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Background: Gastric cancer (GC) is a common cancer with high incidence and mortality
worldwide. In recent years, accumulating evidence has shown that long noncoding RNAs
(IncRNAs) exert critical roles in the development and progression of cancer by acting as
a tumor initiator or suppressor. LINC00963 is a newly reported IncRNA related to cancer,
and its role in GC remains unclear.

Materials and Methods: The expression levels of LINC00963, miR-612, and cell division
cycle 5-like protein (CDCSL) were measured using quantitative real-time PCR or Western
blot. The biological functions of LINC00963, miR-612, and CDCS5L in GC cells were
analyzed by transwell and proliferation experiments. The expression of CDCSL in patients
with GC was evaluated using the Oncomine database. Bone marrow-derived dendritic cells
(DCs) were derived from C57BL/6 mice.

Results: LINC00963 expression was higher in GC tissues than in adjacent normal tissues.
Similar results were found in GC cell lines and normal human gastric epithelial cells.
Upregulation of LINC00963 was related to the poor prognosis of patients with GC.
Knockdown of LINC00963 inhibited the proliferation, invasion, and metastasis but promoted
the apoptosis of GC cells. Furthermore, silencing of LINC00963 in GC cells significantly
suppressed the tumor growth of GC. Bioinformatics analysis indicated that LINC00963 could
target miR-612 by functioning as a competing endogenous RNA. The expression of miR-612
decreased in GC tissues and cell lines. Meanwhile, LINC00963 expression was negatively
associated with miR-612. CDCSL was a direct target of miR-612. miR-612 suppressed the
expression of CDC5L in GC tissues and cells. Moreover, LINC00963 inhibited the differentia-
tion and maturation of DCs by regulating miR-612 expression in DCs.

Conclusion: LINC00963 promoted the progression of GC by competitively binding to miR-
612 to regulate the expression of CDCSL and mediated DC-related anti-tumor immune
response. Thus, targeting LINC00963 may be a promising therapeutic strategy for GC.
Keywords: IncRNA LINC00963, gastric cancer, miR-612, CDCSL, dendritic cells

Introduction

GC is a common digestive system cancer and the second leading cause of cancer-
associated deaths worldwide.' Although the prevalence of GC has been decreasing
steadily in recent years,”” this cancer remains malignant and deadly, particularly in
East Asia.* The World Health Organization classified GC into four types: tubular
cancer, papillary cancer, mucinous cancer, and poorly cohesive carcinomas.” In the
past few years, treatments for GC have achieved great advances, including surgical
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removal, chemotherapy, radiotherapy, and gene-targeted
therapy. However, the poor prognosis of patients with
GC remains a serious concern.’ In addition, patients are
diagnosed at the advanced stage of the disease.” Therefore,
elucidating the underlying molecular mechanism and find-
ing novel diagnostic biomarkers and effective therapeutics
for patients with GC are urgently needed.

LncRNAs are RNAs with more than 200 nucleotides in
length but without protein-coding capacity.® Numerous
studies showed that dysregulation of IncRNA expression
is associated with cellular processes and disease occur-
rence and development, such as tumor initiation.
Functionally, IncRNAs can regulate a series of biological
processes, including cell proliferation, apoptosis, autop-
hagy, invasion, migration, epigenetic regulation, chromo-
some modification, and cell cycle. It also closely regulates
tumor initiation, immune response, neurological diseases,
and metabolic diseases. In terms of GC, many IncRNAs
regulate GC progression at varying degrees; for instance,
IncRNA AC093818.1 can promote GC metastasis.”
LncRNA UCA1 promotes the proliferation, migration,
and immune escape and inhibits the apoptosis of GC
cells.'® LncRNA LINC00963 is an oncogene that pro-
motes the progression of cancer, including breast cancer,
ovarian  cancer, melanoma, and hepatocellular
carcinoma.'"1* However, the function of LINC00963 in
GC is still unknown.

DCs are antigen-presenting cells, and abnormal func-
tion of these cells causes immune-related diseases. For
instance, DC-related immune tolerance promotes tumor
development.'”” In tumor microenvironment, DCs are
domesticated and then help tumor cells evade immunolo-
gical surveillance. LncRNAs have been linked to the dif-
ferentiation, maturation, and biofunctions of DCs. For
instance, Inc-DC affects the differentiation and stimulating
T-cell activation functions of DCs by regulating STAT3
transcription  factor.'® However, the expression of
LINCO00963 and its function in DCs remain unclear.

In this study, we hypothesized that LINC00963 pro-
motes GC progression. Then, a higher expression of
LINC00963 was detected in GC tissues and cell lines.
Knockdown of LINC00963 suppressed the proliferation,
migration, invasion, and tumor growth of GC cells.
LINC00963 promoted GC progression by acting as
a competing endogenous RNA (ceRNA) to regulate the
expression of miR-612 and CDCSL. Simultaneously,
LINC00963 can also inhibit the function of DCs to accel-

erate tumor growth. This study might provide insights into

the clinical diagnosis and treatment of GC by combining
with DC-targeted immunotherapy.

Materials and Methods

Patients and Tissue Samples

Sixty pairs of GC tissues and adjacent normal tissues were
obtained from GC patients at the Suzhou Ninth People’s
Hospital. The written informed consents were obtained
from patients. Tissue specimens were immediately frozen
in liquid nitrogen and then stored at —80°C for further
study. This study was approved by the Ethics Committee
of Suzhou Ninth People’s Hospital.

Cell Culture

GC cell lines (AGS, BGC-823, SCG-7901 and HGC-27)
and normal human gastric epithelium cell line GES-1 were
purchased from the American Type Culture Collection
(Manassas, VA, USA). Cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) (Invitrogen, Carlsbad,
CA) with 10% fetal bovine serum (FBS, Invitrogen,
Carlsbad, CA) and 1%
(Invitrogen, Carlsbad, CA) at 37°C in an atmosphere
with 5% CO,.

penicillin/streptomycin

Plasmid Construction and Cell

Transfection

To knockdown LINCO00963 and CDCSL, small hairpin
RNA (shRNA) and small interfering RNA (siRNA) speci-
fically targeting LINCO00963 (sh-LINC00963-1 and sh-
LINC00963-2) and CDC5L (si-CDCS5L-1 and si-CDCSL
-2) were designed and purchased from GenePharma
(Shanghai, China). The pcDNA vector and pcDNA-
LINCO00963 were
GenePharma (Shanghai, China). Plasmids and empty vec-

synthesized and purchased from

tor were transfected into GC cells with Lipofectamine
2000 (Invitrogen). The cells were harvested at 48 hours
after transfection for following assays.

Luciferase Reporter Assay

The fluorescent reporter plasmids were constructed and
purchased from Promega. In brief, complete fragments of
LINC00963 and the 3'-UTR of CDCS5L were amplified by
PCR and cloned into downstream of the luciferase gene of
pmirGLO dual-luciferase vector to generate LINC00963-
WT and CDCSL-WT plasmids. Correspondingly,
LINC00963-MUT and CDCSL-MUT were constructed.
Then, GC cells were transfected with LINC00963-WT,
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LINC00963-MUT fluorescent reporter plasmids, NC
mimics or miR-612 mimics using Lipofectamine 2000,
respectively. Similarly, GC cells were transfected with
CDCS5L-WT, CDCS5L-MUT fluorescent reporter plasmids,
NC mimics or miR-612 mimics using Lipofectamine 2000.
Each well of 12-well plate contained 0.5 pg plasmids, 50
nmol mimics and 4 pL Lipofectamine 2000 in 1 mL
medium. Four replicate wells each group, and at least
three experiments were conducted. After 48 hours, the
luciferase activity was measured by the Dual-Luciferase
Reporter Assay Kit (Promega) following manufacturer’s
protocol.

Apoptosis Analysis

The apoptosis of GC cells was analyzed by an Annexin
V Apoptosis Detection Kit (BD, Biosciences). Briefly,
after 48 hours of transfection, cells were harvested and
resuspended by 500 uL 1 x binding buffer, then stained
with 5 pL Annexin V-FITC and 5 pL PI for 15 minutes.
Cells apoptosis rate was detected using a flow cytometry
FACS (BD, Biosciences, USA).

RNA Extraction and Quantitative
Real-Time Polymerase Chain Reaction

(qQRT-PCR)

Total RNA was extracted from GC tissues or cells using
TRIzol reagent (Invitrogen). Then, RNA was reversed to
cDNA by a M-MLV Reverse Transcriptase kit (Takara,
Dalian, China). The SYBR Green PCR Kit (Takara) was
used to detect the relative expression levels of genes on
ABI 7500 Real-time PCR System (Applied Biosystems).
GAPDH or U6 was used as endogenous control for mRNA
or miRNA, respectively. The relative expression levels of
genes were calculated by 27" method.

Western Blot

Total protein was extracted from GC tissues or cells using
radioimmunoprecipitation lysis buffer (Beyotime, Beijing,
China). Protein concentrations were detected by the BCA
Protein Assay Kit (Beyotime, Tiangen, China). Equal
amounts of protein samples were separated by 8% or
10% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis and then transferred to Polyvinylidene Fluoride
membrane (PVDF, Millipore, Germany). The membrane
was blocked with fat-free milk (5%) for 2 hours at room
temperature and incubated with primary antibodies over-
night at 4°C. Then, the membranes were incubated with

secondary antibodies for 1 hour at room temperature. The
protein bands were detected by an enhanced chemilumi-
nescence system (Pierce, Waltham, MA). In this study,
primary antibodies included Vimentin (1:1000, Abcam),
E-cadherin (1:1000, Abcam), Bcl2 (1:1000, Cell Signaling
Technology), Bax (1:1000, Cell Signaling Technology),
GAPDH (1:5000, Cell Signaling Technology) and
CDCSL (1:1000, Cell Signaling Technology). Secondary
antibodies were anti-mouse (1:2000, Cell Signaling
Technology) and anti-rabbit (1:2000, Cell Signaling
Technology).

Transwell Assay

Transwell assays were performed to detect the migration
and invasion capacities of GC cells. For cell migration
assay, a total of 5 x 10* AGS or BGC-823 cells were
cultured in serum-free media and plated in the top cham-
ber of 24-well plate-sized transwell inserts. The lower
chambers contained medium with 10% FBS. After incuba-
tion for 24 hours, cells on the lower membrane surface
were fixed with 4% paraformaldehyde and stained using
0.5% crystal violet. The migrated cells were counted with
a microscope (Olympus) at least five random fields. For
cell invasion assay, the transwell chambers treated with
Matrigel (BD Biosciences), other steps were performed
according to the protocol of migration assay.

Cell Proliferation Assay

Cell proliferation ability was examined using a Cell
Counting Kit-8 (CCK-8) (Dojindo, Kumamoto, Japan).
AGS or BGC-823 cells were seeded into 96-well plates
(2 x 10® cells/well). Ten microliters of CCK-8 solution
added into each well, cells were cultured at 37°C for 2
hours. Absorbance values were detected at 450 nm using
a microplate reader and proliferation ability was calculated
following the manufacturer’s protocol.

Xenograft Tumor Model

BALB/c nude mice (female, 4 weeks of age) were pur-
chased from the Chinese Academy of Medical Sciences.
AGS cells (2 x 10° in 100 pL PBS) transfected with sh-
RNA or sh-LINC00963 were injected subcutaneously into
the underarm of mice (n = 6). After tumor formation,
tumor size was measured every 4 days. Tumor volume
was calculated using the formula: length x width? x 1/2.
At 4 weeks after injection, all mice were euthanized and
tumors were harvested for following assays. Animal stu-
dies were approved by the Animal Ethics Committee of
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Suzhou Ninth People’s Hospital in accordance with guide-
lines of the US NIH.

Bone Marrow-Derived Dendritic Cells
(BMDCs) and Detection of DC

Maturation

C57BL/6 (C57, 8 weeks old) mice were euthanized and
BMDC:s sorted from hind leg bones of mice. To generate
DCs from BMDCs, BMDCs cells cultured in RPMI1640
medium with GM-CSF (20 ng/mL) and IL-4 (10 ng/mL)
for 5 days at 37°C in an atmosphere with 5% CO,. Then,
BMDC:s transfected with sh-NC or sh-LINC00963. Half of
the medium were replaced by fresh media at 2 days. Next,
BMDCs were harvested and planted in six-well plates, and
treated with lipopolysaccharide (LPS, 200 ng/mL) for 12
hours. After incubation, supernatants were collected for
ELISA assay. DCs were analyzed by qRT-PCR or flow
cytometry. For flow analysis, DCs were stained with anti-
CDI11c-FITC, anti-MHC II-Percp (eBioscience, USA).
The maturation of DCs was analyzed by flow cytometry
FACS (BD, Biosciences, USA). Data were analyzed using
FlowJo software (Ashland, OR, USA).

ELISA

The cytokines secreted from DCs were measured by ELISA
kit (BD, Biosciences, CA, USA). As mentioned above, DCs
supernatants were collected after treatment of LPS. The
expression levels of IFNy, TNF-a, IL-6, IL-10, IL-12 were
detected according to the manufacturer’s instructions.

Statistical Analysis

All experiments were performed at least three replicates.
Data were presented as the mean = SD and analyzed by
GraphPad Prism 5.0 and SPSS 20.0
Comparisons between two groups or multiple groups

software.

were performed using Student’s s f-tests and one-way
analysis of variance (ANOVA). P < 0.05 was considered
statistically significant.

Results
Overexpression of LINC00963 in GC

Tissues and Cell Lines

To reveal the effect of LINC00963 on GC progression, we
first measured the expression level of LINC00963 in GC
tissues and adjacent tissues by using qRT-PCR. Results
showed that the expression of LINC00963 was signifi-
cantly higher in GC tissues than in adjacent normal tissues

(n = 60) (Figure 1A). The characteristics of the patients
with GC are shown in Table 1. Meanwhile, the expression
of LINC00963 in GC cell lines and gastric epithelial cell
line was detected. LINC00963 expression was upregulated
in the GC cell lines but not in the gastric epithelial cell line
(Figure 1B). Kaplan—Meier analysis showed the poor over-
all survival of GC patients with high LINC00963 expres-
1C). LINC00963
overexpression promoted the lymph node metastasis and

sion (Figure Furthermore,
distant metastasis of GC (Figure 1D and E). The expres-
sion of LINCO00963 was significantly increased in GC
patients with different clinicopathological stages (Figure
1F). The main biological functions of LINC00963 were
studied using LnCeVar (http://www.bio-bigdata.net/
LnCeVar/) (Figure 1G). These results demonstrated that

LINC00963 was overexpressed in GC tissues and cell

lines.

LINCO00963 Affects the Proliferation,
Apoptosis, Migration, and Invasion of GC

Cells

We investigated the effects of LINC00963 on the prolif-
eration, apoptosis, migration, and invasion of GC cells
in vitro. We first detected the efficiency of silencing or
overexpressing LINC00963 in AGS and BGC-823 cells.
Results indicated that LINC00963 expression was greatly
suppressed in AGS and AGS cells transfected with sh-
LINC00963-1 or sh-LINC00963-2 (Figure 2A). sh-
LINC00963-2 was selected for follow-up experiments.
LINC00963 overexpression was also achieved in the GC
cells transfected with the LINC00963 overexpression plas-
mid (Figure 2B). CCK-8 assay demonstrated that prolif-
eration was significantly higher or lower in the AGS and
BGC-823 cells transfected with LINCO00963 or sh-
LINC00963-2/sh-LINC00963-1 compared with that in
the control group, respectively (Figure 2C and D, and
Supplement Figure 1a, b). Transwell assay was performed

to prove that the migration and invasion capacities of AGS
and BGC-823 cells were affected by LINC00963. Results
showed that the migration and invasion capacities were
markedly impeded in the LINC00963-silenced GC cells
but notably promoted in the LINC00963-
overexpressing GC cells (Figure 2E and F,
Supplement Figure 1c, d). Epithelial-mesenchymal transi-

were
and

tion (EMT) and apoptosis are key processes in cancer
progression. In the present study, Bcl2 and EMT marker
vimentin were suppressed while apoptosis-promoting
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Figure |1 Over-expression of LINC00963 in GC tissues and cell lines. (A) The LINC00963 expression was detected in GC tissues and adjacent non-tumor tissues by qRT-
PCR, (n = 60). (B) Relative expression levels of LINC00963 were detected by qRT-PCR in GC cell lines (AGS, BGC-823, SGC-7901 and HGC-27) and normal gastric
epithelial cell line (GES-1). (C) Kaplan—Meier survival curve of GC patients with high or low expression of LINC00963. (D and E) The LINC00963 expression was detected
in GC patients with/without lymph node metastasis or distant metastasis by gqRT-PCR. (F) Relative expression levels of LINC00963 in GC patients at different clinical stages.
(G) Functional enrichment analysis of LINC00963 was performed by online tools LnCeVar (http://www.bio-bigdata.net/LnCeVar/). **P < 0.01 and **P < 0.001.

related proteins Bim, Bax, and EMT marker E-cadherin
were significantly enhanced in the LINC00963-silenced
GC cells (Figure 2G and H, and Supplement Figure If).
The opposite effects were found in GC cells with high
LINC00963 expression (Figure 2G and H). In addition,
LINC00963 knockdown significantly promoted the apop-
tosis of GC cells (Figure 2I and Supplement Figure le).
These results indicate that silencing LINC00963 can

accelerate the apoptosis and inhibit the proliferation,

migration, and invasion of GC cells.

LINCO00963 Functions as a ceRNA to
Bind miR-612

Increasing studies have suggested that IncRNAs regulate
the progression of various cancers, including GC, by
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Table | LINC00963  and
Clinicopathological Features of Patients with GC (n = 60)

Relationship ~ Between

Characteristics n LINC00963 P value
Expression
Low high
(n =28) (n=32)
Age
<60 29 | 14 15
260 31| 14 17 0.809
Gender
Female 31|13 18
Male 29 | 15 14 0.448
Tumor size
<5cm 34| 22 12
>5 cm 26 | 6 20 0.001*
Lymph node metastasis
No 33| 20 13
Yes 27 | 8 19 0.002*
Distant metastasis
No 43 | 25 18
Yes 17 | 3 14 0.01*
TNM Stage
I/ 26 | 17 9
v 34 | 11 23 0.01*

Notes: Low/high by the sample median. x* test. *P < 0.05 indicates statistical
significance.

functioning as ceRNAs to regulate the expression of
miRNAs. Thus, a potential target miR-612 of LINC00963
DIANALncBase 3A).
Subsequently, dual-luciferase reporter gene assay was per-

was predicted in (Figure
formed. Results showed that luciferase activity decreased
when miR-612 mimics were co-transfected with the
LINC00963-WT (00963-WT) plasmid but did not signifi-
cantly change in the LINC00963-MUT (00963-MUT)
group (Figure 3B). Consistently, miR-612 inhibitors
increased luciferase activity (Figure 3C). Pearson’s correla-
tion analysis revealed a negative correlation between miR-
612 expression and LINC00963 (Figure 3D). Furthermore,
miR-612 expression was downregulated in GC tissues and
cell lines (Figure 3E and F). The interaction between
LINCO00963 and miR-612 in GC cells was further studied.
The expression of miR-612 was upregulated in AGS and
BGC-823 with low LINC00963 High
LINC00963 expression suppressed miR-612 expression in
GC cells (Figure 3G). Similarly, LINC00963 expression

was negatively regulated by miR-612 (Figure 3H). In

cells level.

addition, miR-612 overexpression inhibited the prolifera-
tion, migration, invasion, and EMT and promoted the apop-
tosis of GC cells, but they were rescued by LINCO00963
overexpression (Figure 3I-N). These results illustrated that
the suppressor effect of miR-612 on GC progression was
abolished by LINC00963.

LINCO00963 Enhances CDC5L Expression
by Targeting miR-612 in GC Cells

A total of 122 candidate targets of miR-612 were obtained by
miRWalk,
TargetScan, and miRDB (Figure 4A). Considering the func-

using mRNA target prediction software
tion of CDCSL in cell division cycle and the previous reports
about CDCS5L in cancer, we selected CDCS5L for further
research and presented the binding sites of miR-612 and
CDCS5L (Figure 4B). Dual-luciferase assay showed that luci-
ferase activity was decreased in the cells co-transfected with
miR-612 mimics and CDC5L-WT plasmids (Figure 4C) but
was evidently increased in the cells co-transfected with miR-
612 inhibitors and CDCSL-WT plasmids (Figure 4D). In
addition, the function of CDC5L in GC was explored. Data
in Oncomine databases showed that the mRNA expression
levels of CDCS5L are elevated in different human cancers,
including breast cancer, cervical cancer, head and neck can-
cer, and leukemia (Figure 4E). Further analysis showed that
the mRNA expression of CDC5L was upregulated in GC in
various datasets in the Oncomine database (Figure 4F-J). In
addition, CDC5L was overexpressed in various GC datasets,
and a meta-analysis performed (Figure 4K).
Furthermore, the DNA alteration frequency of CDC5L was
confirmed in the cBioportal database to study the alterations
of CDCS5L in different cancers (Figure SA). The gene altera-
tion of CDC5L was 21% in patients with GC in the
cBioportal database (Figure 5B and C). The expression of
CDCS5L was also detected in GC tissues and cell lines by
using qRT-PCR. Results demonstrated that CDC5L expres-
sion was higher in GC tissues and cell lines than in the
control group (Figure 6A and B). In addition, CDC5L
expression was positively or negatively regulated by
LINC00963 or miR-612 in GC cells (Figure 6C and D).
The knockdown efficiency of CDC5L in GC cells was eval-
uated (Figure 6E), and si-CDCS5L-1 was selected for follow-
up experiments. Whether or not LINC00963 promotes GC
progression by mediating CDC5L expression was investi-

was

gated. Results showed that the migration and invasion abil-
ities of GC cells were significantly attenuated after
with  si-CDC5L, LINC00963

transfection whereas

submit your manuscript

13004

Dove

OncoTargets and Therapy 2020:13


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

Dove

Zhu et al

mm sh-NC == pcDNA AGS BGC-823
. m sh-LINC00963-1 < 40 ™ LINC00963 2.5+ 2.5
§ 1.57 mm sh-LINC00963-2 2 o sh-NC —- sh-NC
: g, x 204 — sh-LiNcoogE3-2 . 20 — sh-LiNCo0g63-2 x
s g Hkk 2 —+ pcDNA H ® —+ pcDNA
8
210 26 £ 159 - LINC00963 €1.5{ - LINC00963
2 g H £ t
o o
H S a £ 1.0 b 210 *
z <
Z 05 5 <
° g 2 0.5 0.5
2 K
s K] 0.0 T T T .0
2 0.0 x 0 0 1 2 3 (Days) T 0 1 2 3 (Days)
BGC-823
E = sh-NC = pcDNA F 0 e sh-NC ws pcDNA
7= sh-LINC00963-2 == LINC00963 5" SLINC00963-2 == LINCO0963
O E 3 *k E 3 Hk
& & © *ok H
2 °
g E 3
4 H i
@
o 4 E
g 5 E
(o} 3
>
L £ £
H N
Migration © BGC-823 BGC-823
G oV == sh-NC m= pcDNA H 0?;;’« == sh-NC m= pcDNA
0@* @ == sh-LINC00963-2 === LINC00963 S & == Sh-LINC00963-2 == LINC00963
© OV\ o‘\‘?“ eo@ .4 £ \>$ oé? ‘\O@ .3
S &S s D &S o
® »
. 3 w
Bim g- 3 Bim g
Bax 8 Bax 8
£2 £
o o
Bel2 H Bel2 °
o o
Vimentin .az: 1 Vimentin 'g
E-cadherin % E-cadherin %
4 0 [
GAPDH
s | GAPDH |\ el 0\& & 00\'& e\\o o“o
AGS BGC-823 <« p.,b“
<
= sh-NC
I i sh-LINC00963-2
sh-NC sh-NC sh-LINC00963-2 *
g o
ﬁ 10 10! _8 10t o g 10
3 3 8 g
= HES S 3
£ £ Q a
2 3 @ e 5
= 2 2. = 2 Qo
g " g| 2
gl o el
]

Annexin V-FITC

AGS BGC-823

Annexin V-FITC

Figure 2 LINC00963 affected the proliferation, apoptosis, migration and invasion of GC cells. (A and B) The knockdown and overexpression of LINC00963 were
confirmed in AGS and BGC-823 cells by qRT-PCR. (C and D) The proliferation ability of AGS and BGC-823 cells was analyzed by CCK8 assays. (E and F) Migration and
invasion capacities of AGS and BGC-823 cells were evaluated by transwell assays. (G and H) The expression levels of EMT-related (Vimentin and E-cadherin) and apoptosis-
related (Bim, Bax and Bcl2) proteins were analyzed by Western blot in AGS and BGC-823 cells. (I) Flow cytometry was used to detect the apoptosis rate of AGS and BGC-

823 cells transfected with sh-LINC00963-2. *P < 0.05, **P < 0.0] and ***P < 0.001.

overexpression rescued the suppression effect (Figure 6F and
G). Moreover, the effects of CDCSL on the apoptosis and
EMT of GC cells were studied. Flow cytometry and Western
blot indicated that CDC5L knockdown obviously promoted
cell apoptosis and inhibited EMT, but these effects were
reversed by LINC00963 overexpression
(Figure 6H and I). The positive correlation between
LINC00963 and CDCS5L expression was confirmed in GC
tissues (Figure 6J). The roles of miR-612 in CDCSL protein
expression were investigated using Western blot. Results

markedly

showed that the protein expression of CDCSL was

significantly suppressed in the GC cells transfected with
miR-612 mimics but was promoted in the GC cells trans-
fected with miR-612 inhibitors (Figure 6K). Last, we
observed in cBioPortal that the overall survival rate of GC
patients with altered CDCS5L slightly decreased, but the
difference was not statistically significant (Figure 6L).
Kaplan—Meier analysis showed the poor overall survival of
GC patients with high CDCSL expression in our study
(Supplement Figure 1g). In general, these results showed
that LINC00963 regulated GC progression by directly target-
ing miR-612 to promote CDCS5L expression.
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Abbreviation: NS, not significant.
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Figure 4 LINC00963 regulated CDC5L expression by targeting miR-612 in GC cells. (A) Potential targets of miR-612 were predicted by miRWalk, TargetScan and miRDB.
(B) Binding sequence between CDC5L and miR-612. (C and D) Dual-luciferase reporter assays were used to confirm the binding between miR-612 and CDC5L. (E)
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Abbreviation: NS, not significant.

Knockdown of LINC00963 Restrained

Tumor Growth of GC in vivo

A xenograft mouse model of tumor was established to
verify the role of LINC00963 in the tumor growth of GC
in vivo. Results showed that tumor volume and weight
significantly decreased in the group with low LINC00963
expression (Figure 7A-C). Moreover, the expression
levels of LINC00963 and CDCSL were inhibited in the
group with low LINC00963 expression (Figure 7D-F).
LINC00963 knockdown increased the expression of miR-
612 (Figure 7G). Considering that DCs play a critical role
in presenting tumor antigens and activating anti-tumor

immunity response, we analyzed whether or not the

proportion of DCs in the tumor changes in the different
groups. Interestingly, results indicated that the proportion
of DCs in tumor tissues significantly increased in the
group with low LINCO00963 expression (Figure 7H).
These results demonstrated that inhibition of LINC00963
greatly suppressed tumor growth and increased the propor-

tion of DCs in tumor in vivo.

LINC00963 Inhibited Maturation of DCs
by Targeting miR-612 in vitro

The expression levels of LINC00963 and miR-612 in the
differentiation and maturation of DCs were measured to
explore the potential role of LINC00963 on DC. qRT-PCR
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Figure 5 The mutation of CDCS5L in human cancers. (A) Cross-cancer summary of CDC5L alterations frequencies from cBioPortal. (B) The percentage of CDC5L
alteration in stomach adenocarcinoma (TCGA, PanCancer Atlas). (C) The loci distribution of mutations in CDCS5L from cBioPortal.

analysis revealed a negative correlation between
LINC00963 and miR-612 in DCs (Figure 8A). DCs were
transfected with sh-LINC00963, LINC00963, miR-612
mimics, and miR-612 inhibitors. Results of qRT-PCR
showed that LINC00963 and miR-612 were successfully
overexpressed or knocked down (Figure 8B and C). In
addition, LINCO00963 negatively regulated miR-612
expression in DCs (Figure 8D). During maturation, DCs
express special surface markers and secretes cytokines. In
the present study, qRT-PCR and ELISA analyses revealed
that the levels of CD80, CD8, CD86, MHCII, TNF-a, IFN-
v, IL-6, and IL-10 increased and the level of IL-10

decreased in the DCs transfected with miR-612 mimics,
but the overexpression of LINC00963
reversed these results (Figure 8E and F). The effects of
LINC00963 and miR-612 on DC maturation were investi-
gated using flow cytometry. Similar to the results in vivo,
the proportion of DCs significantly increased in the group
with low LINC00963 expression (Figure 8G). Moreover,
the proportion of DCs transfected with miR-612 mimics
increased, and this effect was rescued by LINC00963
(Figure 8H). Finally, the flowchart of this study is presented
in Figure 81. These results indicated that LINC00963 inhib-
ited the maturation of DCs by targeting miR-612.

significantly
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Figure 6 CDC5L affected the progression of GC in vitro. (A and B) Expression of CDC5L was significantly increased in GC tissues and cell lines. (C and D) The positive or
negative relations between CDCS5L and LINC00963 or miR-612 were confirmed by qRT-PCR. (E) The knockdown efficiency of CDC5L. (F and G) Transwell assays of AGS
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Abbreviation: NS, not significant.

Discussion

The occurrence and development of GC, as a common type
of gastrointestinal cancer, involve a multi-factor process.
Despite the continuous understanding of the pathogenesis
of GC and the advancement in treatment methods, patients
with GC still suffer from high mortality.'” Recent studies
have found that IncRNAs are closely associated with the
tumorigenesis of multiple cancers, including GC.'®'® For

instance, IncRNA REG1CP promotes tumorigenesis through
mediating REG3A transcription.”” LncNB1 promotes tumor-
igenesis by interacting with ribosomal protein RPL35.%'
LncRNA NEAT1 impairs the DNA repair machinery and
triggers anti-tumor activity in multiple myeloma.*
LncRNA p53-stabilizing and -activating RNA promotes
p53 signaling and suppresses hepatocellular carcinoma.”®

LINCO00963 promotes breast cancer progression by targeting
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miR-625 and thereby upregulating HMGA1."" MetaLnc9
facilitates lung cancer metastasis via a PGK1-AKT/mTOR
signaling pathway.* LINC00963 is a predictor of poor prog-
nosis and promotes esophageal cancer cell invasion via tar-
the miR-214-5p/RAB14 LINC00963
facilitates osteosarcoma proliferation and invasion by sup-

geting axis.”>
pressing the miR-204-3p/FN1 axis.® Consistent with pre-
vious reports, the present results showed that LINC00963
overexpression in GC was related to the poor prognosis of
patients with GC. In addition, knockdown of LINC00963
suppressed GC progression. Moreover, the maturation and
function of DCs were repressed by the overexpression of
LINCO00963. These results suggested that LINC00963 was
related to the progression of GC and may regulate DC-
mediated anti-tumor immune response.

LncRNAs serve as ceRNAs to regulate the expression
of miRNAs and the progression of cancers. For instance,
IncRNA UCA1 promotes malignant phenotypes of renal

cancer cells by modulating the miR-182-5p/DLL4 axis.?’
The IncRNA JPX/miR-33a-5p/Twistl axis regulates the
tumorigenesis and metastasis of lung cancer by activating
Wht/B-catenin signaling.”® Long noncoding RNA LCAT1
functions as a ceRNA to regulate RACI1 function by
sponging miR-4715-5p in lung cancer.”” However, the
roles of LINC00963 in GC have not been elaborated. In
the present study, miR-612 was a direct target of
LINCO00963, and this finding was confirmed with dual-
luciferase reporter assay. The expression of miR-612 was
significantly downregulated in GC tissues and cell lines
and negatively regulated by LINCO00963. Functionally,
overexpression of miR-612 inhibited the proliferation,
EMT, migration, and invasion of GC cells. However,
these results were completely reversed by LINCO00963
overexpression. Consistent with this study, miR-612 also
acts as a tumor suppressor in other cancers. For instance,

miR-612 suppresses the stem cell-like property of
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Figure 8 LINC00963 inhibited the differentiation and maturation of DCs in vitro. (A) Heat map analysis of miR-612 and LINC00963 expression in DCs. (B and C)
Knockdown and overexpression of LINC00963 and miR-612 in DCs, respectively. (D) MiR-612 expression in DCs with low or high LINC00963 expression. (E) The
expression of costimulatory markers (CD80, CD83, CD86, and MHCII) and cytokines (IL-10, TNF-0) secreted from DC cells was analyzed by qRT-PCR. (F) The expression
of cytokines (IFN-y, TNF-q, IL-6, IL-10 and IL-12) was analyzed by ELISA. (G) Flow cytometry was used to study the effects of LINC00963 during DCs maturation. (H) The
opposite role of LINC00963 and miR-612 was confirmed during DCs maturation by flow cytometry. (I) The flowchart of the study. *P < 0.05, **P < 0.01 and ***P < 0.001.

Abbreviation: NS, not significant.

hepatocellular carcinoma cells by modulating Sp1/Nanog
signaling.*® MiR-612 is downregulated and negatively
regulates colorectal cancer growth and metastasis by tar-
geting AKT2.*! MiR-612 suppresses the invasive-meta-
static cascade in hepatocellular carcinoma.®” In addition,
long noncoding RNA TRPM2-AS acts as a microRNA
sponge of miR-612 to promote gastric cancer progression
and radioresistance.”

CDCSL is a key regulator of cell division cycle and
highly expressed in tumors. It is related to the progression
of cancers. Previous studies found that CDCSL promotes

hTERT expression and colorectal tumor growth.** Circ-
PGAMI promotes the malignant progression of epithelial
ovarian cancer by regulating the miR-542-3p/CDCS5L/
PEAK1 pathway.* In addition, bladder cancer progression
is inhibited because of CDCS5L depletion.>® LncRNA
NEAT1 accelerates prostate cancer progression by
targeting CDC5L and regulating CDC5L-AGRN transcrip-
tional regulation circuit.’” CDC5L can also be used as
a potential predictive biomarker for neo-adjuvant
chemotherapy response in pediatric osteosarcoma.’® In

the present study, bioinformatics software analysis and
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dual-luciferase reporter gene assay jointly confirmed that
CDCSL is a target gene of miR-612. The occurrence and
development of cancer are accompanied by changes in
gene expression or alterations. We first analyzed and
found the alterations of CDCS5L in GC, which hinted the
importance of CDCSL in GC. Thus, CDC5L may be an
indicator of GC diagnosis. We also found that the expres-
sion of CDCS5L was abnormally elevated in GC cells.
Furthermore, the roles of low CDCS5L expression in the
apoptosis, migration, and invasion of GC cells were abol-
ished by LINC00963 overexpression. However, patients
with altered levels of CDCS5L exhibited slightly decreased
overall survival from cBioPortal. This finding may be due
to individual differences in samples or insufficient sample
size.

LncRNAs play a key role during the differentiation and
function of DCs. For instance, NEAT1 knockdown induces
tolerogenic phenotype in dendritic cells by inhibiting acti-
vation of the NLRP3 inflammasome.'®>° In the present
study, we reported for the first time that the proportion of
DCs increased in the tumor tissue with low LINC00963
expression. Moreover, LINC00963 expression decreased
in mature DCs. However, the expression of miR-612 was
very high. Meanwhile, the expression of cytokines
secreted from DCs was affected by LINC00963 and
miR-612. In specific, LINC00963 inhibited the promoting
effect of miR-612 on the differentiation and maturity of
DCs in vitro.

Conclusion

In summary, our study indicated that LINC00963 was
over-expressed in GC. Over-expression of LINC00963
accelerated proliferation, migration and invasion of GC
cells, and inhibited DCs-related antitumor immune
response. Furthermore, the promotion of LINC00963 on
GC progression was achieved by competitively targeting
miR-612 to upregulate CDCS5L expression. Therefore, our
study may expect to provide new insights into the treat-

ment and diagnosis of GC.
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