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Abstract

BACKGROUND

Long non-coding RNAs (IncRNAs) are a kind of single-stranded RNA of more
than 200 nucleotides in length and have no protein-coding function. Amounting
studies have indicated that IncRNAs could play a vital role in the initiation and
development of cancers, including gastric cancer (GC). Considering the crucial
functions of IncRNAs, the identification and exploration of novel IncRNAs in GC
is necessary.

AIM
To explore the role of novel IncRNA LINC02532 in GC.

METHODS

The upregulated LINC02532 was identified by processing the GC RNA-Seq data
from The Cancer Genome Atlas. The qRT-PCR assay was performed to confirm
the expression levels in GC cell lines and tissues. Cell proliferation, migration,
and invasion were evaluated by the cell counting kit-8, colony formation, wound
healing, and Transwell assays. The miRNAs downregulated in GC and sponged
by LINC02532 were identified from and predicted by the data from the Firehose
and RNA22 software programs, respectively. The miRNA downstream target
genes were obtained from the TargetScan, miRDB, and DIANA online tools.
Gene functional enrichment analysis was carried out using the Database for
Annotation, Visualization, and Integrated Discovery software in the categories of
cellular components, biological processes, molecular functions, and KEGG
pathways.

RESULTS
The qRT-PCR assay demonstrated that the LINC02532 expression level was
significantly upregulated in the GC cell lines and 52 paired tissues. Kaplan-Meier
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survival analysis based on The Cancer Genome Atlas data showed that patients
with higher LINC02532 expression had poorer prognosis than those with lower
LINCO02532 expression. The correlation analysis between expression and
clinicopathological features revealed that high expression of LINC02532 was
associated with a high TNM stage (P = 0.008) and poor differentiation grade (P =
0.023). Functional experiments showed that LINC02532 promoted GC cell
proliferation, migration, and invasion. According to the bioinformatics analysis,
LINCO02532 may act as a ceRNA by sponging downregulated miR-129-5p and
miR-490-5p. Target genes of the two miRNAs were selected for further functional
enrichment analysis. Importantly, KEGG pathway analysis showed that the genes
were mainly involved in transcriptional misregulation in cancer, cell cycle, and
TGF-beta, mTOR, and p53 signaling pathways.

CONCLUSION
The present study suggested that LINC02532 acted as an oncogene in GC and
may be a promising target for therapy and prognosis management of GC.

Key words: Gastric cancer; Long noncoding RNA; LINC02532; Prognosis;
Bioinformatics
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Core tip: Our study identified a novel long non-coding RNA LINC02532 and found that
it was significantly overexpressed in gastric cancer (GC). Kaplan-Meier survival analysis
showed that patients with higher LINC02532 expression had poorer prognosis than those
with lower LINC02532 expression. The correlation analysis between expression and
clinicopathological features revealed that the high expression of LINC02532 was
associated with a high TNM stage and poor differentiation grade. Functional assays
supported the finding that LINC02532 promoted GC cell proliferation, migration, and
invasion. According to the bioinformatics analysis, LINC02532 may sponge
downregulated miR-129-5p and miR-490-5p and participate in transcriptional
misregulation in cancer, cell cycle, and TGF-beta, mTOR, and p53 signaling pathways.
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INTRODUCTION

Gastric cancer (GC) is a common cancer in incidence and mortality worldwide, with
1033701 new cases and 782685 deaths in 2018!"l. These numbers have seen consistent
growth because most GC patients are diagnosed at late stages and endure poor
outcomes. The 5-year overall survival rate could exceed 90% if patients were
diagnosed at early stages of the disease and treated appropriately®. In light of
improved prognosis resulting from early diagnosis, it is urgently needed to identify
the molecular mechanisms associated with the initiation and development of GC and
discover crucial biomarkers for diagnosis and treatment.

Long non-coding RNAs (IncRNAs, 200 nucleotides in length) are a series of single-
stranded RNA molecules, which have no protein-coding functions!’l. However,
studies have shown that deregulated IncRNAs could participate in vital biological
processes of various carcinomas, including GCF1. The competitive endogenous RNA
(ceRNA) hypothesis supported that IncRNAs, which harbor microRNA-response
elements, can sponge microRNAs (miRNAs) from target mRNAs sharing common
microRNA-response elements!’. For example, LINC00483 acts as ceRNA to sponge
miR-30a-3p and regulates proliferation and apoptosis in GC". LncRNA-CDC6 can
sponge miR-215 to promote the proliferation and metastasis of breast cancer!'’l. All
this evidence indicates that IncRNA sponges are closely related to cancer
tumorigenesis. Despite all of that, the exact role that IncRNAs play in GC
tumorigenesis remains vague. Thus, it is essential to explore the IncRNA features that
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can be used as diagnostic biomarkers and therapy targets in GC.

In this study, we downloaded the RNA-Seq data from The Cancer Genome Atlas
(TCGA) database. After data processing, we first identified a novel IncRNA
LINCO02532 whose expression levels and biological features in cancers have not yet
been reported. We found that LINC02532 was significantly overexpressed in GC cell
lines and tissues. Functional assays showed that LINC02532 promoted GC cells
proliferation, migration, and invasion. Using the bioinformatics analysis, we
predicted that LINC02532 may act as ceRNA to sponge miR-129-5p and miR-490-5p.
In addition, reliable target genes of each miRNA were identified. Further gene
ontology and KEGG pathway enrichment analyses of the target genes were
performed and their results showed that these genes were involved in transcriptional
misregulation in cancer, cell cycle, and TGF-beta, mTOR, and p53 signaling pathways.
In conclusion, our study found that LINC02532 participates in the tumorigenesis of
GC as an oncogene and could be useful in the therapy and prognosis management of
GC.

MATERIALS AND METHODS

Bioinformatics prediction and data processing

The RNA-Seq data for 375 GC and 32 normal tissues and patients’ clinical information
data were downloaded from the TCGA"! database (update to 2018.03. https:/ /cancer-
genome.nih.gov/). The data for GC mature miRNA sequencing were obtained from
the Firebrowsel'”! (http:/ /firebrowse.org/) website, which provides integrated data
from the TCGA database. RNA22 tools!"”! (https://cm.jefferson.edu/rna22/) were
selected for predicting targeted miRNAs, which may be sponged by LINC02532.
Differentially expressed genes and miRNAs were identified at the cut-off criterion of
fold change > 2.0 and P < 0.05.

Cell culture

Four human GC cell lines (SGC-7901, MGC-803, AGS, and MKN-45) and a normal
gastric epithelium cell line (GES-1) purchased from the Chinese Academy of Sciences
(Shanghai, China), were cultivated in RPMI 1640 medium (HyClone, Logan, UT,
United States) supplemented with 10% fetal bovine serum (FBS; Gibco, Grand Island,
NY, United States), 100 mg/mL streptomycin, and 100 U/mL penicillin. All cells were
cultured at 37 °C in a humidified incubator with 5% CO,.

Human GC clinical specimens

A total of 52 paired GC tissues and corresponding adjacent normal tissues were
collected from the Fourth Affiliated Hospital of China Medical University. All
patients did not receive preoperative chemo- or radio-therapy and collected tissues
were promptly stored at -80 °C. The study was authorized by the Research Ethics
Committee of the Fourth Affiliated Hospital of China Medical University. The GC
patients were confirmed by histopathology and signed the informed consent.

RNA isolation and quantitative real-time PCR

Total RNA was isolated from tissues and cells using Trizol reagent (Invitrogen,
Carlsbad, CA, United States). RNA reverse transcription was operated using the
PrimeScript™ RT reagent Kit (Takara, Otsu, Shiga, Japan). The quantitative real-time
PCR (qRT-PCR) was performed using the SYBR Premix Ex Taq II (Takara) on an ABI
7500 Fast Real-Time PCR system (Applied Biosystems). The primers used for qRT-
PCR were as follows: LINC02532, Forward - 5'-TCCTGGTGCCACTGAGACTGTG-3;
Reverse - 5'- AGCCTCCATGATTCCTGCCTCTAG-3'; GAPDH, Forward - 5'-
AGCCACATCGCTCAGACAC-3'; Reverse - 5'-GCCCAATACGACCAAATCC-3'. The
relative gene expression was calculated by the 24T method, and all of the operations
were performed according to the manufacturer's instructions.

siRNA and transfection

Three small interfering RNA (siRNA) against LINC02532 and negative control siRNA
(si-NC) were synthesized and purified by GenePharma (Shanghai, China). The
sequences are as follows (5" to 3'): si-LINC02532 #1, sense:
GGAACACAUAUAGCUGGAATT, antisense: UUCCAGCUAUAUGUGUUCCTT; si-
LINCO02532 #2, sense: GCAGGAAUCAUGGAGGCUUTT, antisense:
AAGCCUCCAUGAUUCCUGCTT; si-LINC02532 #3, sense:
GCCAGUAUAAGCAAGAGUATT, antisense: UACUCUUGCUUAUACUGGCTT; si-
NC, sense: UUCUCCGAACGUGUCACGUTT, antisense:
ACGUGACACGUUCGGAGAATT. The siRNAs were transfected into SGC-7901 and
MGC-803 cells by the Lipofectamine 3000 Reagent (Invitrogen). After transfection,
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cells were harvested for detection of the interference effect and further functional
assays.

Cell proliferation assays

Cell counting kit-8 (CCK-8) and colony formation assays were performed to assess the
cell proliferation capacity. After a 24-h transfection with siRNA, the SGC-7901 and
MGC-803 cells were seeded on 96-well plates (5000 cells/well) and then cultured in a
humidified incubator at 37 °C with 5% CO,. At 0, 24, 48, and 72 h, 10 pL of the cell
counting kit-8 solution (Dojindo Laboratories, Japan) were added to each well. After
incubating for 4 h, the absorbance of each well at 450 nm was measured using a
spectrophotometer. For colony formation assays, cells were seeded on 6-well plates
(2000 cells/well). After culturing for 1 wk, the cell colonies were fixed with 4%
paraformaldehyde and then stained with a 0.1% crystal violet solution. Visible
colonies were counted and corresponding photographs were taken.

Wound healing assay

The transfected cells were seeded on 6-well plates and cultured to approximately 90%
density. Then, a straight wound was drawn with a 100-pL pipette tip on the confluent
monolayer. The cells continued to be cultured with serum-free medium for 48 h and
photographed by an inverted microscope.

Transwell migration and invasion assays

Invasion and migration assays were performed in 24-well plates with inserts (8
umol/L pore size, Corning, New York, NY, United States) with or without Matrigel
(Solarbio, Beijing), respectively. A total of 2.0 x 10* cells with 200 pL of serum-free
medium were added into each upper chamber, and 500 pL of medium with 10% FBS
were added into each well. After incubation for 48 h, the cells migrated to and
invaded the lower chamber surfaces and were fixed and stained as described above.
Cells per field under the inverted microscope were counted and photographed.

Functional and KEGG pathway enrichment analyses

The functional and pathway enrichment analyses were performed using the Database
for Annotation, Visualization, and Integrated Discovery (https://david.ncifcrf.gov/)
tool, which provides systematic functional annotation to comprehend the potential
biological gene functions!'. The analysis was carried out in the categories of cellular
components, molecular functions, biological processes, and KEGG pathways.

Statistical analysis

The statistical comparisons were performed by paired and two-tailed Student’s t test
or chi-squared test. The Kaplan-Meier method and log-rank test were utilized for the
survival analysis. All data were analyzed using the SPSS version 19.0 (Chicago, IL,
United States), where P < 0.05 was considered to be statistically significant. All
experiments were performed three times.

RESULTS

LINC02532 is upregulated in GC and associated with poor prognosis

After analyzing the GC RNA-Seq data from the TCGA database, we noted that the
expression of LINC02532 in tumor tissues was significantly higher than in normal
tissues (Figure 1A). We then studied the association between LINC02532 expression
and the overall survival of GC patients. A total of 347 patients with detailed
information and overall survival time less than 80 mo were divided into two groups,
according to the median expression value. The Kaplan-Meier survival curve showed
that the group with higher LINC02532 expression had poorer prognosis than the
group with lower LINC02532 expression (Figure 1B). Further qRT-PCR results from
52 GC patients and cell lines also indicated that LINC02532 was upregulated in GC
(Figure 1C and D). To investigate whether the expression level of LINC02532 was
associated with GC development and progression, we analyzed the correlation
between expression and clinicopathological features. The results showed that a high
expression of LINCO02532 was associated with high TNM stage and poor
differentiation (Table 1).

LINC02532 promotes GC cell proliferation

To study the role of LINCO02532 in vitro, three kinds of siRNA against LINC02532 were
transfected into SGC-7901 and MGC-803 cell lines. The qRT-PCR results revealed that
LINCO02532 expression was downregulated more significantly by siRNA #1 and #2
(Figure 2A). Accordingly, siRNA #1 and #2 were selected for further functional
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Table 1 Association between LINC02532 expression and gastric cancer clinicopathological

characters

LINC02532 expression
Variable Total samples P value
Low, n, % High, n, %

Age

<60 12 (23.1) 15 (28.8) 27 0.405
=60 14 (26.9) 11 (21.2) 25

Sex

Male 16 (30.8) 17 (32.7) 33 0.773
Female 10 (19.2) 9 (17.3) 19

Tumor invasion

T1+ T2 13 (25.0) 11 (21.2) 24 0.578
T3 + T4 13 (25.0) 15 (28.8) 28

TNM stage

I1+11 13 (25.0) 4(7.7) 17 0.008"
m+1v 13 (25.0) 22 (42.3) 35

Lymph node metastasis

No 9(17.3) 8 (15.4) 17 0.768
Yes 17 (32.7) 18 (34.6) 85

Differentiation grade

Well and moderate 20 (38.5) 12 (23.1) 32 0.023"
Poor 6 (11.5) 14 (26.9) 20

P < 0.05 was considered statistically significant.

assays. The cell counting kit-8 assay showed that LINC02532 knockdown effectively
restrained GC cell proliferation (Figure 2B). In addition, the colony formation assay
showed that the cell proliferation rate was decreased after the LINC02532 knockdown
(Figure 2C). All these findings suggested that LINC02532 could promote GC cell
proliferation.

LINC02532 promotes GC cell migration and invasion

We further performed Transwell and wound healing assays to investigate the effect of
LINC02532 on GC cell migration and invasion. The results showed that LINC02532
knockdown attenuated the migration and invasion ability of SGC-7901 and MGC-803
cells (Figure 3A and B), indicating that LINC02532 promoted cell migration and
invasion in GC.

LINC02532 sponges miR-129-5p/miR-490-5p identified by bioinformatics analysis

To further explore the molecular mechanism, we hypothesized that LINC02532 may
promote GC cell proliferation, migration, and invasion by sponging miRNAs. First,
we predicted the subcellular locations of LINC02532 using the online software iLoc-
LncRNA!"L. The results suggested that the cytoplasm was the LINC02532 subcellular
location with a probability score of about 0.98, which greatly supported the theory
that LINC02532 may function as a ceRNA. Furthermore, we found that there were
two miRNAs (miR-129-5p and miR-490-5p) that were both potential targets of
LINC02532 and were downregulated in GC (Figure 4A). The possible miRNA target
genes were obtained by the TargetScan!*l, miRDB!""], and DIANA!*! software
programs (Figure 4B). In total, 218 target genes (two duplicates were removed) were
acquired.

Functional and KEGG pathway enrichment analyses of target genes

Identifying the function of these target genes may reveal the novel molecular roles of
LINCO02532 in GC. Thus, functional enrichment analysis was performed on 218 target
genes. The biological process analysis indicated that the genes were enriched during
the cell cycle arrest phase, in response to wounding, tumor necrosis factors, and
regulation of cell motility. Regarding molecular function, these genes mainly
participated in protein binding, transcription factor binding, and kinase activity.
KEGG pathway analysis showed that the genes were significantly enriched in
transcriptional misregulation in cancer, cell cycle, and TGF-beta, mTOR, and p53
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Figure 1 LINC02532 was upregulated in gastric cancer and associated with poor prognosis. A: Expression levels of LINC02532 in gastric cancer (GC) and
normal tissue based on the data from the Cancer Genome Atlas database; B: Kaplan-Meier survival analysis showed that patients with high LINC02532 expression
had a poorer prognosis than those with low expression; C: Compared with GES-1, LINC02532 was significantly upregulated in four GC cell lines; D: LINC02532 was
upregulated in 52 GC tissues. Expression level data are presented as mean + SE. P < 0.05 was considered statistically significant. GC: Gastric cancer; TCGA: The

Cancer Genome Atlas; GES-1: Gastric epithelium cell line.

signaling pathways (Figure 5).

DISCUSSION

Studies have demonstrated that IncRNAs are dysregulated and participate in the
oncogenesis and progression of GC!'""?!l, which suggests that IncRNAs can be
promising targets in the diagnosis and treatment of GC. In the present study, we
downloaded and analyzed the GC RNA-Seq data from the TCGA database and
discovered that LINC02532 was significantly upregulated in the GC tissues. However,
the role of LINC02532 in cancers, including GC, is still unclear, which attracted our

interest for further exploration.

First, we performed the qRT-PCR assay and confirmed that LINC02532 was
overexpressed in the GC cell lines and 56 paired tissues. The association analysis
between the LINC02532 expression and clinicopathological features found that high
expression levels are significantly associated with the advanced TNM stage and poor
differentiation. The Kaplan-Meier survival analysis based on the GC clinical data from
the TCGA database indicated that patients with high expression levels of LINC02532
had a poorer prognosis than those with low expression levels. Furthermore, the
functional assays suggested that LINC02532 promoted GC cells proliferation,
migration, and invasion in vitro. All this evidence demonstrated that LINC02532 may
play a vital role in the initiation and development of GC.

The functions of IncRNAs are diverse and closely related to their location in the
cells. The IncRNAs that are located in the nucleus mainly regulate gene expression
through modulating the activity of transcription factors, while those located in the
cytoplasm participate in the regulation of mRNA by sponging the miRNAs!*>*1. Thus,
it is necessary to identify the subcellular locations of IncRNAs before exploring their
potential molecular mechanisms. According to the prediction based on the
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Figure 2 LINC02532 promotes gastric cancer cell proliferation. A: The relative expression of LINC02532 in SGC-7901 and MGC-803 treated with three siRNAs;
B: Cell counting kit-8 assay indicated that LINC02532 knockdown suppressed cell proliferation; C: Colony formation assays showed that LINC02532 knockdown
inhibited gastric cancer cell proliferation. Data are presented as mean + SE. 2P < 0.05 was considered statistically significant.

RNALocate database, we found that the probability score of LNC02532 being located
in the cytoplasm reached up to 0.98. Thus, we predicted the miRNAs that were both
potential targets of LINC02532 and were downregulated in GC based on the Firehose
database. As a result, two miRNAs (miR-129-5p and miR-490-5p) were screened out.
Previous studies confirmed that the miR-129-5p acted as a tumor suppressor by
targeting ADAMOI* and COL1A1"™! in GC. Chen et al™! found that miR-129-5p
inhibits GC cell proliferation by regulating the glyco-metabolism process. Hou ef al*”
demonstrated that miR-490-5p was downregulated and inhibited GC cell proliferation
by regulating the ERK signaling pathway. In summary, these findings are in
accordance with our hypothesis and suggest the crucial role of miR-129-5p and miR-
490-5p in GC.

Furthermore, we predicted the target genes of miR-129-5p and miR-490-5p. In order
to improve the reliability of prediction, we used three prediction software programs
with different algorithms and selected consistent results. Finally, functional
enrichment analysis was performed on the common target genes. The KEGG pathway
analysis showed that the genes were significantly enriched in transcriptional
misregulation in cancer, cell cycle, and TGF-beta, mTOR, and p53 signaling pathways.
Several studies have reported that the TGF-beta™!, mTORM™, and p53"" signaling
pathways are closely associated with the initiation and development of GC. All these
results support that LINC02532 may play a key role in the molecular mechanism of
GC tumorigenesis.

Above all, the present study found that novel LINC02532 acts as an oncogene to
promote the tumorigenesis of GC and could be a promising target in the diagnosis,
therapy, and prognosis management of GC.
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cell invasion and migration, respectively. The results revealed that LINC02532 knockdown promoted gastric cancer cell migration and invasion; B: The wound healing
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Figure 5 Functional and KEGG pathway enrichment analyses of target genes. A: The biological process analysis indicated that the genes were enriched during
the cell cycle arrest phase, in response to wounding, tumor necrosis factors, and regulation of cell motility; B: Cellular component analysis suggested that genes were
present in the nucleus and cytoplasm; C: Molecular function analysis showed that these genes mainly participated in protein binding, transcription factor binding, and
kinase activity; D: KEGG pathway analysis revealed that genes were involved in transcriptional misregulation in cancer, cell cycle, and TGF-beta, mTOR, and p53
signaling pathways.

ARTICLE HIGHLIGHTS

Research background

Long non-coding RN As (IncRNAs) are a class of non-coding and single-stranded RNAs, with the
length of more than 200 nucleotides. Although IncRNAs have no protein-coding capacity, they
take part in the regulation of gene expression at the post-transcriptional level. Recent studies
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have found that IncRNAs are involved in the initiation and development of cancers, including
gastric cancer (GC). To identify and explore the potential role of IncRNAs in GC could contribute
to finding a promising biomarker in the diagnosis, therapy, and prognosis management of GC.

Research motivation

GC is a malignant digestive system tumor with high incidence and mortality in the world.
Considering the actual mechanisms of IncRNAs in GC remain unclear, it is urgent to identify
and explore the potential role of IncRNAs. The finding of novel IncRNA could contribute to
studying the initiation and development mechanisms of GC.

Research objectives

In the study, we aimed to identify a novel IncRNA and explore its biological effect in GC. Once
its actual role is confirmed, it could be a promising molecule in studying the diagnosis, therapy,
and prognosis management of GC. The potential microRNAs (miRNAs) that LINC02532 may
sponged were also predicted by bioinformatics. The results are useful for further exploring the
mechanisms of competing endogenous RNAs (ceRNA).

Research methods

We first identified differentially expressed genes by processing the RNA-Seq or mature miRNAs
sequencing data of GC downloaded from The Cancer Genome Atlas or Firebrowse website. The
RNA-Seq data supported that LINC02532 was upregulated and its expression level in GC cells
and tissues was confirmed by qRT-PCR assay. The functional assays indicated that LINC02532
promoted GC cells proliferation, migration, and invasion in vitro. RNA22 tool was selected for
predicting target miRNAs, which may be sponged by LINC02532. The miRNA target genes were
obtained by the TargetScan, miRDB, and DIANA software. The gene functional enrichment
analysis of the common target genes was performed by the Database for Annotation,
Visualization, and Integrated Discovery tool.

Research results

We identified that LINC02532 was upregulated in GC and promoted GC cell proliferation,
migration, and invasion in vitro. The results of statistical analysis showed that a high expression
of LINC02532 was associated with high TNM stage and poor differentiation. Besides, Kaplan-
Meier survival analysis based on The Cancer Genome Atlas data indicated that patients with
higher LINC02532 expression had poorer prognosis than those with lower LINC02532
expression. Furthermore, we found that LINC02532 may act as a ceRNA by sponging miR-129-
5p and miR-490-5p. The target genes of the two miRNAs were selected for gene functional
enrichment analysis and the results supported the potential oncogene role of LINC02532 in GC.

Research conclusions

We found that novel LINC02532 was significantly upregulated in GC, and it may act as an
oncogene to promote the tumorigenesis of GC. The present study revealed that LINC02532 could
be a promising target in the diagnosis, therapy, and prognosis management of GC.

Research perspectives

The present study was well designed by combining bioinformatics prediction with experimental
evidence. Furthermore, we will further focus on the mechanisms of LINC02532, such as the
ceRNA hypothesis.
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