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Abstract
Lung cancer (LC) continues to be the leading cause of cancer-related deaths worldwide and the prognosis remains poor
worldwide. At present, the long non-coding RNAs (lncRNAs) was considered as a part of competing endogenous RNA
(ceRNA) network act as natural microRNA (miRNA) sponges to regulate protein-coding gene expression. However, functional
roles of lncRNA-mediated ceRNAs in LC are insufficiently understood. To classify the specific mechanism of lung adenocar-
cinoma (LUAD) and lung squamous cell carcinoma (LUSC), we comprehensively compared the expression profiles of mRNAs,
lncRNAs and miRNAs obtained from 509 LUAD, 473 LUSC tissues and 49 adjacent non-cancerous lung tissues, based on The
Cancer GenomeAtlas (TCGA). After screening for differently expressed (DE) mRNAs, DEmiRNAs, DElncRNAs and weighted
gene co-expression network analysis (WGCNA) (|log2FC| > 2.0 and an adjusted p value <0.05), a total of 4478 DEmRNAs, 526
DElncRNAs and 75 DEmiRNAs in LUAD, while 6237 DEmRNAs, 843 DElncRNAs and 117 DEmiRNAs in LUSC were
discovered. Interaction (PPI) network analysis was performed to identify 656 nodes and 2987 edges (minimum required inter-
action score > 0.9), as well as 8 different protein-protein interactions. Gene ontology (GO) analysis mainly associated with cell
proliferation. KEGG pathway enrichment analyses most partly associated with metabolism pathway and cytokine-cytokine
receptor interaction. Finally, the dysregulated lncRNA-miRNA-ceRNA network was constructed based on correlation analyses
and a total of 62 dysregulated lncRNAs, 28 DEmRNAs and 18 DEmiRNAs were involved. The most significant lncRNAs
included DElncRNAs, LINC00641 and AC004947.2, miRNAs included miR-6860, miR-1285-3p, miR-767-3p and miR-7974,
mRNAs included MAP3K3, FGD3 and ATP1B2. Then we analyzed and described the potential characteristics of biological
function and pathological roles of the LUAD and LUSC ceRNA co-regulatory network. Our findings revealed ceRNA network
will be beneficial for promoting the understanding of lncRNA-mediated ceRNA regulatory mechanisms in the pathogenesis of
LUAD and LUSC.

Keywords Lung adenocarcinoma (LUAD) . Lung squamous cell carcinoma (LUSC) . lncRNA . ceRNA .miRNA

Introduction

Lung cancer (LC) remains the leading cause of cancer-related
deaths worldwide. More than 85% are categorized as non-

small cell lung cancer (NSCLC), of which lung adenocarcino-
ma (LUAD) accounts for about 50% and lung squamous cell
carcinoma (LUSC) accounts for about 30% [1]. Despite de-
velopments in experimental and clinical oncology, the prog-
nosis of NSCLC remains poor, with a 5-year overall survival
(OS) rate of around 15% [2]. Emerging data reveals that the
initiation and progression of NSCLC require a variety of
changes in gene regulation [3, 4]. Hence, identification of
potential biomarkers and therapeutic targets to improve
NSCLC treatment effectiveness, especially LUAD and
LUSC, is urgently needed.

Non-coding RNAs (ncRNAs) are a class of functional
RNA molecules that could not be translated into proteins.
MicroRNAs (miRNAs) are a well characterized class of
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ncRNAs (~22 nt) that can regulate the expression of mRNAs,
typically by binding 3′-untranslated regions (3’-UTRs), lead-
ing to decreased translation and/or degradation of the target
mRNAs. It is well known that miRNAs play important roles in
a variety of tumor biological processes, including cell prolif-
eration, cell apoptosis and tumor metastasis [5]. Recently, an-
other class of ncRNAs, the long non-coding RNAs (lncRNAs)
is rapidly gaining attention [6]. Unlike the miRNAs, lncRNAs
are non-protein coding transcripts longer than 200 nt in length.
Cumulative evidence has revealed that lncRNAs may regulate
gene expression at different levels, such as transcription, post-
transcription and translation, carcinogenesis and cancer me-
tastasis [7, 8]. In addition, accumulating evidence has sug-
gested that lncRNAs play an important role in a wide variety
of biological processes, including cell differentiation, chroma-
tin modification, dosage compensation and so on [9].
Currently, with the ceRNA (competing endogenous RNA)
hypothesis been proposed, the influence of lncRNAs upon
miRNAs function is rapidly emerging. The ceRNA hypothe-
sis that lncRNAs and mRNAs can act as natural miRNA
sponges to suppress miRNA function by binding shared 3’-
UTRs. The complex crosstalk of ceRNA network has been
demonstrated in different kinds of diseases including cancers
[10]. For example, lncRNA-KRTAP5-AS1 can regulate
CLDN4 expression by competitively binding to miR-596
and miR-3620-3p and induced EMT in gastric cancer [11].
In hepatocellular carcinoma lnc-CASC2 could function as a
ceRNA by sponging miR-367 [12].

The Cancer Genome Atlas (TCGA) database, which is a
publicly available platform, contained sequencing data of
lncRNAs, miRNAs and mRNAs from different cancer includ-
ing LC. Based on ceRNA theory and TCGA database, ceRNA
network has been constructed in hepatocellular cancer, gastric
cancer, muscle-invasive bladder cancer, pancreatic cancer and
breast cancer. In order to provide new insight into the molec-
ular mechanisms based on lncRNA-miRNA-mRNA ceRNA
for LUAD and LUSC, we conducted a comprehensive bioin-
formatics analysis based on TCGA database in this study.

Materials and Methods

TCGA Dataset of LUAD and LUSC

RNA sequencing (RNA-Seq) data from patients with LUAD
and LUSC, which were calculated on Illumina HiSeq RNA-
Seq platform, were retrieved from TCGA, containing 509
LUAD, 473 LUSC tissues and 49 adjacent non-cancerous
lung tissues up to November 9, 2016. Detailed clinical data
consisted of demographic data (age, sex and race), smoking
history, tumor status and pathologic stages. All patients had a
certain follow-up time. Since the data was obtained from
TCGA, additional approval by the ethics committee of our

hospital was not required. This study meets the publication
guidelines provided by TCGA (http://cancergenome.nih.gov/
publications/publicationguidelines).

RNA Sequence Data Procession

The LUAD and LUSCmiRNASeq and RNAseq data (level 3)
of the corresponding patients were downloaded from TCGA,
including 509 LUAD, 473 LUSC tissues and 49 adjacent non-
cancerous lung tissues. To detect the differential expression of
miRNA, mRNA and lncRNA, samples were divided into
LUAD tumor tissues vs. adjacent non-tumor lung tissues
and LUSC tumor tissues vs. adjacent non-tumor lung tissues.
Tumor sample and normal sample data were combined and
data approximate to zero were deleted. The sequenced data
generated from Illumina HiSeq_miRNASeq and Illumina
HiSeq_RNASeq sequencing platforms were all publicly avail-
able data. Each sample contained the corresponding
miRNAseq and RNA-seq data.

Identification of Differentially Expressed mRNAs
(DEmRNAs), lncRNAs (DElncRNAs) and miRNAs
(DEmiRNAs) in LUAD and LUSC

The differently expressed mRNA and lncRNAwere analyzed
by Ballgown software, a Bioconductor package based on R
language, subsequently for the calculation of DERNAs and
DElncRNAs (Padj <0.05, and the absolute log2 fold change
>2), respectively. Screening of DEmiRNAs was used by
DESeq2, based on R language for differential gene expression
analysis using the nbinomTest command by instructions from
the DESeq reference manual and analyzed by EdgeR [13]
(Padj <0.001 and the absolute log2 fold change >3). For all
the P-values, a false discovery rate (FDR) < 0.05 was applied
to correct the statistical significance of multiple testing.

Bioinformatics Analysis

For functional enrichment analysis, we used the Gene
Ontology database (http://www.geneontol-ogy.org) to
perform gene ontology (GO) analysis on the DERNAs.
After the analyses for significance and false discovery rate
(FDR), GO terms were selected from the significantly
enriched gene sets (P < 0.05 and FDR < 0.05). GO analysis
covered enrichment of biological processes(BP), cellular
components(CC) and specific molecular functions(MF) of di-
vergently expressed genes. Pathway analysis was used to
identify significant pathways for the DERNAs according to
the Kyoto Encyclopedia of Genes and Genomes (KEGG). The
significant KEGG pathways were selected by Fisher’s exact
and chi-square tests (P < 0.05 and FDR < 0.05).
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Protein-Protein Interaction (PPI) Network
Construction

Protein interaction analysis is an important tool to discover LC-
relatedDEGs of different modules based on protein network. PPI
network was constructed to identify the key coding genes and
important gene modules which were common different expres-
sion in LUAD and LUSC compared with tumor free tissue. PPIs
information of different expression genes was initially extracted
from Search Tool for the Retrieval of Interacting Genes
(STRING) database, an online database integrating known and
predicted protein interactions [14] (http://www.string-db.org/).

Construction of lncRNA-miRNA-mRNA ceRNA
Network

In the present study, we constructed the lncRNA-miRNA-
mRNA ceRNA network using Cytoscape software
(Version3.5.1) to identify gene interactions, which was based
on the theory that lncRNAs can have a direct interaction by
invoking the miRNA sponge to regulate the activity of
mRNAs. Predicted targets of DEmiRNAs in this study were

retrieved using miRBase targets (http://www.targetscan.org/ and
http://www.microrna.org/microrna/). LncRNA-miRNA interac-
tions were predicted by miRcode (http://www.mircode.org/).
The gene co-expression network was built according to the nor-
malized signal intensity of specific expressed genes. We calcu-
lated the Pearson correlation coefficient between two genes.

Statistical Analysis

The significance level was set as 0.05 as default to control the
false discovery rate (FDR). P value less than 0.05 were con-
sidered statistically significant unless specifically indicated.
The statistical analyses were performed using a statistical soft-
ware package (version 17.0. SPSS, Chicago, IL).

Results

Patient Characteristics

The baseline and clinicopathological characteristics of 509
patients that pathologically diagnosed as LUAD and 473

Table 1 Clinicopathological
characteristics of patients with
LUAD or LUSC

Parameter Subtype LUAD n, (%) LUSC n, (%)

Age (years) Not available 19, (3.73) 8, (1.69)

>68 209, (41.06) 225, (47.57)

≤68 281, (55.21) 240, (50.74)

Gender Female 272, (53.44) 123, (26.00)

Male 237, (46.56) 350, (74.00)

Race Not available 66, (13.60) 105, (22.91)

Asian 7, (1.38) 9, (1.90)

Black or African American 53, (10.41) 29, (6.13)

White 383, (75.25) 330, (69.77)

Smoking history (years) Not available 298, (58.55) 266, (56.24)

>15 114, (22.39) 8, (1.69)

≤15 97, (19.06) 199, (42.07)

Tumor status Not available 54, (10.61) 70, (14.80)

Tumor free 289, (56.78) 299, (63.21)

With tumor 166, (32.61) 104, (21.99)

Pathologic stage Not Available 7, (1.38) 4, (0.85)

Stage I 5, (0.98) 83, (17.55)

Stage IA 131, (25.74) 143, (30.23)

Stage IB 139, (27.31) 3, (0.63)

Stage II 1, (0.20) 62, (13.11)

Stage IIA 50, (9.82) 90, (19.03)

Stage IIB 68, (13.36) 3, (0.63)

Stage IIIA 73, (14.34) 61, (12.90)

Stage IIIB 11, (2.16) 15, (3.17)

Stage IV 24, (4.72) 6, (1.27)

Pathological stage was based on NCCN Guidelines Version 3.2011 NSCLC
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patients pathologically diagnosed as LUSC, the parameters
including demographic data (age, sex and race), smoking his-
tory, tumor status and pathologic stages were shown in
Table 1.

Expression Profiles of lncRNAs, mRNAs and miRNAs
in LUAD and LUSC

Hierarchical clustering (heat map) was created to reveal the ex-
pression clusters of these DERNAs, the results showed that a
total of 4478 differently expressed mRNAs (Fig. 1a, FC >2 or
FC< 0.5, p< 0.05), 526 differently expressed lncRNAs (Fig. 1b,

FC >2 or FC < 0.5, p < 0.05) and 75 significant differently
expressed miRNAs (Fig. 1c, FC > 3 or FC < −3, p < 0.05) in
LUAD. Among these differently expressed RNAs, 2479
mRNAs, 282 lncRNAs and 39 miRNAs were up-regulated,
1999 mRNAs, 244 lncRNAs and 36 miRNAs were down-
regulated (Table 2). Meanwhile, 6237 differently expressed
mRNAs (Fig. 1d, FC >2 or FC< 0.5, p < 0.05), 843 differently
expressed lncRNAs (Fig. 1e, FC >2 or FC< 0.5, p < 0.05) and
117 significant differently expressed miRNAs (Fig. 1f, FC > 3 or
FC< −3, p < 0.05) in LUSC were revealed by heat map, and in
this DERNAs, 3297 mRNAs, 495 lncRNAs and 107 miRNAs
were up-regulated, 2940 mRNAs, 348 lncRNAs and 10
miRNAs were down-regulated (Table 2). What’s more, the
Venn diagram suggested that 1711 mRNAs, 127 lncRNAs and
25 miRNAs were common up-regulated, 1768 mRNAs, 213
lncRNAs and 5 miRNAs were common down-regulated in both
LUAD and LUSC (Fig. 2a-c, Table 2). The top 10 DERNAs in
LUAD and LUSC were shown in Tables 3 and 4).

Protein-Protein Interaction (PPI) Analysis

In order to depict the complex relationships of the 1410
significant common differently expressed protein coding

Fig. 1 Heat map showing expression profiles of mRNAs, lncRNAs
and miRNAs. Differentially expressed mRNAs (a, d), lncRNAs (b, e)
and miRNAs (c, f) in LUAD (a, b, c) and LUSC (d, e, f) were analyzed
using hierarchical clustering. Compared with tumor free tissues. Red

indicates high relative expression and blue or green indicates low
relative expression. FC > 1.5 or FC < 0.7, p < 0.05. N, tumor free
tissues; T, tumor tissues

Table 2 Common differentially expressed mRNA, lncRNA and
miRNA in LUAD and LUSC

Up-regulated Down-regulated

mRNA lncRNA miRNA mRNA lncRNA miRNA

LUAD 2479 282 39 1999 244 36

LUSC 3297 495 107 2940 348 10

Common 1711 127 25 1768 213 5

Compare with tumor free, respectively. FC>1.5 or FC<0.7
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genes in LUAD and LUAC, p < 0.05, FC > 2.0 or FC <
0.5, the PPI network was created. In this network, 656
nodes and 2987 edges were involved (minimum required
interaction score > 0.9), and 8 different interactions of
protein-protein were marked with different colors, respec-
tively (Fig. 3).

Gene Ontology and KEGG Analysis

To identify the biological roles of the differently expres-
sion genes in LUAD and LUSC, the GO enrichment anal-
yses and KEGG pathway analyses were performed. The
GO analyses result showed the top 30 GO enrichment of

Table 3 Top 10 DERNAs (up-regulated or down-regulated) in LUAD

mRNA FC (T/N) Status lncRNA FC (T/N) Status miRNA FC (T/N) Status

SFTPC 0.0046 down NAPSB 0.6049 down hsa-miR-4732-3p 0.0453 down

AGER 0.0130 down C10orf25 0.6651 down hsa-miR-486-5p 0.0476 down

CLDN18 0.0198 down SIGLEC17P 0.5817 down hsa-miR-4634 0.0510 down

SCGB1A1 0.0275 down RP11-218 M22.1 0.5479 down hsa-miR-520a-3p 0.0528 down

FABP4 0.0322 down RP4-539 M6.14 0.6382 down hsa-miR-1323 0.0537 down

SFTPA1 0.0356 down HLA-V 0.5974 down hsa-miR-4732-5p 0.0633 down

SFTPA2 0.0409 down MIR22HG 0.3798 down hsa-miR-139-3p 0.0672 down

HBB 0.0427 down TMSB4XP8 0.6452 down hsa-miR-202-3p 0.0680 down

UPK3B 0.0476 down COLCA1 0.5520 down hsa-miR-517b-3p 0.0717 down

MCEMP1 0.0573 down EEF1A1P5 0.3123 down hsa-miR-517a-3p 0.0718 down

UBE2C 8.5087 up CTA-384D8.34 2.2224 up hsa-miR-301b-5p 28.7861 up

B3GNT3 8.6869 up RP11-465 N4.5 1.6736 up hsa-miR-577 29.6713 up

IGHG4 9.2968 up RP5-963E22.6 1.5904 up hsa-miR-1269b 31.6219 up

CTHRC1 9.3869 up RP11-12G12.7 2.3048 up hsa-miR-4652-5p 34.7719 up

CEACAM5 9.6498 up RP11-631 N16.4 1.6986 up hsa-miR-767-3p 36.4526 up

PYCR1 9.9004 up PRSS3P2 2.4829 up hsa-miR-767-5p 36.6590 up

SPINK1 10.8809 up RP11-785D18.3 1.6998 up hsa-miR-9-5p 38.9545 up

FAM83A 11.3036 up IGHV3–41 1.8030 up hsa-miR-1269a 46.1291 up

CRABP2 18.2451 up SNHG4 1.6843 up hsa-miR-196a-5p 58.5485 up

SPP1 20.3542 up BLACAT1 2.0189 up hsa-miR-105-5p 68.3640 up

DERNAs, differentially expressed RNAs; FC, fold change; T, tumor tissues; N, tumor free tissues; p<0.05

Fig. 2 Venn diagram showed the common differentially expressed
RNAs in LUAD and LUSC compared with tumor free tissue,
respectively. (a) 1711 mRNAs were common up-regulated and 1768
mRNAs were common down-regulated; (b) 127 lncRNAs were

common induced, 213 were reduced in LUAD and LUSC,
simultaneously; (c) 25 and 5 miRNAs were common up-regulated and
down-regulated, respectively. p < 0.05, FC > 1.5 or FC < 0.7
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biological processes(BP), cellular components(CC) and
specific molecular functions(MF) of up-regulated and
down-regulated expressed genes, many of these terms were
associated with cell proliferation, such as “mitotic cell cy-
cle, GO:0000278”, “M phase of mitotic cell cycle,
GO:0000087”, “cell division, GO:0051301”, “mitotic ana-
phase, GO:0000090”, “S phase of mitotic cell cycle,
GO:0000084”, “G1/S transition of mitotic cell cycle,
GO:0000082”, “DNA replication, GO:0006260”, “cell cy-
cle checkpoint, GO:0000075”, “translation, GO:0006412”,
“positive regulation of cell proliferation, GO:0008284”
and “cell proliferation, GO:0008283”.(Fig. 4a and b). The
KEGG pathway analysis showed the top 30 pathway en-
richment of up-regulated and down-regulated expressed
genes, and these differently expressed mRNAs mainly
enriched in “metabolism pathways, pathway_ID:
has01100”, “Cell cycle, pathway_ID: has4110”, “RNA
transport, pathway_ID: has3013”, “Cytokine-cytokine re-
ceptor interaction, pathway_ID: has4060” and “Pathways
in cancer, pathway_ID: has5200” (Fig. 4c and d). This
suggests that these GO terms and KEGG pathways may
contribute to the pathogenesis and biochemical character-
istics of LUAD and (or) LUSC in humans. Among these
GO enrichments and pathway enrichments, 1226 up-
regulated mRNAs and 1115 down-regulated genes were
overlapped (Fig. 4e), and those overlapped genes might
be the key point of LUAD and (or) LUSC development.

Co-Expression Analysis between Differentially
Expressed miRNAs, lncRNAs and Coding Genes
in LUAD and LUSC

To predict and describe the function of differentially expressed
noncoding RNAs (miRNAs, lncRNAs) and coding genes in
LUAD and LUSC, the dysregulated lncRNA-miRNA-mRNA
ceRNA network was constructed based on correlation analy-
sis. First, all differentially expressed miRNAs, lncRNAs and
mRNAs from the present study were analyze by R language,
LncRNAs and mRNAs with Pearson correlation coefficient
(PCC) ≥ 0.99 were selected to draw the network, respectively.
Pearson Correlation: r > 0.7 or < −0.7, p < 0.05. Finally, in the
ceRNA network, a total of 62 dysregulated lncRNAs, includ-
ed 7 up-regulated and 55 down-regulated lncRNAs, 28 differ-
entially expressed mRNAs, included 5 up-regulated and 23
down-regulated mRNAs, and 18 dysregulated miRNAs, in-
cluded 14 up-regulated and 4 down-regulated miRNAs, were
involved and 208 connections were established (degree ≥2).
The degree parameter represents the relative pivotal role of a
gene and is important to evaluating the centrality of a gene in
the network analysis. (Fig. 5). Meanwhile, the degree of miR-
6860, miR-1285-3p, miR-767-3p, miR-7974, lncRNA-
LINC00641, lncRNA-AC004947.2, lncRNA-109,642.1,
lncRNA-MAGI2-AS3, lncRNA-SHANK3, SHROOM4,
MAP3K3, FGD3, ATP1B2 and SAP30L were significantly
higher, more importantly, some of them have been reported

Table 4 Top 10 DERNAs (up-regulated or down-regulated) in LUSC

mRNA FC (T/N) Status lncRNA FC (T/N) Status miRNA FC (T/N) Status

SFTPC 0.0014 down C10orf95 0.4895 down hsa-miR-486-5p 0.0816 down

SFTPA1 0.0062 down NAPSB 0.3188 down hsa-miR-4678 0.0895 down

AGER 0.0073 down KRT87P 0.6106 down hsa-miR-144-5p 0.0913 down

SFTPA2 0.0077 down CYP4Z2P 0.6431 down hsa-miR-206 0.0932 down

CLDN18 0.0109 down SIGLEC16 0.5803 down hsa-miR-490-3p 0.0957 down

PGC 0.0180 down C10orf25 0.6102 down hsa-miR-4732-3p 0.0965 down

SFTPB 0.0208 down CMAHP 0.3183 down hsa-miR-451a 0.1020 down

SFTPD 0.0214 down SIGLEC17P 0.4760 down hsa-miR-3195 0.1104 down

NAPSA 0.0225 down LINC00982 0.6637 down hsa-miR-133b 0.1137 down

SCGB1A1 0.0226 down RP11-218 M22.1 0.5283 down hsa-miR-338-5p 0.1215 down

SLC2A1 39.3476 up RP11-9E17.1 2.0700 up hsa-miR-6499-5p 65.2579 up

KRT14 41.3925 up RP5-1056H1.2 1.6455 up hsa-miR-944 79.1490 up

CALML3 43.3539 up RP11-245D16.4 2.0204 up hsa-miR-4778-3p 82.2281 up

SPRR1B 44.3222 up AC068831.16 1.7423 up hsa-miR-1269a 83.8966 up

KRT6B 46.4879 up LINC01451 1.8416 up hsa-miR-767-5p 95.4303 up

S100A2 54.0973 up SH3PXD2A-AS1 2.1173 up hsa-miR-105-5p 102.7657 up

KRT16 67.6713 up SNHG4 2.1894 up hsa-miR-767-3p 118.3120 up

KRT17 76.3447 up LINC01176 1.7261 up hsa-miR-4652-5p 178.2873 up

KRT5 122.2849 up BLACAT1 1.7855 up hsa-miR-6499-3p 321.0574 up

KRT6A 241.9939 up SAMD12-AS1 1.5618 up hsa-miR-1269b 436.8335 up

DERNAs, differentially expressed RNAs; FC, fold change; T, tumor tissues; N, tumor free tissues; p<0.05
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to be cancer-associated genes such as MAP3K3 [15–17],
FGD3 [18], ATP1B2 [19].

Discussion

NSCLC is the most common type of lung cancer which is the
leading cause of cancer-related mortality and its prognosis still
remains poor. The therapeutic options for NSCLC are mainly
dependent on the stage of the cancer. Although the five-year
survival rate of NSCLC for local LC is about 50%, majority of
patients miss the diagnosed opportunity in this stage [20].
Therefore, it is of great importance to further exploring the
molecular mechanism leading to pathogenesis of NSCLC
and ultimately assisting in the development of personalized
diagnosis and treatment against the diseases.

Recently growing evidence indicated that ncRNAs take
critical effects in regulating key pathogenic mechanisms in
carcinogenesis and cancer metastasis. LncRNAs are

considered to show the superior potential as diagnostic
and prognostic biomarkers and clinical therapeutic applica-
tions. The significant upregulation of LncPVT1 in NSCLC,
thought to be intensively associated poorer overall survival,
facilitated the up-expression of HIF-1α by functioning as
ceRNA of miR-199a-5p [21, 22]. LncRNA MEG3 down-
regulation in NSCLC tissues partly mediated by DNA
methylation and p53 activation may represent a new bio-
marker for poor diagnosis [23]. LncRNA UCA1 exerts on-
cogenic functions in promoting NSCLC progression by
miR-193a-3p sponge and indicated a novel UCA1–miR-
193a-3p–ERBB4 signaling pathway regulatory network
[24]. Consequently, accumulating evidence suggested the
possibility of elucidating the function how lncRNAs inter-
act with miRNA as ceRNAs contributes to pathogenic pro-
cess of NSCLC. Therefore, we comprehensively analyze
the interaction of lncRNAs with miRNA to act as RNA
pools to identify the lncRNA-miRNA-mRNA regulatory
network mediated in the ceRNA network in NSCLC.

Fig. 3 Protein-protein interaction (PPI) network of overlapping
genes both in LUAD and LUSC. PPI network was analyzed using an
online tool, STRING. The high confidence (0.9) of minimum required

interaction score had been performed and the disconnected nodes had
been hidden in the network; The different colors of network edges
represent different interactions of protein-protein
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We performed lncRNA, miRNA and mRNA expression
profiling in LUAD, LUSC tissues and adjacent normal lung
tissues. The microarray expression profiles showed a total of
4478 DEmRNAs, 526 DElncRNAs and 75 DEmiRNAs in
LUAD, whereas 6236 DEmRNAs, 843 DElncRNAs and
117 DEmiRNAs in LUSC. Venn diagram analysis showed
1711 mRNAs, 127 lncRNAs and 25 miRNAs were common
up-regulated, 1768 mRNAs, 213 lncRNAs and 5 miRNAs
were shared down-regulated in both LUAD and LUSC.
Subsequently GO analysis and KEGG analysis were imple-
mented to illustrate both the unique and shared mRNA,
lncRNAs and miRNAs in LUSC and LUAD. The terms of
up-regulated genes in GO analysis results mainly associated
with cell proliferation such as DNA strand elongation, mitotic
cell cycle,M phase ofmitotic cell cycle and cell divisionwhile
the down-regulation mRNAwere enriched in platelet degran-
ulation, regulation of cell shape and positive regulation of
angiogenesis. Subsequent KEGG analysis showed upregulat-
ed mRNA mainly involved in metabolism pathway, Cell cy-
cle, RNA transport and ribosomes while downregulated
mRNA mainly associated with cytokine-cytokine receptor in-
teraction, cell adhesion molecules and chemokine signaling
pathway. Based on the GO and KEGG analysis, 1226 up-

regulated mRNAs and 1115 down-regulated genes were over-
lapped, which could be the potential prognosis biomarkers in
both LUSC and LUAD.

After co-expression analysis the dysregulated lncRNA-
miRNA-mRNA ceRNA network was constructed. Totally
62 dysregulated lncRNAs (7 up-regulated and 55 down-
regulated lncRNAs), 28 differentially expressed mRNAs (5
up-regulated and 23 down-regulated mRNAs), and 18 dysreg-
ulated miRNAs (14 up-regulated and 4 down-regulated
miRNAs), were distinctly enriched in ceRNA network and
208 connections were established. Furthermore, we observed
two DElncRNAs, LINC00641 and AC004947.2, the most
remarkable lncRNAs in the network, strongly suggesting that
the two lncRNAs may serve as key oncogenes as well as
prognostic markers in lung cancer progression. After detailed
analysis of the regulatory network, we identified LncRNA
LINC00641 was the center of the ceRNA network that regu-
late the expressions of target genes by interacting with miR-
6860 and miR-1285-3p. LINC00641 is a novel lncRNA
whose function remains unclear. In recent studies down-
regulation of LINC00641 in bladder cancer was related to
poor diagnosis, and it could compete for miR-197-3p to pro-
mote KLF10 expression, thus accelerated proliferation,

Fig. 4 Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways enrichment of different expressed
genes. (a, b) The top 30 GO of up-regulated and down-regulated genes
that related to biological process (BP), cellular component(CC) and
molecular function(MF); (c, d) The top 30 KEGG pathway of up-
regulated and down-regulated genes that correlated with cellular
process, metabolism, environmental information processing and

organismal systems. (e) Venn diagram showing the overlapped genes
(1226 up-regulated genes; 1115 down-regulated genes) according to
GO and KEGG pathway enrichment. FC > 1.5 or FC < 0.7; UG, up-
regulated Gene; DG, Down-regulated Gene. The P value denotes the
significance of Go terms or KEGG pathway enrichment in the UG and
DG, P < 0.05 was recommended as the cut-off value
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migration and invasion of bladder cancer [25]. LINC00641
could act as a competitive endogenous RNA of miR-153-3p
under nutrition deprivation stress in intervertebral disc degen-
eration [26]. In our study, it can be noticed that LINC00641
with high-expression can compete with miR-1285-3p to mod-
ulate the target genes PIGA, AHCYL1, ATP1B2, while inter-
act with miR-6860 to regulate the expression of MAP3K3,
SHRK004M and FGD3 involved in the network.

Besides, AC004947.2 has the second largest interac-
tions in the network. AC004947.2 was a new lncRNA
whose roles were totally undefined. Recent integrated
analysis of AC004947.2 in lncRNA expression profiles
with endometrial cancer, lung cardinocarcinoma and acute
T cell–mediated rejection of renal allografts suggested it
might be a novel biomarker to predict poorer prognosis in
these diseases [27–29]. Also, AC004947.2 regulate the
expression of MAP3K3, SHRK004M and FGD3 by com-
peting for miR-6860. In the ceRNA network, another
three lncRNAs, lncRNA-109,642.1, lncRNA-MAGI2-
AS3 and lncRNA-SHANK3 can also serve as remarkable
biomarkers for lung cancer and these RNAs were the first
time to determine as biomarkers for diagnosis and

prognosis, providing reasonable possiblity in future clini-
cal treatment of lung cancer.

Unlike miRNAs which have been well investigated in var-
ious human diseases including lung cancer, merely a small
amount of lncRNAs have been clearly defined and character-
ized. In our research, the ceRNA network was established to
integrated illustrate interrelation of lncRNAs and miRNAs.
Our study identified 18 miRNAs, among which the most sig-
nificant ones were miR-6860, miR-1285-3p, miR-767-3p and
miR-7974. Circulating miR-1285-3p with downregulation
was predictive of poor therapeutic effects in hepatocellular
carcinoma while upregulation in chronic heart failure correlat-
ed to disease severity [30, 31]. miR-767-3p was reported to be
a potential serum biomarker in colorectal cancer, malignant
pleural mesothelioma, non-invasive lung cancer and glioblas-
toma [32–35]. Our study showed high-expression of miR-
1285-3p and miR-767-3p in lung cancer and further re-
searches are required to annotate its impact on tumorigenesis,
development and progression.

Many mRNAs involved in the new ceRNA network were
recently considered as pivotal oncogenes in lung cancer devel-
opment and progression. MAP3K3 was evidenced to be a

Fig. 5 Co-expression network analyses. Co-expression network
analyses were performed using Cytoscape 3.5.1 software to characterize
the 62 differentially expressed lncRNAs (7 up-regulated and 55 down-
regulated), 28 differentially expressed mRNAs (5 up-regulated and 23
down-regulated) and 18 miRNAs (14 up-regulated and 4 down-

regulated) based on the different expressed data. Red nodes indicate
upregulated, and blue nodes indicated down-regulated. Square nodes
denote miRNAs, circular nodes designate mRNAs, and circular nodes
with yellow edge indicate lncRNAs. Degree ≥2, Pearson Correlation:
r > 0.7 or < −0.7, p < 0.05, Pearson correlation coefficient ≥ 0.99
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tumor suppressor in progression of NSCLC model [15]. FGD3
was reported to be predictive of better prognosis in breast can-
cer [18, 36]. Genetic variation of ATP1B2 was considered to be
associated with ER negative breast cancer [19]. KEGG path-
way revealed several crucial tumor related pathways involved
in the ceRNA network of LC, including metabolic pathway,
cell cycle, cytokine-cytokine receptor interaction pathway and
cell adhesion molecules (CAMs). Recent studies have identi-
fied cytokine-cytokine receptor interaction modulate metabolic
events to promote tumorigenesis [37]. LncRNAs in the net-
work, LINC00641, AC004947.2, may take specific effects in
LC through modulation of the four pathways.

Currently, lncRNA-miRNA-mRNA network is rapidly
gaining attentions and much similar work has been done in
lung cancer. Li X et al. and Sun J et al. constructed ceRNA
network in lung adenocarcinoma and Ning P et al. established
the network in lung squamous cell carcinoma [38–40]. Our
study combined the clinical data of LUSC and LUAD to com-
prehensively analyze RNA biomarkers for diagnosis and treat-
ment in LC.

In summary, our investigation analyzed non-coding and
coding RNA expression profiling between normal adjacent
tissues and cancer tissues from TCGA database. Further, we
performed weighted gene co-expression network analysis and
constructed lncRNA-miRNA-mRNA ceRNA crosstalk net-
work by DERNAs to reveal a new regulatory mechanism for
further studies of LC.
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