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LncRNA LINP1 promotes proliferation and
inhibits apoptosis of gastric cancer cells by

repressing RBM5
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Abstract. — OBJECTIVE: Recent studies have
revealed that long non-coding RNAs (IncRNAs)
play a crucial role in tumor progression. Gastric
cancer (GC) is one of the common types of ma-
lignancies worldwide. This study aimed to iden-
tify the exact function of IncRNA LINP1 in the
progression of GC.

PATIENTS AND METHODS: LINP1 expres-
sion in paired cancer tissues and adjacent nor-
mal tissues of GC patients was detected by Re-
al-Time quantitative Polymerase Chain Reaction
(RT-gPCR). The effect of LINP1 silence on prolif-
eration and apoptosis of GC cells was detected.
Meanwhile, the underlying mechanism of LINP1
function was explored by RT-qPCR and Western
blot assay. Furthermore, tumor formation assay
was performed to examine the ability of LINP1 in
tumor formation in vivo.

RESULTS: LINP1 expression was rema
up-regulated in GC tissues compared
jacent normal tissues. The growth ab
GC cells was significantly inhibited afté
lencing of LINP1 in vitro. Besidg :
sis of GC cells was markedl
lencing of LINP1. The sile
cantly up-regulated the .
in GC cells. Meanwhi aression in
GC tissues was re » that of
the adjacent nor
mor formation

ed growth ability and
f GC in vitro and in vivo.

Introduction

Gastric cancer (GC) is 4
lent malignant disease §
bidity of GC leadsgto 8

characterized
istant metastasis.

ated to biological behaviors in human
ancers. LncRNA LUCATI1 contributes to the
ation and invasion of esophageal squamous
cell carcinoma’. LncRNA LINCO00052 inhibits
metastasis of hepatocellular carcinoma cells by
up-regulating EPB41L3%. LncRNA AFAPI1-AS1
inhibits apoptosis and enhances proliferation of
lung adenocarcinoma cells’. Meanwhile, the as-
sociation between IncRNA PVTI1 and miR-497/
HK?2 axis has been found in glucose metabolism,
cell motility and tumor progression of osteo-
sarcoma®. In addition, IncARSR activates the
PTEN-PI3K/Akt signal pathway and facilitates
doxorubicin resistance of hepatocellular carci-
noma. This may serve as a potential therapeutic
target and prognostic biomarker’.

The present study revealed that IncRNA
LINP1 expression was significantly up-regulated
in GC tissues. Moreover, in vitro experiments
indicated that LINPI1 regulated the apoptosis and
proliferation of GC cells. RBMS acts as a tumor
suppressor in tumor development. Furthermore,
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we discovered that IncRNA LINPI played its
function in GC cells by regulating RBMS5.

Patients and Methods

GC Patients and Cells

Human GC tissues were collected from 50
GC patients who received surgery at the Affil-
iated Wujiang Hospital of Nantong University.
All fresh tissues were preserved at -80°C for
subsequent use. Signed informed consents were
obtained from all participants before the study,
which was approved by the Ethics Committee
of the Affiliated Wujiang Hospital of Nan-
tong University. Shanghai Model Cell Bank
(Shanghai, China) offered us HGC-27, MKN-
45, SGC-7901, BGC-823 GC cell lines and
normal human gastric epithelial cell line (GES).
All cells were cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM; Gibco, Grand Island,
NY, USA) containing 10% fetal bovine serum
(FBS; Gibco, Grand Island, NY, USA), 100 U/
mL penlclllm and 100 ug/mL streptomycjn_in
an incubator.

Cell Transfection

Lentivirus expressing short-hairpin
(shRNA; Biosettia Inc., San Diego, CA U
against LINPl was synthes1zed b :

cells according to the inst
(Genepharma, Shanghai
efficiency was detecte
tive Polymerase Chai

ACACCTTT—3’ and reverse:
CGTCTGTTGTT-3; glyceral-

5-GGAAAG

138

dehyde 3-phosphate dehydrg
forward: 5-CCAAAAT

GCTGG-3' and g
GACTGTGGTCATTCA

According
liferation

ansfected cells
every 24 h by
at 490 nm was
e-linked immunosorbent
m (Multiskan Ascent,

cells/well) were first seeded
followed by culture for 10

5% crystal violet for 5Smin. The number
nies containing more than 50 cells was
CANNON camera. Image-Pro Plus
T Springs, MD, USA) was used for data

alysis.

ow Cytometric Analysis

Annexin-V-FITC (fluorescein isothiocyanate)
poptosis detection kit (BD Biosciences, Franklin
Lakes, NJ, USA) was used for detecting the apop-
tosis of GC cells. Briefly, harvested cells were
washed twice with ice-cold Phosphate-Buffered
Saline (PBS; Gibco, Grand Island, NY, USA),
and 100puL flow cytometry binding buffer was
added. After 5 pl of Annexin V/FITC and 5 pL of
Propidium lodide (PI) were mixed, the cells were
stained for 15min in the dark at the room tem-
perature. 400 pL of binding buffer was added in
each tube. FACSCalibur flow cytometer was used
to analyze the apoptosis of cells (BD Biosciences,
Franklin Lakes, NJ, USA).

Western Blot Analysis

Cells were first washed with pre-cooled PBS
and lysed with cell lysis solution (RIPA; Bey-
otime, Shanghai, China). The concentration of
extracted protein was determined by the bicin-
choninic acid (BCA) protein assay kit (TaKaRa,
Dalian, China). Target proteins were separated by
SDS-PAGE and transferred onto polyvinylidene
difluoride (PVDF) membranes (Millipore, Biller-
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ica, MA, USA). The membranes were incubated
with primary antibodies of rabbit anti-GAPDH
and rabbit anti-RBMS5 provided by Abcam (Cam-
bridge, MA, USA) overnight. On the next day, the
membranes were incubated with goat anti-rabbit
secondary antibody. Immunoreactive bands were
analyzed by Image J software (NIH, Bethesda,
MD, USA).

Xenograft Model

The research was approved by the Animal
Ethics Committee of Nantong University. Trans-
fected BGC-823 cells (6x10°/mL) were implanted
into NOD/SCID mice (6-week-old) subcutane-
ously. Tumor diameters were detected every 5
days. Tumor volume was calculated as the formu-
la: volume = length % width 2 % 1/2. Tumors were
extracted after 4 weeks.

Statistical Analysis

GraphPad Prism 5.0 (La Jolla, CA, USA) was
used for all statistical analyses. Student’s z-test
was selected when appropriate. Experimental re-
sults were expressed as mean + Standard Dgyja-
tion (SD). p-value less than 0.05 was consj
statistically significant.

Results

Expression Level of LINPT |

GC Tissues and Cells
First, RT-qPCR was cg

LINPI1 expression in 52 paé

GC cell lines. As a result,
cantly up-regulated in G

expression was significd
(Figure 1B).

Proliferation

According
cells, BGC-
down of

LINPI) ere synthesized

iferation assay found
significantly inhibited

rmed colonies was markedly
knockdown (Figure 2C).

s of GC Cells

apoptosis assay revealed that after LINPI1
d down in vitro, the apoptosis rate of
GC cells increased significantly (Fig-

NP1 Promoted GC Tumorigenesis
RBMS5

RT-qPCR results demonstrated that the mRNA
expression of RBMS was significantly up-regu-
lated in GC cells transfected with LINP1 shRNA

Relative LINP1 expression
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compared with the adjacent tissues. B, The expression levels of LINPI relative to GAPDH were
C cell lines and GES (a normal human gastric epithelial cell line) by RT-qPCR. Data were presented
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4B). To explore the interaction between LINPI
and RBMS5, the expression level of RBMS in
GC tissues and cells was detected. As a result,
RBMS expression in GC tissues was remarkably

(Figure 4A). Western blot
ther verified that the protf
RBMS5 was markedly
transfected with LIN
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Figure 3% of LINP1 promoted GC cell apoptosis. Apoptosis assay showed that the apoptosis rate of GC cells was
remarkably p ia knockdown of LINP1. The results represented the average of three independent experiments (mean

+ standard error of@fe mean). *p<0.05 compared with control cells.
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E, Correlation analysis showed that RBMS5 expression in GC tissues was negatively
sults represented the average of three independent experiments. Data were presented

LINP1 Knockdown Inhibited
Tumor Formation In Vivo

Tumorigenicity assay was then performed to
figure out the function of LINP1 in tumor forma-
tion in vivo. Tumor size in LINP1 shRNA group
was significantly smaller when compared with
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that of the empty vector group (Figure 5A). More-
over, the expression level of LINPI in generated
tumor tissues was detected by RT-qPCR. The
results showed that LINP1 was lowly expressed
in the LINP1 shRNA group when compared with
the empty vector group (Figure 5B). The above
results suggested that LINP1 could induce tumor
formation in vivo.

Discussion

Accumulating evidence has indicated that
a substantial portion of transcribed sequenc-
es may be non-protein-coding. They represent
a higher percentage of transcribed sequences
than protein coding transcripts. LncRNAs are
a multifarious class of transcripts with longer
than 200 base pairs in length. Meanwhile, In-
cRNAs have been reported to play regulatory
roles in potential activity and splicing event
via small RNA regulatory pathways. Recent
studies have shown that many IncRNAs are
aberrantly expressed in GC patients. Theigab-
normal expression is associated with p
prognosis as well. LncRNA SNHGS s
an important anti-oncogene in the prog
of GC by trapping MTA?2 in cytosol®. By ¢
talk with miR-21, IncRNA LINC-PINT ser
as an anti-oncogene in GC, which i
poor survival of GC patients’.
of IncRNA CTD-2510F5.4 ig
the malignant phenotype of 4
poor prognosis of GC pati
have demonstrated that

metastasis of GC can be reg

as a sponge of miR-49
promotes the prolifegati
cells by up-regulatf

GC tissue and
or progression

e progression of pros-
531, LINP1 functions

down, the growth of GC
ly inhibited, while cell apop-

indicated that LINP1 functioned as an onco-

inding motif 5 (RBMS) is located on
cancer inhibitor region 3p21.3". In our work,
¢ found that RBMS5 was significantly down-reg-
ated in GC tissues and cells. Previous studies
e shown that RBMS acts as a regulator in
e progression of several carcinomas. RBMS
depresses tumorigenesis of gliomas through the
Wnt/B-catenin signaling'®. RBMS5 is related to
poor clinicopathological characteristics of pan-
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r LINP1 shRNA (sh-LINP1) group, respectively. B, The relative expression of LINP1 in tumors was

examined by RT- . Data were presented as mean + SD of three independent experiments. *p<0.05.
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creatic ductal adenocarcinoma patients'”. RBMS5
is down-regulated in lung adenocarcinoma, which
can serve as a diagnostic marker for patients***'.
In addition, RBMS inhibits the progression of GC
by enhancing the activity of p53 transcription®.
In our study, the results indicated that RBMS5
was remarkably up-regulated after LINP1 was
knocked down in vitro. To further uncover the
association between RBMS and LINP1 in GC pa-
tients, we detected RBMS5 and LINPI expression
in GC tissues. The correlation analysis showed
that RBM5 expression in GC tissues was neg-
atively associated with LINP1 expression. Our
findings suggested that LINP1 functioned in hu-
man GC tissues by repressing RBMS.

Conclusions
LINPI serves as a new biomarker in the de-

velopment of GC, which can also be used as a
promising mark.
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