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Abstract. — OBJECTIVE: Recently, IncRNA
has been determined to play an important role
in cancer formation and development. However,
the regulatory mechanism of IncRNA in NSCLC
has not been fully explored.

PATIENTS AND METHODS: The expres-
sion of NEAT1, miR-376b-3p, and SULF1 was
detected in each group via quantitative Real
Time-Polymerase Chain Reaction (qRT-PCR).
The proteins expression of SULF1, p-MAPK,
MAPK, p-Akt, Akt, and GAPDH were measured
via Western blot. MTT assay was applied to de-
tect cell proliferation in each group. Transwell
assay was used to assess cell invasion and mi-
gration of each group. Cell apoptosis was as-
sessed with flow cytometry. The relationship
among NEAT1, miR-376b-3p, and SULF1 was
determined using Luciferase reporter assay.

RESULTS: In this study, the expression of
NEAT1 and SULF1 was upregulated in NSCLC
tissues and cells. Of note, the knockdown of
NEAT1 and SULF1 could inhibit cell prolifera-
tion, migration, and invasion and promote cell
apoptosis in NSCLC. Moreover, NEAT1 regulat-
ed SULF1 expression via binding to miR-376b-
3p in NSCLC cells. Otherwise, the effects of
NEAT1 on cell growth and apoptosis were re-
versed by improving the SULF1 expression in
NSCLC cells. Meanwhile, si-NEAT1 transfection
inhibited MAPK and Akt signaling pathway by
modulating SULF1 in NSCLC cells.

CONCLUSIONS: In this study, we found that
IncRNA NEAT1 regulated cell proliferation, inva-
sion, migration, and apoptosis by targeting has-
miR-376b-3p/SULF1 axis in NSCLC. Moreover,
the regulatory network of NEAT1 participated in
the phosphorylation levels of MAPK and Akt to

affect cell progression of NSCLC, providing a
new regulatory pathway in the pathogenesis of
lung cancer.
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Introduction

Lung cancer is the most common malignant
tumor with the highest morbidity and mortality
in the world, including small cell lung cancer
(SCLC) and non-small cell lung cancer (NS-
CLC)"2. NSCLC accounts for about 80% of lung
cancer, which has a high incidence and a poor
prognosis®. Moreover, the five-year survival rate
of NSCLC is poor, thus the treatment of NSCLC
is pivotal*. However, studies on the pathogenesis
of NSCLC have not been fully elucidated.

Long non-coding RNA is a type of non-coding
RNA that is more than 200 nts in length and plays
multiple roles in the formation and development
of cancer cells. LncRNA, as an important regula-
tory factor, was involved not only in various cell
development processes, such as cell proliferation,
migration, apoptosis, but also in chemoresistance
of cancers®®. Liu et al’ reported that IncRNA HO-
TAIR promoted cell progression in cervical can-
cers. Otherwise, the similar function of IncRNA
HORAIR has also verified in gastric cancer and
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colorectal cancer®’. HORAIR also promoted
gastric cancer cells cisplatin resistance''.

LncRNA Nuclear Enriched Abundant Tran-
script 1 (NEAT]I) has been reported to be highly
expressed in a variety of cancers tissues and
cells, including prostate cancer, breast cancer,
renal cancer, gastric cancer, and NSCLC, which
prompted cell growth, invasion, and prolifera-
tion'*". Moreover, IncRNA NEATI could af-
fect cell proliferation, migration, and inflam-
mation via regulating Akt signaling pathway
and MAPK signaling pathway'"”. In NSCLC,
NEATI was upregulated in cancer tissues and
cells and could participate in the regulation of
lung cancer cell proliferation, apoptosis, migra-
tion, and invasion'”?!. Therefore, NEATI was
considered to be an important oncogene in-
volved in NSCLC formation and metastasis.
However, the regulatory mechanism of NEAT1
in NSCLC has not been fully elucidated.

In this study we found that NEAT]1 is highly
expressed in NSCLC tissues and cells and pre-
dicted that miR-376b-3p was a target miRNA of
NEATI and SULFI was a target mRNA of miR-
376b-3p via StarBase v3.0. During a series of
experiments, we finally determined that NEAT1
affected cell growth by sponging miR-376b-3p to
regulate SULF1 in NSCLC.

Patients and Methods

Tissues and Patients

Forty NSCLC tissues and matched adjacent
tissues were obtained from patients who were
diagnosed at The First Affiliated Hospital of
Shantou University Medical College. Informed
consents were obtained from all patients. This
study was approved by the Research Ethics
Committee of The First Affiliated Hospital of
Shantou University Medical College. All tissues
were immediately frozen in liquid nitrogen and
then stored in -80°C.

Cell Culture and Transfection

NSCLC cell lines (A549 and H292), normal
human lung epithelial cell line (BEAS-2B), and
293T cells were purchased from the Cell Bank of
Chinese Academy of Sciences (Shanghai, China).
Then, all cell lines were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM) supplement-
ed with 10% fetal bovine serum (Invitrogen,
Carlsbad, CA, USA), penicillin and streptomycin

(Invitrogen, Carlsbad, CA, USA) at 37°C with
5% of CO,.

The si-NEAT1, si-SULF1, PcDNA-SULF1, and
negative control siRNA (si-NC and PcDNA-con-
trol) were obtained from Ribobio (Guangzhou,
China). The miR-376b-3p inhibitor, miR-376b-3p
mimic, and their negative control (inhibitor NC
and miRNA NC) were purchased from Ribobio
(Guangzhou, China). All oligonucleotides and
vectors were transfected into NSCLC cell lines
(A549 and H292) using Lipofectamine 2000 (In-
vitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions.

Quantitative RT-PCR

Total RNA was extracted from NSCLC tis-
sues and cells using TRIzol reagents (Invitrogen,
Carlsbad, CA, USA). The cDNA for miR-376b-3p
was reverse transcribed using TagMan miRNA
Reverse Transcription Kit (Applied Biosystems,
Foster City, CA, USA). The cDNA of SULF1 and
NEAT]1 was reverse transcribed by using M-MLV
Reverse Transcriptase (Promega, Madison, WI,
USA). The quantitative Real Time-PCR was per-
formed with SYBR Green PCR Master Mix (Ta-
KaRa, Otsu, Shiga, Japan) on an ABI7500 system
(Applied Biosystems, Foster City, CA, USA). The
expression of miR-376b-3p, SULF1, and NEAT1
was calculated with the 2724T method with u6
and GAPDH as reference gene, respectively.
The primer sequences are as follows: NEATI-F:
5’>-CTTCCTCCCTTTAACTTATCCATTCAC-3’,
NEATI1-R: 5’-CTCTTCCTCCACCATTACCAA-
CAATAC-3’, GAPDH-F: 5~ AGCCTCCCGCTTC-
GCTCTCT-3’, GAPDH-R: 5-GCGCCCAATAC-
GACCAAATCCGT-3". miR-376b-3p-F:
5> TTGGTGGGTGGTGTATTTGAGAAGATA-
ATCATTG-3> miR-376b-3p-R:  5-CCAAAG-
CAAGAAATCATATGCTGTTCTCAGTGC-3’,
U6-F: 5-CTCGCTTCGGCAGCACA-3* U6-R:
5-AACGCTTCACGAATTTGCGT-3 SULFI-F:
5-CCACCTTCATCAATGCCTT-3’, SULFI-R:
5’-CCTTGACCAGTCCAAACTGCCC-3’,

Western Blot

Tissues and cells were lysed in Tris-Buffered
Saline (TBS) and added with the RIPA buffer
(Thermo-Fisher Scientific, Inc., Waltham, MA,
USA). The proteins were separated by using sodi-
um dodecyl sulphate-polyacrylamide gel electro-
phoresis (SDS-PAGE), and then transferred onto
a polyvinylidene difluoride (PVDF) membrane
(Millipore, Billerica, MA, USA). After blocking
in non-fat milk, the membranes were incubated
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with primary antibody against SULF1, p-MAPK,
MAPK, p-Akt, Akt, and GAPDH (1:1500, Santa
Cruz Biotechnology Inc., Santa Cruz, CA, USA)
overnight at 4°C. Then, the membranes were
incubated with second antibody peroxidase-con-
jugated AffiniPure goat anti-mouse IgG (1:1000,
Santa Cruz Biotechnology Inc, Santa Cruz, CA,
USA). Finally, the blot was detected using a
Pierce enhanced chemiluminescence (ECL) Plus
Substrate (Thermo-Fisher Scientific, Waltham,
MA, USA).

5-diphenyltetrazolium Bromide
(MTT) Assay

MTT assay was used to measure the capacity
of cell proliferation. In this study, cell prolifera-
tion was detected using MTT assay kit (Abcam,
Cambridge, MA, USA). Briefly, transfected cells
(2x10° cells per well) were seeded into 96-well
plates and each well was added into 50 ul MTT
solution and incubated at room temperature for 4
hours. Then, they were added into 150 uL. MTT
solvent and incubated for 3 h. The optical density
(OD) was measured with a spectrophotometric
microplate reader (Beyotime Institute of Biotech-
nology, Haimen, China) at 450 nm.

Flow Cytometry

Flow cytometry was mainly applied to as-
sess cell apoptosis rate. In this experiment, cell
apoptosis was measured by using the Annexin
V-fluorescein isothiocyanate/Propidium lodide
(FITC/PI) Apoptosis Detection Kit (BD Bio-
sciences, Franklin Lakes, NJ, USA) according
to the manufacturer’s instructions. After trans-
fected cells were washed with PBS, the binding
buffer was added to resuspend the cells and
then the Annexin V-FITC and PI was added.
Lastly, cell apoptosis was measured using flow
cytometry.

Transwell Migrated and Invasive Assay

Cell migration and invasion were assessed by
using transwell migrated and invasive assay. For
cell invasion, the transwell (Corning, Corning,
NY, USA) and Matrigel (BD Biosciences) were
applied. For cell migration, the transwell (Corn-
ing, NY, USA) was needed without Matrigel.
The transfected cells were seeded in the upper
chamber and incubated at 37°C with 5% of CO,
for 24 h. Then, the cells were removed in the up-
per chamber, and the cells in the lower chamber
were counted using a Leica DM3000 microscope
(Wetzlar, Germany).

Luciferase Reporter Assay

To explore whether NEAT1 could directly tar-
get miR-376b-ap or miR-376b-3p could direct-
ly target SULFI1, the Luciferase reporter assay
was applied. The IncRNA NEATI1 containing
wild type and mutant type was amplified, and
then, inserted into the Luciferase reporter vector
psiCHECK-2 (Promega, Madison, WI, USA) to
construct the vector of WT-NEATI and MUT-
NEATI. The SULF1 containing wild type and
mutant type was amplified and then inserted
into the Luciferase reporter vector psiCHECK-2
(Promega, Madison, WI, USA) to construct the
vector of WT-SULF1-3’UTR and MUT-SULFI1-
3’UTR. Then, the WT-NEAT1 or MUT-NEAT1
was co-transfected with miR-376b-3p or NC
into the 293T cells using Lipofectamine 2000
reagent (Invitrogen, Carlsbad, MA, USA). The
WT-SULFI-3’UTR or MUT-SULF1-3’UTR was
co-transfected with miR-376b-3p or NC into the
293T cells using Lipofectamine 2000 reagent (In-
vitrogen, Carlsbad, MA, USA). The Luciferase
activities were detected with a Dual-Luciferase
Reporter Assay System (Promega, Madison, WI,
USA).

Statistical Analysis

Statistical analysis was displayed with Graph-
Pad Prism 7.0 (GraphPad Software, San Diego,
CA, USA). All data were shown as mean =+
standard deviation (SD). Student’s ¢-tests were
applied to analyze all comparisons. *p < 0.05 was
considered as statistically significant.

Results

The Expression of NEAT1 and SULF1 Was
Upregulated in NSCLC Tissues and Cells
To explore the function of NEAT1 and SULF1
in NSCLC progression, 40 NSCLC tissues and
matched adjacent tissues were collected. As
shown in Figure 1A-1B, the result of qRT-PCR
showed that NEAT1 and SULF1 expression was
significantly improved in NSCLC tissues. Oth-
erwise, the protein level of SULF1 in NSCLC
tissues was significantly higher than that in nor-
mal tissues (Figure 1C). Then, we also found
that NEAT1 and SULF1 expression was remark-
ably upregulated in NSCLC cell lines (A549
and H292) compared with that in normal lines
(BEAS-2B) (Figure 1D and 1E). In addition, the
protein level of SULF1 was increased in NSCLC
cells (Figure 1F). Therefore, the expression of



LncRNA NEAT1 acted in NSCLC via miR-376b-3p/SULF1 axis

A B C SULFY e —
GAPDH s
4- < c
g % 4 % 2.5+
§ = i g 34 i g 2.0 ¥
2 X~ X
2« o L o
§ % 2 < 5' 2 c 5| 1.5
2 ]
2% —4 22 4 5210
s 7] g © =0
i o 11 o
& 2 2 0.5
0 . : % 0 g 00
Normal NSCLC x Normal NSCLC g Normal NSCLC
D E FrSULFT o o— m—
GAPDH s —  —
c c
44 9 4 2 4
c * 3 * 3 %
o . o o
w3 S _ 31 « a *
8~ * X = X —
S.E —T Iy L_II. o L_IL 2
=
sW2 $32 53
25 €5 Sy —
£ 9, — 1 —_ 561
© ]
_ > ]
[0) = 2
© : T : k- .
BEAS-2B  A549 H292 o BEAS-2B A549 H292 & BEAS-2B  A549 H292

Figure 1. The expression of NEAT1 and SULF1 was upregulated in NSCLC tissues and cells. A, and B, The expression of
NEAT]1 and SULF1 in normal tissues and NSCLC tissues was detected by using qRT-PCR assay. C, The protein expression
of SULF1 in normal tissues and NSCLC tissues was detected by using Western blot. D, and E, The expression of NEAT1 and
SULF1 in normal human lung epithelial cell line (BEAS-2B) and NSCLC cell lines (A549 and H292) was detected by using
qRT-PCR assay. F, The protein expression of SULF1 in normal human lung epithelial cell line (BEAS-2B) and NSCLC cell
lines (A549 and H292) was detected using Western blot. *p < 0.05.

NEATI1 and SULF1 was upregulated in NSCLC
tissues and cells, determining that NEAT1 and
SULF1 play roles in NSCLC progression.

Knockdown of NEAT1 Could Inhibit
Cell Proliferation, Migration, and
nvasion and Promote Cell Apoptosis in
NSCLC Cells

To further investigate the effects of NEAT
on NSCLC cell growth and apoptosis, si-NC
and si-NEAT1 were transfected into A549 and
H292 cells and si-NEAT] significantly inhibited
NEAT]1 expression (Figure 2A). MTT assay de-
termined that si-NEAT1 transfection remarkably
inhibited cell proliferation in A549 and H292
cells Figure 2B and 2C). Additionally, cell apop-
tosis of si-NEAT1 group was significantly higher
than that of si-NC group in A549 and H292 cells
(Figure 2D). Moreover, analysis of transwell as-
say showed that si-NEAT]1 sharply inhibited cell
migration and invasion in A549 and H292 cells
(Figure 2E and 2F). Thus, the downregulation
of NEATI could inhibit cell growth and induced
cell apoptosis in NSCLC.

NEAT1 Modulated Cell Proliferation,
Migration, Invasion and Apoptosis by
Targeting miR-376b-3p in NSCLC Cells
Next, we used StarBase v3.0 to predict
the target miRNA of NEATI, and the results
showed that NEAT1 has binding sites with
miR-376b-3p (Figure 3A). The analysis of Lu-
ciferase reporter assay showed that when miR-
376b-3p combined WT-NEATI, rather than
MUT-NEAT]I, the Luciferase activity was sig-
nificantly lowered (Figure 3B). Moreover, we
found that miR-376b-3p inhibitor significant-
ly suppressed the expression of miR-376b-3p
(Figure 3C). Of note, as shown in Figure 3D
and 3E, si-NEAT1 inhibited cell proliferation,
which was impaired by decreasing miR-376b-
3p expression in A549 and H292 cells. By per-
forming flow cytometry, we found that NEAT1
down-expression could significantly promote
cell apoptosis of A549 and H292 cells; miR-
376b-3p inhibitor remarkably weakened its ef-
fects on cell apoptosis (Figure 3F). In addition,
inhibition of NEATI1 could repress cell inva-
sion and migration of A549 and H292 cells,
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Figure 2. Knockdown of NEATI could inhibit cell proliferation, migration and invasion and promote cell apoptosis in
NSCLC cells. A, qRT-PCR was applied to measure the expression of NEAT1 in si-NC and si-NEAT1 groups of A549 and
H292 cells. B, and C, MTT assay was performed to measure cell proliferation in si-NC and si-NEAT1 groups of A549 and
H292 cells. D, Flow cytometry was used to detect cell apoptosis in si-NC and si-NEAT1 groups of A549 and H292 cells. E,
and F, Transwell assay was used to assess cell migration and invasion in si-NC and si-NEAT1 groups of A549 and H292 cells

(100%). *p < 0.05.

which was reversed by miR-376b-3p inhibitor
transfection (Figure 3G and 3H). Therefore,
NEAT]I affected cell growth and apoptosis via
targeting miR-376b-3p in NSCLC cells.

NEATT1 Regulated SULF1 Expression Via
Binding to miR-376b-3p in NSCLC Cells
To further explore the regulatory mechanism of
NEAT1 and miR-376b-3p, we found that SULF1
was a potential target mRNA of miR-376b-3p
using StarBase v3.0, which has binding sites of
miR-376b-3p in its 3’UTR (Figure 4A). Lucifer-
ase reporter assay showed that when the miR-
376b-3p bound WT-SULF1-3’UTR, rather than
MUT-SULF1-3’UTR, the Luciferase activity
was significantly decreased (Figure 4B). Notably,

overexpressed miR-376b-3p significantly inhibit-
ed the expression of SULFI mRNA and protein
by qRT-PCR and Western blot in A549 and H292
cells (Figure 4C and 4D). Furthermore, SULF1
mRNA and protein expression were reduced by
si-NEAT1 transfection, which was reversed by
downregulation of miR-376b-3p in A549 and
H292 cells (Figure 4E and 4F). All results indi-
cated that NEAT1 regulated SULF1 expression
via binding to miR-376b-3p.

Knockdown of SULF1 Could Suppress
Cell Growth and Promote Cell Apoptosis
in NSCLC Cells

To further clarify the function of SULF1 in
NSCLC, cells transfected with si-SULF1 were
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Figure 3. NEAT1 modulated cell proliferation, migration, invasion and apoptosis through targeting miR-376b-3p in NSCLC
cells. A, Predicted binding sites for miR-376b-3p on the NEAT1 transcript. B, Luciferase activity was measured in 293T cells
co-transfected with miR-376b-3p and miRNA NC or WT-NEAT1 and MUT-NEATI. C, qRT-PCR was applied to measure the
expression of miR-376b-3p in inhibitor NC and miR-376b-2p inhibitor groups of A549 and H292 cells. D, and E, MTT assay
was performed to measure cell proliferation in si-NC + inhibitor NC, si-NEAT1 +inhibitor NCand si-NEAT1 + miR-376b-2p
inhibitor groups of A549 and H292 cells. F, Flow cytometry was used to detect cell apoptosis in si-NC + inhibitor NC, si-
NEAT]1 + inhibitor NC and si-NEAT1 + miR-376b-2p inhibitor groups of A549 and H292 cells. G, and H, Transwell assay was
used to assess cell migration and invasion in si-NC + inhibitor NC, si-NEAT1 + inhibitor NC and si-NEAT1 + miR-376b-2p
inhibitor groups of A549 and H292 cells. *p < 0.05.

used for this experiment, which significantly de-
creased the mRNA and protein expression of
SULF1 in A549 and H292 cells (Figure 5A and
5B). Also, the inhibitor of SULF1 remarkably
attenuated the proliferation, migration, and inva-
sion of A549 and H292 cells and enhanced apop-
tosis (Figure 5C-5G). In total, the knockdown of
SULF1 could suppress cell growth and promote
cell apoptosis in NSCLC cells.

The Effects of NEATT on Cell Growth
and Apoptosis Were Reversed by
Improving the SULF1 Expression in
NSCLC Cells

To further clarify whether SULF1 is involved
in the regulatory network of NEATI, pcD-
NA-SULF1 and si-NEAT1 were co-transfected
into A549 and H292 cells. The results of qRT-
PCR and Western blot showed that a high expres-
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Figure 4. NEAT1 regulated SULF1 expression via binding to miR-376b-3p in NSCLC cells. A, Predicted binding sites for
miR-376b-3p on the SULF1 transcript. B, Luciferase activity was measured in 293T cells co-transfected with miR-376b-3p
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F, qRT-PCR and Western blot were applied to detect the mRNA and protein expression of SULFI in si-NC + inhibitor NC,
si-NEATTI + inhibitor NCand si-NEAT1 + miR-376b-2p inhibitor groups of A549 and H292 cells. *p < 0.05.

sion of SULF1 attenuated the inhibitory effect of
si-NEAT1 on SULF1 mRNA and protein expres-
sion in A549 and H292 cells (Figure 6A and 6B).
Moreover, si-NEAT1 transfection inhibited cell
proliferation, invasion, and migration and pro-
moted apoptosis in A549 and H292 cells, which
was reversed by the accumulation of SULF1 (Fig-
ure 6C-6H). All data indicated that SULF1 was
involved in the regulatory network of NEATI in
NSCLC cells.

Si-NEAT1 Transfection Inhibited MAPK
and Akt Signaling Pathway by
Modulating SULF1 in NSCLC Cells

In the experiment, we also found that low
expression of NEATI significantly reduced the
relative protein expression of p-MAPK/MAPK
and p-Akt/Akt with Western blot, which was re-
versed by improving SULF1 expression in A549
and H292 cells (Figure 7A-7C), indicating that
NEAT!] participated in the phosphorylation levels
of MAPK and Akt to affect cell progression of
NSCLC.

Discussion

As an important regulator of cell progression,
IncRNA is widely involved in the metabolic pro-
gression of cancer cells***. In the diagnosis and
treatment of cancer, the regulation mechanism of
IncRNA is an indispensable important regulatory
pathway”*+#. In NSCLC, in addition to affecting
cell progression, IncRNA is also closely related to
autophagy and signal conduction?**°. For exam-
ple, IncRNA GASS regulated cell cisplatin sensi-
tivity via modulating cell autophagy in NSCLC?.

The regulation of NEATI has been demon-
strated in a variety of cancers**-**. Especially in
NSCLC, NEATTI is involved in cell growth and
promotes tumor formation and development.
Studies have found that IncRNA NEATI was
highly expressed in NSCLC tissues and could
promote tumorigenesis through the regulation
of Oct4*. In our study, the effect of NEAT1
on NSCLC cells was consistent with previous
studies. NEAT1 was highly expressed in NS-
CLC tissues and cells. The reduction of NEAT1
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Figure 5. Knockdown of SULF1 could suppress cell growth and promote cell apoptosis in NSCLC cells. A, and B, qRT-PCR and Western blot were applied to detect the mRNA
and protein expression of SULF1 in si-NC and si-SULF1 groups of A549 and H292 cells. C, and D, MTT assay was performed to measure cell proliferation in si-NC and si-
SULF1 groups of A549 and H292 cells. E, Flow cytometry was used to detect cell apoptosis in si-NC and si-SULF1 groups of A549 and H292 cells. F, and G, Transwell assay
was used to assess cell migration and invasion in si-NC and si-SULF1 groups of A549 and H292 cells. *p < 0.05.
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Figure 6. The effects of NEAT1 on cell growth and apoptosis were reversed by improving the SULF1 expression in NSCLC cells. A, qRT-PCR was applied to measure the
expression of SULF1 in si-NC + pcDNA-Control, si-NEAT1 + pcDNA-Control and si-NEAT1 + pcDNA-SULF1 groups of A549 and H292 cells. B, and C, Western blot was
used to measure the protein expression of SULF1 in si-NC + pcDNA-Control, si-NEAT1 + pcDNA-Control and si-NEAT1 + pcDNA-SULF1 groups of A549 and H292 cells. D,
and E, MTT assay was performed to measure cell proliferation in si-NC + pcDNA-Control, si-NEAT1 + pcDNA-Control and si-NEAT1 + pcDNA-SULF1 groups of A549 and
H292 cells. F, Flow cytometry was used to detect cell apoptosis in si-NC + pcDNA-Control, si-NEAT1 + pcDNA-Control and si-NEAT1 + pcDNA-SULF1 groups of A549 and
H292 cells. G, and H, Transwell assay was used to assess cell migration and invasion in si-NC + pcDNA-Control, si-NEAT1 + pcDNA-Control and si-NEAT1 + pcDNA-SULF1
groups of A549 and H292 cells. *p < 0.05.
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effectively inhibits cell proliferation, invasion,
and migration and induced cell apoptosis in
NSCLC.

It is well known that IncRNA acts as a ceRNA
and regulates the expression of mRNA at the tran-
scriptional and translational levels by binding to
miRNA33¢ Of note, IncRNA SNHG7 contribut-
ed to the cell proliferation through ID4 via spong-
ing miR-342-3p in pancreatic cancer’’. Moreover,
NEATI1 has been reported to promote cell pro-
liferation, metastasis, and invasion via targeting
let-7a and miR-181a-5p in NSCLC***. However,
there are few studies on the mechanism by which
NEATI1 regulated the proliferation, migration,
and invasion of NSCLC cells by targeting miR-
NA/mRNA. Herein, we found that miR-376b-3p
was a target miRNA of NEATI by Luciferase
reporter assay. Recently, miR-376b-3p has been
determined to participate in cell differentiation
in osteogenic cells and attenuate mitochondrial
fission and cardiac hypertrophy***. In addition,
hsa-miR-376b-3p was reduced in NSCLC cells
and related to cell apoptosis and autophagy***.
However, the specific regulatory mechanisms are
still unclear. In this paper, the rescue experiment
further demonstrates that miR-376b-3p was in-
volved in the regulation of NEAT1 on NSCLC
cells. The results indicated that NEAT1 regulated
cell proliferation, invasion, migration, and apop-
tosis by binding to miR-376-3p.

Furthermore, SULF1 was predicted to be a
target mRNA of miR-376b-3p. Sulfate 1 (SULFI)
was a new member of the family of sulfatase
enzymes discovered in recent years, which could
participate in cell signaling by regulating the
sulfation state of heparan sulfate proteoglycan
on the cell surface, thereby producing a variety

of physiological and pathological processes*“°.

Meanwhile, the study found that SULF1 is upreg-
ulated in NSCLC cells relative to normal cells?’.
In this study, SULF1 knockdown reduced NS-
CLC cell growth and promoted apoptosis, sim-
ilar to the function of IncRNA NEATI. Further
experiments showed that si-NEATI transfection
inhibits cell proliferation, invasion, migration and
furthered apoptosis through reduction of the ex-
pression of SULFI. Finally, we concluded that
LncRNA NEATI regulates proliferation, migra-
tion, and invasion of non-small cell lung cancer
by targeting hsa-miR-376b-3p/SULF1 axis.

The MAPK and Akt signaling pathway have
been shown to be an important signaling path-
way during cell development**°. Studies'"* have
shown that NEATT is also involved in the signal
transduction of MAPK and Akt to affect cell me-
tabolism and growth. In this study, we found that
NEAT]I also participated in the phosphorylation
levels of MAPK and Akt, and further affected
cell progression of NSCLC. However, the specific
regulatory path still needs further exploration and
proof.

Conclusions

In this study, we found that IncRNA NEAT1
regulated cell proliferation, invasion, migration,
and apoptosis by targeting has-miR-376b-3p/
SULF1 axis in NSCLC. Moreover, the regu-
latory network of NEATI participated in the
phosphorylation levels of MAPK and Akt to
affect cell progression of NSCLC, providing a
new regulatory pathway in the pathogenesis of
lung cancer.



L.-M. Chen, Y.-D. Niu, M. Xiao, X.-J. Li, H. Lin

Conflict of Interest
The Authors declare that they have no conflict of interests.

5)

6)

10)

11)

12)

References

WaNG L, Yu C, Liu Y, WanG J, Li C, WaNG Q, WANG
P, Wu'S, ZHaNG ZJ. Lung cancer mortality trends in
China from 1988 to 2013: new challenges and op-
portunities for the government. Int J Environ Res
Public Health 2016; 13. pii: E1052.

FErLAY J, SOERJIOMATARAM |, DiksHIT R, ESER S, MATHERS
C, ReBeto M, Parxkin DM, Forman D, Brav F. Can-
cer incidence and mortality worldwide: sourc-
es, methods and major patterns in GLOBOCAN
2012. Int J Cancer 2015; 136: E359-E386.

SiEGeL R, WarD E, BrawLey O, JemaL A. Cancer sta-
tistics, 2014. Ca Cancer J Clin 2014; 67: 7.

Ganal S, Fercuson MK. Quality of life in the high-
risk candidate for lung resection. Thorac Surg
Clin 2012; 22: 497-508.

AN 'Y, CHEN XM, YANG Y, Mo F, JianG Y, Sun DL, Cal
HH. LncRNA DLX6-AS1 promoted cancer cell
proliferation and invasion by attenuating the en-
dogenous function of miR-181b in pancreatic can-
cer. Cancer Cell Int 2018; 18: 143.

HaN P, Li JW, ZHanG BM, Lv JC, LI YM, Gu XY, Yu
Z\W, JAYH, Bai XF, Li L, Liu YL, Cui BB. The IncRNA
CRNDE promotes colorectal cancer cell prolifer-
ation and chemoresistance via miR-181a-5p-me-
diated regulation of Wnt/B-catenin signaling. Mol
Cancer 2017; 16: 9.

Hao YP, Quu JH, ZranG DB, Yu CG. Long non-cod-
ing RNA DANCR, a prognostic indicator, pro-
motes cell growth and tumorigenicity in gastric
cancer. Tumour Biol 2017; 39: 101042831769979.

MA'Y, ZHou G, Li M, Hu D, ZuanG L, Liu P, Lin K.
Long noncoding RNA DANCR mediates cispla-
tin resistance in glioma cells via activating AXL/
PIBK/Akt/NF-1°B signaling pathway. Neurochem
Int 2018; 118: 233-241.

Liu M, Jia J, WanG X, Liu Y, WanG C, Fan R. Long
non-coding RNA HOTAIR promotes cervical can-
cer progression through regulating BCL2 via tar-
geting miR-143-3p. Cancer Biol Ther 2018; 19:
391-399.

Liu XH, Sun M, Nie FQ, GE YB, ZHANG EB, YiNn DD,
KonGg R, XiA R, Lu KH, LiJH, De W, WanG KM, WANG
ZX. Lnc RNA HOTAIR functions as a competing
endogenous RNA to regulate HER2 expression
by sponging miR-331-3p in gastric cancer. Mol
Cancer 2014; 13: 92.

Yan J, DanG Y, Liu S, ZHANG Y, Zhang G. LncRNA
HOTAIR promotes cisplatin resistance in gastric
cancer by targeting miR-126 to activate the PI3K/
AKT/MRP1 genes. Tumour Biol 2016 Nov 30.
[Epub ahead of print].

CHAKRAVARTY D, SBoNER A, NAR SS, GiAnNoPouLou E,
Li R, HENNIG S, MosauERA JM, PAuweLs J, PARk K, Kos-
sal M. The oestrogen receptor alpha-regulated In-

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

cRNA NEAT1 is a critical modulator of prostate
cancer. Nat Commun 2014; 5: 5383.

Li X, WaNG S, LI Z, LonG X, Guo Z, ZHANG G, Zu J,
CHen Y, Wen L. The InNcRNA NEAT1 facilitates cell
growth and invasion via the miR-211/HMGA2 ax-
is in breast cancer. Int J Biol Macromol 2017; 105:
346-353.

Sun C, i S, ZHANG F, Xi'Y, WanG L, B Y, Li D. Long
non-coding RNA NEAT1 promotes non-small cell
lung cancer progression through regulation of
miR-377-3p-E2F3 pathway. Oncotarget 2016; 7:
51784-51814.

Tan HY, WanG C, Liu G, ZHou X. Long noncoding
RNA NEAT1-modualted miR-506 regulates gas-
tric cancer development through targeting STATS3.
J Cell Biochem 2019; 120: 4827-4836

PenG W, WanG Z, Fan H. LncRNA NEAT1 impacts
cell proliferation and apoptosis of colorectal can-
cer via regulation of Akt signaling. Pathol Oncol
Res 2017; 23: 651-656.

ZHANG F, WU L, Qian J, Qu B, XIA S, LA T, Wu Y, Ma
J, ZenG J, Guo Q, Cui Y4, YaANG W, HUANG J, ZHU W/,
Yao Y, SHEN N, TanG Y. Identification of the long
noncoding RNA NEAT1 as a novel inflammatory
regulator acting through MAPK pathway in human
lupus. J Autoimmun 2016; 75: 96-104.

Lu C, FENG Z, CHEN T, LvJ, Liu P, JIA L, ZHu J, CHEN F,
YanG C, Denc Z. Downregulation of NEAT1 reverses
the radioactive iodine resistance of papillary thyroid
carcinoma cell via miR-101-3p/FN1/PI3K-AKT sig-
naling pathway. Cell Cycle 2019; 18: 167-203.

Wu F, Mo Q, Wan X, Dan J, Hu H. NEAT1/has-
mir-98-5p/MAPK®6 axis is involved in non-small-
cell lung cancer development. J Cell Biochem
2019; 120: 2836-2846.

Sun SJ, Lin Q, Ma JX, SHI WW/, YanG B, Li F. Long
non-coding RNA NEAT1 acts as oncogene in NS-
CLC by regulating the Wnt signaling pathway. Eur
Rev Med Pharmacol Sci 2017; 21: 504-510.

PaNn LJ, ZHoNnG TF, TANG RX, Li P, DANG YW, HUuANG
SN, CHen G. Upregulation and clinicopathological
significance of long non-coding NEAT1 RNA in
NSCLC tissues. Asian Pac J Cancer Prev 2015;
16: 2851-2855.

ZENG B, YE H, CHeN J, CHENG D, Cai C, CHEN G, CHEN
X, Xin H, Tang C, Zeng J. LncRNA TUG1 sponges
miR-145 to promote cancer progression and reg-
ulate glutamine metabolism via Sirt3/GDH axis.
Oncotarget 2017; 8: 113650-113661.

Hu J, SonG C, DuaN B, ZHanGg X, LI D, ZHu L, Gao
H. LncRNA-SVUGP2 suppresses progression of
hepatocellular carcinoma. Oncotarget 2017; 8:
97835-97850.

Gong W, Tian M, Quu H, Yang Z. Elevated serum
level of IncRNA-HIF1A-AS1 as a novel diagnostic
predictor for worse prognosis in colorectal carci-
noma. Cancer Biomark 2017; 20: 417-424.

HaN L, Ma P, Liu SM, ZHou X. Circulating long non-
coding RNA GAS5 as a potential biomarker in
breast cancer for assessing the surgical effects.
Tumour Biol 2016; 37: 6847-6854.



LncRNA NEAT1 acted in NSCLC via miR-376b-3p/SULF1 axis

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

Nie W, GE HJ, YanGg XQ, Sun X, Huang H, Tao X,
CHen WS, Li B. LncRNA-UCA1 exerts oncogenic
functions in non-small cell lung cancer by target-
ing miR-193a-3p. Cancer Lett 2016; 371: 99-106.

ScHmibT LH, Spieker T, KOSCHMIEDER S, SCHAFFERS S,
HumBERG J, JUNGEN D, Buik E, HASCHER A, WITTMER D,
MARrRrRA A, HiLLEJAN L, WieBe K, BerDEL WE, WiEwWRODT
R, MutLer-Tibpow C. The long noncoding MALAT-1
RNA indicates a poor prognosis in non-small cell
lung cancer and induces migration and tumor
growth. J Thorac Oncol 2011; 6: 1984-1992.

YANG YR, ZANG SZ, ZHonG CL, LI YX, ZHAO SS, FENG
XJ. Increased expression of the IncRNA PVT1
promotes tumorigenesis in non-small cell lung
cancer. Int J Clin Exp Pathol 2014; 7: 6929-6935.

Sun W, Zu Y, Fu X, DenG Y. Knockdown of In-
cRNA-XIST enhances the chemosensitivity of
NSCLC cells via suppression of autophagy. On-
col Rep 2017; 38: 3347-3354.

CurY, ZuanG F, Zru C, Geng L, Tian T, Liu H. Upreg-
ulated IncRNA SNHG1 contributes to progression
of non-small cell lung cancer through inhibition of
miR-101-3p and activation of Wnt/B-catenin signal-
ing pathway. Oncotarget 2017; 8: 17785-17794.

ZHAaNG N, YanG GQ, SHAo XM, Wel L. GAS5 modu-
lated autophagy is a mechanism modulating cis-
platin sensitivity in NSCLC cells. Eur Rev Med
Pharmacol Sci 2016; 20: 2271-2277.

DonG P, XionG Y, YUt J, HANLEY SJB, KoBavasHi N, To-
po Y, Warari H. Long non-coding RNA NEAT1: a
novel target for diagnosis and therapy in human
tumors. Front Genet 2018; 9: 471.

GHAFOURI-FARD S, TAHERI M. Nuclear enriched abun-
dant transcript 1 (NEAT1): a long non-coding RNA
with diverse functions in tumorigenesis. Biomed
Pharmacother 2019; 111: 51-59.

JenJ, TanG YA, Lu YH, Lin CC, Lat WW, WanG YC. Oct4
transcriptionally regulates the expression of long
non-coding RNAs NEAT1 and MALAT1 to promote
lung cancer progression. Mol Cancer 2017; 16: 104.

CHENG K, ZHAO Z, WaNG G, WANG J, ZHU W. Ln-
cRNA GASS5 inhibits colorectal cancer cell prolif-
eration via the miR-182-5p/FOX03a axis. Oncol
Rep 2018; 40: 2371-2380.

Lv L, Wer M, LiIN P, CHEN Z, GoNG P, QuAN Z, TANG Z.
Integrated mMRNA and IncRNA expression profil-
ing for exploring metastatic biomarkers of human
intrahepatic cholangiocarcinoma. Am J Cancer
Res 2017; 7: 688-699.

CHENG D, FAN J, MAY, ZHou Y, QIN K, SHI M, YANG
J. LncRNA SNHG?7 promotes pancreatic cancer
proliferation through ID4 by sponging miR-342-
3p. Cell Biosci 2019; 9: 28.

Qi L, LuF, ZHANG F, ZHANG S, Lv L, B Y, Yu Y. In-
cRNA NEAT1 competes against let-7a to contrib-
ute to non-small cell lung cancer proliferation and
metastasis. Biomed Pharmacother 2018; 103:
1507-1515.

39)

40)

41)

42)

43)

44)

45)

46)

47)

48)

49)

50)

Li'S, YanG J, XA Y, Fan Q, Yanc KP. Long Noncod-
ing RNA NEAT1 promotes proliferation and inva-
sion via targeting miR-181a-5p in non-small cell
lung cancer. Oncol Res 2018; 26: 289-296.

Geng QQ, Yu SH, ZHanGg Y, WaAnG HM, Sun FY.
MiR-376b-3p promotes Runx2-induced early os-
teogenic differentiation of C2C12 cells. Chinese
Journal of Tissue Engineering Research 2013; 17:
5108-5112.

Sun YL, Li SH, YanG L, WanG Y. miR-376b-3p atten-
uates mitochondrial fission and cardiac hypertro-
phy by targeting MFF. Clin Exp Pharmacol Physi-
ol 2018; 45: 779-787.

Ma J, Mannoor K, Gao L, TAN A, GUARNERA MA,
ZHAN M, SHETTY A, Stass SA, XING L, JianG F. Charac-
terization of microRNA transcriptome in lung can-
cer by next-generation deep sequencing. Mol On-
col 2014; 8: 1208-1219.

TeTik VARDARLI A, DUZGUN Z, ErRDEM C, KAYmAZ BT, Ero-
GLu Z, Cetintas VB. Matrine induced GO/G1 arrest
and apoptosis in human acute T-cell lymphoblas-
tic leukemia (T-ALL) cells. Bosn J Basic Med Sci
2018; 18: 141-149.

Al X, Kitazawa T, Do AT, KuscHE-GULLBERG M, LA-
Bosky PA, Emerson CP Jr. SULF1 and SULF2 regu-
late heparan sulfate-mediated GDNF signaling for
esophageal innervation. Development 2007; 134:
3327-3338.

LA JP, Yu C, Moser CD, ApercA |, HAN T, GARvey TD,
MurprHY LM, GARRITY-PARK MM, SHRIDHAR V, ADJEI AA,
Rogerts LR. SULF1 inhibits tumor growth and po-
tentiates the effects of histone deacetylase inhib-
itors in hepatocellular carcinoma. Gastroenterol-
ogy 2006; 130: 2130-2144.

Meyers JR, PLAaNAMENTO J, EBrROM P, KRuLEWITZ N,
WapE E, PownalL ME. Sulfl modulates BMP sig-
naling and is required for somite morphogenesis
and development of the horizontal myoseptum.
Dev Biol 2013; 378: 107-121.

LemiaBBAR-ALAOUI H, VAN ZANTE A, SINGER MS, Xue
Q, WanG YQ, Tsar D, HeE B, JaBLons DM, ROseN
SD. Sulf-2, a heparan sulfate endosulfatase, pro-
motes human lung carcinogenesis. Oncogene
2010; 29: 635-646.

GuabaGNo TM, Ferrerl JE Jr. Requirement for
MAPK activation for normal mitotic progression in
Xenopus egg extracts. Science 1998; 282: 1312-
1315.

Gao N, ZHAnG Z, Jiang BH, Shi X. Role of PI3K/
AKT/mTOR signaling in the cell cycle progression
of human prostate cancer. Biochem Biophys Res
Commun 2003; 310: 1124-1132.

ToscHi E, BAcigaLuro |, StrippoLl R, CHiozziNt C, CERESE-
T0 A, FALcHI M, NAPPI F, SGADARI C, BARILLARI G, MAIN-
iEro F, Ensour B. HIV-1 Tat regulates endothelial cell
cycle progression via activation of the ras/ERK
MAPK signaling pathway. Mol Biol Cell 2006; 17:
1985-1994.



