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Abstract: Background: Increasing evidence has confirmed that long non-coding RNAs (IncRNAs) could regulate pro-
tein levels of genes as well as the cellular biological behavior in the competing endogenous RNA (ceRNA) network
as miRNA sponges. Our study aimed to explore the role and regulatory mechanisms of IncRNA-mediated ceRNA net-
work in lung adenocarcinomas (LUAD), as well as their potential to predict the prognosis of LUAD. Methods: A total of
568 samples with LUAD were downloaded from The Cancer Genome Atlas (TCGA). Differentially expressed IncRNAs
(DEIncRNAs), miRNAs (DEmiRNAs) and mRNAs (DEmRNAs) were identified with EdgeR package in R according to
| log fold change| > 2 and a corrected p-value < 0.05. DEIncRNA-DEmiRNA pairs were predicted by the online data-
base of miRcode, while DEmRNA-DEmIRNA pairs were predicted through “miRDB”, “miRTarBase” and “TargetScan”.
And the ceRNA network was visualized through Cytoscape 3.6. After calculating the degrees of INcRNA nodes, we
constructed the ceRNA sub-network. Finally, overall survival analysis was utilized to assess prognostic performance
of differentially expressed genes in sub-network. Results: 1503 DEIncRNAs, 118 DEmiRNAs and 2501 DEmRNAs
were identified associated with LUAD. And the ceRNA network was constructed containing 120 IncRNA nodes, 23
miRNA nodes and 39 mRNA nodes. 5 IncRNAs including MEG3, AP002478.1, LINCO0461, HOTTIP and MUC2 (de-
gree > 12) were selected to build the sub-network. And two IncRNAs (AP002478.1 and MUC2) and seven mRNAs
(E2F7, KPNA2, CEP55, HOXA10, CCNE1, CHEK1 and CLSPN) in the sub-network had poor prognosis according to
overall survival analysis. Conclusion: MUC2 and AP002478.1 could become potential prognostic biomarkers for
patients with LUAD. Based on the ceRNA hypothesis, we predicted that AP002478.1-induced AP002478.1-hsa-mir-
144-HOXA10/KPNA2 and MUC2-hsa-mir-195-CCNE1/CEP55/CHEK1/CLSPN/E2F7/HOXA10 pathways are associ-
ated with LUAD and will be investigated for further experimental confirmation.
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biomarkers contributes to the early detection of
lung cancer and improves the screening ability
of patients. At the same time, individuals can
avoid the hazards associated with low-dose CT
screening by using molecular biomarkers [7].
Therefore, it is necessary to explore biomarkers
with high specificity and sensitivity for clinical

Introduction

Lung cancer remains one of the most common
malignant tumor types due to cancer-related
habits such as smoking [1, 2]. Compared with
other lung cancer subtypes, lung adenocarci-
noma (LUAD) has a higher incidence and mor-

tality [3, 4]. Moreover, LUAD has become more
prevalent in Asian countries, especially in
females and non-smokers [5]. Therefore, it is
critical for early diagnosis or the development
of novel treatment targets in order to prolong
the survival time of LUAD patients. However,
excessively frequent low-dose CT screening
can lead to associated harm for high-risk indi-
viduals [6]. And the application of molecular

detection.

Long non-coding RNAs (> 200 nucleotides) play
a critical role in regulating gene expression
including translation, epigenetic modifications,
splicing and mRNA stability [8-10]. Abnormal
IncRNAs are closely related to the occurrence
of cancer. In the past few years, many studies
have focused on finding abnormal IncCRNAs rel-
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evant to LUAD. However, most of these studies
pay close attention to the function of a single
IncRNA in LUAD. And there are few studies on
the mechanisms of IncRNAs interacting with
other RNAs in LUAD. Recent studies have found
that IncRNA is involved in the regulation of tar-
get genes in tumors as a competitive endoge-
nous RNA (ceRNA) sponging up microRNAs
(miRNAs) [11, 12]. Specifically, IncRNAs could
competitively bind to shared miRNA response
elements (MREs) through miRNA in 3’-untrans-
lated regions (UTRs) [13]. And miRNAs can
cause gene silencing by binding to mRNAs.
Therefore, the pattern of mutual regulation
among IncRNA, miRNA and its downstream tar-
get genes is closely related to the occurrence
and development of LUAD. Therefore, our study
aimed to explore the function of IncRNA as a
ceRNA in LUAD.

In our study, we collected RNA profile data from
The Cancer Genome Atlas (TCGA). We con-
structed a IncRNA-mediated ceRNA network
and sub-network in LUAD. We explored the bio-
logical process of the mRNAs in a IncRNA-medi-
ated ceRNA sub-network by Cytoscape plug-in
BinGO. At the same time, prognosis value of dif-
ferentially expressed RNAs (DEGs) was evalu-
ated according to the overall survival analysis.
The present study results illustrate the function
of IncRNAs via the INcRNA-miRNA-mRNA ceRNA
network and sub-network in LUAD and provide
novel INncRNAs as potential prognostic biomark-
ers for clinicians.

Materials and methods
Sample collection and difference analysis

RNA sequencing (RNA-Seq) data of LUAD pa-
tients were downloaded from TCGA (https://
cancergenome.nih.gov/). A total of 568 sam-
ples with LUAD were included in our study. The
IncRNA and mRNA profile data included 58 nor-
mal samples and 510 primary samples. MiRNA
profile data included 45 normal samples and
510 primary LUAD samples. The exclusion crite-
ria were as follows: (1) histological diagnosis
negating LUAD; (2) presence of a malignancy
other than LUAD; (3) lack of complete clinical
information. The gene expression profiles of
510 primary LUAD samples and 58 normal
samples, and miRNA data of 510 primary LUAD
samples and 45 normal samples were retrieved
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from TCGA data portal. Therefore, approval by
the ethics committee was not needed.

Gene differential expression analysis

The differentially expressed IncRNAs (DElnc-
RNAs), miRNAs (DEmiRNAs) and mRNAs (DE-
mRNAs) were identified between LUAD and nor-
mal samples for further analysis using EdgeR
package in R 3.4.3 [14]. The differentially
expressed genes (DEGs) between LUAD and
normal samples met the following selection cri-
teria: |log fold change (FC)| > 2 and a corrected
p-value < 0.05. Volcano plots were plotted uti-
lizing the ggplot2 package, and the heat map
was visualized by use of the heatmap package
in R 3.4.3 [15].

The ceRNA network construction

First, the DEIncCRNA-DEmIRNA pairs were pre-
dicted by the online database of miRcode
(http://www.mircode.org/) [16]. Then the ta-
rget DEmRNAs of DEmiRNAs were predic-
ted through “miRDB” (http://www.mirdb.org/),
“miRTarBase” (http://mirtarbase.mbc.nctu.ed-
u.tw/) and “TargetScan” (http://www.targe-
tscan.org/) [17-19]. Finally, the DEIncRNA-
DEmiRNA-DEmMRNA network was constructed
by assembling the DEmiRNAs that were regu-
lated by DEIncRNAs and DEmRNAs simultane-
ously. The ceRNA network was visualized
through Cytoscape 3.6 [20].

Key IncRNA-miRNA-mRNA sub-network

In order to predict the role of hub IncRNAs
in ceRNA networks, the DEIncRNA-DEmMiRNA-
DEmMRNA sub-network was built. After calculat-
ing the degree of INcRNAs in the ceRNA net-
work, IncRNAs with degree > 12 were selected
to construct the ceRNA sub-network by Cy-
toscape plug-in MCODE.

Functional enrichment analysis

To better predict the function of abnormally
expressed DEGs in the ceRNA sub-network,
biological processes of Gene Ontology (GO) for
DEmMRNAs were built utilizing Cytoscape plug-in
BinGO. GO terms were based on the threshold
of p-value < 0.01.

Statistical analysis

The overall survival analysis was performed by
survival and qvalue packages in R 3.4.3. And
the log-rank test was used to evaluate the dif-
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Figure 1. 2501 DEmRNAs, 1503 DEIncRNAs and 118 DEmiRNAs in volcano plots (A-C) and heat maps (D-F) be-
tween LUAD samples and normal samples. (Red represents up-regulated DEGs and green stands for down-regulat-
ed DEGSs).

ference between LUAD and normal samples A p-value < 0.05 was considered statistically
among DEIncRNAs, DEmiRNAs and DEmRNAs. significant.
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Table 1. Predicted LUAD specific miRNA-mRNA pairs

miRNAs mMmRNAs

Hsa-mir-143 COL1A1, COL5A2

Hsa-mir-144  FGF2, HOXA10, KCNQ5, KPNA2, TBX18

Hsa-mir-182 BDNF, NPTX1

Hsa-mir-183 CCNB1

Hsa-mir-195 CBX2, CCNE1, CDC25A, CEP55, CHEK1, CLSPN, E2F7, FGF2, HOXA10, KIF23, OSCAR, PSAT1, RET, RS1, SALL1, TGFBR3, TMEM100
Hsa-mir-200a CCNE2, DLC1, ELAVL2

Hsa-mir-205 LRRK2

Hsa-mir-210 SERTM1

Hsa-mir-216b MCM4

Hsa-mir-31 HOXC13, SELE, ELAVL2, KPNA2, MIXL1, PFKP, SLC7A11, TMEM100
Hsa-mir-372  ELAVL2, KPNA2, MIXL1, PFKP, SLC7A11, TMEM100

Hsa-mir-373  ELAVL2, KPNA2, MIXL1, PBK, PFKP, SLC7A11, TMEM100
Hsa-mir-96  PROK2, SLC1A1

Figure 2. The LUAD specific ceRNA network. (Round stands for IncRNAs, triangular stands for mRNAs and rectangu-
lar stands for miRNAs. Red represents up-regulated genes and blue represents down-regulated genes).
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ctangular stands for miRNAs.
Red represents up-regulated
genes and blue represents
down-regulated genes).

Key IncRNA-miRNA-mRNA
sub-network and functional
prediction of ceRNA sub-
network

We calculated the degrees of
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Figure 3. The degree distribution of INCRNA nodes in the ceRNA network.

Results
DEmRNAs, DEIncRNAs and DEmiRNAs

2501 DEmRNAs, 1503 DEIncRNAs and 118
DEmiRNAs were identified between LUAD and
normal samples with |log FC| > 2 and FDR
adjusted p-value < 0.05. The volcano plots and
heat maps showed the DEGs results in Figure
1A-F, respectively. And these DEGs were listed
in the raw data. Of these, 1958 DEmMRNAs,
1296 DEIncRNAs and 98 DEmiRNAs were
up-regulated.

Figure 1 shows 2501 DEmRNAs, 1503 DEI-
ncRNAs and 118 DEmiRNAs in volcano plots
(Figure 1A-C) and heat maps (Figure 1D-F)
between LUAD samples and normal samples
(Red represents up-regulated DEGs and green
stands for down-regulated DEGS).

Construction of the ceRNA network

DEIncRNA-DEmIRNA pairs were predicted th-
rough “miRcode”. Twenty-three DEmRNAs puta-
tively targeted 120 DEIncRNAs. Then we took
advantage of “miRDB”, “miRTarBase” and “Ta-
rgetScan” to match the DEmiRNAs and DE-
mRNAs. The results listed 13 DEmiRNAs tar-
geted 39 DEmRNAs in LUAD (Table 1). Based
on IncRNA-miRNA and mRNA-miRNA pairs
above, we constructed a INCRNA-miRNA-mRNA
network containing 120 IncRNA nodes (102 up,
18 down), 23 miRNA nodes (19 up and 4 down),
and 39 mRNA nodes (27 up, 12 down) (Figure
2).

Table 1 shows the predicted LUAD specific
miRNA-mRNA pairs. Figure 2 shows the LUAD
specific ceRNA network. (Round stands for
IncRNAs, triangular stands for mRNAs and re-
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all IncRNA nodes in the ce-
RNA network and the degree
distribution of nodes was per-
formed in Figure 3. We select-
ed IncRNA nodes by degree >
12, and 5 qualified IncRNAs
(MEG3, AP002478.1, LINCO0O461, HOTTIP, MU-
C2) were extracted to construct the ceRNA
sub-network (Figure 4). There were 5 IncRNAs
(Table 2), 39 mRNAs (Table 3) and 22 miRNAs
(Table 4) in the ceRNA sub-network. To explore
the role of the abnormal ceRNA sub-network,
we made biological processes of GO enrich-
ment analysis for all 39 DEmRNAs in the sub-
network (Figure 5). Table 5 listed the top five
GO analysis terms in the biological process of
DEmMRNASs related with LUAD.

Figure 3 shows the degree distribution of Inc-
RNA nodes in the ceRNA network. Figure 4 sh-
ows the key INcRNA-miRNA-mRNA in the sub-
network. (Round stands for IncCRNAs, triangular
stands for mRNAs and rectangular stands for
mMiRNAs; Red represents up-regulated genes
and blue represents down-regulated genes).

Figure 5 illustrates the GO analysis terms in the
biological process of DEmRNAs in the ceRNA
sub-network related with LUAD. (Yellow nodes:
nodes with corrected P-value < 0.05). Table 2
lists the DEIncRNAs in the ceRNA sub-network.
Table 3 lists the DEmRNAs in the ceRNA sub-
network. Table 4 lists the DEmiRNAs in the
ceRNA sub-network. Table 5 lists the top five
GO analysis terms in the biological process of
DEmMRNASs related with LUAD.

Prognostic overall survival assessment of
DEIncRNAs, DEmiRNAs and DEmRNASs in the
ceRNA sub-network

To assess the prognostic value of DEIncRNAs,
DEmiRNAs and DEmRNAs in the ceRNA sub-
network, the overall survival analysis was per-
formed using log-rank test (Figure 6). The re-
sults revealed that two IncRNAs including AP-
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Figure 4. Key IncRNA-miRNA-mRNA sub-network. (Round stands for IncRNAs, triangular stands for mRNAs and
rectangular stands for miRNAs; Red represents up-regulated genes and blue represents down-regulated genes).

Table 2. DEIncRNAs in the ceRNA sub-net- Seven mRNAs including E2F7, KPNA2, CEP5S5,
work HOXA10, CCNE1, CHEK1 and CLSPN of high
IncRNA LogFC P Value FDR expression were negatively associated with
MEG3 2110496 143E-10 6.41E-10 overall survival time.

AP002478.1 2.86162 2.56E-09 9.74E-09

Figure 6 shows Kaplan-Meier survival curves of
LINCOO461 4.145366 4.10E-24  7.75E-23

the 2 IncRNAs and 7 mRNAs correlated with

HOTTIP 3.59381 1.64E-07 4.92E-07 overall survival in LUAD.
MUC2 6.543265 7.46E-16 6.38E-15
Discussion
002478.1 and MUC2 of high expression were LUAD is currently the most common histologi-
negatively associated with overall survival time. cal subtype of lung cancer [21]. Although sur-
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Table 3. DEmRNAs in the ceRNA sub-network

mRNA LogFC P Value FDR

Table 4. DEmiRNAs in the ceRNA sub-network

TBX18 2.945284135 1.89E-11 5.86E-11
HOXA10  4.252149906 6.54E-22 4.49E-21
CEP55 3.305855375 1.51E-55 5.55E-54
CHEK1 2.274532159 5.59E-43 1.21E-41
CBX2 2.619483096 1.97E-27 1.94E-26
RETNLB 4.65201593 4.69E-15 1.95E-14
CLSPN 2.760134845 5.95E-39 1.09E-37
E2F7 278178811 3.97E-30 4.61E-29
CDC25A  2.395275853 2.25E-37 3.80E-36
CCNE1 3.298646536 8.95E-44 2.00E-42
PSAT1 3.562987706 4.45E-49 1.23E-47
KIF23 2.628206448 3.39E-42 7.18E-41
SALL1 5.819257066 6.30E-17 3.03E-16

PBK 3.472695637 1.44E-43 3.17E-42
KPNA2 2.026562729 2.67E-40 5.20E-39
PFKP 2221325229 1.31E-34 1.94E-33

SLC7A11 3.085389204 1.11E-22 8.08E-22
MIXL1 2.038199743 3.79E-17 1.86E-16
NPTX1 3.798573954 T7.43E-16 3.29E-15
KCNQ5 2.642834644 1.95E-19 1.13E-18
ELAVL2 3.441593204 3.00E-15 1.27E-14
MCM4 2.268652547 2.70E-47 ©6.96E-46
CCNE2 2.011448218 6.87E-32 8.72E-31
COL1A1 2.967125588 5.22E-33 7.03E-32
COL5A2 2.194918479 2.71E-27 2.64E-26
HOXC13  6.993110561 1.17E-22 8.49E-22
CCNB1 3.042669679 8.57E-57 3.34E-55
TGFBR3  -2.600754835 b5.26E-96 6.77E-94

RS1 -3.682245126 1.22E-89 1.29E-87
TMEM100 -4.304456371 1.91E-137 7.69E-135
FGF2 -2.062572733 1.62E-47 4.21E-46

OSCAR -2.156583523 6.84E-66 3.87E-64
PROK2 -2.04658755 1.51E-24 1.25E-23
SLC1A1  -2.204907845 2.13E-51 6.74E-50

BDNF -2.330953118 2.71E-32 3.50E-31
DLC1 -2.22636641 5.62E-61 2.64E-59
LRRK2 -2.11154066 6.77E-29 7.29E-28
SELE -2.912826432 1.83E-61 8.75E-60

SERTM1  -4.651293817 4.63E-64 2.43E-62

miRNA LogFC P Value FDR

Hsa-mir-373  5.416386738 4.88E-06 1.32E-05
Hsa-mir-372  7.169502859 4.23E-09 1.67E-08
Hsa-mir-96 2.758954824 6.36E-41 1.80E-39
Hsa-mir-182  2.091926775 5.17E-30 9.78E-29
Hsa-mir-503 2.584023839 2.58E-23 2.93E-22
Hsa-mir-210  5.485552474 1.76E-65 1.71E-63
Hsa-mir-183  2.402538617 6.86E-34 1.61E-32
Hsa-mir-122  6.06385037 1.16E-06 3.40E-06
Hsa-mir-192  3.150208352 8.64E-13 4.99E-12
Hsa-mir-31 4.37854107 4.34E-17 3.56E-16
Hsa-mir-215  3.081064981 1.43E-09 5.87E-09
Hsa-mir-205 2.82867128 3.40E-09 1.37E-08
Hsa-mir-301b 3.738668089 1.37E-23 1.58E-22
Hsa-mir-200a 2.11406729 2.77E-29 4.72E-28
Hsa-mir-187  2.434607017 4.74E-11 2.36E-10
Hsa-mir-216b  2.59771995 5.60E-06 1.50E-05
Hsa-mir-489  2.662409863 6.40E-08 2.19E-07
Hsa-mir-137  4.428660929 4.34E-13 2.57E-12
Hsa-mir-195  -2.217496672 3.36E-85 4.58E-83
Hsa-mir-184  -2.847607823 9.27E-26 1.32E-24
Hsa-mir-144  -3.34954354 1.33E-91 3.02E-89
Hsa-mir-143  -2.73054316 1.28E-88 2.18E-86

gery, chemotherapy, and molecular targeted
therapy have improved, the clinical effects are
still frustrating. High invasiveness and early
metastasis are the main causes of poor prog-
nosis in patients with LUAD [22]. Therefore, the
development of more sensitive biomarkers for
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early diagnosis is essential for prolonging the
survival of patients with LUAD.

In recent years, growing evidence has empha-
sized the IncRNA-induced ceRNA network in
cancer development and progression. LncRNAs
could competitively bind to miRNA, while miR-
NAs can lead to gene silencing by binding
to mRNAs. However, the mechanisms of the
ceRNA network in LUAD still remain unclear.
In our study, we identified 2501 DEmRNASs,
1503 DEIncRNAs and 118 DEmiRNAs rela-
ted to LUAD from TCGA database. Based on
DEINcRNA-DEmMIiRNA pairs and DEmRNA-DE-
miRNA pairs, we constructed a INcCRNA-miRNA-
mMRNA network. Furthermore, under the calcu-
lation of the degree of IncRNA nodes, we se-
lected 5 IncRNAs with degrees more than 12
to construct sub-network including MEG3,
AP002478.1, LINCO0O461, HOTTIP and MUC2.
To explore the function of DEmRNAs in the sub-
network, we made GO enrichment analysis. The
results revealed that these DEmRNAs are main-
ly involved in anatomical structure morphogen-
esis, anatomical structure formation involved
in morphogenesis, tissue development, organ

Int J Clin Exp Med 2019;12(8):9845-9857



Screening novel biomarkers of lung adenocarcinoma

double-stra K repair
via break-i replication

Figure 5. GO analysis terms in the biological process of DEmRNAs in the ceRNA sub-network related with LUAD. (Yellow nodes: nodes with corrected P-value < 0.05).
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Table 5. The top five GO analysis terms in the biological process of DEmRNAs related with LUAD

GO-ID GO terms Genes Corrected
p-value
9653  anatomical structure morphogenesis RET|BDNF|HOXC13|FGF2|TBX18|HOXA10|COL1A1|TGFBR3|CCNB1|SALL1|CCNE1|DLC1|COL5A2|PROK2 | MIXL1 1.30E-04
48646 anatomical structure formation involved in morphogenesis RET|COL1A1|TGFBR3|SALL1|DLC1|PROK2|FGF2|TBX18|MIXL1 1.77E-04
9888 tissue development RET|COL1A1|TGFBR3|CCNB1 |SALL1|DLC1|COL5A2|HOXC13|FGF2|TBX18|MIXL1 6.39E-04
9887  organ morphogenesis RET|COL1A1|TGFBR3|SALL1|CCNE1|DLC1|COL5A2 |HOXC13|FGF2|TBX18 8.35E-04
48729 tissue morphogenesis RET|COL1A1|TGFBR3|SALL1|DLC1|FGF2|TBX18 1.16E-03

9853 Int J Clin Exp Med 2019;12(8):9845-9857
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Figure 6. Kaplan-Meier survival curves of 2 IncRNAs and 7 mRNAs correlated with overall survival in LUAD.

morphogenesis and tissue morphogenesis and
so on. We assessed the prognostic value of
DEmRNAs, DEIncRNAs and DEmiRNAs in the
sub-network via the overall survival analysis.
As for 5 hub IncRNA in the sub-network,
AP002478.1 and MUC2 of high expression
have negative impact on survival time of pati-
ents as potential prognostic biomarkers, while
MEG3, LINCO0461 and HOTTIP have no effect
on overall survival. Recently, a study found that
MEG3 may interact with miR-106 regulating
MAPK9 in a LUAD specific ceRNA network act-
ing in MAPK signaling pathways [23]. However,
the role of LINCO0461 in LUAD is unclear, while
we only found that overexpressed LINCO0461
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is a hub gene in the sub-network. Only one lit-
erature has reported that LINCO0O461 has a
carcinogenic effect on glioma [24]. With regard
to HOTTIP, overexpressed HOTTIP can promote
the progression of LUAD [25].

In the ceRNA sub-network, we found that up-
regulated INcRNAs AP002478.1 and MUC2 are
both closely associated with poor prognosis. A
previous study has reported that AP002478.1
of high expression could be negatively associ-
ated with the overall survival time of patients
with Helicobacter pylori (+) gastric cancer [26].
In our study, we found a negative correlation
between AP002478.1 and hsa-mir-144, which

Int J Clin Exp Med 2019;12(8):9845-9857
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suggests that AP002478.1 of high expression
could inhibit the expression level of hsa-mir-144
by sponging hsa-mir-144. It has been reported
that hsa-miR-144-3p could suppress LUAD cell
proliferation through the IL-13/miR-144-3p/
WT1D pathway and highly expressed miR-144-
3p has a better prognosis for LUAD patients
[27]. As for the targeted mRNAs of hsa-mir-144,
up-regulated KPNA2 and HOXA10 have poor
prognosis for LUAD patients. HOXA10 gene
expression could be associated with the patho-
genesis of LUAD as an oncogenic target ge-
ne [28]. And ELK21-induced up-regulation of
HOXA10-AS induces LUAD progression via
elevating Wnt/B-catenin pathway [29]. Our
results also revealed that HOXA10 was up-reg-
ulated in LUAD and up-regulation of HOXA10
significantly decreased the survival time of
patients. Overexpressed KPNA2 is involved in
the LUAD cell invasion [30]. According to the
ceRNA sub-network, we concluded there may
exist a AP002478.1-induced AP002478.1-hsa-
mir-144-HOXA10/KPNA2 pathway related with
LUAD.

As for MUC2, up-regulated MUC2 is the target
gene of down-regulated hsa-mir-195. The tar-
geted four mRNAs genes of hsa-mir-195 includ-
ing CCNE1, CEP55, CHEK1, CLSPN, E2F7 and
HOXA10 are elevated in the ceRNA network. At
the same time, overexpressed mRNAs are
related with poor prognosis for patients with
LUAD. Non-small-cell lung cancer (NSCLC)
occupies approximately 85% of lung cancer, of
which LUAD accounts for 60% [31]. Highly
expressed hsa-mir-195 inhibits proliferation,
migration and invasion of NSCLC cells [32].
Hsa-mir-195 has down-regulated expression in
the developing lung-like LUAD subtype, where-
as the introduction of miR-195 into the lung
cancer cell lines could evoke the changes of
mMRNA and LUAD subtypes [33]. CCNE1 is obvi-
ously overexpressed in LUAD, and G1-phase is
arrested for LUAD cells through inducing the
down-regulation of CCNE1 [34, 35]. CHEK1 has
been identified as the hub gene in the p53 sig-
naling pathway, which is related to LUAD tumor-
igenesis. CHEK1 could become the potential
drug target of daunorubicin, mycophenolic acid,
and pyrvinium [36]. At the same time, IncRNA
SNHG6 could regulate E2F7 expression by
sponging miR-26a-5p in LUAD [37]. Therefore,
we inferred that MUC2 as a ceRNA could indu-
ce the abnormal expression of CCNE1, CEP55,
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CHEK1, CLSPN, E2F7 and HOXA10 by sponging
hsa-mir-195.

Therefore, INcRNAs AP002478.1 and MUC2 are
overexpressed in LUAD and considered as hub
genes in the ceRNA sub-network. And over-
expressed AP002478.1 and MUC2 are closely
related with poor prognosis of patients with
LUAD. Hence, AP002478.1 and MUC2 could
become potential pathogenic genes, which
could have prognostic value. We discovered
that AP002478.1-induced AP002478.1 - hsa-
mir-144 - HOXA10/KPNA2 and MUC2-induced
MUC2 - hsa-mir-195 - CCNE1/CEP55/CHEK1/
CLSPN/E2F7/HOXA10 pathways are related
with LUAD. However, the conclusion still needs
further experimental confirmation. Our labora-
tory will be dedicated to this research.

Conclusion

In our study, we identified differentially expre-
ssed IncRNAs, miRNAs and mRNAs in LUAD
from TCGA. Then a LUAD specific ceRNA net-
work was constructed based on DEIncRNA-
DEmiRNA and DEmiRNA-DEmMRNA pairs. Five
IncRNAs including MEG3, AP002478.1, LI-
NC00461, HOTTIP, MUC2 (degree > 12) were
selected to build a ceRNA sub-network after
calculating the degree of all IncRNA nodes.
According to the overall survival analysis, MU-
C2 and AP002478.1 could be associated with
poor prognosis as potential biomarkers for
patients with LUAD. Based on ceRNA hypothe-
sis, we predicted that AP002478.1-induced
AP002478.1-hsa-mir-144-HOXA10/KPNA2 and
MUC2-induced MUC2-hsa-mir-195-CCNE1/CE-
P55/CHEK1/CLSPN/E2F7/HOXA10 pathways
are associated with LUAD and are open for fur-
ther experimental confirmation.
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