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Abstract: Aim: To investigate the effect of mitogen-activated protein kinase 7 (MAPK7) in ovarian cancer metastasis
and to explore its potential mechanism. Methods: pcDNA-MAPK7 and siRNA-MAPK7 vectors were transfected into
the human ovarian cell line OVCAR-3 based on gene silencing and overexpression methods. Effects of MAPK7 overexpression and silencing on OVCAR-3 cells proliferation, cell invasion, and migration were analyzed using the MTT
(3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyl tetrazolium bromide) assay, Matrigel methods, and Markered methods
respectively. In addition, effect of MAPK7 expression on extracellular matrix (ECM) associated protein was detected
using Western blot. Results: Compared with the controls, MAPK7 was up-regulated when cells were transfected
with pcDNA-MAPK7 plasma, as well as MAPK7 was sliced when cells were transfected with siRNA-MAPK7 plasma
(P<0.05). Besides, biological function analysis performed that overexpression of MAPK7 significantly increased
OVCAR-3 cell proliferation, invasion, and migration (P<0.05), while these effects were inhibited by MAPK7 silencing
(P<0.05). Additionally, MAPK7 overexpression increased type II collagen expression (P<0.05). However, there was
no significant difference between MAPK7 expression and type I collagen expression (P>0.05). Conclusion: Our data
implied the up-regulated MAPK7 might contribute to ovarian cancer metastasis through up-regulating type II collagen expression and then were involved in cell biological processes such as cell proliferation, invasion, and migration. MAPK7 may be a potential therapeutic target in the clinical treatment for ovarian cancer.
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Introduction
Ovarian cancer is the third primary malignant
tumors of reproductive system in female, which
has increasing morbidity worldwide in recent
years [1]. Mortality of ovarian cancer is high
and the five-year survival rate is poor, which
is approximately to 30% [2]. Pathogenesis of
ovarian cancer is complicate, indicating its
hard diagnose and difficult treatment [3].
Clinical treatment and diagnosis methods for
ovarian cancer are mainly surgery and chemotherapy, which have side effects and result in
unsatisfactory cure effect on patients due to its
easy metastasis and the hard detection resulted from few clinical features in early stage [4,
5]. Therefore, it is necessary to investigate the
mechanism of ovarian cancer cell proliferation
and invasion for the cancer treatment in clinical.

Mitogen-activated protein kinase 7 (MAPK7) is
a member of the MAP kinase family that act as
an integration point for multiple biochemical
signals, and are involved in a wide variety of cellular processes such as proliferation, differentiation, transcription regulation and development [6, 7]. Recently, studies have referred that
MAPK7 may be a potential tumor biomarker for
many cancers in clinical. For instance, Ivana
reports that MAPK7 is the target gene for breast
cancer during its development [8], and Dartel
refers that abnormal amplification of MAPK7 is
the genetic character in high-grade osteosarcoma and can be the potential biomarker for
tumor prognosis [9, 10]. Also, recent evidence
mentioned that MAPK7 is associated with poor
survival of breast cancer through MEK5-ERK5
pathway after systemic treatments [11, 12].
Despite several articles have developed the significant functions of MAPK7 in tumor metasta-
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sis and prognosis, the role of MAPK7 in ovarian
cancer has not been described in previous
papers.
In this present study, we used the human ovarian cancer cell line of OVCAR-3 to specifically
up-regulating and down-regulating the expression of MAPK7 through gene silencing method.
Comprehensive experimental methods such as
MTT (3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyl
tetrazolium bromide) assay and Matrigel method were used to detect the effects of MAPK7
expression on ovarian cancer cell proliferation,
migration and invasion, and the effect of
MAPK7 on extracellular matrix associated proteins expressions. This study aimed to explore
the role of MAPK7 on ovarian cancer metastasis and to provide basis for MAPK7 application
for ovarian cancer target diagnose in clinical.
Materials and methods
Cell culture and cell transfection
Human ovarian cancer OVCAR-3 cell line (purchased from ScienCell Research Laboratories,
USA) was cultured in RPMI-1640 medium supplemented with 20% fetal bovine serum (FBS)
and 0.01 mg/mL bovine insulin at 37°C in an
atmosphere of 5% CO2. The liquid nitrogen
stored OVCAR-3 cells were dissolved in water at
37°C and then centrifuged at 1000 rpm for 3
min. Cells were resuspended with 1 mL fresh
RPMI-1640 medium containing 20% FBS, then
2 mL fresh RPMI-1640 medium was mixed with
cells and incubated at 37°C. After being cultured for 24 h, cells (1×107) were injected onto
Petri dishes with addition of RPMI-1640 medium supplemented with 20% FBS.
OVCAR-3 cells were randomly separated into
four groups: pcDNA3.1-MAPK7 of 1 μg/mL and
siRNA-MAPK7 of 1 μg/mL plasma (purchased
from Invitrogen, USA) were transfected into
OVCAR-3 cells: cells without plasma transfection were in Blank group; and cells transfected
with plasma without MAPK7 sequence were in
control group. Cell transfections were conducted using Lipofectamine 2000 Transfection
Reagent (Invitrogen, CA, USA) according to
manufacturer’s protocol [13]. The transfected
cells were cultured for 4 h, and then normal
medium was added. After incubation for 48 h,
cells were harvested for further detection.
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RT-PCR analysis
Total RNA extraction from OVCAR-3 cells collected at 48 h was conducted using TRIzol
Reagent (Invitrogen, CA, USA) as previously
described [14] and was treated with RNse-free
Dnase I (Promega Biotech, USA). Consequently,
concentration and purity of isolated RNA were
measured with SMA 400 UV0VIS (Merinton,
Shanghai, China). Purified RNA at density of
0.5 μg/μL with nuclease-free water was used
for cDNA synthesis with the PrimerScript 1st
Strand cDNA Synthesis Kit (Invitrogen, USA).
Expressions of targets in OVCAR-3 cells were
detected in an Eppendorf Mastercycler (Brinkman Instruments, Westbury, NY) using the
SYBR ExScript RT-qPCR Kit (Takara, China). The
total reaction system of 20 μL volume was as
follows: 1 μL cDNA from the above PCR, 10 μL
SYBR Premix EX Taq, 1 μL each of the primers
(10 μM), and 7 μL ddH2O. The PCR program was
as follows: denaturation at 50°C for 2 min;
95°C for 10 min; followed by 45 cycles of 95°C
for 10 s, and 60°C for 1 min. Melting curve
analysis of amplification products was performed at the end of each PCR to confirm that
only one product was amplified and detected.
Phosphoglyceraldehyde dehydrogenase (GAPDH) was chosen as the internal control.
Primers used for targets amplification were as
follows: MAPK7 sense, 5’-ATGAACCCTGCCGATATTG-3’ and MAPK7 anti-sense, 5’-CTTTGAGAATGCTCCCATG-3’; and GAPDH sense, 5’-TATGATGATATCAAGAGGGTAGT-3’, and GAPDH antisense, 5’-TGTATCCAAACTCATTGTCATAC-3’.
Analysis of cell proliferation
Effect of target gene expression on cell proliferation ability was assessed using MTT assay
as previously described [15]. Briefly, OVCAR-3
cells cultured in RPMI1640 medium containing
20% FBS at pogarithmic stage (5×103) were
transfected into the 96-well plates. After for 24
h cultivation, supernatant was abandoned and
followed with addition of 20 μL MTT every 24
h and incubation for 4 h. After that, 150 μL
dimethylsulfoxide (DMSO) was used to mix with
the cells for 10 min. Absorbance of cells in each
well was observed at 570 nm under an absorption spectrophotometer (Olympus, Japan). All
experiments were conducted independently for
3 times.
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Figure 1. Expression of MAPK7 in OVCAR-3 cells.
When cells were transfected with pcDNA-MAPK7
plasma, expression of MAPK7 increased about 2.5
fold change compared with the control groups, while
MAPK7 expression was decreased approximately to
31% by transfecting with siRNA-MAPK7. *P<0.05,
compared with the control group.

Cell migration assessment
Shortly, cells in each group were cultured in
6-well plates with the density of 5×105 per well
[16]. After being confluented, a wound was
made across the well with a 200 μL pipette tip.
The wound was photographed immediately and
then observed the document cellular migration
cells across the gap wound using an inverted
microscope (×10 magnification). The width of
the gap was detected in 5 different visuals and
the average width was calculated. All experiments were conducted independently for 3
times.
Cell invasion assay
For cell invasion ability assay, Matrigel method
was used as previously described [17]. Briefly,
cells in each group cultured at 48 h were incubated in serum-free RPMI-1640 medium containing 0.01% serum albumin (BSA, Sigma,
USA) for 24 h. The upper layer of Transwell was
enveloped with serum-free RPMI-1640 medium
supplemented with 50 mg/L Matrigel and then
air-dried at 4°C. After being sucked out the
medium, 50 μL fresh serum-free medium containing 10 g/L BSA was added and then cultured for 30 min at 37°C. After that, Transwell
was put into the 24-well plates and cultured

10446

Figure 2. Effect of MAPK7 expressions on OVCAR-3
expression. When cells were transfected with blank
pcDNA, the relative OVCAR-3 cell viability was about
2.1 fold. After being transfected with pcDNA-MAPK7,
cell viability was raised to 2.7 fold; however, cell viability was dropped to 1.3 fold when cells were transfected with siRNA-MAPK7 plasma. *P<0.05, compared with the control group.

with DMEM (Dulbecco’s Modified Eagle Medium) medium (Sigma, USA) mixed with 10% FBS.
Then cells in Transwell were suspended with
serum-free DMEM medium. After 48 h, Transwell in each group was washed with PBS buffer
to remove the upper cells on microporous
membrane, followed with fixed in ice-cold alcohol. Finally, Transwell from each group was
stained with 0.1% crystal violet for 30 min, and
then decolorated with 33% acetic acid. The
absorbance of eluents was observed at OD 570
nm using a microplate reader (Biotech, USA).
Transwell in control group was treated without
Matrigel. Total experiments were conducted
independently for 3 times.
Western blot
OVCAR-3 cells cultured at 48 h in each group
were lapped with RIPA assay (radioimmunoprecipitation, Sangon Biotech, China) lysate containing PMSF (phenylmethanesufonyl fluoride,
Sigma, USA), and then were centrifuged at
12,000 rpm for 10 min at 4°C. Supertanant
was collected for the measurement of protein
concentrations using BCA protein assay kit
(Pierce, Rochford, IL). For Western blotting [18],
25 μg protein per cell lysate was subjected to a
12% sodium dodecylsulfate-polyacrylamide gel
electrophoresis (SDS-PAGE), followed by transferred onto a Polyvinylidencefluoride (PVDF)
membrane (Mippore). Then the PVDF membrane was blocked in Tris Buffered Saline
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Figure 3. Influence of MAPK7 expression on OVCAR-3 cells migration. A: Migrate cells in each group, there were
many migrated cells in pcDNA-MAPK7 group compared with the other three groups; B: There were about 19.2%
migrate cells in OVCAR-3 pcDNA-MAPK7 group, while that was significantly dropped to 3.7% in siRNA-MAPK7 group.
*P<0.05, compared with the control group. Eight views were randomly selected in this study.

Tween (TBST) containing 5% non-fat milk for 1
h. Consequently, the membrane was incubated
with rabbit anti-human antibodies (type I and
type II collagen, 1:100 dilution, Invitrogen, USA)
and overnight at 4°C. Then membrane was
incubated with hoseradish peroxidase labeled
goat anti-rat secondary antibody (1:1000 dilution) at room temperature for 1 h. Finally, PVDF
membrane was washed with 1×TBST buffer for
10 min with 3 times. Detection was conducted
using the development of X-ray after chromogenic substrate with an enhanced chemiluminescence (CEL) method. Additionally, ß-actin
(Sigma, USA) served as the internal control.
Statistical analysis
All data were expressed as mean ± standard
error of mean (SEM). Independent sample t-test
was used to calculate the difference between
two groups using the graph prism 5.0 software (GraphPad Prism, San Diego, CA). Posthoc Tukey-test was used to calculate the difference among groups. P<0.05 was considered as
statistically significant.
Results
MAPK7 expression in OVCAR-3 cells
After being transfected with siRNA-MAPK7,
expression of MAPK7 in ovarian OVCAR-3 cells
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was significantly declined compared with that
in control or in Blank group (P<0.05). Otherwise,
when OVCAR-3 cells were transfected with pcDNA-MAPK7, expression of MAPK7 was significantly increased compared with that in control
or in blank group (P<0.05) (Figure 1).
MTT assay
Effect of MAPK7 expression on OVCAR-3 cell
proliferation was detected using MTT assay
(Figure 2). After being transfected with pcDNAMAPK7 plasma for 24 h, relative cell viability of
OVCAR-3 cell was significantly increased compared with that in Blank or control group
(P<0.05). However, OVCAR-3 cell viability was
significantly inhibited by transfecting with siRNA-MAPK7 plasma (P<0.05), indicating that
overexpression of MAPK7 would accelerate
OVCAR-3 cell proliferation.
Cell migration assay
Influence of MAPK7 expression on OVCAR-3
cell migration ability was detected (Figure 3).
Under the observation of microscope, when
OVCAR-3 cells were transfected with pcNDAMAPK7 plasma, there were more migrate cells
than that in Blank or in control group, but there
was few migrate cells transfected with siRNAMAPK7, suggesting that overexpression of

Int J Clin Exp Pathol 2015;8(9):10444-10451

Role of MAPK7 in ovarian cancer
up-regulating MAPK7 expression in OVCAR-3
cells. Our data performed that overexpression
of MAPK7 would significantly promote PVCAR-3
cell proliferation, invasion, and migration, while
the effects were reverse when MAPK7 was
sliced (P<0.05). Moreover, MAPK7 overexpression would significantly increase the protein
level of type II collagen in OVCAR-3 cells (P<
0.05), suggesting that MAPK7 expression may
be correlated to ovarian cancer metastasis.

Figure 4. Effect of MAPK7 expressions on OVCAR-3
cell invasion. When MAPK7 was overexpressed in
OVCAR-3 cells, invasion cells was significantly increased (about 10.6 cells/visual) compared with
the control group. However, invasion cells were significantly decreased when MAPK7 was silencing in
OVCAR-3 cells (about 2.3 cells/field). *P<0.05, compared with the control group.

MAPK7 would promote OVCAR-3 cell migration
(Figure 3A).
Cell invasion assay
Effect of MAPK7 expression on OVCAR-3 cell
invasion ability was assessed using Matrigel
method (Figure 4). The results showed that
there were more invasion cells (10.6 cells/visual field) in pcDNA-MAPK7 group compared with
the controls, while invasion cells were significantly declined by siRNA-MAPK7 transfection
(2.3 cells/visual field) (P<0.05).
Collagen expression in OVCAR-3 cells
In order to assess the influence of MAPK7
expression on intracellular collagen expression, Western blotting analyze was used to
detect the expressions of type I and II collagen
in OVCAR-3 cells (Figure 5). The results showed
that there was no significant difference of type
I collagen expression in OVCAR-3 cells among
the four groups (P>0.05, Figure 5A). However,
type II collagen expression was significantly
increased in pcDNA-MAPK7 group while that
was significantly decreased in siRNA-MAPK7
group compared with the Blank and control
groups, indicating that overexpression of
MAPK7 would enhance type II collagen expression in OVCAR-3 cells (P<0.05, Figure 5B).
Discussion
In this paper, we analyzed the effect of MAPK7
on ovarian cancer metastasis via silencing and
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Roles of MAPK7 expression in cancer cell proliferation has been mentioned in several kinds of
malignancies such as breast cancer and osteosarcoma. Previous evidence presented that
several key genes were involved in the prognosis abnormal amplification of chromosome
17p11.2 area in osteosarcoma cells [19].
MAPK7 expression was involved in tumor progression and development in acute myelocytic
leukemia [20, 21]. In this study, our results
showed that MAPK7 overexpression significantly increased OVCAR-3 cell proliferation; we
speculated that MAPK7 may be involved in
OVCAR-3 cell proliferation and ovarian cancer
progression. On the other hand, MAPK7 overexpression significantly increased OVCAR-3 cell
migration and cell invasion. Role of MAPK7 in
ovarian cancer has not been fully described,
however, ERK5 (human MAPK7) has been
implicated in tumor cell progression and invasion through affecting cell cycle and cell transformation [22]. It has been proved that MAPK7
was the target gene for miR-143, which was
associated with osteosarcoma progression,
including invasion and migration [23]. Also, Lee
said that intracellular signaling related genes
including MAPK7 was correlated to hepatocellular carcinoma metastasis including invasion
and migration [24]. ERK5 expression was correlated to invasive phenotype of prostate cancer through involving in cell migration [25].
Thus, we speculated that MAPK7 expression
may be involved in ovarian cancer metastasis
through affecting cell migration and invasion.
Meanwhile, MAPK7 overexpression significantly increased type II collagen expression in
OVCAR-3 cells during ovarian cancer progression. Collagen is the main component for extracellular matrix (ECM), which plays pivotal roles
in maintaining skin and vessel elastic, and
increasing cartilage lubricity [26, 27]. Effect of
collagen II in ovarian cancer has not been fully
reported. Nevertheless, collagen I and VI have
been issued in breast cancer. It has been
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Figure 5. Western blotting analyze of collagen expression in OVCAR-3 cells. A: Expression of type I collagen in pcDNAMAPK7 group was 1.2 fold change of control or Blank group, while that in siRNA-MAPK7 group was 1.1 fold change
of the control group; B: Expression of type I collagen in pcDNA-MAPK7 group was 1.8 fold change of control or Blank
group, while that in siRNA-MAPK7 group was 0.7 fold change of the control group. *P<0.05, compared with the
control group.

proved that type I and type VI collagen distributed on connective tissue and the base-membrane respectively [28]. Previous papers have
referred that type IV collagen was overexpressed in breast cancer tissue through angiogenesis and tumor [29, 30], but type I collagen
expression was not correlated with benign or
malignant breast cancer [31]. Biological mechanism for tumor migration and invasion was
the across the basement membrane through
degrading many components of ECM including
collagen IV and fibronectin [32, 33]. Our data
showed that collagen II expression was significantly increased by overexpression of MAPK7
in OVCAR-3 cells, indicating that MAPK7 expression could accelerate collagen II degradation.
However, the results performed there was no
significant difference between collagen I expression and MAPK7, which suggested that MAPK7
may performed no influence on collagen I
expression in affecting ovarian cancer metastasis. Our results were coincidence with previous report, which pointed out the potential role
of ERK5 (MAPK7) in normal human nucleus
pulposus cells and tissues [34]. Therefore, we
speculated that overexpression of MAPK7 may
contribute ovarian cancer metastasis through
increasing type II collagen expression. Moreover, results of MAPK7 silencing on ovarian cell
proliferation, migration, and invasion analysis
presented the potential possibility of MAPK7
gene therapy for ovarian patients in clinical.
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In conclusion, the data presented in this study
suggests that up-regulation of MAPK7 might
contribute to ovarian cancer metastasis through up-regulating type II collagen expression
and then was involved in cell biological processes such as cell proliferation, invasion, and
migration. MAPK7 may be a potential therapeutic target for ovarian cancer treatment in clinical. Our study may provide basis for the mechanism exploration of MAPK7 in ovarian cancer
metastasis. However, further investigate experimental studies are still needed to provide clinical supports for MAPK7 application on ovarian
cancer treatment.
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