
7183

Abstract. – OBJECTIVE: The aim of this study 
was to identify the role of long non-coding RNA 
PVT1 (lnc-PVT1) in the progression of ovarian 
cancer.

PATIENTS AND METHODS: The expression of 
lnc-PVT1 in ovarian cancer cells and 50 paired 
tissue samples were detected by quantitative 
Reverse Transcriptase-Polymerase Chain Reac-
tion (qRT-PCR). Moreover, cell proliferation as-
say and transwell assay were performed to iden-
tify the function of lnc-PVT1 in vitro. QRT-PCR 
and Western blot were utilized to explore the 
possible underlying mechanism.

RESULTS: Compared with normal tissues, the 
expression of lnc-PVT1 T1 was remarkably upreg-
ulated in tumor tissues. Moreover, the prolifera-
tion and invasion of ovarian cancer were promot-
ed after knockdown of lnc-PVT1 in vitro. Moreover, 
both the mRNA and protein levels of SOX2 were 
suppressed after knockdown of lnc-PVT1 in vitro. 
Besides, the expression of SOX2 in tumor tissues 
was positively correlated to lnc-PVT1.

CONCLUSIONS: Lnc-PVT1 could enhance 
the invasion and proliferation of ovarian cancer 
cells through upregulating SOX2, which might 
serve as a new therapeutic target for the treat-
ment of ovarian cancer.
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Introduction

Ovarian cancer ranks the third common cancer 
among human malignant tumors1. The incidence 
rate of ovarian cancer in females remains high 
over the world2. Although treatments of ovarian 
cancer including chemotherapy and surgery have 

developed rapidly in the last decades, the 5-year 
survival rate of these patients remains lower than 
30%3. Therefore, it is necessary to explore the ge-
nomic changes in ovarian cancer and the under-
lying mechanism.

Evidence has proved that long non-coding 
RNAs (lncRNAs) may participate in the occur-
rence and development of malignant tumors. For 
example, lnc-ANRIL is upregulated in serous 
ovarian cancer, which is also related to metastasis 
and poor prognosis4. By regulating epithelial-me-
senchymal transition, lnc-TUG1 can regulate the 
metastasis and proliferation of ovarian cancer5. 
Meanwhile, lnc-HOST2 may promote the pro-
liferation, invasion, and metastasis of epithelial 
ovarian cancer6. Studies have also indicated that 
overexpression of lnc-HOTAIR may promote tu-
mor metastasis and is closely associated with poor 
prognosis in epithelial ovarian cancer7. However, 
the role of lnc-PVT1 in ovarian cancer has not 
been fully elucidated.

Our present study revealed that lnc-PVT1 was 
significantly upregulated in ovarian cancer sam-
ples. Meanwhile, lnc-PVT1 facilitated the inva-
sion and proliferation of ovarian cancer cells in 
vitro. Furthermore, we discovered that lnc-PVT1 
exerted its function via regulating SOX2 in ova-
rian cancer.

Patients and Methods

Cell Culture
Totally 5 ovarian cancer cell lines (A2780, TO-

V112D, HO-8910, OVCAR-3, and SKOV3), 1 nor-
mal ovarian cell line (ISOE80) and the 293T cell 
line (Chinese Type Culture Collection, Chinese 
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Academy of Sciences, Shanghai, China) were 
used in this study. All cells were cultured in Dul-
becco’s Modified Eagle Medium (DMEM, Hyclo-
ne, South Logan, UT, USA) complemented with 
10% fetal bovine serum (FBS; Life Technologies, 
Gaithersburg, MD, USA) and penicillin. Besides, 
cells were grown in a 37°C, 5% CO2 humidified 
incubator.

Clinical Samples 
Human tissue samples were collected from 50 

ovarian cancer patients who underwent surgery 
at the Affiliated Jiangyin Hospital of South-East 
University. All the collected tissues were kept at 
–80°C. The written informed consent was obtai-
ned from each patient before the surgery. Our 
study was approved by the Ethics Committee of 
Affiliated Jiangyin Hospital of South-East Uni-
versity.

Cell Transfection
Lentiviral small hairpin RNA (shRNA) was 

synthesized before this study, and pLenti-E-
F1a-EGFP-F2A-Puro vector (Biosettia Inc., 
San Diego, CA, USA) was then used for clo-
ning. Next, these viruses, empty vector (sh-ctrl), 
and the lnc-PVT1 lentiviruses (sh-PVT1) were 
packaged in 293T cells.

Total RNA Extraction and Quantitative 
Reverse Transcriptase-Polymerase Chain 
Reaction (qRT-PCR)

Total RNA was extracted from samples accor-
ding to the instructions of TRIzol reagent (Invi-
trogen, Carlsbad, CA, USA). Extracted RNA was 
then reverse-transcribed to complementary DNAs 

(cDNAs) by using the Reverse Transcription Kit 
(TaKaRa Biotechnology Co., Ltd., Dalian, Chi-
na). QRT-PCR was conducted on ABI 7500 sy-
stem (Applied Biosystems, Foster City, CA, USA), 
and SYBR Green Real-Time PCR was applied. 
Thermal cycle was as follows: 95°C for 30 sec, 
95°C for 5 sec for 40 cycles, and 60°C for 35 sec. 
Primer sequences used in this study were as fol-
lows: PVT1, F: 5’-GTGAATGATAGTGAGGCA-
ACG-3’, R: 5’-CGAACGATTTGCCACACACG-3’; 
SOX2, F: 5’-TCTTGTCCTATAGAAGCACAAC-3’, 
R: 5’-ATCATTTCCACAGCCCTGTGT-3’; U6: F: 
5’-GCTTCGGCAGCACATATACTAAAAT-3’, R: 
5’-CGCTTCAGAATTTGCGTGTCAT-3’; GAPDH: 
F: 5’-CGCTCTCTGCTCCTCCTGTTC-3’, R: 
5’-ATCCGTTGACTCCGACCTTCAC-3’.

Cell Proliferation Assay
According to the instructions of cell counting 

kit-8 (CCK-8) (Dojindo Molecular Technologies, 
Inc. Kumamoto, Japan), treated cells were seeded 
in 96-well plates, and the proliferation of these 
cells was monitored every 24 h. Absorbance (OD) 
values at the wavelength of 450 nm was detected 
by a spectrophotometer (Thermo Scientific, 
Rockford, IL, USA).

Cell Invasion
Totally 5×104 cells in 200 µL serum-free 

Roswell Park Memorial Institute 1640 (RPMI-
1640) were transformed to the upper chamber 
of an 8 μm pore size insert (Millipore, Billerica, 
MA, USA) which was added with Matrigel (50 µg; 
BD Biosciences, Franklin Lakes, NJ, USA). The 
lower chamber was added with RPMI-1640 and 
FBS. After 48 h, a cotton swab was used to wipe 

Figure 1. The expression level of lnc-PVT1 was increased in ovarian cancer tissues and cell lines. A, Lnc-PVT1 expression 
was significantly increased in ovarian cancer tissues compared with normal tissues. B, The expression level of Lnc-PVT1 
relative to GAPDH was determined in human ovarian cancer cell lines and normal ovarian cells (ISOE80) by qRT-PCR. Data 
were presented as mean ± standard error of the mean. *p<0.05.RE
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the top surface of the chambers, and the chambers 
were immersed with precooling methanol for 10 
min, followed by staining in crystal violet for 30 
min. The membranes were then dried, inverted, 
and mounted on microscope slides for analysis. 
The cells were counted from 3 randomly chosen 
fields per membrane.

Western Blot Analysis
The radio-immunoprecipitation assay (RIPA; 

Beyotime, Shanghai, China) was utilized for to-
tal protein extraction. The concentration of ex-
tracted proteins was quantified according to the 
instructions of the bicinchoninic acid (BCA) kit 
(TaKaRa, Dalian, China). Total proteins were 
separated by sodium dodecyl sulphate-polya-
crylamide gel electrophoresis (SDS-PAGE) and 
transferred to polyvinylidene difluoride (PVDF) 
membranes (Millipore, Billerica, MA, USA). 
Membranes were blocked with 5% skimmed 
milk for 1 h, followed by the incubation of pri-
mary antibody overnight. Membranes were then 
incubated with the secondary antibody at room 
temperature for 1 h. Immunoreactive bands 
were exposed by enhanced chemiluminescence 
(ECL) method with Image J Software. Rabbit 
anti-GAPDH (glyceraldehyde 3-phosphate dehy-
drogenase) and rabbit anti-SOX2, as well as goat 
anti-rabbit secondary antibody, were obtained 
from Cell Signaling Technology (CST, Danvers, 
MA, USA).

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 17.0 (SPSS, Chicago, IL, USA) was used 
for all statistical analysis. The χ2-test was applied 

for categorical variables. The survival of ovarian 
cancer patients was evaluated by the Kaplan-
Meier method. The Student t-test was used to 
compare differences between groups. Data were 
represented as mean ± SD. p<0.05 was considered 
statistically significant.

Results

Expression Level of Lnc-PVT1 In Ovarian 
Cancer Tissues and Cell Lines

QRT-PCR was first conducted to detect the 
expression of lnc-PVT1 in 50 ovarian cancer tis-
sues and 5 ovarian cancer cell lines. Results indi-
cated that lnc-PVT1 was significantly upregulated 
in tumor tissue samples (Figure 1A). Meanwhile, 
compared with normal epithelial cells, the expres-
sion of lnc-PVT1 was significantly higher in ova-
rian cancer cells (Figure 1B).

Lnc-PVT1 Knockdown Inhibited Cell 
Invasion and Proliferation In vitro

According to the expression of lnc-PVT1 in the 
above 5 ovarian cancer cell lines, HO-8910 and 
SKOV3 were chosen for a subsequent lnc-PVT1 
knockdown. Sh-PVT1 and sh-ctrl were synthe-
tized and transfected into these two cell lines. 
Then, the expression of lnc-PVT1 was confirmed 
by qRT-PCR (Figure 2A). Furthermore, results 
of CCK8 assay showed that the proliferation of 
ovarian cells was significantly inhibited after lnc-
PVT1 knockdown (Figure 2B and 2C). Moreover, 
transwell assay found that silenced lnc-PVT1 
suppressed the invasion of ovarian cancer cells 
(Figure 3A and 3B).

Figure 2. Knockdown of Lnc-PVT1 decreased the proliferation of ovarian cancer cells. A, The expression of lnc-PVT1 in 
ovarian cancer cells transduced with control shRNA vector (sh-ctrl) or lncRNAPVT1 shRNA (sh-PVT1) was detected by qRT-
PCR. GAPDH was used as an internal control. B, CCK8 assay showed that knockdown of lnc-PVT1 significantly decreased 
the proliferation of HO-8910 ovarian cancer cells. C, CCK8 assay showed that knockdown of lnc-PVT1 significantly decreased 
the proliferation of SKOV3 ovarian cancer cells. The results were the average of three independent experiments (mean ± stan-
dard error of the mean). *p<0.05, as compared with the control cells.
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Lnc-PVT1 Promoted Ovarian Cancer 
Tumorigenesis Via SOX2

Various studies have confirmed that SOX2, 
as a novel oncogene discovered recently, plays a 
crucial role in tumor proliferation and metastasis 
and can be regulated by several noncoding RNAs. 

QRT-PCR results demonstrated that the mRNA 
expression of SOX2 was downregulated in ova-
rian cancer cells transfected with sh-PVT1 (Fi-
gure 4A). Western blot analysis further verified 
that the protein expression level of SOX2 was also 
downregulated in ovarian cancer cells after tran-

Figure 3. Knockdown of lnc-PVT1 decreased the invasion of ovarian cancer cells. A, Transwell assay showed that the num-
ber of invaded cells in the sh-PVT1 group was obviously reduced when compared with the sh-ctrl group in HO-8910 ovarian 
cancer cells. B, Transwell assay showed that the number of invaded cells in the sh-PVT1 group was significantly reduced when 
compared with the sh-ctrl group in SKOV3 ovarian cancer cells. The results were the average of three independent experimen-
ts Data were presented as mean ± standard error of the mean. *p<0.05.

Figure 4. Interaction between SOX2 and lnc-PVT1 in ovarian cancer. A, The mRNA expression level of SOX2 in the sh-
PVT1 group was significantly decreased when compared with the sh-ctrl group in HO-8910 and SKOV3cells. B, The protein 
expression of SOX2 was repressed after knockdown of lnc-PVT1 in HO-8910 cells. C, The protein expression of SOX2 was 
repressed after knockdown of lnc-PVT1 in SKOV3 cells. D, Linear correlation between the expression level of SOX2 and lnc-
PVT1 in ovarian cancer tissues. The results represented the average of three independent experiments. Data were presented as 
mean ± standard error of the mean. *p<0.05.RE
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sfecting sh-PVT1 (Figure 4B and 4C). To explo-
re the interaction between lnc-PVT1 and SOX2, 
the expression level of SOX2 was detected in tis-
sues. Linear correlation analysis revealed that the 
SOX2 expression was positively correlated with 
lnc-PVT1 expression in ovarian cancer tissues 
(Figure 4D).

Discussion

Latest studies have discovered that lnc-PVT1 is 
upregulated in many cancers and may participate 
in tumor progression. For example, overexpres-
sion of lnc-PVT1 has been found to be closely 
related to the development and poor prognosis 
of pancreatic cancer8. Lnc-PVT1 is remarkably 
upregulated in non-small cell lung cancer, even-
tually promoting the tumorigenesis of NSCLC9. 
Meanwhile, high lnc-PVT1 expression level pro-
motes cell invasion in esophageal cancer via indu-
cing epithelial-to-mesenchymal transition10. Be-
sides, strong evidence has shown the oncogenic 
role of lnc-PVT1 in cervical cancer as well as its 
role in poor prognosis11. Moreover, several experi-
ments have found that lnc-PVT1 expression may 
promote multidrug resistance in the treatment of 
cancers, including gastric carcinoma, colorectal 
cancer, and others12,13. However, the exact role of 
lnc-PVT1 in ovarian cancer remains unclear.

In the present study, we found that lnc-PVT1 
was upregulated in ovarian cancer tissues and cell 
lines. Furthermore, lnc-PVT1 knockdown signi-
ficantly inhibited the proliferation and invasion 
ability of ovarian cancer cells. These data indi-
cated that lnc-PVT1 might serve as an oncogene 
and promote the tumorigenesis of ovarian cancer.

SOX2 is a novel oncogene that discovered re-
cently. It’s reported that SOX2 plays a role in the 
proliferation and metastasis of tumors, which can 
be regulated by several noncoding RNAs. For 
example, SOX2 regulates the initiation and deve-
lopment of primary skin tumor through regulating 
functions of skin tumor-initiating cells and cancer 
stem-cells14. In esophageal squamous cells, SOX2 
is overexpressed, which may promote the meta-
stasis by activating the STAT3/HIF-1α signaling 
pathway15,16. Meanwhile, SOX2 overexpression 
has been found to be associated with migration, 
epithelial-mesenchymal transition, and invasion 
in laryngeal cancer Hep-2 cells17. Moreover, in a 
high-grade oligodendroglioma in a mouse model, 
SOX2 is found to be the key step for tumor initia-
tion18. Besides, studies have also suggested that 

SOX2 participates in the development of tamoxi-
fen resistance in breast cancer cells19. In our study, 
Western blot analysis demonstrated that SOX2 
was suppressed after the lnc-PVT1 knockdown in 
vitro. In addition, we discovered the positive cor-
relation between SOX2 and lnc-PVT1 expression 
in tumor tissues. The above results all suggested 
that lnc-PVT1 might realize its function via tar-
geting SOX2.

Conclusions

We suggest a new biomarker for the progression 
of ovarian cancer. Meanwhile, our results also indi-
cate that lnc-PVT1 is vital to the carcinogenesis of 
ovarian cancer, which can be served as a promising 
biomarker for ovarian cancer.
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