed in cervical cancer tissues compared with paired paracancerous tissues and normal tissues,
and similar results were observed in several cervical cancer cell lines. Furthermore, we demonstrated that over-
expression of N-WASP facilitated migration and invasion of cervical cancer cells, while downregulation of N-WASP
resulted in decreased cell migration and invasion. In addition, the data showed that N-WASP might promote invasion
and migration of cervical cancer cells via regulating the activity of p38 MAPKs pathway. Altogether, the study sug-
gested that N-WASP might serve as an oncogene in cervical cancer, and provided novel insights into the mechanism
that how N-WASP promoted invasion and migration of cervical cancer cells.
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Introduction

Cervical cancer is the sixth main type of cancer
and the third leading cause of cancer in women
worldwide. Recent progress in cervical cancer
screening tests has successfully decreased
incidence and mortality rates in developed
countries. However, there is still a high inci-
dence rate in the developing countries, ac-
counting for 85% of all cervical cancer cases
[1]. For cervical cancer in the early stages
(Stages I-1l) and Stage lll, the cure rate is up to
80-90% and 60%, respectively. However, for
cancer progression to an advanced stage or
recurrence, the prognosis is still poor [2]. There-
fore, exploring the molecular mechanisms in
the progression and metastasis of cervical can-
cer is essential for development of novel tar-
geted and effective therapeutic treatments.

Neural Wiskott-Aldrich syndrome protein (N-
WASP) is an important member of the WASP

family involved in the actin cytoskeleton reorga-
nization [3]. It is also well established that
WASP family proteins are key regulators of
actin polymerization during cell motility and
invasion [4]. N-WASP could activate Arp2/3-
complex-mediated actin polymerization, under
the regulation of Cdc42, Nck, Grb2, Src and
phosphoinositides [5]. Moreover, N-WASP was
previously demonstrated as an essential com-
ponent of invadopodia, but not lamellipodia
or filopodia in metastatic cancer cells [6-8].
Increased expression of N-WASP was detected
in tumor tissues of esophageal squamous
cell carcinoma (ESCC), suggested that the N-
WASP staining patterns might be useful for
the diagnosis of ESCC [9]. Conversely, Martin
et al [10, 11] found that the expression of
N-WASP was significantly decreased in cell
lines and tumor tissues of breast cancer and
colon cancer, and the prognosis of patients with
high expression of N-WASP was better than
those with low expression, which indicated that
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N-WASP might serve as a tumor suppressor.
Taken together, N-WASP may play dual and can-
cer type specific effects on tumor development
and progression. However, expression pattern
and function of N-WASP in cervical cancer is
still unclear.

In the present study, we observed increased
expression of N-WASP in cervical cancer sam-
ples and cell lines. Furthermore, gain-of-func-
tion and loss-of-function studies by overexpres-
sion and knockdown of N-WASP in cervical
cancer cells were performed to determine its
role in cell survival, proliferation, invasion and
migration in vitro.

Methods and materials
Specimens, cell culture and reagents

Cervical cancer tissue samples, paracancerous
tissue samples and matched normal tissue
samples from 26 patients were collected bet-
ween June 2014 and October 2014 at Zhong-
nan Hospital of Wuhan University (Wuhan,
China). The fresh tissues were immediately
snap-frozen in liquid nitrogen and kept in -80°C.
The study protocol was approved by the Ethics
Committee of Wuhan University.

The human cervical cancer cell lines (Hela, Siha
and C33a) and a normal cervical epithelial
cell line (H8) were obtained from the Cancer
Research Center of Wuhan University (Wuhan,
China). C33a-R cell line was established by
receiving multiple radiations from the parent
cell line C33a in our lab. Cells were cultured in
Dulbercco’s modified Eagle’s medium (DMEM,
Gibico, USA) supplemented with 10% fetal bo-
vine serum (FBS, Gibco, USA), and incubated
in a humidified atmosphere at 37°C with 5%
CO,. SB203580, a selective inhibitor for p38,
was purchased from MerckMillipore (Billerica,
MA, USA).

Quantitative real-time polymerase chain reac-
tion assay (QRT-PCR)

Total RNA processing and gRT-PCR was per-
formed as described previously [12]. The prim-
ers were as follows: N-WASP sense, 5-GAAC-
GAGTCCCTCTTCACTTTC-3’, antisense, 5’-GTTC-
CGATCTGCTGCATATAACT-3’; GAPDH sense, 5'-
TGACTTCAACAGCGACACCCA-3’, antisense, 5'-
CACCCTGTTGCTGTAGCCAAA-3'. The amplifica-
tion was performed on MX3000p real-time
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PCR detection system (Agilent Co., USA). The
data were normalized to GAPDH, and the rela-
tive fold change was calculated using the 2-44¢t
method.

Western blot

Western blot analyses were performed as
described previously [13]. Briefly, cells were
first washed with PBS and lysed in 2 x sodium
dodecyl sulphate sample buffer (100 mM Tris-
HCI pH6.8, 200 mM DTT, 4% SDS, 20% glycerol
and 0.2% bromoplenol blue). Cell lysates were
separated by 10% SDS-PAGE. Proteins were
transferred to PVDF membranes (Immobilon
0.2 um, Millipore, USA), which was then im-
mersed in a blocking solution containing 5%
non-fat milk and 0.1% tween-20 for 1 h.
Afterwards, the membranes were washed and
incubated with primary antibody for 2 h and
then with secondary antibody for 1 h at room
temperature. Primary antibodies used were N-
WASP antibody (Abcam, Cambrige, USA), phos-
phorylated (p)-p38, p38, p-HSP27, HSP27 (Cell
Signaling Technology, Beverly, MA, USA), GA-
PDH and B-actin (Santa Cruz Biotechnology,
Santa Cruz, USA). Appropriate secondary anti-
bodies were used. Enhanced chemilumines-
cence (Beyotime, Shanghai, China) was used to
visualize the immuno-reactive bands.

Construction of N-WASP overexpression and
knockdown cell lines

The lentivirus containing N-WASP ORF sequen-
ce (NM_003941) was constructed by Geno-
mics Co. (Guangzhou, China), which utilized the
lentiviral expression vector pLVX-EFla-IRES-
Puro. Small hairpin RNA (shRNA) of N-WASP
lentivirus gene transfer vector encoding en-
hanced green fluorescent protein (EGFP) se-
quence was constructed by Genechem Co.,
Ltd (Shanghai, China). The shRNA targeting
sequences of N-WASP were: KD1, 5-ACAAC-
TTAAAGACAGAGAA-3’; KD2, 5-GCAAGAAATGT-
GTGACTAT-3’; KD3, 5-CCCAAATGGTCCTAATC-
TA-3’; and negative control (NC) was 5-TTC-
TCCGAACGTGTCACGT-3'. The N-WASP overex-
pression and knockdown cell lines were estab-
lished by infecting cells with lentivirus accord-
ing to the manufacturer’s instructions.

Cell proliferation assay

The proliferation of cervical cancer cells and
the normal epithelial cell was detected by the
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Figure 1. N-WASP expression is increased in cervical cancer tissues and cell lines. (A) N-WASP expression levels
in 26 pairs of cervical cancer tissues, the matched paracancerous tissues and normal tissues were measured by
quantitative real-time PCR (qRT-PCR). GAPDH was used as an internal control. (B) The expression levels of N-WASP
in four cervical cell lines (Hela, SiHa, C33a and C33a-R) and a normal cervical epithelial cell line (H8) were mea-
sured by qRT-PCR. (C and D) The protein levels of N-WASP were detected by Western blot (C) and quantified by Image

J software (D). ***p < 0.001.

cell counting kit-8 reagent (CCK-8, Dojindo,
Japan) as described previously [14]. In brief,
4 x 10° cells were seeded in 96-well culture
plates. 6 h later, CCK-8 assay buffer (100 ul
per well) was added at the time point of O,
24,48 and 72 h. The optical density (OD) (490
nm values) was determined with a Bio-TEK
microplate reader (MD, USA). Each experiment
was done in triplicate and the mean value was
calculated.

Apoptosis assay

The cells were labeled with annexin V and the
apoptosis assay was performed with the annex-
in V apoptosis detection kit APC (ebioscience,
USA) according to the manufacturer’s instruc-
tion. The prepared samples were measured
by flow cytometry (Millipore, USA). Each experi-
ment was done in triplicate and the mean value
was calculated.
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Wound healing assay

The wound healing assay was performed using
a 96 wounding replicator (VP scientific, CA,
USA). In briefly, 3 x 10* cells were seeded in
96-well culture plates and incubated at 37°C in
5% CO2 overnight. After the cells attached, the
monolayer was gently scratched using the ster-
ile wounding replicator. The culture medium
was replaced, and the migration of the cells
was monitored at O and 24 h by a microscope.

Transwell migration and invasion assay

For invasion assay, Transwell with an 8 um
diameter pore membrane (Costar, NY, USA) was
coated with 200 pL Matrigel (BD Bioscience,
Bedford, USA) at 200 ug/ml and incubated
overnight. 2 x 10* cells were seeded into the
upper chamber of the Transwell and the lower
chamber was filled with 500 uL medium sup-
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plemented with 10% FBS. After 24 h of incuba-
tion at 37°C, migration cells on the bottom
surface were stained with crystal violet and
counted under a microscope. The migration
assay was performed in a similar mode, except
that the cells were seeded into the uncoated
filter and the medium filled in the lower cham-
ber was supplemented with 5% FBS.

Intracellular signaling array

To explore the molecule mechanism under the
biological behavior, we further performed intra-
cellular signaling array using PathScan® In-
tracellular Signaling Array Kit (Cell Signaling
Technology, Beverly, MA). Each experiment was
done in triplicate according to the manufactur-
er’s instruction.

Statistical analysis

All experiments were performed a minimum
of three times. All data were analyzed using
GraphPad Prism software version 5.0 for win-
dows (CA, USA), and the values were expressed
as mean * sd. For statistical comparisons
between two groups of data sets, the Student’s
t test (two-tailed) was used; and for more than
two groups, one-way ANOVA test was employed.
P values less than 0.05 were considered as
statistically significant.

Results

N-WASP was significantly overexpressed in hu-
man cervical cancer tissues and cell lines

Quantitative RT-PCR was used to detect the
mRNA level of N-WASP in 26 human cervical
cancer tissues, and matched paracancerous
tissues and normal tissues. As shown in Figure
1A, mRNA levels of N-WASP in human cervical
cancer tissues were significantly higher than
that in matched controls. Moreover, the mRNA
levels of N-WASP were determined in four
human cervical cancer cell lines (Hela, Siha,
C33a and C33a-R) and a normal epithelial cell
line H8. The mRNA levels in cancer cell lines
were significantly higher compared to that in
H8 (Figure 1B). Furthermore, protein expres-
sion of N-WASP also indicated that N-WASP is
highly expressed in cancer cell lines than the
normal epithelial cells (Figure 1C and 1D).
Considering the data together, high expression
of N-WASP in cancer tissues and cancer cell
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lines may correlate with the malignancy of cer-
vical cancer.

Overexpression of N-WASP promoted migration
and invasion of C33a-R cells in vitro

To investigate the role of N-WASP in cervical
cancer cell proliferation, apoptosis, migration
and invasion, we overexpressed N-WASP in
C33a-R cells which exhibits relatively low ex-
pression of N-WASP (Figure 1A). C33a-R cells
were infected with lentivirus that stably expres-
sed N-WASP (C33a-R OE) and negative control
vector (C33a-R NC), respectively. Overexpres-
sion efficiency of N-WASP was confirmed using
gRT-PCR and western blot. Both mRNA level
and protein level of N-WASP were significantly
increased by more than 2-fold in C33a-R OE
cells than those in C33a-R NC cells and original
cells (Figure 2A and 2B). CCK8 assay showed
that overexpression of N-WASP had no effect
on proliferation of C33a-R cells (Figure 2C).
Furthermore, the effect of N-WASP on apopto-
sis was measured by flow cytometry. Similarly,
the effect of N-WASP upregulation on apoptos-
is was not significantly different (Figure 2D).
Moreover, wound healing assay and transwell
assay were performed to evaluate the effect of
N-WASP on the motility and invasion of C33a-R
cells. The results showed that overexpression
of N-WASP significantly promoted migration of
C33a-R cells in vitro (Figure 2E and 2F), and
enhanced the invasive ability of C33a-R cells
(Figure 2G). Altogether, our data suggested an
oncogenic role of N-WASP. Overexpression of
N-WASP decreased cell apoptosis and promot-
ed migration as well as invasion of C33a-R
cells.

N-WASP suppression induced cell death of
C33a cells in vitro

We further explored the role of N-WASP in C33a
cells, which have high expression of N-WASP, by
using shRNA-mediated gene silencing (Figure
3A). Surprisingly, we found that C33a cells are
extremely sensitive to letivirus infection. Aimost
all cells died after infection with lentvirus with
either N-WASP shRNAs or non-target control
(NC) shRNA (Figure 3B). Therefore, another cer-
vical cancer cell line Hela with high N-WASP
expression was chosen to continuously investi-
gate the effect of N-WASP silencing (Figure 3C).
The knockdown efficiency of various lentivirus
was evaluated by gRT-PCR, and the results

Am J Transl Res 2017;9(2):403-415
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Figure 2. Overexpression of N-WASP promoted migration and invasion of C33a-R cells in vitro. A. The mRNA level of
N-WASP was significantly increased after infection with recombinant lentivirus in C33a-R cells (C33a-R OE vs C33a-
R NC and C33a-R), which was measured by qRT-PCR analysis. B. Western bolt analysis validated that the protein
level of N-WASP was remarkably increased in C33a-R OE cells. C. CCK8 analysis showed that overexpression of N-
WASP had no effect on proliferation of C33a-R cells. D. Overexpression of N-WASP did not influence the apoptosis
of C33a-R cells which was measured by flow cytometry. E. Wound healing assay showed that overexpression of N-
WASP significantly promoted migration of C33a-R cells. F. Transwell migration assay confirmed that overexpression
of N-WASP significantly promoted motility of C33a-R cells. G. Transwell invasion assay showed that overexpression
of N-WASP significantly facilitated the invasion of C33a-R cells. *P < 0.05, **P < 0.01, ***P < 0.001.

showed that KD1 shRNA has the highest knock-
down efficiency (Figure 3D).

N-WASP knockdown inhibited migration and
invasion of hela cells in vitro

The efficiency of N-WASP knockdown in Hela
cells was confirmed by western blot as shown
in Figure 4A. CCK8 assay showed that N-WASP
suppression had no effect on Hela cell prolifer-
ation (Figure 4B). Moreover, apoptosis assay by
flow cytometry supported that N-WASP inhibi-
tion did not influence cell apoptosis (Figure 4C).
Importantly, the data of wound healing assay
and transwell assay indicated that knockdown
of N-WASP significantly inhibited cell migra-
tion and invasion (Figure 4D-F). These results
were consistent with N-WASP overexpression in
C33a-R cells, which suggested that N-WASP
might play an important oncogenic role in pro-
gression of cervical cancer cells.

N-WASP knockdown inhibited malignant
behaviors of Hela cells through p38 MAPKs
signaling pathway

To better understand the detailed regulation
mechanism of N-WASP in cervical cancer pro-
gression, we determined the activated intracel-
lular signaling pathways upon N-WASP suppres-
sion using PathScan® Intracellular Signaling
Array Kit. As shown in Figure 5, the phosphory-
lation levels of S6 Ribosomal Protein, mTOR,
HSP27, Bad, p70 S6 Kinase, PRAS40, p38,
SAPK/JNK and GSK-3B were significantly de-
creased in Hela KD1 cells than that in Hela NC
cells. First, S6 Ribosomal Protein, mTOR and
p70 S6 Kinase are involved in mTOR signaling
pathway which plays an important role in cell
growth and homeostasis [15]. Second, PRAS40,
Bad and GSK-3[3 are downstream molecules of
AKT signaling pathway which transmits growth
and survival signals [16]. Third, HSP27, p38
and SAPK/JNK are core components of p38
MAPKs signaling pathway which participates
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in invasion and metastasis [17]. Therefore, the
data suggested that N-WASP might promote
invasion and migration through p38 MAPKs sig-
naling pathway in cervical cancer.

Furthermore, a selectivep 38 kinase inhibitor,
SB203580 [18], was employed to explore the
role of p38 phosphorylation on invasion and
migration in cervical cancer cells with and with-
out N-WASP overexpression. Interestingly, the
pharmacological inhibition of p38 induced sig-
nificantly decreased migration (Figure 6A and
6B) and invasiveness (Figure 6C) in cervical
cancer cells, which is consistent with the ef-
fect of N-WASP knockdown described previ-
ously (Figure 4). Moreover, the inhibition effect
in N-WASP overexpression cells was stronger
than that in negative control cells. The phos-
phorylated levels of p38 and its downstream
molecule HSP27 were detected in N-WASP
overexpression cervical cancer cells with or
without the presence of SB203580. The re-
sults showed that overexpression of N-WASP
increased the phosphorylated level of p38,
which could be abolished by treatment with
SB203580 (Figure 6D). Taken together, the
data suggested that N-WASP might be a critical
upstream molecule of p38, and both of them
might serve as therapeutic targets for inhibition
of cervical cancer progression.

Discussion

Although considerable achievements have be-
en made in cancer screening and vaccines, cer-
vical cancer remains a major health threat in
women and the prognosis at the advanced
stages is still very poor. Metastasis is a multi-
stage biological process and responsible for
majority of cancer-related deaths, which is still
a big challenge to understand what kind of
tumor cells will migrate and invade in cancer
progression [19]. In the present study, we fo-
cused on a potential biomarker, N-WASP, and
its association with malignant behaviors of cer-

Am J Transl Res 2017;9(2):403-415
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assay showed that knockdown of N-WASP significantly inhibited migration of Hela cells. E. Transwell migration assay
confirmed that silence of N-WASP significantly inhibited motility of C33a-R cells. F. Transwell invasion assay showed
that knockdown of N-WASP significantly inhibited Hela cell invasion. *P < 0.05, **P < 0.01, ***P < 0.001.
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vical cancer cells. We observed a significant invasion of cervical cancer was promoted by
increase of N-WASP expression in tissue speci- upregulation of N-WASP (Figure 2), while inhib-
mens as well as cell lines of cervical can- ited by suppression of N-WASP (Figures 3 and
cer (Figure 1). Furthermore, cell migration and 4). Intracellular signaling array showed N-WASP
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promoted invasion and migration of cervical may function as a driver in the progression of
cancer cells via regulating the activity of p38 cervical cancer.

MAPKs pathway (Figure 5), which was further

validated using a selective p38 kinase inhibitor Previously, N-WASP was confirmed to contrib-
(Figure 6). These data suggested that N-WASP ute to migration and invasion in several kinds
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of malignant tumor cells. Bourguignon et al
claimed that N-WASP promoted cell migration
and transcriptional activation in ovarian can-
cer by interaction with CD44 and ErbB2 [20].
Gligorijevic et al demonstrated that tumor cells
with parental N-WASP levels have an increased
ability to form invadopodia, migrate, invade
and metastasis compared with those with
suppressed N-WASP levels [21]. N-WASP was
confirmed to play key roles in mediating the
molecular pathogenesis of low oxygen-induced
accelerated brain invasion by gliomas [22].
N-WASP and WASP family verprolin-homolo-
gous protein 2 (WAVE2) were observed to be
co-localized with intensive F-actin accumula-
tions at the infiltration site in a three-dimen-
sional (3D) invasion system. Further knock-
down of N-WASP and WAVE2 remarkably re-
duced cell invasion and F-actin accumulation
[23]. It is also known that microfilament rear-
rangement and cell migration was induced by
the activation of integrin receptors recruiting
FAK signaling proteins and N-WASP [24].

However, there are some other studies showed
that N-WASP appears to inhibit rather than
promote tumor progression. Martin et al [10]
showed that N-WASP was significantly down-
regulated in cell lines and specimens of breast
cancer, especially in patients with aggressive
and node positive tumors as well as poor prog-
nosis. They further observed that overexpres-
sion of N-WASP significantly reduced cell motil-
ity and invasion of breast cancer in vitro and
in vivo, indicating that N-WASP as a tumor
suppressor for inhibition of motility and inva-
sion in human breast cancer. Similar results
were observed in human colon cancer [11].
Interestingly, Yu et al [25] showed a totally
opposite data that N-WASP was overexpressed
in breast cancer and played a pivotal role in
matrix degradation by mediating the assembly
of elongated pseudopodia. They employed 3D
matrices to demonstrate that N-WASP was a
key regulator for invasive pseudopods exten-
sion. Although these studies exhibited an op-
posing role of N-WASP in cell motility of breast
cancer, the molecular mechanisms responsible
for the changes are still being explored [26].

In addition, since invadopodium formation cor-

relates with the invasive capacity of cancer
cells, it is reported that N-WASP is required for
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formation of invadopodia by highly invasive and
metastatic cancer cells using RNA interference
methods [7]. A further study used the N-WASP
inhibitor wiskostatin to treat breast cancer
cells, resulting in a significant decrease of cell
motility. It also found that N-WASP might be
involved in the motility of cancer cells by inter-
action with the tight junction component, clau-
din-5 [27]. Therefore, N-WASP can be used as a
therapeutic target of cancer metastasis, and
development of pharmacological agents aga-
inst N-WASP might arrest tumor progression.

To the best of our knowledge, this is the first
study to demonstrate the biological function of
N-WASP in cervical cancer progression. The
results showed that N-WASP promoted tumor
cell migration and invasion possibly through
regulating the activity of p38 MAPKs pathway,
supported that N-WASP might serve as an
oncogene in cervical cancer. The potential of
N-WASP as a target for novel treatment modali-
ties against invasion and metastasis should be
further investigated.
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