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Overexpression of TROP2 promotes proliferation
and invasion of ovarian cancer cells
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Abstract. Human trophoblastic cell-surface marker,
tumor-associated calcium signal transducer 2 (TROP2), is
a newly identified marker that has a vital role in the prolif-
eration and invasion of various tumors. However, its specific
function in ovarian cancer has not been researched. The
purpose of the present study was to investigate the role of
TROP?2 in the formation of ovarian cancer and its possible
mechanism. TROP2 was knocked down by small interfering
(si))RNA in ovarian cancer cell line, A2780. The expression
of TROP2 protein following transfection was detected by
western blot analysis. Cell viability was determined using a
Cell Counting kit-8. Cancer cell migration and invasion were
examined by wound healing and cell invasion assays, respec-
tively. Apoptosis-related proteins, such as B-cell lymphoma 2
(Bcl-2) and Bcl-2-associated X protein (Bax), were measured
by western blotting. Results demonstrated that the expression
levels of TROP2 were markedly downregulated by siRNA in
A2780 cells compared with the control groups, which led to
strong inhibition of proliferation and invasion. Furthermore,
TROP2 downregulation also reduced cell migratory ability.
Additionally, in the TROP2-knockout group, Bcl-2 was down-
regulated and Bax was upregulated compared with the control.
The present study suggested that the expression of TROP2
was related to cellular proliferation, migration and invasion.
TROP2 may disrupt the balance in the Bax family to partici-
pate in apoptosis regulation in A2780 cells. Therefore, the
overexpression of TROP2 may have a crucial role in tumori-
genesis and tumor progression by disturbing the Bax/Bcl-2
balance in ovarian cancer.
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Introduction

Ovarian cancer is one of the most common malignan-
cies in women. Though its morbidity ranks third after
cervical cancer and endometrial carcinoma among female
genital system neoplasms, the mortality of ovarian cancer
tops the list (1). In 2014, ovarian cancer was responsible
for ~21,980 new cases and ~14,270 deaths in the United
States (1). Owing to the complexity of the ovary in
embryogenesis, the anatomical structure and reproductive
endocrine function, early stage ovarian cancer is often hard
to detect in patients (2). The majority of ovarian cancer
cases are epithelial ovarian carcinomas, which are often
diagnosed at the advanced stage, leading to very poor
prognosis (3). Tumor-associated calcium signal transducer
2 (TROP2), which is differentially expressed in various
types of cancer, is a transmembrane glycoprotein encoded by
the TACSTD2 gene (4). TROP2 was initially discovered in
trophoblast cells, specifically in chorionic trophoblast cells
during placental implantation, and may promote the inva-
sion and metastasis of tumor cells (5,6). Overexpression of
TROP2 has been identified in breast cancer (7), colorectal
cancer (8), endometrial endometrioid adenocarcinoma (9),
cervical cancer (10), laryngeal carcinoma (11) and oral squa-
mous cell cancer (4). Therefore, TROP2 may be a potential
prognosis biomarker, as well as a novel therapeutic target.
Although research exits on TROP2 expression and poor
survival in Italian patients with ovarian carcinoma (12), the
biological significance of TROP2 in epithelial ovarian carci-
nomas remains unclear. It has previously been demonstrated
that TROP2 protein was overexpressed in ovarian cancer
cases and its expression level was correlated with the clinical
outcomes in another previous study (13,14). The present
study aimed to investigate the specific function of TROP2
in ovarian cancer cells. The effects of TROP2 expression
on proliferation, cell invasion and metastasis were investi-
gated in vitro.

Materials and methods

Cell culture. A2780, HO8910 and SK-OV-3 cell lines were
purchased from the American Type Culture Collection
(Manassas, VA, USA). Cells were cultured at 37°C in RPMI
1640 medium (Hyclone, GE Healthcare Life Sciences, Logan,
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UT, USA) supplemented with 10% mycoplasma-free fetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA USA) and 1% penicillin-streptomycin in a CO,
incubator under standardized conditions.

Immunofluorescence staining. The three cell lines were seeded
at 35,000 cells per well onto 15-mm glass slides in a 24-well
plate and incubated at 37°C for 24 h. Cells were fixed at
room temperature with 4% paraformaldehyde for 15 min and
subsequently washed with phosphate-buffered saline (PBS)
3 times for 3 min each. Following this, cells were blocked
with 5% normal goat serum (Boster Biological Technology,
Ltd., Wuhan, China) for 30 min at room temperature. After
thorough washing with PBS 3 times for 3 min each, the cells
were incubated with anti-TROP2 monoclonal antibody (1:500;
catalogue no. sc-376746; Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA) overnight at 4°C. Subsequent to 3 washes
for 3 min each with PBS, the cells were stained with fluores-
cein isothiocyanate-conjugated anti-mouse immunoglobulin
G (1:200; catalogue no. ZF-0312; Beijing Zhongshan Golden
Bridge Biotechnology Co., Ltd., Beijing, China) for 1 h at room
temperature. Fluorescence-labeled TROP2 was observed and
photographed under a fluorescent microscope.

Transfection. In order to knockdown the expression of endog-
enous TROP2, lentivirus containing two small interfering
(si)RNA sequences targeting TROP2 were designed and synthe-
sized by Shanghai GenePharma Co., Ltd., (Shanghai, China).
The siRNA sequences were as follows: TROP2-homo-1100,
5'-GCACGCTCATCTATTACCT-3"; and TROP2-homo-550,
5'-CCAAGTGTCTGCTGCTCAA-3'". The negative scramble
control sequence was as follows: 5“TTCTCCGAACGTGTC
ACGT-3". The cells were seeded at ~1.0x10° cells/well into
6-well plates and cultured at 37°C overnight under standard
conditions. After 50% confluence was reached, the number of
cells in a well was counted using a hemocytometer. TROP2
siRNA were transfected into cells in Opti-MEM (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) at a
multiplicity of infection (MOI)=20 [MOI= transducing units
per cell (TU) number/cell], according to the manufacturer's
instructions. The culture medium was replaced after 24 h
incubation. A total of 48 h after transfection, the cells were
observed and photographed under a fluorescence microscope.
After successful transfection, siRNA sequences were stably
expressed. Untransfected cells were used as a blank control,
while cells transfected with scrambled siRNA were consid-
ered as negative control.

Cell viability assay. Cell viability was examined using a cell
counting kit-8 (CCK-8) assay based on the optical density
(OD) value, according to the manufacturers protocol (Bestbio,
Shanghai, China). Cells were seeded at ~3.0x10° cells/well in a
96-well plate and cultured at 37°C in an incubator. After incu-
bation for 24, 48, 72, 96 and 120 h, 10 ul CCK-8 was added
into each well, and subsequently incubated for another 3 h at
37°C. The OD value was determined by the microplate reader
at a wavelength of 450 nm. The cell viability of each group
was calculated by GraphPad Prism software, version 7.00
(GraphPad Software, Inc., La Jolla, CA, USA). The experiment
was repeated three times.
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Wound healing assay. Untransfected and transfected cells
were seeded at 5.0x10° cells/well in 6-well plates and cultured
routinely. After reaching 90% confluence, the cell monolayer
was scratched with a sterile pipette tip. After washing 3 times
with PBS for 5 min each to clear the floating cells, 1.5 ml
RPMI 1640 medium supplemented with 1% FBS was added
into each well. Photographs were taken by a microscope at
0, 24 and 48 h after scratching. Results were indicated as the
relative width of scratch-the distance migrated relative to the
original scratched distance. The experiment was conducted
three times.

Cell invasion assay. The invasive ability of cells was measured
using the Corning® Matrigel® Basement Membrane Matrix
(catalogue no. 356234; Corning Inc., Corning, NY, USA) and
a 24-well transwell chamber (Corning Inc., Corning, New
York, USA) according to the manufacturer's protocol. The
number of cells that passed through an 8-mm polycarbonate
membrane was calculated. The polycarbonate surface of each
chamber was covered with 20 ul Matrigel (1:4 dilution) to
create an artificial basement membrane. Cells were cultured
at 37°C in FBS-free RPMI 1640 medium for 24 h. After
serum starvation, the cells were seeded at 1x10° cells/well
in the upper Transwell chamber, which contained ~200 ul
serum-free RPMI 1640. The lower chamber was filled with
600 pl of RPMI 1640 medium supplemented with 10% FBS.
After an incubation of 48 h at 37°C, the chambers were fixed
at room temperature with paraformaldehyde for 30 min. Cells
attached to the upper surface of the chambers were removed
with a sterile cotton swab, and cells that adhered to the lower
surface were stained with 0.1% crystal violet (Guangfu
Institute of Superfine Chemical Industry, Tianjin, China) for
20 min at room temperature. The numbers of stained cells
were counted using an inverted microscope (OLYMPUS IX
70-142; Olympus Corporation, Tokyo, Japan) in eight random
fields. The experiment was repeated three times.

Western blot analysis. B-cell lymphoma 2 (Bcl-2) and
Bcl-2-associated X protein (Bax) are two regulators of cell
apoptosis, the former has a vital anti-apoptotic role and the
latter has a pro-apoptotic role (15). Cellular proteins were
extracted according to the protocol using a Total Protein
Extraction kit (catalogue no. BB-3101; Bestbio) after a 48-h
culture at 37°C. Equivalent amounts (20 pg) of protein samples
were separated by 12% SDS-PAGE and transferred to poly-
vinylidene difluoride membranes. After blocking with 5%
w/v non-fat dried milk for 1 h at room temperature, the blots
were incubated with primary antibodies specific to TROP2
(catalogue no. sc-376746; Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA), Bcl-2 (catalogue no. 4223; Cell Signaling
Technology, Inc., Danvers MA, USA) and Bax (catalogue
no. 5023, Cell Signaling Technology, Inc.; all 1:1,000) over-
night at 4°C. Subsequently, after 3 washes with PBS for 5 min,
the blots were incubated with horseradish peroxidase-conju-
gated goat anti-mouse IgG (H+L) (catalogue no. ZB 2305;
Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd.,
Beijing, China; 1:4,000) for 1 h at room temperature. Bands
were detected by enhanced chemiluminescence (EMD
Millipore, Billerica, MA, USA) using ImageQuant LAS
(General Electric Company, USA). The results were analyzed
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Figure 1. The expression of TROP2 in ovarian cancer cell lines. Immunofluorescence assay demonstrated a layer of red fluorescent staining on the membrane
of SK-OV-3,HO8910 and A2780 cells, and the staining on A2780 cells was markedly brighter than the other two cell lines. Western blot analysis demonstrated
the same result. TROP2, tumor-associated calcium signal transducer 2; DAPI, 4', 6-diamidino-2-phenylindole.

by Quantity One version 4.6.2 (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). GAPDH was used as an internal control.

Statistical analysis. Statistical analyses were performed
using SPSS v. 17.0 software (SPSS, Inc., Chicago, IL, USA).
Quantitative data were expressed as the mean + standard devia-
tion. One-way analysis of variance and Student-Newman-Keuls
tests were used. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Immunofluorescence staining of TROP2. Immunofluorescence
analysis demonstrated a layer of red fluorescent staining on
the cytomembranes of A2780, HO8910 and SK-OV-3 cells
(Fig. 1). Western blotting results (Fig. 1) demonstrated that the
A2780 cell line expressed markedly more TROP2 protein than
the other two cell lines.

Transfections. To investigate the specific functions of TROP2,
the A2780 cell line was selected to conduct the following experi-
ments. Two independent siRNA sequences were synthesized

to downregulate the endogenous expression of TROP2. Cells
transfected with scrambled siRNA were considered as the
negative control group, and non-transfected cells were used as
the blank control. Cells were observed and photographed by a
fluorescence microscope 48 h after transfection. Transfected
cells demonstrated a bright green stain (Fig. 2). The fluorescent
staining indicated expression of green fluorescent protein,
which implied successful transfection. A total of 48 h after
transfection, the expression of TROP2 protein in each group
was measured. As demonstrated in Fig. 3A, the level of TROP2
protein in the transfected cells was significantly decreased,
compared with the control groups (P<0.05). After transfection
with sequence 1100, the expression of TROP2 was significantly
reduced compared with the sequence 550 group (P<0.05).

Cell viability assay. CCK-8 assay was used to investigate the
effect of TROP2 on cell viability. Results demonstrated that
the knockdown of TROP2 with the 550 and 1100 sequences
induced a significant inhibition of the viability of A2780
cells compared with the control and negative control groups
(P<0.05; Fig. 3B and C). These results indicated that TROP2 is
required for the maintenance of cell viability.
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Figure 2. A2780 cells were observed and photographed by a fluorescence microscope 48 h after transfection with TROP2-homo-550 and TROP2-homo-1100
small interfering RNA sequences. The bright green stain for the expression of GFP protein implied successful transfection. TROP2, tumor-associated calcium

signal transducer 2.
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Figure 3. (A) Western blot analysis measured the effects of siRNA-mediated knockdown of TROP2. GAPDH was used as an internal control. Data are
presented as the mean + standard deviation. Cells were transfected with (B) TROP2-homo-550 and (C) TROP2-homo-1100 siRNA and the viability was
assessed using Cell counting kit-8 assay at five time points (24, 48, 72, 96 and 120 h). Transfected cells demonstrated a reduction in cell viability, and differ-
ences were significant when cells were cultured for 72 h (group 550) and 48 h (group 1100). Data are presented as the mean =+ standard deviation. 'P<0.05 vs. the
control groups, “P<0.05 vs. group 550. TROP2, tumor-associated calcium signal transducer 2; siRNA, small interfering RNA; C, control; NC, negative control.

Wound healing assay. The monolayer wound healing assay
was used to assess cell migration ability. As demonstrated
in Fig. 4, 24 and 48 h after wounding, transfected cells
indicated a significantly slower closing of the scratch, with
a greater scratch width, compared with the control groups
(P<0.05). These results indicated that TROP2 is required for
cell migration.

Cell invasion assay. The serum-stimulated Matrigel inva-
sion assay demonstrated that the percentages of A2780 cells
that migrated through the polycarbonate membrane in the
transfection groups were significantly lower than those in the
control groups (P<0.05; Fig. 5). Therefore, downregulation of
TROP2 decreased the invasive ability of A2780 cells at 48 h
after transfection.
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Figure 4. The effect of TROP2 expression on cell migration. Cells with TROP2-knockdown demonstrated slower wound recovery compared with the control

groups at 24 and 48 h after wounding. Data are presented as the mean + standard deviation. "P<0.05 vs. the control groups at the corresponding time points.
TROP2, tumor-associated calcium signal transducer 2.
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Figure 5. The influence of TROP2 expression on the invasive capability of A2780 cells. Downregulation of TROP2 inhibited cell invasion. Data are presented
as the mean + standard deviation. "P<0.05 vs. the control groups. TROP2, tumor-associated calcium signal transducer 2.

Western blot analysis. To explore the functional mechanism of NC 550 1100
TROP2, the expression of Bcl-2 and Bax proteins were inves-
tigated by western blotting (Fig. 6). The results demonstrated Bax — - -

that, following the knockdown of TROP2, the expression of
Bax was markedly enhanced compared with the negative
control, whereas Bcl-2 protein expression levels were mark-
edly decreased compared with the negative control.

Bo2 D e—
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Discussion

Ovarian cancer was the fifth leading cause of cancer-related  Figure 6. Western blot analysis of expression of Bel-2 and Bax proteins.
death among women in the United States in 2014 (1). More GAPDH was used as an internal control. Following the knockdown of

. . o TROP2, the expression of Bax was enhanced, whereas Bcl-2 protein expres-
than half of the cases of ovarian cancer are highly invasive

. - ) . sion levels were decreased compared with the NC. Bcl-2, B-cell lymphoma
and insensitive to therapies, and are usually diagnosed at the  2; Bax, Bcl-2-associated X protein; NC, negative control.
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advanced stages, resulting in a poor prognosis (16). As a type
I transmembrane protein with several glycosylation sites,
TROP?2 is encoded by the single-exon gene, TACSTD2, which
is expressed in various human carcinomas (4). However, the role
of TROP2 is not well understood. Although TROP2 has previ-
ously been suggested to be involved in the adhesion between
cancer cells, data has also indicated that it may have a role in
cell signal transduction and the growth of cancer cells (17,18).

In the present study, TROP2 expression and localization
was investigated by immunofluorescence staining in A2780,
HO8910 and SK-OV-3 cells. The results demonstrated that,
compared with the other two cell lines, A2780 cells expressed
a higher level of TROP2 protein. Therefore, the A2780 cell
line was selected to conduct the subsequent experiments.
siRNA was utilized to knockdown the endogenous expression
of TROP2 to evaluate its effect. In vitro study demonstrated
that the downregulation of TROP2 was able to suppress A2780
cell proliferation. By wound healing and Transwell invasion
assays, it was indicated that the knockdown of the TROP2
gene was able to decrease the invasion and metastatic capabili-
ties of A2780 cells. Anti-apoptosis was considered as a distinct
characteristic of tumor development. Previous research has
revealed that the balance between Bcl-2 and Bax has a pivotal
role in anti- and pro-apoptosis (15). The present study demon-
strated that downregulated expression of TROP2 increased
Bax expression and decreased Bcl-2 expression in A2780
cells. The results of the present study therefore suggested that
TROP2 may be associated with the invasion, metastasis and
resistance to apoptosis of A2780 cells. The effect of TROP2 on
the inhibition of apoptosis may work via Bcl-2 family activa-
tion. However, there are limitations in the present study, a study
by Domcke et al (19) has demonstrated that the A2780 cell
line exhibited pronounced differences in molecular profiles vs.
tumors, therefore the current research should be completed by
subsequent experiments to verify the function and mechanism
of TROP2 in an animal tumor-burdened model.

In conclusion, the present study demonstrated that silencing
TROP2 expression in A2780 cancer cells suppresses prolifera-
tion, invasion and metastasis. Therefore, TROP2 has potential
as a novel target for ovarian cancer treatment.
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