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Abstract

Impact Statement

LncRNA expression may exhibit a significant role
for effective gastric cancer (GC) prognosis based
on the clinical stage-wise GC. Using the systematic
integrating bioinformatics of The Cancer Genome
Atlas (TCGA) database for GC models, the current
study analyzed five IncRNAs signature in tumor
progression of GC. LINC00941 is positively cor-
related with the clinical stage of the tumor, and its
higher expression has a significant relationship
with poor prognosis. AC019117.2 and LINC00941
inferred a positive correlation with clinical stage,
and their expression was higher in tumor tissues
than normal tissues. On the contrary, LINC02410,
ACO012317.2, and AC141273.1 exhibited negative
correlation with clinical stage, and their expression
was higher in normal tissues compared to tumor
tissues. These IncRNAs were identified pertaining
to the clinical stage through TCGA database, and
could be used to distinguish the malignancy of GC
patients and further provide a possible way to the
early prognosis and early personalized treatment
of GC.

LncRNA expression can be conducive to gastric cancer (GC) prognosis. The
objective of this study is to ascertain five specific IncRNAs involved in tumor
progression of GC and their role as prognostic markers to diagnose clinical
stage-wise GC. High-throughput RNA sequencing data were obtained from The
Cancer Genome Atlas (TCGA) database and performed genome-wide IncRNA
expression analysis using edgeR package, Bioconductor.org, and R-statistical
computing to analyze differentially expressed IncRNA analysis. Cutoff parameters
were FDR < 0.05 and ILog2FCI > 2. Total 351 tumor samples with differentially
expressed IncRNAs were divided into group-1 IncRNAs such as AC019117.2
and LINCO00941, and group-2 IncRNAs such as LINC02410, AC012317.2, and
AC141273.1 by 2:1. The Spearman correlation coefficients (p <0.05) and
correlation test function (cor.test ()) were performed for IncRNAs as per clinical
stage. Cytoscape software was used to construct INcRNA—-mRNA interaction
networks. Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway (p <0.05) analysis were conducted using the clusterProfiler
package. Kaplan—Meier survival analysis was performed to determine the overall
survival of patients based on the expression of five IncRNAs in different clinical
stages of GC.AC019117.2 and LINC00941 of group 1 inferred a positive correlation
with clinical stages of stage | to stage |V, and their expressions were higher in
tumor tissues than normal tissues. On the contrary, LINC02410, AC012317.2, and
AC141273.1 of group 2 exhibited a negative correlation with clinical stage, and
they exhibited more expression in normal tissues compared to tumor tissues.
GO and KEGG pathway analysis reported that AC019117.2 may interact with

LINC00941 via ITGAS3 and trophoblast glycoprotein (TPBG) to foster tumor progression. Tumor-specific group-1 IncRNAs were
conducive to the poor overall survival and exhibited a positive correlation with the clinical stages of stage | to stage IV in GC
as per the IncRNA-mRNA networking analysis. These five IncRNAs could be considered as clinically useful IncRNA-based
prognostic markers to predict clinical stage-wise GC progression.
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Introduction

Gastric cancer (GC) is the fifth most commonly diagnosed can-
cer and has become a vital public health burden in different
nations.! Several therapeutic modalities against GC such as
surgery, chemotherapy, Helicobacter pylori treatment, and radi-
otherapy were developed; especially the neoadjuvant chemo-
therapy has been preferred for treating the advanced-stage
GC.23 The clinical stage during diagnosis can elucidate the
prognosis of patients with GC. For instance, the patients with
localized, early-stage GC have been reported to exhibit >60%
overall survival (OS) rate, but the five-year OS rates for GC
patients with local and distant metastases typically decrease
to 30% and 5%, respectively.* However, the five-year OS rate
pertinent to GC remains unsatisfactory despite diagnostic and
therapeutic advances due to the debilitating progression of
advanced disease stages when patients are diagnosed, espe-
cially in China.5 Therefore, exploring the novel biomarkers
for predicting GC prognosis remains an important strategy.

Recent advancements in high-throughput sequencing
technologies have provided many benefits in terms of screen-
ing prognostic genes in the transcriptomic data for advanced-
stage cancers. Research mining of The Cancer Genome Atlas
(TCGA) and gene expression omnibus (GEO) databases
delineated IncRNAs as potential prognostic factors for GC
patients as tumor suppressor genes or oncogenes, and they
could regulate tumor cell biological processes.® LncRNAs
exhibit potential ability to modulate gene expression at tran-
scriptional and post-transcriptional levels.”” Furthermore,
divergent expressions of IncRNAs can modulate cancer
development, progression!®!! by fostering several oncogenic
signaling to enhance tumor cell proliferation, anti-apoptosis,
and metastasis, whereas some of IncRNAs reported to be
implicated in diagnosis and prognostication.!2-17

Several prognostic biomarkers including fibroblast
growth factor receptor,'® human epidermal growth fac-
tor receptor 2 (HER2),' epidermal growth factor receptor
(EGFR),? and hepatocyte growth factor receptor (HGFR)?!
have been undergoing clinical trials for predicting GC.
However, these biomarkers are associated with accuracy and
reliability limitations to promote them as potential biomark-
ers. Divergent expression of IncRNAs through TCGA data
mining for GC could be a beneficial strategy to improve pre-
vention, and early diagnosis and treatment against various
cancers.?? Hence, it is crucial to discover and identify novel
IncRNA-based signatures with high robustness and reliabil-
ity to enhance clinical outcomes in the patients through the
stage-wise prognosis of GC.2?> Extensive cross-validation
of these IncRNA-based predictive signatures have been
required in several cohorts.

The Inc-TALC can confer temozolomide resistance
invoked through Akt signaling in glioblastoma (GBM) cells.?
Furthermore, Inc-SChLAP1 expression fosters the GBM
tumor cells proliferation and growth via ACTN4 stabilization
and by promoting activity of NF-kB signaling.?” LncRNAs
including “LNC01545, WDR11-AS1, NDUFA6-DT, FRY-AS1,
and TBX5-AS1” are reported to be implicated in OS of GBM
patients suggesting their significant role as biomarkers to
diagnose GBM.2?® Expression patterns of IncRNAs including
“UCA1, MALAT1, HOXA11 (HOXAI1 antisense RNA)-AS,
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and ZEB1-AS1”2%-31 can be used as diagnostic or prognostic
markers for GC, but their mechanism by which these non-
coding RNAs regulate GC has yet to be determined. Another
study by Xiangin Zhang et al.32 confirmed the implications
of IncRNAs including UCA1, HOTTIP, and HMGA1P4 in
the prognosis of GC. Zeng et al.* suggested a positive cor-
relation of LINC00675 with the prognosis by enhancing
phosphorylation of vimentin to suppress GC development.
Another report delineated the functional role of LINC00675
in regulating cancer cell proliferation, migration, and inva-
sion via Wnt/B-catenin signaling.3* Zhao et al.*> concluded
that Plasmacytoma variant translocation 1’ (PVT1)-mediated
angiogenesis by activating the STAT3/VEGEF-A signal-
ing axis, further promoting tumor growth. Another report
by Song et al.3 examined the clinical data pertinent to the
patients with or without lymph node metastasis in GC and
performed IncRNA expression profiles. This study revealed
that the high-regulated XLOC_010235 and low-regulated
RP11-789C1.1 exhibited a positive correlation to the lymph
node, local and distant metastases, and TNM (tumor, node,
metastasis) stage, and subsequently determined their roles as
poor prognostic biomarkers in GC.%

Thus, the clinical role of IncRNAs expressed as per clinical
stage and pathological grade has been confirmed in gliomas,?
ovarian cancer,?® osteosarcoma,® clear cell renal cell cancer,*°
bladder cancer,*! and cervical cancer.*2 Functional enrichment
analysis by Haiming Liu et al.*® suggested that LINC00941
oncogene co-expression network can regulate GC tumor cell
proliferation and metastasis. Loss-of-function studies of this
gene significantly impaired cancer cell proliferation, migra-
tion, and invasion, and consequently modulated GC tumor
growth.®* However, there are very limited reports pertaining to
the IncRNA transcriptome data analysis to screen clinical stage-
wise and pathological grade-wise biomarkers for GC patients.
In this study, we employed bioinformatics to screen IncRNA
biomarkers related to the different tumor clinical stages includ-
ing stage I to stage IV by ascertaining transcriptome profiles
and clinical data mining of GC from TCGA database; our study
identified five clinical stage-wise expressions of IncRNA bio-
markers according to our pipeline. Then, we performed corre-
lation analysis between these five IncRNAs and mRNAs, and
subsequently established the IncRNA-mRNA co-expression
network to find out the interaction between AC019117.2 and
LINC00941 in tumor progression of GC. Finally, we performed
the Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway and gene ontology (GO) analysis to understand the
underlying mechanisms of the five IncRNAs.

Materials and methods
Database search and data collection

Level 3 RNA-Seq gene expression profile of GC patients was
downloaded from the TCGA database (https://portal.gdc.
cancer.gov/). Meanwhile, the relevant clinical data were also
downloaded from the TCGA data portal. We excluded sam-
ples without a clear clinical stage, and further screened their
expression patterns of IncRNAs and mRNAs, respectively,
according to the GENCODE database (https://www.gen-
codegenes.org/).


https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
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All data preprocessing and processing were executed
according to the methodology described by Xie et al.** The
source code will be provided in supplementary files upon
request as Code R and STAD.Inc.tumor.stage file for better
understating the methodology with more clarity.

Differentially expressed IncRNA analysis

In order to obtain differentially expressed IncRNAs in cancer
tissue as well as normal tissues, primarily several IncRNAs
whose count value was 0 were eliminated. Subsequently, the
edgeR package, Bioconductor.org, and R-statistical comput-
ing were employed to perform the differentially expressed
IncRNA analysis. The cutoff parameters were FDR <0.05
and |Log,FC| >2.

Identification of IncRNAs with clinical stage

The IncRNAs were obtained from 382 samples (31 normal
samples and 351 tumor samples). Total 351 tumor sam-
ples with differentially expressed IncRNAs were randomly
divided into groups as follows: group 1 and group 2 by 2:1.
The Spearman correlation coefficients (p <0.05) for IncRNAs
and clinical stage were separately calculated using correlation
test function (cor.test()) in R software. We screened group-1
IncRNAs and group-2 IncRNAs accurately. Group-1 IncR-
NAs exhibited a positive correlation with clinical stage, and
their expression profile was reported to be decreased in nor-
mal tissues than tumor tissues; group-2 IncRNAs exhibited a
negative correlation with clinical stage, and their expression
profile was higher in normal tissues than tumor tissues. The
above analysis was repeated 100 times for avoiding the ran-
dom allocation bias. The above two groups of IncRNAs with
consistent correlation were selected for further analysis.

IncRNA-mRNA interaction analysis, GO, and KEGG
pathway analysis

Interaction analysis of IncRNAs and mRNAs was performed
using cor.test() in R-statistical computing to obtain the
selected IncRNAs and their correlated target genes (r >0.53
and p <0.05). Cytoscape software was used to elucidate
IncRNA-mRNA interaction networks. GO process and
KEGG pathway (p <0.05) analysis were performed to explore
biological features of selected IncRNAs and their correlated
genes using the clusterProfiler package (Bioconductor.org).

Kaplan—Meier survival analysis

Kaplan—Meier survival analysis was executed with the aid of
R-statistical computing, and comparisons were performed by
log-rank test to elucidate prognostic significance of selected
IncRNAs. Level of significance was defined as p value <0.05.

Results

Differentially expressed IncRNAs between normal
and tumor samples

Total 14,776 IncRNAs were obtained from 382 samples (31
normal samples and 351 tumor samples). Subsequently, a
total of 636 IncRNAs were screened using edgeR package
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in R-statistical computing; among them 529 IncRNAs were
upregulated whereas 107 IncRNAs were downregulated. A
volcano plot was constructed to discern a significant differ-
ence between two groups of differentially expressed IncR-
NAs (Figure 1(a)). Top 50 IncRNAs were shown in heatmap
and principal components analysis (PCA; Figure 1(b) and (c)).

IncRNAs with clinical stage and pathological grade
of GC

According to our pipeline, five IncRNAs met the criteria
after repeating the analysis for 100 times. Among them, two
IncRNAs such as AC019117.2 and LINC00941 are consid-
ered as group 1, whereas three IncRNAs such as LINC02410,
AC012317.2, and AC141273.1 are considered as group 2.
Group-1 IncRNAs exhibited a positive correlation with the
clinical stage, and their expression was higher in the tumor
tissues when compared to normal tissues. On the contrary,
group-2 IncRNAs exhibited a negative correlation with
pathological clinical stage, and their expression was typi-
cally higher in normal tissues when compared to tumor tis-
sues (Figure 2(a)). The frequency of both groups of IncRNA
expressions was shown in Figure 2(b). Furthermore, the
expression of group-1 IncRNAs AC019117.2 and LINC00941
was decreased in the normal samples and increased with the
clinical stage of stage I to stage IV in tumor samples (Figure
3(a) and (b)). The expression of group-2 IncRNAs such as
LINC02410, AC012317.2, and AC141273.1 was significantly
higher in the normal samples and comparatively lesser in
tumor samples of clinical stage I to stage IV (Figure 3(c) to
(e)). LINCO00941, also referred to as IncRNA-MUF, involved
in mediating invasion depth, lymphatic metastasis, and
TNM stage.® This report has concluded that LINC00941 may
contribute to poor tumor difference and further testified that
our results were credible.

IncRNA and mRNA interaction analysis

The Spearman correlation statistical method was used to
conduct IncRNA and mRNA interaction analysis and sub-
sequently identified the mRNAs that were closely related to
these five IncRNAs (r>0.03 and p <0.05). A significant cor-
relation was observed between LINC00941 and AC019117.2
(Figure 4). Then, the IncRNA and mRNA interaction network
was obtained and represented in Figure 5. Integrin subunit
alpha-3 (ITGA3) and trophoblast glycoprotein (TPBG) were
reported to be connecting AC019117.2 and LINC00941 in the
network as they were significantly involved in tumor cell
cycle, invasion, proliferation, and metastasis.44” AC019117.2
may interact with LINC00941 via ITGA3 and TPBG to exert
its role in the tumor cell biological process. This network
interaction significantly demonstrates the involvement of
five IncRNAs in the progression of GC.

Prognostic value of five IncRNAs in OS of GC
patients

Kaplan-Meier curves were constructed to ascertain OS, and
subsequently we reported the potential prognostic value of
these five IncRNAs (Figure 6). Among indicated five IncR-
NAs, the expression of AC019117.2 and LINC00941 (group-1
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Figure 1. The differentially expressed IncRNAs were analyzed with the aid of edgeR package in R-statistical computing. (a) Volcano plot showed the number of
differentially expressed IncRNAs (FDR < 0.05 and ILog2FCI > 2). (b) Top 50 differentially expressed IncRNAs were depicted in the heatmap. (c) Top 50 differentially
expressed INcRNAs were depicted in principal components analysis (PCA). (A color version of this figure is available in the online journal.)

IncRNAs) was conducive to the poor OS; furthermore, the in line with previous studies.*® Our results also delineated
increased expression of these two IncRNAs was positively  that three IncRNAs of group-2 IncRNAs such as LINC02410,
correlated with clinical stages of stage I to stage IV — this AC012317.2, and AC141273.1 expressions were negatively
observation was exactly consistent with the fact that higher  correlated with clinical stages of stage I to stage IV in GC
the clinical stage, the worse the prognosis. These results were  patients.
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Figure 2. (a) Heatmap shows the expression of IncRNAs in group-1 IncRNAs (AC019117.2 and LINC00941) and group-2 IncRNAs (LINC02410, AC012317.2, and
AC141273.1) in normal and different clinical stages (stage | to stage V) of GC tumor tissue. (b) The frequency of these five I"cRNAs was represented in the histogram
randomly after repeating 100 times. (A color version of this figure is available in the online journal.)

GO and KEGG pathway analysis and KEGG pathway analysis. As per the GO enrichment

analysis, the target mRNA of LINC00941 mainly involves in
The function of two IncRNAs of group-1 IncRNAs such as  the cell junction, cell adhesion, extracellular matrix (ECM),
AC019117.2 and LINC00941 was ascertained through GO  and cell growth, and fosters tumor cell invasion, metastasis,
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Figure 3. (a, b) Box plot represents that IncRNAs in group-1 IncRNAs (LINC00941 and AC019117.2) were decreased in the normal samples and increased with
the clinical stages of stage | to stage IV in tumor samples, and exhibited a positive correlation. (c) to (e) Box plot represents that IncRNAs in group-2 IncRNAs
(AC141273.1, AC012317.2, and LINC02410) were increased in the normal samples and decreased with the clinical stage | to IV in tumor samples, and exhibited a
negative correlation. (A color version of this figure is available in the online journal.)

and growth (Figure 7(a)). Furthermore, results revealed  pathways, PD-1 checkpoint signaling, and PD-L1 expres-
that the ECM-receptor interaction, focal adhesion, PI3K-  sion in KEGG pathway analysis were significantly involved
Akt, mitogen-activated protein kinase (MAPK) signaling  in facilitating metastasis and tumor cell differentiation of
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Figure 4. A significant correlation was observed between LINC00941 and AC019117.2 (p <0.001). (A color version of this figure is available in the online journal.)

GC (Figure 7(b)). This result was broadly consistent with
that of IncRNA and mRNA interaction networks and previ-
ous studies.*** Specifically, AC019117.2 in group-1 IncRNAs
and its target mRNAs were conducive to the development
of familiar biological features for tumor cell proliferation,
as depicted in Figure 8(a) and (b), which demonstrated the
validity of our study.

Discussion

The lack of effective prognostic biomarkers to diagnose GC
on the basis of clinical stage-wise still remains an urgent
issue to explore significant modulators in the development
of GC.# Over the past several years, several reports deline-
ated that the expression of IncRNAs plays an essential clini-
cal role in GC diagnosis. Different IncRNAs may play crucial
roles in multiple genetic and epigenetic molecular networks
in several cancers including GC as they are involved directly
or indirectly in affecting cellular homeostasis, cell prolifera-
tion, migration, and stemness.® It is well known that the
cancer pathological grade is an essential factor for prognosis.
Higher level pathological grades unveil the faster growth,
invasion, metastasis, and worse prognosis, and may require
more timely aggressive treatment. It is possible to develop
a panel of IncRNAs with variable expression as prognostic/
diagnostic markers conducive to the tumor microregula-
tory networks of GC based on pathological grade or clinical
stages. These IncRNAs are involved in the molecular signal
transduction, and regulate specific genes and correspond-
ing molecular signaling pathways pertinent to GC progres-
sion. Past studies focused to delineate the role of individual
IncRNA expression within the primary tumor tissues and

normal tissues;’! yet, there are no studies reported for the
effective screening of clinical stage-wise prognostic biomark-
ers and exploring their potential mechanisms associated
with the exact clinical stage for GC patients. Therefore, the
current study involves the analysis of IncRN A expression for
developing clinical stage-wise prognostic markers pertinent
to GC using TCGA and GEO databases.

Zhang et al.5? demonstrated that abnormal histone
modification-activated HOXC cluster antisense RNA 3
(HOXC-AS3) expression can foster the GC cell prolifera-
tion through the Y-box binding protein 1 (YBX1). Zhu et al.?
presented a 24-IncRNA signature for the clinical progno-
sis of GC that might participate in cancer recurrence and
metastasis. UCA1, MALAT1, HOXA11-AS, and ZEB1-AS1
are reported IncRNAs, which can modulate the progression
of GC. Furthermore, a few studies reported the multifunc-
tional roles of IncRNAs including FEZF1-AS1, HOTAIR,
HOXAI11-AS, HOTTIP, and LINC01234 involved in the pro-
gression of GC.2953-56

Upregulation of IncRNAs such as CASC19,” SNHG6,%
MIR100HG,*” Sox2ot,*® MALAT1,%* NEAT1,%2 SNHGS, %
and CTD-2510F5.4 directly or indirectly correlated to the
clinicopathological parameters on TNM stage-wise GC
progression.®® For instance, the IncRNA growth arrest asso-
ciated IncRNA 1 (GASL1)% and papillary thyroid carci-
noma susceptibility candidate 3 (PTCSC3), and MALAT1
expression predominantly exhibited correlation with TNM
stage, tumor size, and distant metastasis of GC, respec-
tively.t4% LncRNAs including “SNHG6, ARHGAP27P1
(Rho GTPase activating protein 27 pseudogene 1), DANCR
(differentiation antagonizing non-protein coding RNA),
DGCRS5 (DiGeorge syndrome critical region gene 5), MT1JP
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Figure 5. IncRNA and mRNA interaction network for these five IncRNAs (r>0.5 and p < 0.05). Red color represents IncRNA, and blue color represents target mRNA.
ITGA3 and TPBG connect AC019117.2 and LINC00941 in the IncRNA-mRNA network as these IncRNA-controlled mRNAs could significantly regulate tumor cell
cycle, invasion, proliferation, and metastasis. (A color version of this figure is available in the online journal.)

(metallothionein 1 J, pseudogene), SNHG17, and ZFAS1”
are significantly correlated with the TNM stage as well as
tumor invasion depth, and lymph node metastasis per-
tinent to GC progression.®”7> HOXA11-AS and tubulin
alpha-4b are the other significant IncRNAs expressed in
GC, and their expression is correlated to TNM stage as well
as lymph node metastasis of GC.747

AK026189 (an IncRNA) is highly expressed in GC; the
expression of this IncRNA is significantly correlated to the

reduction in OS.” H04858 is another IncRNA involved in
regulating the oncogenes as well as hematopoiesis pertinent
to myeloid leukemia progression; hence, the expression of
HO04858 could be considered as the early prognostic marker
for leukemia.”® Expression of AK026189 (CASC 15) is sig-
nificantly associated with neuroblastoma and extensively
enhanced in melanoma progression.””7° Ren et al.?> deline-
ated that a total of 76 IncRNA GC-specific gene signatures
were observed from pan-cancer analysis. Among them, total
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Figure 6. Survival analysis for these five IncRNAs (AC141273.1, AC012317.2, LINC02410, AC019117.2, and LINC00941). Extensive expression of group-1 IncRNAs
(AC019117.2 and LINC00941) was reported to cause poor overall survival in GC patients. (A color version of this figure is available in the online journal.)

five IncRNAs such as “CTD-2616J11.14, RP1-90G24.10, RP11-
150012.3, RP11-1149023.2, and MLK7-AS1” are predomi-
nantly involved in modulating the OS of GC patients as they
can effectively regulate DNA replication, cancer cell mitosis,
apoptosis, and RNA splicing.” In our study, the analysis of
IncRNA expression profiles from TCGA database revealed
that the total 529 upregulated and 107 downregulated IncR-
NAs were identified, and the expression profiles of IncR-
NAs expressed in tumor tissues as well as in the normal
tissues were compared in order to delineate the significant

correlation between IncRNAs and clinical stage-wise GC;
group-1 IncRNAs including AC019117.2 and LINC00941
were downregulated in normal tissues and exhibited a posi-
tive correlation with the clinical stages of stage I to stage IV in
GC; group-2 IncRNAs such as AC012317.2 and AC141273.1
were upregulated in normal tissues and reported typically a
negative correlation with the clinical stages of stage I to stage
IV in GC. Overall, LINC02410 expression was declined in
different clinical stages of GC tumor samples than normal
samples.
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Minimal expression of HOXA11-AS in GC patients
exhibited a good OS rate, whereas the minimal expres-
sion of tubulin alpha-4b exhibited a minimal OS rate.”*7>
Furthermore, the expression of LINC00086 is correlated to a
low OS rate as it could promote lymph node metastasis and

TNM stage.® Kaplan-Meier analysis for these five IncRNAs
showed that the low AC019117.2 and LINCO00941 expres-
sions can effectively predict better prognosis and could be
considered as prognostic markers in order to predict the
GC progression.



Substantial expression of AA041523 can induce loss of
tumor suppressor LKB1 gene function, a specific muta-
tional event occurring in lung cancer.8! Furthermore, the
expression of AA041523 is also predominantly higher
in GC and fosters tumorigenesis, and the expression
of this IncRNA is correlated with OS of the patient and
tumor size.8? As per our current study, LINC00941 among
the five IncRNAs has been found to be considered as a
prognostic biomarker due to its involvement in the GC
development, invasion, and metastasis.#> LINC00941
gene silencing can induce mitigation in the cell prolif-
eration and migration of GC in vitro.*® In addition to GC,
LINCO00941 also can regulate the incidence and develop-
ment of head and neck squamous cell carcinoma,? lung
adenocarcinoma,*84 and hepatocarcinogenesis.?> Our
study reported that LINC00941 expression is positively
correlated with tumor clinical stages I to IV, and the higher
expression of LINC00941 exhibit has a significant rela-
tionship with poor prognosis. GO and KEGG pathway
analysis for LINC00941 and AC019117.2 revealed that
their target mRNAs are significantly involved in modu-
lating the signaling mechanisms pertinent to tumor cell
invasion, metastasis, and growth. LINC00941 was mainly
enriched in many signaling pathways related to tumor
cell invasion, metastasis, and growth. The IncRNA and
mRNA interaction analysis depicted that the AC019117.2
expression was linked to LINC00941 through ITGA3 and
TPBG, and it has been confirmed that TPBG can modulate
cell adhesion and further associated with poor clinical
outcomes for lung cancer patients.’¢ Another study by
Koshizuka et al.% found that knockout studies of ITGA3
in esophageal squamous cell carcinoma (ESCC) cells can
prevent tumor cell migration and invasion; overexpres-
sion of ITGA3 has predicted poor prognosis for ESCC
patients. However, its role in cancer development has not
been reported. AC019117.2 might have a synergistic effect
on LINC00941 via ITGA3 and TPBG to exert its role in the
tumor cell biological process based on our results.

Overall, the systematic analysis of transcriptomic data
in TCGA and GEO databases pertinent to GC models
depicted the functional aspects of five IncRNAs signature
in the GC tumor progression. This novel IncRNA expres-
sion based on the clinical stages of GC may be used to dis-
tinguish the tumor malignancy in GC patients and further
provides a possible way to the early prognosis and early
treatment of GC.

AUTHORS’ CONTRIBUTIONS

NMB, RF, JL, and VNN conceptualized and designed the study.
NMB executed data analysis. NMB, HG, NX, YL, HY, and KC
performed the literature analysis and wrote the original manu-
script draft. NMB, JL, VNN, and RF performed editing and revi-
sion of the final draft. Every author reviewed and approved the
manuscript draft prior to submission.

ACKNOWLEDGEMENTS

The authors convey their sincere thanks to later Prof. Gumrackh
Aliev, Gally International Biomedical Research and Consulting
LLC, San Antonio, Texas, USA, for the support during the entire
work.

Beeraka et al.

Five IncRNAs signature — Gastric cancer prognosis

DECLARATION OF CONFLICTING INTERESTS

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

FUNDING

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this
article: This study was supported by National Natural Science
Foundation of China (No. 81703158), and Russian Academic
Excellence project “5-100” for the Sechenov University, Moscow,
Russia, GALLY International Research Institute, San Antonio,
Texas, USA.

DATA AVAILABILITY

Data obtained for this study will be provided upon request by
the journal office and reviewers.

ORCID IDS

Jungqi Liu "% https://orcid.org/0000-0002-6015-1033
Ruitai Fan "% https://orcid.org/0000-0003-3401-4315
REFERENCES

1. Bray F, Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortal-
ity worldwide for 36 cancers in 185 countries. CA Cancer ] Clin 2018;68:
394-424

2. Ajani JA, D’Amico TA, Almhanna K, Bentrem DJ, Chao J, Das P, Den-
linger CS, Fanta P, Farjah F, Fuchs CS, Gerdes H, Gibson M, Glasgow
RE, Hayman JA, Hochwald S, Hofstetter WL, Ilson DH, Jaroszewski
D, Johung KL, Keswani RN, Kleinberg LR, Korn WM, Leong S, Linn
C, Lockhart AC, Ly QP, Mulcahy MF, Orringer MB, Perry KA, Poult-
sides GA, Scott W], Strong VE, Washington MK, Weksler B, Willett CG,
Wright CD, Zelman D, McMillian N, Sundar H. Gastric cancer, version
3.2016, NCCN clinical practice guidelines in oncology. | Natl Compr
Canc Netw 2016;14:1286-312

3. Li WQ, Zhang JY, Ma JL, Li ZX, Zhang L, Zhang Y, Guo Y, Zhou T,
LiJY, Shen L, Liu WD, Han ZX, Blot W], Gail MH, Pan KF, You WC.
Effects of Helicobacter pylori treatment and vitamin and garlic supple-
mentation on gastric cancer incidence and mortality: follow-up of a
randomized intervention trial. BMJ 2019;366:15016

4. YuanL, Xu Z-Y, Ruan S-M, Mo S, Qin J-J, Cheng X-D. Long non-coding
RNAs towards precision medicine in gastric cancer: early diagnosis,
treatment, and drug resistance. Mol Cancer 2020;19:1-22

5. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, Jemal A, Yu
XQ, He J. Cancer statistics in China, 2015. CA Cancer | Clin 2016;66:115—
32

6. Wang Y, Zhang H, Wang ]. Discovery of a novel three-long non-coding
RNA signature for predicting the prognosis of patients with gastric
cancer. | Gastrointest Oncol 2020;11:760-9

7. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global
cancer statistics, 2012. CA Cancer | Clin 2015;65:87-108

8. Cutsem E, Sagaert X, Topal B, Haustermans K, Prenen H. Gastric can-
cer. Lancet 2016,;388:2654—64

9. Zhu X, Tian X, Yu C, Shen C, Yan T, Hong ], Wang Z, Fang J-Y, Chen
H. A long non-coding RNA signature to improve prognosis prediction
of gastric cancer. Mol Cancer 2016,15:60

10. Huang K-C, Rao PH, Lau CC, Heard E, Ng S-K, Brown C, Mok SC,
Berkowitz RS, Ng S-W. Relationship of XIST expression and responses
of ovarian cancer to chemotherapy 1 this work was partly supported
by NIH grants CA70216 and GM59920 (to SW. N.). 1. Mol Cancer Therap
2002;1:769-76
11. Wang Z, Jin Y, Ren H, Ma X, Wang B, Wang Y. Downregulation of the

long non-coding RNA TUSC7 promotes NSCLC cell proliferation and
correlates with poor prognosis. Am | Transl Res 2016;8:680-7


https://orcid.org/0000-0002-6015-1033
https://orcid.org/0000-0003-3401-4315

670 Experimental Biology and Medicine

Volume 247

April 2022

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Qi P, Du X. The long non-coding RNAs, a new cancer diagnostic and
therapeutic gold mine. Mod Pathol 2013,26:155-65

Crea F, Watahiki A, Quagliata L, Xue H, Pikor L, Parolia A, Wang Y,
Lin D, Lam WL, Farrar WL. Identification of a long non-coding RNA
as a novel biomarker and potential therapeutic target for metastatic
prostate cancer. Oncotarget 2014;5:764-74

Mao X, Qin X, Li L, Zhou ], Zhou M, Li X, Xu Y, Yuan L, Liu Q-N, Xing
H. A 15-long non-coding RNA signature to improve prognosis predic-
tion of cervical squamous cell carcinoma. Gynecol Oncol 2018;149:181-7
Fan Q, Liu B. Discovery of a novel six-long non-coding RNA signa-
ture predicting survival of colorectal cancer patients. | Cell Biochem
2018;119:3574-85

Yan ], Zhou C, Guo K, Li Q, Wang Z. A novel seven-IncRNA signature
for prognosis prediction in hepatocellular carcinoma. | Cell Biochem
2019;120:213-23

Zhou C, Wang S, Zhou Q, Zhao ], Xia X, Chen W, Zheng Y, Xue M,
Yang F, Fu D. A long non-coding RNA signature to improve prog-
nostic prediction of pancreatic ductal adenocarcinoma. Front Oncol
2019;9:1160

Wettenhall JM, Smyth GK. limmaGUI: a graphical user interface for
linear modeling of microarray data. Bioinformatics 2004;20:3705-6
Lossos I, Czerwinski D, Alizadeh A, Wechser M, Tibshirani R, Botstein
D, Levy R. Prediction of survival in diffuse large-B-cell lymphoma
based on the expression of six genes. N Engl | Med 2004;350:1828-37
Guttman M, Amit I, Garber M, French C, Lin MF, Feldser D, Huarte
M, Zuk O, Carey BW, Cassady JP. Chromatin signature reveals over
a thousand highly conserved large non-coding RNAs in mammals.
Nature 2009;458:223-7

Huang da W, Sherman BT, Lempicki RA. Systematic and integrative
analysis of large gene lists using DAVID bioinformatics resources. Nat
Protoc 2009;4:44-57

Ren W, Zhang J, LiW, Li Z, Hu S, Suo ], Ying X. A tumor-specific prog-
nostic long non-coding RNA signature in gastric cancer. Med Sci Monit
2016;22:3647-57

Yang Z, Guo X, Li G, Shi Y, Li L. Long noncoding RNAs as potential
biomarkers in gastric cancer: opportunities and challenges. Cancer Lett
2016;371:62-70

Nie Ma S, Xie M, Liu YW, De W, Liu XH. Decreased long noncoding
RNA MIR31HG is correlated with poor prognosis and contributes to
cell proliferation in gastric cancer. Tumour Biol 2016;37:7693-701

Ye H, Liu K, Qian K. Overexpression of long noncoding RNA HOT-
TIP promotes tumor invasion and predicts poor prognosis in gastric
cancer. Onco Targets Ther 2016;9:2081-8

Wu P, Cai ], Chen Q, Han B, Meng X, Li Y, Li Z, Wang R, Lin L, Duan
C. Lnc-TALC promotes O 6-methylguanine-DNA methyltransferase
expression via regulating the c-Met pathway by competitively binding
with miR-20b-3p. Nat Comm 2019;10:1-15

Ji], Xu R, Ding K, Bao G, Zhang X, Huang B, Wang X, Martinez A,
Wang X, Li G. Long noncoding RNA SChLAP1 forms a growth-pro-
moting complex with HNRNPL in human glioblastoma through stabi-
lization of ACTN4 and activation of NF-kB signaling. Clin Cancer Res
2019;25:6868-81

Niu X, Sun J, Meng L, Fang T, Zhang T, Jiang J, Li H. A five-IncRNAs
signature-derived risk score based on TCGA and CGGA for glioblas-
toma: potential prospects for treatment evaluation and prognostic pre-
diction. Front Oncol 2020;10:590352

Sun M, Nie F, Wang Y, Zhang Z, Hou ], He D, Xie M, Xu L, De W,
Wang Z. LncRNA HOXA11-AS promotes proliferation and invasion of
gastric cancer by scaffolding the chromatin modification factors PRC2,
LSD1, and DNMT1. Cancer Res 2016;76:6299-310

Li Y, Wen X, Wang L, Sun X, Ma H, Fu Z, Li L. LncRNA ZEB1-
AS1 predicts unfavorable prognosis in gastric cancer. Surg Oncol
2017;26:527-34

Wang Z-Q, He C-Y, Hu L, Shi H-P, Li J-F, Gu Q-L, Su L-P, Liu B-Y, Li
C, Zhu Z. Long noncoding RNA UCA1 promotes tumour metastasis by
inducing GRK2 degradation in gastric cancer. Cancer Lett 2017;408:10-21
Zhang X, Zhang W, Jiang Y, Liu K, Ran L, Song F. Identification of
functional IncRNAs in gastric cancer by integrative analysis of GEO
and TCGA data. | Cell Biochem 2019;120:17898-911

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Zeng S, Xie X, Xiao YF, Tang B, Hu CJ, Wang SM, Wu YY, Dong H, Li
BS, Yang SM. Long noncoding RNA LINC00675 enhances phosphor-
ylation of vimentin on Ser83 to suppress gastric cancer progression.
Cancer Lett 2018;412:179-87

Ma S, Deng X, Yang Y, Zhang Q, Zhou T, Liu Z. The IncRNA
LINC00675 regulates cell proliferation, migration, and invasion by
affecting Wnt/B-catenin signaling in cervical cancer. Biomed Pharmaco-
ther 2018;108:1686-93

Zhao J, Du P, Cui P, Qin Y, Hu C, Wu ], Zhou Z, Zhang W, Qin L,
Huang G. LncRNA PVT1 promotes angiogenesis via activating the
STAT3/VEGFA axis in gastric cancer. Oncogene 2018;37:4094-109
Song W, Liu YY, Peng J], Liang HH, Chen HY, Chen JH, He WL, Xu JB,
Cai SR, He YL. Identification of differentially expressed signatures of
long non-coding RNAs associated with different metastatic potentials
in gastric cancer. | Gastroenterol 2016;51:119-29

Kiran M, Chatrath A, Tang X, Keenan DM, Dutta A. A prognostic
signature for lower grade gliomas based on expression of long non-
coding RNAs. Mol Neurobiol 2019;56:4786-98

Fang L, Wang H, Li P. Systematic analysis reveals a IncRNA-mRNA
co-expression network associated with platinum resistance in high-
grade serous ovarian cancer. [nvest New Drugs 2018;36:187-94

Zhang ], Ju C, Zhang W, Xie L. LncRNA SNHG20 is associated with
clinical progression and enhances cell migration and invasion in osteo-
sarcoma. IUBMB Life 2018;70:1115-21

Zhang ], Zhang X, Piao C, Bi ], Zhang Z, Li Z, Kong C. A long non-
coding RNA signature to improve prognostic prediction in clear cell
renal cell carcinoma. Biomed Pharmacother 2019;118:109079

Chen T, Xie W, Xie L, Sun Y, Zhang Y, Shen Z, Sha N, Xu H, Wu Z,
Hu H, Wu C. Expression of long noncoding RNA IncRNA-n336928 is
correlated with tumor stage and grade and overall survival in bladder
cancer. Biochem Biophys Res Commun 2015;468:666—70

Luo W, Wang M, Liu J, Cui X, Wang H. Identification of a six IncRNAs
signature as novel diagnostic biomarkers for cervical cancer. | Cell
Physiol 2020;235:993-1000

Liu H, Wu N, Zhang Z, Zhong X, Zhang H, Guo H, Nie Y, Liu Y. Long
non-coding RNA LINC00941 as a potential biomarker promotes the
proliferation and metastasis of gastric cancer. Front Genet 2019;10:5
Xie R, Dong S, Jiang J, Yang C, Li L, Zhao S, Li Y, Wang C, Li S, Xiao
Y. Development and validation of an immune-related gene pair sig-
nature in skin cutaneous melanoma. Clin Cosmet Investig Dermatol
2020;13:973-86

Luo C, Tao Y, Zhang Y, Zhu Y, Minyao DN, Haleem M, Dong C,
Zhang L, Zhang X, Zhao ], Liao Q. Regulatory network analysis of
high expressed long non-coding RNA LINC00941 in gastric cancer.
Gene 2018;662:103-9

He P, Jiang S, Ma M, Wang Y, Li R, Fang F, Tian G, Zhang Z. Tro-
phoblast glycoprotein promotes pancreatic ductal adenocarcinoma cell
metastasis through Wnt/planar cell polarity signaling. Mol Med Rep
2015;12:503-9

Wang JR, Liu B, Zhou L, Huang YX. MicroRNA-124-3p suppresses cell
migration and invasion by targeting ITGA3 signaling in bladder can-
cer. Cancer Biomark 2019;24:159-72

Wang L, Zhao H, Xu'Y, Li], Deng C, Deng Y, Bai ], Li X, Xiao Y, Zhang
Y. Systematic identification of lincRNA-based prognostic biomarkers
by integrating lincRNA expression and copy number variation in lung
adenocarcinoma. Int | Cancer 2019;144:1723-34

Fattahi S, Kosari-Monfared M, Golpour M, Emami Z, Ghasemiyan M,
Nouri M, Akhavan-Niaki H. LncRNAs as potential diagnostic and
prognostic biomarkers in gastric cancer: a novel approach to personal-
ized medicine. | Cell Physiol 2020;235:3189-206

Tan H, Zhang S, Zhang ], Zhu L, Chen Y, Yang H, Chen Y, An Y, Liu
B. Long non-coding RNAs in gastric cancer: new emerging biological
functions and therapeutic implications. Theranostics 2020,10:8880-902
Song P, Wu L, Guan W. Genome-wide identification and character-
ization of DNA methylation and long non-coding RNA expression in
gastric cancer. Front Genet 2020;11:91

Zhang E, He X, Zhang C, SuJ, Lu X, Si X, Chen J, Yin D, Han L, De W.
A novel long noncoding RNA HOXC-AS3 mediates tumorigenesis of
gastric cancer by binding to YBX1. Genome Biol 2018;19:154



Beeraka et al.

Five IncRNAs signature — Gastric cancer prognosis

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Liu Y-w, Xia R, Lu K, Xie M, Yang F, Sun M, De W, Wang C, Ji G. Lin-
cRNA FEZF1-AS1 represses p21 expression to promote gastric cancer
proliferation through LSD1-mediated H3K4me2 demethylation. Mol
Cancer 2017;16:1-16

Okugawa Y, Toiyama Y, Hur K, Toden S, Saigusa S, Tanaka K, Inoue
Y, Mohri Y, Kusunoki M, Boland CR. Metastasis-associated long non-
coding RNA drives gastric cancer development and promotes perito-
neal metastasis. Carcinogenesis 2014;35:2731-9

Zhao R, Zhang Y, Zhang X, Yang Y, Zheng X, Li X, Liu Y, Zhang
Y. Exosomal long noncoding RNA HOTTIP as potential novel diag-
nostic and prognostic biomarker test for gastric cancer. Mol Cancer
2018;17:1-5

Chen X, Chen Z, Yu S, Nie F, Yan S, Ma P, Chen Q, Wei C, Fu H, Xu
T. Long noncoding RNA LINCO01234 functions as a competing endog-
enous RNA to regulate CBFB expression by sponging miR-204-5p in
gastric cancer. Clin Cancer Res 2018,;24:2002-14

Wang W-J, Guo C-A, Li R, Xu Z-P, Yu J-P, Ye Y, Zhao ], Wang ],
Wang W-A, Zhang A. Long non-coding RNA CASC19 is associated
with the progression and prognosis of advanced gastric cancer. Aging
2019;11:5829

Yan K, Tian J, Shi W, Xia H, Zhu Y. LncRNA SNHGS is associated with
poor prognosis of gastric cancer and promotes cell proliferation and
EMT through epigenetically silencing p27 and sponging miR-101-3p.
Cell Physiol Biochem 2017;42:999-1012

Li J, Xu Q, Wang W, Sun S. MIR100HG: a credible prognostic bio-
marker and an oncogenic IncRNA in gastric cancer. Biosci Rep 2019;5:39
Zhang Y, Yang R, Lian J, Xu H. LncRNA Sox2ot overexpression serves
as a poor prognostic biomarker in gastric cancer. Am | Transl Res
2016;8:5035-43

Xia H, Chen Q, Chen Y, Ge X, Leng W, Tang Q, Ren M, Chen L, Yuan
D, Zhang Y. The IncRNA MALATT1 is a novel biomarker for gastric
cancer metastasis. Oncotarget 2016;7:56209-18

Fu Kong Y, Sun X. Long noncoding RNA NEAT1 is an unfavorable
prognostic factor and regulates migration and invasion in gastric can-
cer. | Cancer Res Clin Oncol 2016;142:1571-9

LinY, HuD, Zhou Q, Lin X, Lin ], Peng F. The fasting blood glucose and
long non-coding RNA SNHGS8 predict poor prognosis in patients with
gastric carcinoma after radical gastrectomy. Aging 2018;10:2646-56
Zhang G, Chi N, Lu Q, Zhu D, Zhuang Y. LncRNA PTCSC3 is a bio-
marker for the treatment and prognosis of gastric Cancer. Cancer Bio-
ther Radiopharm 2020;35:77-81

Peng C, Li X, Yu Y, Chen J. LncRNA GASLI inhibits tumor growth in
gastric carcinoma by inactivating the Wnt/p-catenin signaling path-
way. Exp Ther Med 2019;17:4039-45

Zhu K, Ren Q, Zhao Y. IncRNA MALAT1 overexpression promotes
proliferation, migration and invasion of gastric cancer by activating the
PI3K/AKT pathway. Oncol Lett 2019;17:5335-42

Zhang G, Xu 'Y, Zou C, Tang Y, Lu ], Gong Z, Ma G, Zhang W, Jiang P.
Long noncoding RNA ARHGAP27P1 inhibits gastric cancer cell pro-
liferation and cell cycle progression through epigenetically regulating
p15 and p16. Aging 2019;11:9090-110

Xu Y, Zhang G, Zou C, Zhang H, Gong Z, Wang W, Ma G, Jiang P,
Zhang W. LncRNA MT1JP suppresses gastric cancer cell proliferation
and migration through MT1JP/MiR-214-3p/RUNX3 axis. Cell Physiol
Biochem 2018;46:2445-59

Xu 'Y, Zhang G, Zou C, Gong Z, Wang S, Liu J, Ma G, Liu X, Zhang
W, Jiang P. Long noncoding RNA DGCRS5 suppresses gastric cancer
progression by acting as a competing endogenous RNA of PTEN and
BTG1. ] Cell Physiol 2019;234:11999-2010

Zhang G, Xu Y, Wang S, Gong Z, Zou C, Zhang H, Ma G, Zhang W,
Jiang P. LncRNA SNHG17 promotes gastric cancer progression by epi-
genetically silencing of p15 and p57. | Cell Physiol 2019;234:5163-74
LiY, Li D, Zhao M, Huang S, Zhang Q, Lin H, Wang W, Li K, Li Z,
Huang W. Long noncoding RNA SNHG6 regulates p21 expression via

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

activation of the JNK pathway and regulation of EZH?2 in gastric cancer
cells. Life Sci 2018;208:295-304

Pan L, Liang W, Gu J, Zang X, Huang Z, Shi H, Chen ], Fu M, Zhang P,
Xiao X. Long noncoding RNA DANCR is activated by SALL4 and pro-
motes the proliferation and invasion of gastric cancer cells. Oncotarget
2018;9:1915-30

Zhou H, Wang F, Chen H, Tan Q, Qiu S, Chen S, Jing W, Yu M, Liang
C, Ye S. Increased expression of long-noncoding RNA ZFAS] is associ-
ated with epithelial-mesenchymal transition of gastric cancer. Aging
2016,8:2023-35

Guo], LiY, Duan H, Yuan L. LncRNA TUBA4B functions as a competitive
endogenous RNA to inhibit gastric cancer progression by elevating PTEN
via sponging miR-214 and miR-216a/b. Cancer Cell Int 2019;19:1-12

Liu Y, Zhang Y-M, Ma F-B, Pan S-R, Liu B-Z. Long noncoding RNA
HOXA11-AS promotes gastric cancer cell proliferation and invasion
via SRSF1 and functions as a biomarker in gastric cancer. World | Gas-
troenterol 2019;25:2763-75

Emmrich S, Streltsov A, Schmidt F, Thangapandi VR, Reinhardt D,
Klusmann J-H. LincRNAs MONC and MIR100HG act as oncogenes in
acute megakaryoblastic leukemia. Mol Cancer 2014;13:171

Sand M, Bechara FG, Sand D, Gambichler T, Hahn SA, Bromba M,
Stockfleth E, Hessam S. Long-noncoding RNAs in basal cell carcinoma.
Tumour Biol 2016;37:10595-608

Lessard L, Liu M, Marzese DM, Wang H, Chong K, Kawas N, Dono-
van NC, Kiyohara E, Hsu S, Nelson N. The CASC15 long intergenic
noncoding RNA locus is involved in melanoma progression and phe-
notype switching. | Invest Dermatol 2015;135:2464-74

Maris JM, Mosse YP, Bradfield JP, Hou C, Monni S, Scott RH, Asghar-
zadeh S, Attiyeh EF, Diskin SJ, Laudenslager M. Chromosome 6p22
locus associated with clinically aggressive neuroblastoma. N Engl |
Med 2008;358:2585-93

Ji B, Huang Y, Gu T, Zhang Li G, Zhang C. Potential diagnostic and
prognostic value of plasma long noncoding RNA LINC00086 and miR-
214 expression in gastric cancer. Cancer Biomark 2019;24:249-55

Chen Z, LiJ-L, Lin S, Cao C, Gimbrone NT, Yang R, Fu DA, Carper MB,
Haura EB, Schabath MB. cAMP/CREB-regulated LINC00473 marks
LKB1-inactivated lung cancer and mediates tumor growth. | Clin Inves-
tig 2016;126:2267-79

Zhao], LiuY, Zhang W, Zhou Z, Wu ], Cui P, Zhang Y, Huang G. Long
non-coding RNA Linc00152 is involved in cell cycle arrest, apoptosis,
epithelial to mesenchymal transition, cell migration and invasion in
gastric cancer. Cell Cycle 2015;14:3112-23

Hu Y, Guo G, Li J, Chen ], Tan P. Screening key IncRNAs with diag-
nostic and prognostic value for head and neck squamous cell carci-
noma based on machine learning and mRNA-IncRNA co-expression
network analysis. Cancer Biomark 2020;27:195-206

Zhang X, Chi Q, Zhao Z. Up-regulation of long non-coding RNA
SPRY4-IT1 promotes tumor cell migration and invasion in lung adeno-
carcinoma. Oncotarget 2017;8:51058-65

Yan X, Zhang D, Wu W, Wu S, Qian ], Hao Y, Yan F, Zhu P, Wu
J, Huang G, Huang Y, Luo J, Liu X, Liu B, Chen X, Du Y, Chen R,
Fan Z. Mesenchymal stem cells promote hepatocarcinogenesis via
IncRNA-MUF Interaction with ANXA2 and miR-34a. Cancer Res
2017;77:6704-16

Liu X, Wang J, Chen M, Liu S, Yu X, Wen F. Combining data from
TCGA and GEO databases and reverse transcription quantitative PCR
validation to identify gene prognostic markers in lung cancer. Onco
Targets Ther 2019;12:709-20

Koshizuka K, Hanazawa T, Kikkawa N, Arai T, Okato A, Kurozumi
A, Kato M, Katada K, Okamoto Y, Seki N. Regulation of ITGA3 by the
anti-tumor miR-199 family inhibits cancer cell migration and invasion
in head and neck cancer. Cancer Sci 2017;108:1681-92

(Received October 1, 2021, Accepted November 29, 2021)



