OncoTargets and Therapy

Dove

ORIGINAL RESEARCH

Long non-coding RNA LINCO00665 gastric cancer
tumorigenesis by regulation miR-149-3p/RNF2

axis

Hongyang Qi

Zhanyu Xiao

Yunxi Wang

Department of Gastroenterology, The
Central Hospital of Xinxiang, Xinxiang,

Henan 453000, People’s Republic of
China

Correspondence: Hongyang Qi
Department of Gastroenterology, The
Central Hospital of Xinxiang, No. 56
Jinsui Road, Xinxiang, Henan 453000,
People’s Republic of China

Email qihongyangsun@163.com

This article was published in the following Dove Press journal:
OncoTargets and Therapy

Background: Recently, LINC00665 has been reported to be a pivotal regulator in kinds of
malignancy, such as lung cancer and liver cancer. However, the functions and underlying
mechanisms of LINC00665 in gastric cancer (GC) remain unclear.

Materials and methods: We recruited 49 paired GC tissue to explore LINC00665
expression by qRT-PCR. In vitro function assays were used to explore the roles of
LINC00665 in GC progression. Moreover, the interaction among LINC00665, miR-149-3p
and RNF2 was explored by bioinformatics analysis and luciferase reporter assay.

Results: In the present study, we found that LINCO00665 expression was significantly
elevated in GC tissues and cell lines. High LINC00665 expression was associated with
TNM stage, histological grade, and poor prognosis of GC patients. Function assays showed
that LINC00665 suppression significantly reduced GC cells viability and invasion ability in
vitro. Mechanistic analysis showed that LINC00665 might serve as a ceRNA for miR-149-3p
to regulate the expression of RNF2.

Conclusion: Our current study revealed the LINC00665/miR-149-3p/RNF2 axis was
involved in GC progression, providing novel insights into the treatment for GC.
Keywords: gastric cancer, LINC00665, miR-149-3p, RNF2

Introduction

Gastric cancer (GC), one of the most common malignancies, accounts for almost
10% of all cancer death worldwide."? As a consequence of the negligence regard-
ing self-inspection and regular clinical examination, GC is frequently diagnosed at
an advanced stage.>* Although a great number of improvements in diagnostic and
treatment have been achieved in the past years, the 5-year survival rate of GC
remains approximately 25-30%.> Therefore, it is an urgent need to explore the
underlying mechanisms involved in GC development.

Long non-coding RNA (IncRNA), a subset of ncRNAs, is longer than 200
nucleotides and without translation of proteins.® LncRNAs have gradually got the
attention of investigators for their implications in all sorts of biological processes of
diseases via molecular mechanisms causing transcriptional, post-transcriptional,
and even epigenetic alterations, especially in carcinomas.”® For instance,
Xiao et al found that IncRNA HMIincRNA717 expression was significantly
reduced and associated with poor prognosis of patients with lung cancer.’
Hua et al revealed that IncRNA NNT-AS1 could promote cell proliferation and
invasion through Wnt/B-catenin signaling pathway in cervical cancer.'® Gu et al
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suggested that IncRNA MALAT1 might act as an onco-
gene in Multiple Myeloma by sponging miR-509-5p to
modulate FOXP1 expression.'!

LINCO00665, located in chromosome 19, has recently
been reported to be upregulated and functioned as a puta-
tive oncogenic IncRNA in several types of human cancer.
For example, Wen et al showed that Overexpression of
LINC00665 was involved in the regulation of cell cycle
pathways in hepatocellular carcinoma by ten identified hub
genes.'? Cong et al showed that 1inc00665 promoted lung
adenocarcinoma progression and functioned as ceRNA to
regulate AKR1B10-ERK signaling by sponging miR-98."
However, the functions and underlying mechanisms of
LINCO00665 in GC remain unestablished.

In the present study, the functions of LINC00665 in
GC were determined and extra mechanisms establishing
the basis of the carcinogenic role of LINC00665 were also
revealed. Totally, we found that LINC00665 promoted the
proliferation and invasion by sponging miR-149-3p to

upregulate RNF2 expression in GC.

Materials and methods
Clinical specimens

A total of 49 paired GC tissue specimens were
obtained from patients who underwent radical gastrect-
omy in the Department of Gastroenterology, The
Central Hospital of Xinxiang. All patients who under-
went surgical treatment without preoperative radiother-
apy and/or chemotherapy. All fresh specimens were
immediately placed in liquid nitrogen and stored at
—80 °C until use. The study was approved by the
Medical Ethics Committee of the Central Hospital of
Xinxiang. Written informed consent was collected from
every participant. Experiments involving human tissues
were conducted in accordance with the Declaration of
Helsinki.

Cell culture and transfection

Human GC cells (AGS, SGC-7901, HGC27, MGC-803,
MKN-45, and BGC-823) and normal gastric epithelial
cells (GES-1) were bought from American Type Culture
Collection (ATCC, USA) and maintained in RPMI1640
medium (Gibco, NY, USA) supplemented with 10% fetal
bovine serum (FBS; Gibco), 100 U/mL penicillin (Gibco),
and 100 mg/mL streptomycin (Gibco) at 37 °C in a humi-
dified atmosphere with 5% CO,.

For the knockdown of LINC00665, sh-LINC00665
#1/2/3 were obtained from Ribo Biotech (Guangzhou,
China). miR-149-3p mimics, miR-149-3p inhibitors, and
overexpression RNF2 vector (pCDNA3.1-RNF2) were
China). GC
cells transfected with mimics or plasmid vector by

obtained from GenePharma (Shanghai,

Lipofectamine 2000 (Invitrogen) according to the
protocol.

RNA isolation and gqRT-PCR

Total RNA was extracted from tissues or cells using
TRIzol reagent (Invitrogen) according to the protocol. To
detect mRNA expression of LINC00665 and RNF2,
extracted RNA was reversely transcribed into cDNA by
PrimeScript One-step RT-PCR kit (Takara, China). For
miR-149-3p expression analysis, cDNA was synthesized
from 50 ng extracted RNA using a miScript reverse tran-
scription kit (Qiagen, Germany). SYBR Green Master Mix
(Life Technologies) was used for gene expression level
measurement. The qRT-PCR procedures were performed
as follows: 50 °C for 2 min, 95 °C for 10 min, 35 cycles at
95 °C for 15 s, and 60 °C for 1 min. The expression levels
were calculated using the 272" method with GAPDH
used for the normalization of the mRNA, and U6 for the
miRNA.

Cell proliferation assay

For 5-ethynyl-2-deoxyuridine (EdU) assay, 24-well culture
plates were applied to culture transfected cells. The newly
synthesized DNA was visualized with an EdU imaging kit
(Life Technologies) to assess cell proliferation. The num-
ber of EAU positive cells was calculated under a fluores-
cence microscope.

For colony formation assay, transfected cells were
resuspended at 1x10° cells/well and cultured in culture
for about 4 days until macroscopic colonies appeared.
Finally, the colonies were stained with crystal violet
(Beyotime) for 30 mins.

Transwell invasion assay

The invasiveness abilities of GC cells were assessed using
an 8-um pore polycarbonate membrane Boyden chamber
insert (Corning, NY, USA). Briefly, the upper chamber
precoated with Matrigel was seeded with 5x10* trans-
fected cells in 200 pl FBS-free medium, while the lower
chamber was added RPMI-1640 with 20% FBS, which
acted as chemoattractant. After 48 h of incubation, the
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invaded cells were fixed with methanol for 30 min, stained
with 0.1% crystal violet for 5 min.

Western blot

Proteins were lysed by RIPA lysis buffer (Beyotime,
China) containing 1% PMSF and the concentrations were
measured using BCA Kit. E Equal amounts of proteins
were resolved on 12% SDS-PAGE gel and transferred into
PVDF membranes (Millipore, CA, USA). Following
blocked with 5% low fat milk in TBST at 37 °C for 1 h,
the membranes were incubated with the primary antibo-
dies overnight at 4 °C. After incubated with corresponding
secondary antibodies at room temperature for 1 h, the
enhanced chemiluminescence Kit (ECL, Pierce, USA)
was used for detection.

Luciferase reporter assay

The fragment of LINC00665 or RNF2 containing the
target sequence of miR-149-3p was inserted into a
pmirGlO Dual-luciferase miRNA Target Expression
Vector (Promega, WI, USA) to form the reporter vector
LINC00665-wild-type (LINC00665-Wt) or RNF2-wild-
type  (RNF2-Wt)  while  LINC00665-mutated-type
(LINCO00665-MutT) or RNF2-mutated-type (RNF2-MUT)
contained mutated binding site. The cells were co-trans-
fected with WT or MUT and miR-149-3p mimics using
Lipofectamine 2000 reagent according to manufacturer’s
protocol. Luciferase activity was measured using the Dual
Luciferase Reporter Assay System Kit (Promega), normal-
ized to that of Renilla.

Pull-down assay
The experimental methods are based on the previous
study.'

Statistical analyses

Statistical software SPSS 19.0 was used for quantitative
data analysis. All data in our present study were presented
as mean + standard deviation (SD). Differences between
two or more groups were analyzed using Student’s #-test or
one-way ANOVA. P<0.05 were considered statistically
significant.

Results

LINCO00665 was upregulated in GC

To probe the IncRNA-mediated GC progression, we analyzed
TCGA database, results showed that LINCO00665 was

significantly upregulated in GC (Figure 1A and C).

Subsequently, National Center for Biotechnology
Information results showed that LINC00665 expression was
decreased in normal gastric tissues (Figure 1B). Moreover,
Kaplan-Meier analysis showed that high LINC00665 expres-
sion was associated with poor overall survival and disease
free survival rate of patients with GC (Figure 1D and E).
These data indicated that LINC00665 might serve act as a

tumor oncogenic IncRNA in GC tumorigenesis.

LINCO00665 promoted GC cells

proliferation and invasion

We further detected the expression of LINC00665 expres-
sion in GC. qRT-PCR revealed that LINC00665 expres-
sion was significantly increased in GC tissues compared to
adjacent non-tumor tissues (Figure 2A). High LINC00665
expression was obviously associated with advanced TNM
stage and histological grade of GC patients (Figure 2B
and C). Moreover, we found that LINC00665 expression
in GC cells (AGS, SGC-7901, HGC27, MGC-803, MKN-
45, and BGC-823) was significantly increased compared to
GES-1 cells (Figure 2D).

To further determine the roles of LINC00665 in GC
tumorigenesis, AGS and MGC-803 cells were transfected
with sh-LINC00665 (Figure 2E). Subsequently, EdAU and
colony formation assays were used to determine the
LINCO00665 effects on GC cells viability. Results showed
that LINCO00665 inhibition significantly reduced the pro-
liferation ability (Figure 2F and G) and colony formation
ability in AGS and MGC-803 cells (Figure 2H and ).
Moreover, transwell assay showed that the invasion ability
of AGS and MGC-803 cells transfected with sh-
LINC00665 was obviously suppressed (Figure 2J). These
results demonstrated that LINC00665 might promote GC
cells proliferation and invasion in vitro.

MiR-149-3p was a target of LINC00665

To determine the underlying mechanism of LINC00665 in GC
progression, we predicted the potential target of LINC00665
by online bioinformatics analysis (LncBase, miRcode, and
Starbase). MiR-149-3p was found to be a target of
LINCO00665, the LINC00665 information, secondary struc-
ture, and possible binding sites were shown in Figure 3A—C.
To test this prediction, we further confirmed the correlations
between LINC00665 and miR-149-3p. QRT-PCR showed that
LINCO00665 inhibition significantly increased miR-149-3p
expression in GC cells (Figure 3D). Moreover, luciferase
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Figure | LINC00665 was upregulated in gastric cancer (GC). (A) The expression of LINC00665 in GC was determined by The Cancer Genome Atlas (TCGA) database.
(B) The expression of LINC00665 in normal tissues explored by National Center for Biotechnology Information. (C) LINC00665 expression was significantly increased in
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GC patients. *P<0.05.

reporter and pull-down assays suggested that LINC00665
could regulate miR-149-3p expression via a ceRNA manner
(Figure 3E and F).

Next, we explored the expression of miR-149-3p in
GC. QRT-PCR showed that miR-149-3p expression was
significantly reduced in GC tissues compared to non-tumor
tissues (Figure 3G). Kaplan-Meier analysis showed that
low miR-149-3p expression was associated with relapse

free survival and overall survival of GC patients
(Figure 3H and I). Moreover, we explored the effects of
miR-149-3p mimics on GC cells viability, colony forma-
tion assays showed that miR-149-3p overexpression sig-
nificantly reduced the colony numbers of AGS and
MGC-803 cells (Figure 3J). These data suggested that
miR-149-3p might act as a target of LINC00665 in GC
progression.

submit your manuscript

6984

Dove

OncoTargets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Qi et al

8
c 8 8 . . c 8
5 @ S
2 ® w 2
H S 6 v 13
g s 3 s 6
3 © ®oe = - 3
0 Q ] o
© © . " v ©
© o 4 oo —Fa vy ©
g * 8 = -
—_— 0
£ & 0 st Z
3 s 2 . M 3
2?2 2 . o 2
® S oo €
5 < =
& 9 . . . r e
T T T T
Non-tumor tissues GC tissues | n n v Well Moderately/poorly
D E TNM stage Histological grade
c 12 * c 15 AGS
] —_— 9 15
% é H MGC-803
3 4 ®
o 8 S 1.0 g
8 8 . g0
8 8 g
8 8 . g
Z 4 Z o5 3 .
o g 205
[} o -
2 2 2 ﬁ
K} K} Kt
[} Q
9 2 50 Foo-—= y y
N 2 > 4 » a2 B g el a"\
GO & P& P & & & &
© gY@ N o S Si RS
&L ~ @ & & &
N > >
AGS MGC-803
80 60 .
sh-NC = - sh-NC -
b4 &
8 g 40
% [
2 2
g H
S & 20
=1
sh-LINCO0665#2 o sh-LINC00665#2 &
sh-NC  sh-LINCO0B65#2 sh-NC  sh-LINCO0BE5#2

200 = I sh-NC
sh-NC g 1501 ———
Qo
E
2 100 -
z
» o
Q
& 4 ¢ O 50+
sh-LINC00B65#2 § « s
' AGS

AGS MGC-803

B sh-LINC00665#2 E sh-NC EEm sh-LINCO0665#2

*
—

—

Cell number of invasion

MGC-803

MGC-803 AGS

Figure 2 LINC00665 promoted gastric cancer (GC) cells proliferation and invasion. (A) Expression of LINC00665 in GC tissues was measured by qRT-PCR. (B) High
LINC00665 expression was associated with advanced TNM stage. (C) High LINC00665 expression was associated with advanced histological grade. (D) Expression of
LINCO00665 in GC cell lines was measured by qRT-PCR. (E) sh-LINC00665 significantly reduced LINC00665 expression in AGS and MGC-803 cells. (F-I) Cell viabilities
were measured in AGS and MGC-803 cells transfected with sh-LINC00665 or sh-NC by EdU assay (F, G) and colony formation assay (H, I). (J) Cell invasion was measured
in AGS and MGC-803 cells transfected with sh-LINC00665 or sh-NC by Transwell assay. *P<0.05.

LINCO00665 regulated RNF2 by absorbing
miR-149-3p

By using bioinformatics predication tools, we found a
potential site of miR-149-3p binding in 3' UTR of RNF2
(Figure 4A). To further confirm this, luciferase reporter
assay was used. Results showed that miR-149-3p mimics
significantly reduced the luciferase activity in RNF2-Wt
group, but not of RNF2-Mut group (Figure 4B). Western
blot showed that miR-149-3p mimics significantly reduced
RNF2 expression in GC cells (Figure 4C).

To further confirm the LINC00665/miR-149-3p/RNF2
axis in GC. Correlation analysis revealed that LINC00665
expression was positively associated with RNF2 expres-
sion in GC tissues (Figure 4D). Western blot assay showed
that relative expression of RNF2 was down-regulated in
LINCO00665 shRNA group, while miR-149-3p inhibitors
rescued the effects (Figure 4E). In addition, we found that
RNF2 expression was significantly increased in GC tissues
and positively correlated with TNM stage (Figure 4F and
G). High RNF2 expression was associated with poor
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relapse free survival and overall survival of GC patients by
TCGA database (Figure 4H and I). These results deter-
mined that LINC00665 might promote the proliferation
and invasion of GC cells by regulating miR-149-3p/
RNF2 axis (Figure 5).

Discussion
Recently, increasing evidence revealed that dysregula-
tion IncRNAs could play important roles in GC

tumorigenesis and progression by regulating cell pro-
liferation, apoptosis, and metastasis.'> For example,
Li et al showed that IncRNA CASC2 reduced GC
cells proliferation via regulating the MAPK pathway.'®
Liu et al found that IncRNA FLVCRI-ASI could
sponge miR-155 to promote the tumorigenesis of GC
via regulating c-Myc.'” Li et al found that IncRNA
SLC25A5-AS1 reduced GC cells growth by regulating

miR-19a-3p/PTEN/PI3K/AKT axis.'® However, the
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roles and underlying mechanisms of IncRNAs in GC
remain unclear.

In the current study, we found that LINC00665 was
increased in GC tissues and cell lines. High LINC00665
expression was significantly correlated with advanced
TNM stage, histological grade, and poor prognosis of
patients with GC. Function assays revealed that
LINCO00665 inhibition restricted GC cells proliferation
and invasion abilities in vitro. Hence, we suggested that
LINCO00665 might serve as a tumor oncogenic IncRNA in
GC progression.

Previous studies showed that miR-149-3p play important
roles in tumor progression. For example, Yang et al showed
that miR-149-3p inhibited bladder cancer cells proliferation
and invasion by targeting S100A4."> Ma et al found that
IncRNA ZEB1-AS1 promotes GC progression via targeting
miR-149-3p in GC.?° However, the roles of miR-149-3 in
GC remain unclear. In the present study, we observed that
miR-149-3p was significantly reduced in GC tissues and
associated with poor prognosis. MiR-149-3p overexpression
reduced GC cells viability. Furthermore, miR-149-3p was
predicted as the target of LINC00665. LINC00665 inhibition
significantly increased miR-149-3p expression in GC cells.
Luciferase reporter assay and pull-down assay were further
confirmed the correlation between LINC00665 and miR-
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LINC00665/miR-149-3p/RNF2 axis

LINC00665

149-3p in GC. Thus, we suggested that LINC00665 could
function as a ceRNA to sponge miR-149-3p in GC.

RING finger protein 2 (RNF2) was first identified as an
important interactor of Bmil, which is a member of poly-
comb group.”! Recent studies showed that RNF2 was upre-
gulated in various tumors and play critical roles in
tumorigenesis.”? For example, Yang et al knockdown of
RNF2 enhanced radio-sensitivity of lung squamous cell car-
cinoma cells.”® Li et al found that overexpression of RNF2
was an independent predictor of outcome in patients with
urothelial carcinoma of the bladder undergoing radical
cystectomy.”* Chen et al suggested that miR-139-5p over-
expression combined with inactivation of the MAPK signal-
ing pathway can reverse the cisplatin resistance of ovarian
cancer by suppressing RNF2.%> In the present study, we
found that RNF2 expression was significantly increased in
GC tissues and positively correlated with TNM stage
and poor prognosis. Bioinformatic prediction and experi-
mental verification showed that RNF2 served as a target of
miR-149-3p in GC. Moreover, LINC00665 expression was
positively associated with RNF2 expression in GC tissues.
RNF2 was suppressed in sh-LINC00665 group, while miR-
149-3p inhibitors rescued the effects. Therefore, we demon-
strated that LINC00665 might promote GC progression via
regulating miR-149-3p/RNF?2 axis.
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However, this study has several limitations. For exam-

ple, the number of clinical samples is not large enough. In
addition, the roles of LINC00665/miR-149-3p/RNF2 axis
in vivo remain unclear. Furthermore, due to the difficulties

in conducting clinical experiments, we did not clinically

verify our conclusions.

LINC00665 was

In conclusion, the present work elucidated that

significantly up-regulated in GC.

Knockdown of LINC00665 reduced GC cells proliferation
and invasion by sponging miR-149-3p/RNF2 axis, which

providing a novel therapeutic target for GC treatment.
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