
Introduction

Cervical cancer, as the third most common cancer and

the fourth that leads to death in women worldwide, is the

most frequent cancer of females in developing countries.

There are about 529,828 new cases and 275,125 of them

die of cervical cancer every year [1, 2]. Although develop-

ments and progresses have been made in treatment with

early diagnosis, many patients are threatened by tumor re-

currence [3]. It is known that human papilloma virus (HPV)

infection is a high risk factor in the progression and devel-

opment of cervical cancer [4]. Infection of those high risk

HPVs, such as HPV16, HPV18, causing cell immortaliza-

tion, and when followed by further mutations, leads to cer-

vical cancer and other anogenital tumors. [5-7]. Many

clinical studies have revealed that HPV infection is related

to prognosis and recurrence of carcinomas. In addition,

the recurrence-free survival of those who remained HPV-

positive after treatment was significantly lower than those

who turned negative [8-10]. Piwi-like RNA-mediated gene

silencing 2 (Piwil2) was essential in the initial phase of

spermatogenesis: regulating RNA silencing and transcrip-

tion, relating to germline stem cells self-renewal, involved

in early prophase differentiation of the testis and embryo

tissues [11, 12]. Furthermore, Piwil2 was also found as the

candidate oncogene in recent studies. With a high-level ex-

pression in the gastric, breast, colorectal, and thyroid can-

cer, Piwil2 was considered to be a potential biomarkers for

these cancers. [13-17]. Additionally, Piwil2 overexpression

also cause anti-apoptosis and cell proliferation [17, 18],

suggesting that Piwil2 may be related to the prognosis of

tumor [19, 20]. Nevertheless, the potential mechanism of

Piwil2 in cervical cancer still remains unknown.

A few of reports linked Piwil2 overexpression to cervical

cancer [14, 21], but none of them mentioned the relation-

ship between HPV infection and Piwil2, nor how Piwil2

worked in cell invasion and migration. The present authors

are interested in the co-occurrence of HPV infection and

Piwil2 upregulated in some cervical tumors in their

prophase, and the poor prognosis that they represented.

Therefore they conducted this comprehensive study to re-

veal the role that Piwil2 plays in cervical, and its potential

correlation with HPV16 infection.
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Materials and Methods

Tumor specimens and cell lines
Thirty-two patients with cervical cancer in Stage I A1 – I B1 un-

derwent radical trachelectomy from May 2011 to November 2012

in General Hospital of Lanzhou Military Region. Carcinomatous

and adjacent tissues were confirmed by two experienced patholo-

gists according to the 2009 Edition’s WHO classification guide-

line of cervical cancer. HPV16 infected was determined by E7

gene expression or not [22]. Informed consent was signed by all

patients and the study was approved by ethics committee of Gen-

eral Hospital of Lanzhou Military Region, Lanzhou, China. Human

cervical cancer cell line SiHa and normal human keratinocyte line

HaCaT were obtained from American Type Culture Collection and

were cultured in RPMI-1640 complete medium supplemented with

10% fetal bovine serum (FBS) containing 100 U/ml of penicillin

and 100 μg/ml of streptomycin. 

SiHa cell transfection with shRNA
Following the manufacturer’s protocol, the green fluorescent pro-

tein (GFP) tagged lentiviral vector integrated with Piwil2-specific

shRNA (sequence: 5’-AAAGCCAGAGGAACCAAGCAC-3’,

named as lv-Piwil2-KD) or integrated with the scrambled shRNA

(sequence: 5’-GTACCGCACGTCATTCGTATC-3’, named as lv-

Piwil2-scr) was transfected into SiHa cells in the 24-well plate. Then

the serum-free medium in the 24-well plate was replaced with the

complete medium after six hours. The GFP positive cells were har-

vested through the flow cell cytometry (FCM) on the next day. SiHa

cells transfected with lv-Piwil2-KD or lv-Piwil2-scr were referred to

as the Piwil2-shRNA group and the Mock group, respectively. 

Quantitative real-time polymerase chain reaction (qRT-PCR) and
immunoblotting assay

Total RNA was extracted from tissues or adhere cells using

RNAiso plus and then was reversely transcribed to cDNA using

TaKaRa RNA-PCR Kit. The qRT-PCR was performed using the

Maxima SYBR Green qPCR Master Mix Kit. The expression level

of concerned genes was calculated based on the formula: 2−ΔΔCt, car-

ried on by CFX96 Touch Real-Time PCR Detection System. The β-

actin gene was applied as a balanced control. The sequences of

primers using in the qRT-PCR were as follow: Piwil2 (forward: 5’-

TCTATGGGGCCATCAAGAAG-3’, reverse: 5’-CCATCCCGAT-

CACCATTAAC-3’); β-actin (forward: 5’-CACCCAGCACA-

ATGAAGAT-3’, reverse: 5’-CAAATAAAGCCATGCCAAT-3’) and

TP53( forward: 5’-AGAAAACCTACCAGGGCAGC-3’ reverse: 5’-

ACCATCGCTATCTGAGCAGC-3’).

Immunoblotting was performed according to the protocol as

below. Protein extraction of adhere cells was performed as described

by Gierke et al. [23]. Briefly, cells were cultured in free-serum star-

vation for 24 hours to detect the level of protein phosphorylation and

the total protein concentration was determined in accordance with

the Pierce BCA Protein Assay Kit protocol. Thirty micrograms of

protein were loaded into each lane, and separated by sodium dode-

cyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). After

separated proteins were electrophoretically transferred onto

polyvinylidene difluoride (PVDF) membrane, blocked with 5%

skimmed milk for 30 minutes, and then incubated with the primary

antibodies against Piwil2 (1:400), β-actin (1:1500), Erk1/2 (1:800),

JNK (1:1000), p38 (1:800), MMP-9 (1:500 dilution), phospho-

Erk1/2 (Thr202/Tyr204) (1:1500), phospho-JNK (Thr183/Tyr185)

(1:1000), phospho-p38 (1:1000) overnight at 4 °C. Followed by in-

cubation for two hours at room temperature with horseradish per-

oxidase (HRP)-conjugated secondary antibodies (goat anti-mouse

or anti-rabbit for the host species of primary antibody). Immunore-

active protein bands were detected with enhanced chemilumines-

cence (ECL) substrate.

CCK-8 assay and flow cytometry (FCM) for cell proliferation
Cell growth assay was performed according to the manufacturer

document of Cell Counting Kit-8. Briefly, 2×103 cells were seeded

in every well of 96-well plate. The medium were removed on the

next day, 200 ul of fresh medium containing 10% CCK-8 solution

were added, and incubated for two hours. Last, plate was meas-

ured at 450 nm on a PT-3502PC microplate reader. The growth

curve was generated with the GraphPad Prism 4 software. FCM

was performed to detect the proportion of cells in different cell

cycle phases. In detail, 1×105 adherent cells in the logarithmic

phase were trypsinized, collected by centrifugation, washed twice

with ice-cold PBS, and added 70% ethanol overnight at 4°C. These

fixed cells were collected by centrifugation again, and 500 ul of

PBS buffer contained 50 ug/ml propidium iodide (PI), 100ug/ml

RNAase and 0.2% Triton X-100 were added to the eppendorf tube

for 30 minutes’ incubation at 4°C. Cell cycles were detected by

FCM and analyzed with the CellQuest Pro Analysis software.

Migration and invasion assay
Transwell chambers were used for migration and invasion as-

says in vitro. Two thousand cells from the Piwil2-shRNA group

and the Mock in the serum-free medium were seeded into the

upper chamber, and the complete medium was added to the lower

chamber as a chemoattractant. For invasion assay, the upper side

of the filter was pre-coated with RPMI-1640 diluted BD matrigel.

For migration assay, no matrigel was coated in the upper side.

After 24 hours incubation for invasion and 12 hours for migra-

tion, respectively, cells from the upper side were removed using

cotton swab carefully, and the cells adhered on the undersurface

membrane were fixed in 4% formaldehyde and stained with crys-

tal violet for 15 minutes. The cell number of each group was

counted in the five random fields under a high power field (HPF,

×200). All assays were performed in triplicate.

Statistical analysis
All data were analyzed by SPSS 15.0. The data are shown as

mean ± SEM. The chi-square test was used to evaluate the rela-

tionship between Piwil2 expression and clinicopathological pa-

rameter, and Independent-Samples T-test was used for comparison

between the Piwil2-shRNA group and the Mock. A p < 0.05 was

considered as statistically significant.

Results

Piwil2 expression differed in cervical cancer tissue and
cancer cells

The expression of Piwil2 and TP53 mRNA was detected

by qRT-PCR. Notably, the result showed that 27 of 32 pa-

tients who underwent radical trachelectomy had a higher

level expression of Piwil2 than corresponding adjacent tis-

sues (Figure 1A). Furthermore, Piwil2 in HPV16-positive

patients (9/32) had an over-expression compared with that

in HPV16-negative patients (23/32) (Figure 1A, p < 0.05).

Interestingly, there was a significant decrease in TP53 ex-

pression following the overexpression of Piwil2 in mRNA

level (Figure 1 B).
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SiHa are HPV16-positive human cervical carcinoma cell

line, while HaCaT cells are HPV16-negative. qRT-PCR and

Immunoblotting results revealed that SiHa cells highly ex-

pressed Piwil2, with a low level of TP53, while the im-

mortal human keratinocyte HaCaT had a low expression of

Piwil2 (Figure 2) and high level of TP53. Knockdown of

Piwil2 in SiHa cells increased TP53 level (Figure 3A). The

silencing efficient of Piwil2 gene was also evaluated in

SiHa cell by qRT-PCR assay and Immunoblotting (Figure

3A and B). No difference of Piwil2 expression with Mock

and untransfected SiHa cells, while siRNA of Piwil2 me-

diated down-regulation of Piwil2.

Piwil2 knockdown significantly suppressed SiHa cells
growth via trapping cells in G0/G1 phase.

Piwil2 knockdown significantly suppressed the growth

of SiHa cells. Compared with the mock group, the num-

ber of cells in G0/G1 phase significantly increased in sh-

Piwil2 group (p < 0.05), while G2/M and S phase cells

were significantly reduced (p < 0.05) (Table 1). The re-

sult indicated that downregulation of Piwil2 expression

made SiHa cells stasis in G0/G1 phase. The CCK-8 assay

was applied to evaluate the proliferation of transfected

SiHa cells. The inhibition rate of cell proliferation was

29% at fourth day, 32% at fifth day, 40% at sixth day, and

41% at seventh day (Figure 4C). 

Piwil2 knockdown inhibited SiHa cells migration and in-
vasion.

The present authors assessed whether Piwil2 had an ef-

fect on cell migration and invasion. As shown in Figure 5A

and B, comparing to Mock, downregulation of Piwil2 in-

hibited SiHa cells migration and invasion. It indicated that

silencing Piwil2 gene reduced the ability of cell migration

and invasion in the SiHa cell.

Piwil2 downregulated MMP-9 via regulating the MAPK
signaling pathway in SiHa cells

Matrix metalloproteinases (MMPs), which degrade the

extracellular matrix [24] having an essential role in inva-

Figure 1. — Piwil2 gene overexpres-

sion in cervical cancer tissue. (A) In

contrast to corresponding normal ad-

jacent tissues, significantly high level

expression of Piwil2 gene in 27 cases

of 32 cervical cancer patients. (B) Ex-

pression of TP53 gene was lower in

the HPV16-positive specimen than

that of HPV16-negative. * indicates p
< 0.05. # signifies HPV-positive.
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sion and metastasis of tumor. The aforementioned results

also demonstrated that Piwil2 downregulation effectively

inhibited migration and invasion in SiHa cells. Therefore,

the present authors evaluated the expression of MMPs by

qRT-PCR assay and Immunoblotting (Figures 4C and D).

Knockdown Piwil2 by shRNA rapidly decreased MMP-9

expression

MAPK signaling pathway was involved in a variety of

functions in cell migration, invasion, and metastasis, and

the stress-activated c-Jun NH2-terminal kinase (JNK), the

p38 kinase (p38), and the extracellular signal-regulated ki-

nase1/2 (ERK1/2) are the most important members of

MAPK pathway. To the present authors’ knowledge, acti-

vation of MAPK pathway could promote the transcription

of MMPs. Therefore they investigated the expression of

JNK, p38, ERK1/2 phosphorylation by immunoblotting

after Piwil2 knockdown. Western-blot demonstrated that

downregulating Piwil2 expression significantly inhibited

protein phosphorylation of ERK1/2 and JNK (p-ERK1/2,

p-JNK),while phosphorylation of p38 (p-p38) had no

change (Figure 3A). p-JNK specific inhibitor SP600125

and p-ERK1/2 specific inhibitor PD98059 were applied to

cervical cancer cell and resulted in down-regulation of

MMP-9 protein (Figures 3B and C). 

Additionally, in sh-Piwil2 cells, the present authors de-

tected a lower expression of cyclin D1 and cyclin E which

were downstream effectors of the ERK1/2 signaling path-

way. By using p-ERK1/2 specific inhibitor PD98059 in

SiHa cells, the expression of cyclin D1 and cyclin E re-

markably decreased (Figure 3C). Bizari et al. studies also

revealed that the high level expression of Cyclin D1 and

cyclin E could prevent cell cycle arrested in the G0/G1

phase and accelerate cell out through S phase [25]. Ac-

cording to the above results, Piwil2 gene probably regu-

lated cell proliferation via the ERK1/2 pathway.

Discussion

Piwi-like RNA-mediated gene silencing 2 (Piwil2) be-

longs to Ago/Piwi family proteins, which are comprised of

Piwil1/Hiwi, Piwil2/Hili, Piwil3 and Piwil4/Hiwi2. Piwil2

serves as the candidate oncogene and was involved in geni-

tal tumors, such as ovarian and endometrial cancer [26]. In-

creasing evidences show overexpression of Piwil2 in several

type of cancers, and correlation with tumorigenicity [13-17].

He et al. found that Piwil2 gene was expressed in various

stages of cervical neoplasia, and was an essential supplement

to screening for HPV16-infected patients with cervical can-

cer [14], which was consistent with the present study. In this

study, the authors investigated that Piwil2 overexpressed in

cervical cancer tissue (27/32) as compared to adjacent nor-

mal tissue, weakly expressed in human keratinocyte HaCaT

in contrast to cervical cancer cell line SiHa cells.

The mRNA expression level of Piwil2 was significant

correlated with HPV16 infection. Consistently, there is in-

Figure 2. — Piwil2 expression in cervical cancer cell line. Com-

pared with the immortal human keratinocyte HaCaT cells, Piwil2

mRNA (A) and protein (C) in HiSa (HPV16-positive) was in a

higher level, flowing with lower TP53 level (B).

Table 1. — Piwil2 knockdown significantly suppressed the
growth of SiHa cells.
Group G0/G1 G2+M S

SiHa -scrambled 40.32 ±1.23 6.31 ±1.03 53.36 ±1.23

SiHa -Sh-Piwil2 68.37 ±1.33a 6.45 ±0.43 26.18 ±0.76a

a: p < 0.05, compared mock group was a statistically significant difference.
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Figure 4. — Specific shRNA knockdown Piwil2 expression in the cervical cancer cell line. (A, B) Compared with scrambled shRNA

group (Mock), Piwil2-targeted shRNA group (sh-Piwil2) significant downexpression of Piwil2 mRNA and protein in SiHa cells, silencing

efficient was detected by qRT-PCR and immunoblotting assay. (C) The CCK-8 assay was performed to evaluate the proliferation of in

Mock and sh-Piwil2 group. The sh-Piwil2 significantly inhibited cell proliferation in SiHa cells. * indicates p < 0.05.

Figure 5. — Knockdown Piwil2 reduced cervical can-

cer cell invasion and migration in vitro. (A, B) The in-

vasion and migration were evaluated in the sh-Piwil2

and the Mock group in Transwell chamber. Downreg-

ulation of Piwil2 in SiHa cells reduced the ability of

invasion and migration. (C, D) Knockdown Piwil2 in-

duced significantly decreased the MMP-9 expression

in the mRNA and protein level, using qRT-PCR and

Immunoblotting assay in the sh-Piwil2 group com-

pared with the mock group. * indicates p < 0.05.

Figure 3. — Piwil2 gene downregulated

MMP-9 transcription activities via regu-

lating the MAPK signaling pathway in the

SiHa cell. (A) Deleting Piwil2 gene sig-

nificantly decreased p-ERK1/2, p-JNK

protein in sh-Piwil2 group compared with

mock group, but no significant alternation

in p-p38. (B) p-JNK specific inhibitor

SP600125 resulted in downregulation of

MMP-9 protein in cervical cancer cell.

(C) p-ERK1/2 specific inhibitor PD98059

induced downregulation of cyclin D1, cy-

clin E and MMP-9 protein in cervical can-

cer cell. * indicates p < 0.05.
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creasing evidence demonstrated that HPV is a risk factor

in cervical cancer; about 70.9% of cervical cancers are at-

tributed to HPV types 16 and/or 18 worldwide [4, 27, 28].

However, how HPV16 and Piwil2 interact mutually in the

cervical cancer remains unclear. Notably, the present re-

sult showed that HPV-positive tumor tissues get a higher

level of Piwil2 than negative ones. It has been proved

HPV16 infected cells lost TP53 activation gradually,

which may be responsible for the anti-apoptosis and im-

mortalization of cells [29, 30]. Interestingly, the present

authors investigated TP53 level of HPV-positive and neg-

ative tumor tissues, finding that high level of Piwil2 al-

ways accompany with a low level of TP53, however, a low

level of Piwil2 did not signify a high level of TP53. Simi-

lar pattern was shown in HPV16-positive SiHa cells but

not in HPV16-negative HaCaT cells. Since Piwil2 was re-

ported to suppress TP53 by regulating STAT3 signaling

pathway and plays a role in anti-apoptosis in tumor cells

[31]. It was reasonable to believe that HPV-positive may

be responsible for increasing Piwil2, which downregulated

TP53. However, further studies will be needed for a com-

prehensive understanding. 

Invasion and metastasis are included in biological behav-

ior of malignancies, which are also important factors related

to prognosis and survival rate of patients with the result of

interaction of multiple factors, and also involved in many

biological events, including cell adhesion, angiogenesis, and

growth [32]. The present authors found that Piwil2 expres-

sion was closely related to tumor migration and invasion,

and making Piwil2 gene silence in SiHa cells, significantly

inhibited the ability of cell migration and invasion. Piwil2

was also capable in regulating the expression of MMP-9. In

SiHa cells, both mRNA and protein expression of MMP-9

rapidly decreased in the sh-Piwil2 group when compared

with the mock group. MMP family members are required

for increasing motility of the epithelial cancer cells [33].

Overexpression of MMP-9 plays an important role in ma-

lignant tumors progression and development [34-36]. It has

been reported in several studies that upregulation of MMP-

2 and MMP-9 in cervical neoplasias were significantly cor-

related with poor prognosis [37, 38]. Moreover, it is the

MAPK pathway that plays crucial role in tumorigenesis and

development [39-44]. JNK, p38, and ERK1/2 are three

most important members in the MAPK signaling pathway,

which are involved in the regulation of cell growth, differ-

entiation, migration, invasion, metastasis, inflammation,

and cell apoptosis process [45, 46]. When JNK signaling

pathway is activated by upstream signals, translocation of

JNK from the cytoplasm to the nucleus induces the nuclear

transcription factor c-Jun N-terminal phosphorylation of 63

and 73 serine residue [47]. The transcription factor c-Jun

is phosphorylated and the c-Fos and activator protein-1

(AP-1) complex is formed, which regulates downstream

genes [48]. ERK1/2 inhibitor PD098059 integrated with li-

posomes and significantly reduced invasive ability of oral

cancer, which was associated with a decreased ERK1/2 ac-

tivity and MMP-9 downregulation [49]. These reports are

consistent with the present study, in which downregulation

of piwil2 expression inhibited phosphorylation of ERK 1/2

and JNK, and when p-JNK specific inhibitor SP600125 and

p-ERK1/2 specific inhibitor PD98059 were respectively

applied to cervical cancer cell, and MMP-9 protein expres-

sion was significantly downregulated. The above result

suggested that Piwil2 could regulate the MMP-9 activity

via ERK1/2 and JNK pathway, but not p38. Furthermore,

cyclin D1 and cyclin E were also involved in Piwil2-in-

duced cell proliferation. It has been reported that CDK2

and CDK4 are two important cyclin-dependent kinases,

which can interact with cyclin D1 and cyclin E to form a

complex leading to uncontrolled cell cycle regulation and

cell proliferation [50]. 

In conclusion, Piwil2 gene was identified to be highly

expressed in cervical cancer tissues and SiHa cells. HPV-

positive tissues with a low level of TP53 while highly ex-

pressed Piwil2, indicating HPV-16 infection may be

responsible for the increase of Piwil2, which downregu-

lated TP53, in HPV-positive tumors. In addition, Piwil2

was involved in regulating cell proliferation via regulating

cyclin D1 and cyclin E, and it also increases invasion of

cervical cancer cell by regulating MMP-9 via MAPK path-

way. Finally, the present study provides evidence that

Piwil2 was an essential supplement to screening for

HPV16-infected patients with cervical cancer and should

be considered as a potential target for therapy.
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