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Abstract. Overexpression of transmembrane protease, serine 3
(TMPRSS?3) has been detected in ovarian cancer. However, the
molecular mechanisms of TMPRSS3 in ovarian cancer remain
unclear. In the present study, we found that TMPRSS3 was
significantly expressed in ovarian cancer cells. Overexpression
of TMPRSS3 promoted the proliferation, invasion and migra-
tion of A2780 cells. Conversely, knockdown of TMPRSS3 in
HOB8910 cells inhibited the proliferation, invasion and migra-
tion. Furthermore, TMPRSS3 affected the expression levels
of E-cadherin, vimentin and Twist. In addition, TMPRSS3
induced activation of ERK1/2 in ovarian cancer cells, and the
ERK1/2 pathway was required for the TMPRSS3-mediated
proliferation, invasion and migration of ovarian cancer cells.
Finally, knockdown of TMPRSS3 inhibited ovarian cancer
HO8910 cell growth and metastasis in vivo. Collectively, the
present study suggests that TMPRSS3 plays a crucial role in
the development and progression of ovarian cancer. Therefore,
TMPRSS3 represents a potential therapeutic target of ovarian
cancer.

Introduction

Ovarian cancer is one of the most common gynecologic malig-
nancies worldwide, and is a leading cause of cancer-related
death among women (1). The overall 5-year survival of early-
stage ovarian cancer patients is higher than 65%. However,
advanced ovarian cancer develops resistance to chemotherapy
and radiotherapy, and eventually leads to death (2). Therefore,
the search for novel biomarkers for the early diagnosis of
ovarian cancer is urgently needed.
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Extracellular proteolytic enzymes, including matrix
metalloproteinases (MMPs) and serine proteases, have been
found to contribute to tumor cell invasion and metastasis (3.4).
Recently, type II transmembrane serine proteases (TTSPs)
have been recognized as a new subfamily of the serine
proteases (5,6). Numerous TTSPs are highly expressed in
cancer, and have been implicated in tumor development and
progression (4). Belonging to the TTSP family, the TMPRSS
subfamily consists of four members, TMPRSS2-5. As one
member of the TMPRSS family, transmembrane protease,
serine 3 (TMPRSS3) expression has been detected in a number
of human tissues, including the heart, kidney, liver, lung and
ovary (7). TMPRSS3 has been found to be overexpressed in
numerous types of cancers including pancreatic, gastric and
colon cancer (8). Microarray of pancreatic cancer has identified
that TMPRSS3 is one of the most differentially expressed
genes, and acts as a tumor marker for screening pancreatic
cancer (9). It has been reported that the TMPRSS3 expression
level in ovarian carcinomas is elevated, and may be useful as
a molecular target for diagnosis and therapeutic intervention
in ovarian cancer. However, the molecular mechanisms of
TMPRSS3 in ovarian cancer remain unclear.

In the present study, we investigated the expression of
TMPRSS3 in ovarian cancer cell lines. Moreover, we explored
the effects of TMPRSS3 expression on the proliferation, inva-
sion and metastasis of ovarian cancer cells. We also aimed to
elucidate the molecular mechanisms of TMPRSS3 in ovarian
cancer. These data may provide information for the diagnosis
of ovarian cancer.

Materials and methods

Reagents. Antibodies against TMPRSS3, E-cadherin,
vimentin, Twist and B-actin were obtained from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Antibodies against
ERK1/2 and phosho-ERK1/2 were obtained from Cell
Signaling Technology (Danvers, MA, USA). ERK1/2 special
inhibitor U0126 was purchased from Sigma (St. Louis, MO,
USA).

Cell lines and culture condition. Human ovarian surface
epithelial cell line IOSE144 and human ovarian cancer
cell lines A2780, OVCAR3, SKOV3 and HO8910 were all
purchased from the Cell Bank of the Chinese Academy of
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Science (Shanghai, China). The IOSE144 cell line was main-
tained in MCDB105 medium containing 10% fetal bovine
serum (FBS). A2780 and SKOV3 cell lines were maintained
in Dulbecco's modified Eagle's medium (DMEM) containing
10% FBS, while OVCAR?3 and HO8910 cell lines were main-
tained in RPMI-1640 medium containing 10% FBS. All cell
lines were incubated in a CO, incubator at 37°C.

Cell transfection. To upregulate the expression of TMPRSS3
in A2780 cells, the human TMPRSS3 full length cDNA was
amplified and inserted into the pcDNA3.1 vector (GenePharma
Co., Ltd., Shanghai, China) to obtain pcDNA3.1-TMPRSS3,
and a scramble sequence was inserted into the pcDNA3.1
vector as the control vector. To knock down the expression of
TMPRSS3 in HO8910 cells,a TMPRSS3 shRNA was designed
and obtained from GenePharma Co., Ltd. A scrambled shRNA
was used as the control sShRNA. For transfection, the cells were
seeded into 6-well plates. When cell confluency reached 50%,
TMPRSS3 shRNA or pcDNA3.1-TMPRSS3 was transfected
into the cells using Lipofectamine 2000 transfection reagent
(Invitrogen) according to the manufacturer's instructions.
Culture medium was replaced after 6 h of incubation. Finally,
the stable transfected cells were selected by G418 selection
and the efficiency was determined by western blotting.

Western blotting. Cells were lysed in RIPA buffer with protease
and phosphatase inhibitors, and then the concentration of
protein was determined by the BCA assay. Equal amount of
protein samples was loaded onto 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and was then
transferred to PVDF membranes. After blocking with 5% BSA
for 1 h at room temperature, the membranes were incubated
with primary antibodies specific to TMPRSS3, E-cadherin,
vimentin, Twist, -actin, ERK1/2 or phosho-ERK1/2 at 4°C
overnight. Then, the membranes were incubated with horse-
radish peroxidase-conjugated secondary antibody (Zhongshan
Biotech Co., Ltd, Beijing, China) for 1 h at room temperature.
The protein bands were visualized by enhanced chemilumi-
nescence (Applygen Technologies Inc., Beijing, China) and
were densitometrically analyzed by Quantity One software
(Bio-Rad, Hercules, CA, USA).

Proliferation assay. Cell proliferation was determined by the
CCK-8 assay (Jingmei Biotech, Shanghai, China). In brief, the
cells were seeded at 1,000 cells/well in a 96-well plate. After
incubation with U0126 or dimethylsulfoxide (DMSO) for the
indicated time, 10 ul of CCK-8 was added into the plate and
incubated for 2 h. The optical density (OD) was measured by a
microplate reader (Bio-Rad Model 680) at 490 nm wavelength.
The OD value was measured every day for seven days.

Invitro invasion assay. A 24-well Transwell chamber (Corning
Costar, New York, NY, USA), which was covered with 30 pl
of Matrigel (BD Biosciences, USA) to create an artificial
basement membrane, was used to examine the invasive ability
of the ovarian cancer cells. Cells (5x10%) were suspended in
200 ul serum-free 1640 medium and were added into the
upper Transwell chamber. The lower Transwell chamber was
filled with 600 ul of 1640 medium supplemented with 20%
FBS. After incubation of 16 h at 37°C, the non-invading cells
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Figure 1. Expression of TMPRSS3 in ovarian cancer cells. The protein
level of TMPRSS3 in human ovarian surface epithelial cells (IOSE144) and
ovarian cancer cells (A2780, OVCAR3, SKOV3 and HO8910) was detected

by western blotting. Data are expressed as the mean + SD of three indepen-
dent experiments, “p<0.05.

were removed with a sterile cotton swab, and the invaded
cells were stained with 0.1% crystal violet for 20 min at room
temperature. The numbers of cells were calculated under a
light microscope in five random fields.

Invitro migration assay.Migratory ability was determined using
a 24-well Transwell chamber (Corning Costar) not covered with
Matrigel. Cells (1x10° cells/200 ul serum-free 1640 medium)
were added into the upper Transwell chamber, and 600 ul of
1640 medium supplemented with 20% FBS was added into the
lower Transwell chamber. After incubation of 16 h at 37°C, the
non-migrating cells were removed with a sterile cotton swab,
and the migrated cells were stained with 0.1% crystal violet for
20 min at room temperature. The numbers of cells were calcu-
lated under a light microscope in five random fields.

In vivo growth and metastasis experiments. Female BABL/c
nude mice, four weeks old, were maintained in pathogen-free
conditions, and in vivo growth and metastasis experiments
were performed after approval by the Animal Care and Use
Committee of Harbin Medical University. Mice were subcu-
taneously injected with 1.0x10° cells at the back (n=8 for each
group). Tumors were observed after one week. Then the length
(L) and width (W) of the tumors in mice were measured every
week, and the tumor volumes were estimated with the formula:
0.52 x L x W2, Seven weeks later, the mice were sacrificed
and the livers were fixed in 4% paraformaldehyde, sectioned
into slices and were then stained with hematoxylin and eosin
(H&E). Finally, every slice was observed under a microscope,
and the number of micrometastases was counted.

Statistical analysis. Each experiment was performed at least
three times. Data are expressed as the mean + standard devia-
tion (SD). SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA)
was used to perform statistical analysis. Differences between
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Figure 2. Effect of TMPRSS3 expression on ovarian cancer cell proliferation. (A) A2780 cells were transfected with pcDNA3.1-TMPRSS3 or the
pcDNA3.1-vector, and the expression of TMPRSS3 was observed by western blotting. (B) HO8910 cells were transfected with the TMPRSS3 shRNA or
control shRNA, and the expression of TMPRSS3 was detected by western blotting. (C) Effect of TMPRSS3 overexpression on the proliferation of A2780 cells.
(D) Effect of TMPRSS3 knockdown on the proliferation of HO8910 cells. Data are expressed as the mean + SD of three independent experiments, “p<0.05.

groups were evaluated by the Student's t-test or one-way
ANOVA. p<0.05 was considered to indicate a statistically
significant result.

Results

Expression of TMPRSS3 in ovarian cancer cells. We first
detected the protein level of TMPRSS3 in human ovarian
surface epithelial (IOSE144) and ovarian cancer cells (A2780,
OVCAR3, SKOV3 and HO8910) by western blotting. The
results showed that TMPRSS3 was highly expressed in all
ovarian cancer cell lines. A higher protein level of TMPRSS3
was observed in the HO8910 cells, whereas the expression of
TMPRSS3 expression was weak in the A2780 cells (Fig. 1).

TMPRSS3 participates in the proliferation of ovarian
cancer cells in vitro. To investigate the biological functions
of TMPRSS3 in ovarian cancer cells, A2780 cells were
transfected with pcDNA3.1-TMPRSS3 to increase TMPRSS3
expression (Fig. 2A), and HO8910 cells were transfected with
TMPRSS3 shRNA to deplete endogenous TMPRSS3 expres-
sion (Fig. 2B). Cells transfected with the scrambled pcDNA3.1
or shRNA were used as a negative control. The proliferation

assay was then performed to explore the effect of TMPRSS3
expression on ovarian cancer cell proliferation. The results
showed that overexpression of TMPRSS3 promoted the prolif-
eration of A2780 cells, whereas knockdown of TMPRSS3 led
to a decrease in the growth of HO8910 cells (Fig. 2C and D),
indicating the involvement of TMPRSS3 in regulating ovarian
cancer cell proliferation.

TMPRSS3 is involved in the invasion and migration of
ovarian cancer cells in vitro. We further examined the effect
of TMPRSS3 expression on ovarian cancer cell invasion and
migration. Using invasion and migration assays, we found that
theinvasive and migratory abilities of the TMPRSS3-expressing
A2780 cells were significantly higher when compared with the
vector-transfected cells (Fig. 3A and B). In contrast, knock-
down of TMPRSS3 attenuated the invasion and migration
of the HO8910 cells (Fig. 3C and D). These data suggest that
TMPRSS3 plays a pivotal role in the regulation of ovarian
cancer cell invasion and migration.

TMPRSS3 affects invasion-related genes in ovarian cancer
cells. Numerous studies have revealed that the expression
levels of various genes, including E-cadherin, vimentin and
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Figure 3. Effects of TMPRSS3 expression on the invasion and migration of ovarian cancer cells. (A and B) Effects of TMPRSS3 overexpression on the invasion
and migration of A2780 cells. (C and D) Effect of TMPRSS3 knockdown on the invasion and migration of HO8910 cells. Data are expressed as the mean + SD

of three independent experiments, “p<0.05.

Twist are associated with tumor invasion and metastasis (10).
In the present study, we found that overexpression of
TMPRSS3 resulted in decreased E-cadherin expression and
elevated vimentin and Twist expression in the A2780 cells. In
contrast, knockdown of TMPRSS3 led to increased expression
of E-cadherin and decreased expression of vimentin and Twist
in the HO8910 cells (Fig. 4A-C).

TMPRSS3 induces activation of the ERK1/2 pathway. ERK1/2,
a key player in the MAPK signaling pathway, is essential for
tumor progression (11). In the present study, we detected the
effect of TMPRSS3 expression on the activation of ERK1/2
by western blotting. As shown in Fig. 5, overexpression of
TMPRSS3 stimulated the phosphorylation of ERK1/2 in the
A2780 cells, whereas knockdown of TMPRSS3 suppressed
the phosphorylation of ERK1/2 in the HO8910 cells.

TMPRSS3 contributes to ovarian cancer cell proliferation
and invasion via the ERKI/2 pathway. To determine the
role of the ERK1/2 pathway in the TMPRSS3-mediated
proliferation and invasion of ovarian cancer cells, a special
ERK1/2 inhibitor U0126 (20 M) was used to block the
activation of ERK1/2. The results showed that overexpression
of TMPRSS3 promoted the proliferation, invasion and migra-
tion of A2780 cells. However, after inhibition of the ERK1/2
pathway, the proliferation, invasion and migration mediated by
TMPRSS3 expression were markedly suppressed (Fig. 6A-C).

These results indicate that the ERK1/2 pathway is involved in
the TMPRSS3-mediated proliferation, invasion and migration
of ovarian cancer cells.

The ERKI1/2 pathway is required for TMPRSS3-mediated
expression of E-cadherin, vimentin and Twist. We further
detected the role of the ERK1/2 pathway in the TMPRSS3-
mediated expression of E-cadherin, vimentin and Twist.
Notably, we found that U0126 treatment attenuated the
TMPRSS3-mediated expression changes in E-cadherin,
vimentin and Twist in the A2780 cells (Fig. 7A-C). These data
suggest that TMPRSS3 regulates the expression of E-cadherin,
vimentin and Twist via the ERK1/2 pathway in ovarian cancer
cells.

Knockdown of TMPRSS3 suppresses ovarian cancer cell
growth and metastasis in vivo. In vivo growth and metas-
tasis experiments were performed to detect the effect of
TMPRSS3 on cell growth and metastasis in vivo. shControl
and shTMPRSS3 cells were subcutaneously injected in the
back of the mice, respectively. Growth analysis showed that
knockdown of TMPRSS3 suppressed ovarian cancer HO8910
cell growth (Fig. 8A), suggesting that TMPRSS3 regulates
the growth of ovarian cancer cells in vivo. In addition, liver
micrometastasis in the section was counted under a micro-
scope. The results showed that the number of micrometastases
was greatly decreased in the sScTMPRSS3 group as compared
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Figure 4. Influence of TMPRSS3 on the expression levels of various invasion-related genes. (A) Effect of TMPRSS3 on the expression of E-cadherin. (B) Effect
of TMPRSS3 on the expression of vimentin. (C) Effect of TMPRSS3 on the expression of Twist. Data are expressed as the mean + SD of three independent
experiments, p<0.05.
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Figure 5. Effect of TMPRSS3 expression on activation of ERK1/2. The phosphorylation of ERK1/2 in A2780 and HO8910 cells was detected by western
blotting. Data are expressed as the mean + SD of three independent experiments, “p<0.05.
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Figure 6. Effects of the ERK1/2 pathway on TMPRSS3-mediated proliferation, invasion and migration. (A) Effect of U0126 treatment on ovarian cancer cell
proliferation. (B) Effect of U0126 treatment on ovarian cancer cell invasion. (C) Effect of U0126 treatment on ovarian cancer cell migration. Data are expressed

as the mean + SD of three independent experiments, ‘p<0.05.

to the shControl group (Fig. 8B), indicating that TMPRSS3
contributes to the metastasis of ovarian cancer cells in vivo.

Discussion

In the present study, we found that TMPRSS3 was significantly
expressed in ovarian cancer cells. To investigate the effect of
TMPRSS3 expression on ovarian cancer cells, gain-or-loss of
TMPRSS3 expression was introduced through ectopic over-
expression or RNAi-mediated knockdown. The data showed
that TMPRSS3 was able to promote the proliferation, inva-
sion and metastasis of ovarian cancer cells. We further found
that TMPRSS3 stimulated activation of ERK1/2, and the
ERK1/2 pathway was involved in the biological functions of
TMPRSS3. These findings suggest that TMPRSS3 promotes
ovarian cancer cell proliferation, invasion and metastasis via
activation of the ERK1/2 pathway.

The TMPRSS family has been reported in many tumor
types (12,13). Studies have found that TMPRSS3 is highly
expressed in ovarian cancer (14,15). In the present study, using
western blotting we found that TMPRSS3 was significantly
expressed in ovarian cancer cells, indicating a positive role
of TMPRSS3 in ovarian cancer. It has been reported that
TMPRSS4 promotes thyroid cancer proliferation via CREB
phosphorylation (16), and TMPRSS4 knockdown in non-small
cell lung cancer cells resulted in a significant reduction in
proliferation and clonogenic capacity (17). However, the role
of TMPRSS3 in cancer growth remains unknown. In the

present study, we found that overexpression of TMPRSS3
enhanced the growth of ovarian cancer A2780 cells, whereas
knockdown of TMPRSS3 suppressed the proliferation of
ovarian cancer HO8910 cells in vitro. Moreover, knockdown
of TMPRSS3 inhibited the proliferation of ovarian cancer
HO8910 cells in vivo. These data suggest that TMPRSS3
contributes to the cell proliferation of ovarian cancer cells. It
has been reported that TMPRSS3 expression is correlated with
the metastatic potential of the clonal SUIT-2 pancreatic cancer
cell line, implying that TMPRSS3 is involved in metastasis
formation and tumor invasion (8). In the present study, our
findings confirmed that TMPRSS3 contributed to the invasion
and migration of ovarian cancer cells in vitro, and affected the
metastasis of ovarian cancer cell in vivo.
Epithelial-mesenchymal transition (EMT) plays an impor-
tant role in the invasion and metastasis of cancer. During the
process of EMT, numerous invasion-related genes are altered.
E-cadherin is a well-characterized single-pass transmembrane
protein that mediates cell-cell adhesion. E-cadherin expression
is usually decreased during cancer progression, and down-
regulation of E-cadherin is associated with tumor invasion
and metastasis. Studies have found that TMPRSS4 negatively
regulates E-cadherin expression in colorectal cancer and
hepatocellular cancer cells (18,19), and TMPRSS2 downregu-
lates E-cadherin expression in prostate cancer cells (20). In
the present study, we found that overexpression of TMPRSS3
decreased the expression of E-cadherin in A2780 cells,
whereas knockdown of TMPRSS3 increased the level of
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Figure 7. Effect of the ERK1/2 pathway on TMPRSS3-mediated expression of various invasion-related genes. (A) Effect of the ERK1/2 pathway on the
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Figure 8. Effect of TMPRSS3 knockdown on the growth and metastasis of ovarian cancer cells in vivo. shControl and shTMPRSS3 cells were injected sub-
cutaneously into two groups of nude mice (n=8). (A) Tumor volume was measured every week to evaluate the effect of TMPRSS3 knockdown on the growth
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microscope. “p<0.05. H&E, hematoxylin and eosin.
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E-cadherin in the HO8910 cells. Twist is a basic helix-loop-
helix protein that plays a role both in human development and
in cancer biogenesis. Overexpression of Twist downregulates
E-cadherin, which is the hallmark of EMT (21). Vimentin is the
major subunit protein of the intermediate filaments of mesen-
chymal cells, and acts as an important hallmark of EMT (22).
However, no study has reported the effect of TMPRSS3 on
the expression of Twist and vimentin. In the present study, we
found that TMPRSS3 positively affected the expression of
Twist and vimentin in ovarian cancer cells.

It is well known that the ERK1/2 pathway plays a pivotal
role in regulating tumor progression, including cell prolif-
eration, invasion and metastasis (23,24). In the present study,
we found that TMPRSS3 expression induced activation
of ERK1/2, suggesting that TMPRSS3 expression affects
the ERK1/2 signaling pathway in ovarian cancer cells. We
further found that the ERK1/2 pathway was required for
TMPRSS3-mediated proliferation, invasion and migration,
and participated in regulating TMPRSS3-mediated expression
of E-cadherin, vimentin and Twist.

In summary, the present study demonstrated that TMPRSS3
contributes to ovarian cancer cell proliferation, invasion and
metastasis, probably via activation of the ERK1/2 signaling
pathway. Therefore, TMPRSS3 acts as an attractive diagnostic
marker and a new target for ovarian cancer treatment.
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