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Abstract: Ovarian cancer is the most lethal gynecologic malignancy. Cisplatin is a very effective cancer chemo-
therapy drug, but cisplatin resistance is a crucial problem of therapy failure. Overexpression of PVT1 has been dem-
onstrated in ovarian cancer. The mRNA level of PVT1 in ovarian cancer tissues of cisplatin-resistant patients and
cisplatin-sensitive patients, cisplatin-resistant cells SKOV-3/DDP and A2780/DDP, cisplatin-sensitive cells SKOV-3
and A2780 were determined by gRT-PCR. The influence of the knockdown or overexpression of PVT1 on cisplatin
resistance was measured by measuring the cytotoxicity of cisplatin and the apoptotic rate of ovarian cancer cells
was detected by CCK-8 assay and flow cytometry, respectively. The mRNA levels and protein expression of TGF-1,
Smad4, p-Smad4 and Caspase-3 in apoptotic pathways were determined. The mRNA level of PVT1 was signifi-
cantly higher in ovarian cancer tissues of cisplatin-resistant patients and cisplatin-resistant cells. SKOV-3/DDP and
A2780/DDP cell viability and the percentage of apoptotic cells after transfection with PVT-1 siRNA and treated
with cisplatin was markedly lower and higher than the control, respectively. Moreover, the overexpression of PVT1
exhibited the anti-apoptotic property in SKOV-3 and A2780 cells after transfection with LV-PVT1-GFP and treated
with cisplatin. The mRNA levels and protein expression of TGF-B1, p-Smad4 and Caspase-3 were much higher in
cisplatin-resistant cells transfected with siPVT1. Overexpression of LncRNA PVT1 in ovarian cancer promotes cispla-

tin resistance by regulating apoptotic pathways.
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Introduction

Ovarian cancer is the most lethal gynecologic
malignancy. It accounts for approximately 3% of
all female cancers and is the fifth most com-
mon cause of cancer death in women (account-
ing for 6% of cancer deaths) h. Efforts at early
detection and new therapeutic approaches to
reduce mortality have been largely unsuccess-
ful because the origin and pathogenesis of epi-
thelial ovarian cancer are poorly understood
[1]. Most ovarian cancer patients are diagnosed
at an advanced stage and prospects for signifi-
cant improvement in survival reside in early
diagnosis [2]. Early-stage malignancy is fre-
quently asymptomatic and difficult to detect
and thus, by the time of diagnosis, most women
have advanced disease. Most of these patients,
although initially responsive, eventually devel-

op and succumb to drug-resistant metastases
[3]. Ovarian cancer is often associated with
drug resistance but the cellular pathways con-
tributing to this effect [4]. Standard treatment
for ovarian cancer involves chemotherapy with
a platinum agent (cisplatin or carboplatin) and a
taxane (paclitaxel), but a successful long-term
treatment is prevented by the development of
drug resistance [5]. One of the major obstacles
in the treatment of ovarian cancer is the devel-
opment of multidrug resistance. In ovarian can-
cer, the taxane of choice has historically been
casplatin; however, there is now substantial evi-
dence that casplatin also may be the preferred
taxane in this disease [6]. The cytotoxic effect
of casplatin is primarily due to its ability to pro-
mote tubulin assembly and inhibit microtubu-
le depolymerization [7]. In vitro studies have
shown that casplatin has a broad spectrum of
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activity against a variety of tumor types, includ-
ing breast cancer, ovarian cancer, non-small
cell lung cancer, head and neck cancer, colorec-
tal cancer, and melanoma. In vivo experiments
in animal models and clinical trials have also
shown that casplatin is more potent than pacli-
taxel in the treatment of advanced breast can-
cer and other solid tumors [8].

PVT1 is a candidate oncogene located adjacent
to the MYC locus on chromosomal region 8q24.
It has been shown to act as a noncoding RNA
with many alternatively spliced isoforms [9].
The PVT1 locus has recently been found to con-
tain a cluster of at least six microRNAs (miR-
NAs) (such as miR-1204, -1205, -1206, -1207-
3p, -1207-5p, and -1208) that span the PVT1
region, adding further complexity to the locus.
Both PVT1 copy number gains (CNGs) and PVT1
overexpression have been implicated in the
pathophysiology of many tumors, including br-
east and ovarian cancers and acute myeloid
leukemia [10]. Overexpression of PVT1 has be-
en demonstrated in breast cancer, ovarian can-
cer, pediatric malignant. Screening for PVT1
expression could potentially improve early diag-
nosis, therapy, and drug resistance [11]. Zhang
er al reported the overexpression of long non-
coding RNA PVT1 in gastric cancer cells pro-
motes the development of multidrug resistance
[12]. However, the roles that PVT1 play in do-
cetaxel drug resistance remain unclear.

In this study, we aimed to explore the expres-
sion of PVT1 in patients with ovarian cancer
being resistant to cisplatin and the normal, and
the related mechanism.

Material and methods
Cell culture

Tumor tissues were obtained from 30 patients
with ovarian cancer sensitive to cisplatin and
30 patients with ovarian cancer resistant to cis-
platin. Cisplatin resistance cell lines SKOV-3/
DDP and A2780/DDP, parental strains A2780
and A2780/DDP were obtained from Shanghai
Institutes for Biological Sciences, Chinese Aca-
demy of Sciences. The cells were routinely cul-
tured in RPMI-1640 supplemented with 10%
heat-inactivated fetal bovine serum (FBS), 100
U/mL penicillin and 100 pyg/mL streptomycin in
a humidified cell incubator with an atmosphere
of 5% CO, at 37°C. Cells growing at an expo-
nential rate were used for the experiments.
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RNA isolation and quantitative RT-PCR

To quantitatively determine mRNA expression
of PVT1 in tumor tissues, cell lines SKOV-3/
DDP, A2780/DDP, parental strains A2780 and
A2780/DDP, gRT-PCR was used. The cells were
seeded in a 6-well plate at concentration of 1 x
105 cells per well and incubated in DMEM.

For RNA isolation, total RNA was extracted and
isolated from tissue samples or cell lines using
either the mirVana miRNA isolation kit (Ambion,
Austin, TX) or the TRIzol method. Trizol of 1 mL
was added and the solution was mixed homo-
geneously for 10 min. The mixture was then
transferred into eppendorf tubes (EP, 1.5 mL)
with 200 pL chloroform. After 15 min shake,
the EP tubes were centrifuged at 4°C for 15
min (12000 x g). The supernate was trans-
ferred into other EP tubes and mixed with iso-
pyknic isopropanol for 15 s. The centrifugation
(4°C, 10 min, 12000 x g) was performed again
and the supernate was discarded. The precipi-
tate was washed by 75% ethonal twice and dis-
solved into 30 pL diethypyrocarbonate (DEPC)
after drying to obtain RNA stock solution. After
isolation, the concentration of RNA was as-
sessed using a NanoDrop 1000 spectropho-
tometer (NanoDrop Technologies, Wilmington,
Delaware, USA) and the RAN solution was
stored at -80°C for further use.

For gRT-PCR, genes were amplified by specific
oligonucleotide primer, and human glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) ge-
ne was used as an endogenous control. The
detection and quantification contained the fol-
lowing steps: first, reverse transcription was
performed at 55°C for 30 min, initial activation
for 15 min at 95°C, next 40 cycles of denatur-
ation were conducted at 94°C for 15 s, then
annealing for 30 s at 55°C, extension for 30 s
at 72°C. The expression level was normalized
using U6 small nuclear RNA by the 2t method.
The ACt values were normalized to GAPDH
level.

Western blotting

Cultured cells were lysed in RIPA buffer consist-
ing of 1% sodium dodecyl sulfate (SDS), 0.1
mM  phenylmethylsulfonyl fluoride (PMSF)
and complete protease inhibitors (Roche,
Mannheim, Germany). The lysates were centri-
fuged at 13,000 x g for 15 min, and the super-
natants were frozen at -80°C for use. BCA
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Figure 1. Relationship between PVT1 expression and cisplatin-resistance. A. The mRNA levels of PVT1 in ovarian
cancer tissues of cisplatin-sensitive patients and cisplatin-resistant patients; B. The mRNA levels of PVT1 in the
cisplatin-resistant SKOV-3/DDP and A2780/DDP cells, and cisplatin-sensitive SKOV-3 and A2780 cells. All values
were mean * SD, ""P<0.01, compared with the control, the difference had statistical significance.

Protein Assay Kit (Pierce Chemical Co., LTD.
Rockford, IL, USA) was used to measure the
protein concentration of the lysates. Protein
samples of 20 ug prepared as indicated above
were resolved by SDS-polyacrylamide gel elec-
trophoresis and transferred onto nitrocellulose
membranes (Millipore Corp., Bedford, MA,
USA). After blocking in 5% non-fat milk in Tris-
buffered saline for 1 h at room temperature,
membranes were incubated in mouse anti-
human PTEN monoclonal antibody (Santa Cruz
Biotech, Santa Cruz, CA, USA), and followed by
horseradish peroxidase-conjugated secondary
antibody (Santa Cruz Biotech, Santa Cruz, CA,
USA). Blots were scanned on the Fluor-S MAX
Multilmager (Bio-Rad, Hercules, USA), and sig-
nal intensities were determined by Quantity
One image software (Bio-Rad, Hercules, USA).

Cell viability

To analyze SKOV3/DDP and A2780/DDP cell
viability, Cell Counting Kit-8 (CCK-8) (Dojindo
Laboratories, Kumamoto, Japan) was used in
accordance with the manufacturer’s instruc-
tions. 100 mL suspension of SKOV3 and A2780
were plated in the 96-well plate supplemented
with DMEM added 10% FBS with different con-
centration (0, 1, 2.5, 5, 10, 20, 40, 80, 150 pM)
of cisplatin (Sigma-Aldrich, St. Louis, Missouri,
USA). After culture for 24 h at 37°C with 5%
CO,, CCK-8 (10 mL) was added into each well.
After incubation, the optical density (OD) values
were measured by enzyme-labeled instrument
(Varian, Palo Alto, CA, USA) at 450 nm. The cell
viability was then calculated as follows:
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Cell Viability % = (ODt-ODb)/(ODc-ODb) x 100%

Where ODt, ODb and ODc was the OD value
of BX647187 siRNA-MG63 group, scramble
siRNA- MG63 group and MG63 group, res-
pectively.

Cell apoptosis analysis

At interference with siPVT1 and cisplatin, ovar-
ian cancer cells SKOV3/DDP and A2780/DDP
were collected by trypsinisation and washed
with phosphate-buffered saline (PBS). In apop-
tosis analysis, an Annexin-V-FITC Apoptosis De-
tection Kit | (BD Pharmingen) was used accord-
ing to the manufacturer’s instructions. After
washing with PBS, cells were resuspended in 1
x binding buffer at a concentration of 1 x 10°
cells/mL. Then, 5 mL of FITC Annexin-V and 5
uL Pl were added to 100 uL of the cell suspen-
sion and the samples were incubated for 15
min in the dark. After incubation, 400 uL 1 x
binding buffer was added. Apoptosis was ana-
lyzed by flow cytometry (FACSCalibur, Becton-
Dickinson) using the Cell-Quest software (Be-
cton-Dickinson). The cells undergoing apopto-
sis were Annexin-V-FITC-positive and Pl-nega-
tive.

Transfection

RNA interference (RNAi) is an evolutionarily
conserved surveillance mechanism that res-
ponds to double-stranded RNA by sequence-
specific silencing of homologous genes. To in-
vestigate the role of PVT1 in cell proliferation

Int J Clin Exp Med 2015;8(11):20565-20572
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Figure 2. PVT1 knockdown reverses the cisplatin resistance in cisplatin-resistant cell lines. A. PVT1 expression in
cisplatin-resistant SKOV-3/DDP and A2780/DDP cells transfected with siPVT1 and the control; B. The influence of
PVT1 knockdown on cell viability of SKOV-3/DDP cells transfected with siPVT1 and treated with cisplatin; C. The
influence of PVT1 knockdown on cell viability of A2780/DDP cells transfected with siPVT1 and treated with cisplatin;
D. The effect of PVT1 knockdown on the percent of apoptotic tumor cells in cells by flow cytometry. All values were
mean * SD, ""P<0.01, compared with the control, the difference had statistical significance.

and apoptosis, we used a RNAi-based strategy
to specifically silence PVT1 expression and
PVT1-overexpression lentiviral vector (LV-PVT1-
GFP) (Shanghai Cancer Institute, China) to ma-
ke the overexpression of PVT1. China. siRNA
specific for PVT1 (sense 50-GCUUGGAGGCUG-
AGGAGUUTT-30 and antisense 50-AACUCC-
UCAGCC UCCAAGCTT-30) were synthesized (Ri-
bobio, Guangzhou, China). PVT1 siRNA and
LV-PVT1-GFP transfection (50 nmol/L) was per-
formed in cultured gastric cancer cells. Then,
qRT-PCR was used to detect relative mRNA
level. Cells were then treated with cisplatin.
Colorimetric water-soluble tetrazolium salt (CC-
K-8) assay using a Cell Counting Kit-8 (Dojin-
do) was used for cell viability detection and
Annexin-V-FITC Apoptosis Detection Kit | (BD
Pharmingen) was used for apoptosis analysis.

Data analysis

Mean * standard deviation (SD) was applied
to express the statistics from three separate
experiments. The differences between groups
were analyzed using SPSS 10.0 software and
considered statistically significant at P value
less than 0.05.
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Results

Relationship between PVT1 and cisplatin
resistance

To explore the relationship between PVT1 and
cisplatin resistance, we examined the mRNA
levels of PVT1 in the ovarian cancer tissues of
cisplatin-sensitive patients and cisplatin-
resistant patients. As a result, mRNA level of
PVT1 increased significantly in the cancer tis-
sues of cisplatin-resistant patients comparing
to cisplatin-sensitive patients (Figure 1A). To
further study the differential expression of
PVT1, we determined the PVT1 expression in
cell lines SKOV-3/DDP, A2780/DDP, A2780 and
A2780/DDP. Of which, SKOV-3/DDP and
A2780/DDP were drug resistant cell lines, while
A2780 and A2780/DDP were drug sensitive
cell lines. The results were shown in Figure 1B.
As shown, overexpression of PVT1l were
observed in cell lines SKOV-3/DDP and A2780/
DDP comparing with A2780 and A2780/DDP,
which indicated PVT1 may be related with the
development of cisplatin resistance in ovarian
cancer.

Int J Clin Exp Med 2015;8(11):20565-20572
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Figure 3. Overexpression of PVT1 inhibits apoptosis in cisplatin-sensitive cell lines. A. PVT1 expression in cisplatin-
sensitive SKOV-3 and A2780 cells transfected with LV-PVT1-GFP and the control; B. The influence of PVT1 overex-
pression on cell viability of SKOV-3 cells transfected with LV-PVT1-GFP and treated with cisplatin; C. The influence
of PVT1 overexpression on cell viability of A2780 cells transfected with LV-PVT1-GFP and treated with cisplatin; D.
The effect of PVT1 overexpression on the percent of apoptotic tumor cells in cells by flow cytometry. All values were
mean * SD, ""P<0.01, compared with the control, the difference had statistical significance.

PVT1 knockdown reverses the cisplatin resis-
tance in cisplatin-resistant cell lines

Based on the results above, we know PVT1 may
be related with the development of cisplatin
resistance in ovarian cancer, so we further
determined the effect of PVT1 knockdown on
cisplatin-induced cytotoxicity and apoptosis in
SKOV-3/DDP and A2780/DDP cells. The PVT1
expression in SKOV-3/DDP and A2780/DDP
cells after transfection with PVT1 small RNA
comparing with the control was shown in Figure
2A. As shown, PVT1 expression in cells after
transfection with siPVT1 decreased significant-
ly comparing to the control. Then cells trans-
fected with siPVT41 and the control were treated
with O, 1, 2.5, 5, 10, 20, 40, 80 and 150 uM
cisplatin for 24 h, SKOV-3/DDP and A2780/
DDP cell viability were determined by CCK-8
assay. As shown in Figure 2B and 2C, cell viabil-
ity after transfection with siPVT1 decreased
markedly with the increase of cisplatin concen-
tration comparing to the control. Furthermore,
we determined the percent of apoptotic tumor
cells in cells by flow cytometry and the results
were shown in Figure 2D. As shown, the per-
cent of apoptotic tumor cells after transfection
with siPVT1 was significantly higher than
the control. All those indicated knockdown of

20569

PVT1 reverses the cisplatin resistance in cispl-
atin-resistant cell lines.

Overexpression of PVT1 inhibits apoptosis in
cisplatin-sensitive cell lines

To study the influence of PVT1 overexpressi-
on on cisplatin resistance, cisplatin-sensitive
SKOV-3 and A2780 cells were transfected with
LV-PVT1-GFP. The PVT1 expression in SKOV-3
and A2780 cells transfected with LV-PVT1-GFP
and the control were determined, and results
were shown in Figure 3A. As shown, PVT1
expression was enhanced markedly in SKOV-3
and A2780 cells after transfection with LV-
PVT1-GFP comparing to the control. Then cells
transfected with LV-PVT1-GFP and the control
were treated with O, 1, 2.5, 5, 10, 20, 40, 80
and 150 uM cisplatin for 24 h. The cell viability
was determined by CCK-8 assay and percent of
apoptotic tumor cells in cells was determined
by flow cytometry. Cells transfected with
LV-PVT1-GFP had much higher cell viability in
the same cisplatin concentration than that in
the control and decreased with the increase of
cisplatin concentration (Figure 3B and 3C). The
result of flow cytometry revealed that SKOV-3
and A2780 cells transfected with LV-PVT1-GFP
showed a markedly decrease apoptosis index

Int J Clin Exp Med 2015;8(11):20565-20572
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Figure 4. Study on the molecular mechanism about how PVT1 knockdown induce apoptosis. A. mMRNA levels of
TGF-B1, Smad 4, p-Smad4 and Caspase-3 in SKOV-3/DDP cells after transfection with siPVT1 and in the control
group; B. mRNA levels of TGF-1, Smad 4, p-Smad4 and Caspase-3 in A2780/DDP cells after transfection with
siPVT1 and in the control group; C. Protein expression of TGF-1, Smad 4, p-Smad4 and Caspase-3 in SKOV-3/DDP
cells after transfection with siPVT1 and in the control group; D. Protein expression of TGF-B1, Smad 4, p-Smad4 and
Caspase-3 in A2780/DDP cells after transfection with siPVT1 and in the control group. All values were mean + SD,
"*P<0.01, compared with the control, the difference had statistical significance.

compared to the control (Figure 3D). Those
results indicated overexpression of PVT1 inhib-
its cisplatin-induced apoptosis in SKOV-3 and
A2780 cells.

The mechanism of anticancer activity of PVT1
knockdown

To explore the molecular mechanisms of anti-
cancer activity of PVT1 knockdown, mRNA lev-
els and gene expression on SKOV-3/DDP and
A2780/DDP cells transfected with PVT1 siRNA
and in the control were determined by qRT-PCR
and western bolt assay. Results showed mRNA
levels of TGF-B1, p-Smad4 and Caspase-3 in
SKOV-3/DDP and A2780/DDP cells after trans-
fection with siPVT1 increased significantly com-
paring to the control (Figure 4A), whlie mRNA
level of Smad 4 had no difference between
siPVT1 group and the control. Western bolt an-
alysis also showed protein expression of TGF-
B1, p-Smad4 and Caspase-3 in siPVT1 group
increased markedly comparing to the control,
and protein expression of Smad 4 kept almost
the same in the two groups (Figure 4B).

Discussion

Ovarian cancer is the most common gyneco-
logic malignancy and the sixth most common
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cancer in women worldwide, with highly aggres-
sive natural history causing almost 125,000
deaths yearly [13]. Chemotherapy has been
regarded as standard therapy for the majority
of women with advanced epithelial ovarian can-
cer for several decades. Cisplatin is a very
effective cancer drug and has had a major clini-
cal impact, particularly for patients with testicu-
lar or ovarian cancers [14]. It is generally ac-
cepted to be the most active cytotoxic agent for
the treatment of ovarian cancer. However, can-
cer cells often develop multiple mechanisms to
cause cisplatin resistance. The reasons why
cisplatin resistance occur remains still unclear.
Long non-coding RNAs (IncRNAs), a group of
non-coding RNAs longer than 200 nucleotides
in length, constitute another novel class of non-
coding RNAs and regulate gene expression,
thus having the possibility to modulate disease
progression. Recently, some studies are just
beginning to understand the biology of INCRNA
in ovarian cancer [15]. PVT1 gene, originally
identified as a transcriptional unit from a hu-
man homologous sequence to Pvtl, is a IncRNA
(1.9 kb) that encodes a number of alternative
transcripts and a host gene for several miRNAs
[16]. When amplified and overexpressed, PVT1
can increase cell proliferation and inhibit apop-

Int J Clin Exp Med 2015;8(11):20565-20572



Overexpression of PVT1 promotes cisplatin resistance

tosis, indicating that it is an anti-apoptotic mol-
ecule [17] Although several previous reports
have identified the functional roles of PVT1
implicated in the pathogenesis of the human
diseases, the role that this gene may play in the
development of cisplatin resistance in ovarian
cancer is few. In this study, we found IncRNA
PVT1 is related with cisplatin resistance in
ovarian cancer.

In our research, we found PVT1 was overex-
pressed in tumor tissues of cisplatin-resistant
patients comparing to cisplatin-sensitive pati-
ents. It was also overexpressed in cisplatin-
resistant cells SKOV-3/DDP and A2780/DDP
compared with cisplatin-sensitive SKOV-3 and
A2780 cells. It indicated PVT1 may be related
with the development of cisplatin resistance in
ovarian cancer. The effect of PVT1 knockdown
on cisplatin-induced cytotoxicity and apoptosis
in SKOV-3/DDP and A2780/DDP cells were
than determined. Results of CCK-8 assay and
flow cytometry showed PVT1 knockdown signifi-
cantly lowered cell viability and increased the
percentage of apoptotic tumor cells in SKOV-3/
DDP and A2780/DDP cells transfected with
siPVT1 and treated with cisplatin. It manifested
PVT1 knockdown can reverses the cisplatin
resistance in cisplatin-resistant cell lines. Cis-
platin-sensitive SKOV-3 and A2780 cells were
transfected with LV-PVT1-GFP to upregulate
PVT1. Then cells were treated with different
concentration of cisplatin. The cell viability was
determined by CCK-8 assay and percent of
apoptotic tumor cells in cells was determined
by flow cytometry. Results showed overexpres-
sion of PVT1 significantly enhanced cell viability
and decreased the percentage of apoptotic
tumor cells in SKOV-3 and A2780 cells trans-
fected with LV-PVT1-GFP and treated with cis-
platin. Moreover, study by Duarte et al. reported
cell apoptosis play a key role in the develop-
ment of drug resistance [18]. Therefore, we
obtained IncRNA PVT1 is closely associated
with cisplatin resistance in ovarian cancer cells.

To explore the relationship between PVT1 ex-
pression and cell apoptosis in molecular level,
we determined the mRNA levels and protein
expression of TGF-B1, Smad4, p-Smad4 and
Caspase-3 in cell apoptotic pathways by gRT-
PCR and western blot. Results showed mRNA
levels and protein expression of TGF-B1, p-Sma-
d4 and Caspase-3 increased significantly in tu-
mor cells transfected siPVT1. TGF-B1 is a major
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pluripotential cytokine with a pronounced im-
munosuppressive effect [19]. This cytokine has
multiple effects that may exacerbate fibrosis. It
is a strong extracellular matrix inducer and is
chemotactic for fibroblasts and polymorphonu-
clear neutrophils. In addition, it can induce
apoptosis in gastric carcinoma cells, primary
hepatocytes, hepatoma cells and human lung
epithelial cell lines [20]. Sanchez et al. reported
the exposure of cells to TGF-B1 can trigger a
variety of cellular responses including the inhi-
bition of cell growth, migration, differentiation
and apoptosis [21]. Caspase-3 is an effector of
apoptosis in experimental models of Parkin-
son’s disease (PD) [22]. It is a crucial compo-
nent of the apoptotic machinery in many cell
types [23]. Therefore, we concluded PVT1 kno-
ckdown the expression of TGF-B1, p-Smad4
and Caspase-3, which were related with cell
apoptosis.

In conclusion, PVT1 expression is closely relat-
ed with cosplatin resistance in ovarian cancer
by regulating cell apoptotic pathways.
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