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Emerging evidence suggests that the long noncoding RNA (IncRNA) plasmacytoma variant translocation 1
(PVT1) gene is involved in the pathogenesis of cervical cancer. However, the potential mechanism is rarely
reported. Our study found that PVT1 was upregulated in cervical cancer tissue and cell lines. After transfect-
ing PVT1 siRNA, the proliferation, migration, and invasion of cervical cancer cells were markedly decreased.
miRNA expression profiles demonstrate that miR-424 was markedly downregulated in cervical cancer tissue.
Bioinformatics analysis revealed that miR-424 was potentially targeted by PVT1, which was confirmed by
dual-luciferase reporter assay. Pearson’s correlation analysis showed that PVT1 expression was negatively
related to miR-424 expression in glioma cancer tissues. Finally, lowered expression of miR-424 could recover
the tumor-suppressive effects of PVT1 knockdown in cervical cancer cell lines. Our results reveal a tumor-
promoting role for PVT1, acting as a competing endogenous RNA (ceRNA) or a molecular sponge in nega-
tively modulating miR-424, which might provide a novel therapeutic target for cervical cancer.
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INTRODUCTION

In developing countries, cervical cancer has the second
highest morbidity and mortality rates of all gynecologi-
cal malignancies. It is a leading cause of cancer-related
deaths among women and seriously affects women’s
health'. A series of research shows that the occurrence of
cervical cancer is closely related to the persistent infec-
tion of high-risk human papilloma virus (HPV)>. Like
in other tumors, the occurrence and development of cer-
vical cancer involve a complex network system, includ-
ing multiple gene expression regulation abnormalities,
multiple signaling pathways, and abnormal activation or
inhibition, which cause abnormal cell proliferation dif-
ferentiation, precancerous lesions, tumor invasion, and
metastasis of malignant change™®’.

With next-generation sequencing technology and
the development of microarray technology based on
the genome, more and more studies have focused on the
function of long noncoding RNAs (IncRNAs) in cervi-
cal cancer®. IncRNAs are at least 200 bases in length and

are involved in numerous physiological and pathological
processes. Presently, only a small number of IncRNAs
have been characterized in detail. Biological functions
of IncRNAs include chromosome silencing, genomic
imprinting, dosage compensation effect, protein activ-
ity regulation, and RNA alternative splicing’®. Several
types of IncRNAs have been tested to participate in the
tumorigenesis of cervical cancer, including H19, TUGI,
HOTAIR, and CCHE’. Plasmacytoma variant translo-
cation 1 (PVT1) gene has been proven to play an onco-
genic role in cervical cancer; however, the underlying
molecular mechanisms remain unclear'*"".

In our previous research, we used a miRNA micro-
array to verify that miR-424 is downregulated in cervical
cancer cell lines. Dysregulated expression of miR-424
has been identified in cervical cancers, and our study
showed that miR-424 significantly increased radiation-
induced DNA damage, cell apoptosis, and G,/M cell cycle
arrest in radioresistant cervical cancer cells”. In addi-
tion, miR-424-5p may act as a novel antioncogene in
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cervical cancer by blocking cell growth through target-
ing the KDM5B-Notch pathway". Generally, miRNAs
could play a role in protein by combining with the 3’-
untranslated region (3’-UTR) of target genes’ mRNA.

The effect and interaction of IncRNA PVT1 and miR-
424 on tumor metastasis in cervical cancer are unknown.
Here we investigate and describe the functional role of
PVT1 and miR-424 and explore this novel therapeutic
target for cervical cancer.

MATERIALS AND METHODS
Cell Lines and Tissues Samples

Human cervical cancer cell lines HelLa and SiHa,
and one nonmalignant human cervical epithelial cell
line (Ectl/E6E7) were purchased from the American
Type Culture Collection (ATCC; Manassas, VA, USA).
All cell lines were cultured in Dulbecco’s modified
Eagle’s medium (DMEM; Invitrogen, Carlsbad, CA,
USA) with 10% fetal bovine serum (FBS) at 37°C in
an atmosphere of 95% air and 5% CO,. Cells were
transfected with the indicated nucleotides or plasmid
using Lipofectamine 2000 (Invitrogen) according to the
manufacturer’s instructions.

This study was approved by the Research Ethics
Review Committee of the Cangzhou Central Hospital.
Patients were informed of the aims of this study, and
informed consent was obtained from all patients. Human
cervical cancer tissues and adjacent noncancerous tis-
sues were surgically collected from patients. The tissue
samples were immediately snap frozen in liquid nitrogen
and stored at —80°C.

Cell Transfection

All miRNA mimics and siRNAs were synthesized by
GenePharma (Shanghai, PR. China), including miR-424
mimic, miR-424 inhibitor, PVT1 siRNA, and the corre-
sponding negative controls. The sequences of two siRNAs
targeting PVT1 were listed as follows: si-PVTI1-1: 5’-CA
CGCACAGACAUGAACAAUU-3, si-PVT1-2: 5-GGG
UACUGGAAGUAGAAUAUU-3". The sequence of the
miR-424 inhibitor was listed as follows: 5-AGCGGAC
GUUUGAGGGCCAGUU-3'. Oligonucleotide transfection
was conducted using the Lipofectamine 2000 transfection
reagent according to the manufacturer’s instructions.

Real-Time Quantitative Polymerase
Chain Reaction (PCR)

RNA was extracted from samples and cell lines
using TRIzol reagent (Invitrogen). Total RNA (2 pg)
was extracted to synthesize first-strand cDNA reverse
transcription using a reverse transcription reagent kit
(Invitrogen) according to the manufacturer’s instructions.
Real-time quantitative PCR (RT-gPCR) was performed
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using SYBR Green PCR Kit (TaKaRa, Dalian, P.R.
China). All primers were synthesized by Sangon Biotech
Co., Ltd. (Shanghai, P.R. China). Amplification condi-
tions comprised an initial denaturation (95°C for 3 min),
30 cycles (denaturation at 95°C for 15 s, annealing at
60°C for 50 s, and elongation at 72°C for 55 s), and the
final elongation (72°C for 3 min). B-Catenin acted as
the internal standard used for all quantifications. The
relative gene expression results were expressed as a fold
change compared with the internal standard with the
27**CT method.

Luciferase Assays

The sequences of PVT1 were predicted to contain tar-
get complementary-binding sequences with the 3’-UTR
of miR-424. The sequences containing PVT1 3’-UTR,
including wild-type (WT) or mutant (Mut) fragments,
were amplified and cloned downstream of the pMIR-
Report luciferase vector (Ambion, Cambridge, MA, USA)
in order to construct the luciferase reporter vector. Cell
lines (HeLLa and SiHa) were transfected with luciferase
reporter plasmids with Lipofectamine 2000 according to
the manufacturer’s instructions. Forty-eight hours after
transfection, luciferase activity was assessed with the Dual-
Luciferase Reporter Assay System (Promega, Madison,
WI, USA) according to the manufacturer’s instructions.

Cell Proliferation and Viability Assay

Cells were transferred into 96-well plates (4,000 cells/
well with the indicated nucleotides transfected). Forty-
eighthours after transfection, cell viability was determined
using a CCK-8 kit (Dojindo Laboratories, Kumamoto,
Japan) according to the manufacturer’s protocol.

Matrigel Invasion Assay

Matrigel invasion assay was performed by BD Biocoat
Matrigel Invasion Chamber (BD Biosciences, Bedford,
MA, USA) with 24-well Transwell chambers and a poly-
carbonate membrane with 8-um pore size according to
the manufacturer’s protocol. Cells (1x10° cells/well)
were seeded into the Matrigel-coated upper chamber, and
serum-free medium (1% FBS) was added to the lower
chamber. After incubation for 24 h, nonmigrating cells
were removed and then fixed with 4% paraformalde-
hyde for 30 min and stained with 0.1% crystal violet for
20 min. The stained cells were quantified by counting in
five random areas under an inverted microscope.

Statistical Analysis

The results were expressed as meanztstandard devi-
ation (SD) values. The Student’s #-test and one-way
ANOVA were used to evaluate the difference. A value of
p<0.05 was considered to indicate a statistically signifi-
cant result.
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RESULTS

PVTI Was Upregulated in Cervical Cancer Tissues and
Cell Lines

In the first step, we detected the PVT1 expression in
cervical cancer tissues from patients and cell lines by
real-time PCR. RT-qPCR analysis showed that PVTI
expression was distinctly increased in cervical cancer tis-
sues compared to noncancerous normal tissues (Fig. 1A).
Afterward, PVT1 expression in cell lines (HeLa and
SiHa) demonstrated a similar overexpression (Fig. 1B).
These results revealed that IncRNA PVT1 was signifi-
cantly upregulated in cervical cancer, which suggests a
potential oncogenicity.

Knockdown of PVTI Played a Growth-Inhibiting
Role in Cervical Carcinoma Cells

On the basis of the previous study, we found that IncRNA
PVTI was upregulated in cervical cancer tissues and cell
lines. We then transfected PVT1 siRNA into cervical can-
cer cell lines (Fig. 2A) to examine the function of PVT1
in cervical cancer progression. Cell viability assay showed
that PVT1 knockdown observably suppressed prolifera-
tion over time (Fig. 2B and C). The colony formation assay
showed that the number of cell colonies was significantly
decreased with siRNA-transfected PVT1 (Fig. 2D). PVT1
knockdown also markedly decreased migration and inva-
sion abilities, as detected by the Transwell assay (Fig. 2E
and F). The above results reveal that PVT1 knockdown
inhibits proliferation, migration, and invasion in cervical
cancer cells.

PVTI Regulated miR-424 by Direct Targeting

In our previous study, we screened the miRNA expres-
sion profiles in cervical cancer tissue compared with
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normal control tissue. Upregulated and downregulated
expressions in miRNAs were demonstrated (Fig. 3A).
Among the miRNAs with downregulated expression, we
focused on the miR-424 that was observably downreg-
ulated in cervical cancer tissue and where the potential
pathogenesis was unclear. miR-424 expression was con-
sistently decreased in cancer tissue and cell lines (Fig. 3B
and C). Putative complementary regions between miR-
424 and PVT1 3’-UTR were demonstrated (Fig. 3D).
Afterward, the alignment of complementary binding of
miR-424 and PVT1 3’-UTR was verified by dual-luciferase
reporter assay (Fig. 3E). Pearson’s correlation showed that
PVT1 was negatively correlated to miR-424 expression in
human cervical cancer tissues (Fig. 3F).

In conclusion, the above results revealed that miR-424
was downregulated in cervical cancer tissues compared
to PVTI.

Effect of PVT1 and miR-424 on Cervical
Cancer Cell Lines

A previous study has shown that PVT1 was upregu-
lated in cervical cancer tissues and cell lines. Nevertheless,
miR-424 was distinctly downregulated. In addition, knock-
down of PVT1 played a growth-inhibiting role in cervical
carcinoma cells. Subsequently, we continued to verify the
tumorigenetic effect of PVT1 and miR-424 on cervical
cancer cell lines. Anti-miR-424 (miR-424 inhibitors),
anti-miR-NC, and si-PVT1 were cotransfected. The cells
cotransfected with anti-miR-424 could rescue the inhibit-
ing effect of si-PVT1 on proliferation, colony formation,
migration, and invasion (Fig. 4). The above results indi-
cate that lowered expression of miR-424 could recover
the tumor-suppressive effects of PVT1 knockdown in
cervical cancer cell lines.
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Figure 1. Plasmacytoma variant translocation 1 (PVT1) was upregulated in cervical carcinoma tissues and cell lines. (A) Expression
of PVT1 was significantly higher in cervical cancer tissues than in nontumorous tissues. (B) Expression of PVT1 was consistently
upregulated in the cervical cell lines HeLa and SiHa. Data are presented as mean *standard deviation (SD). **p<0.01, calculated using

Student’s r-test.
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DISCUSSION

Emerging studies have revealed that IncRNAs are
important regulators in cell biology', and increasing
evidence has revealed the internal relation of aberrant
expression and tumorigenesis'>'®. IncRNA PVT1, down-
stream of MYC, has been indicated to frequent coamplifi-
cation with MYC in a series of tumors'’. It is illuminated
that PVT1 is overexpressed in multiple types of tumors
and plays a tumor-promoting role.

In our study, we detected the expression of PVT1 in
cervical cancer tissues and cell lines using real-time PCR.
PVT1 is significantly upregulated in tumor tissue and cell
lines, which is quite fitting with the existing literature
(Fig. 1). We then assessed the regulation of PVT1 on the
tumorigenesis of cervical cancer. Results revealed that
PVTI1 knockdown markedly decreased the proliferation,
migration, and invasion abilities of cervical cancer cells
(Fig. 2). Research has indicated that non-small cell lung
cancer patients with a higher expression of PVT1 showed
poorer overall survival than those with lower PVTI
expression'®. Subsequent studies demonstrated that PVT1
is increased in asthmatic patients and is associated with
the aberrant phenotype'. Therefore, PVT1 expression
could be identified as an independent prognostic marker
of overall survival in a multivariate analysis.

Our previous study screened the miRNA expression
profiles in cervical cancer tissue compared with normal
control tissue. miR-424 is observably downregulated in
cervical cancer tissue and cell lines (Fig. 3). Xu et al.
reported that miR-424 might be a candidate for prognos-
tic predictor and plays a crucial role of tumor suppression
in the progression of cervical cancer via upregulating the
expression of Chkl and p-Chk1*. Zhou et al. reported
that miR-424-5p blocks cell growth via inhibiting the
KDM5B—-Notch pathway, which could be a novel anti-
oncogene in cervical cancer”. Bioinformatics analysis
predicts the potential binding domains within miR-424
and PVTI1 3’-UTR, which was verified by dual-luciferase
reporter assay. It could be described that miR-424 inhibits
PVTI1 expression and reduces 3’-UTR luciferase activity;
thus, PVT1 is identified as a direct target of miR-424.
In addition, Pearson’s correlation showed that PVT1 was
negatively correlated to miR-424 expression in human
cervical cancer tissues. Because the dual-luciferase
reporter assay showed the opposite expression of PVT1
and miR-424, we assume that an antagonistic relationship
exists within PVT1 and miR-424.

To investigate the interaction of PVT1 and miR-424
on tumor-suppressive effects, oligonucleotide interfer-
ence sequences were cotransfected into cervical cancer
lines. The cells cotransfected with anti-miR-424 could
rescue the inhibiting effect of si-PVT1 on prolifera-
tion, colony formation, migration, and invasion (Fig. 4).
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In gastric cancer, PVT1 could directly interact with miR-
186, and this interaction leads to the suppression of
downstream HIF-1a expression®. Zhang et al. reported
that PVT1 promotes cervical cancer cell proliferation,
cell cycle progression, and migration through silencing
miR-200b'"". Our study first illustrates the interactive rela-
tionship between PVT1 and miR-424 in the progression
of cervical cancer tumorigenesis. The results manifest
an obvious intrinsic regulation pathway, which provides
remarkable therapeutic significance.

In conclusion, IncRNA PVT1 and miR-424 play a key
role in cervical cancer progression. Our study reveals that
IncRNA PVTI acts as a sponge or ceRNA for miR-424,
and IncRNA PVT]1 could be an important molecular marker
and a significant therapeutic target for cervical cancer.
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