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Through Activation of p38 MAPK
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The objectives of the study were to investigate the functional role and potential mechanism of wild-type p53-
induced phosphatase (Wipl) in cervical cancer cell line HeLa cells, along with the effect of knockdown of Wip1
in combination with y-irradiation on the HeLa cells. Expression of Wip1 was silenced or overexpressed. After
transfection, cell viability was determined. Moreover, y-irradiation and SB203580 were performed to explore
the effect of colony formation and cell apoptosis. Likewise, protein expression levels of p38, p-p38, p53, and
p-p53 were assessed in the presence or not of SB203580 and overexpression of Wipl. Both the mRNA and
protein levels of Wipl were significantly decreased by transfection with Wip1-specific small interfering RNA
(siRNA) but were significantly increased by transfection with pcDNA3.1-Wipl. Knockdown of Wip1 signifi-
cantly decreased cell growth and colony formation ability and increased apoptotic rate. Additionally, better
results were obtained by knockdown of Wipl in combination with y-irradiation. The protein expression levels
of p-p38 (p<0.05), p5S3 (»<0.01), and p-p53 (»<0.05) were all significantly increased by knockdown of Wipl1.
However, application of SB203580 reversed the effects. Our study confirms the important roles of Wip1 in cer-
vical cancer. Knockdown of Wip1 enhances sensitivity to radiation in HeLa cells by inhibiting cell proliferation
and inducing apoptosis through activation of p38 MAPK.
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INTRODUCTION

Cervical cancer is ranked as the second most frequent
cancer worldwide, and it is the most common malig-
nancy among women in many low-income countries
(1). It has been estimated that approximately 200,000
(139,000-276,000) women with cervical cancer were
killed in 2010, of whom 46,000 (33,000-64,000) aged
15-49 years were observed in developing countries (2).
In our country, about 140,000 new cases are diagnosed
each year (3). The persistent human papillomavirus
(HPV) infection is mainly responsible for cervical cancer
(4). The implementation of Pap smear screens and DNA
testing contributes to the decline in morbidity and mor-
tality. Although these are effective screening methods,
it is still a major public health problem (5). Either as a
preoperative adjuvant therapy or as a primary treatment,
radiotherapy has remained the most excellent modality
intervention for cervical cancer until now (6). However,
about 30-50% of patients with cervical cancer in stages
IIB-IV fail to obtain the expected results because of

resistance to radiotherapy (7). Therefore, identification
of a molecular mechanism involved in the pathogenesis
of cervical cancer and enhancement of the radiation effect
is important.

A growing body of evidence suggests that wild-type
pS3-induced phosphatase (Wipl), a newly discovered
proto-oncogene (8), is involved in many human tumors,
such as primary breast cancer (9), neuroblastoma (10),
papillary thyroid cancer (11), ovarian clear cell adenocar-
cinomas (12), colorectal cancer (13), and medulloblasto-
mas (14). In addition, it has been considered to be a novel
prognostic marker for patient survival (15). Wipl was
originally described as a p53-regulated gene (16) and was
later identified as a negative regulator of p53 because of
its ability to attenuate the p38 mitogen-activated protein
kinase (MAPK) activity (17). Wipl is one of the mem-
bers of the Ser/Thr PP2C family, which is encoded by the
protein phosphatase magnesium-dependent 1 A (PPM1D)
gene on chromosome 17q23-24. In spite of the func-
tional role of Wipl being investigated in many diseases,
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little information is available in respect to the association
between Wipl and cervical cancer.

Therefore, in our study, the functional role of Wipl
in cervical cancer cell line HeLa cells was explored. The
expression of Wipl was silenced or overexpressed by
using transfection technology. Also, we observed the effect
of silencing of Wipl in combination with y-irradiation on
the HeLa cell viability, colony viability, and apoptotic rate,
as well as the potential associated signaling pathway.

MATERIALS AND METHODS
Cell Lines

In the study, cervical cancer cell line HeLa cells were
used, purchased from American Type Culture Collection
(ATCC, Manassas, VA, USA). The cells were maintained
in Dulbecco’s modified Eagle medium (DMEM; Sigma-
Aldrich, St. Louis, MO, USA) supplemented with 10%
fetal bovine serum (FBS; BD Biosciences, San Diego,
CA, USA), 100 U/ml penicillin, and 100 pg/ml strep-
tomycin (Life Technologies) in a humidified 5% CO,
atmosphere at 37°C. The cells in the logarithmic phase of
growth were used in the experiment.

Plasmids and siRNA Transfection

One day before transfection, the cells were trypsinized
with 0.25% trypsin (Life Technologies), maintained in 2 ml
DMEM containing 10% FBS at a density of 3x10°/ml,
and incubated in 5% CO, incubator at 37°C. Transfection
or other treatments could be performed when the cells
reached 70% confluence. Wipl was knocked down using
the small interfering RNA (siRNA) approach with the target
sequence for siWipl that was designed and constructed by
GenePharma Corporation (Shanghai, China). In addition, a
Wip1 expression vector (pcDNA3.1-Wip1), namely overex-
pression Wipl, was constructed by inserting the full-length
wild-type Wipl DNA into pcDNA3.1(+) and confirmed by
sequencing. The empty construct pcDNA3.1 was used as a
control. HeLLa cells were transfected using Lipofectamine
2000 reagent (Invitrogen) according to the manufacturer’s
instruction, and the interference efficiency was tested by
real-time polymerase chain reaction (RT-PCR).

Experimental Design

The cells were randomly divided into eight groups
with different treatments: control group; siWipl group;
siWipl +overexpression Wip1 group; y-irradiation group;
siWipl +7-irradiation  group; siWipl +overexpression
Wipl +7-irradiation group; siWipl+SB203580 group;
and siWip1 + SB203580 + y-irradiation group. Each group
consisted of three wells of cells under the same treatment.
For irradiation, the cells were adjusted at a concentra-
tion of 5x 10° cells/100-mm dish. The cells received 2-3
Gy of 7y-irradiation in a GC 3000 Elan irradiator (MDS
Nordion, Ottawa, ON, Canada). For inhibition of p38,
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SB203580 (10 uM; Calbiochem, San Diego, CA, USA)
was pretreated 2 h in the cells that were intervened with
Wipl-specific siRNA.

Cell Proliferation Assay

Cell viability was measured using 3-(4, 5-dimethyl-
thiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT)
colorimetric assay. Briefly, HeLa cells were harvested
and washed with phosphate-buffered saline (PBS) and
then were seeded in a 96-well plate at a final concentra-
tion of 5 x 10*/ml. After incubation for 24 h, 48 h, 72 h, or
96 h, 10 ul MTT was added to each well and incubated at
37°C for another 4 h. The absorbance at 492 nm optical
density (OD) was measured with a synergy 2 multimode
microplate reader (BioTek Instruments, Winooski, VT,
USA). Experiments were repeated three times.

Methylcellulose Colony Formation Assays

The cells were harvested and washed three times with
Iscove’s modified Dulbecco’s medium (IMDM) (Sigma-
Aldrich). The cell suspension (2 x 10° cells/ml) was main-
tained in semisolid methylcellulose medium (MethoCult
H4100; StemCell Technologies, Vancouver, BC, Canada)
supplemented with 10% FBS. Cells were then incubated
in a humidified 5% CO, atmosphere at 37°C. The total
number of colony and colony radius (um) was assessed
after culture for 10 days.

Flow Cytometry (FCM) Detection

Cell apoptosis was determined by Annexin-V-
fluorescein-5-isothiocyanate (Annexin-V-FITC) apopto-
sis detection kit (BD PharMingen, San Diego, CA, USA)
according to the manufacturer’s instructions. The cells
were harvested, washed with cold PBS, and incubated
with 5 pl annexin and 5 pl propidium iodide (PI, 10
mg/L) in the dark for 15 min. Then the cells were read
by a FCM (Becton Dickinson, San Jose, CA, USA), and
the results were analyzed using CELLQuest 3.0 software
(BD Biosciences, San Jose, CA, USA).

Quantitative RT-PCR (qRT-PCR)

Total mRNA was extracted with the TRIzol reagent
(Invitrogen Corp., Carlsbad, CA, USA). First-strand
complementary DNA (cDNA) was synthesized using
the Reverse Transcription System (Applied Biosystems,
Carlsbad, CA, USA) according to the manufacturer’s rec-
ommendation. The mRNA expression levels were deter-
mined using SYBR green-based qRT-PCR (SYBR Green
PCR Master Mix; Applied Biosystems). Target gene
expression was normalized against GAPDH expression.

Western Blotting Analysis

The cells in each group were harvested for protein
extraction. Protein samples (20 ul) were resolved on a
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Figure 1. The influence on expression of Wipl (wild-type p53-induced phosphatase) after transfection in HeLa cells. (A) Relative
Wipl mRNA level; (B) relative Wipl protein level; (C) Western blotting pictures of Wipl. *p<0.05.

10-12% sodium dodecyl sulfate (SDS)-polyacrylamide
gel. Then the protein was transferred onto polyvinylidene
difluoride (PVDF) or nitrocellulose membranes, blocked
in 5% fresh nonfat dry milk for 2 h, and probed with
the following primary antibodies overnight at 4°C: anti-
Wipl antibody(2380-MC-100; R&D Systems), anti-p38
antibody (Cell Signaling Technology), anti-p-p38 anti-
body (Cell Signaling Technology), anti-p53 antibody
(Cell Signaling Technology), or anti-p-p53 antibody
(Cell Signaling Technology). The membranes were then
incubated with the appropriate horseradish peroxidase-
conjugated secondary antibodies for 2 h at room temper-
ature. Enhanced chemiluminescence and densitometric
analysis were finally analyzed.

Statistical Analysis

The data of multiple experiments were expressed as
the mean+standard deviation (SD). Statistical analyses
were performed using statistical package for the social
sciences (SPSS, version 19.0; SPSS Inc., Chicago, IL,
USA) statistical software. The p values were calculated
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using Student’s z-test (for two groups) or a one-way anal-
ysis of variance (ANOVA, for >three groups). A statisti-
cal significance was defined when p <0.05.

RESULTS
The Effect of Transfection on the Expression of Wipl

To explore the effect of transfection on the expression
of Wipl by transfection with pcDNA3.1-Wip1 and/or tar-
get sequence for Wipl-specific siRNA into HeLa cells,
qRT-PCR and Western blotting were performed to con-
firm the mRNA and protein levels of Wipl, respectively.
As shown in Figure 1A-C, both the mRNA and protein
expression levels of Wipl in the siWipl group were sig-
nificantly decreased by transfection with Wip1-specific
siRNA but were significantly increased by transfection
with pcDNA3.1-Wipl compared to those in the control
group (both values of p<0.05) and siWip1 +overexpres-
sion Wipl group (both p<0.05). However, there were no
significant differences between the control group and the
siWip1 + overexpression Wipl group.

-o- Control
- SiWipl
-+ SiWIP1+overexpression Wipl

0.0 T T T
24h 48 h 72 h

Figure 2. Silencing of Wipl to HeLa cells decreases cell growth.

T
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Figure 3. Silencing of Wip1 enhances the sensitivity to radiotherapy in HeLa cells by decreasing colony formation ability and increas-
ing apoptotic rate. (A) Number of colonies in each group; (B) colony radius in each group; (C) percentages of apoptosis cell; (D) flow
cytometry (FCM) pictures. *p<0.05; **p<0.01.
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Knockdown of Wipl to HeLa Cells Decreased
Cell Viability

To investigate the effect of Wipl on HeLa cells, cell
viability was quantified by MTT assay after 24 h, 48 h,
72 h, and 96 h transfection with Wipl-specific siRNA
or pcDNA3.1-Wipl. We found that knockdown of
Wipl could significantly reduce the cell growth (Fig. 2)
compared with the control group (p<0.05). However,
no significant differences were found in cell growth
between the control group and the siWipl + overexpres-
sion Wip1 group.

Knockdown of Wipl Enhanced Sensitivity to Radiation
in HeLa Cells by Decreasing Colony Formation Ability
and Increasing Apoptotic Rate

To investigate the effect of Wipl in combination with
v-irradiation on HeLa cells, colony formation ability and
apoptotic rate were examined after transfection with tar-
get sequence for Wipl-specific siRNA or pcDNA3.1-
Wipl. The results showed that the colony formation
ability that includes number of colony and colony radius
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was markedly reduced in the siWipl group, y-irradiation
group, and siWipl +overexpression Wipl +y-irradiation
group compared with the control group (p<0.05). Simi-
larly, the colony formation ability was at the lowest level
in the siWipl +y-irradiation group (p<0.01). But there
were no significant differences in the siWip1 + overexpres-
sion Wip1 group (Fig. 3A, B). Furthermore, the apoptotic
rate presented with the opposite results (Fig. 3C, D).The
results suggested that knockdown of Wipl enhanced the
sensitivity to radiation in HeLa cells by decreasing colony
formation ability and increasing apoptotic rate.

Knockdown of Wipl Activated p38 MAPK

To demonstrate the possible associated signaling path-
way in respect to the effect of Wipl on HeLa cells, we
determined the protein expression levels of p38, p-p38,
p53, and p-p53 after transfection with target sequence for
Wipl-specific siRNA or pcDNA3.1-Wipl. The results
showed that protein expression levels of p-p38 (p<0.05),
p33 (p<0.01), and p-p53 (p<0.05) were all significantly
increased by knockdown of Wipl compared with the
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Figure 4. Silencing of Wipl activates p38 MAPK/p53 and p38 is regulated by Wipl. (A) Relative protein expression levels of p38,
p-p38, p53, and p-p53 after interference with Wipl expression; (B) Western blotting pictures; (C) relative protein expression lev-
els of p38, p-p38, p53, and p-p53 after interference with Wipl combined with SB203580; (D) Western blotting pictures. *p <0.05;

#%p<0.01.
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control group and the siWipl+overexpression Wipl
group. However, there were no significant differences in
the p38 protein level among the three groups (Fig. 4A,
B). Knockdown of Wipl could significantly activate the
phosphorylation of p38 and enhance the transcriptional
activity of p53, suggesting that the p38 MAPK signaling
pathway was activated.

p38 Was Regulated by Wipl

To further explore the relationship between Wipl and
P38, SB203580, an inhibitor of p38 MAPK, was pretreated
into the cells that were intervened with Wipl-specific
siRNA. The results demonstrated that the p-p38 (p <0.05),
P53 (p<0.01), and p-p53 (p<0.05) protein levels were
significantly decreased in the siWip1 +SB203580 group
compared with the siWipl group (Fig. 4C, D). Moreover,
we determined the colony formation ability and apo-
ptotic rate in HeLa cells that were intervened with Wip1-
specific siRNA in combination with SB203580. As
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shown in Figure 5A and B, there were no significant dif-
ferences in the percentages of apoptosis cell between the
siWip1 +SB203580 group and the control group. But the
percentages of apoptosis cell in the y-irradiation group
and siWip1 + SB203580 + y-irradiation group were signif-
icantly higher than the control group (p <0.05). Moreover,
the results of cell colony formation ability were similar as
the percentages of apoptosis cell in each group (Fig. 6A,
B). Application of SB203580 to the cells that were inter-
fered with siWipl could reverse the effects induced by
siWipl on HeLa cells, indicating that p38 may be a selec-
tive target regulated by Wipl.

DISCUSSION

In the present study, we investigated the functional
role and therapeutic implications of Wipl in combina-
tion with radiotherapy (y-irradiation) in cervical cancer
cell line HeLa cells, as well as the potential mechanism.
Our study suggests that Wipl is involved in cervical
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Figure 5. Apoptosis rate in the presence or not of SB203580. (A) Percentages of apoptosis cell in the presence or not of SB203580;

(B) FCM pictures. *p<0.05.
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Figure 6. Cell colony formation ability in the presence or not of SB203580. (A) Number of colony in each group; (B) colony radius

in each group. *p<0.05.

cancer and may be a biomarker of cervical cancer.
Knockdown of Wipl could enhance the sensitivity to
radiation in HeLa cells by inhibiting cell prolifera-
tion and inducing apoptosis through activation of p38
MAPK signaling pathway.

Several retrospective studies have confirmed the
satisfactory outcomes for patients with cervical cancer
in early stage or advanced stage, who are treated with
definitive radiotherapy (18-20). One randomized clini-
cal trial (RCT) reported that no significant difference
was found in the overall survival of cervical cancer
patients between those who received surgery and those
who received definitive radiotherapy (21). In addition to
surgery and chemotherapy, radiotherapy has been con-
sidered as an effective treatment strategy. Despite the
most careful supervision of the dosage, however, radia-
tion complications, such as gastrointestinal toxicity and
urocystitis, do occur at a variable rate (22,23). Moreover,
the increased resistance to radiotherapy and recurrence
are main causes of treatment failure (7). Recently, gene
therapy has been paid great attention to in the treatment
of cervical cancer (24,25); however, few genes could be
reasonably applied to clinical practice, and novel thera-
peutic targets have not been identified. Therefore, novel
and effective treatment is thought necessary for patients
with cervical cancer. In recent years, the Wip1 oncogene,
a human protein phosphatase, has been well reported to

be associated with many human tumors. However, the
exact tumorigenic mechanism of Wipl remains unde-
fined (26).

Wipl is an evolutionarily conserved protein phos-
phatase encoded by PPM 1D, belonging to the PP2C family.
Previous studies showed that deficiency of Wipl acti-
vated ataxia-telangiectasia mutated (ATM) kinase, while
overexpression of Wipl inhibited the ATM-dependent
signaling cascade after DNA damage. Therefore, it may
foster tumorigenesis by promoting cell cycle progression
(27,28). Recently, studies have suggested that Wipl may
bind to checkpoint kinases2 (CHK2) phosphorylated by
ATM, and dephosphorylates and inactivates CHK?2, and
ultimately result in tumorigenesis (29,30). In addition,
it has been reported that Wipl could directly inhibit the
activation of p38 MAPK, an important negative regulator
of cell cycle progression, by dephosphorylating a threo-
nine residue that is necessary for activation of full enzyme
(17). p38 MAPK downregulates the expression levels of
D-type cyclins at transcriptional and posttranslational cell
cycle regulation (31). It phosphorylates and degrades the
cell division cycle 25A (Cdc25A) phosphatase (32), sup-
presses the activation of Cdc25B phosphatase (33), and
phosphorylates the p53, which plays important roles in
cancer biology (17). In turn, inactivation of p38 MAPK
may disturb the progression of the cell cycle, leading to
tumorigenesis (34).
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In an effort to demonstrate more potential functions
of Wipl, we first silenced and overexpressed the expres-
sions of Wipl in human cervical cancer cell line HeLa
cells by transfection techniques using a target sequence
for Wipl-specific siRNA and the recombinant expres-
sion vector pcDNA3.1-Wipl, respectively. Our results
showed that the expression levels of Wipl, either mRNA
or protein, were significantly downregulated by transfec-
tion with Wip1-specific siRNA but upregulated by trans-
fection with pcDNA3.1-Wipl. Subsequently, the effect of
Wipl on cell viability was investigated after transfection.
We found that knockdown of Wipl significantly reduced
the cell growth compared with the control group. To fur-
ther confirm the treatment of Wipl on cervical cancer,
we performed the colony formation assay and apoptotic
rate in the presence or not of y-irradiation. The results
indicated that the colony formation ability was mark-
edly decreased, while the apoptotic rate was significantly
increased by transfection with Wipl-specific siRNA,
which were similar to the results by only application of
v-irradiation. Moreover, better results were achieved in
the siWipl group combined with y-irradiation, suggest-
ing that Wip1 may enhance the sensitivity to radiation in
HeLa cells. These results were inconsistent with the pre-
vious studies, in which the results suggested that Wipl
inactivation or depletion in PPM1D amplified human
neuroblastoma cells, and breast cancer inhibited cell pro-
liferation and induced apoptosis (10,35). Similarly, our
study confirmed the important role of Wipl in tumori-
genesis. Additionally, the possible associated signaling
pathway was investigated. The results demonstrated that
inhibition of Wip1 might activate the p38 MAPK signal-
ing pathway. In addition, we inactivated p38 MAPK with
SB203580 to explore the exact control points. Our results
revealed that it was the p38 that was directly regulated
by Wipl.

Taken together, our study demonstrates the important
role of Wipl in cervical cancer. Knockdown of Wipl
inhibits positive regulators of cell proliferation, activates
tumor-suppressor pathways, and induces apoptosis. In
addition, knockdown of Wipl gene expression could
enhance the sensitivity to radiation in HeLa cells, in
which the p38 MAPK signaling pathway is activated. Our
results provide a novel target for cervical cancer therapy.
However, further investigation would be merited to con-
firm the results.
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