Gastroenterology

Baishideng Publishing Group Inc



/{/ (]‘ World Journal of
Gastroenterology

Contents Weekly Volume 25 Number 39 October 21,2019
REVIEW
5897  Gut-liver axis signaling in portal hypertension

Simbrunner B, Mandorfer M, Trauner M, Reiberger T

5918

5926

5936

5953

5961

5973

5991

6006

ORIGINAL ARTICLE
Basic Study

Role of tristetraprolin phosphorylation in paediatric patients with inflammatory bowel disease
Di Silvestre A, Lucafo M, Pugnetti L, Bramuzzo M, Stocco G, Barbi E, Decorti G

STW 5 is effective against nonsteroidal anti-inflammatory drugs induced gastro-duodenal lesions in rats
Khayyal MT, Wadie W, Abd El-Haleim EA, Ahmed KA, Kelber O, Ammar RM, Abdel-Aziz H

Superior gallstone dissolubility and safety of tert-amyl ethyl ether over methyl-tertiary butyl ether
You DD, Cho SJ, Kim OH, Song JS, Hwang KS, Lee SC, Kim KH, Choi HJ, Hong HE, Seo H, Hong TH, Park JH, Lee TY,

Ahn J, Jung JK, Jung KY, Kim SJ

Gender differences in vascular reactivity of mesenteric arterioles in portal hypertensive and non-portal

hypertensive rats
Zhang B, Ji LH, Zhang CG, Zhao G, Wu ZY

Construction of a replication-competent hepatitis B virus vector carrying secreted luciferase transgene and

establishment of new hepatitis B virus replication and expression cell lines
Ruan J, Ping CY, Sun S, Cheng X, Han PY, Zhang YG, Sun DX

Differentially expressed long noncoding RNAs and regulatory mechanism of LINC02407 in human gastric

adenocarcinoma
Zhou LL, Jiao Y, Chen HM, Kang LH, Yang Q, Li J, Guan M, Zhu G, Liu FQ, Wang S, Bai X, Song YO

Retrospective Study

Retrospective study on mixed neuroendocrine non-neuroendocrine neoplasms from five European centres
Frizziero M, Wang X, Chakrabarty B, Childs A, Luong TV, Walter T, Khan MS, Morgan M, Christian A, Elshafie M, Shah T,

Minicozzi A, Mansoor W, Meyer T, Lamarca A, Hubner RA, Valle JW, McNamara MG

Recurrence and survival after surgery for pancreatic cancer with or without acute pancreatitis
Feng Q, Li C, Zhang S, Tan CL, Mai G, Liu XB, Chen YH

Jaishidengs  WJG | https://www.wjgnet.com I October 21,2019 | Volume25 | Issue39 |


https://www.wjgnet.com

Contents World Journal of Gastroenterology
Volume 25 Number 39 October 21, 2019

SYSTEMATIC REVIEW

6016  Complete or partial split in associating liver partition and portal vein ligation for staged hepatectomy: A

systematic review and meta-analysis
Huang HC, Bian J, Bai Y, Lu X, Xu YY, Sang XT, Zhao HT

META-ANALYSIS

6025  Allicin as add-on therapy for Helicobacter pylori infection: A systematic review and meta-analysis
Si XB, Zhang XM, Wang S, Lan Y, Zhang S, Huo LY

Raishidengs WJG | https://www.wjgnet.com I October 21,2019 | Volume25 | Issue39 |



Contents

World Journal of Gastroenterology
Volume 25 Number 39 October 21, 2019

ABOUT COVER

Editorial board member of World Journal of Gastroenterology, Kazuaki Inoue,
MD, PhD, Associate Professor, Department of Internal Medicine, Division
of Gastroenterology, Showa University Fujigaoka Hospital, Yokohama 227-
8501, Japan

AIMS AND SCOPE

The primary aim of World Journal of Gastroenterology (WJG, World |
Gastroenterol) is to provide scholars and readers from various fields of
gastroenterology and hepatology with a platform to publish high-quality
basic and clinical research articles and communicate their research findings
online.

WJG mainly publishes articles reporting research results and findings
obtained in the field of gastroenterology and hepatology and covering a
wide range of topics including gastroenterology, hepatology,
gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING

The WJG is now indexed in Current Contents®/Clinical Medicine, Science Citation
Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index
Medicus, MEDLINE, PubMed, PubMed Central, and Scopus. The 2019 edition of
Joutnal Citation Report® cites the 2018 impact factor for WG as 3.411 (5-year impact
factor: 3.579), ranking WJG as 35" among 84 journals in gastroenterology and
hepatology (quartile in category Q2). CiteScore (2018): 3.43.

RESPONSIBLE EDITORS FOR
THIS ISSUE

Responsible Electronic Editor: Yu-Jie Ma

Proofing Production Department Director: Yun-Xiaojian Wu

NAME OF JOURNAL
World Journal of Gastroenterology

ISSN
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

LAUNCH DATE
October 1, 1995

FREQUENCY
Weekly

EDITORS-IN-CHIEF
Subrata Ghosh, Andrzej S Tarnawski

EDITORIAL BOARD MEMBERS

http:/ /www.wjgnet.com/1007-9327/ editotialboard.htm

EDITORIAL OFFICE
Ze-Mao Gong, Director

PUBLICATION DATE
October 21, 2019

COPYRIGHT
© 2019 Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS

https:/ /www.wjgnet.com/bpg/gerinfo/204
GUIDELINES FOR ETHICS DOCUMENTS

https:/ /www.wignet.com/bpg/Getlnfo/287

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

https:/ /www.wignet.com/bpg/gerinfo/240

PUBLICATION MISCONDUCT

https:/ /www.wjgnet.com/bpg/gerinfo/208

ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/bpg/getinfo/242

STEPS FOR SUBMITTING MANUSCRIPTS
https:/ /www.wignet.com/bpg/Gerlnfo/239

ONLINE SUBMISSION

https:/ /www.f6publishing.com

© 2019 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

Reishidenge WJG | https://www.wjgnet.com

1T October 21,2019 | Volume25 | Issue39 |


mailto:bpgoffice@wjgnet.com

w\J

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.3748 / wjg.v25.i39.5973

World Journal of
Gastroenterology

World | Gastroenterol 2019 October 21; 25(39): 5973-5990

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE

Basic Study

Differentially expressed long noncoding RNAs and regulatory
mechanism of LINC02407 in human gastric adenocarcinoma

Li-Li Zhou, Yan Jiao, Hong-Mei Chen, Li-Hua Kang, Qi Yang, Jing Li, Meng Guan, Ge Zhu, Fei-Qi Liu,
Shuang Wang, Xue Bai, Yan-Qiu Song

ORCID number: Li-Li Zhou
(0000-0002-0583-1538); Yan Jiao
(0000-0001-6914-7949); Hong-Mei
Chen (0000-0002-8555-0284); Li-Hua
Kang (0000-0003-2241-870X); Qi
Yang (0000-0002-8183-0617); Jing Li
(0000-0002-4881-7277); Meng Guan
(0000-0002-1287-4667); Ge Zhu
(0000-0001-8183-0652); Fei-Qi Liu
(0000-0002-1594-0295); Shuang
Wang (0000-0002-6788-5419); Xue
Bai (0000-0002-0936-9600); Yan-Qiu
Song (0000-0002-1326-1416).

Author contributions: Zhou LL,
Jiao Y, and Chen HM designed this
research and drafted the
manuscript; Kang LH, Liu FQ,
Wang S, and Bai X generated,
collected, and analyzed the data;
Yang Q and Li ] interpreted the
data; Guan M and Zhu G critically
revised the manuscript; Song YQ
conceived the study and revised
the manuscript; all authors agree to
be fully accountable for ensuring
the integrity and accuracy of the
work, and read and approved the
final manuscript.

Supported by the Science and
Technology Department of Jilin
Province, No. 20160101028]C; and
the Special Funds of Provincial
Strategic Adjustment of Economic
Structure to Guide in Jilin
Province, No. 2014G074.

Institutional review board

statement: The study was
reviewed and approved by the
Ethics Committee of the First
Hospital of Jilin University.

Conflict-of-interest statement: The
authors declare that there is no

Jaishidengs  WJG | https://www.wjgnet.com

Li-Li Zhou, Hong-Mei Chen, Li-Hua Kang, Meng Guan, Ge Zhu, Fei-Qi Liu, Shuang Wang, Xue Bai,
Yan-Qiu Song, Cancer Center, The First Hospital of Jilin University, Changchun 130021, Jilin
Province, China

Yan Jiao, Department of Hepatobiliary and Pancreatic Surgery, The First Hospital of Jilin
University, Changchun 130021, Jilin Province, China

Qi Yang, Jing Li, Department of Radiology, The First Hospital of Jilin University, Changchun
130021, Jilin Province, China

Corresponding author: Yan-Qiu Song, MD, PhD, Academic Research, Director, Doctor, Full
Professor, Professor, Teacher, Cancer Center, the First Hospital of Jilin University, Changchun
130021, Jilin Province, China. song yq@jlu.edu.cn

Telephone: +86-431-88783829

Fax: +86-431-88786134

Abstract

BACKGROUND

Long noncoding RNAs (IncRNAs) have been identified to play important roles in
the development and progression of various tumors, including gastric cancer
(GC). However, the molecular role of IncRNAs in GC progression remains
unclear.

AIM
To investigate the differential expression of IncRNAs in human GC and elucidate
the function and regulatory mechanism of LINC02407.

METHODS

The Cancer Genome Atlas database was used to investigate the involvement of
IncRNAs in GC. Quantitative real-time polymerase chain reaction was used to
estimate the relative expression level of LINC02407 in GC tissues and cells.
Functional experiments including CCK8 assay, apoptosis assay, wound healing
assay, and transwell assay were used to investigate the effect of LINC02407 on
GC cells. Some microRNAs were predicted and verified via bioinformatics
analysis and the luciferase reporter system. Predictive analysis and Western blot
assay were used to analyze the expression of related proteins.

RESULTS
Many differentially expressed IncRNAs were identified in GC, and some of them
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including LINC02407 can affect the survival. LINC02407 was upregulated in
tumor tissues compared with adjacent tissues. HGC-27 cells showed the highest
LINC02407 expression and HaCaT cells exhibited the lowest expression. Different
experiment groups were constructed using LINC02407 overexpressing plasmids
and related siRNAs. The results of functional experiments showed that
LINC02407 can promote the proliferation, migration, and invasion of GC cells but
inhibit apoptosis. Luciferase reporter assay showed that hsa-miR-6845-5p and
hsa-miR-4455 was downstream regulated by LINC02407. Western blot analysis
showed that adhesion G protein-coupled receptor D1 (ADGRD1) was regulated
by the LINC02407-miR-6845-5p/ miR-4455-ADGRD1 pathways.

CONCLUSION

LINCO02407 plays a role in GC through the LINC02407-miR-6845-5p / miR-4455-
ADGRDI1 pathways, and thus, it may be an important oncogene and has
potential value in GC diagnosis and treatment.

Key words: Gastric cancer; Long noncoding RNAs; LINC02407; Adhesion G protein-
coupled receptor D1; MicroRNA-6845-5p; MicroRNA-4455

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Many long noncoding RNAs were differentially expressed in gastric cancer
(GC), some of which, including LINC02407, had significant impacts on the prognosis of
patients. In vitro experiments showed that LINC02407 was significantly upregulated in
GC cell lines and tissue samples, and could promote the proliferation and migration and
inhibit apoptosis of GC cells. Mechanistic research found that LINC02407 can regulate
the expression of adhesion G protein-coupled receptor D1 by targeting miR-6845-5p and
miR-4455 and increased the malignancy of GC cells eventually. Our study provides
evidence that LINC02407 may be an important oncogene and has potential value in GC
diagnosis and treatment.

Citation: Zhou LL, Jiao Y, Chen HM, Kang LH, Yang Q, Li J, Guan M, Zhu G, Liu FQ,
Wang S, Bai X, Song YQ. Differentially expressed long noncoding RNAs and regulatory
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25(39): 5973-5990
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INTRODUCTION

Gastric cancer (GC) is one of the most common malignancies and is associated with
high morbidity and mortality rates worldwidel'l. In spite of the huge progress that has
been made in the field of surgical resection and chemotherapy, the 5-year overall
survival (OS) rate for patients is incredibly low due to the distant metastasis of
primary GCP. Recent studies have shown that long noncoding RNAs (IncRNAs) play
key roles in the development of GC, metastasis, and disease prognosis'’l. The rapid
development of high-throughput sequencing represents a huge breakthrough, and
transcriptional studies of short noncoding RNAs and IncRNAs in the human genome
are gradually being carried out!l. Therefore, a deep investigation of the molecular
pathophysiological pathways underlying GC could pave the road for the
development of an effective therapeutic strategy.

In general, when the length of an IncRNA exceeds 200 nt, its protein coding ability
is limitedl". For example, the IncRNA SNHG?7 promotes the proliferation of GC cells
and inhibits apoptosis via repressing P15 and P16 expression!’.. The IncRNA DANCR
positively promotes the migration and invasion of GC cells by suppressing IncRNA-
LETVL. Studies have shown that the IncRNA SNHGES is closely related to a poor
prognosis of GC, via the epigenetic silencing of p27 and by modulating cellulite miR-
101-3p to promote cell proliferation!”. Here, we performed preliminary research on
the effect of LINC02407 in GC. LINC02407 has a transcript size of 966 bp and is
located on chromosome 12: 76252275-76297735".

Based on existing research, this study applied a luciferase reporter system to verify
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whether LINC02407 could directly target hsa-miR-6845-5p and hsa-miR-4455, and
investigated the function and molecular mechanism of IncRNA LINC02407 in the
proliferation, apoptosis, migration, and invasion of GC cells.

MATERIALS AND METHODS

Patients and samples

Information of 343 tumor samples and 30 normal samples was obtained from the
Cancer Genome Atlas (TCGA) database. For in vitro experiments, the samples in this
study were obtained from patients who underwent pathological diagnosis and
surgical treatment of gastric diseases at the First Hospital of Jilin University. In total,
20 tumor samples and 20 paired normal samples were obtained from dissected
tumors and adjacent normal gastric mucosa tissues, respectively. All patients
provided written informed consent. The study was approved by the Medical Ethics
Committee of the First Hospital of Jilin University and was implemented in strict
accordance with the Helsinki Declaration.

Differential expression and survival association of IncRNAs in GC

LncRNA expression levels and clinical information were obtained from the TCGA
website, and differentially expressed IncRNAs between tumor tissue samples and
adjacent nontumor tissue samples were analyzed with edegR, and the filtering
condition was log fold change (FC) =1 and padj = 0.05. Using the clinical information
of differentially expressed IncRNAs in GC, univariate analysis of survival was
performed to screen a series of potential IncRNAs which have impacts on survival.
These IncRNAs were then sorted by hazard ratio (HR) and P value to pick out top 6
IncRNAs. Then we drew forest plots, Kaplan-Meier curves, receiver operating
characteristic (ROC) curves, and heat maps for the top 6 IncRNAs based on the Cox
proportional hazards model using R-3.5.2 software to pick the most significant
IncRNA eventually.

Cell culture and transfection

Human GC cell lines, including MGC-803, MKN45, SGC-7901, and HGC-27, were
purchased from the China Center for Type Culture Collection. The human normal
gastric mucosal cell line GES-1 was purchased from the American Type Culture
Collection. The culture medium for MGC-803, MKN45, SGC-7901, and HGC-27 cells
was DMEM supplemented with 10% fetal bovine serum (FBS), while GES-1 cells were
cultured in DMEM supplemented with 15% FBS. The cells were cultured in a 5% CO,
incubator at 37 °C. LINC02407-overexpressing and overexpression-control
lentiviruses were purchased from Hanbio (Shanghai, China), and the LINC02407-
overexpressing lentivirus was used to upregulate LINC02407 activity. Cells were
infected with lentiviral particles in a specific medium for 48 h until they reached 50%
confluence. To strengthen the infection efficiency, cells were cotreated with the
cationic polymer polybrene. The vectors si-LINC02407 and si-NC are chemically
modified small RNAs constructed by Biosyntech (Suzhou, China). Vector si-
LINC02407 was applied to inhibit endogenous si-LINC02407 activity by silencing
LINC02407. si-LINC02407 at 10 nmol/L was used for transfection with lipofectamine
3000, and the same amount of si-NC was used for transfection.

RNA extraction and quantitative real-time polymerase chain reaction (qQRT-PCR)
Total RNA was extracted with TRIzol reagent (Invitrogen, China), and oligo(dT)18
primers and superscript reverse transcriptase were used for reverse transcription with
a miRNeasy Mini Kit (QIAGEN 217004). qRT-PCR experiments were performed using
the QuantiNova SYBR Green RT-PCR Kit (QIAGEN 208152). The standardized
internal reference was glyceraldehyde-3-phosphate dehydrogenase (GAPDH).
Primers in this study were from Takara Bio Co., Ltd. The sequences of the primers for
qRT-PCR are shown in Supplemental Table 1.

CCK8 assay

CCK8 assays were performed to investigate the influence of LINC02407
overexpression and knockdown on HGC-27 proliferation. In brief, after culturing and
transfecting HGC-27 cells as mentioned ahead, 3 x 10* cells were seeded per well in a
96-well plate. CCK8 reagent was added at 0, 12, 24, 36, 48, 60, 72, and 84 h after
transfection, and cell viability was analyzed with a microplate reader (K3; Thermo
Fisher Scientific, Inc). Each value represents the average of three replicates in a
representative experiment from at least two independent experiments.

Apoptosis assay
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Hoechst staining assay was performed to analyze cell apoptosis. Briefly, HGC-27 cells
were cultured in a 6-well plate and transfected according to the aforementioned
method, and then cells were cultured on glass coverslips. Thereafter, the cells were
fixed and stained with 10 pg/mL Hoechst 33258 (Beyotime Institute of Biotechnology)
for 10 min in the dark. The samples were observed under an inverted fluorescence
microscope, and the coverslips were washed with PBS. The nuclei of apoptotic cells
have significant morphological changes, and such cells can be identified by their
dense nuclei or densely stained fragments. HGC-27 cells were harvested 48 h after
transfection and stained with annexin V-FITC and propidium iodide (PI), and then
the relative amount of annexin V-FITC positive-PI negative cells was calculated by
flow cytometry analysis. Furthermore, the apoptosis rate of si-LINC02407 and si-NC-
transfected HGC-27 cells was evaluated.

Wound healing assay

In brief, HGC-27 cells were cultured in a 6-well plate and transfected according to the
aforementioned method. The transfection ratio reached 90% at 24 h post-transfection,
and then a straight line was scratched on the 6-well plate with a 200 pL pipette tip.
The cell culture plate was washed three times with PBS, and the cells were cultured in
DMEM (serum-free) for 24 h in 5% CO, at 37 °C. The width of the scratch was
recorded at several time points from 0-24 h under a light microscope (Olympus IM2),
and the assay was run for three independent experiments.

Co-expression analysis and luciferase reporter assay

MiRanda software was used to predict the target microRNAs (miRNAs) of
LINC02407 and list top of them. Then, several miRNAs were selected after literature
review for further research. The luciferase reporter system was purchased from
Biosyntech (Suzhou, China). In brief, site-directed mutations were introduced to the
LINC02407 binding site of hsa-miR-6845-5p, hsa-miR-4455, hsa-miR-4316, and hsa-
miR-1258. PCR was used to subclone the 3" untranslated region fragment of
LINC02407 into the pGL3 luciferase vector (Invitrogen, United States). The hsa-miR-
6845-5p-mimic, hsa-miR-4455-mimic, hsa-miR-4316-mimic, and hsa-miR-1258-mimic
were transfected with the vector into 293T cells for 12 h in 96-well plates in the
presence of 5 pg/mL polybrene (Biosyntech, Suzhou, China). The 293T cells were
cultured for 24 h and lysed to determinate the luciferase activity. Renilla (Promega,
United States) activity was employed as the internal control!.

Transwell assay

Migration assays were performed using a 24-well Boyden chamber (BD Falcon,
Corning-Costar, New York, NY, United States) with an uncoated 8-mm pore size
filter. The cells were collected from the culture dishes and washed twice with PBS.
Then, the cells were suspended in smooth muscle cell (SMCM) medium (without
FBS), and 3 x 10* cells were seeded into the insertion chamber. Subsequently, the cells
were cultured in the bottom chamber (containing 0.6 mL of SMCM medium with 10%
FBS) at 37 °C (5% CO,) for 24 h. Cells were stained with 4,6-diamidino-2-phenylindole
and counted under a vertical microscope.

Sankey plot

Sankey plot, also known as Sankey diagram, was used to depict the quantity of
evidence between LINC02407, miR-6845-5p, miR-4455, and mRNAs. And the data
that were used to draw Sankey plot were collected using miRanda software. MiRanda
was applied to predict the potential mRNA targets of hsa-miR-6845-5p and hsa-
miR4455, the target mRNAs were collected in a list, and then the R-River plot was
used to draw a Sankey diagram.

Western blot analysis

Cells were lysed in an ice bath for 30 min in NP40 lysis buffer (50 mmol/L Tris-HCI
pH 7.4, 150 mmol/L NaCl, 1% NP-40, 1 mmol/L EDTA) containing protease and
phosphatase inhibitors (5 mmol/L PMSF, 3 mmol/L NaF, 1 mmol/L DTT, 1 mmol/L
NaVO,). Proteins in 20 pg of protein cell lysate were separated by SDS-PAGE and
electrophoretically transferred onto a polyvinylidene fluoride membrane. The
membrane was then washed in PBS, blocked for 1 h (5% milk-TBS-0.05% Tween 20),
and incubated with primary antibody overnight at 4 °C. The following primary
antibodies were used: anti-GAPDH antibody (Abcam.ab181602, 1:1000), anti-ETV7
antibody (Abcam.ab229832, 1:1000), anti-FOXO3 antibody (Abcam.ab47285, 1:1000),
anti-FOXO4 antibody (Abcam.ab128908, 1:1000), and anti-c-MAF antibody
(Abcam.ab77071, 1:1000). The membrane was washed with PBS and incubated with
an appropriate amount of secondary antibody for 1 h at room temperature (Li-Cor,
IRDye 600LT; IRDye 800CW, 1:10000). The membrane was visually analyzed using an
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imaging system (ChemiDocXRS+, BIO-RAD). Uvitec Alliance software (Eppendorf,
Hamburg, Germany) was used to quantify the data. All data were from three
independent biological repeats.

Statistical analysis

The data were processed, and statistical analyses were performed using R Studio (R
version 3.5.2) and GraphPad Prism 8.0 software (GraphPad Software Inc., La Jolla,
CA, United States). EdgeR was used to identify the differential expression of RNAs.
The role of related differential genes was explored by Cox regression analysis. P
values < 0.05 were considered statistically significant.

RESULTS

Differentially expressed IncRNAs between tumor tissue samples and adjacent
nontumor tissues

The volcano map (Figure 1A) indicates that there were differences in the expression of
IncRNAs between tumor tissues (log FC =1, padj = 0.05) and adjacent nontumor
tissues from TCGA. Among all differentially expressed IncRNAs, there were 16
IncRNAs with P < 0.01. Subsequently, a significant difference was shown by plotting
the cluster heat map (Figure 1B). For specific IncRNAs, we depicted the top 20
upregulated and top 20 downregulated IncRNAs involved in GC. Table 1 shows their
log FC and -log false discovery rate (log FDR) data based on the results from
integrated tumor tissues. The Kaplan-Meier survival curve of LINC02407 (Figure 2A)
is shown, and the association of 16 key IncRNAs with OS was analyzed based on
TCGA data to study the main features of prognostic outcomes. Ovarian
adenocarcinoma amplified long non-coding RNA (Figure 2B) and LINC00973 (Figure
2C) were positively associated with OS (log-rank P < 0.01).

Association between IncRNA expression and survival

Using univariate analysis of survival, the IncRNAs were ranked by HR and P value,
and the list of IncRNA correlations is shown in Table 2. For the polygenic risk-score
analysis and clinical information data from TCGA, R-3.5.2 software was applied to
construct the forest plots based on the Cox proportional hazards model for LIN01614,
LINO01537, LIN02407, C150rf54, LIN01210, and CYMP-AS1 IncRNA (Figure 3A), the
survival curves (Figure 3B), and the ROC curves (Figure 3C). LIN01614, LIN01537,
LINO02407, C1501f54, and CYMP-ASI positively correlated with the survival of
patients. We could infer that these IncRNAs could increase the survival of patients
based on the ROC curves (Figure 3C). A HR heatmap representing the associations of
LINO1614, LIN01537, LIN02407, C150rf54, and CYMP-AS1 expression with OS in
patients with different clinicopathological characteristics (Figure 3D) was acquired by
applying R-3.5.2 software.

Upregulation of LINC02407 expression in GC specimens and cell lines

The expression levels of LINC02407 in 20 pairs of GC tissues and adjacent normal
tissues were measured by qRT-PCR. The results showed that LINC02407 expression
was upregulated in GC samples relative to adjacent normal mucosal tissues (Figure
4A). In addition, the expression levels of LINC02407 in a gastric mucosal normal cell
line, GES-1, and five GC cell lines (HaCaT, MGC-803, MKN45, SGC-7901, and HGC-
27) were analyzed. The results showed that LINC01354 expression was the highest in
HGC-27 cells and the lowest in HaCaT cells (Figure 4B).

Effect of LINC02407 on HGC-27 cells

Specially designed primers were applied to detect LINC02407 expression in
transfected HGC-27 cells by qRT-PCR. Chemically synthetic si-LINC02407 and si-NC
were successfully transfected into HGC-27 cells, and si-LINC02407 successfully
downregulated the LINC02407 expression level (Figure 5A). LINC02407-
overexpressing lentivirus was successfully transfected into HGC-27 cells, and
LINCO02407 was upregulated. Cell viability was strengthened by the LINC02407-
overexpressing lentivirus relative to the overexpression-control lentivirus as shown in
Figure 5B. Apoptosis analysis was performed as previously mentioned, and the
results revealed that the LINC02407-overexpressing lentivirus could inhibit apoptosis
by 67% in HGC-27 cells, while on the contrary, si-LINC02407 could increase apoptosis
by 83% in HGC-27 cells (Figure 5C and Figure 5D). A wound healing assay indicated
that the LINC02407-overexpressing lentivirus could enhance the migration and
invasion rate by 48% in HGC-27 cells relative to the overexpression-control lentivirus,
and si-LINC02407 could decrease the migration and invasion rate by 15% in HGC-27
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Table 1 Top 20 upregulated and top 20 downregulated long noncoding RNAs involved in gastric cancer

LncRNA (up-regulated) Log FC -LogFDR LncRNA (down-regulated) Log FC -LogFDR
MAGEA4-AS1 8.20 6.39 HCG22 -4.59 30.13
LINC02582 7.29 7.04 LINC00955 -3.87 16.19
LINC00392 6.98 5.23 PGM5-AS1 -3.75 25.23
HOXC-AS3 6.91 17.67 IL12A-AS1 331 38.15
DSCR8 6.78 6.14 C5orf66-AS1 319 2245
LINC02474 6.76 9.65 PCATI18 -3.15 17.08
TMEM132D-AS1 6.67 6.35 LINC02404 311 10.98
LINC01234 6.55 14.68 UBXN10-AS1 -3.07 30.68
LINC01980 6.49 7.77 LINC02560 -3.06 13.89
BANCR 6.21 7.50 LRRC3-DT -3.01 22.82
ERVMERG61-1 6.17 5.87 LINC01697 299 24.83
LINC02163 5.90 17.22 HAND2-AS1 296 14.27
DSCR4 5.75 533 LINC00330 291 13.05
LINC01050 5.75 16.19 MIR205HG -2.86 434
LINC00973 5.72 4.97 CERS3-AS1 2.82 15.20
LINC01419 5.72 6.63 LINC02487 -2.81 16.19
HOTAIR 5.55 17.76 LINC02106 270 16.69
LINC01287 5.48 6.53 LINC00671 2.69 21.70
OVAAL 5.44 437 ADAMTS9-AS1 -2.66 29.85
LINC01194 5.36 512 MIR1-1HG-AS1 2.64 12.84

LncRNAs: Long noncoding RNAs; FC: Fold change; FDR: False discovery rate.

cells compared with si-NC.

Hsa-miR-6845-5p and hsa-miR-4455 have negative effects on GC

The predicted results of miRanda software were considered to be miRNAs
corresponding to mRNA. LncRNA and its candidate miRNAs are shown in Supple-
mental Table 2. We selected 5 of the 37 miRNAs reported to be closely related to the
progression of GC, including hsa-miR-331-3p, hsa-miR-6845-5p, hsa-miR-4455, hsa-
miR-4316, and hsa-miR-1258. A luciferase reporter assay was used to verify that
LINCO02407 could directly target hsa-miR-6845-5p and hsa-miR-4455. The results
showed that luciferase activity was reduced in wild-type LINC02407 3’-UTR- and hsa-
miR-6845-5p mimic co-transfected 293T cells in comparison to that in wild-type
LINC02407 3'-UTR- and hsa-miR-6845-5p mimic NC co-transfected 293T cells (P <
0.05); the same result was found with hsa-miR-4455. Next, the effect of hsa-miR-6845-
5p and hsa-miR-4455 on a GC cell line was evaluated. The hsa-miR-6845-5p-mimic
could inhibit cell viability in hsa-miR-6845-5p-mimic and LINC02407-overexpressing
vector-transfected HGC-27 cells (Figure 6B). Additionally, the hsa-miR-6845-5p-mimic
and hsa-miR-4455-mimic had negative effects on the apoptosis in hsa-miR-6845-5p-
mimic- and LINC02407-Overexpressing vector-transfected HGC-27 cells (Figure 6C).
The hsa-miR-6845-5p-mimic and hsa-miR-4455-mimic could negatively impact the
transwell invasion of HGC-27 cells (Figure 6D).

LINC02407 could influence GC through the LINC02407-miR-6845-5p and miR-4455-

adhesion G protein-coupled receptor D1 (ADGRD1) pathways

The potential target mRNAs of hsa-miR-6845-5p were analyzed using miRanda
software, and the results are showed in Supplemental Table 3. Figure 7A shows the
number of studies linking the potential target mRNAs of miR-6845-5p and the
number of studies of potential target mRNAs linked to miR-4455 under the regulation
of LINC02407, resulting in a Sankey diagram generated with R-3.5.2. Five mRNAs
with high scores (ADGRD]1, cholinergic receptor nicotinic delta, IgLON family
member 5, KRI1, and troponin I1) were identified in a LINC02407 regulated pathway.
A Western blot assay revealed that ADGRD1 was regulated by the LINC02407-miR-
6845-5p and miR-4455- ADGRD1 pathways (Figure 7B).
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Figure 1 Differentially expressed long noncoding RNAs between tumor tissue and adjacent nontumor tissue samples. A: Volcano map for differentially
expressed long noncoding RNAs (IncRNAs); B: Heat map for differentially expressed IncRNAs. FDR: False discovery rate; FC: Fold change.

DISCUSSION
LncRNAs refer to noncoding RNAs of more than 200 nt in length, and current studies
indicate that IncRNAs are associated with various types of cancer!'"''l. Moreover,

IncRNAs with abnormal expression in cancer are often found to be potential
diagnostic biomarkers and therapeutic targets. However, tumor cells exhibit different
cell morphologies, metastatic potential, and gene expression, and thus one of the
major challenges in developing cancer biomarkers is tumor heterogeneity!'>'"”l. Based
on IncRNA expression and its interrelationships with genomic location and miRNA,
both the functional roles of common IncRNAs and the identification of tissue-specific
mRNAs and IncRNAs can be inferred to indicate their specific roles in biogenesis and
different organ functions!*"*l. In summary, IncRNAs may provide common or specific
new biomarkers for different types of cancer!'>'"l.

Numerous studies have revealed that IncRNAs are key regulators of many
biological processes, and abnormal IncRNA expression plays an important role in
tumor genesis and progression. However, the molecular mechanisms of IncRNAs in
GC remain unclear!”'*l. Studying the expression of IncRNAs in different diseases and
its possible mechanism of action can contribute to the continuous development of
cancer gene therapy. So far, there have been few studies on the relationship between
IncRNAs and GC!'"l. Therefore, it is necessary to study their role in GC.

The results of this study indicated that the expression of LINC02407 was
significantly upregulated in GC cell lines and tissue samples. Therefore, it can be
inferred that LINC02407 may be an important IncRNA that regulates the
heterogeneity of GC cells. Numerous studies have shown that IncRNAs can promote
cancer progression by affecting the proliferation, migration, and invasion of cancer
cells”*?l. We speculate that LINC02407 may be involved in the progression of GC.
As expected, in vitro experiments have shown that LINC02407 can increase the
malignancy of GC cells, promote the invasion of GC cells, and decrease apoptosis.

Numerous studies showed that IncRNAs can act through cavernous miRNAs as
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Figure 2 Kaplan-Meier survival curves for three long noncoding RNAs associated with overall survival. Kaplan-Meier analysis and log-rank test were
performed to estimate the relations between (A) LINC02407, (B) OVAAL, and (C) LINC00973 expression and the overall survival of gastric cancer (GC) patients.
OVAAL: Ovarian adenocarcinoma amplified long non-coding RNA.

competing endogenous RNAs (ceRNAs)*.. For example, the IncRNA SNHG7 sponge
miR-216b upregulates GALNT1, which ultimately promotes CRC cell proliferation
and liver metastasis**). There also have been studies of the abnormal expression of
miRNAs in several malignancies. These include breast cancer, ovarian cancer, glioma,
and GC# %1 Our study suggests that LINC02407 may promote GC progression by
targeting miRNAs. The current investigation showed that LINC02407 can affect GC
through the LINC02407-miR-6845-5p / miR-4455-ADGRD1 pathways. Moreover, hsa-
miR-6845-5p and hsa-miR-4455 were negatively regulated by LINC02407. These
results indicate that hsa-miR-6845-5p and hsa-miR-4455 may exert tumor suppressive
effects. With the deepening of research on cancer, studies found that malignant
tumors are driven by their almost unlimited ability to proliferate and metastasizel*-'l.
In our study, we observed that LINC02407 acts as a ceRNA and controls the
availability of miRNAs that can be acted upon by LINC02407. Importantly,
LINCO02407 is closely related to CASC19 and cancer cell survival, and our results
strongly suggest that LINC02407 can affect GC via the LINC02407-miR-6845-5p/ miR-
4455-ADGRD1 pathways. In further research, we could collect more GC patients’
tissues and complete clinical information, like survival information and pathological
information, to study more about the influence of LINC02407 on GC patients’ survival
and the underlying mechanism.

In conclusion, overexpression of LINC02407 enhances the proliferation and inhibits
the apoptosis of GC cells. Our study reports the mechanism of action of LINC02407 in
GC. It was demonstrated that LINC02407 can affect GC through the LINC02407-miR-
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Table 2 Survival analysis of differentially expressed long noncoding RNAs

Gene HR Z value P value
FLJ16779 1.16 348 4.93E-04
LINC01537 1.25 3.46 5.34E-04
LINC02407 1.28 3.41 6.49E-04
LINC00565 1.21 3.18 1.46E-03
ADAMTS9-AS1 1.18 2.99 2.81E-03
LINC02408 1.20 298 2.90E-03
LINC01614 1.13 293 3.35E-03
RNF144A-AS1 1.21 293 3.40E-03
MAGI2-AS3 1.23 287 4.09E-03
CYMP-AS1 1.13 2.86 4.18E-03
PTPRD-AS1 1.16 2.86 4.27E-03
APCDDIL-DT 1.18 2.84 4.56E-03
C150rf54 1.18 283 4.68E-03
LINC00973 1.12 2.72 6.49E-03

HR: Hazard ratio.

6845-5p/miR-4455-ADGRD1 pathways. Studying the LINC02407 / miR-6845-5p/miR-
4455-ADGRD1 pathways can provide a deeper understanding of the pathogenesis of
GC and identify potential essential targets for GC diagnosis and treatment.
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Figure 3 Association between long noncoding RNA expression and survival. A: Forest plot showing the hazard ratio (HR) and P value for overall survival (OS)
in patients with gastric cancer (GC) based on long noncoding RNA (IncRNA) high vs low expression; B: Kaplan-Meier analysis of OS according IncRNA expression
levels; C: Receiver operating characteristic curve analysis based on a forest plot showing the hazard ratio and OS; D: HR heatmap representing associations between
LIN01614, LIN01537, LIN02407, C150rf54, and CYMP-AS1 expression and OS in patients with different clinicopathological characteristics. Only HRs with P values
less than 0.05 are shown. HR: Hazard ratio; ROC: Receiver operating characteristic; AUC: Area under curve.
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Figure 4 LINC02407 is upregulated in clinical gastric cancer specimens and cell lines. A: The relative expression of LINC02407 determined by qRT-PCR in 20
paired gastric cancer tissues and adjacent normal tissues; B: The relative expression of LINC02407 determined by g-RT-PCR in six cell lines (HaCaT, GES-1, MGC-
803, MKN45, SGC-7901, and HGC-27). Data are reported as the mean + SD. 2P < 0.05, P < 0.01, and P < 0.001 for between-group comparisons.
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Figure 5 Effect of LINC02407 on HGC-27 cells. A: Quantitative real-time polymerase chain reaction to determine LINC02407 relative expression in LINC02407-
overexpressing lentivirus, overexpression-control, si-LINC02407, and si-NC-transfected HGC-27 cells; B: Determination of proliferation of different groups of HGC-27
cells; C: Hoechst staining assay of different groups of HGC-27 cells; D: Flow cytometry analysis of apoptosis rates of different groups of HGC-27 cells; E: Wound

healing assay of different groups of HGC-27 cells. Data are reported as the mean + SD. *P < 0.05, ®P < 0.01, and ¢P < 0.001 for between-group comparisons. NC:
Negative control.
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Figure 6 Hsa-miR-6845-5p and hsa-miR-4455 have negative effects on gastric cancer. A: Luciferase reporter assay verifying hsa-miR-6845-5p and hsa-miR-
4455 as direct targets of hsa-miR-6845-5p and hsa-miR-4455; B: Determination of the effects of hsa-miR-6845-5p-mimic and hsa-miR-4455-mimic on cell viability in
HGC-27 cells; C: Evaluation of the influence of hsa-miR-6845-5p-mimic and hsa-miR-4455-mimic on HGC-27 cell apoptosis; D: Evaluation of the effect of hsa-miR-
6845-5p-mimic and hsa-miR-4455-mimic on invasion of HGC-27 cells. Data are reported as the mean + SD. 2P < 0.05, ®P < 0.01, and P < 0.001 for between-group
comparisons. NC: Negative control.

Reishidenge WJG | https://www.wjgnet.com 5987 October 21,2019 | Volume25 | Issue39 |



Zhou LL et al. Long noncoding RNA in gastric adenocarcinoma

ABLIM3
A ADGRD1
ATP11A
CHD2
CHRND
DHRS12
_miR- DYPSL2 s
has-miR-4455 FAM210A o
FOX12 ==
GGA3 =
GNAZ
GNG13
LINC02407 I%S%’ég
IQSEC3
KRI1 [
MYLL .
NBEA s
LncRNA has-miR-6845-5p PITSSS,}, ||
POM121C ==
RASD2C
miRNA RSPO4
SDC3
TNNI1 &
ZMIZ1
mMRNA
B &
x & © S &
Q RS & A RS
’bb‘é\ &S Sy & B SE
R N NP S N2
O O O gis O NS SO
O DL S @ S
& T O (SN o O
& X x X X x
ADGRD1 N S ADGRD1 % --
CHRND e e Sl crrnp A
RLL - - i -
iz | .- TNNIL i S
Actn oo weedd ERTD Actin @D CGEED R
[] ADGRD1 [] ADGRD1
] CHRND ] CHRND
20- ] IGLON5 20 [] IGLON5
B KrIl B KRrIl
B TNNIL B TNNI1
s b b
i 1 . T
S S
& 7.2 b
2 2
® k)
& 051 e

O-LINC02407 +
miR-NC

0O-LINC02407 +
miR6845-5p mimics

O-LINC02407 +
miR6845-5p inhibitor

O-LINC02407 +
miR-NC

0O-LINC02407 +
miR4455 inhibitor

O-LINC02407 +
miR4455 mimics

Figure 7 LINC02407 influences gastric cancer through the LINC02407-miR-6845-5p and miR-4455-adhesion G protein-coupled receptor D1 pathways. A:
Sankey diagram for the competing endogenous RNA network in LINC02407. This Sankey plot shows the quantity of evidence for LINC02407 on the left-hand side,
miR-6845-5p and miR-4455 in the middle, and the quantity of evidence for potential target mRNAs on the right-hand side of the plot. Each rectangle represents a
gene, and the size of the rectangle represents the degree of connection of each gene; B: Western blot assay of adhesion G protein-coupled receptor D1, cholinergic
receptor nicotinic delta, IGLON5, KRI1, and troponin |1 proteins differentially expressed in HGC-27 cells under different treatments. Data are reported as the mean +
SD. ?P < 0.05, ®P < 0.01, and P < 0.001 for between-group comparisons. NC: Negative control; ADGRD1: Adhesion G protein-coupled receptor D1; CHRND:
Cholinergic receptor nicotinic delta; IGLONS: IgLON family member 5; TNNI1: Troponin I1; LncRNA: Long noncoding RNA; miRNA: MicroRNA.

ARTICLE HIGHLIGHTS

Research background
The study of the role and mechanism of long non-coding RNAs (IncRNAs) in tumor progression
has been gradually developed and validated. The expression of IncRNAs in gastric cancer (GC)
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may be related to the progression of GC. However, there is little experimental evidence about
their mechanism of action in GC.

Research motivation
The study of IncRNA-related genes may suggest its carcinogenic effects and potential molecular

mechanisms in GC, and may further provide a new direction for the diagnosis and treatment of
GC.

Research objectives
The main objectives of our study were to investigate the differential expression of IncRNAs in
human GC and elucidate the function and regulatory mechanism of LINC02407.

Research methods

Quantitative real-time PCR was used to detect IncRNA gene expression in GC tissues and
matched adjacent non-tumor tissues and used the Cancer Genome Atlas database to verify the
role of IncRNAs in GC. In a further molecular mechanism study, we confirmed the possible
molecular mechanisms and regulatory pathways by which LINC02407 exerts its role by
overexpressing and knocking down the expression of downstream molecules of LINC02407.

Research results

LncRNA LINC02407 was up-regulated in GC tissues and cell line and promoted proliferation
and metastasis and inhibited apoptosis of GC cells. LINC02407 played a role in GC through the
LINCO02407-miR-6845-5p/ miR-4455-adhesion G protein-coupled receptor D1 (ADGRD1)
pathways, and thus, it may be an important oncogene and has potential value in GC diagnosis
and treatment.

Research conclusions

The authors demonstrated that LINC02407 is overexpressed in GC tissues and cell lines, which
could provide more evidence for the clinical use of IncRNAs as biomarkers in GC. We also
confirmed that LINC02407 plays a role in GC through the LINC02407-miR-6845-5p / miR-4455-
ADGRD1 pathways. Overexpression of LINC02407 may reflect a promising treatment strategy
for GC, which calls for more validated data in the future.

Research perspectives

Through this study, we will have a deeper understanding of the role and mechanism of IncRNAs
in GC in the future. And members of the LINC02407-miR-6845-5p/ miR-4455-ADGRD1 axis can
be useful targets for future prevention and treatment innovations in GC.
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