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 Background: The aim of this study was to explore a comprehensive analysis of the competing endogenous (ceRNA) network 
of lung adenocarcinoma and predict its regulatory mechanism and prognosis correlation based on The Cancer 
Genome Atlas (TCGA) database.

 Material/Methods: The genes expression data from 535 lung adenocarcinoma cases and 59 normal tissue cases were acquired and 
downloaded from TCGA database, and differentially expressed messenger RNA (mRNA), long noncoding RNA 
(lncRNA) and microRNA (miRNA) were selected primarily by “edgeR” package in R software, which further con-
structs lncRNA-miRNA-mRNA ceRNA network. We then proceed to carry out Gene Ontology enrichment anal-
ysis, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis, and Kaplan-Meier survival analysis 
of the mRNAs involved in the ceRNA network.

 Results: There are 3 mRNAs (ANLN, IGFBP1, and TFAP2A) in differentially expressed genes, 4 lncRNAs (AC015923.1, 
FGF12-AS2, LINC00211, and MED4-AS1), and 2 miRNAs (miR-31 and miR-490) associated with the prognos-
tic of lung adenocarcinoma. Besides, LINC00461 and has-mir-139 as key nodes were found in the ceRNA net-
work. Significantly, miR-31 shows the greatest prognostic value related to the adverse effect of the prognostic 
of lung adenocarcinoma (P<0.001).

 Conclusions: By analyzing the expression data of lung adenocarcinoma in TCGA database, we found that 3 mRNAs, 4 lncRNAs, 
and 2 miRNAs were screened as potential prognostic factors for lung adenocarcinoma. In addition, LINC00461 
and has-mir-139 are 2 important regulatory network nodes in lung adenocarcinoma ceRNA.
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Background

Lung adenocarcinoma is the leading cause of cancer deaths 
in the world, and its mortality rate is still rising [1]. The inci-
dence and mortality of male lung cancer patients rank first in 
all malignant tumors, and female lung cancer patients account 
for the second place [2]. Non-small cell lung cancer accounts 
for about 85% of lung cancer [3] and adenocarcinoma is more 
common than squamous cell carcinoma [4].

The sequencing of the human genome shows that only a small 
fraction of the DNA could encode the protein in the entire ge-
nome, most of the DNA could not. Most of the transcription 
products from DNA of these noncoding proteins are noncod-
ing RNAs (ncRNAs) and long noncoding RNAs (lncRNAs) [5]. 
LncRNA is a type of ncRNA with a transcript longer than 200 
nucleotides and lncRNA, although it lacks protein coding ability, 
plays an important role in cell differentiation and cell metabo-
lism and other related life activities [6]. In 2011, Salmena et al. 
first proposed the hypothesis of competing endogenous RNA 
(ceRNA), believed that messenger RNA (mRNA), lncRNA, and 
other transcription products can be use as ceRNAs to com-
pete and combinate with microRNAs (miRNAs) through the 
same miRNA response element (MRE) to regulate the expres-
sion level of genes and achieve mutual regulation, thereby af-
fecting the function of cells [7]. In addition, ceRNA can com-
petitively bind miRNAs to regulate the number of free miRNAs 
to influence the translation and silencing effect of miRNAs on 
their target mRNAs, thereby regulating the expression of tar-
get genes [8]. Currently, many experiments have proven that 
lncRNA can serve as a competitive platform for miRNAs and 
mRNAs, which allow it to play an important role in the regu-
lation of cell cycle and apoptosis in various malignant tumors 
such as breast, gastric, liver, lung, and colorectal cancer, there-
by affecting tumor invasion and migration. Thus, lncRNA plays 
an important role in tumorigenesis [9–11], however, its func-
tion in the tumor mechanism is still unclear.

The Cancer Genome Atlas (TCGA) is a publicly funded project 
with the main goal to provide publicly available datasets to 
help improve diagnostic methods, treatment standards, and 
ultimately prevent cancer [12]. In this study, we obtained RNA 
expression profiles and clinical information of lung adenocar-
cinoma patients from TCGA database, and further construct-
ed the lncRNA-miRNA-mRNA ceRNA network of lung adeno-
carcinoma. Important biological functions were identified by 
Gene Ontology (GO) enrichment analysis of differentially ex-
pressed mRNAs in ceRNA. The Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway was used to analyze signal 
transduction and metabolic pathways. The Kaplan-Meier sur-
vival analysis was used to identify prognostic characteristics 
of mRNA, lncRNA, and miRNA involved in the ceRNA network, 

and to select potential prognostic factors for patients with 
lung adenocarcinoma.

Material and Methods

TCGA data collection

Based on GDC (Genomic Data Commons; https://portal.gdc.
cancer.gov/), 594 patients with lung adenocarcinoma mRNA, 
lncRNA, and miRNA expression data (including 535 cases with 
lung adenocarcinoma tissues and 59 cases of normal tissues) 
were downloaded and extracted from TCGA database (up to 
May 1, 2019) by using “TCGA biolinks” package of R software; 
the clinical data of patients were extracted. Gene expression 
levels were used for differential gene analysis and ceRNA net-
work construction, and patient clinical information was used 
for survival analysis. This study was performed using TCGA 
publication guidelines. Since all patient data were from TCGA, 
no ethics approval was required.

Identification of differentially expressed RNAs

MRNAs and lncRNAs were encoded according to Gencode 
Release v30 (GRCh38.p12) (https://www.gencodegenes.org/
human/), which was converted Ensembl ID to gene symbol 
by using Perl language. To filter out all low expression RNAs, 
we set the file path to read mRNAs, lncRNAs, and miRNAs ex-
pression data to remove all average reading £2 using “edgeR” 
package of R software. Fold change (FC) ³2 and P-value ad-
justed to false discovery rate (FDR) <0.01 were considered as 
2 screening criteria for the analysis of differentially expressed 
genes of lung adenocarcinoma. All data were subjected to a 
“2-tailed test”. The volcano plots were visualized by using 
“gplots” package of R software.

CeRNA network of lncRNA-miRNA-mRNA

Based on the screened differentially expressed mRNAs, lncRNAs, 
and miRNAs, the miRcode (http://www.mircode.org/) database 
was first used to predict the interaction between the differen-
tial lncRNA and the differential miRNA. Second, 4 databases: 
miRDB (http://www.mirdb.org/), mirTarBase (http://www.
mirbase.org/), miRanda (http://www.microrna.org/microrna/
home.do), and TargetScan (http://www.targetscan.org/) were 
used to retrieve and predict target mRNAs for differential 
miRNAs. Finally, the Venny plots were visualized by using the 
“VennDiagram” package of R software, which was then used to 
intersected with the extracted differentially expressed mRNA. 
The ceRNA network of lncRNA-miRNA-mRNA for lung adeno-
carcinoma was constructed by Cytoscape v3.7.1.
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GO enrichment analysis and KEGG pathways analysis

To explore the potential biological mechanisms of mRNA in 
the network, a database for annotation, visualization and inte-
grated discovery (DAVID) v6.8 (https://david. ncifcrf.gov/) were 
used to perform GO enrichment analysis and KEGG pathway 
analysis of target mRNAs involved in ceRNA networks. The re-
lationship between GO terms and target genes were visual-
ized by using “ggplot2” package of R software.

Survival and prognosis analysis

The effective survival status and survival time were extracted 
from the clinical data of lung adenocarcinoma patients in TCGA 
database. By established Lasso regression model and Cox re-
gression model, the differential mRNAs, lncRNAs, and miRNAs 
related to survival in the network were screened. Survival anal-
ysis was performed using the “survival” software package of 
the R software (set P<0.05).
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Figure 1.  Volcano plots of differential genes in lung adenocarcinoma. (A–C) Shows volcano plots of mRNA, lncRNA, and miRNA, 
respectively. X-axis represents -log10(FDR), Y-axis represents log2(FC). Black dots represent genes that are not differentially 
expressed, red dots represent genes that are upregulated, and green dots represent genes that are downregulated. 
mRNA – messenger RNA; lncRNA – long noncoding RNA; miRNA – microRNA.
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Figure 2.  Venny plot. (A) Shows the four database intersections predicting the target mRNAs. (B) Shows the Venny plot of the 
intersection with the differential mRNAs, which target represents the mRNAs of the intersection from the 4 databases, 
and diffGene represents the differentially expressed mRNAs. mRNAs – messenger RNAs.
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Results

Identification of differentially expressed genes in lung 
adenocarcinoma

The mRNAs, lncRNAs, and miRNAs expression data of lung 
adenocarcinoma were downloaded and extracted from TCGA 
database. Using the “edgeR” package of R software, we set 
criteria as fold change (FC) ³2, FDR (adjusted P-value) <0.01 
and average expression values greater than 2. After analysis, 
2551 differentially expressed mRNAs were screened, includ-
ing 2033 upregulated and 518 downregulated, 1359 differen-
tially expressed lncRNAs, including 1185 upregulated and 174 

downregulated, 99 differential expression miRNAs, including 78 
upregulated and 21 downregulated. The volcano plots were vi-
sualized by using “gplots” package of R software (Figure 1A–1C).

Construction of ceRNA network

To construct the ceRNA network of lncRNA-miRNA-mRNA, 
we search 100 differentially expressed lncRNAs through the 
miRcode database, 43 differential miRNAs corresponding to 
the 100 differential lncRNAs were found. The predictive tar-
get mRNAs for 43 differential miRNAs were retrieved and ex-
tracted from the 4 databases of TargetScan, miRDB, miRanda, 
mirTarBase, respectively. The Venny plot was visualized by using 

A
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“VennDiagram” package of R software (Figure 2A). Finally, 294 
target mRNAs were obtained though intersection with the ex-
tracted differentially expressed mRNAs (Figure 2B). Then, we 
further study 100 lncRNAs, 43 miRNAs, and 294 mRNAs which 
were involved in the ceRNA network, and 2 sub-networks were 
extracted. The ceRNA and 2 sub-networks were visualized by 
Cytoscape v3.7.1 (Figure 3A–3C).

Enrichment analysis of differentially expressed mRNA in 
ceRNA network

In order to analyze the potential biology of the target mRNAs 
functions in the ceRNA network, we input the differential 

mRNAs and remove the background according to the settings 
to extract the GO enrichment analysis data (set FDR <0.05) by 
using the DAVID database. 5 enriched GO terms in the mo-
lecular function (MF) and biological process (BP) were iden-
tified (Figure 4, Table 1). Ten significant pathways identified 
by the KEGG pathway analysis (set P<0.05) (Figure 5, Table 2).

From the aforementioned, we found that the target mRNAs 
were significant enrichment in molecular function.

Figure 3.  CeRNA network of lncRNA-miRNA-mRNA in lung adenocarcinoma. (A, B) Shows the constructed ceRNA network and the 
circular layout ceRNA network of lncRNA-miRNA-mRNA of lung adenocarcinoma. (C, D) Shows a sub-network with LINC00461 
and hsa-mir-139 as the key node, respectively. Green circles represent mRNAs, red diamonds represent lncRNAs, blue 
quadrilaterals represent miRNAs, gray lines represent lncRNA-miRNA-mRNA interactions. ceRNA – competing endogenous 
RNA; lncRNA – long noncoding RNA; miRNA – microRNA; mRNA – messenger RNA.

C

Figure 4.  GO enrichment of mRNAs included in the ceRNA network. The target mRNAs were significant enrichment in molecular 
function. GO – Gene Ontology; mRNAs – messenger RNAs; ceRNA – competing endogenous RNA.
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Category Term Count Genes FDR

MF GO: 0043565~sequence-
specific DNA binding

33 HOXA13, HOXA11, PAX3, NR2E1, HOXA1, HOXC8, 
LHX2, HOXA10, LHX5, POU4F1, FOXD1, NKX2-2, TLX1, 
PITX2, FOXL2, ERG, TBX3, OTX1, EMX2, HNF4G, EN2, 
NR4A3, FOXN4, SALL3, SHOX2, SALL4, HNF4A, HOXB7, 
SALL1, FOXG1, TFAP2B, TFAP2A, NEUROD1

9.42E-08

MF GO: 0001077~transcriptional 
activator activity, RNA 
polymerase II core promoter 
proximal region sequence-
specific binding

18 FOXL2, ONECUT1, OTX1, NR4A3, HMGA2, MYBL2, 
NR2E1, HNF4A, HOXA10, TFAP2B, NEUROD1, TFAP2A, 
POU4F1, POU3F2, FOXD1, TLX1, KLF4, PITX2

3.98E-04

MF GO: 0003700~transcription 
factor activity, sequence-
specific DNA binding

35 E2F2, E2F7, E2F8, PAX3, MYBL2, NR2E1, TAL1, HOXC8, 
PAX9, OVOL1, POU3F2, FOXD1, NKX2-2, PITX2, FOXL2, 
ERG, TBX3, RCOR2, OTX1, TBX4, HNF4G, HMGA1, 
FOXN4, MYCN, SALL3, DLX2, SALL4, HNF4A, HOXB7, 
SALL1, TFAP2B, NEUROD1, TFAP2A, TBX18, KLF4

0.017886388

BP GO: 0034765~regulation of ion 
transmembrane transport

11 KCNQ5, HCN2, KCNQ3, KCNJ6, SCN3A, CLIC5, 
CACNA1E, KCNJ10, SCN7A, KCNA7, KCNK10

0.027067873

Table 1. Results of mRNAs GO enrichment analysis in the ceRNA network.

GO – Gene Ontology; mRNAs – messenger RNAs; ceRNAs – competing endogenous RNAs; MF – molecular function; BP – biological 
process. (FDR <0.05).

Survival analysis

Univariate Cox proportional hazard regression analysis

To clarify the prognostic relevance of differential RNAs in lung 
adenocarcinoma, we performed a univariate Cox proportional 
hazard regression analysis of 100 lncRNAs, 49 miRNAs, and 294 
mRNAs differentially expressed in the ceRNA network to ini-
tially screened for differential RNAs expression in lung adeno-
carcinoma. P<0.05 was set a significant correlation between 
the patient’s overall survival (OS). A total of 144 mRNAs, 29 
lncRNAs, and 5 miRNAs were screened for the possible prog-
nosis of lung adenocarcinoma.

Building a Lasso logistic regression model

For differential RNAs screened by univariate Cox proportional 
hazard regression analysis, the data was normalized using a 
Lasso logistic regression model and overfitted differential RNA 
models were removed. Before construct the model, it was nec-
essary to further matrix the independent variables (expres-
sion data of each sample), set the dependent variables (sur-
vival state and survival time) to 2 categorical variables, and 
applied the Lasso logistic regression model to the independent 
variables. Variables and dependent variables (Figure 6A–6C).

From the Lasso logistic regression model, l was a very impor-
tant parameter in the Lasso regression. The number of inde-
pendent variables included in the model could be adjusted 

according to the choice of different l values. Therefore, deter-
mining the optimal l value of the model was very important 
for the study. This study used a 10-fold cross-validation meth-
od to determine an optimal l value (Figure 7A–7C).

This study was chosen the values of lambda.min which were 
0.06632688, 0.01893901 and 0.00230649, respectively, cor-
responding to the dotted line on the left side of each figure 
in Figure 7; and 7 mRNAs, 18 lncRNAs, and 5 miRNAs were 
screened from the model finally. The variables entering the 
model at this time have a survival state and a survival time.

Multi-factor Cox risk regression analysis

There were 7 mRNAs, 18 lncRNAs, and 5 miRNAs selected by 
Lasso regression analysis. Multivariate Cox proportional hazard 
regression analysis was performed (P<0.05). The forest maps 
were visualized by “survminer” of R software (Figure 8A–8C).

There were 3 mRNAs (ANLN, IGFBP1, and TFAP2A), 7 lncRNA 
(AC015923.1, AC017048.3, FGF12-AS2, HOXA11-AS, LINC00211, 
LINC00319, and MED4-AS1) and 3 miRNAs (hsa-mir-142, hsa-
mir-31, and hsa-mir-490) associated with the prognostic of lung 
adenocarcinoma. Significantly, has-mir-31 shows the greatest 
prognostic value related with the adverse effect of the prog-
nostic of lung adenocarcinoma (P<0.001).
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Figure 5.  KEGG pathway enrichment of mRNAs included in the ceRNA network. KEGG – Kyoto Encyclopedia of Genes and Genomes; 
mRNAs – messenger RNAs; ceRNA – competing endogenous RNAs.
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Kaplan-Meier survival analysis

We performed a Kaplan-Meier survival analysis for the 3 mRNAs, 
7 lncRNAs, and 3 miRNAs that showed significant prognosis in 
the forest map and plotted the survival curve by using “survival” 
package of R software. There were 3 mRNAs (ANLN, IGFBP1, 
and TFAP2A), 4 lncRNAs (AC015923.1, FGF12-AS2, LINC00211, 
and MED4-AS1) and 2 miRNAs (hsa-mir-31, and hsa-mir-490) 

found to be associated with the prognosis of lung adenocar-
cinoma (Figure 9A–9I).

Then, we further evaluated the risk score of each patient, 
and divided the patients into a high-risk score group and 
a low-risk score group with the corresponding median risk 
score as the boundary, and plotted the risk score curve 
(Figure 10A–10C). The results showed that the prognosis of 
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Category Term Count P-value Genes

KEGG_PATHWAY hsa04110: Cell cycle 11 8.30E-05 CCNB1, CCNE2, CDK1, E2F2, CDC6, 
MAD2L1, BUB1, TTK, CHEK1, CCNA2, 
CDC25A

KEGG_PATHWAY hsa04512: ECM-receptor 
interaction

9 1.76E-04 IBSP, ITGA8, COL3A1, COL1A1, THBS2, 
COL5A2, COL5A1, THBS4, HMMR

KEGG_PATHWAY hsa04974: Protein digestion and 
absorption

8 0.001086713 COL9A1, COL3A1, MME, COL1A1, ATP1A2, 
SLC1A1, COL5A2, COL5A1

KEGG_PATHWAY hsa04950: Maturity onset diabetes 
of the young

5 0.001173894 HNF4A, ONECUT1, NEUROD1, HNF4G, 
NKX2-2

KEGG_PATHWAY hsa04151: PI3K-Akt signaling 
pathway

14 0.01022117 IBSP, FGF5, EFNA3, COL3A1, IL7R, COL5A2, 
COL5A1, CCNE2, G6PC, ITGA8, COL1A1, 
THBS2, PPP2R2C, THBS4

KEGG_PATHWAY hsa04914: Progesterone-mediated 
oocyte maturation

6 0.021316139 CCNB1, CDK1, MAD2L1, BUB1, CCNA2, 
CDC25A

KEGG_PATHWAY hsa05202: Transcriptional 
misregulation in cancer

8 0.033242245 ERG, HOXA10, NR4A3, HMGA2, IGFBP3, 
PLAU, TLX1, MYCN

KEGG_PATHWAY hsa04115: p53 signaling pathway 5 0.033931086 CCNB1, CCNE2, CDK1, CHEK1, IGFBP3

KEGG_PATHWAY hsa04510: Focal adhesion 9 0.034922922 IBSP, RASGRF1, ITGA8, COL3A1, COL1A1, 
THBS2, COL5A2, COL5A1, THBS4

KEGG_PATHWAY hsa04976: Bile secretion 5 0.037228947 SLCO1B3, LDLR, ABCC2, ATP1A2, ABCG2

Table 2. KEGG pathway analysis of mRNAs in the ceRNA network.

KEGG – Kyoto Encyclopedia of Genes and Genomes; mRNAs – messenger RNAs; ceRNAs – competing endogenous RNAs. P-value <0.05.
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Figure 6.  Lasso regression model of RNAs in lung adenocarcinoma. (A–C) Shows Lasso regression models of mRNA, lncRNA and 
miRNA, respectively. Each line represents a sample. The Y-axis of the graph represents the coefficients of the sample, the top 
axis represents the number of samples, and the bottom axis represents the logarithm of the parameter l (Log(lambda)). 
mRNA – messenger RNA, lncRNA – long noncoding RNA; miRNA – microRNA.
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miRNA, respectively. The 2 dotted lines represent 2 special lambda values, lambda.min and lambda.1se. Lambda.min refers 
to the lambda value of the mean value of the smallest target parameter among all the lambda values, and lambda.1se 
refers to the lambda value of the most compact model obtained within a variance of lambda.min. mRNA – messenger RNA, 
lncRNA – long noncoding RNA; miRNA – microRNA.

the lung adenocarcinoma low-risk score group was signifi-
cantly better than that of the high-risk score group (P<0.05).

Discussion

Lung adenocarcinoma is the most common histological type 
of lung cancer, and its morbidity and mortality continue to in-
crease [13,14]. Lung adenocarcinoma treatment includes sur-
gery, chemotherapy, and radiotherapy. Although considerable 
progress has been made in the treatment of lung adenocar-
cinoma, the overall treatment effect is still unsatisfying, and 
the prognosis of patients with lung adenocarcinoma remains 
poor. The overall 5-year survival rate is still below 15% [15]. 
Therefore, the exploration of biomarkers that can provide po-
tentially effective target therapy has become a hot spot in 
current lung adenocarcinoma research [16]. In recent years, 
the continuous improvement of high-throughput transcrip-
tome sequencing technology and bioinformatics analysis meth-
ods has opened up new ideas and provided new methods for 
studying lung adenocarcinoma [17].

The miRNA is a small molecule ncRNAs of about 22 nucleo-
tides, and about one-third of all human genes are regulated 
by these RNAs [18]. The gene expression is often not regulat-
ed by a single miRNA, but the result of co-regulation by multi-
ple miRNAs [19]. MiRNA specifically binds to target gene mRNA 
at specific binding sites and participates in the regulation of 
many important life activities (such as cell differentiation, pro-
liferation, apoptosis, and hormone secretion), thereby inhib-
iting protein synthesis at the post-transcriptional level [20].

At present, many studies have shown that ceRNA is related 
to many important biological functions of cancer incidence 
and development [21]. In addition, a novel regulatory mecha-
nism, the ceRNA hypothesis, which could be mediated through 
lncRNA, has been proposed [22]. LncRNA XIST has been shown 
to promote epithelial-to-mesenchymal transition (EMT) of 
retinoblastoma via sponge miR-101 [23]. Silent lncRNA HOXA-
AS2 has been found to inhibit breast cancer cell prolifera-
tion and invasion via miR-520c-3p sponge [24]. With the fur-
ther development and analysis of ceRNA networks, miRNAs, 
lncRNAs, or mRNAs cannot be considered as single elements 
in tumors; the expression of mRNAs changes with miRNAs, 
eventually leading to the occurrence of tumors [25]. Because 
of the complex mechanisms of cancer development, the role 
of a single gene or pathway is likely very limited. Therefore, 
systematic construction and analysis of ceRNA networks can 
provide more effective research directions for us to study po-
tential cancer mechanisms.

In this study, we used R software to screen differentially ex-
pressed genes in lung adenocarcinoma from TCGA database, 
and further constructed the ceRNA network of lncRNA-miRNA-
mRNA in lung adenocarcinoma. We also found that LINC00461 
and has-mir-139 are 2 important network nodes in lung adeno-
carcinoma ceRNA network. Moreover, we predict the enrichment 
function and pathway of differential mRNAs involved in ceRNA 
networks by GO enrichment analysis and KEGG pathway anal-
ysis. The correlation between differential genes in the network 
and overall survival was further explored. We found 3 mRNAs 
(ANLN, IGFBP1, and TFAP2A) in differentially expressed genes, 
4 lncRNAs (AC015923.1, FGF12-AS2, LINC00211, and MED4-
AS1) and 2 miRNAs (has-mir-31 and has-mir-490) associated 
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with the prognostic of lung adenocarcinoma. Significantly, 
has-mir-31 showed the greatest prognostic value related with 
the adverse effect of the prognostic of lung adenocarcinoma 
(P<0.001). Finally, we applied risk scores to predict the associ-
ation between lung adenocarcinoma patients of different risk 
groups and OS; we found that lung adenocarcinoma patients 
in the low-risk score group had significantly better prognosis 
than those in the high-risk score group.

Studies have shown that hsa-miR-31 has been identified as 
a new prognostic biomarker for SCC in Chinese patients [26]. 

Li et al. found that miRNA-490 regulates lung cancer metas-
tasis by targeting poly (c) binding protein 1, which confirmed 
that hsa-mir-490-3p may be a potential prognostic marker for 
lung cancer [27]. Xu et al. showed that the expression of ANLN 
in lung adenocarcinoma was related to the metastasis of can-
cer cells. It has also been reported that the expression of ANLN 
in lung adenocarcinoma is associated with metastasis of can-
cer cells [28]. Long et al. used immunohistochemical staining 
in lung adenocarcinoma patients to show high expression of 
ANLN in adenocarcinoma tissues, and found that the expression 
level of ANLN was associated with TNM stage and OS rate of 
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Figure 8.  Forest maps of survival associated RNAs in the ceRNA network. (A–C) Shows forest maps of mRNA, lncRNA and miRNA, 
respectively. A P-value of <0.05 was considered statistically significant, and * indicates a P-value <0.05; ** indicates a P-value 
of <0.01; *** indicates a P-value of <0.001. ceRNA – competing endogenous RNA; mRNA – messenger RNA, lncRNA – long 
noncoding RNA; miRNA – microRNA.
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Figure 9.  Kaplan-Meier survival curve. (A–C) Shows Kaplan-Meier survival curves for 3 mRNAs (ANLN, IGFBP1, and TFAP2A). 
(D–G) Shows Kaplan-Meier survival curves for 4 lncRNAs (AC015923.1, FGF12-AS2, LINC00211, and MED4-AS1), (H, I) Shows 
Kaplan-Meier survival curves for 2 miRNAs (hsa-mir-31 and hsa-mir-490). X-axis represents survival time in years and Y-axis 
represents survival probabilities. mRNA – messenger RNA; lncRNA – long noncoding RNA – miRNA, microRNA.
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Figure 10.  Risk score curve. (A–C) Shows risk score curves of mRNA, lncRNA and miRNA, respectively. X-axis represents survival 
time in years and Y-axis represents survival probabilities. mRNA – messenger RNA; lncRNA – long noncoding RNA; 
miRNA – microRNA.

lung adenocarcinoma patients, suggesting that ANLN is a po-
tential biomarker for diagnosis and prognosis of lung adeno-
carcinoma [29]. TFAP2A is an AP-2 family transcription factor 
that binds the consensus sequence 5’-GCCNNNGGC-3’ and is 
overexpressed in lung adenocarcinoma. TFAP2A regulates the 
expression of multiple downstream target genes involved in hu-
man cancer development and progression. Liu et al. designed 
a migration rescue experiment and found that TFAP2A gene 
knockout could affect EMT and reduce cancer cell migration 
in lung adenocarcinoma [30]. Shi et al. in a study of TFAP2A 
found it to be highly expressed in various nasopharyngeal car-
cinoma cells and tumors, and that it was related to the ex-
pression of hypoxia-inducible factor-1a (HIF-1a). In addition, 
TFAP2A overexpression was positively correlated with tumor 
staging, local invasion, clinical progress, and poor prognosis 
in patients with nasopharyngeal carcinoma, which suggests 
that TFAP2A may be a potential prognostic marker for naso-
pharyngeal carcinoma [31].

Conclusions

In summary, by analyzing the expression data of lung adenocar-
cinoma in TCGA database, we found that 3 mRNAs, 4 lncRNAs, 
and 2 miRNAs were screened as potential prognostic biomark-
ers for lung adenocarcinoma. In addition, by constructing the 
lncRNA-miRNA-mRNA ceRNA network we provided new ideas 
for the competitive interaction between different RNAs in lung 
adenocarcinoma patients, and we identified LINC00461 and has-
mir-139 as 2 important regulatory network nodes in lung adeno-
carcinoma ceRNA. These findings provided more insights into 
the regulatory mechanisms underlying lung adenocarcinoma.
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