@ﬁ SPANDIDOS
%,.“ PUBLICATIONS

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 40: 1895-1906, 2017

Prospective IncRNA-miRNA-mRNA regulatory network of long
non-coding RNA LINC00968 in non-small cell lung cancer A549
cells: A miRNA microarray and bioinformatics investigation

DONG-YAO LI'", WEN-JIE CHEN'", LEI LUO', YONG-KUN WANG', JUN SHANG',
YU ZHANG?, GANG CHEN? and SHI-KANG LI'

Departments of "Thoracic and Cardiovascular Surgery and 2Pathology, The First Affiliated Hospital of

Guangxi Medical University, Nanning, Guangxi 530021, P.R. China

Received December 12, 2016; Accepted October 5, 2017

DOI: 10.3892/ijmm.2017.3187

Abstract. Accumulating evidence suggests that the dysregula-
tion of long non-coding RNAs (IncRNAs) serves vital roles
in the incidence and progression of lung cancer. However, the
molecular mechanisms of LINC00968, a recently identified
IncRNA, remain unknown. The objective of present study was
to investigate the role of a prospective IncRNA-miRNA-mRNA
network regulated by LINC00968 in non-small cell lung
cancer cells. Following the transfection of lentiviruses carrying
LINCO00968 into A549 cells, the microRNA (miRNA) expres-
sion profile of the cells in response to the overexpression of
LINCO00968 was detected using an miRNA microarray. Five
differentially expressed miRNAs (DEMs) with LINC00968
overexpression were obtained, including miR-9-3p, miR-22-5p,
miR-668-3p, miR-3675-3p and miR-4536-3p. Five target predic-
tion algorithms and three target validation algorithms were
used to obtain 1,888 prospective target genes of the five DEMs.
The result of Gene Ontology analysis suggested that these five
DEMs were involved in complex cellular pathways, which
included intracellular transport, organelle lumen and nucleo-
tide binding. Furthermore, analysis of Kyoto Encyclopedia of
Genes and Genomes pathways indicated that the five DEMs
were important regulators in the adherens junction and focal
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adhesion. An IncRNA-miRNA-mRNA regulatory network and
a protein-protein interaction network were then constructed.
Eventually, a prospective IncRNA-miRNA-mRNA regulatory
network of LINC00968, three miRNAs (miR-9, miR-22 and
miR-4536) and two genes (polo-like kinase 1 and exportin-1)
was obtained following validation in the Cancer Genome Atlas
database. These results may provide novel insights to support
future research into IncRNA in lung cancer.

Introduction

Lung cancer results in the death of ~1.59 million indi-
viduals worldwide each year, and is a leading cause of cancer
mortality (1,2). According to the pathological diagnostic clas-
sification, non-small cell lung cancer (NSCLC) accounts for
>85% of cases of lung cancer (3). The molecular pathogenesis of
NSCLC has received increasing attention in recent years (4-7).
Thus, non-coding RNAs, which serve crucial functions in
numerous biological processes have become of interest. Based on
their size, sequence and function, non-coding RNAs can be clas-
sified into various subclasses, the two most notable of which are
long-noncoding RNAs (IncRNAs) and microRNAs (miRNAs).
LncRNAs are parts of non-coding RNAs with >200 nucle-
otides and do not encode proteins (8). Previous studies have
indicated that IncRNAs may have an important involvement
in cancer biology and cellular processes (9,10). LncRNAs may
contribute to these processes via various mechanisms at the
post-transcriptional level, for example, by serving as precur-
sors to miRNA and regulating mRNA by interacting with
miRNAs (11,12). Unlike IncRNAs, miRNAs are generally
18-25 nucleotides in length, and are small non-coding protein
RNAs that are able to bind to the 3' untranslated region of target
mRNAs and result in the degradation and translational down-
regulation of target mRNAs (13,14). In addition, miRNAs have
the ability to regulate the coding and noncoding transcriptome.
It is worthy of note that IncRNAs and miRNAs serve pivotal
roles in numerous similar processes, including cell prolifera-
tion, apoptosis and carcinogenesis. Due to the similarity of their
functions, it may be hypothesized that an interaction between
IncRNAs and miRNAs occurs during the tumorigenic process.
For instance, the competing endogenous RNA (ceRNA)
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hypothesis that IncRNAs serve as molecular sponges for
miRNAs has been proposed (15,16). Thus, the discovery of
IncRNA-miRNA-mRNA networks may lead to a more compre-
hensive understanding of the etiology and metastasis mechanism
of cancer and to potential therapeutic targets, and such networks
been studied for several types of cancer (17,18).

Inaprevious study, the present authors identified 47 IncRNAs,
including LINC00968, that were differentially expressed
between normal lung tissues and tumor samples by bioinfor-
matic analysis (19). Furthermore, a significant downregulation
of LINCO00968 in lung adenocarcinoma (LUAD) tissues and
A549 cells was discovered (data not shown). These experiments
suggest that LINC00968 may serve important roles in lung
cancer progression. In the present study, using miRNA profiling
by microarray following the overexpression of LINC00968 in
A549 cells, Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway analyses of the differen-
tially expressed miRNAs (DEMs) were performed. Furthermore,
a prospective IncRNA-miRNA-mRNA regulatory network of
LINCO00968 was constructed. These results may assist in the
exploration of the underlying regulatory mechanisms in the
progression of lung cancer.

Materials and methods

Overexpression of LINCO0968 in A549 cells. A549 cells
were obtained from the Cell Bank of the Chinese Academy of
Sciences (Shanghai, China). Following culture in 6-well plates
overnight, the cells (2x10°) were transfected with a solution
of lentiviruses in F-12 culture medium containing 10% serum
(Gibco, Grand Island, NY, USA), 100 U/ml penicillin and
100 pg/ml streptomycin (Hyclone, Logan, UT, USA) for 24 h.
The solution was then removed, fresh F-12 culture medium
was added and the A549 cells were incubated for another
24-72 h. The conventional culture environment was 5% CO,
air in a humidified incubator at 37°C. Lentiviruses encoding
LINCO00968 were designed and synthesized by Shanghai
GenePharma Co., Ltd. (Shanghai, China). An inverted fluo-
rescence microscope was applied to examine the transfection
efficiency (data not shown).

RNA isolation and miRNA microarray detection. The sample
analysis and microarray hybridization were conducted by
KangChen Bio-tech (Shanghai, China). Total RNA was
isolated using TRIzol (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) and purified using an RNeasy
mini kit (Qiagen, Inc., Valencia, CA, USA) according to the
manufacturer's protocol. The quality and quantity of DNA was
monitored using a NanoDrop spectrophotometer (ND-2000;
Thermo Fisher Scientific, Inc.) followed by gel electropho-
resis to determine the integrity of the RNA. The miRNA
was labeled using a miRCURY™ Hy3™/Hy5™ Power
labeling kit and hybridized with the miRCURY™ LNA array
(version 18.0) (both from Exiqon A/S, Vedbaek, Denmark).
The slides were then scanned with the Axon GenePix 4000B
microarray scanner and the scanned images were analyzed
using GenePix Pro 6.0 software (both from Molecular
Devices, LLC, Sunnyvale, CA, USA). DEMs were identified
according to fold changes and P-value at the threshold set of
llog, FCI >0.58 and P<0.05.
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Target gene prediction of DEMs. In order to determine
the potential association between mRNAs and miRNAs,
the potential transcriptional targets of the DEMs were
predicted using five miRNA target prediction algorithms:
miRTarBase (http:/mirtarbase.mbc.nctu.edu.tw/), miRDB
(http://www. mirdb.org/), GeneCards (http://www.genecards.
org), TargetScan (http:/www.Targetscan.org/) and RNA22
(https://cm.Jefferson.edu/rna22/). Target genes that were
commonly predicted by at least three of these algorithms
were considered predicted target genes. Validated target
genes verified by experiments were obtained from miRecords
(http://cl.accurascience.com/miRecords/), miRTarBase and
TarBase (http://diana.imis.athenainnovation.gr/DianaTools/
index.php?r =tarbase/index). Target genes from any one of
these three algorithms were listed as validated target genes.

GO and KEGG pathway analysis. Functional enrichment
analysis is essential to uncover biological functions of miRNA
target genes. To gain an understanding of the biological func-
tions of miRNA target genes, GO classification and KEGG
pathway enrichment analysis were performed using the bioin-
formatics software DAVID 6.7 (https://david-ncifcrf.gov/).
GO classifies genes according to three categories, biological
process, molecular function and cellular component, and
presents a common descriptive framework of gene annotation
and classification for the analysis of gene-set data. In addition,
the potential involvement in biological pathways of the DEMs
were detected based on analysis using the KEGG pathway
database, which is a credible and informative database that
includes almost all biological signal pathways (20). The false
discovery rate (FDR) <0.05 was set as the cut-off for selecting
significantly enriched KEGG pathways.

Construction of a network of IncRNA-miRNA-mRNA and
protein-protein interaction (PPI). Following the integration
of the results of the predicted targets and validated targets,
prospective targets of the DEMs were obtained. In order to
demonstrate the association among IncRNAs, miRNAs and
mRNAs, an IncRNA-miRNA-mRNA interaction network
was created. The network was visualized using Cytoscape
(version 3.4.0) (21). The online tool STRING (http://string-db.
org/) was then used to draw a PPI network of the prospec-
tive targets. The highest confidence of 0.9 was selected as the
minimum required interaction score.

Extraction of gene and miRNA expression profiles from the
Cancer Genome Atlas (TCGA). A download of RNA-seq data
and miRNA-seq data of lung cancer from the TCGA (https://
cancergenome.nih.gov/) data portal was conducted, in which
the extracted expression data included LINC00968, DEMs
and mRNAs associated with LINC00968.

Statistical analysis. Statistical analyses were performed
with SPSS software version 22.0 (IBM Corp., Armonk, NY,
USA). The mean + standard deviation was used to present the
experimental results. A two-tailed t-test was used to assess
the differences between the different groups. The correla-
tion among IncRNAs, miRNAs and mRNAs was analyzed
by Pearson's correlation analysis. A statistically significant
threshold was defined as P<0.05.
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Figure 1. Flowchart of the present study. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; TCGA, The Cancer Genome Atlas;

miRNA, microRNA; IncRNA, long non-coding RNA; mRNA, messenger RNA.

Table I. Summary of differentially expressed miRNAs detected
by microarray analysis.

ID Name Fold change  P-value
Upregulated
miRNA
148214 miR-3675-3p 2.034 0.031
Downregulated
miRNA
145701 miR-668-3p 0.513 0.031
168616 miR-4536-3p 0.483 0.035
42532 miR-22-5p 0.559 0.015
29852 miR-9-3p 0.569 0.044
Results

miRNA profiling following the overexpression of LINCO0968.
An experimental flow chart of the study is shown in Fig. 1.
To uncover the association between LINC00968 and miRNAs
in lung cancer, microarray expression profiling of miRNAs in

A549 cells transfected with LINC00968 was performed. In
the microarray analysis, 166 miRNAs were detected, of which
75 were upregulated and 91 downregulated. Among these,
five DEMs were identified, of which miR-3675 was highly
expressed, and four miRNAs (miR-9, miR-22, miR-668 and
miR-4536) exhibited low expression in A549 cells (Table I),
suggesting that these DEMs were associated with LINC00968
in lung cancer cells. Additionally, the expression profile of the
five DEMs is shown in a heatmap and volcano plot (Fig. 2).
The DEMs were then subjected to further analysis.

Collection of prospective target genes of DEMs via bioinformatic
approaches. Given that the biological significance of DEMs
depends on their effect upon their targets, the predicted target
genes of the five DEMs were identified. Using this approach,
552 predicted target genes were obtained three times in the five
software programs. In addition, 1,609 validated target genes with
experimental validation were collected from the miRTarBase,
TarBase and miRecords databases. Lastly, 1,888 prospective
target genes were identified by integrating the results of the
predicted target genes and validated target genes (Fig. 3).

GO classification and KEGG pathways of miRNA prospective
target genes. The 1,888 prospective target genes of five DEMs


https://www.spandidos-publications.com/10.3892/ijmm.2017.3187
https://www.spandidos-publications.com/10.3892/ijmm.2017.3187

1898
Color key
A € a_nd histogram
éc
20 2
Value
hsa-miR-668-3p
— hsa-miR-3675-3p
hsa-miR-22-5p
hsa-miR-9-3p
hsa-miR-4536-3p
@
OO S
& & & F &L F
ESHC s M R A
& @T @ N s q)
& @ @ ¥ @ &
LA F & &
PRSI L
L & & & ¢
-
& &
AN S
& & &
o & ¢

LI et al: ROLE OF LINC00968 IN LUNG CANCER

B

1.5
g
§ 104
“o
[=3]
o
0.5
0.0

|092 fold change

Figure 2. Differentially expressed miRNAs (DEMs) associated with LINC00968. (A) Hierarchical cluster analysis of DEMs following LINC00968 overexpres-
sion in A549 cells. Red indicates high expression and green indicates low expression. (B) Volcano plot for five DEMs following LINC00968 overexpression
in A549 cells. Red represents miRNAs with a statistically significant difference in expression, and black represents miRNAs with no significant difference.

miRNA, microRNA; DEM, differentially expressed miRNA.

were then subjected to GO analysis. Through GO annotation
and enrichment analysis, the roles of gene products from
biological process, cellular component and molecular func-
tion were identified (Table II). The most significant term in
biological process was intracellular transport (GO:0046907,
P=9.75x10"), that in cellular component was organelle lumen
(G0:0043233, P=3.96x10'°) and that in molecular func-
tion was nucleotide binding (GO:0000166, P=2.76x10"). To
better represent gene enrichment in the three major catego-
ries, a pathway schematic was constructed consisting of the
top 30 enriched GO terms (Fig. 4). In the KEGG analysis,
four significantly enriched pathways (FDR <0.05) were
obtained (Table III), including adherens junction, focal adhe-
sion, long-term potentiation and renal cell carcinoma, among
which the two most significant pathways were adherens junc-
tion (P=3.13x107) and focal adhesion (P=6.90x107).

Regulatory network of IncRNA-miRNA-mRNA. To iden-
tify the potential links among LINC00968, DEMs and
mRNAs, miRNA microarray and bioinformatic analyses
were performed. Consequently, five DEMs were detected
via the overexpression of LINC00968, which provided the
five IncRNA-miRNA interactions. In addition, to obtain the
prospective target genes, the results of predicted targets and
validated targets were integrated, and the miRNA-mRNA
interactions were subsequently obtained. By combining
the IncRNA-miRNA and miRNA-mRNA interactions, an
IncRNA-miRNA-mRNA network was constructed and

visualized with Cytoscape (Fig. 5A). The network revealed
a preliminary connection between LINC00968, the five
DEMs miR-9-3p, miR-22-5p, miR-668-3p, miR-3675-3p and
miR-4536-3p, and 1,888 prospective target genes, which
required further verification.

PPI network of 1,888 prospective target genes. To identify
the association between target genes, a PPI network was
generated using STRING that presented the strength of the
links of different genes. In the PPI network analysis of the
prospective targets, the top 30 genes among all hub genes
were identified, on the basis of the connectivity between
genes (Fig. 5B). These top 30 genes may have tight connec-
tions to the IncRNA-miRNA-mRNA network. Furthermore,
the number of links to each of the top 30 genes was calculated,
of which UBA52 was the gene with the highest connectivity in
the top 30 genes (Fig. 6).

Validation of the correlation among LINC00968, DEMs
and hub genes in the TCGA database. The correlation
among LINC00968, DEMs and hub genes was evaluated
by bivariate correlation analysis from the aforementioned
IncRNA-miRNA-mRNA network in LUAD patients based
upon TCGA data. Three DEMs were significantly correlated
with LINC00968 in TCGA, and the results suggested that
miR-9 and miR-22 were negatively correlated with LINC00968
and miR-4536 was positively correlated with LINC00968 in
LUAD patients (Fig. 7A-a-f). In addition, 18 hub genes of the
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Table II. Top five enriched GO terms of prospective target genes from three GO categories.

GO 1ID GO Term P-value FDR Count Genes
Biological process
GO0:0046907 Intracellular transport 9.75x10*  1.80x10"° 132 NCBP2, GRPEL2, XPOl1,
GRPEL1, SEC31A, LTBP2, AP1G2,
TGFB2,HOOK1, CRY2
GO:0008104 Protein localization 5.59x107"? 1.03x10® 158 GRPEL2, XPO1,GRPEL1,SEC31A,
LTBP2, AP1G2, CHMP4B, MXI1,
VPS33A, CTNNB1
GO:0045184 Establishment of protein ~ 6.89x10" 1.27x107 139 GRPEL2,XPO1,GRPELI1,SEC31A,
localization LTBP2,AP1G2, CHMP4B, VPS33A,
TGFB2, HOOK1
GO:0015031 Protein transport 7.01x10™" 1.30x107 138 GRPEL2, XPO1,GRPEL1, SEC31A,
LTBP2,AP1G2, CHMP4B, VPS33A,
TGFB2, HOOK1
GO:0070727 Cellular macromolecule 1.05x10"° 1.94x107 88 GRPEL2, COPA, XPO1, GRPEL1,
localization SEC24A,LTBP2, AP1G2,
AP1B1, FGF9, CLTC
Cellular component
G0:0043233 Organelle lumen 396x10'°  6.66x10" 281 XRCC5, PDP1, MEF2C, MRPLA40,
PNMA3, PDP2, NAA15, SYNCRIP,
INTS2,CDC16
GO0:0031974 Membrane-enclosed 4.28x10'  6.66x10"3 285 XRCC5, PDP1, MEF2C, MRPLA40,
lumen PNMA3, PDP2, NAA15, SYNCRIP,
INTS2,CDC16
G0:0070013 Intracellular organelle 794x10'  1.15x10"2 275 XRCC5, MEF2C, PDP1, MRPLA40,
lumen PNMA3, PDP2, NAA15, SYNCRIP,
INTS2,CDC16
G0:0031981 Nuclear lumen 1.71x10%  2.48x10"* 234 MEF2C, XRCC5, PNMA3, NAAI1S5,
SYNCRIP, INTS2, CDC16, SART3,
WTAP, CD2AP
GO0:0043228 Non-membrane-bounded  2.50x10*  3.72x10" 363 XRCC5, MRPL40, KIFC1, PNMA3,
organelle UTRN, CDC16, CCT3, MYLIP,
REST, WTAP
Molecular function
GO:0000166 Nucleotide binding 2.76x10° 4.45x10° 320 XRCC5,LDHB, KIFC1,ADCY7,
U2AF2, SYNCRIP, LEMD3, CCT3,
SART3,RNF213
G0:0005524 ATP binding 145x107  234x10* 218  XRCC5,KIFC1,ADCY7, CCT3,
ACTG1, KIF13A, MAP3K7, WNK4,
DHX33, DHX36
G0:0032559 Adenyl-ribonucleotide 3.94x107 6.37x10* 218 XRCC5,KIFC1,ADCY7,CCT3,
binding ACTGI1, KIF13A, MAP3K7, WNK4,
DHX33, DHX36
GO:0032555 Purine ribonucleotide 5.89x107 9.51x10* 258 XRCCS5, KIFC1,ADCY7,CCT3,
binding MAP3K7,ACTG1, KIF13A, WNK4,
RAB23, DHX33
G0:0032553 Ribonucleotide 5.89x107 9.51x10* 258 XRCC5,KIFC1,ADCY7,CCT3,
binding MAP3K7,ACTG1, KIF13A, WNK4,

RAB23, DHX33

GO, Gene Ontology.
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Table III. Top four enriched KEGG pathways obtained after KEGG pathway analysis.

KEGGID KEGG term P-value FDR Count Genes
hsa04520 Adherens  3.13x107 3.84x10* 26 PARD3, ERBB2, CTNNDI1, CDH1, SRC, IQGAPI1,
junction CTNNBI, VCL,ACTG1, MAP3K7, CSNK2A2, IGFIR,
CDC42, SSX2IP, EGFR, PTPRM, PTPRF, TGFBR 1, TGFBR2,
CREBBP, SMAD2, MAPK1, TJP1, EP300, FYN, MAPK3
hsa04510 Focal 6.90x1077 8.47x10* 47 CAV1,TLN1,GRB2,ERBB2, PIP5K1C, ELK1,ITGB1, PTEN,
adhesion SRC, VCL,CTNNBI1,AKTI1,ACTG1, CDC42, IGFIR, PAK4,
PPP1R12A,LAMBI1,THBS1, THBS2, PIK3R1, SHC4,
FN1, PRKCA, EGFR, COL4A2, COL4A1,FLT1, MAP2K1,
BRAF,ROCK2,MYLK3,MYLI12B, MAPK 10, FLNC, FLNB,
MAPKI1,FYN, ITGAS, JUN, MAPK3, RAP1A, MAPKO9,
RAPI1B, COL1A1,CRK,MYLK
hsa04720  Long-term  2.54x107 3.12x1072 21 PRKCA, MAP2K 1, BRAF, CREBBP, PPP3R 1, ITPR3,
potentiation MAPKI1,NRAS, RPS6KA3, EP300, RPS6KA2,
MAPK3, PPP3CB, PPPIR12A, RAP1A,RAPIB,
PRKACA, PPP3CA, PRKACB, PLCB1, PLCB2
hsa05211 Renal cell 4.05x107 4.97x10? 21 MAP2K1, EPAS1, BRAF, GRB2, CREBBP, EGLNI,

carcinoma

ARNT, TGFB2, AKT1, CDC42, MAPK1, NRAS, EP300,
HIF1A, JUN, PAK4, MAPK3, RAP1A, RAP1B, CRK, PIK3R1

KEGG, Kyoto Encyclopedia of Genes and Genomes; FDR, false discovery rate.

top 30 genes were identified as being significantly correlated
with LINC00968 in LUAD based upon TCGA (P<0.05). The

39,656 genes gathered from five

predicting methods

1,807 genes with strong evidence in

miRTarBase,TarBase and miRecords

570 genes gathered from target
genes of each miRNA showing up at
least 3 times

198 genes overlapping

18 genes overlapping

552 predicted target genes

1,609 validated target genes

273 genes overlapping

1,888 genes for the following bioinformatic analyses
after removing the duplicates

Figure 3. Flowchart of bioinformatic analysis of the propective targets of five differentially expressed miRNAs. miRNA, microRNA

correlation between the three miRNAs and the 18 hub genes
was then analyzed (Table I'V). Polo-like kinase 1 (PLK/) and
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Figure 4. Enrichment of GO terms. The top 30 enriched GO terms from the GO analysis in the three categories of biological process, cellular component and

molecular function. GO, Gene Ontology.

Table IV. Genes associated with the three differentially
expressed miRNAs that have a significant association with
LINCO00968 in the 18 hub genes based on the TCGA database.

miRNA Associated genes

miR-9-1 JUN, PLK1, FYN, PIK3R1, NCBP2, XPOl,
PABPC1,NOTCHI1

miR-9-2 JUN, PLK1, FYN, PIK3R1, NCBP2, XPO1,
PABPC1,NOTCH1

miR-9-3 JUN, PLK1, FYN, PIK3R1,NCBP2, XPOl1,
PABPC1,NOTCH1

miR-22 SRC, HSP90AAT1,CDC42, PLK1,FYN,
NCBP2, XPO1, PABPC1, YWHAG

miR-4536-1 SRC, HSP90AAT1, PLK1, PIK3R1, XPOl,
NOTCHI1, YWHAG

miR-4536-2 SRC, PLK1, PIK3R1, NCBP2, XPO1,

NOTCHI1, PTEN, YWHAG

TCGA, The Cancer Genome Atlas; miRNA, microRNA.

exportin-1 (XPOI) were found to be co-associated with miR-9,
miR-22 and miR-4536 (Fig. 7A-g-1 and B-a-f). Furthermore,

an IncRNA-miRNA-mRNA network of LINC00968 was
validated in LUAD patients based on the TCGA dataset
by combining correlations between LINC00968 and the
co-associated genes (Fig. 7B-g-h), which included the three
miRNAs (miR-9, miR-22 and miR-4536) and two hub
genes (PLKI and XPOI). Finally, these data suggested that
LINCO00968 implemented its biofunction in LUAD patients by
directly or indirectly targeting PLK1 and XPOI (Fig. 8).

Discussion

As described in a previous study by the present research team,
47 differentially expressed IncRNAs were discovered in tumor
tissues and normal lung tissues based on gene expression files
from five GEO datasets, one of which was LINC00968 (19).
In addition, the downregulation of LINC00968 expression
was found in LUAD tissues and A549 cells, suggesting its
potential tumor suppressor role in LUAD. Therefore, the
biological mechanisms of LINC00968 in LUAD patients
were explored by IncRNA-miRNA-mRNA network and
bioinformatic analysis in the present study.

To date, IncRNAs and miRNAs are known to function
as key regulators in the biological processes of numerous
cancers and may have good diagnostic and prognostic values
for a variety of cancers, including lung cancer (22). Moreover,
accumulating evidence indicates that IncRNAs are capable
of binding specific miRNAs and regulating their function.
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Figure 5. Interaction network by bioinformatic analysis. (A) The IncRNA-miRNA-mRNA network. Red triangle represents IncRNA, blue rectangles represent
miRNAs, and green ellipses represent mRNAs. (B) Protein-protein interaction network of the top 30 hub genes. Red ellipses represent the top 30 genes, and
green ellipses represent genes associated with the 30 genes. miRNA, microRNA; IncRNA, long non-coding RNA.

For instance, the interaction data from the Starbase database
and miRanda algorithm have been used to generate a global
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Figure 6. List of the top 30 genes of the protein-protein interaction network in order of connectivity.

triple network based on the ceRNA theory that the IncRNA
and mRNA shared the same miRNA (23). Another study has
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Figure 7. Correlation analysis among LINC00968, three miRNAs and two hub genes in the Cancer Genome Atlas. (A-a-f) The correlation between LINC00968
and the three miRNAs, and (A-g-1) the correlation between three miRNAs and the two hub genes. miRNA, microRNA.

shown that C032469 is able to regulate human telomerase = and mRNAs in the progression and development of lung
reverse transcriptase expression by binding to miR-1207-5p  cancer. Therefore, it was necessary to construct an IncRNA-
in gastric cancer (24). These studies provide an approach for miRNA-mRNA regulatory network of LINC00968 in the
understanding the connection between IncRNAs, miRNAs  present study.
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Figure 8. The IncRNA-miRNA-mRNA regulatory network was validated in lung adenocarcinoma patients in the Cancer Genome Atlas database. Solid lines
represent a positive regulatory role, and dotted lines a negative regulatory role. PLK1, polo-like kinase 1; XPOI, exportin-1; IncRNA, long non-coding RNA;
miRNA, microRNA.

The overexpression of LINC00968 in A549 cells induced  analysis indicated that certain interactions exist between
a variation of the miRNA profile that was detected using an ~ LINCO00968 and five DEMs, namely miR-9-3p, miR-22-5p,
miRNA microarray. The results of the miRNA microarray  miR-668-3p, miR-3675-3p and miR-4536-3p. Furthermore, by



integrating predicted target genes and validated target genes of
the five DEMs, 1,888 prospective target genes were obtained
for further analysis.

GO analysis subsequently revealed that the five DEMs
participated in a variety of biological processes potentially
important to lung cancer progression, in the categories of
biological process, cellular component and molecular function.
Intracellular transport, organelle lumen and nucleotide binding
were selected as representatives of the three major categories,
respectively. Intracellular transport is of critical importance for
a variety of life functions and is tightly associated with certain
serious diseases, such as myocardial and neurodegenerative
diseases and renal cancer (25-27). Studies have indicated
that intracellular transport not only regulates lung cancer
cell growth (28) but also regulates the intracellular levels of
anticancer drugs (29). Organelles mainly include mitochondria,
endoplasmic reticulum, centrosome and ribosomes, which
maintain the normal structure and functions of cells. Results of
previous studies suggest that mitochondria and ribosome act as
key regulators in A549 lung cancer cells (30,31). With regard to
nucleotide binding, IncRNAs and miRNAs may bind to specific
molecules: the IncRNA HOX transcript antisense intergenic
RNA has been indicated to regulate the cell biological function
of NSCLC through binding to hypoxia-inducible factor-1a. (32),
and miR-486-5p may downregulate cyclin-dependent kinase 4
expression to inhibit the development of NSCLC (33). These
results indicate that nucleotide binding may serve vital roles in
the progression of lung cancer.

KEGG pathway analysis determined that these five DEMs
participate in adherens junction and focal adhesion as these
were the two most significantly enriched pathways. Adherens
junctions maintain cell-cell adhesion and ensure the normal
transmission of cellular signals. B-catenin and E-cadherin as
core structural components of adherens junctions participate
in the regulation of lung cancer (34,35). Focal adhesions,
highly regulated multi-protein complexes, are critical in the
regulation of a number of pathological processes, such as the
progression of lung cancer (36,37). Under normal circum-
stances, adherens junction and focal adhesion are necessary
for the maintenance of homeostasis (38-40). Therefore, their
dysregulation in cancer cells may be closely associated with
the development and progression of lung cancer.

The results of the GO and KEGG analyses suggested that
LINCO00968 may function as a regulator in lung cancer. Thus,
an original network of LINC00968, 5 DEMs and 1,888 target
genes was constructed. In addition, a PPI network of the
1,888 target genes was generated. Based on the connectivity of
genes in the PPI network, the top 30 hub genes were obtained.
Additionally, by correlation analysis of 18 of the top 30 hub
genes with miR-9, miR-22 and miR-4536 in TCGA, two genes,
namely PLK1 and XPOI, were found to be co-associated with
miR-9, miR-22 and miR-4536. Thus, the three miRNAs and
the two genes were chosen for continued investigation via
in-depth studies, and an IncRNA-miRNA-mRNA network of
LINC00968 validated in TCGA was constructed.

The three independent miRNAs miR-9-1, miR-9-2 and
miR-9-3 are transcription products of miR-9 involved in tumor
growth (41). miR-9 has shown the ability to enhance the effect
of anticancer drugs in NSCLC (42) and acts as an important
regulator in the evolution and progression of NSCLC (43).
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Similarly, studies have shown that miR-22 not only acts as a
novel biomarker for NSCLC (44), but also inhibits tumor growth
and metastasis in lung cancer (45). Unfortunately, the regulatory
mechanism of miR-4536 in lung cancer has not been reported;
however, the common downstream target genes PLK/ and XPOI
of these three miRNAs serve important roles in carcinogenesis.

PLK1 regulates the development of numerous cancers
by participating in the mitotic process. Previous evidence
suggests that tumor progression is inhibited by the targeting
of PLK1 (46,47). In addition, XPO1 is a nuclear exporter
that mediates the nuclear export of multiple tumor suppres-
sors (48). Kim et al (49) discovered that the inhibition of XPOI
was a promising therapeutic strategy for a cohort of patients
with lung cancer.

These studies suggest that the three miRNAs and the two
genes exert important influences on the regulation of lung
cancer. Therefore, the network comprising LINC00968, the
three miRNAs (miR-9, miR-22 and miR-4536) and the two
hub genes (PLK1 and XPO1) validated in the TCGA database
may be a potential regulatory mechanism with vital roles
in the progression and prognosis of lung cancer. However,
LINCO00968 is a novel IncRNA that has not been reported
previously, the precise functions of which will be the subject of
subsequent studies by the present research team. The regula-
tory mechanisms of LINC00968 will also be analyzed.
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