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Abstract: LINCO1354 is a long non-coding RNA (IncRNA) highly expressed in gastric cancer (GC). However, studies
have shown that it plays a critical role in the progression of other tumors. This study attempts to uncover the role of
LINC01354 in GC. LINCO1354 expression in GC tissues and cell lines was assessed using qRT-PCR. Subsequently,
LINC01354 knockdown and overexpression were induced in GC cells, and epithelial-mesenchymal transition (EMT)
progression was detected. A dual-luciferase reporter assay was used to assess the relation between LINCO1354,
miR-153-5p, and CADM2. Finally, the metastatic ability of GC cells was assessed by Transwell and wound heal-
ing assays. LINCO1354 expression was abnormally elevated in cancerous tissues and GC cells, and LINCO1354
knockdown suppressed EMT progression, migration, and invasion of GC cells. Transfection of miR-153-5p mimics
inhibited the expression of CADM2 by banding to the 3'UTR region, while LINCO1354 promoted CADM2 expression
by blocking miR-153-5p. The fluorescence experiment indicated that CADM2 is directly regulated by LINCO1354/
miR-153-5p. Overexpression of LINCO1354 promoted EMT progression, migration, and invasion of GC cells, which
could be absolutely reversed by co-expression of miR-153-5p. Our research demonstrates that LINCO1354 has an
important function in the EMT progression of GC cells. LINCO1354 promotes GC cell migration and invasion by ad-
justing miR-153-5p/CADM2 expression.

Keywords: Gastric cancer, epithelial-mesenchymal transition, LINCO1354, cell adhesion molecule 2

Introduction

Gastric cancer (GC) is a common digestive
tumor with malignant behavior and poor prog-
nosis. The incidence rate of GC is rising rapidly
in China due to helicobacter pylori infection and
adverse dietary factors. Moreover, the mortali-
ty of GC remains among the highest of all can-
cers [1], which may be attributed to its low rate
of early diagnosis. Traditional chemotherapy
drugs for GC include carboplatin, cisplatin,
paclitaxel, and 5-FU [2]. Despite the advances
in therapeutic modalities, such as immunother-
apy and monoclonal antibody therapy, most

patients with advanced GC still exhibit disease
progression [3, 4]. Hence, new biomarkers are
required to improve the early diagnosis and new
therapeutic targets should be explored to devel-
op effective treatment strategies for GC.

Metastasis occurs in the advanced stages of
most cancers, causing high mortality in GC.
Mesenchymal-like tumor cells are associated
with a poor prognosis due to their high transfer-
ability [5]. Another study found that the mesen-
chymal phenotype subtype is significantly cor-
related with poor prognosis and chemore-
sistance in GC [6]. In recent years, researchers
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have found abundant genes that are associat-
ed with regulating epithelial-mesenchymal tran-
sition (EMT) in tumor cells, including non-cod-
ing RNA.

Long non-coding RNAs (IncRNAs) include more
than 200 nucleotides and do not encode or
express any protein. Current studies reported
that IncRNAs were abnormally highly expressed
in cancer and adjacent tissues of GC [7, 8], and
some of them were markedly correlated with
poor prognosis in GC patients. Researchers
reported that IncRNAs may participate in regu-
lating tumor growth [9], immune escape [10],
EMT [11], chemoresistance [12], and angiogen-
esis [13] in GC. Details on the regulation of
IncRNA expression and their functions in GC
are discussed in later sections [14-16]. How-
ever, the function and mechanism of many dif-
ferentially expressed IncRNAs still remain
unknown in GC.

LINCO1354 is an intergenic INcRNA with a total
length of 944 nucleotides and is expressed on
chromosome 1. Zhang et al. [17] reported that
LINCO1345 was differentially expressed in GC,
as shown in both the GEO and TCGA databases.
In addition, a study reported that LINCO1354
interacts with hnRNP-D and activates the Wnt/
B-catenin signaling pathway, which promotes
the proliferation and metastasis of colorectal
cancer [18]. Yang et al. found that LINCO1354
enhances the proliferation and invasion of lung
cancer cells by regulating the miR-340-5p/
ATF1 signaling pathway [19]. Meanwhile,
LINCO1354 also functions as an oncogene in
osteosarcoma and endometrial cancer [20,
21]. However, the role of LINCO1354 in GC
remains unclear. The present study aims to
uncover the function and mechanism of
LINCO1354 in GC.

Materials and methods
Human participants

A total of 20 patients with GC were recruited
from Shenzhen Hospital of Southern Medical
University between September 2020 and July
2021. All participants were diagnosed with GC
by pathological examination and an informed
consent form was obtained from every patient
before enrolment. This study was approved by
the Ethics Committee of Shenzhen Hospital of
Southern Medical University (No.: NYSZYYEC-
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20220027) and was in accordance with the
1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards.

Cell lines

Human embryonic gastric mucosal epithelial
cell (GES1) was purchased from iCell Bioscience
Inc. (Shanghai, China). HGC-27, NCI-N87, MKN-
7, MKN-45, and SNU-1 cells were bought from
Procell (Wuhan, China). All cells were cultured
in RPMI-1640 medium supplemented with 10%
FBS, 100 IU penicillin, and 100 mg/ml strepto-
mycin. The culture was conducted in a humidi-
fied incubator at 37°C and 5% CO,,.

Transfection

To change the expression level of LINCO1354
and cell adhesion molecule 2 (CADM2) in GC
cells, their sequences were cloned and re-
combined into pcDNA3.0 plasmids. Small in-
terfering RNA-specific targeting LINC0O1354
(5-TGAATGTAAAATCCAAAAGCT-3’) was synthe-
sized by RiBobio Inc. (Guangzhou, China). The
GC cell lines were transfected with miR-153-5p
mimics (5-UCAUUUUUGUGAUGUUGCAGCU-3’)
(GenePharma, Suzhou, China) to overex-
press miR-153-5p. The transfection process
was performed by using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA).

Fluorescence in situ hybridization (FISH)

Cyanine 3-labeled fluorescent probes specifi-
cally targeting LINCO1354 were synthesized by
RiBobio Inc. (Guangzhou, China) to explore the
subcellular location of LINCO1354 in GC cells.

HGC-27 and NCI-N87 cells attached to a glass
slide were fixed with 4.0% neutral formalde-
hyde solution, followed by treatment with 0.5%
Triton X-100 for 5 min at 4°C. The slides were
then treated with the prepared hybridization
buffer according to the Ribo™ Fluorescent In
Situ Hybridization Kit instructions (RiBobio).
Finally, the fluorescence signal of cyanine 3
was observed and photographed under a
microscope (Olympus, Tokyo, Japan).

Cell activity

A CCKS8 assay was applied to detect cell activi-
ty. Briefly, GC cells after transfection were col-
lected and dissociated by trypsin. Then, nearly
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1 x 10* cells per well were inoculated to a
96-well plate, and 1640 medium was added.
After 24 h, the medium was replaced with one
containing CCK-8 solution (10%), followed by 1
h incubation. Finally, the optical density value
under 450 nm wavelength excitation light was
measured by a Microplate Reader (Thermo
Scientific, Waltham, MA, USA).

Wound healing assay

Twenty-four hours after transfection, nearly 1 x
10% cells per well were seeded into 6-well
plates, then cultured for 24 h. The next day, the
cells were scratched with the head of pipette
tips, and photos were taken. After 24 h of cul-
ture, the wound healing was recorded under a
microscope (Olympus).

Transwell assay

Cell migration was assessed in a 24-well
Transwell chamber. Briefly, about 1 x 10° cells
after grouping treatment were incubated with
FBS-free medium for 4 h and transferred to the
upper chamber. Then, 700 uyl medium was
added to 10% FBS into the lower chamber.
After 48 h of culture, the cells that migrated
into the lower chamber were fixed with 75%
ethanol, stained with 0.5% crystal violet, and
counted in 6 random fields under a light micro-
scope (BD Biosciences, Heidelberg, Germany).
For detecting cell invasion, the chamber was
precoated with 1 mg/ml Matrigel (Millipore,
MA, USA), and other processes are consistent
with the above description.

Real-time PCR

TRIzol (Millipore) was used to extract the total
RNA of cells and tissues. Then, cDNA was syn-
thesized with a Reverse transcription Kit
(TaKaRa, Tokyo, Japan), followed by quantifica-
tion with SYBR Green/real-time fluorescence
quantitative PCR premix (Thermo Scientific) on
a Stratagene Mx3000P Real-time PCR system
(Agilent, Santa Clara, CA, USA). The primer
sequences used for PCR are listed in Table S1.
The reaction procedure was as follows: 95°C
for 2 min; 95°C for 20 s; annealing and extend-
ing at 58°C for 30 s, 72°C for 20 s in each
cycle, for a total of 40 cycles. Finally, the rela-
tive expressions of LINC01354, miR-153-5p,
and CADM2 were calculated using the standard
method 224,
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Western blotting

Total protein was separated from cells and
tissues with radioimmunoprecipitation assay
(RIPA) buffer (Solarbio, Beijing, China). The pro-
tein samples were separated by electrophore-
sis with 10% SDS-PAGE and transferred to poly-
vinylidene fluoride films (Millipore). The samples
were incubated with primary antibodies against
CADM2 (1:1000 diluted, Abcam, Cambridge,
MA, USA), E-cadherin (1:2000 diluted, Abcam),
N-cadherin (1:2000 diluted, Abcam), Vimentin
(1:5000 diluted, Abcam), GAPDH (1:5000 dilut-
ed, Abcam). Subsequently, HRP-conjugated
secondary antibodies were used. Finally, the
horseradish peroxidase substrate was added
and the luminous bands were observed.

Statistical analysis

All data were collected from three independent
experiments and analyzed with GraphPad
Prism 6. Paired Student’s t-test or One-way
ANOVA followed by Dunnett’s test was used to
analyze the differences between two groups
and among multiple groups, respectively. In
this study, P < 0.05 was considered statistically
significant.

Results

LINC01354 expression is elevated in GC and
negatively correlated with miR-153-5p

First, the differences in LINCO1354 expression
between GC cancer tissue (Ct) and paracancer-
ous tissue (Pt) were assessed. The results
revealed a significantly higher level of LINC-
01354 in Ctthanin Pt (Figure 1A). Furthermore,
LINCO1354 was described to function as a
ceRNA according to the LncBase v.2 data-
base (http://dibresources.jcbose.ac.in/zhumur/
Incrbase2/start2.php); and miR-153-5p was
found to possess 4 reverse complementary
binding sites in LINCO1541 (Figure 1B). Sub-
sequently, the results indicated a significantly
lower level of miR-153-5p in Ct than that in Pt
(Figure 1C). Notably, the expression of LINC-
01354 showed a negative association with the
level of miR-153-5p (Figure 1D). Subsequently,
the expressions of LINCO1354 and miR-153-
5p were detected in GC cells and GES1 cells.
Moreover, the expression of LINCO1354 was
significantly higher in HGC-27, NCI-N87, MKN-7,
and MKN-45 cells compared to GES1 (Figure
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Figure 1. Higher expression of LINCO1354 and lower expression of miR-153-5p was observed in GC tissues and
cell lines. A. LINCO1354 expression in GC cancer tissue (Ct) and paracancerous tissue (Pt) was detected by qRT-
PCR. B. The predicted targeting sites of LINCO1354 binding to miR-153-5p were shown in database LncBase v.2. C.
miR-153-5p expression was detected by qRT-PCR. D. Correlation between the expression level of LINCO1354 and
miR-153-5p. E, F. gRT-PCR was performed to determine the expression of LINCO1354 and miR-153-5p in GC cell
lines. G. The subcellular location of LINCO1354 in HGC-27 and NCI-N87 cells was examined by fluorescence in situ

hybridization assay. **P < 0.01, ***P < 0.001.

1E). Conversely, miR-153-5p was lowly ex-
pressed in HGC-27, NCI-N87 and MKN-7 cells
(Figure 1F). The FISH results showed that
LINCO1354 was located in the cytoplasm in
HGC-27 and NCI-N87 cells (Figure 1G). These
results suggested an association between
LINC01354 and miR-153-5p in GC.

LINC01354/miR-153-5p directly targets
CADM?2

A dual luciferase reporter assay was performed
to validate the sponging role of LINCO1354 on
miR-153-5p. The results found that the fluores-
cence ratio was significantly decreased by miR-
153-5p mimics in all 4 band sites, and the
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reduction disappeared when the sequence of
the binding site was mutated (Figure 2A).
Furthermore, the target gene of miR-153-5p
was predicted in the database TargetScan
Human 7.2 to investigate the functions of
LINC01354/miR-153-5p in GC. As displayed in
Figure 2B, a reverse complementary site
between miR-153-5p and CADM2 was found.
Similarly, the direct correlation between miR-
153-5p and its target gene CADM2 was con-
firmed (Figure 2C). In addition, CADM2 was
highly expressed in all 4 stages of tumor tis-
sues in the TCGA database (Figure 2D), and its
elevated expression was significantly related
to poor survival of GC patients (Figure 2E).
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Figure 2. Abnormally high expression of CADM2 in GC tissues. A. Wild-type LINCO1354 site (Site1-4 WT) or mutant-
type LINCO1354 (Site1-4 MUT) reporters and NC mimic or miR-153-5p were co-transfected into HEK-293T cells.
Firefly/Renilla luciferase activity was measured. B. The binding site of miR-153-5p to CADM2 3'UTR was shown in
the database TargetScanHuman 7.2. C. A dual-luciferase reporter assay was used to assess the relation between
miR-153-5p and CADM2. D, E. CADM2 expression and its relation to the survival of GC patients were shown in the
TCGA Database. F. CADM2 expression in GC cancer tissue (Ct) and paracancerous tissue (Pt) was measured by
gRT-PCR. G. Association between the levels of LINCO1354 and CADM2 mRNA. H. Association between the levels of
miR-153-5p and CADM2 mRNA. ***P < 0.001.

Moreover, CADM2 was highly expressed in Ct CADM2 mRNA was positively associated with
compared with Pt (Figure 2F). The level of the level of LINCO1354 (Figure 2G), while nega-
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tively associated with the level of miR-153-5p
(Figure 2H). Furthermore, the protein level of
CAMD2 was similar to its mRNA (Figure 3A).
In addition, the results of qPCR, western blot-
ting, and immunofluorescence assays showed
increased mRNA and protein levels of CADM2
in GC cells (Figure 3B-D). These findings sug-
gest that the expression of CADM2 is elevated
in GC and it may serve as a target gene of
LINCO1354/miR-153-5p.

Knockdown of LINCO1354 inhibits the meta-
static ability of GC cells

To uncover the role of LINCO1354 in GC cells,
LINCO1354 expression was knocked down
using its specific targeting siRNA in HGC-27 and
NCI-N87 cells. QPCR detection found that the
knockdown of LINC01354 significantly promot-
ed miR-153-5p expression, while significantly
inhibiting CADM2 expression (Figure 4A). Wes-
tern blotting and immunofluorescence assays
showed that the levels of CADM2, N-cadherin,
and vimentin were decreased in the sil-
INCO1354 group, while elevated levels of
E-cadherin were observed (Figure 4B-D). The
cell activity was measured after transfection,
which showed no significant change (Figure
4E). In addition, cell migration and invasion
were significantly promoted by the knockdown
of LINCO1354 (Figure 4F-H). Therefore, LINC-
01354 may exert essential functions in GC cell
metastasis.

Overexpression of LINCO1354 promotes EMT
of GC cells

LINCO1354 and miR-153-5p were co-ex-
pressed in MKN-45 and SNU-1 cells. The gPCR
revealed that the levels of miR-153-5p were
markedly higher in the co-expression group
than in the LINCO1354 overexpression group,
while the levels of CADM2 mRNA were signifi-
cantly decreased (Figure 5A). Similarly, the pro-
tein levels of CADM2 were inhibited by overex-
pression of miR-153-5p, as well as N-cadherin
and Vimentin (Figure 5B). Meanwhile, the
E-cadherin levels were elevated in the co-
expression group. Protein levels of CADM2,
N-cadherin, and E-cadherin were verified by
immunofluorescence (Figure 5C and 5D).
Furthermore, the wound healing and transwell
assays revealed that overexpressing LINC-
01354 induced cell migration, and invasion
was significantly suppressed by miR-153-5p
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(Figure 5E-G). In addition, LINCO1354 overex-
pression plasmid and siRNA-targeted CADM2
were co-transfected in MKN-45 and SNU-1
cells. Results showed that the elevated protein
levels of CADM2, N-cadherin, and Vimentin
induced by LINCO1354 overexpression were
reversed by CADM2 knockdown, while that
of E-cadherin was inhibited by CADM2 knock-
down (Figure 6A). Wound healing and trans-
well assays also proved that overexpressing
LINCO1354 induced cell migration and inva-
sion was reversed by CADM2 knockdown
(Figure 6B-D). Therefore, it can be speculated
that LINCO1354 promotes EMT by regulating
the expression of CADM2, and miR-153-5p
attenuates the impact of LINCO1354 on GC
cells.

Overexpressing CADM2 enhances the meta-
static ability of GC cells

miR-153-5p and CADM2 were co-expressed in
HGC-27 and NCI-N87 cells to further investi-
gate the regulatory relationship of miR-153-5p
with CADM2. Marked increases in mRNA and
protein levels of CADM2 were observed after
overexpressing CADM2 (Figure 7A and 7B).
Overexpressing miR-153-5p alone promoted
the increase of E-cadherin, and reduced
N-cadherin and Vimentin, which was reversed
by overexpressing CADM2 (Figure 7C and 7D).
In addition, wound healing and transwell assays
indicated that miR-153-5p mimics markedly
promoted cell migration and invasion, while
overexpressing CADM2 significantly reversed
the influences of miR-153-5p on GC cells
(Figure 7E-G). The results verified the role of
miR-153-5p in regulating CADM2.

Discussion

In recent years, a considerable amount of liter-
ature has been published on IncRNAs in can-
cers. Some IncRNAs, such as H19 [22], MEG3
[23], HOTAIR [24, 25], and DANCR [26], have
been reported to be differentially expressed in
GC and exert important functions. In this
research, abnormally high LINCO1354 expres-
sion was found in GC, and the results indicated
that it functions as an oncogene. The role of
LINCO1354 in promoting tumor development
has also been reported by Jiang et al. [20] and
Zhang et al. [21]. In addition, overexpressing
LINCO1354 promotes the EMT of GC cells,
which was consistent with the study by Li et al.
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[18]. Furthermore, database prediction sug- 153-5p, and subsequent experiments proved
gested that LINCO1354 may interact with miR- that LINCO1354 enhances the metastatic abil-
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Figure 5. miR-153-5p overexpression attenuated the influence of LINCO1354 on GC cells. LINCO1354 and miR-153-
5p were co-expressed in MKN-45 and SNU-1 cells. A. The levels of LINCO1354, miR-153-5p, and CADM2 mRNA
were measured via gRT-PCR. B. Proteins of CADM2, E-cadherin, N-cadherin, and Vimentin were determined by west-
ern blotting. C, D. Proteins of CADM2, E-cadherin, and N-cadherin were explored by immunofluorescence assay. E.
A wound-healing assay was performed to assess cell migration. F, G. Cell migration and invasion were detected by
using a Transwell chamber. ***P < 0.001, vs. Vector group; ###P < 0.001, vs. LINCO1354 group.

ity of GC cells by sponging miR-153-5p. How- not only serves as a competing endogenous
ever, previous studies found that LINC01354 RNA (ceRNA) [19], but also regulates the stabil-
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cadherin, N-cadherin, and Vimentin were determined through western blotting. B. A wound-healing assay was per-
formed to assess cell migration. C, D. Cell migration and invasion were detected by a Transwell chamber. ***P <
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ity of target gene mRNA by binding protein [18].
Another difference is that LINCO1354 knock-
down has no effect on proliferation in GC cells,
while Yang et al. found that LINCO1354 pro-
motes lung cancer cell proliferation by adjust-
ing miR-340-5p/ATF1 expression [19]. LINC-
01354 may have multiple target genes and
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possibly targets different miRNAs, leading to
different functions. The miR-153-5p/CADM2
axis was confirmed to be regulated by LINC-
01354 in the present study.

The role of miR-153-5p remains controversial
in a variety of tumors. In renal cell carcinoma,
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Figure 7. CADM2 overexpression inhibited the influence of miR-153-5p on GC cells. CADM2 and miR-153-5p were
co-expressed in NCI-N87 and HGC-27 cells. A. Levels of LINCO1354, miR-153-5p, and CADM2 mRNA were measured
by gRT-PCR. B. Proteins of CADM2, E-cadherin, N-cadherin, and Vimentin were determined by western blotting. C, D.
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miR-153-5p enhances the growth and meta- On the contrary, Zhang et al. [28] discovered
static ability by direct targeting of AGO1 [27]. that miR-153-5p inhibits the growth and meta-
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static ability in NSCLC, and Sun et al. [29]
reported that LINCOO511 accelerates colorec-
tal cancer proliferation by reducing miR-153-5p
expression. Meanwhile, another report show-
ed that miR-153-5p inhibits metastasis by reg-
ulating ARHGAP18 signaling in hepatocellular
carcinoma [30]. The current study revealed
that overexpressing miR-153-5p inhibits the
EMT progress by decreasing the expression of
CADM2. The findings indicate that miR-153-5p
functions as a tumor suppressor in GC.
Moreover, studies indicated that miR-153-5p
enhances the sensitivity of acute myeloid leu-
kemia [31], colorectal cancer [32], and triple-
negative breast cancer [33] to chemotherap-
eutic drugs. Also as a target for LINCO1354,
miR-340-5p, inhibits GC cell proliferation by
targeting CDK1 [34]. It can be inferred that
miR-340-5p and miR-153-5p have synergistic
effects on the expression of LINCO1354 in GC
cells.

CADM?2 is a synaptic cell adhesion molecule 1
(SynCAM) family protein. Similar to miR-153-5p,
CADM2 plays different roles in different tumor
cells. Papers showed that CADM2 inhibits pro-
liferation, migration, and invasion in human gli-
oma [35], lung squamous cell carcinoma [36],
and kidney cancer [37]. However, researchers
found that CADM2 promotes the EMT of cancer
cells in breast cancer [38], liver cancer [39],
retinoblastoma [40], and pancreatic cancer
[41]. In this study, CADM2 was overexpressed
in HGC-27 and NCI-N87 cells, with the results
showing that CADM2 inhibits E-cadherin pro-
tein levels and promotes N-cadherin and
Vimentin protein accumulation, which means
CADM2 promotes EMTin GCcells. Nevertheless,
our study did not indicate the specific mecha-
nism of CADM2 in regulating EMT, which will be
further explored in future research.

In conclusion, this experiment revealed that
miR-153-5p inhibits the level of CADM2 mRNA
by banding to the 3'UTR region, while LINC-
01354 promotes CADM2 expression by spong-
ing miR-153-5p. LINC01354 enhances the
metastatic ability of GC cells by influencing miR-
153-5p/CADM2 expression.
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Table S1. Primers used in RT-gPCR

Name Sequence (5’-3)

GAPDH forward TGTTCGTCATGGGTGTGAAC
GAPDH reverse ATGGCATGGACTGTGGTCAT
LINC01354 forward TCAATCACGAGAGCACACAG
LINC01354 reverse CATCTCCTTAGCAATCCGGG

CADM2 forward GCAGAGTAGATCACGAATCCCT
CADM2 reverse AATTCTCCGCCATCCTTTGTC
U6 forward CTCGCTTCGGCAGCACA

U6 reverse AACGCTTCACGAATTTGCGT

hsa-miR-153-5p RT
hsa-miR-153-5p forward
hsa-miR-153-5p reverse

CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAGCTGCA
ACACTCCAGCTGGGTCATTTTTGTGATGTTGC

CTCAACTGGTGTCGTGGA




