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Abstract. The long noncoding RNA plasmacytoma variant
translocation 1 gene (LncRNA PVT]I) has an important role in
tumor occurrence and development, yet the role and underlying
molecular mechanisms of this RNA in cervical cancer have
not yet been elucidated. In the present study, three cervical
cancer cell lines (HeLa, Ca Ski and SiHa) were used to verify
how LncRNA PVTI1 mediates cervical cancer development,
and the HS cell line was used as a control. A LncRNA PVT1
overexpression vector or small interfering RNAs targeting
LncRNA PVTI were transfected into cervical cancer cells to
generate LncRNA PVT1 overexpression and silencing in these
cells. LncRNA PVT1 overexpression accelerated the growth of
cervical cancer cells by advancing the cell cycle and inhibiting
cellular apoptosis; increases in Cyclin DI (CCND1) mRNA
and activated Bcl-2 protein expression levels also supported
this finding. Furthermore, NF-kB activation and expression
was increased by LncRNA PVT1 overexpression. In addition,
NF-«B activation or inhibition induced changes in cell viability,
accompanied by changes in CCNDI and Bcl-2 expression.
Increases or decreases in microRNA-16 (miR-16) expres-
sion (using miR mimics and inhibitors) also corresponded
to changes in LncRNA PVTI expression, in vitro. miR-16
mimics and inhibitor had opposite effects to those of NF-kB
activity, and miR-16 was demonstrated to directly interact with
the NF-kB gene as measured using the dual-luciferase assay.
In summary, LncRNA PVTI inhibits the effect of miR-16,
promoting the cell cycle and inhibiting cellular apoptosis

Correspondence to: Professor Yankui Wang, Department of
Gynecology, The Affiliated Hospital of Qingdao University,
16 Jiangsu Road, Shinan, Qingdao, Shandong 266590, P.R. China
E-mail: wangyankui_wyk@163.com

Key words: cervical cancer cell, long non-coding RNA, plasmacytoma
variant translocation 1 gene, microRNA-16, NF-«B, cell proliferation
and apoptosis

of cervical cancer cells, potentially via the NF-xB pathway.
The data from the present study will contribute to the current
knowledge surrounding the theoretical basis of cervical cancer
and provide a new perspective for the treatment of cervical
cancer.

Introduction

There were ~500,000 people with cervical cancer worldwide
in 2012, and in women, cervical cancer ranks second in cancer
occurrence and 15th in cancer mortality (1-3). Currently, the
pathogenesis of cervical cancer is not fully clear, but human
papillomavirus (HPV) infection is established to be the most
closely associated risk factor for cervical cancer occurrence.
However, high-risk HPV infection alone is not enough to
induce tumor progression (4).

Previous studies have revealed that HPV activates the
NF-«B pathway to promote expression of different anti-apop-
tosis genes that induce cervical cancer development through
inhibition of cellular apoptosis (5-8). NF-kB an essential
nuclear transcription factor composed of RelA/p65, p50, p52
and NF-kB family members (9). NF-kB pathway activation is
associated with the development of various tumors and can
promote tumor cell growth, proliferation and anti-apoptotic
effects to promote malignant transformation and tumor cell
metastases (10,11). NF-kB pathway activation is a common
mechanism used to promote tumor survival; the activated
NF-«xB induces expression of various anti-apoptotic genes,
such as the cellular inhibitor of apoptosis protein (12), the
X-linked inhibitor of apoptosis protein (13) and Bcl-2 family
proteins (14). In addition, NF-xB activation was shown to be
present in cervical cancer (15), suggesting that NF-xB may
have a role in the development and progression of cervical
cancer.

MicroRNAs (miRs) serve as markers of cervical cancer
progression (16), and it was previously reported that miR-16 has
an important role in the regulation of cell apoptosis, proliferation,
migration and invasion of cervical cancer (17-19). In addition,
miR-16 targets inhibitor of nuclear factor kB kinase subunit §
(I-Bay) in hepatocellular carcinoma (20), and decreases NF-xB
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gene expression; thus, reducing the levels of activated NF-«xB (21).
Therefore, miR-16 has the important role of regulating the
NF-«B signaling pathway. On the other hand, long non-coding
RNAs (IncRNAs) are involved in different tumor processes (22)
through regulation of target gene expression at the transcriptional,
post-transcriptional and epigenetic levels (23-25). LncRNAs
also at serve as precursors of small interfering RNAs (siRNAs),
miRs and piwi-interacting RNAs (26,27), and can compete with
miR as competing endogenous RNAs (ceRNAs) to achieve
inter-communication and regulation (28-33). Furthermore, the
IncRNA-plasmacytoma variant translocation 1 (LncRNA PVT1)
gene was reported to be a biomarker of tumorigenesis and
associated with the development of cervical cancer (34-37) by
competitively inhibiting miRs (38,39).

Although no evidence currently exists to support the
hypothesis that the interaction between LncRNA PVTI and
miR-16 induces cervical cancer development, it is speculated
that the LncRNA PVTI gene promotes cervical cancer devel-
opment by inhibiting miR expression and activating the NF-kB
pathway. In the present study, three known cervical cancer
cell lines (HeLa, Ca Ski and SiHa cells) and the H8 cell line
(as an external control of three cervical cancer cell lines) were
selected as the experimental models for in vitro experiments to
investigate the effect and molecular mechanisms of LncRNA
PVT1 on cervical cancer development.

Materials and methods

Cell culture. As it involved the use of human materials, the
present study was approved by the Ethics Committee of the
Affiliated Hospital of Qingdao University (Qingdao, China)
according to the experimental requirements of the school.
HeLa, Ca Ski, SiHa and HS8 cells were purchased from the
National Infrastructure of Cell Line Resources of China. HS
cell line (the human cervical epithelial immortalized cell
line) was used as the external control of the three cervical
cancer cell lines, HeLLa, Ca Ski and SiHa. Each cell line was
cultured in DMEM (Gibco; Thermo Fisher Scientific, Inc.)
containing 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) in
100 mm culture dishes (Corning Inc.) and incubated in a 5%
CO,. incubator at 37°C. The media was changed every 3 days,
and the cells were passaged once they reached 80% conflu-
ence. Additionally, 293T cells (purchased from the National
Infrastructure of Cell Line Resources of China) were used in
co-transfection experiment and cultured with the same afore-
mentioned treatment. To ensure cell activity, the cells from
passage 2-4 were used for further experiments.

Construction of LncRNA PVTI and 3'-untranslated region
(3'UTR) of NF-kB overexpression vectors and siRNA of LncRNA
PVTI. According to database sequences of the human LncRNA
PVTI1 (National Center for Biotechnology Information refer-
ence sequence: NR_003367.3), the pEGFP-N3 eukaryotic
expression vector (Beijing Tianyi Huiyuan Bioscience &
Technology Inc.) carrying the LncRNA PVTI1 sequence was
constructed via artificial nucleotide synthesis at Tianyi Huiyuan
Biotechnology Co. Ltd. Similarly, according to the informa-
tion on LncRNA PVTI in the Ensembl genome browser 96
database (reference number, ENSMUSG00000173039). The
sequences of the 3'UTR and the mutant of the 3'UTR of NF-xB

WANG et al: REGULATION OF CERVICAL CANCER

gene were obtained via artificial nucleotide synthesis at Beijing
Tianyi Huiyuan Bioscience & Technology Inc. and the expres-
sion plasmid constructed. The siRNA (5'-GAGCUGCGAGCA
AAGAUGU-3") and control siRNA (si-NC; 5-GAUCGUACU
AUAGCUUGUA-3") of LncRNA PVTI1 were purchased from
Guangzhou RiboBio Co., Ltd.

Cell transfection. Fugene6 transfection reagent (Roche
Diagnostics) was used according to the manufacturer's
protocol. The overexpression vector (final concentration
1 ug/ml) or siRNA of LncRNA PVTI (final concentration
50 nm) were transfected into HeLa, Ca Ski and SiHa cells
in 96-well plates or 100 mm dishes with 1x10° cells/ml and
cultured for 48 or 60 h, respectively, and the pPEGFP-N3 empty
vector or si-NC were also transfected with the corresponding
internal controls. Additionally, HeLa cells were respectively
treated with 5 pg/ml lipopolysaccharides (LPS; Beyotime
Institute of Biotechnology) plus the IncRNA PVTI1 siRNA,
with pyrrolidinedithiocarbamate (PDTC; 50 ymol/l; Beyotime
Institute of Biotechnology) alone, or with PDTC (50 gmol/l)
on the basis of the IncRNA PVT1 overexpression treatment for
8 h to activate or inhibit the NF-xB pathway, and then the cells
were continuously cultured for 60 h. In addition, using the
Fugene6 transfection reagent, HeLa cells with 60% confluency
were transiently transfected with the miR-16 mimics (final
concentration 100 nm) or miR-16 inhibitor (final concentration
50 nm). All cells were collected for the experiments below
following 60 h treatment.

MTT assay. Following culture of the cells from the four cell
lines in 96-well plates with different treatments or no treatment
for 60 h, cell numbers were determined using the MTT assay.
The assay was conducted by adding 20 gl MTT (5 mg/ml) to
each well of the plates and incubating the plates for 4 h at 37°C.
Following removal of the supernatant, formazan crystals were
dissolved in 200 ul dimethyl sulfoxide, and the absorbance
was measured at 490 nm by microplate reader (Thermo Fisher
Scientific, Inc.). There were eight replicate wells for each group
to ensure the accuracy of the experiments.

Flow cytometry (FCM). Following treatment with or without
the LncRNA-PVT1 siRNA for 48 h, HeLa cells were
collected to use for cell cycle or cell apoptosis analyses using
a FACSCanto II flow cytometer (Becton, Dickinson and
Company). For the cell cycle analysis, cells were centrifuged
at 300 x g for 5 min at 4°C and washed with ice-cold PBS
following digestion with trypsin. The cells were then mixed
with 0.25% Triton X-100 and 5 ul propidium iodide (PI) and
incubated for 30 min at room temperature in the dark. Cells
were resuspended in 0.5 ml PBS and analyzed immediately.

For cellular apoptosis analysis, cells were digested with
trypsin, centrifuged at 300 x g for 5 min at 4°C, and washed
with ice-cold PBS. The cell pellets were resuspended in 100 p1
of Annexin V binding buffer, transferred to a 5 ml culture tube
containing 5 ul Annexin V-FITC, and mixed with 10 ul PI by
using the Annexin V-FITC Apoptosis Detection kit (Beyotime
Institute of Biotechnology). The tubes were gently vortexed
and incubated for 15 min at room temperature in the dark.
Subsequently, 300 pl binding buffer was added and the cells
were analyzed immediately.
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Reverse transcription-quantitative PCR (RT-qPCR). Total
RNA was extracted from three cervical cancer cells and
H8 cells with different treatments using TRIzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. First-strand cDNA was synthesized
using a PrimeScript RT Master kit (Takara Biotechnology
Co., Ltd.) according to the manufacturer's protocol (37°C for
15 min, 85°C for 5 sec and then stored at 4°C). The qPCR was
performed using SYBR Green reagents (Takara Biotechnology
Co., Ltd.) and a 7500 Real-Time PCR System (Applied
Biosystems; Thermo Fisher Scientific, Inc.). Following initial
denaturation for 30 sec at 95°C, amplification was performed
for 40 cycles (95°C for 5 sec and 60°C for 32 sec). The
specific primer sequences were as follows: miR-16, forward
5"TAGCAGCACGTAAATATTGGCG-3'"; LncRNA PVTI,
forward 5'"-TGCTCTAGAATCTGATGCACGTTCCACC-3,
reverse 5'-CCGGAATTCCTTAATTCTCCAATCTCAAAA
TAC-3'; NF-kB, forward 5-GCATCCAGACCAACAACA
ACC-3', reverse 5'-AGAGTTTCGGTTCACTCGGC-3'; and
cyclin D1 (CCND1), forward 5'-CAGATCATCCGCAAA
CACG C-3), reverse 5-AAGTTGTTGGGGCTCCTCAG-3".
Expression was normalized using B-actin or U6 using the
2-244¢4 method (40). Primer sequences were as follows: -actin,
forward 5'-GCTCGTCGTCGACAACGGCTC-3', reverse
5-CAAACATGATCTGGGTCATCTTCTC-3'; U6, forward
5'-CTCGCTTCGGCAGCACA-3, reverse 5'-GCGAGCACA
GAATTAATACGAC-3". A melting curve was constructed to
verify the amplification of a single PCR product. Experiments
were performed in triplicate with standard deviations of the
Cq values not exceeding 0.5 on a within-run basis.

Dual-luciferase reporter assay. Following the sequence
alignment analysis of NF-kB-3'UTR and miR-16, the
pGL3-NF-kB-3'UTR reporter plasmid (binding sites,
UUAUAA), the corresponding mutant plasmid (AAGGCC)
and the empty plasmid (Beijing Tianyi Huiyuan Bioscience
& Technology Inc.) were constructed. Using the Fugene6
transfection reagent, 293T cells with 60% confluency were
transiently transfected with the pGL3-NF-xB-3'UTR reporter
plasmid (final concentration 1 z#g/ml) and miR-16 mimics (final
concentration 100 nm) in the dual-luciferase reporter system,
the corresponding mutant plasmid and the empty plasmid
were transfected as the internal controls. After incubation for
36 h, firefly and Renilla luciferase activities were measured
and compared using the dual-luciferase reporter assay kit
(Promega Corporation) by Thermo Scientific™ Fluoroskan
Ascent™ FL microplate reader (Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol.

Western blotting. Total cell lysates were extracted from
HeLa cells with the different treatments using a radioim-
munoprecipitation assay (RIPA) buffer (Beijing Solarbio
Science & Technology Co., Ltd.) to detect the pNF-kB (p65),
NF-xB (p65), Ix-Ba, Bel-2 and CCNDI protein levels, and
total protein levels in all samples were assessed using a BCA
Protein Assay kit (Beijing Solarbio Science & Technology
Co., Ltd.). After denaturation, equal amounts of protein were
loaded into each well of a 10-12.5% polyacrylamide gel and
subjected to sodium dodecyl sulphate polyacrylamide gel elec-
trophoresis (SDS-PAGE). The proteins were then transferred
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onto polyvinylidene difluoride (PVDF) membranes, which
were blocked with 5% skimmed milk (Sigma-Aldrich, Merck
KGaA) at room temperature for 1 h on a shaker. Next, the
membranes were incubated with primary antibodies overnight
at 4°C and subsequently washed three times for 30 min before
being incubated with goat anti-rabbit IgG-HRP (dilution
1:5,000, cat. no. ab205718; Abcam) at room temperature for
1 h. The bound antibodies were visualized with the ECL
Plus Western Blotting Detection System (GE Healthcare
Life Sciences). The following monoclonal antibodies were
used: Rabbit anti-pNF-«xB (p65) (65 kDa, dilution 1:10,000,
cat. no. ab76302), rabbit anti-NF-kB (p65) (65 kDa, dilution
1:1,000, cat. no. ab32536), rabbi anti-Ix-Ba (17 kDa, dilution
1:1,000, cat. no. ab178847), rabbi anti-Bcl-2 (26 kDa, dilu-
tion 1:1,000, cat. no. Ab32124), rabbi anti-CCNDI1 (34 kDa,
dilution 1:10,000, cat. no. ab134175) and rabbit anti-Tubulin
antibody (55 kDa, dilution 1:5,000, cat. no. ab59680) served as
an internal protein loading control (Abcam).

Statistical analysis. All statistical analyses were performed
using one-way ANOVA followed by a Student-Newman-Keuls
test (the treatments with siRNA, siRNA plus LPS, overex-
pression, PDTC, or PDTC plus overexpression, respectively)
with the Statistical Analysis Systems software (version 8.2;
SAS Institute, Inc.) to determine significance. The data are
expressed as the mean + SD P<0.05 was considered to indicate
a statistically significant difference.

Results

LncRNA PVTI induces an increase in cervical cancer cell
number. Compared with H8 cells, LncRNA PVTI expression
levels were significantly increased in the three cervical cancer
cells (Fig. 1A), and the cell numbers had also significantly
increased (Fig. 1B). To further identify the effect of LncRNA
PVTI on cervical cancer, HeLa, Ca Ski and SiHa cells were
transfected with either the LncRNA PVTI1 overexpres-
sion vector or siRNA for 60 h, and then cells were counted.
Following transfection with the overexpression vector, expres-
sion of the LncRNA PVTI1 was significantly increased in
the three cervical cancer cells (9-12-fold changes), and the
knockdown efficiency of the LncRNA PVT1 siRNA was also
apparent (75-90%; Fig. 1C). The results also revealed that cell
numbers were significantly (P<0.05 or P<0.01) higher in the
three cervical cancer cell lines treated with the LncRNA PVT]I
overexpression vector and significantly lower (P<0.01) in those
treated with siRNA compared with that of the corresponding
internal control cells (empty vector or si-NC; Fig. 1D). Given
that LncRNA PVT1 had similar effects on the cell numbers of
the three cervical cancer cell types, HeLa cells were used for
subsequent further analysis in the present study.

Furthermore, the FCM results revealed that cell percent-
ages in S phase were significantly lower (P<0.05) and in the
G, phase were significantly higher (P<0.05; Fig. 2A), and the
apoptosis rate was significantly higher (P<0.05; Fig. 2B) in
HeLa cells with the interference vector compared with that
of untreated HeLa cells. CCND1 mRNA and Bcl-2 protein
expression was decreased in HeLa cells treated with siRNA of
LncRNA PVTI compared with untreated HeLa cells (P<0.01).
However, CCND1 mRNA and Bcl-2 protein expression was
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Figure 1. Effect of LncRNA PVTI on the cell number of cervical cancer cell lines. After culturing for 60 h in vitro, (A) the comparison of cell number, assessed
with MTT, and (B) LncRNA PVTI expression, assessed with gPCR, between normal cervical epithelial cells (H8) and cervical cancer cells (HeLa, Ca Ski and
SiHa) was performed. After culturing for 60 h in vitro, (C) cell numbers and (D) LncRNA PVT1 expression of three cervical cancer cells treated with LncRNA
PVT1 overexpression or siRNAs was performed. Data are presented as the mean + standard deviation; n=3 (QPCR) or 8 (MTT) *"P<0.05; “P<0.01. OD, optical
density; LncRNA PVT]I, long non-coding RNA plasmacytoma variant translocation 1; qPCR, quantitative PCR; Control-O, vector control; Control-S, negative

control siRNA; siRNA, small interfering RNA.
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Figure 3. NF-«B signaling pathway is involved in the regulation of LncRNA PVT1 on cervical cancer cells. (A) The changes of NF-«xB (p65) expression and activity
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increased in HeLa cells with LncRNA PVT1 overexpression
compared with those of untreated HeLa cells (Fig. 2C and D).

LncRNA PVTI activates the NF-kB pathway in HeLa cells.
As the NF-«B pathway has a role in cell apoptosis and prolif-
eration, whether LncRNA PVT1 could activate the NF-xB
pathway was investigated. The results revealed that both NF-«xB
expression and activity levels were lower in HeLa cells with
the siRNA targeting LncRNA PVTI, and higher in HeLa cells
with the overexpression vector compared with that of untreated
HeLa cells. Similarly, Ik-Ba levels changed in a manner oppo-
site to that of NF-«xB activity in HeLa cells given the different
treatments. Furthermore, HeLa cells were co-treated with
5 pg/ml LPS (as an activator of NF-xB) following transfec-
tion with siRNA LncRNA PVTI. After 8 h of co-treatment,
NF-«B activity recovered in the untreated HeLa cell levels, but
Ii-Ba levels decreased again, demonstrating an opposite effect
to that NF-«xB (Fig. 3A), which was accompanied by corre-
sponding changes in CCNDI and Bcl-2 expression (Fig. 3B).
Furthermore, PDTC was used as a specific inhibitor of NF-xB
to investigate the specific mediating action of NF-«xB in the
present study. When HeLa cells were treated with PDTC for
8 h, the CCNDI and Bcl-2 expression levels exhibited opposite
effects to those observed following LPS treatment (Fig. 3C).
In addition, the cell number of HeLa cells treated with
both siRNA and LPS was significantly increased (P<0.05)
compared with that of the HeLa cells treated with siRNA
targeting LncRNA PVTI1 only (Fig. 3D). However, the cell
number of HeLa cells was significantly decreased by treatment
with PDTC (P<0.05) compared with that in HeLa cells without

PDTC, and a significant decrease (P<0.05) was also observed
in HeLa cells treated with both PDTC and transfected with
the LncRNA PVT1 overexpression vector compared with that
in HeLa cells transfected with the overexpression of LncRNA
PVT1 only (Fig. 3D).

miR-16 is downregulated by LncRNA PVTI and targets the
NF-kB gene. According to the target regulation of miR-16 to
NF-kB, miR-16 expression levels were assessed in the present
study. Firstly, compared with HS cells, miR-16 expression
levels were significantly lower in the three cervical cancer
cell lines (Fig. 4A). Subsequently, miR-16 expression levels
were significantly reduced (P<0.01) in HeLa cells treated
with the LncRNA PVTI1 overexpression vector compared
with HeLa cells transfected with the vector control (Fig. 4B).
On the contrary, miR-16 expression levels were significantly
upregulated (P<0.01) in HeLa cells transfected with LncRNA
PVTI1 siRNA compared with the control siRNA (Fig. 4B).
Subsequently, when the HeLa cells were transfected with
miR-16 mimics and an miR-16 inhibitor (Fig. 4C), NF-kB
expression levels were reduced by miR-16 mimics and increased
by miR-16 inhibitor (Fig. 4D). Considering the target regula-
tion of miR-16 to NF-kB as previous reported (41), additional
experiments were performed in order to investigate the regu-
latory association between miR-16 and NF-«B in the present
study. The results of the dual-luciferase reporter assay revealed
that luciferase activity significantly increased in 293T cells
(P<0.01) following co-transfection with the miR-16 mimics
and the pEGFP-N3-3'UTR vector of the NF-xB gene (Fig. 4E),
providing direct evidence that miR-16 targets NF-xkB mRNA.


https://www.spandidos-publications.com/10.3892/mmr.2019.10479

2438 WANG et al: REGULATION OF CERVICAL CANCER
- @@ X4
A * B C
129 L e 4 *% o 4 b %3
- = S &% 35 S & 3s
s % I TE 3 R
= £ - £ H
=2 08 = @ 25 2% 25
2 == ==
== £ ? 2 2
£33 069 2<S 1s %% 2% 1s —kk
g g2 £2
£2 ™ TE os . TR
Fi = -]
el gy ] FE o B fEY
o & > g miR-16 Control miR-16
0 ' Nl ' 6°\ ‘ﬁ & §§ mimics inhibitor
H8 HeLa N-Caski SiHa oco & Ceo
R

D B4 %k E L 18

% 3.5 = 16 A Sk

s s g S

€ 251 E 12 O miR-16

E 24 & l: ) @Control

k] = J

« 154 *x =2 |

z . ]

-4 14 = 4

B =

E 0.5 ’—LI E 2 4

g , , 0 . .

- miR-16 Control miR-16 Vector Vector-  Vector-mut-

mimies inhibitor

NF-xB NF-kB

Figure 4. miR-16 regulation of NF-kB (p65) expression in cervical cancer cells. (A) The comparisons of miRNA-16 expression levels between normal cervical

epithelial cells and cervical cancer cells as measured using qPCR. (B and C) m
using qPCR. (D) The changes in NF-xB expression levels in the HeLa cells with

iR-16 expression levels in HeLa cells with different treatments as measured
treatments with miR-16 mimics or an inhibitor using qPCR. (E) The relative

luciferase activity between the miRNA-16 and NF-xB genes as measured with the dual luciferase system. Data are presented as the mean + SD; n=3. “P<0.01.

qPCR, quantitative PCR; miR, microRNA; Control-O, vector control; Control-S,

Cervical cancer cell

miRNA-16

e expression

negative control siRNA; siRNA, small interfering RNA; mut, mutant.

3

Cervical cancer cell
proliferation\

Figure 5. Underlying LncRNA PVTI regulatory mechanisms may promote cervical cancer development. LncRNA PVTI1 competitively downregulated
miRNA-16 expression, which targeted the NF-kB gene to upregulate NF-kB expression and activity causing inhibition of apoptosis and advancement of the
cell cycle in cervical cancer cells. LncRNA PVTI, long non-coding RNA plasmacytoma variant translocation 1; miRNA, microRNA; p, phosphorylated;

Ix-Ba, inhibitor of nuclear factor kB kinase subunit §; CCNDI, cyclin D1.

Discussion

Cervical cancer causes considerable morbidity and mortality
in patients afflicted with this disease (1-3); however, the

pathogenesis of cervical cancer remains unclear. It is known
that the HPV infection is closely associated with the occur-
rence of cervical cancer. However, simple high-risk HPV
infection is not enough to induce tumor progression (4).
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Considering previously reported studies, it was speculated that
IncRNA PVT1 may promote the occurrence and development
of cervical cancer via the NF-«kB pathway. As such, HeLa
cells, a cervical cancer cell line, were used to perform in vitro
experiments that investigated the effect of LncRNA PVT1 on
the occurrence and development of cervical cancer.

Using HeLa, Ca Ski and SiHa cells transfected with
LncRNA PVTI overexpression or siRNAs, changes in cell
numbers of the three different cervical cancer cell lines were
identified, which were similar to that of LncRNA PVTI1
expression. Given that LncRNA PVT1 had a similar effect on
cell numbers in all three cell lines, HelLLa cells were used for
subsequent experiments in the present study. Because of the
change in cell numbers during the cell cycle or as a result of
apoptosis, FCM analysis was also performed to define the effect
of LncRNA PVTI1 on Hel a cells, and revealed that LncRNA
PVT1 siRNA inhibited the G,/S phase transition and promoted
cellular apoptosis. CCNDI1 and Bcl-2 are the important factors
that positively regulate the cell cycle or cell apoptosis (42,43).
In the present study, the CCND1 mRNA levels and Bcl-2
protein levels revealed results consistent with that of the FCM
results, which supported positive regulation of the cell cycle
and cellular apoptosis via these two factors. Therefore, it can be
assumed that LncRNA PVT1 promotes HeLa cell proliferation
by advancing the transition of the G,/S phase and inhibiting
cellular apoptosis. In order to assess the regulatory role of
the NF-xB pathway on preventing apoptosis and promoting
proliferation of the tumor cells (10,11,44), an additional experi-
ment was performed to detect NF-«kB (p65) activity in HeLa
cells. As expected, the NF-kB (p65) activity in HeLa cells was
altered, which was similar to the change seen with LncRNA
PVTI1 expression; however, li-Ba activity exhibited the oppo-
site change. LPS is a known activator of the NF-kB signaling
pathway, and PDTC is the key inhibitor of the NF-«B signaling
pathway, and so it was verified that NF-kB pathway mediated
LncRNA PVTI regulation in cervical cancer cells (45). HeLa
cells were treated with LPS based on the LncRNA PVTI1
interference studies, for which both NF-kB (p65) activity and
cell numbers recovered. In addition, the viability of HeLa cells
overexpressing LncRNA PVT1 was reduced by treatment with
PDTC. These results confirmed that LncRNA PVT1 promoted
the increase of cervical cancer cells via the NF-xB pathway.

Based on a previous study regarding miR-16 in tumor regu-
lation (46), miR-16 expression was detected and significantly
downregulated by LncRNA PVT1. As LncRNAs can also
compete with miRs, as ceRNA, to achieve intercommunication
and regulation (28-31), it was hypothesized that a competitive
relationship exists between LncRNA PVT1 and miR-16 in
HeLa cells. Thus, miR-16 mimics and an inhibitor were used
to investigate the regulatory relationship between miR-16 and
NF-«B. It was revealed that miR-16 and NF-kB expression
levels were contrary to one another, in that NF-«xB levels were
significantly decreased after HeLa cells were transfected with
the miR-16 mimics, but were significantly increased after
being transfected with the miR-16 inhibitor. These results
indicated that miR-16 downregulated NF-xB expression.
It was previously reported that NF-kB activity was directly
regulated by miR-16, which targets the NF-xB gene (38).
Therefore, a dual-luciferase reporter assay was performed to
provide direct evidence that miR-16 targets the NF-kB gene.
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Together, these findings expand the current understanding
of the underlying regulatory mechanism of LncRNA PVT1
in promoting increases in HeLa cell numbers. Finally, Fig. 5
presents a proposed a molecular regulatory network mediated
by LncRNA PVT1 HeLa cells.

In summary, the data obtained in the present study demon-
strate that LncRNA PVT1 competitively inhibits miR-16,
causing an increase in the number of cervical cancer cells by
promoting the cell cycle and inhibiting cellular apoptosis via
the NF-xB pathway, thus promoting cervical cancer develop-
ment. These results will add to the theoretical basis of cervical
cancer and provide a new perspective for the treatment of
cervical cancer.
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