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Long noncoding RNA NEAT1 functions as
an oncogene in human laryngocarcinoma

by targeting miR-29a-3p
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Abstract. - OBJECTIVE: Long noncoding
RNAs (IncRNAs) have been reported to partici-
pate in the progression and development of ma-
ny human diseases. In this study, we are commit-
ted to uncover the potential function of IncRNA
Nuclear Enriched Abundant Transcript 1 (NEAT1)
in the development of laryngocarcinoma.

PATIENTS AND METHODS: LncRNA NEAT1
expression in laryngocarcinoma cells and 54
paired laryngocarcinoma samples was detected
by Real-time quantitative polymerase chain re-
action (RT-gPCR). Furthermore, the regulatory
effects of NEAT1 on the proliferation and metas-
tasis of laryngocarcinoma cells were evaluated.
Biological role of NEAT1/miR-29a-3p axis was fi-
nally explored in regulating the progression of
laryngocarcinoma.

RESULTS: NEAT1 was upregulated in laryngo-
carcinoma tissues and cell lines. NEAT1 knock-
down suppressed growth and invasive abilities
in laryngocarcinoma cells, while overexpression
of NEAT1 enhanced such abilities. Further exper-
iments showed that miR-29a-3p was directly tar-
geted by NEAT1, and participated in NEAT-medi-
ated progression of laryngocarcinoma.

CONCLUSIONS: NEAT1 is a novel oncogene
in laryngocarcinoma and could enhance growth
and invasion of laryngocarcinoma cells by tar-
geting miR-29a-3p.

Key Words:
Long noncoding RNA, NEAT1, Laryngocarcinoma,
MiR-29a-3p.

Introduction

Laryngocarcinoma is one of the most ordinary
head and neck cancers worldwide. The major
subtype of laryngocarcinoma is squamous cell
carcinomas. Laryngocarcinoma brings a huge
health burden and affects the life quality of af-
fected patients. There were approximately 12,260
new cases of laryngocarcinoma diagnosed in the
United States in 2013, and 3,630 cases died of
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laryngocarcinoma'. Despite advances have been
made in diagnostic and therapeutic strategies,
improvement on overall survival of laryngocar-
cinoma patients was unsatisfactory for the past
decades. Thus, it is urgent to uncover the tum-
origenesis of laryngocarcinoma, so as to improve
the survival of the patients. Recent studies indi-
cated that the majority of transcribed sequences
have no ability of protein coding. Long noncoding
RNAs (IncRNAs) are those transcripts with over
200 base pairs long. A great number of IncRNAs
have been identified to be related to tumor dis-
eases. For instance, IncRNA ATB participates in
tumor progression and is correlated with progno-
sis of colorectal cancer’. SP1 induces upregula-
tion of IncRNA TINCR, which in turn mediates
cell proliferation and apoptosis of gastric cancer’.
LncRNA H19 acts as an oncogene in thyroid can-
cer through regulating YESI*. LncRNA SOCS2-
ASI induces androgen to enhance proliferation
and suppresses cell apoptosis in prostate cancer’.
LncRNA Nuclear Enriched Abundant Transcript
1 (NEATI) is a newly discovered oncogene in
multiple types of cancers. However, the role of
NEATI in laryngocarcinoma remains unknown.
In this research, NEAT1 was highly expressed
in laryngocarcinoma tissues, and enhanced cell
growth and invasion of laryngocarcinoma cells.
MicroRNA-29a-3p (miR-29a-3p) was the pre-
dicted target of NEAT1 and served as a tumor
suppressor in laryngocarcinoma. We further an-
alyzed the interaction between NEATI and miR-
29a-3p in the progression of laryngocarcinoma.

Patients and Methods

Tissue Specimens
A total of 54 paired laryngocarcinoma sam-
ples and adjacent normal samples were surgical-
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ly resected from patients undergoing surgeries at
Xiaogan Hospital Affiliated to Wuhan University
of Science and Technology. None of patients re-
ceived treatments of chemotherapy or radiother-
apy before surgery. All tissue samples collected
in the surgeries were frozen in liquid nitrogen
immediately, and then preserved under -80°C.
Signed written informed consents were obtained
from all participants before the study. This study
was approved by the Ethics Committee of Xiao-
gan Hospital Affiliated to Wuhan University of
Science and Technology.

Cell Culture

Human laryngocarcinoma cell lines MA4E,
TU212, Hep-2 and M2E and the normal nasopha-
ryngeal epithelial cell line NP69 (Shanghai Mod-
el Cell Bank, Shanghai, China) were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM;
Gibco, Rockville, MD, USA) containing 10% fe-
tal bovine serum (FBS; Gibco, Rockville, MD,
USA) and 1% penicillin-streptomycin. Cells were
maintained in an incubator containing 5% CO, at
37°C.

Cell Transfection

GenePharma (Shanghai, China) provided us
lentivirus expressing short-hairpin RNA (shRNA)
against NEAT1 (NEAT1/shRNA) and lentivirus
against NEAT1 (NEATI). NEAT1/shRNA was
cloned into the pGPHI1/Neo vector, which was
then used for transfection of M2E cells. NEATI
lentivirus was cloned into the pGPH1/Neo vector
(GenePharma, Shanghai, China), which was then
used for transfection of Hep-2 cells. Cell trans-
fection was conducted using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA).

RNA Extraction and Real-Time
Quantitative Polymerase Chain
Reaction (RT-gPCR)

RNA was extracted from tissues and cells using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions. The
Reverse Transcription System Kit (TaKaRa, Da-
lian, China) was utilized to generate first strand
complementary deoxyribose nucleic acid (cDNA).
RT-qPCR analyses were performed using SYBR
Green | (TaKaRa, Dalian, China) in triplicate.
Primers were as follows: NEAT1 primers forward
5'-GCTCTGGGACCTTCGTGACTCT-3, re-
verse 5-CTGCCTTGGCTTGGAAATGTAA-3;
B-actin primers forward 5-GATGGAAATC-

GTCAGAGGCT-3’ and reverse 5-TGGCACT-
TAGTTGGAAATGC-3". The relative fold change
in expression was calculated by 24 method.

Thermal cycle was as follows: 30 s at 95°C, 5 s
at 95°C and 35 s at 60°C, for a total of 40 cycles.

Cell Proliferation Assay

2 x 10° transfected cells were seeded in 96-well
plates and cell proliferation was assessed by Cell
Proliferation Reagent Kit I (MTT, Roche, Basel,
Switzerland) at 0 h, 24 h, 48 h, 72 h. Absorbance
at 490 nm was assessed using an enzyme-linked
immunosorbent assay (ELISA) reader system
(Multiskan Ascent, LabSystems, Helsinki, Fin-
land).

Colony Formation Assay

Hep-2 cells in logarithmic growth phase were
washed with PBS, digested with trypsin and cen-
trifuged at 100 rpm/min for 3 min. After cell den-
sity was adjusted to 1x10%/L, cells were seeded in
the 6-well plates with 2000 cells per well. Cell
culture was continued for 1-2 weeks until visible
colonies were formed. Subsequently, cells were
fixed with 4% methanol for 30 min and stained
with 0.1% crystal violet (0.1%; Sigma-Aldrich, St.
Louis, MO, USA) for another 30 min, followed by
the detection of colony formation.

Transwell Assay

24 h after transfection, 2 x 10° cells suspend-
ed in 100 pL of serum-free DMEM were applied
on the top chamber of an 8-um culture inserts
(Corning, Corning, NY, USA) pre-coated with
50 pg Matrigel Matrix dilution (BD, Bedford,
MA, USA). Dulbecco’s Modified Eagle’s Medi-
um (DMEM) containing 20% fetal bovine serum
(FBS) was added to the bottom chamber. 24 h lat-
er, these inserts were treated by methanol for 30
min and stained by hematoxylin for 20 min. Lei-
ca DMI4000B microscope (Leica Microsystems,
Heidelberg, Germany) was utilized for counting
penetrating cells in three random fields (magni-
fication x20).

Dual-Luciferase Reporter Gene Assay
3"-Untranslated Region (3'-UTR) of NEATI
was cloned into the pGL3 vector (Promega, Mad-
ison, WI, USA), which was identified as wild-type
(WT) 3'-UTR. Quick-change site-directed muta-
genesis kit (Stratagene, La Jolla, CA, USA) was
used for site-directed mutagenesis of the miR-
29a-3p binding site in NEAT1 3-UTR, which
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was named as mutant (MUT) 3'-UTR. Cells were
co-transfected with WT-3'-UTR/MUT-3'-UTR
and miR-ctrl/miR-29a-3p mimics for 48 h. Lucif-
erase activity was determined by the dual-lucifer-
ase reporter gene assay system (Promega, Madi-
son, WI, USA).

RNA Immunoprecipitation Assay (RIP)

Magna RIP RNA-Binding Protein Immuno-
precipitation Kit (Millipore, Billerica, MA, USA)
was used for RIP assay. Co-precipitated RNAs
were detected by RT-qPCR.

Statistical Analysis

In this study, Statistical Product and Service
Solutions (SPSS) 20.0 (IBM, Armonk, NY, USA)
was utilized for statistical analysis. Data analysis
was conducted by two-tailed Student’s #-test. It
was considered of statistically significance when
p<0.05.

Results

Expression Level of NEATT in
Laryngocarcinoma Tissues and Cells
Firstly, RT-qPCR was conducted for detecting
NEAT]1 expression in 44 paired cases of laryn-
gocarcinoma tissues and 4 laryngocarcinoma
cell lines. As a result, NEAT1 was remarkably
upregulated in laryngocarcinoma tumor samples

compared with that of adjacent non-tumor sam-
ples (Figure 1A). Expression level of NEAT1 in
laryngocarcinoma cells was also significantly
higher than that of nasopharyngeal epithelial cell
line NP69 (Figure 1B).

NEAT1 Promoted Proliferation in
Laryngocarcinoma Cells

Laryngocarcinoma cell line M2E was select-
ed for establishing NEAT1 knockdown model.
Transfection efficiency of SANEAT1 was verified
by RT-qPCR (Figure 2A). CCK-8 assay revealed
that NEAT1 knockdown decreased the viability
of M2E cells (Figure 2B). Colony formation assay
revealed that knockdown of NEAT1 decreased
the number of colonies in M2E cells (Figure
2C). Transfection of NEAT]I lentivirus in Hep-2
cells markedly upregulated NEAT1 level (Fig-
ure 2D). As CCK-8 assay revealed, overexpres-
sion of NEAT1 enhanced the viability of Hep-2
cells (Figure 2E). Moreover, the number of colo-
nies was elevated in Hep-2 cells overexpressing
NEATI (Figure 2F).

NEATT1 Promoted Invasion in
Laryngocarcinoma Cells

To identify the function role of NEAT1 in the
metastasis of laryngocarcinoma, transwell assay
was conducted and found that knockdown of
NEATI1 in M2E cells attenuated invasive abil-
ity, manifesting as fewer invasive cells (Figure
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Figure 1. Expression levels of NEAT1 were upregulated in laryngocarcinoma tissues and cell lines. 4, NEAT1 expression
was significantly upregulated in the laryngocarcinoma tissues compared with adjacent tissues. B, Expression levels of NEAT1
were detected in the human laryngocarcinoma cell lines and NP69 (normal nasopharyngeal epithelial cell line) by RT-qPCR.
Data are presented as the mean =+ standard error of the mean. *p<0.05.
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Figure 2. NEAT1 promoted proliferation of laryngocarcinoma cells. 4, NEAT1 expression in M2E laryngocarcinoma cells
transfected with NEAT1 shRNA (NEAT1/shRNA) and the control vector was detected by RT-qPCR. B-actin was used as an
internal control. B, Cell proliferation assay showed that cell viability was significantly inhibited in M2E cells after knockdown
of NEAT1. C, Colony formation assay showed that number of colonies was significantly reduced via knockdown of NEAT1
in M2E cells. D, NEATI expression in Hep-2 cells transfected with NEAT1 lentivirus (NEAT1) and the control vector was
detected by RT-qPCR. B-actin was used as an internal control. E, Cell proliferation assay showed that cell viability was
significantly promoted in Hep-2 cells after overexpression of NEATI. F, Colony formation assay showed that number of
colonies was obviously increased via overexpression of NEATI in Hep-2 cells. The results represent the average of three
independent experiments (mean =+ standard error of the mean). *p<0.05.
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Figure 3. NEATI1 promoted invasion of laryngocarcinoma cells. 4, Transwell assay showed that number of invasive cells
was remarkably reduced via downregulation of NEAT1 in M2E cells. B, Transwell assay showed that number of invasive
cells remarkably increased via upregulation of NEAT1 in Hep-2 cells. The results represent the average of three independent

experiments (mean + standard error of the mean). *p<0.05.

3A). Conversely, NEATI1 overexpression in Hep-
2 cells enhanced the number of invasive cells
(Figure 3B).

The Interaction Between NEATI and
miR-29a-3p in Laryngocarcinoma

The miRNAs that contained complementary
base with NEAT1 were searched by conduct-
ing Starbase v2.0 (http:/starbase.sysu.edu.
cn/mirLncRNA.php). As a tumor suppressor,
miR-29a-3p was discovered as interacted with
NEATI1 (Figure 4A). RT-qPCR assay revealed
that miR-29a-3p expression was remarkably
upregulated in laryngocarcinoma cells with
NEAT1 knockdown (Figure 4B). In addition,
miR-29a-3p was downregulated after NEATI
overexpression (Figure 4C). Co-transfection
of miR-29a-3p mimics and NEATI-WT sig-
nificantly depressed luciferase activity (Figure
4D). Furthermore, RIP assay demonstrated that
miR-29a-3p could be remarkably enriched in
NEATI1 group, suggesting that NEAT1 might
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serve as a miR-29a-3p sponge (Figure 4E). In
summary, these data demonstrated that miR-
29a-3p served as a direct target of NEATI.

Discussion

Laryngocarcinoma is one of the most general
malignancies in the world. The survival is obvi-
ously worse in patients with metastasis than those
with non-metastatic disease. Developing effec-
tive and targeted therapies for laryngocarcinoma
are necessary to improve the clinical outcomes
of affected patients. LncRNAs exert a variety of
regulatory roles in the regulation of potential ac-
tivities and splicing events via small RNA regula-
tory pathways. Although many therapy methods
are available for laryngocarcinoma, the progno-
sis of laryngocarcinoma patients remains poor.
A plenty of IncRNAs have been revealed to play
important roles in oncogenesis and progression of
laryngocarcinoma. Nuclear Enriched Abundant
Transcript 1 (NEAT1) encodes two isoforms of
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Figure 4. Reciprocal repression between NEAT1 and miR-29a-3p. 4, The binding sites of miR-29a-3p on NEATI. B,
MiR-29a-3p expression was upregulated in sh-NEAT1 group compared with control group. C, MiR-29a-3p expression was
downregulated in NEAT1 lentivirus group compared with control group. D, Co-transfection of miR-29a-3p and NEATI-WT
strongly decreased the luciferase activity, while co-transfection of mir-control and NEATI-WT did not change the luciferase
activity, and co-transfection of miR-29a-3p and NEAT1-MUT did not change the luciferase activity either. E, RIP assay results
demonstrated that miR-29a-3p could be remarkably enriched in the NEAT1 group compared with control group. The results
represent the average of three independent experiments Data are presented as the mean + standard error of the mean. *p<0.05.

IncRNA, namely 3.7-kb NEATI-1 and about 23-
kb NEATI1-2, which play a crucial role in nucle-
ar paraspeckles and serve as a regulator in RNA
splicing and transcription. Recent researches have
revealed that NEAT1 acts as an oncogene in mul-
tiple types of cancers. For instance, HuR upreg-

ulates NEAT1 to promote progression and tum-
origenesis of ovarian cancer®. Through regulation
of miR-211/HMGA?2 axis, NEAT1 functions as
an oncogene by facilitating cell proliferation and
invasion in breast cancer’. Knockdown of NEAT1
inhibits cell proliferation and promotes cell apop-
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tosis in colorectal cancer through regulating Akt
Signaling®. NEAT1 facilitates malignancy of bi-
ological behaviors in gastric cancer and induces
chemotherapy resistance’. In this study, NEAT1
was firstly identified as a novel oncogene in laryn-
gocarcinoma. Our study showed that NEAT1 was
upregulated in laryngocarcinoma tissues. Fur-
thermore, NEAT1 knockdown in laryngocarci-
noma cells suppressed proliferation and invasion.
Overexpression of NEAT1 achieved the opposite
trends. As more researchers has focused on the
interaction between IncRNAs and microRNAs
recently'®", we predicted the potential miRNAs
downstream of NEATI on Starbase v2.0 (http:/
starbase.sysu.edu.cn/mirLncRNA.php). MiR-29a-
3p was selected from those potential microRNAs
due to its role of tumor suppressor in many tu-
mors including laryngocarcinoma. Through com-
petitively sponging miR-29a-3p, IncRNA HI9
promotes the progression of clear cell renal cell
carcinoma by regulating E2F1 expression'*. MiR-
29a-3p depresses cell proliferation and migration
in hepatocellular carcinoma by downregulation
of IGFIR". MiR-29a-3p is upregulated in H.Py-
lori infected gastric tissues and it promotes cell
migration via EMT pathway'®. Through directly
targeting OTUB2, miR-29a-3p depresses tumor
growth and cell proliferation in papillary thy-
roid carcinoma by inhibiting NF-xB signaling".
In this study, miR-29a-3p was verified to directly
bind to NEAT1, and miR-29a-3p was significant-
ly enriched by NEATI as RIP assay showed. In
addition, miR-29a-3p expression was suppressed
by overexpressed NEATI1, while downregulated
NEATI1 could reverse the effect of miR-29a-3p.
On the other hand, knockdown of NEAT1 upreg-
ulated miR-29a-3p. All the above results suggest-
ed that NEATI1 negatively regulated miR-29a-3p
in laryngocarcinoma cells.

Conclusions

We demonstrated that NEAT1 is remarkably
upregulated in laryngocarcinoma, which fa-
cilitates proliferation and invasion of laryngo-
carcinoma cells through sponging miR-29a-3p.
NEAT1 could serve as a prospective therapeutic
target for laryngocarcinoma.
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