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Long non-coding RNA NEAT1 promotes migration
and invasion of oral squamous cell carcinoma
cells by sponging microRNA-365
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Abstract. Long non-coding RNA nuclear enriched abundant
transcript 1 (NEATI) has been demonstrated to serve key
roles in numerous human cancer types, but its function in
oral squamous cell carcinoma (OSCC) and underlying regula-
tory mechanism have not been evaluated. The present study
demonstrated that expression of NEAT1 was significantly
higher in OSCC tissue and cell lines compared with adjacent
non-tumour tissue and normal oral keratinocytes, respectively.
Additionally, upregulation of NEAT1 was significantly associ-
ated with advanced clinical stage and shorter survival time in
patients with OSCC. Bioinformatics analysis and luciferase
reporter gene assay data confirmed the interaction between
NEATI1 and miR-365, and it was revealed that NEAT1 may
downregulate microRNA (miR)-365 expression in OSCC
cells. Furthermore, inhibition of NEAT1 expression led to a
significant reduction in OSCC cell migration and invasion,
which was accompanied by reduced matrix metalloproteinase
(MMP)-2 and MMP9 protein expression. By contrast, inhibi-
tion of miR-365 eliminated suppressive effects of NEAT1
knockdown on OSCC cell migration and invasion. miR-365
was significantly downregulated in OSCC tissue and cell lines
and an inverse correlation between miR-365 and NEAT1
expression in OSCC tissue was observed. To conclude, the
present study demonstrated that NEAT1 promoted migra-
tion and invasiveness of OSCC cells by sponging miR-365.
The current study suggests that NEAT1 may serve as a novel
therapeutic target for the treatment of OSCC.

Introduction

Oral squamous cell carcinoma (OSCC) is the most common
malignancy of the oral cavity, accounting for >90% of all oral
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cancer cases (1-3). Although substantial advances have been
made in the treatment of OSCC, including surgical resection
combined with chemotherapy and radiotherapy, the prognosis
of patients with advanced OSCC is unsatisfactory (4,5).
Therefore, it is necessary to explore underlying mechanisms
of OSCC tumourigenesis, which may be helpful in the
development of novel therapeutic targets.

Long non-coding RNAs (IncRNAs) are a group of small
and single-stranded non-coding RNAs that are >200 nt in size
and evolutionarily conserved (6,7). Although IncRNAs exhibit
no protein-coding capacity, they are key regulators of gene
expression and serve important roles in various biological
processes, including cell growth, migration, invasion and
tumourigenesis (8,9). In recent years, evidence has suggested
that IncRNAs serve promoting or tumour suppressive roles in
the development and malignant progression of OSCC (10,11).
For instance, IncRNA taurine upregulated gene 1 promotes
progression of OSCC through upregulation of formin-like 2
by acting as molecular sponges for microRNA (miR)-219 (12).
LncRNA maternally expressed 3 inhibits proliferation and
metastasis of OSCC via regulation of the WNT/p-catenin
signalling pathway (13). Recently, IncRNA nuclear enriched
abundant transcript 1 (NEATI1) has been observed to be
upregulated in several human cancer types and studies have
revealed its oncogenic role (14-16). For example, NEAT] is
regulated by the epidermal growth factor receptor signal-
ling pathway and contributes to glioblastoma progression
through the WNT/B-catenin pathway by serving as a scaffold
for enhancer of zeste homolog 2 (15). NEAT1 contributes to
paclitaxel resistance in ovarian cancer cells through regula-
tion of zinc finger E-box-binding homeobox 1 expression via
miR-194 (16). However, to the best of our knowledge, the func-
tion of NEAT1 in OSCC has not yet been reported.

miRs are a class of small non-coding RNAs that are
composed of ~22-25 nt and have been demonstrated to regu-
late gene expression via binding to the 3'-untranslated region
(3'-UTR) of their target mRNAs, which results in mRNA degra-
dation or translation repression (17,18). Similar to IncRNAs,
miRs are also involved in development and progression of
tumours, including OSCC (2,3,17-19). Recently, miR-365 has
been reported to serve a general tumour-suppressive role in
multiple human cancer types; for instance, inhibiting ovarian
cancer progression by targeting Wnt5a (20). Additionally,
miR-365 inhibits proliferation, migration and invasiveness of
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glioma cells by targeting phosphoinositide-3-kinase regula-
tory subunit 3 (21). However, to the best of our knowledge, the
exact role of miR-365 in OSCC has not been reported.

In addition, matrix metalloproteinase (MMP)2 and MMP9
are two key enzymes involved in tumour cell invasiveness (22).
Whether these enzymes are involved in the function of NEAT1
and miR-365 in OSCC still remains unclear.

The present study aimed to investigate NEAT1 and
miR-365 expression levels and functions in OSCC, as well as
their underlying molecular mechanism in vitro.

Materials and methods

Clinical tissues. The current study was approved by the
Research Ethics Committee of the Stomatological Hospital
of Jinan City (Jinan, China). A total of 58 OSCC and adja-
cent non-tumour tissues were collected from patients with
primary OSCC at the Stomatological Hospital of Jinan City
between March 2010 and April 2012. No patient received
chemotherapy or radiotherapy before surgical resection. The
clinicopathological characteristics of the patients are summa-
rized in Table I. Written informed consent was obtained from
all patients. Tissues were immediately snap-frozen in liquid
nitrogen and stored at -80°C until use.

Cell culture and transfection. Human OSCC cell lines HN4,
Tca-8113, UM-SCC-1, Cal-27, SCC-25 and SCCKN, and
the normal human oral keratinocyte cell line hNOK were
purchased from the Cell Bank of the Chinese Academy of
Sciences (Shanghai, China). All cell lines were cultured in
Dulbecco's modified Eagle's medium (DMEM; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) supplemented with 10%
fetal bovine serum (FBS; Thermo Fisher Scientific,Inc.) at 37°C
in humidified atmosphere with 5% CO,. Lipofectamine 2000
(Thermo Fisher Scientific, Inc.) was used to transfect HN4
and Tca-8113 cells with 100 nM of non-specific short inter-
fering RNA (NC siRNA; Am10301; Amspring, Changsha,
China), NEAT1-specific siRNA (NEAT1 siRNA; Am10542;
Amspring), pcDNA3.1 vector (Am00013; Amspring),
pcDNA-NEATI expression plasmid (Am02051; Amspring),
miR-365 inhibitor (HmiR-ANO0451-SN-10; Guangzhou
Fulengen Co., Ltd., Guangzhou, China) and negative control
(NC) inhibitor (CmiR-ANO0001-SN; Guangzhou Fulengen Co.,
Ltd.) according to the manufacturer's instructions. Subsequent
experiments were performed 48 h following transfection.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from tissues and
cells using TRIzol reagent (Thermo Fisher Scientific, Inc.),
while genomic DNA was removed by treatment with DNase
(Thermo Fisher Scientific, Inc.) according to the manufac-
turer's instructions. Total RNA (1 ug) was reverse transcribed
using a RevertAid First Stand cDNA Synthesis kit (Thermo
Fisher Scientific, Inc.) according to the manufacturer's instruc-
tions. Reverse transcription was performed at 16°C for 30 min,
followed by incubation at 42°C for 30 min and enzyme inac-
tivation at 85°C for 5 min. The expression of miR-365 was
detected using miScript SYBR Green PCR kit (Qiagen, Inc.,
Valencia, CA, USA) on an ABI 7500 PCR machine (Thermo
Fisher Scientific, Inc.). U6 was used as the internal reference. To
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detect NEAT1 expression, qPCR was performed using Power
SYBR Green PCR Master mix (Thermo Fisher Scientific,
Inc.). GAPDH was used as the internal reference. The reaction
conditions for all PCR experiments were as follows: 95°C for
5 min, followed by 40 cycles of 95°C for 10 sec, 60°C for 30 sec
and 72°C for 30 sec. The relative expression was determined
using the 2424 method (23). The following primers were
used: U6, forward 5'-CTCGCTTCGGCAGCACATATACT-3'
and reverse 5'-CGCTTCACGAATTTGCGTGT-3"; GAPDH,
forward 5'-GGAGCGAGATCCCTCCAAAAT-3' and reverse
5-GGCTGTTGTCATACTTCTCATGG-3". miR-365 primers
were purchased from Guangzhou Fulengen Co., Ltd.

Bioinformatics analysis. Target genes for NEAT1 and miR-365
were predicted using RNAhybrid 2.12 (http://bibiserv.techfak.
uni-bielefeld.de/rnahybrid/).

Luciferase reporter gene assay. Fragments of NEATI
containing wild-type (WT) or mutant type (MT) miR-365
binding sites were cloned into pmirGLO Dual-luciferase
Target Expression Vector (Promega Corporation, Madison,
WI, USA), which generated WT or MT NEAT1 plasmids.
HN4 and Tca-8113 cells were co-transfected with miR-365
mimic, scramble miR mimic (miR-NC), WT or MT NEAT1
plasmid using Lipofectamine 2000. Following 48 h of
transfection, luciferase reporter gene assays were performed
using the Dual-Luciferase Reporter Assay System (Promega
Corporation). The firefly luciferase activity was normalized
against Renilla luciferase activity.

Wound-healing assay. Wound-healing assays were conducted
to determine the migratory capacity of cells. HN4 and Tca-8113
cells were cultured to full confluence, wounds of ~1 mm in width
were generated with a plastic scriber and cells were washed with
PBS. Cells were then cultured at 37°C with 5% CO, for 48 h and
assessed with an inverted microscope (magnification, x40).

Transwell assay. HN4 and Tca-8113 cells (10,000/well)
in DMEM were added to the upper chamber of Transwell
inserts, pre-coated with Matrigel (BD Biosciences, Franklin
Lakes, NJ, USA) and DMEM supplemented with 10% FBS
was added to the lower chamber. HN4 and Tca-8113 cells were
then incubated at 37°C for 24 h. HN4 and Tca-8113 cells that
had not migrated through the membrane of the insert were
removed using a cotton-tipped swab, while the cells on the
lower surface of the membrane were stained with gentian
violet (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) at
room temperature for 10 min and counted under an inverted
microscope (magnification, x400).

Western blotting. Tissues and cells were lysed in cold radio-
immunoprecipitation assay buffer (Thermo Fisher Scientific,
Inc.) and the protein concentration was determined using
a Bicinchoninic Acid Protein Assay kit (Thermo Fisher
Scientific, Inc.). Proteins (50 pug) were separated on 10%
SDS-PAGE gels and transferred to a polyvinylidene difluoride
membrane (Thermo Fisher Scientific, Inc.). The membrane was
blocked in 5% non-fat milk in PBS containing 0.1% Tween-20
(Sigma-Aldrich; Merck KGaA) at room temperature for 3 h. It
was then incubated with rabbit polyclonal anti-human MMP2
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Table I. Association between NEAT1 expression and clinicopathological characteristics in patients with oral squamous cell

carcinoma.
NEAT1 expression
Variable Number (n=58) Low (n=32) High (n=26) P-value
Age (years) 0.791
<55 24 14 10
>55 34 18 16
Sex 0.183
Male 35 22 13
Female 23 10 13
Differentiation grade 0.213
Well and moderately 45 27 18
Poor 13 5 8
Lymph node metastasis 0.009
Present 18 5 13
Absent 40 27 13
Tumor, node and metastasis stage 0.007
I-1I 36 25 11
HI-1v 22 7 15

NEAT1, nuclear enriched abundant transcript 1.

(1:200; ab37150; Abcam, Cambridge, MA, USA), rabbit poly-
clonal anti-human MMP9 (1:200; ab38898; Abcam) or rabbit
polyclonal anti-human GAPDH (1:100; ab9485; Abcam) at
room temperature for 3 h. This was followed by incubation
with the horseradish peroxidase-conjugated goat anti-rabbit
secondary IgG antibody (1:5,000; ab6721; Abcam) at room
temperature for 1 h. Enhanced chemiluminescence (Thermo
Fisher Scientific, Inc.) was used to examine protein expres-
sion, which was analysed using Image-Pro Plus software
6.0 (Media Cybernetics, Inc., Rockville, MD, USA) according
to the manufacturer's protocol.

Statistical analysis. All data are presented as the
mean + standard deviation. SPSS 18.0 (SPSS, Inc., Chicago,
IL, USA) was used for statistical analysis. Student's t-test was
used for comparisons between two groups, while one-way
analysis of variance followed by Tukey's post hoc test was
used for comparisons of >2 groups. The associations between
NEAT!1 expression and the clinicopathological characteristics
of OSCC were examined using the y* test. The Kaplan-Meier
method was applied to analyse overall survival of patients
with OSCC. Pearson's correlation was used to analyze the
correlation between NEAT1 and miR-365 expression in
OSCC tissues. P<0.05 was considered to indicate a statistically
significant difference.

Results
NEAT] is upregulated in OSCC. In the present study, NEAT1

expression in OSCC and adjacent non-tumour tissue was
evaluated. RT-qPCR assay data indicated that NEAT1 was

significantly upregulated in OSCC tissue compared with
adjacent non-tumour tissue (Fig. 1A). Based on the mean
expression value of NEAT1 as cut-off value (5.54), these
patients with OSCC were divided into high and low expression
groups. Further investigation indicated that increased NEAT1
expression was significantly associated with positive lymph
node metastasis and advanced clinical stage (Table I). NEAT1
was significantly upregulated in OSCC cell lines compared
with hNOK cells (Fig. 1B). Additionally, patients with OSCC
and high NEAT]1 expression exhibited a shorter survival time
compared with patients with low NEAT1 expression (Fig. 1C).

MiR-365 is downregulated in OSCC. Potential target miRs of
NEATTI in OSCC cells were evaluated. A bioinformatics anal-
ysis revealed that miR-365 was predicted to bind to NEAT1
(Fig. 2A). To examine the association between NEAT1 and
miR-365in OSCC, miR-365 levels in OSCC tissue and cell lines
were determined. As indicated in Fig. 2B, RT-qPCR assay data
demonstrated that miR-365 expression was significantly lower
in OSCC tissue compared with adjacent non-tumour tissue.
In addition, miR-365 expression was significantly reduced
in OSCC cell lines compared with hNOK cells (Fig. 2C). It
was demonstrated that miR-365 was downregulated in OSCC.
In addition, the present study revealed an inverse correlation
between NEAT1 and miR-365 expression in OSCC tissue
(Fig. 2D), which suggests that reduced miR-365 expression
may be involved in OSCC development.

NEATI downregulates miR-365 expression via sponging in
OSCC cells. As HN4 and Tca-8113 cells exhibited the highest
expression levels of NEAT1 among the tested OSCC cell lines,
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Figure 1. NEAT] is upregulated in OSCC. (A) RT-qPCR analysis performed to examine NEAT1 levels in OSCC tissue compared with adjacent non-tumor
tissue. “P<0.01 vs. adjacent non-tumor tissue. (B) RT-qPCR performed to examine NEAT]1 levels in numerous OSCC cell lines compared with hNOK cells.
“P<0.01 vs. hNOK cells. (C) Patients with OSCC and high NEAT1 expression demonstrated shorter survival time compared with low NEAT1 expression.
RT-qPCR, reverse transcription-quantitative polymerase chain reaction; NEAT1, nuclear enriched abundant transcript 1; OSCC, oral squamous cell carcinoma.
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Figure 2. miR-365 is downregulated in OSCC. (A) miR-365 was predicted to bind to NEATI. (B) RT-qPCR performed to examine miR-365 levels in OSCC
tissue compared with adjacent non-tumor tissue. “P<0.01 vs. adjacent non-tumor tissue. (C) RT-qPCR was performed to examine miR-365 levels in various
OSCC cell lines compared with hNOK cells. “P<0.01 vs. hNOK cells. (D) Inverse correlation between NEAT1 and miR-365 expression in OSCC tissue.
miR-365, microRNA-365; NEATI, nuclear enriched abundant transcript 1; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; OSCC,

oral squamous cell carcinoma; hNOK, human normal oral keratinocytes.

these cell lines were selected for in vitro experiments. To further
clarify the association between miR-365 and NEAT1 in HN4
and Tca-8113 cells, a luciferase reporter plasmid containing
WT or MT miR-365 binding sites of NEAT1 was constructed
in the present study (Fig. 3A). A luciferase reporter gene assay

was then performed. The data revealed that transfection with
an miR-365 mimic significantly inhibited luciferase activity
of WT NEATI in OSCC cells but did not affect luciferase
activity of MT NEAT1 (Fig. 3B and C). These findings suggest
that NEAT1 may be able to sponge miR-365 in OSCC cells.
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Figure 3. NEAT1 downregulates miR-365 expression via sponging in OSCC cells. (A) Constructed luciferase reporter plasmids containing WT or MT miR-365
binding sites in NEAT1. Luciferase reporter gene assay conducted in (B) HN4 and (C) Tca-8113 cells. Transfection with miR-365 mimic significantly inhibited
luciferase activity of WT NEAT1 in OSCC cells, but did not affect the luciferase activity of MT NEAT1. “P<0.01 vs. Control. HN4 and Tca-8113 cells
transfected with (D) NEAT1 siRNA to knock down NEATT1 levels or (E) NEAT1 plasmid to upregulate its expression. (F) NEAT1 overexpression significantly
inhibited expression of miR-365 and (G) knock down of NEAT1 enhanced miR-365 expression in HN4 and Tca-8113 cells. “P<0.01 vs. NC siRNA or Blank.
WT, wild-type; MT, mutant type; miR-365, microRNA-365; NEAT1, nuclear enriched abundant transcript 1; OSCC, oral squamous cell carcinoma; siRNA,

short interfering RNA; NC, negative control.

Effects of NEAT1 on miR-365 expression of in OSCC cells
were evaluated. HN4 and Tca-8113 cells were transfected with
NEAT!1 siRNA to knock down NEATT levels or cells were
transfected with NEAT1 plasmid to upregulate its expression.
Following transfection, NEAT1 expression was significantly
decreased in cells transfected with NEAT1 siRNA compared
with the NC siRNA group and was significantly increased
in the NEAT1 group compared with the blank control group
(Fig. 3D and E). The current study demonstrated that knock-
down of NEAT1 enhanced miR-365 expression in OSCC cells
and NEAT1 overexpression significantly inhibited miR-365
expression (Fig. 3F and G). These findings indicated that
NEATI1 downregulates miR-365 expression via sponging in
OSCC cells.

Knockdown of NEAT inhibits OSCC cell invasion. To further
study the function of NEATI1 in OSCC cells, wound-healing
assays were performed to examine effects of NEAT1 down-
regulation on OSCC cell migration. As presented in Fig. 4A,
migratory capacity of HN4 and Tca-8113 cells was signifi-
cantly reduced in the NEAT1 siRNA group compared with
the NC siRNA group. Transwell assays were performed to
evaluate cell invasion. As presented in Fig. 4B, invasiveness
of HN4 and Tca-8113 cells in the NEAT1 siRNA group was

significantly reduced following inhibition of NEAT1 expres-
sion. Consistently, western blot data indicated that protein
expression of MMP2 and MMP9, two key enzymes involved
in tumour cell invasiveness (22), was significantly reduced in
the NEAT1 siRNA group compared with the NC siRNA group
(Fig. 4C). These findings indicate that knockdown of NEAT1
expression inhibits OSCC cell migration and invasion.

Inhibition of NEATI suppresses OSCC cell migration and
invasion by sponging miR-365. Based on the aforementioned
findings, it was speculated that NEAT1 may regulate migra-
tion and invasiveness of OSCC cells by sponging miR-365.
To clarify this, NEAT1 siRNA-transfected OSCC cells
were co-transfected with NC inhibitor or miR-365 inhibitor.
Following co-transfection, miR-365 levels were significantly
reduced in the NEAT1 siRNA+miR-365 inhibitor group
compared with the NEATI siRNA+NC inhibitor group
(Fig. 5A). Further investigation indicated that migration ability
and invasiveness of OSCC cells was increased in the NEAT1
siRNA+miR-365 inhibitor group compared with the NEAT1
siRNA+NC inhibitor group (Fig. 5B and C). Consistently,
suppressive effects of NEAT1 inhibition on MMP2 and MMP9
protein expression were reversed following co-transfection
with miR-365 inhibitor (Fig. 5D). These findings demonstrated
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that inhibition of NEAT1 suppressed OSCC migration and
invasiveness via inhibition of miR-365 sponging.

Discussion

To the best of our knowledge, the function and regulatory
mechanism of NEAT1 in OSCC has not been reported
previously. The present study revealed that NEAT1 was signif-
icantly upregulated in OSCC tissue and cell lines and that
its upregulation was significantly associated with advanced
clinical stage and shorter survival time of patients with OSCC.
Data from luciferase reporter gene assays confirmed an
interaction between miR-365 and NEAT1 and demonstrated
that NEAT1 negatively regulated miR-365 expression in two
OSCC cell lines. Furthermore, inhibition of NEAT1 expres-
sion led to a significant decrease in OSCC cell migration and
invasion, whereas inhibition of miR-365 eliminated NEAT1
knockdown-induced suppressive effects on OSCC cell migra-
tion and invasion. In addition, miR-365 was significantly
downregulated in OSCC tissue and cell lines and an inverse
correlation was observed between miR-365 and NEAT1
expression in OSCC tissue.

Previous studies have demonstrated that NEAT1 functions
as an oncogene in multiple types of human cancer (24,25).
For instance, NEAT1 promotes laryngeal squamous cell
cancer through regulation of the miR-107/CDK®6 signalling
pathway (24). NEAT1 is an unfavourable prognostic factor
in gastric cancer, as it promotes tumour cell migration and

invasion (25). However, the role of NEAT1 in OSCC remains
unclear. In the present study, it was demonstrated that NEAT1
expression was significantly higher in OSCC tissue and cell
lines compared with adjacent non-tumour tissue and normal
oral keratinocytes, respectively. Additionally, upregulation
of NEAT1 may be associated with lymph node metastasis,
advanced clinical stage and poor prognosis of patients with
OSCC. Similarly, increased NEAT1 expression was further
associated with unfavourable clinical characteristics and poor
prognosis in ovarian cancer (26), oesophageal squamous cell
carcinoma (27), gastric cancer (28) and liver cancer (29).

The present study investigated underlying regulatory
mechanisms of NEAT1 in OSCC metastasis. A bioinformatics
analysis predicted that miR-365 is a potential target of NEATI.
Luciferase reporter gene assays revealed that transfection with
a miR-365 mimic significantly inhibited luciferase activity
of WT NEATI in OSCC cells but did not affect luciferase
activity of MT NEATI, which indicates that NEAT1 may
sponge miR-365 in OSCC cells. To further study the relation-
ship between miR-365 and NEAT1 in OSCC, experiments that
demonstrated that miR-365 was significantly downregulated
in OSCC tissue and cell lines were performed. The current
study observed an inverse correlation between miR-365 and
NEATTI in OSCC tissue.

The function of NEAT1 in OSCC metastasis was examined
in vitro and it was revealed that knockdown of NEAT1 reduced
OSCC cell migration and invasion. As miR-365 expression was
downregulated by NEAT1 in OSCC cells, it was speculated
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Figure 5. Inhibition of NEAT1 suppresses OSCC cell migration and invasion by sponging miR-365. NEAT1 siRNA transfected OSCC cells co-transfected with
NC or miR-365 inhibitor. (A) Reverse transcription-quantitative polymerase chain reaction analysis of miR-365 levels. (B) Wound healing (magnification, x40)
and (C) Transwell assay performed to examine cell migration and invasion (magnification, x400). (D) Western blot analysis of MMP2 and MMP9 protein
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that miR-365 may be involved in NEAT1-mediated OSCC cell
migration and invasion. Experimental data confirmed suppres-
sive effects of NEAT1 inhibition on OSCC cell migration and
invasion, as well as downregulation of MMP2 and MMP9
protein expression.

To the best of our knowledge, this is the first study to report
that NEAT1 promotes migration and invasiveness of OSCC
cells by sponging miR-365. Therefore, the current study
suggests that NEAT1 may be used as a novel therapeutic target
when treating patients with OSCC.
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