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Long noncoding RNA NEAT1 promotes the
growth of gastric cancer cells by regulating

miR-497-5p/PIK3R1 axis
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Abstract. - OBJECTIVE: To investigate the
molecular mechanisms of long noncoding RNA
(IncRNA) nuclear paraspeckle assembly tran-
script 1 (NEAT1) in gastric cancer (GC) develop-
ment progress.

MATERIALS AND METHODS: Relative mR-
NA and protein expression levels were quanti-
fied by quantitative Reverse Transcription-PCR
(qRT-PCR) or Western blot analysis. Cell pro-
liferation and cell apoptosis were measured by
MTT (3-(4,5-dimethylthi-azol-2-yl)-2,5-diphenyl
tetrazolium bromide) assay and flow cytome-
try, respectively. Binding sites of miR-497-5p on
NEAT1 or phosphoinositide-3-kinase regulato-
ry subunit 1 (PIK3R1) were determined by RNA
pull-down assay or dual-luciferase reporter as-
say. Finally, the tumorigenic role of NEAT1 in
GC was assessed using a xenograft model on
nude mice.

RESULTS: NEAT1 was upregulated in GC tis-
sues, promoted proliferation, and inhibited
apoptosis of GC cells. NEAT1 could directly
bind to and negatively regulate miR-497-5p ex-
pression. PIK3R1 was then identified as a down-
stream target of miR-497-5P. In GC cell models,
PIK3R1 was found to be directly negatively reg-
ulated by miR-497-5p and indirectly positively
regulated by NEAT1. Finally, NEAT1 knockdown
inhibited tumor growth, increased miR-497-5p
expression, and decreased PIK3R1 expression
in xenograft model mice compared with the neg-
ative control.

CONCLUSIONS: Functioned as an oncogene,
NEAT1 promoted cell growth in GC by regulat-
ing miR-497-5p/PIK3R1 axis. These results pro-
vided valuable insights into the underlying reg-
ulation signaling in gastric cancer development,
shedding light on NEAT1 a promising therapeu-
tic target from bench to clinic.
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Introduction

Gastric cancer (GC) has been considered as
one of the most common causes of cancer-related
deaths and its pathogenic incidence continues to
increase worldwide'. In China, the incidence and
fatality rate of GC are relatively high, only second
to lung cancers®. Although novel biomarkers for
early GC diagnose and multimodal therapy strat-
egies have been developed, the long-term survival
rate remains poor’. In 2017, 10,960 patients among
the 28,000 newly diagnosed cases are in the pos-
sibility of death in the United States®. Therefore, it
is urgent to investigate the pathogenic mechanisms
underlying GC disease progression, as well as to
develop new therapeutic strategies and targets.

Long noncoding RNA (IncRNA) are non-cod-
ing RNAs of length above 200 nucleotides with-
out a significant open reading frame (ORF)’.
LncRNA can directly target and regulate DNA,
RNA, and protein targets, by competing with en-
dogenous RNA networks®. Thus, IncRNAs par-
ticipate in the various cellular and physiological
processes by regulating chromatin modification,
transcription, and post-transcriptional process-
ing’. Nuclear paraspeckle assembly transcript 1
(NEAT1) is a IncRNA and its expression could
be induced under various types of stress, such as
viral infection®, systemic lupus erythematosus’,
and tumor protein P53 (P53)1%12, Previously Fu
JW et al® have shown that NEATI expression
in GC was corrected with clinical stages, histo-
logical types, lymph node metastasis, and distant
metastasis by promoting cell migration and inva-
sion. NEAT1 knockdown in GC adriamycin-re-
sistant SGC7901/ADR cells could suppress the
malignant biological behaviors and chemotherapy
resistance'. However, the regulating signaling of
NEATI1 in GC progression remained unclear.
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Chai et al"> have revealed miR-497-5p might
function as an anti-oncogene. The down-regula-
tion of miR-497-5p has been reported in thyroid
cancer'®, prostate cancer'’, pancreatic cancer'®,
ovarian cancer', non-small cell lung cancer®,
breast cancer?!, and colorectal cancer®?. Notably,
miR-497-5p was proved to promote tumorigen-
esis in these cancers. In this study, we inves-
tigated the role of NEATI in GC and further
explored the underlying regulating signaling.
Our results showed that NEAT1 expression was
especially upregulated in GC tissues. NEATI1
promoted proliferation and inhibited apoptosis
in GC cells by regulating miR-497-5p/PIK3R1
(phosphoinositide-3-kinase regulatory subunit
1, PIK3R1) axis, suggesting NEAT1 might func-
tion as an oncogene and could be considered as
a potential diagnostic agent in GC.

Materials and Methods

Tissue Collection

This research was approved by the Animal
Ethics Committee of Nanjing Medical University
and the informed consent was obtained from all
patients diagnosed with GC. GC tissues and ad-
jacent normal tissues were obtained from patients
by surgery and immediately frozen in liquid
nitrogen at the affiliated Huai’an No.l People’s
Hospital of Nanjing Medical University.

Cell Culture

GC cell lines SGC-7901 (BNCC100114), HGC-
27 (BNCC338546) were purchased from BeNa
Culture Collection Co. Ltd. (Beijing, China).
Cells were cultured in Roswell Park Memori-
al Institute-1640 (RPMI-1640; GIBCO; Thermo
Fisher Scientific, Waltham, MA, USA) supple-
mented with 10% fetal bovine serum (FBS; GIB-
CO, Thermo Fisher Scientific, Waltham, MA,
USA) and maintained at 37°C in humidified cell
incubator (Thermo Fisher Scientific, Waltham,
MA, USA) with 5% CO,.

Quantitative Reverse Transcription-PCR
(GQRT-PCR)

Total RNAs were isolated from tissues or cells
using TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s instruc-
tions. For NEAT1 analysis, RNAs were reverse
transcribed into ¢cDNA with PrimeScript™ RT
reagent Kit with gDNA Eraser kit (Takara Bio-
medical Technology Co., Ltd., Beijing, China)

according to manufacturer’s instructions. Then,
gRT-PCR was performed using TB Green™ Pre-
mix Ex Tag™ II (Takara Biomedical Technology
Co., Ltd., Beijing, China) on an ABI PRISM®
7300 real-time PCR system (Applied Biosystems,
Foster City, CA, USA) with the primers listed as
follows (Table I). For miR-497-5p, RNAs were
reverse transcribed into cDNA with miDETECT
A Track™ miRNA qRT-PCR Starter Kit (Guang-
zhou RiboBio Co., Ltd., Guangzhou, Guangdong,
China). Primers used in this study were listed
in Table 1. Glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) and U6 small nuclear 6 (U6)
were considered as endogenous controls. Relative
expression levels in tissues were calculated using
the 272 method.

Western Blotting

Western blot was performed as previously de-
scribed®. Briefly, total proteins were extracted
from tissues or cells using radioimmunoprecip-
itation assay (RIPA) buffer (9806; Cell signal-
ing technology, Boston, MA, USA) supplement-
ed with protease inhibitor cocktail (5871; Cell
signaling technology, Boston, MA, USA). The
concentrations of the extracted proteins were
determined using the bicinchoninic acid (BCA)
protein assay kit (7780; Cell signaling technol-
ogy, Boston, MA, USA). 20 pg samples/lane
were run on a 10% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) and
transferred to polyvinylidene difluoride (PVDF)
membranes immediately after separation. PVDF
membranes were then incubated in 5% (wt/
vol) skimmed milk in Tris Buffered Saline
and Tween-20 (TBST) for 120 min at room
temperature followed by three 10 min washes
in TBST. The PVDF membranes were then
incubated with anti-PIK3R1 (1:1000 dilutions,
60225-1-Ig, Proteintech, Wuhan Sanying, Wu-
han, Hubei, China), anti-p21 (1:1000 dilutions,
60214-1-Ig, Proteintech, Wuhan Sanying, Wu-
han, Hubei, China), anti-cyclin DI (1:1000 dilu-
tions, 60186-1-Ig, Proteintech, Wuhan Sanying,
Wuhan, Hubei, China), anti-Bcl-2 (1:1000 dilu-

Table I. Primers.

Primers Sequences (5 to 3’)
NEATI-F GGGCCATCAGCTTTGAATAA
NEATI-R CTTGAAGCAAGGTTCCAAGC
miR-497-5p-F CAGCAGCACACTGTGGTTTGT
miR-497-5p-R Provided in the kit
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tions, 60178-1-Ig, Proteintech, Wuhan Sanying,
Wuhan, Hubei, China), anti-Bax (1:1000 dilu-
tions, 60267-1-Ig, Proteintech, Wuhan Sanying,
Wuhan, Hubei, China), anti-cleaved caspase-3
(1:1000 dilutions, 9661, Cell signaling tech-
nology, Boston, MA, USA) and anti-GADPH
(1:5000 dilutions, 60004-1-Ig, Proteintech, Wu-
han Sanying, Wuhan, Hubei, China) at 4°C
overnight. After washing with TBST three times
for 10 min each, the membranes were then in-
cubated with appropriate secondary antibody
conjugated to horseradish peroxidase (HRP,
1:10000 dilutions). The proteins were visualized
using Pierce™ ECL Western Blotting Substrate
reagent (Thermo Fisher Scientific, Waltham,
MA, USA). Semi-quantitative analysis of specif-
ic immunolabelling bands was performed using
Imagel (version 1.8.0 112, Bethesda, National
Institutes of Health, MD, USA). GAPDH was
considered as an internal normalizer.

Luciferase Reporter Assays

Wild type (WT) and mutant 3’untranslated
regions (3’UTRs) of PIK3R or NEATI1 were
amplified or synthesized, and then inserted into
pmiR-GLO vector (E1330, Promega Biotech Co.,
Beijing, China). For reporter assays, HEK293T
cells were co-transfected with reporter plasmids
and miR-497-5p mimics using lipofectamine3000
(L3000015, Invitrogen, Thermo Fisher Scientific,
Waltham, MA, USA). Firefly and Renilla lucifer-
ase activities were measured using the dual-lu-
ciferase reporter assay system (E1910, Promega
Biotech Co., Beijing, China) according to the
manufacturer’s instructions.

MTT Assay

110° cells were seeded in 96-well plates, 10
pL MTT reagent (Invitrogen, Thermo Fisher
Scientific, Waltham, MA, USA) was added to
each well and cultured for another 4 h. Then, the
medium was discarded and dimethyl sulfoxide
(DMSO; Sangon Biotech Co., Ltd., Shanghai,
China) was added into each well. After 10 min
shaking, OD,, was measured using a microplate
reader (Thermo Fisher Scientific, Waltham, MA,
USA).

Flow Cytometry

Apoptosis was analyzed with Annexin V, FITC
Apoptosis Detection Kit (Dojindo Laboratories,
Kumamoto, Japan) according to the manufactur-
er’s instructions. In brief, cells were collected,
washed, and re-suspended at 110° cells/mL in
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1Annexin V Binding Solution. 100 pL of the sus-
pension was incubated with 5 uL. FITC-Annexin
V and propidium iodide (PI) for 15 min in the
dark. Then, 400 L Annexin V Binding Solution
was added and analyzed with FACSCalibur Flow
Cytometer (BD Biosciences, Franklin Lakes, NJ,
USA).

S$GC-7901 Xenograft Model

BALB/c nude mice (male, 4-6-weeks old and
16-20 g) were purchased from the animal experi-
ment center of Nanjing Medical University (Nan-
jing, Jiangsu, China). All animal experiments
were carried out in accordance with the Guide
for the Care and Use of Nanjing Medical Uni-
versity. To establish GC xenograft model, 210°
cells in 200 pL phosphate-buffered saline (PBS)
were inoculated subcutaneously into the flanks
of nude mice. The tumor size was monitored by
measuring the length (L) and width (W) s every 6
days, and the volumes were calculated as follows:
(LW?)/2%,

Mice were sacrificed on day 36 to remove
the tumors. Next, the weight of tumors was
measured, apoptosis of tumors was detect-
ed by TdT-mediated dUTP nick end labeling
(TUNEL) assay (C10617; Thermo Fisher Scien-
tific, Waltham, MA, USA), immunohistochemi-
cally detection of marker of proliferation Ki-67
(Ki67) was performed and total RNAs and
proteins were isolated to measure levels of miR-
497-5p and PIK3R1.

Immunohistochemistry

Immunohistochemistry was performed as pre-
viously described. In brief, the removed tumors
were cut and embedded in paraffin. Then, serial
sections (5 um) were cut and deparaffinized in
xylene twice for 10 min each, rehydrated through
graded alcohols (100%, 95%, 80% and 60%) for
5 min each, incubated for antigen retrieval in
Retrieval Solution (P0086, Beyotime Co.,Ltd.,
Shanghai, China). After incubation with 3% hy-
drogen peroxide and blocked with 3% bovine
serum albumin (BSA), slides were incubated
with the ki67 primary antibody (ab15580, Abcam,
Cambridge, UK) at 4°C overnight. After washing,
slides were incubated with biotinylated anti-rab-
bit IgG for 45 min (1:200, ab7096, Abcam, Cam-
bridge, UK), followed by ABC complex (A0303,
Beyotime Co., Ltd., Shanghai, China). The slides
were visualized using diaminobenzidine (DAB;
P0203, Beyotime Co., Ltd., Shanghai, China) and
counterstained with HE.
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Statistical Analysis

All experiments were repeated at least 3 times
and results are presented as the means + standard
error mean (SEM). Statistical analysis was ana-
lyzed through SPSS 20.0 software (IBM SPSS,
Armonk, NY, USA). To detect significant dif-
ferences, Student’s ¢-test was performed for two
groups and Tukey’s multiple comparisons test or
Dunnett’s test after ANOVA test were performed
for three or more groups. p<0.05 was considered
statistically significant.

Results

Level and Role of NEATT in GC Tissues
and Cell Models

To explore the role of NEAT1 in GC, NEAT1
expression levels was first quantified in GC tis-
sues. QRT-PCR results showed NEAT1 expres-
sion was significantly upregulated in GC tissues
compared with adjacent normal tissues (Figure
1 A). Our detailed analysis found the elevated
NEATI1 level was significantly associated with
the clinic stages of GC and lymphatic metastasis.
Meanwhile, NEATI1 expression level was not sig-
nificantly associated with tumor depth or distant
metastasis (Table II), indicating NEAT1 upregu-
lating might be associated with GC progresses.

Subsequently, NEAT1 was knocked down by
siRNAs (pLO-#1 NEAT1 and pLO-#2 NEATI)
in SGC-7901 and HGC-27 GC cells, whose trans-
fection efficiency were verified by qRT-PCR.
NEATI expression was remarkably decreased by
siRNA in both cell lines as compared to that in
control (NC, pLO-siRNA; Figure 1 B). Then, the
cell proliferation and apoptosis were measured
by MTT assay and flow cytometry, respectively,
showing NEAT1 knockdown significantly inhib-
ited cell growth and promoted cell apoptosis in
SGC-7901 and HGC-27 cells (Figure 1 C and D).
We also measured the expression levels of the key
proteins in the regulation of cell cycle and apopto-
sis. Cyclin-dependent kinase inhibitor 1A (CDK-
NI1A, p21) is a cyclin-dependent kinase inhibitor
and cyclin D1 is required for progression through
the Gl phase of the cell cycle. In SGC-7901
and HGC-27 cells, NEAT1 knockdown elevated
protein expression of CDKNIA and decreased
cyclin DI protein expression. BCL2 apoptosis
regulator (Bcl-2) level was decreased. In con-
trast, pro-apoptotic BCL2 Associated X, Apopto-
sis Regulator (Bax), and cleaved caspase-3 levels
were increased (Figure 1 E). Together, our results

suggested NEAT1 was aberrantly expressed as a
tumor facilitator in GC.

Effects of MiR-497-5p on GC Cell Models

The miR-497-5p level was significantly de-
creased in GC tissues compared with adjacent
normal tissues (Figure 2 A). The chemosynthetic
miR-497-5p mimics was employed and trans-
fected into SGC-7901 and HGC-27 cells, whose
transfection efficiency was verified (Figure 2 B).
MTT assay and flow cytometry illustrated miR-
497-5p overexpression inhibited proliferation and
promoted apoptosis in SGC-7901 and HGC-27
cells compared to scramble control (NC, miR
mimics; Figure 2 C and D). Moreover, miR-
497-5p overexpression dramatically enhanced
expression levels of CDKNIA, Bax and cleaved
caspase-3, as well as decreased levels of cyclin
D1 and Bcl-2 (Figure 2 E). Taken together, our
data demonstrated miR-497-5p upregulation in-
hibited proliferation and promoted apoptosis in
GC cells.

Relationship Between NEATI and
MiR-497-5p

The correlations between NEAT1 and miR-
497-5p expression in GC tissues were determined
by qRT-PCR, suggesting miR-497-5p expression
was negatively correlated with NEAT1 level (Fig-
ure 3 A). The binding sites of miR-497-5p on
NEATI1 were predicted through miRDB (http://
www.mirdb.org/, Figure 3 B). Therefore, we
speculated that NEAT1 might negatively regulate
expression of miR-497-5p by directly binding to
it. To verify our hypothesis, NEAT1 overexpres-
sion plasmid was constructed and transfected
into SGC-7901 and HGC-27 cells (Figure 3 C).
RNA pulldown assay showed miR-497-5p ex-
pression was highly enriched by overexpression
of NEAT1 (Figure 3 D). Besides, NEAT1 overex-
pression significantly decreased miR-497-5p level
and NEAT1 knockdown could enhance miR-497-
5p expression (Figure 3 E). Collectively, these
results suggested NEATI negatively regulated
miR-497-5p expression level as sponges.

PIK3R1 Was a Target of MiR-497-5p
PIK3R1 was predicted to be one of the po-
tential targets of miR-497-5p using TargetScan
(http://www.targetscan.org/vert 71/). Therefore,
we constructed dual-luciferase reporter plasmids
containing WT or mutants of PIK3R1 3’UTR
(Figure 4 A). Plasmids containing PIK3RI
3’UTR were co-transfected into 293T cells with
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Table II. Correlation between NEAT1 expression in gastric cancer specimens and clinicopathological features.

Characteristics No. High expression (%) Low expression (%) P
Gender
Female 26 10 (38.5) 16 (61.5) 0.505
Male 34 16 (47.1) 18 (52.9)
Age (years)
<50 23 9(39.1) 14 (60.9) 0.604
>350 37 17 (45.9) 20 (54.1)
Tumor
<3cm 32 18 (56.3) 14 (43.7) 0.031
>3 cm 28 8(28.6) 20 (71.4)
Clinical stage
[-11 28 3(10.7) 25 (89.3) <0.001
[I-1v 32 23 (71.9) 9(28.1)
Tumor depth
T1-T2 36 15 (41.7) 21 (58.3) 0.750
T3-T4 24 11 (45.8) 13 (54.2)
Lymph node metastasis
NO-N1 32 6 (18.8) 26 (81.2) <0.001
N2-N3 28 20 (71.4) 8(28.6)
Distant metastasis
MO 24 6 (25.0) 18 (75.0) 0.019
M1 36 20 (55.6) 16 (44.4)

miR-497-5p or NC (miR mimics). Then, the rela-
tive luciferase activities were measured. Our re-
sults showed mutations on the 3’UTR of PIK3R1
abolished the suppressive ability of miR-497-5p
compared with wild type (Figure 4 B left). We
also co-transfected luciferase reporter plasmids
with NEATI overexpression plasmids or NC,
further confirming that decrease of miR-497-5p
by NEAT1 overexpression could enhance the
relative luciferase activities under the condition
of WT 3’UTR of PIK3R1 (Figure 4 B right). Fur-
thermore, cells expressing miR-497-5p possessed
remarkably decreased PIK3R1 protein level, and
cells expressing NEAT1 showed the contrary
results (Figure 4 C-D). PIK3R1 was a target of
miR-497-5p and NEAT1 could regulate PIK3R1
expression through regulating miR-497-5p.

Effects of NEAT1/MiR-497-5p/PIK3R1
axis In Vitro

To determine whether NEATI1 regulated cell
proliferation and cell apoptosis through miR-
497-5p/PIK3R1 in vitro, we first determined the
protein levels of PIK3RI1 in cells expressing
NEAT1 combined with miR-497-5p mimics or
the corresponding controls respectively. Our data
showed co-expression of miR-497-5p mimics and
NEATI1 abolished NEAT1-induced upregulation
of PIK3R1 (Figure 5 A), reversed the promotion
effect of NEATI on cell proliferation (Figure 5
B), and alleviated the inhibitory effect of NEAT1

on apoptosis (Figure 5 C). Moreover, we found
co-expression of miR-497-5p mimics and NEAT1
also reversed expression levels of CDKNIA, cy-
clin D1, Bcl2, Bax, and cleaved caspase-3 induced
by NEATI (Figure 5 D), illustrating NEAT]1 reg-
ulated GC cell proliferation and cell apoptosis
through miR-497-5p/PIK3R1 axis in vitro.

Effects of NEAT1/MiR-497-5p/PIK3R1
axis In Vivo

We established GC xenograft model using
BALB/c nude mice. Tumors expressing siNEAT1
(SINEAT1 group) were smaller than those ex-
pressing NC (Vector, NC group; Figure 6 A). Im-
muno-histochemical results of Ki67 showed that
Ki67 expression in siNEAT1 group was much
less than that in NC group (Figure 6 B). Apopto-
sis in sSINEAT1 group was promoted than that in
the NC group detected by TUNEL assay (Figure
6 C). The miR-497-5p level was increased upon
SINEATI1 treatment (Figure 6 D), and PIK3R1
protein level was decreased (Figure 6 E). Our in
vivo results indicated NEAT1 knockdown could
inhibit tumor growth by upregulating miR-497-
5p, which in turn decreasing PIK3R1 expression.

Discussion

Due to the development of IncRNA microar-
ray and data mining technology, many IncRNAs

6919



T00°0> s S10°0>d t4s "OUSL) HAJ VD 01 PazZIjewIou pue (d3ew] y3noay) pazAjeur oArjeijuenb-1wos
219M S10[q AU [, “(3J]) UMOUS 2IoM J0[q UIAISIA\ JO SaSewll 9A1eIuasaIday] ‘7 11 uonoyap sisoydode [J/A-urxauuy Aq painseaw sem sisoydode [[9) ‘@ “Aesse [ N Aq painseouwr
sem 3moI3 [0 9 ((DN) [01JU0D SE PISH SeM SOTWIW-YIW “SOTWIW dG-/ 6= TW YIIM PIIOQJSULI) S[[90 O} UT POUTULIONOP dIoM S[OAS] uoIssaIdxo dg-/ 641N ‘g ~IDd-1db Aq
PAINSEIW 2IOM SINSSI) [BULIOU JUdJR[PE puE SANSSH DO Ul S[OAJ] YN YW dS-£ 6~ ‘B S[190 DD jo sisoydode pajowoid pue uonerojijord pessarddns dg-/ g1 " 24nbi4

T-F. Xia, J. Chen, K. Wu, J. Zhang, Q. Yan

P
S50 & [ = | HOdVO A dbettv
&ao%.@& ‘0000060 ¢-osedsed 0 3 o000k 00, 0k0t (04, 0% O} 0L 0Ll
<]
o xe S gzl 79510 501 89210
T === = o s [w | s [a ] w
> < H z1eg o =3 S s z
- mm n N — oy \.No (O o M
L 1o X
T = [0 m.m _m_ Lauisto solwiw dg-764- _Eom D ersf, 0 |z 0t |
. X% s5g _‘NQ il G-L67-d! 14 14
. X sojwIw ¥ ™ ojgor | Foj g0t
HAdvo
00 2 m_ ¢-asedses 0 > 00 mS.NS oot g0k, 0F O} 0L ool T
co 22 [== —]poneain ” 0ns | o= 856 \
=23 xeq o) = €0 €0 (7))
2; - 2 - @
Mol T=Jere g : i
KX [e) 3 : ~
FHK . =] m” m_ FD:__0>O s T3 0€ W 6ClL 6.6 %
SL S solww dg-76-yiw 20 20 -
solww dg-26p-y!w il Lzd C 1
solww ¥iw Solt solwiw dg-76p-yiw solwiw yiw
H H - . . m H H = . - H - - Q
(y) swiy (y) swiy
8y 9¢ vZ 21 0 00 87 9¢€ vZ ¢I 0 0’0 % 19 1@ W jusdelpy Jownj 0 W
= Iy o
90 90 B39 g g 2 m... gs
. Qo S l o
i Z'l i L 3 F ' 0S I oy w 3 w 3
. T 0oL ¥ 0g 27 ¢ 27
solww dg-Z6p-yiw+ 8 ¥ soluw dg-z6p-yiw - 8§ soniw dg-z6p-yiw T solwnw dg-z6p-diw T S & Sh
SOIWIW YIw - solwiw Yiw - = Solwiw yiw SOl yiw - R H
LZ-O9H 106,-09S L2-09H L06.,-29S g € 3

6920



NEAT1 regulated miR-497-5p/PIK3R1 axis in cancer

= r=-0.2810 p=0.0256 B

<5 1g . NEAT1 5-TGAATGTTTCCTCTCTGCTGCTGCAGTAAG-3’

Z% o | |

O 4 .o

£8 2 ®IT

5% 0 . -

g 024586 810 miR-497-5p  3’-UGUUUGGUGUCACACGACGAC-5’

Relative miR-497-5p
expression
C SGC-7901 HGC-27 SGC-7901 HGC-27

pcDNA.3.1 pcDNA.3.1 pcDNA.3.1 pcDNA.3.1
NEAT1 NEAT1 NEAT1 NEAT1

*kk k%

k%% *k%k

expression

:
:

Relative NEAT1
NS
o O
A ®
o O
Relative miR-497-5p

enrichment
o N &~ O
E
O N b O

E SGC-7901 HGC-27 SGC-7901 HGC-27
pLO-siRNA pLO-siRNA
=3 pcDNA.3.1 pcDNA.3.1 2 pLO-1# NEAT1 pLO-1# NEAT1
~ NEAT1 NEAT1 ~ pLO-2# NEAT1 pLO-2# NEAT1
$512 1.2 2521 o e 21 P
(v [\ 7]
£808 0.8 w EO14 1.4
2504 = 04 2%o7 07
& &
g oo 0.0 g o0 0.0
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luciferase activities of cell lysis were measured. C, D, Representative images of Western blot were shown (top). The blots were
semi-quantitative analyzed through ImageJ and normalized to GAPDH (bottom). **: p<0.01; ***: p<0.001.
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Figure 6. NEATI1 knock-own inhibited tumor growth in vivo. A, Representative pictures of excised tumors (left), tumor
growth curves (middle) and weight (right) of the excised tumors were shown. siNEAT1: NEATI knockdown group; Vector:
control group (NC). B, Representative pictures of expression of Ki67 detected with immunohistochemical staining were
shown. C, Representative pictures of TUNEL assay were shown. D, Expression levels of miR-497-5p in tumors were measured
by qRT-PCR. E, Representative images of Western blot detecting PIK3R1 in tumors were shown (left). The blots were semi-
quantitative analyzed through ImageJ and normalized to GAPDH (right). **: p<0.01; ***: p<0.001.

were found differentially expressed in GC tissues,
which have been considered as novel diagnostic
and prognosis biomarkers in tumorigenesis of
GC?2, In this study, we discovered NEAT1 was
aberrantly upregulated in GC tissues compared
with adjacent normal tissues. Our GC cell model
further confirmed NEAT1 promoted cell prolif-
eration and inhibited cell apoptosis in vitro and
in vivo. Wang et al?’ draw a similar conclusion
i.e., that NEAT1 was upregulated in GC, which
promoted cell viability and migration by con-
trolling the expression of miR-17. Researches?*-°
also reported NEAT1 was aberrantly expressed
in endometrial endometrioid adenocarcinoma,
cervical carcinoma, multiple myeloma, hepato-
cellular carcinoma, clear cell renal cell carcino-
ma, colorectal cancer, and glioma. These results
suggested that NEAT1 functioned as an oncogene
in tumorigenesis.

Previous studies®* revealed miR-497-5p level
was decreased in various types of cancers. A
decreased miR-497-5p expression could promote

cell proliferation, migration, invasion, and inhibit
apoptosis. Consistently, we discovered similar
miR-497-5p-mediated cellular events in GC. Of
note, we confirmed that a decreased miR-497-5p
level was negatively correlated with NEAT1 ex-
pression in GC tissues. The binding sites between
NEATI1 and miR-497-5p were validated by RNA
pull-down assay, and the miR-497-5p level was
negatively regulated by NEAT1 in GC cells.

Our further work identified PIK3R1 as a tar-
get of miR-497-5p in GC cells. NEAT1 overex-
pression in GC cells upregulated PIK3R1 level
by suppressing miR-497-5p expression. Based
on these foundations, we performed “rescue”
experiments to verify our hypothesis. Co-ex-
pression of miR-497-5p and NEAT] significant-
ly abolished the NEAT1 overexpression-altered
PIK3R1 level, cell proliferation, and apoptosis
in vitro experiment. The in vivo experiment
in xenograft model exhibited NEATI1 knock-
down, inhibited the tumor growth, and miR-
497-5p was upregulated, and adversely, PIK3R1
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was downregulated. Taken together, our results
suggested NEATI1 functioned as an oncogene
in GC through the miR-497-5p/PIK3R1 axis.
In breast cancer, miR-497-5p suppressed an-
giogenesis or inhibited epithelial-mesenchymal
transition (EMT) by targeting hypoxia-inducible
factor 1 subunit alpha (HIF-1a), or snail family
transcriptional repressor 2 (Slug)*%%, In cer-
vical cancer and colorectal cancer, miR-475-5p
played a tumor-suppressive role by targeting in-
sulin-like growth factor 1 receptor (IGF1R)?>4,
In GC, miR-497-5p inhibited cell proliferation
and invasion via eukaryotic translation initia-
tion factor 4E (eIFAE)*, indicating miR-497-5p
could regulate cellular function through differ-
ent targets. However, an in-depth study regard-
ing whether NEAT]1 functioned as an oncogene
through other targets (such as IGFIR orelF4E)
via miR-497-5p in GC needs to be further in-
vestigated.

PIK3R1 encodes the regulatory subunit of
class I phosphoinositide 3 kinases (PI3Ks), which
could regulate various cellular functions and was
involved in tumorigenesis via PI3K/phosphatase
and tensin homolog (PTEN)/protein kinase B
(AKT) pathway**. However, the role of PIK3R1
seems contradictory in different types of can-
cers. Decreased PIK3R1 level has been reported
in prostate cancer, lung cancer, and liver can-
cers. Liver-specific deletion of PIK3R1 in mice
promoted live tumorigenesis through the PI3K/
PTEN/AKT pathway®”. Huang et al* reported
PIK3R1 was upregulated in hepatocellular car-
cinoma and promoted tumor progression. Thus,
PIK3R1 might exert dual functions in tumorigen-
esis. In this study, we discovered PIK3R1 level
could be induced by NEATI in GC and subse-
quently promoted GC progression.

Conclusions

We suggested NEAT1 could function as an
oncogene in GC by upregulating PIK3R1 ex-
pression via decreasing miR-497-5p expression,
which provided valuable insights into the under-
lying regulation signaling in gastric cancer devel-
opment, shedding lights on NEAT1 as promising
therapeutic target from bench to clinic.

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

6924

10)

11)

References

CHivu-Economescu M, MaTer L, Necura LG, Dracu
DL, Bieotu C, Diaconu CC. New therapeutic op-
tions opened by the molecular classification of
gastric cancer. World J Gastroenterol 2018; 24:
1942-1961.

SHU Y, ZHANG W, Hou Q, ZHAo L, ZHANG S, ZHou J,
SoNG X, ZHANG Y, JIANG D, CHEN X, WANG P, Xia X, Li-
Ao F, YiN D, CHEN X, ZHou X, ZHANG D, YIN S, YANG K,
Liw J, Fu L, ZHANG L, WANG Y, ZHANG J, AN Y, CHENG
H, ZHeng B, Sun H, ZHAo Y, WANG Y, XiE D, OuvanGg
L, WANG P, ZHANG W, Qiu M, Fu X, Dal L, HE G, YanG
H, CHEnG W, YAaNG L, Liu B, Li W, DonG B, ZHou Z,
WE'Y, PenG Y, Xu H, Hu J. Prognostic significance
of frequent CLDN18-ARHGAP26/6 fusion in gas-
tric signet-ring cell cancer. Nat Commun 2018; 9:
2447.

ZHANG J, Liu X, Yu G, Lwu L, WANG J, CHEN X, BIAN
Y, Y, Znou X, CHEN Y, Ji J, XianG Z, Guo L, FANG
J, Sun'Y, Cao H, ZHu Z, Yu Y. UBE2C is a potential
biomarker of intestinal-type gastric cancer with
chromosomal instability. Front Pharmacol 2018;
9: 847.

WAaNG YL, GE XX, WANG Y, Xu MD, GonG FR, Tao M,
WaNG W, SHou LM, CHen K, Wu MY, Li W. The values
of applying classification and counts of white blood
cells to the prognostic evaluation of resectable gas-
tric cancers. BMC Gastroenterol 2018; 18: 99.

ANAasTAsiaDOU E, FaGaiont A, Trivepi P, Stack FJ. The
nefarious nexus of noncoding RNAs in cancer. Int
J Mol Sci 2018; 19. pii: E2072.

DonG BS, SHi MJ, Su SB, Zhnang H. Insight in-
to long noncoding competing endogenous RNA
networks in hepatic fibrosis: the potential impli-
cations for mechanism and therapy. Gene 2019;
687: 255-260.

MARcHESE FP, RaivonDt |, Huarte M. The multidimen-
sional mechanisms of long noncoding RNA func-
tion. Genome Biol 2017; 18: 206.

WANG Z, FAN P, ZHAO Y, ZHANG S, Lu J, XIE W, JIANG
Y, Let F, Xu N, ZHanG Y. NEAT1 modulates her-
pes simplex virus-1 replication by regulating viral
gene transcription. Cel Mol Life Sci 2017; 74: 1117-
1131.

ZHANG F, Wu L, QiaN J, Qu B, XIAS, LAT, Wu Y,
Ma J, ZenG J, Guo Q, Cul Y, YANG 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.

IpoGgawa M, OHasHI T, Sasaki Y, Nakase H, Tokino T.
Long non-coding RNA NEAT1 is a transcriptional
target of p53 and modulates p53-induced trans-
activation and tumor-suppressor function. Int J
Cancer 2017; 140: 2785-2791.

MeLLo SS, Sinow C, Ras N, Mazur PK, BieGING RK,
Broz DK, Imam JFC, VogeL H, Woob LD, Sace J, Hi-
ROSE T, NAKAGAWA S, RINN J, AtTarpl LD. Neatl is
a p53-inducible lincRNA essential for transfor-
mation suppression. Genes Dev 2017; 31: 1095-
1108.



NEAT1 regulated miR-497-5p/PIK3R1 axis in cancer

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

Sun C, LS, ZHANG F, X1'Y, WanG L, Bi 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.

Fu JW, KonG Y, Sun X. Long noncoding RNA
NEAT1 is an unfavorable prognostic factor and
regulates migration and invasion in gastric can-
cer. J Cancer Res Clin Oncol 2016; 142: 1571-
1579.

ZHANG J, ZHAO B, CHEN X, WANG Z, Xu H, HuaNnG B.
Silence of long noncoding RNA NEAT1 inhibits
malignant biological behaviors and chemothera-
py resistance in gastric cancer. Pathol Oncol Res
2018; 24: 109-113.

CHAI L, KANG X, SuN Z, Zeng M, Yu S, DING Y, LIANG
J, Li T, ZHao J. MiR-497-5p, miR-195-5p and miR-
455-3p function as tumor suppressors by tar-
geting hTERT in melanoma A375 cells. Cancer
Manag Res 2018; 10: 989-1003.

WANG P, MenGg X, Huang Y, Lv Z, Liu J, WaNG G,
MenG W, Xue S, ZHANG Q, ZHANG P, CHEN G. MicroR-
NA-497 inhibits thyroid cancer tumor growth and
invasion by suppressing BDNF. Oncotarget 2017;
8: 2825-2834.

Kong XJ, Duan LJ, Qian XQ, Xu D, Liu HL, Zhu YJ,
Qi J. Tumor-suppressive microRNA-497 targets
IKKbeta to regulate NF-kappaB signaling path-
way in human prostate cancer cells. Am J Can-
cer Res 2015; 5: 1795-1804.

Xu J, WanG T, Cao Z, HuanG H, Li J, Liu W, Liu S,
You L, ZHou L, ZHANG T, ZHAo Y. MiR-497 downreg-
ulation contributes to the malignancy of pancreat-
ic cancer and associates with a poor prognosis.
Oncotarget 2014; 5: 6983-6993.

WaNG W, REN F, Wu Q, JianGg D, Li H, SHi H. Mi-
croRNA-497 suppresses angiogenesis by tar-
geting vascular endothelial growth factor A
through the PISK/AKT and MAPK/ERK path-
ways in ovarian cancer. Oncol Rep 2014; 32:
2127-2133.

ZHao W, WANG Y, AN Z, SHI C, ZHU G, WANG B, Lu
M, Pan C, CHen P. Downregulation of miR-497 pro-
motes tumor growth and angiogenesis by target-
ing HDGF in non-small cell lung cancer. Biochem
Bioph Res Commun 2013; 435: 466-471.

WEe C, Luo Q, Sun X, Li D, SonG H, Li X, SonG J, Hua
K, FanG L. MicroRNA-497 induces cell apoptosis
by negatively regulating Bcl-2 protein expression
at the posttranscriptional level in human breast
cancer. International J Clin Exp Pathol 2015; 8:
7729-7739.

Guo ST, Jiang CC, WanG GP, L1 Y, Wang CY, Guo
XY, YANG H, FENG Y, WANG F, TsenG H, THORNE RF, JiN
L, ZnanGg XD. MicroRNA-497 targets insulin-like
growth factor 1 receptor and has a tumour sup-
pressive role in human colorectal cancer. Onco-
gene 2013; 32: 1910-1920.

Morisaki T, YAsHIRO M, KAKEHASHI A, INAGAKI A,
KinosHiTA H, Fukuoka T, KasasHivA H, Masuba G,
Sakural K, Kueo N, MuGuruma K, OHIRA M, WANIBU-

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

cHi H, Hirakawa K. Comparative proteomics anal-
ysis of gastric cancer stem cells. PloS One 2014;
9: e110736.

MArsHALL DJ, HArriep SS, MurpHy JL, HaLL CA,
SHEKHANI MS, PaIN C, Lyons CA, CHiLLEMI A, MALA-
vAsl F, PEarce HL, THorsoN JS, Prupent JR. Extra-
cellular antibody drug conjugates exploiting the
proximity of two proteins. Mol Ther 2016; 24:
1760-1770.

SonG H, Sun W, YE G, DING X, Liu Z, ZHANG S, XIA
T, Xino B, X1 Y, Guo J. Long non-coding RNA ex-
pression profile in human gastric cancer and
its clinical significances. J Transl Med 2013; 11:
225.

TiaN X, ZHu X, YAN' T, Yu C, SHEN C, HonG J, CHeN H,
Fang J. Differentially expressed IncRNAs in gas-
tric cancer patients: a potential biomarker for gas-
tric cancer prognosis. J Cancer 2017; 8: 2575-
2586.

WanG CL, WanG D, Yan BZ, Fu JW, QN L. Long
non-coding RNA NEAT1 promotes viability and
migration of gastric cancer cell lines through
up-regulation of microRNA-17. Eur Rev Med
Pharmacol Sci 2018; 22: 4128-4137.

L Z, We D, Yang C, Sun H, Lu T, Kuang D. Over-
expression of long noncoding RNA, NEAT1 pro-
motes cell proliferation, invasion and migration
in endometrial endometrioid adenocarcinoma.
Biomed Pharmacother 2016; 84: 244-251.

Guo HM, YanG SH, ZHao SZ, Li L, YAN MT, Fan
MC. LncRNA NEAT1 regulates cervical carcino-
ma proliferation and invasion by targeting AKT/
PI3K. Eur Rev Med Pharmacol Sci 2018; 22:
4090-4097.

Xu H, Li J, Zhou ZG. NEAT1 promotes cell pro-
liferation in multiple myeloma by activating PI3K/
AKT pathway. Eur Rev Med Pharmacol Sci 2018;
22: 6403-6411.

WANG Z, Zou Q, SonG M, CHen J. NEAT1 promotes
cell proliferation and invasion in hepatocellular
carcinoma by negative regulating miR-613 ex-
pression. Biomed Pharmacother 2017; 94: 612-
618.

Ning L, Li Z, Wer D, CHen H, Yang C. LncRNA,
NEAT1 is a prognosis biomarker and regulates
cancer progression via epithelial-mesenchymal
transition in clear cell renal cell carcinoma. Can-
cer Biomark 2017; 19: 75-83.

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

YaNG X, Xiao Z, Du X, Huang L, Du G. Silencing of
the long non-coding RNA NEAT1 suppresses gli-
oma stem-like properties through modulation of
the miR-107/CDK6 pathway. Oncol Rep 2017; 37:
555-562.

ZHeN L, Yun-Hur L, Hong-Yu D, Jun M, Yi-LonG Y.
Long noncoding RNA NEAT1 promotes glioma
pathogenesis by regulating miR-449b-5p/c-Met
axis. Tumor Biol 2016; 37: 673-683.

6925



T.-F. Xia, J. Chen, K. Wu, J.

Zhang, Q. Yan

36)

37)

38)

39)

40)

CHEN Y, KuanG D, ZHAo X, CHEN D, WANG X, YANG Q,
WAN J, ZHU Y, WANG Y, ZHANG S, WANG Y, TAanG Q,
Masuzawa M, WaNG G, Duan Y. MiR-497-5p inhibits
cell proliferation and invasion by targeting KCa3.1
in angiosarcoma. Oncotarget 2016; 7: 58148-
58161.

CHEN X, SHI C, WaNG C, Liu W, CHu Y, XiaNG Z, Hu
K, Dong P, Han X. The role of miR-497-5p in myo-
fibroblast differentiation of LR-MSCs and pulmo-
nary fibrogenesis. Sci Rep 2017; 7: 40958.

Wu Z, Cal X, HuanG C, Xu J, Liu A. MiR-497 sup-
presses angiogenesis in breast carcinoma by
targeting HIF-1a. Oncol Rep 2016; 35: 1696-
1702.

Wu Z, Li X, Car X, HuanG C, ZHenGg M. MiR-497 in-
hibits epithelial mesenchymal transition in breast
carcinoma by targeting Slug. Tumor Biol 2016; 37:
7939-7950.

Luo M, SHEn D, Znou X, CHEN X, WanG W. MicroR-
NA-497 is a potential prognostic marker in human
cervical cancer and functions as a tumor sup-

6926

41)

42)

43)

44)

pressor by targeting the insulin-like growth factor
1 receptor. Surgery 2013; 153: 836-847.

Li W, Jin X, DeENG X, ZHANG G, ZHANG B, Ma L. The
putative tumor suppressor microRNA-497 mod-
ulates gastric cancer cell proliferation and inva-
sion by repressing elF4E. Biochem Bioph Res Co
2014; 449: 235-240.

Hamipi A, SonG J, THAKUR N, Itom S, MARUSSON A,
BerGH A, Hewbin CH, LanpstrROM M. TGF-beta pro-
motes PISK-AKT signaling and prostate can-
cer cell migration through the TRAF6-mediated
ubiquitylation of p85a. Sci Signal 2017; 10. pii:
eaal4186.

MARrsHALL JDS, WHitecross DE, MELLOR P, ANDERSON
DH. Impact of p85a alterations in cancer. Biomol-
ecules 2019; 9: 29. pii: E29.

Huang XP, Hou J, SHEN XY, Huang CY, ZHANG XH, XIE
YA, Luo XL. MicroRNA-486-5p, which is downreg-
ulated in hepatocellular carcinoma, suppresses
tumor growth by targeting PIK3R1. FEBS J 2015;
282: 579-594.



