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Background: This study aimed to investigate the regulatory role of IncRNA-NEAT1 on
cervical cancer (CC) and the underlying molecular mechanisms.

Methods: The expression of IncRNA-NEAT1 and miR-124 was detected in CC tissues and
cells (HeLa and SiHa cells) by qRT-RCR. The relation between IncRNA-NEAT1 expression
and clinical parameters of CC patients was explored. The cell migration and invasion were
detected by wound healing assay and transwell assay. The cell proliferation was detected by
CCK-8 and anchorage-independent colony assay. The targeting relation between miR-124
and IncRNA-NEAT1 was predicted by TargetScan and identified by dual luciferase reporter
gene and RNA pull-down assay. The expression of metastasis- (MMP-2 and MMP), EMT-
(E-cadherin, N-cadherin and Vimentin), and NF-kB pathway-related factors (NF-xB p65,
p-NF-kB p65 and IkBa) was detected by Western blot.

Results: The expression of IncRNA-NEAT1 was upregulated in CC tissues and cells and
positively correlated with TNM stage and lymph node metastasis. Overexpression of
IncRNA-NEAT1 promoted the proliferation, migration and invasion, influenced the expres-
sion of EMT markers, and activated NF-kB pathway in HeLa and SiHa cells. Silencing of
IncRNA-NEAT1 exhibited opposite effects on HeLa and SiHa cells. LncRNA-NEAT1 could
negatively regulate its target miR-124. MiR-124 reversed the effects of IncRNA-NEAT1 on
the migration, invasion, EMT and NF-«B pathway of HeLa cells.

Conclusion: LncRNA-NEAT1 promoted the migration and invasion of CC cells via reg-
ulating miR-124/NF-xB pathway.

Keywords: cervical cancer, IncRNA-NEAT1, migration, invasion, miR-124/NF-kB pathway

Introduction

Cervical cancer (CC) is one of the frequently diagnosed cancers and the second most
common malignancy in women all over the world." According to relevant statistics,
there are nearly 530,000 new CC patients worldwide each year.* Meanwhile, approxi-
mately 270,000 patients die due to CC each year.* Despite great progresses have been
made in the diagnostic techniques and therapeutic approaches, the long-term survival
rate of CC patients remains poor due to recurrence and metastasis.’ Thus, it is urgent to
find novel therapeutic targets and diagnostic biomarkers for CC.

Long non-coding RNAs (IncRNAs) are transcripts longer than 200 nucleotides that
regulate gene expression at the transcriptional and posttranscriptional level.®” Emerging
evidences have confirmed that IncRNAs play important roles in the occurrence and
progression of malignancies, including CC.* LncRNAs participate in the regulation of
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various cellular biological processes, including cell prolifera-
tion, cell cycle, migration, and invasion.*” For instance,
IncRNA 00152 promotes cell proliferation in CC.'° Gao et al'!
have indicated that IncRNA DANCR regulates cell prolifera-
tion and metastasis of CC. It is noteworthy that IncRNA
nuclear-rich transcripts 1 (IncRNA-NEAT1) promotes the pro-
liferation and invasion, and inhibits the apoptosis of CC
cells.'> However, the potential regulatory mechanism of
IncRNA-NEAT1 on CC still needs to be investigated.

MicroRNAs (miRNAs) are a class of small non-coding
RNAs of 19-25 nucleotides in length that regulate gene
expression in the post-transcriptional level."? Accumulating
evidence have indicated that miRNAs exert important reg-
ulatory effects in cellular biological processes of cancer, such
as cell proliferation, apoptosis, migration, invasion, and cell
cycle.'*!'® Previous researches have indicated that miR-124
plays a vital role in cancer.'®'” LncRNAs can regulate the
expression of target mRNAs by acting as molecular sponges
for miRNAs, thereby influencing the development of
tumor.'®!” Cheng et al®* have reported that IncRNA-
NEAT1 promotes the progression of nasopharyngeal carci-
noma by regulating miR-124/Nuclear factor-kB (NF-kB)
pathway. However, the interaction between IncRNA-
NEAT1 and miR-124 in CC remains unclear.

In this study, we investigated the regulatory effects of
IncRNA-NEAT1 on the cellular biological processes of CC,
as well as the molecular mechanisms involving miR-124/
NF-kB pathway. Our results indicated that IncRNA-NEAT1
promoted the migration and invasion of CC cells via reg-
ulating miR-124/NF-kB pathway. Our findings may provide
a new theoretical foundation for the treatment of CC.

Methods

Patients and Tissue Samples

A total of 72 patients with CC were screened from our hospital
from January 2017 to December 2018. No patients had
received chemotherapy or radiotherapy before surgery. The
characteristics of CC patients are presented in Table 1. The
tumor tissues and adjacent normal tissues were collected from
CC patients by surgical resection. This study was approved by
the Ethics Committee of Dongying City People’s Hospital, and
was performed in accordance with the Declaration of Helsinki.
All patients signed informed consent.

Cell Cultures
Normal human epidermal cell line HaCaT and human cervi-
cal cancer cell lines HeLa and SiHa were purchased from

Table | Association Between LncRNA-NEAT | Expression and
Clinical Parameters of Patients with CC

Clinical Number of NEATI P value

Parameters Cases Expression

Age (years)
<45 42 2.581 + 0.107 0.9842
=45 30 2.578 + 0.098

TNM Stage
| 46 2.480 + 0.050 0.0136%*
1l 26 2.720 + 0.090

Histologic

Differentiation
Squamous cell 34 2.579 £ 0.105 0.9733
Adenomatous 38 2.581 + 0.100

Lymph Node

Metastasis
No 20 2.395 £ 0.103 0.0212*
Yes 52 2.752 + 0.085

Notes: *P < 0.05; **P < 0.01.

American Type Culture Collection (ATCC, USA). All the
cells lines were cultured in Dulbecco’s Modified Eagle
Medium (DMEM) (Gibco, USA) complemented with 10%
fetal bovine serum (FBS, Gibco, USA) and 1% streptomycin/
penicillin (Gibco, USA). All cells were cultured in a 5% CO,
incubator at 37°C.

Cell Transfection and Grouping

The full length sequence of NEAT1 was amplified by PCR
and cloned into pcDNA3.1 vector (Invitrogen, USA) to
construct pcDNA-NEAT overexpression plasmid (pcDNA-
NEAT1). Empty pcDNA3.1 vector was considered as nega-
tive control (pcDNA-NC). The siRNA IncRNA-NEAT1
(si-NEAT1), siRNA negative control (si-NC), miR-124
mimics, and miR-124 negative control (miR-NC) were pur-
chased from Ruibo (Guangzhou, China). HeLa and SiHa
cells (1 x 10°) were seeded into 6-well plates and cultured
until 90% confluence. Cells were transfected with the above
agents using Lipofectamine®™ 2000 Reagent (Invitrogen).
HeLa cells were randomly divided into si-NEAT1, si-NC
and BLANK group (no treatment). SiHa cells were randomly
divided into pcDNA-NEAT1, pcDNA-NC and BLANK
group (no treatment). In addition, HeLa cells were further
divided into pcDNA-NC + miR-124 mimics, pcDNA-NC +
miR-NC, pcDNA-NEAT1 + miR-124 mimics, and pcDNA-
NEAT1 + miR-NC group. After 48 h of transfection, cells

were used for subsequent experiments.
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Wound Healing Assay

The transfected cells were inoculated into 6-well plates (1
x 10° cells/well) and cultured in a 5% CO, incubator at
37°C. After 24 h of culturing, a wound track was scored
with a 200 pL plastic scraper. The cell debris was removed
by washing with PBS three times. The cells were then
cultured in a 5% CO, incubator at 37°C for 24 h. The
scratch wound was observed and photographed under an
optical microscope (100 x).

Transwell Assay

The transfected cells at a density 1 x 10° cells/well were
inoculated into the upper chamber. Then 600 puL. medium
with 10% FBS was added into the lower chamber. After 24
h of incubation at 37°C, cells on the lower chamber were
fixed with 4% paraformaldehyde for 30 min and stained
with 0.5% crystal violet (Sigma, USA) for 30 min at 25°C.
For the detection of cell invasion, the upper chamber was
per-coated with Matrigel (BD Biosciences, USA). The
numbers of migrated and invaded cells were calculated
under an optical microscope (200 x).

CCK-8 Assay

The transfected cells were inoculated into 96-well plates (1
x 10° cells/well) and cultured in a 5% CO, incubator at
37°C. At 24, 48, 72, and 96 h post-culturing, cells were
incubated with CCK-8 solution (Invitrogen) for 4 h. The
optical density (OD) at 450 nm was detected by
a spectrophotometer (Bio-Rad, USA).

Anchorage-Independent Colony Assay

A base layer was formed in 6-well plates by using 0.7%
agar-growth media solution. The transfected cells (1 x 10*
cells/well) were gently mixed with 0.7% agar-media solu-
tion and then inoculated on the top of the base layer. After
2 weeks of incubation, the colonies were fixed with 4%
paraformaldehyde for 10 min and stained with crystal
violet for 20 min. The stained colonies were counted
under an optical microscope (4 x).

Dual Luciferase Reporter Gene Assay

TargetScan was used to predict the targeting relation
between miR-124 and IncRNA-NEAT1. According to the
binding sequences, IncRNA-NEAT1-Wt and IncRNA-
NEAT1-Mut fragments were designed and cloned into
pmirGLO luciferase vector (Promega, USA). HelLa and
SiHa cells were co-transfected with miR-124 mimics/

miR-124 mimics negative control (miR-NC) and IncRNA-
NEAT1-Wt/IncRNA-NEAT1-Mut by Lipofectamine 2000
(Invitrogen, USA). After 48 h of transfection, the lucifer-
ase activity was detected by using a dual luciferase kit
(Promega, USA).

RNA Pull-Down Assay

HeLa and SiHa cells were lysed using RIPA Lysis
buffer (Sigma, USA), and incubated with biotin-
labeled IncRNA-NEAT1 NC (Bio-NC), IncRNA-NEAT1-
Wt (Bio-ncRNA-NEAT1-Wt) and IncRNA-NEAT1-Mut
(ncRNA-NEAT1-Mut) for 1 h at 37°C. The samples were
then incubated with Streptavidin agarose beads (Invitrogen)
for 1 h at 37°C. The eluants were collected for detecting miR-
124 expression by quantitative real-time PCR (qQRT-PCR).

qRT-PCR

Total RNA was extracted from tissues and cells using
TRIZOL agent (Invitrogen, USA). Total RNA was then
reverse-transcribed into cDNA using the PrimeScript RT
reagent Kit (TaKaRa, China). qRT-PCR was performed on
a qRT-PCR instrument (Bio-Rad, USA) using SYBR Green
PCR kit (TaKaRa, China). Primers used in this study were as
follows: IncRNA-NEAT1 (forward): 5'-ATGCTTTCTCAA
CTTGTTGG-3', (reverse): 5'-TCACCG CTCTTGGCCGT
CACA-3"; GAPDH (forward): 5-AGTAGTCACCTGTTG
CTGG-3, (reverse): 5-TAATACGGAGACCTGTCTGGT
-3’; miR-124 (forward): 5-AGGCCUCUCUCUCCGUGU
UCAC-3, (reverse): 5'-CAGCCCCATTCTTGGCATTCAC
-3; U6 (forward): 5'-GCTTCGGCAGCACATATACTAAA
AT-3', (reverse): 5'-CGCTTCACGAATTTGCGTGTCAT-3'.
GAPDH and U6 were used as internal controls. The relative
expression level was calculated according to the 2 44¢!
method.

Western Blot

Total proteins were extracted from cells using RIPA lysis
buffer (Sigma). The protein sample (50 pg) was separated by
10% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) and then transferred onto polyvinyli-
dene difluoride membrane. After blocked with 5% non-fat
milk for 2 h at room temperature, the membrane was incu-
bated with the primary antibody (MMP-2, 1:1000, 4022s;
MMP-9, 1:1000, 3852s; E-cadherin, 1:1000, #14472;
N-cadherin, 1:1000, #13116; Vimentin, 1:1000, #5741;
NF-«B p65, 1:1000, #8242; p- NF-kB p65, 1:1000, #3033;
IxBo, 1;1000, #4814; GAPDH, 1:1000, #5174, Cell Signal,
USA) overnight at 4°C. After three times of washing with
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TBST, the membrane was then incubated with horseradish
peroxidase-labeled secondary antibody (anti-rabbit IgG,
1:5000, Sigma, USA) for 2 h at 25°C. The protein bands
were visualized with an ECL system (Bio-Rad) and then
quantified by Image Lab™ Software (Bio-Rad).

Immunofluorescence

HeLa and SiHa cells were fixed with 4% paraformaldehyde
for 20 min at 4°C, and permeated with 0.1% Triton X-100
for 5 min. Cells were then blocked with 5% BSA for 30 min,
and incubated with primary antibody (anti-NF-xB p65,
1:100, Abcam) overnight at 4°C. After three times of wash-
ing with PBS, cells were incubated with FITC-labeled sec-
ondary antibody (goat anti-rabbit IgG, 1:500, Abcam) for
2 h at 37°C. Followed by 10 min of staining with 4/,
6-diamidino-2-phenylindole (DAPI) at 25°C, the fluores-
cence was observed under a fluorescence microscope.

Statistical Analysis

All statistical analyses were performed using SPSS 22.0
Statistical Software (SPSS Inc., Chicago, IL). All experi-
ments were performed in triplicate. Data were presented as
mean * standard deviation (SD). The differences among
multi-groups were analyzed by the One-way ANOVA
followed by the Tukey’s post hoc test. The differences
between two groups were analyzed by the Student z-test.
The correlation was analyzed by Spearman correlation
analysis. P < 0.05 was considered to be statistically
significant.

Results
The Expression of INcRNA-NEAT | Is
Upregulated in CC Tissues and Cells

gRT-PCR showed that the expression of IncRNA-NEAT1
was significantly increased in CC tissues compared with
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adjacent tissues (P < 0.001) (Figure 1A). The expression of
IncRNA-NEAT1 in HeLa and SiHa cells was higher than that
in HaCaT cells (P < 0.001) (Figure 1B). In addition, the
expression of IncRNA-NEAT1 was positively correlated
with tumor-node-metastasis (TNM) stage (P < 0.05) and
lymph node metastasis (P < 0.05) in patients with CC. The
expression of IncRNA-NEAT1 was not significantly asso-
ciated with the age and histologic differentiation in patients
with CC (P > 0.05) (Table 1).

LncRNA-NEAT | Promotes the Migration

and Invasion of Hela and SiHa Cells

LncRNA-NEAT1 was overexpressed by the transfection of
pcDNA-NEAT1, and silenced by the transfection of si-
NEATI in HeLa and SiHa cells. As shown in Figure 2A,
IncRNA-NEAT1 expression was significantly lower in the
si-NEAT1 group, and was significantly higher in the
pcDNA-NEAT1 group than that in the BLANK group (P <
0.001). Wound healing assay showed that the wound healing
rate was significantly decreased in Hela cells of the si-
NEATI1 group, and was significantly increased in SiHa
cells of the pcDNA-NEAT1 group compared with cells of
the BLANK group (P < 0.001) (Figure 2B). In addition,
transwell assay showed that the numbers of invaded and
migrated cells were significantly decreased in HeLa cells
of the si-NEAT1 group, and were significantly increased in
SiHa cells of the pcDNA-NEAT1 group compared with cells
of the BLANK group (P < 0.001) (Figure 2C and D). The
expression of metastasis-related factors MMP-2 and MMP-9
was further detected in HeLa and SiHa cells. Western blot
showed that the expression of MMP-2 and MMP-9 in HelLa
cells was significantly decreased in the si-NEAT1 group
compared with the BLANK group (P < 0.001). On the
contrary, the expression of MMP-2 and MMP-9 in SiHa
cells was significantly increased in the pcDNA-NEAT1
group compared with the BLANK group (P < 0.001)

B

expression
R

Relative IncRNA-NEAT1

HaCaT Hela SiHa

Figure | The expression of INcRNA-NEAT| was upregulated in CC tissues and cells (HelLa and SiHa cells). (A) The expression of INcRNA-NEAT| in CC tissues and
adjacent tissues (N = 72) was detected by qRT-PCR. (B) The expression of InNcRNA-NEAT | in HaCaT, Hela and SiHa cells was detected by qRT-PCR. Data were presented
as mean * standard deviation with three replicates. **P < 0.001, vs. adjacent tissues (A) and HaCaT cells (B).
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Figure 2 LncRNA-NEAT | promoted the migration and invasion of Hela and SiHa cells. (A) The expression of INcRNA-NEAT| in transfected Hela and SiHa cells was
detected by qRT-PCR. (B) The migration ability of transfected Hela and SiHa cells was detected by wound healing assay. (C) The migration ability of transfected Hela and
SiHa cells was detected by transwell assay. (D) The invasion ability of transfected Hela and SiHa cells was detected by transwell assay. (E) The expression of MMP-2 and
MMP-9 in transfected Hela and SiHa cells was measured by Western blot. Data were presented as mean # standard deviation with three replicates. ***P < 0.001, vs. BLANK

group.
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(Figure 2E). The migration and invasion of HeLa and SiHa
cells were not significantly influenced by the transfection of
si-NC and pcDNA-NC (Figure 2B-E). These results indi-
cated that IncRNA-NEAT1 could promote the migration and
invasion of HeLa and SiHa cells.

LncRNA-NEAT | Promotes the

Proliferation of Hela and SiHa Cells

CCK-8 assay showed that the viability of HeLa cells in the
si-NEAT1 group was significantly decreased compared with
the BLANK group at 24, 48, 72 and 96 h post-culturing
(P <0.001). On the contrary, the viability of SiHa cells in the
pcDNA-NEAT1 group was significantly increased com-
pared with the BLANK group at different time points
(P < 0.001) (Figure 3A).
independent colony assay showed that the number of colo-

In addition, anchorage-
nies was significantly decreased in HeLa cells of the
si-NEAT1 group, and was significantly increased in SiHa
cells of the pcDNA-NEAT1 group compared with cells of
the BLANK group (P < 0.01) (Figure 3B). The cell viability
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and colony formation of HeLa and SiHa cells were not
significantly influenced by the transfection of si-NC and
pcDNA-NC (Figure 3A and B). These result indicated that
IncRNA-NEAT1 could promote the proliferation of HeLa
and SiHa cells.

LncRNA-NEAT | Influences the Expression
of EMT Markers in Hela and SiHa Cells

The expression of EMT-related factors E-cadherin,
N-cadherin and Vimentin was detected in HeLa and SiHa
cells. Western blot showed that the expression of
E-cadherin in SiHa cells was significantly higher in the si-
NEAT1 group than that in the BLANK group (P < 0.001).
The expression of N-cadherin and Vimentin was signifi-
cantly lower in the si-NEAT1 group than that in the
BLANK group (P < 0.001) (Figure 4A). On the contrary,
the expression of E-cadherin was significantly decreased,
and the expression of N-cadherin and Vimentin was sig-
nificantly increased in SiHa cells of the pcDNA-NEAT1
group compared with cells of the BLANK group

-
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Figure 3 LncRNA-NEAT | promoted the proliferation of Hela and SiHa cells. (A) Cell viability of transfected Hela and SiHa cells was detected by CCK-8 assay. (B) The
colony formation of transfected Hela and SiHa cells was detected by anchorage-independent colony assay. Data were presented as mean * standard deviation with three

replicates. *P < 0.05, P < 0.01, **P < 0.001, vs. BLANK group.
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Figure 4 LncRNA-NEAT | influenced EMT in Hela and SiHa cells. (A) The expression of E-cadherin, N-cadherin and Vimentin in transfected Hela cells was detected by
Western blot. (B) The expression of E-cadherin, N-cadherin and Vimentin in transfected SiHa cells was detected by Western blot. Data were presented as mean # standard

deviation with three replicates. ***P < 0.001, vs. BLANK group.

(P < 0.001) (Figure 4B). The expression of E-cadherin,
N-cadherin and Vimentin in HeLa and SiHa cells was not
significantly influenced by the transfection of si-NC and
pcDNA-NC (Figure 4A and B). These results suggested
that IncRNA-NEAT1 could influence the EMT of HeLa
and SiHa cells.

LncRNA-NEAT | Activates NF-xB

Pathway in Hela and SiHa Cells

The nuclear expression of NF-kB p65 was detected by
immunofluorescence. As shown in Figure 5A, the percen-
tage of NF-kB p65-positive HeLa cells was significantly
decreased in the si-NEAT1 group compared with the
BLANK group (P < 0.01). The percentage of NF-xB p65-
positive SiHa cells was significantly increased in the
pcDNA-NEAT1 group compared with the BLANK group
(P < 0.01). In addition, Western blot showed that the
expression of p-NF-«kB p65 was significantly decreased
in HeLa cells of the si-NEAT1 group, and was signifi-
cantly increased in SiHa cells of the pcDNA-NEAT1
group compared with cells of the BLANK group
(P < 0.001). The expression of IxkBa was opposite to that

of p-NF-xB p65 in HelLa and SiHa cells. However, the
expression of NF-kB p65 was not significantly changed in
HeLa and SiHa cells by the transfection of si-NEAT1 and
pcDNA-NEAT1 (Figure 5B). These results suggested that
IncRNA-NEAT1 could activate NF-kB pathway in HeLa
and SiHa cells.

LncRNA-NEAT | Negatively Regulates the

Expression of miR-124

gRT-PCR showed that the expression of miR-124 was
significantly lower in CC tissues than that in adjacent
tissues (P < 0.001) (Figure 6A), and was significantly
lower in HeLa and SiHa cells than that in HaCaT cells
(P <0.01) (Figure 6B). The expression of IncRNA-NEAT1
was negatively correlated with the expression of miR-124
in CC tissues (P < 0.001) (Figure 6C). A binding site of
miR-124 at IncRNA-NEAT1 was predicated by Target
Scan (Figure 6D). Dual luciferase reporter gene assay
showed that the luciferase activity was significantly
decreased in the miR-124 mimics + IncRNA-NEAT1-Wt
group compared with the miR-NC + IncRNA-NC-Wt
group (P < 0.001) (Figure 6E). RNA pull down assay
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showed that the expression of miR-124 was significantly
increased in the Bio-IncRNA-NEAT1-Wt group compared
with the Bio-NC group (P < 0.01) (Figure 6F). In addition,
the transfection of si-NEAT1 significantly increased the
expression of miR-124 in HeLa cells (P < 0.001)

(Figure 6G). The transfection of pcDNA-NEAT1 signifi-
cantly decreased the expression of miR-124 in SiHa cells
(P < 0.001) (Figure 6H). These results indicated that
IncRNA-NEAT1 could negatively regulate its target miR-

124 in HeLa and SiHa cells.
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MiR-124 Reverses the Effects of IncRNA-
NEATI on the Migration, Invasion, EMT
and NF-kB Pathway of Hela Cells

To explore whether IncRNA-NEAT1 exerted its function in
CC through regulating miR-124, HelLa cells were co-
transfected with pcDNA-NEAT1 and miR-124 mimics.
Wound healing and transwell assay showed that the migra-
tion and invasion ability of HeLa cells were decreased in
the pcDNA-NC + miR-124 mimics group, and were
increased in the pcDNA-NEAT1 + miR-NC group com-
pared with the pcDNA-NC + miR-NC group (P < 0.001).
The transfection of miR-124 mimics significantly reversed
the promoting effects of pcDNA-NEAT1 on the migration
and invasion ability of HeLa cells (P < 0.01) (Figure 7A). In
addition, the expression of MMP-2, MMP-9, N-cadherin,
Vimentin, and p-NF-kB p65 in HeLa cells was significantly
decreased in the pcDNA-NC + miR-124 mimics group, and

was increased in the pcDNA-NEATI + miR-NC group
compared with the pcDNA-NC + miR-NC group
(P < 0.001). The expression of E-cadherin and IkBa was
opposite to that of MMP-2 (P < 0.001). The transfection of
miR-124 mimics significantly reversed the regulatory
effects of pcDNA-NEAT1 on the expression of the above
proteins in HelLa cells (P < 0.01) (Figure 7B-D). These
results indicated that miR-124 could reverse the effects of
IncRNA-NEAT1 on the migration, invasion, EMT and NF-
kB pathway in HeLa cells.

Discussion

CC is one of the most common gynecologic malignant
tumors in the world. The main therapeutic methods for CC
are surgical operation, chemotherapy and radiotherapy. The
long-term survival rate of CC patients remains poor due to
recurrence and metastasis.” Hence, it is urgent to explore the
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novel molecular mechanism of CC and identify novel ther-
apeutic targets. In this study, we demonstrated that IncRNA-
NEAT1 could promote the proliferation, migration and
invasion of CC cells by regulating miR-124/NF-«xB pathway.

Recently, accumulating evidences have indicated that
IncRNAs are involved in the development of malignancies,
including CC.* LncRNAs have been reported to be abnor-
mally expressed in tumors. Guo et al have confirmed that
the expression of IncRNA-NEATT is significantly upregu-
lated in CC tissues compared with the adjacent tissues.'? In
consistent with the previous study, we found that IncRNA-
NEAT!1 was overexpressed in CC tissues, and HeLa and
SiHa cells. In addition, the expression of IncRNA-NEAT1
was positively correlated with TNM stage and lymph node
metastasis in CC patients. Previous studies have proved that
IncRNAs play key regulatory roles in the proliferation,
apoptosis, migration and invasion of tumor cells.®*' For
example, IncRNA TDRGI1 promotes cell proliferation,

migration and invasion through sponging miR-326 to mod-
ulate MAPK1 expression in CC.*? Zhu et al*® have indi-
cated that IncRNA TUSCS suppresses the invasion and
migration of CC cells by miR-641/PTEN axis. Liu et al**
have reported that IncRNA MNX1-AS1 promotes the pro-
liferation and inhibits the apoptosis of CC cells via MAPK
pathway. In this study, we found that IncRNA-NEAT1
promoted the proliferation, migration and invasion of CC
cells. MMP-2 and MMP-9 are involved in the process of
tumor metastasis by regulating the migration and invasion
of cancer cells.”> Song et al*® have proved that MMP-2 and
MMP-9 expression are significantly increased in CC. Here,
our results showed that IncRNA-NEATI increased the
expression of MMP-2 and MMP-9 in CC cells.

NF-kB is a dimeric transcriptional factor that can regulate
multiple cellular biological processes, such as cell prolifera-
tion, apoptosis, migration and invasion.”” Under normal
physiological condition, the inactive NF-«xB is sequestered
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in the cytoplasm by the inhibitor of kB (IkB) proteins.*®
Upon stimulation, activated kB kinase complex (IKK) pro-
motes the phosphorylation and subsequent degradation of
IkBa.?® Subsequently, NF-kB translocates to the nucleus
where it regulates targeted gene expression.”’ In this study,
IncRNA-NEAT1 promoted the nuclear transfer of NF-kB
p65, increased the phosphorylation of NF-kB p65 and
decreased IkBa expression in CC cells. These results indicate
that IncRNA-NEAT1 activates NF-kB pathway in CC cells.
In addition, NF-kB pathway is essential for the process of
EMT in cancer cells.>’ EMT is a cellular transition from an
epithelial to a mesenchymal state, which can be regulated at
multilayer levels, including transcriptional control of gene
expression, regulation of RNA splicing, and translational/
post-translational control.*” Distinct EMT transition states
present different functions, with the hybrid EMT state pre-
senting the highest metastatic potential.>> EMT plays a vital
role in the metastasis of CC, which is a significant phenotypic
change through the acquisition of mesenchymal marker pro-
teins (N-cadherin and Vimentin) and the loss of epithelial
marker proteins (E-cadherin).** In this study, IncRNA-
NEAT1 decreased E-cadherin expression and increased the
expression of N-cadherin and Vimentin in CC cells. These
results suggest that the overexpression of IncRNA-NEAT1
may promote the transition of CC cells from an epithelial to
a mesenchymal state. The hybrid EMT state may contribute
to the metastasis of CC.

LncRNA-NEAT1 functions as a ceRNA of miRNAs,
which plays an important regulatory role in cancer by antag-
onizing miRNAs functions and modulating miRNAs
targets.’’ For example, IncRNA-NEAT1 promotes cell
growth and invasion through miR-211/HMGA2 axis in
breast cancer.”® Here, miR-124 was identified as a target of
IncRNA-NEAT 1. Overexpression of IncRNA-NEAT1 inhib-
ited the expression of miR-124 in CC cells, suggesting that
IncRNA-NEAT1 negatively regulated miR-124. We further
explored the regulatory role of miR-124 in CC. The results
showed that miR-124 inhibited the cell migration and inva-
sion, and blocked NF-kB pathway in HeLa cells. Note worth-
ily, miR-124 reversed the effects of IncRNA-NEAT1 on the
migration, invasion, EMT and NF-«kB pathway of HeLa cells.
All these results suggested that IncRNA-NEAT1 may pro-
mote the migration and invasion of CC cells by targeting
miR-124.

Conclusion
LncRNA-NEAT1 was upregulated in CC tissues and cells,
and positively correlated with TNM stage and lymph node

metastasis in CC patients. Overexpression of IncRNA-
NEAT1 promoted the proliferation, migration and inva-
sion, influenced the EMT, and activated NF-kB pathway
in CC cells. LncRNA-NEAT1 promoted the migration and
invasion of CC cells via regulating miR-124/NF-kB path-
way. Our findings provide a novel regulatory mechanism
of IncRNA-NEAT1 in CC.
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