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Screening key lncRNAs for human lung
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and weighted gene co-expression network
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Abstract.
BACKGROUND: Lung adenocarcinoma (LUAD) accounts for a significant proportion of lung cancer and there have been few
diagnostic and therapeutic targets for LUAD due to the lack of specific biomarker. The aim of this study was to identify key long
non-coding RNAs (lncRNAs) for LUAD.
METHODS: The lncRNA and mRNA expression profiles of a large group of patients with LUAD were obtained from The Can-
cer Genome Atlas (TCGA). The differentially expressed lncRNAs (DElncRNAs) and mRNAs (DEmRNAs) were identified. The
optimal diagnostic lncRNA biomarkers for LUAD were identified by using feature selection procedure and classification model.
We established classification models including random forests, decision tree and support vector machine to distinguish LUAD
and normal tissues. The lncRNAs-mRNAs co-expression networks and module identification were established by weighted gene
co-expression network analysis (WGCNA). Functional annotation of pink and green modules was performed. The expression of
selected DElncRNAs were validated by qRT-PCR.
RESULTS: A total of 1364 DEmRNAs (468 down-regulated and 896 up-regulated mRNAs) and 260 DElncRNAs (88 down-
regulated and 172 up-regulated lncRNAs) between LUAD and normal tissue were obtained. LANCL1-AS1, MIR3945HG,
LINC01270, RP5-1061H20.4, BLACAT1, LINC01703, CTD-2227E11.1 and RP1-244F24.1 were identified as optimal diagnos-
tic lncRNA biomarkers for LUAD. The area under curve (AUC) of the random forests model, decision tree model and SVM
model were 0.999, 0.937 and 0.999, and the specificity and sensitivity of the three model were 98.3% and 99.8%, 93.2% and 99%
and 100% and 98.4%, respectively. Co-expression networks analysis showed that RP11-389C8.2, CTD-2510F5.4 and TMPO-
AS1 were co-expressed with 44, 242 and 241 mRNAs, respectively. Cell cycle, DNA replication and p53 signaling pathway
were three significantly enriched pathways. The qRT-PCR results were consistent with our integrated analysis, generally. The
GSE32863 and GSE104854 validation was consistent with our integrated analysis, generally.
CONCLUSION: Our study identified eight DElncRNAs as potential diagnostic biomarkers of LUAD. Functional annotation of
green module provided new evidences for exploring the precise roles of lncRNA in LUAD.
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1. Introduction

Lung cancer is the one of the leading causes of
cancer-related mortality worldwide [1]. Among all
lung cancers, more than 85% are categorized as non-
small cell lung cancer, of which lung adenocarcinoma
(LUAD) is one of the most common types of non-
small cell lung cancer [2]. Since LUAD is easy to form
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metastases at an early stage, the prognosis for patients
with LUAD is poor, with a particularly low 5-year sur-
vival rate for patients suffering from this disease at its
advanced stages [3]. In spite of advancements that have
been made for the diagnosis and treatment of LUAD,
the 5-year overall survival of patients with LUAD re-
mains low. Hence, it is urgently required to identify ac-
curate indicators in the diagnostic and therapeutic tar-
gets of LUAD.

Emerging evidence has disclosed that deregulation
of lncRNAs has been well recognized in cancer, and
has been suggested to modulate cancer development
at transcriptional and posttranscriptional levels [4,5].
Some well-characterized lncRNAs have been reported
to possess oncogenic or tumor suppressive roles and
function as a biomarker for cancer diagnosis or prog-
nosis [6,7]. The emerging roles of lncRNAs in LUAD
have also been investigated in previous studies. For in-
stance, Su et al. demonstrated that LINC00472 con-
tributed to the increase in LUAD cell apoptosis and
the inhibition of proliferation [8]. Tian et al. showed
that FENDRR and LINC00312 had diagnostic value
in patients with LUAD [9]. LncRNA lOC100132354
promotes angiogenesis through VEGFA/VEGFR2 sig-
naling pathway according to Wang et al.’s study on
LUAD [10]. However, research for lncRNA underly-
ing biomarkers in LUAD is rarely. Thus, identification
of LUAD-related lncRNAs, and investigation of their
molecular mechanisms are essential for understanding
the occurrence and development of LUAD.

In the current study, we obtained the lncRNA and
mRNA expression data of a large number of pa-
tients with LUAD from The Cancer Genome Atlas
(TCGA), and attempted to identify the optimal di-
agnostic lncRNA biomarkers by using feature selec-
tion procedure and classification model. The mRNAs-
lncRNAs co-expression networks and module identifi-
cation were established by WGCNA. The functions of
the potential lncRNA diagnostic biomarkers in LUAD
were further analyzed by functional annotation of pink
and green modules. To our knowledge, this is first time
to find key lncRNAs in LUAD by using machine learn-
ing and weighted gene co-expression network analysis
(WGCNA).

2. Materials and methods

2.1. Integrated profiles in TCGA

The Cancer Genome Atlas (TCGA) (http://tcga-
data.nci.nih.gov/) is a website for multidimensional

cancer genomics data, which provide unprecedented
opportunities to uncover pathogenesis of cancer.
TCGA data portal included 582 LUAD patients, in-
cluding clinical data of 522 patients, mRNA and
lncRNA data of 515 patients up to June 4, 2018. The
lncRNA and mRNA expression profiles and clinical
data of LUAD and normal samples was downloaded
from TCGA. Our study enrolled only patients who
were histologically diagnosed as LUAD.

2.2. Identification DElncRNAs and DEmRNAs
between LUAD and normal tissues

The undetectable lncRNAs and mRNAs (with read
count value = 0 in more than 20% LUAD case or
in more than 20% normal tissues) were filtered and
deleted. We carried out multiple comparisons by using
the Benjamini and Hochberg method [11] to acquire
the false discovery rate (FDR). DElncRNAs and DEm-
RNAs were obtained according to FDR < 0.05 and
|Log2fold change| > 2 using R-bioconductor package
DESeq2 (http://bioconductor.org/packages/DESeq2/).
DElncRNAs and DEmRNAs were defined with the
thresholds of FDR < 0.05 and |Log2fold change| >
2. Hierarchical clustering analysis of DElncRNAs and
DEmRNAs were further produced by using R package
v3.3.3 (https://www.r-project.org/).

2.3. Identification of optimal diagnostic lncRNA
biomarkers for LUAD

To identify optimal diagnostic lncRNA biomarkers
for LUAD, we performed feature selection procedures
as follows. LASSO algorithm was conducted by the
glmnet package to decrease dimensions of the data.
We performed single10-fold cross-validation cycles
with the coordinate descent algorithm for each fold
and found regularization parameters that result in the
smallest average mean squared errors across all folds.
The optimal DElncRNAs were selected in LUAD and
normal tissue.

To further identify the optimal diagnostic lncRNA
biomarkers for LUAD, we performed feature selec-
tion procedures as follows. (1) The importance value
of each lncRNA was ranked according to mean de-
crease in accuracy from large to small by random for-
est algorithm. (2) The optimum number of features was
found by adding a DElncRNA at a time in the top down
forward-wrapper packaging method. (3) By using sup-
port vector machine (SVM) at each increment and the
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optimal diagnostic lncRNA biomarkers were identified
for LUAD.

The ‘random Forests’ packet (https://cran.r-project.
org/web/packages/randomForest/) was used to estab-
lish the random forest model. The ‘rpart’ packet (https:
//cran.r-project.org/web/packages/rpart/) was used to
build the decision tree mode. The e1071 package
(https://cran.r-project.org/web/packages/e1071/index.
html) in R was used to establish the SVM model. Diag-
nostic ability of these three models, and each lncRNA
biomarker was evaluated by acquiring the area under a
receiver operating characteristic (ROC) curve (AUC),
sensitivity and specificity. By using pROC package in
R language we performed the receiver operating char-
acteristic (ROC) analyses to assess the diagnostic value
of lncRNA biomarker. The area under the curve (AUC)
under binomial exact confidence interval was calcu-
lated and ROC curve was produced.

2.4. Construction of the WGCNA coexpression
network

WGCNA is an algorithm used to build co-expression
modules and network. Briefly, a co-expression similar-
ity matrix was calculated by the Pearson’s correlation
coefficient between mRNAs and lncRNAs pairs. Ac-
cording to the scale-free topology criterion described
in the WGCNA package documents, the similarity ma-
trix was raised to a soft thresholding power of power
β = 20 to yield the adjacency matrix. Then, the adja-
cency matrix was transformed into topological overlap
matrix, and was in turn converted into a dissimilarity
topological overlap matrix, from which a dendrogram
was mapped via hierarchical clustering. The clusters
were obtained from the dendrogram by using the dy-
namic tree cutting technique. The resulting clusters are
co-expression modules containing mRNAs and lncR-
NAs that are considerably interconnected. The mod-
ules with absolute value of r > 0.5 and p < 0.001
were identified to be LUAD associated modules. The
Cytoscape software [12] was used to build mRNAs and
lncRNAs co-expression network.

2.5. Functional annotation of green and pink module

To display the biological functions and the poten-
tial pathways of green and pink module for LUAD,
Gene Ontology (GO) classification and Kyoto Ency-
clopedia of Genes and Genomes (KEGG) pathway en-
richment analysis were performed by using g: Profilter
(https://biit.cs.ut.ee/gprofiler/). P < 0.05 was defined
as the criterion of statistical significance.

Table 1
Primer sequences used for qRT-PCR

Name Sequence (5’ to 3’)
GAPDH-F GGAGCGAGATCCCTCCAAAAT
GAPDH-R GGCTGTTGTCATACTTCTCATGG
LANCL1-AS1-F TGGATCTTCAGCAGCCACCT
LANCL1-AS1-R TCCAGGCCTGATAGTGTAGCT
MIR3945HG-F TCAGCCTCAGTGACAGAGCA
MIR3945HG-R CCCAGGCCGATCTTGGAATG
LINC01270-F TGACAGGAAGCAGCACAGAG
LINC01270-R ATGCAAGGGACAGAAAGCCA
RP5-1061H20.4-F GGGACTGCTGATACTGAGGCT
RP5-1061H20.4-R CCAAAGAGGCCCCAAGTTCC
BLACAT1-F GGCAAGAGACCCCTGAGAGT
BLACAT1-R CACGAGTCAGTTCAGCCGAG
LINC01703-F TACAGGCATGAACCACGGTG
LINC01703-R GCAGCAATCTCTAATCACGCG
CTD-2227E11.1-F GAAATGGTTCCTGTGCCCGT
CTD-2227E11.1-R TCTCCCTCATTGAGCCTTCCT
RP1-244F24.1-F CAGACTAGGGGCAATCTCGC
RP1-244F24.1-R GGGAGGGTGAAGAGTGCTGA

2.6. Confirmation by qRT-PCR

According to the results of TCGA integration anal-
ysis, eight optimal diagnostic lncRNAs biomarkers
(LANCL1-AS1, MIR3945HG, LINC01270, RP5-106-
1H20.4, BLACAT1, LINC01703, CTD-2227E11.1 and
RP1-244F24.1) were screened as candidate lncRNAs.
Ten tissues samples of LUAD patients (n = 5) and
normal adjacent (n = 5) were obtained. This study has
been approved by the ethics institute of the second hos-
pital of Dalian medical university. The signed informed
consents of all the participants were was obtained.
Total RNA was extracted with a RNA simple to-
tal RNA kit (Tiangen, China). Complementary DNAs
were generated using the Fast Quant RT Kit (Tiangen,
China). Quantitative real-time PCR were conducted
using the Super Real PreMix Plus SYBR Green (Tian-
gen, China) on ABI 7500 real-time PCR system. Rel-
ative quantification of mRNA levels was analyzed by
using the 2-∆∆Ct method. The PCR primers used are
listed in Table 1. The human GAPDH and ACTB were
used as endogenous controls for mRNA and lncRNA
expression in analysis.

2.7. Validation in the Gene Expression Omnibus
(GEO) dataset

GSE32863 dataset was downloaded from the GEO
(https://www.ncbi.nlm.nih.gov/geo/), which consisted
of 60 patients with LUAD and 60 normal controls.
GSE104854 dataset was downloaded from the GEO,
which consisted of 9 patients with LUAD and 9 nor-
mal controls. The dataset GSE32863 and GSE104854
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Fig. 1. The heat-maps of DElncRNAs and top 100 DEmRNAs between LUAD and normal tissues. (A) DEmRNAs. (B) DElncRNAs. Row and
column represented DElncRNAs/DEmRNAs and tissue samples, respectively. The color scale represented the expression levels.

Fig. 2. Identification of optimal lncRNA biomarkers for LUAD. (A) The importance value of each DElncRNA ranked according to the mean
decrease in accuracy by using the random forest analysis. (B) The variance rate of classification performance when increasing numbers of the pre-
dictive DElncRNAs. (C) Heat-map of LUAD-specific eight lncRNAs biomarkers (LANCL1-AS1, MIR3945HG, LINC01270, RP5-1061H20.4,
BLACAT1, LINC01703, CTD-2227E11.1 and RP1-244F24.1). (D–K) Box-plot displayed the expression levels of eight lncRNAs biomarkers
between LUAD and normal tissues. The X-axis represented normal and LUAD groups. The Y-axis represented gene expression levels.
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examined the tissues. The GEO dataset GSE32863 and
GSE104854 to validate the expression of some DEm-
RNAs and DElncRNAs, respectively.

3. Results

3.1. DEmRNAs and DElncRNAs in LUAD

The clinical data of 522 LUAD patients were down-
loaded from TCGA, among which, 513 LUAD pa-
tients were enrolled in this study. Males and females
accounted for 46.2% and 53.8%, respectively. The
medial age of these 513 patients was 65 years old.
Whites, Asians and Black or African American ac-
counted for 86.7, 1.6% and 11.7%, respectively. The
tumor stages were as follows: Stage I, 54.2%; Stage II,
24%; Stage III, 16.7%; and Stage IV, 5.1%. The mRNA
and lncRNA expression profiles of 513 LUAD tumor
tissues and 59 normal tissues were obtained. A total of
3177 lncRNAs and 15183 mRNAs were available for
analysis after removing those hardly detected lncRNAs
and mRNAs.

A total of 1364 DEmRNAs (468 down-regulated and
896 up-regulated mRNAs) and 260 DElncRNAs (88
down-regulated and 172 up-regulated lncRNAs) be-
tween LUAD and normal tissue were identified with
FDR < 0.05 and |Log2fold change| > 2. Heat-maps
of DElncRNAs and the top 100 DEmRNAs between
LUAD and normal tissue were displayed in Fig. 1A
and B, respectively.

3.2. Identification of optimal diagnostic lncRNA
biomarkers for LUAD

Based on reduced dimensions of the data, we ob-
tained 35 DElncRNAs between LUAD and adjacent
normal tissues by using LASSO algorithm (Table 2).
The random forest analysis was used to rank the
35 DElncRNAs according to the mean decrease in
accuracy (Fig. 2A). Ten-fold cross-validation result
suggested that the average accuracy rate of 8 DEl-
ncRNAs (LANCL1-AS1, MIR3945HG, LINC01270,
RP5-1061H20.4, BLACAT1, LINC01703, CTD-2227-
E11.1 and RP1-244F24.1) reached the higher score
for the first time (Fig. 2B). Therefore, these 8 DEl-
ncRNAs were determined as the optimal diagnostic
lncRNA biomarkers for LUAD which were used to
establish the random forests, decision tree and SVM
models. The heat-map of these 8 DElncRNAs be-
tween LUAD and normal tissue were displayed in

Table 2
DElncRNAs between LUAD and normal tissues after reduced di-
mensions of data

Symbol Log2fold P value Up down
change

AFAP1-AS1 6.147558188 1.26E-121 Up
HSPC324 −3.711651228 3.78E-103 Down
RP4-575N6.5 −3.004823837 1.03E-101 Down
ZFPM2-AS1 5.139179367 2.69E-87 Up
FENDRR −3.958113208 9.98E-86 Down
LANCL1-AS1 −3.746032429 2.54E-85 Down
LINC00968 −3.58721188 4.86E-79 Down
MIR3945HG −3.569183879 5.20E-74 Down
LINC01270 2.789264642 6.32E-69 Up
RP11-51B23.3 −2.473610518 2.43E-66 Down
RP5-1061H20.4 2.276375431 5.07E-64 Up
LINC01290 −2.35973866 1.04E-63 Down
BLACAT1 2.865795784 1.20E-56 Up
LINC00857 2.265590784 1.52E-53 Up
MBNL1-AS1 −2.008379964 1.06E-51 Down
LINC01703 2.31228291 1.74E-48 Up
RP11-286H15.1 −3.08225938 6.06E-48 Down
RP1-78O14.1 −3.205548623 3.17E-47 Down
LINC01426 2.396928093 2.39E-46 Up
RP11-283G6.4 −2.189974164 2.27E-44 Down
CTD-2227E11.1 2.750378309 6.94E-43 Up
CTD-2510F5.4 2.387911254 1.64E-39 Up
LINC01506 −2.465002349 2.16E-39 Down
RP11-439L18.1 −2.50043196 1.95E-37 Down
AC004490.1 −2.223065997 8.41E-36 Down
AC090616.2 −2.086527767 2.26E-34 Down
RP1-244F24.1 2.114328604 7.95E-34 Up
RP11-434D9.1 −2.722249168 1.24E-31 Down
LINC02154 −3.173875177 4.04E-29 Down
AF131215.8 −2.319990895 1.74E-28 Down
CTD-3247F14.2 −2.374869893 2.72E-26 Down
RP11-624L4.1 2.300316719 5.98E-24 Up
RP11-635O16.2 −2.476332652 2.15E-16 Down
AC013264.2 −2.033028215 1.28E-14 Down
RP11-238K6.1 −2.391757858 3.94E-14 Down

Fig. 2C. Box-plot uncovered the expression levels of
these 8 DElncRNAs between LUAD and normal tis-
sues (Fig. 2D–K). The AUC of the random forests
model was 0.999 and the specificity and sensitivity
of this model were 98.3% and 99.8%, respectively
(Fig. 3A). The AUC of the decision tree model was
0.937 and the specificity and sensitivity of this model
were 93.2.0% and 99%, respectively (Fig. 3B). The
AUC of the SVM model was 0.999 and the speci-
ficity and sensitivity of this model were 100% and
98.4% (Fig. 3C). The AUC of all these 8 lncR-
NAs LANCL1-AS1, MIR3945HG, LINC01270, RP5-
1061H20.4, BLACAT1, LINC01703, CTD-2227E11.1
and RP1-244F24.1 were also above 0.89 (Fig. 3D–K).
Taken together, the AUC of all these eight lncRNAs
and their combination were all greater than 0.89 which
indicated the LANCL1-AS1, MIR3945HG, LINC012-
70, RP5-1061H20.4, BLACAT1, LINC01703, CTD-
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Fig. 3. ROC analysis of eight LUAD-specific lncRNAs biomarkers. The ROC results of these eight diagnostic lncRNAs biomarkers
(LANCL1-AS1, MIR3945HG, LINC01270, RP5-1061H20.4, BLACAT1, LINC01703, CTD-2227E11.1 and RP1-244F24.1) their combination
based on support random forest (Fig. 3A), decision tree model (Fig. 3B) and SVM model model (Fig. 3C) and individual LANCL1-AS1 (Fig. 3D),
MIR3945HG (Fig. 3E), LINC01270 (Fig. 3F), RP5-1061H20.4 (Fig. 3G), BLACAT1 (Fig. 3H), LINC01703 (Fig. 3I), CTD-2227E11.1 (Fig. 3J)
and RP1-244F24.1 (Fig. 3K).

2227E11.1 and RP1-244F24.1 and their combination
were related to LUAD and could predict the occurrence
of LUAD.

3.3. lncRNAs-mRNAs co-expression networks and
module identification

WGCNA was performed to identify lncRNAs-
mRNAs co-expression networks and module identifi-
cation. We identified nine module eigengenes (ME),
including MEmagenta, MEblue, MEyellow, MEtur-
quoise, MEpink, MEred, MEgreen, MEbrown and
MEblack (Fig. 4A). In order to further explore the
correlation between modules and tumor-adjacent can-

cer, the correlation analysis was performed, and the
modules with the correlation coefficient > 0.5 and
p < 0.01 were considered to be related. Interestingly,
we found that two module (MEpink and MEgreen)
were associated with tumor-adjacent cancer (Fig. 4B).
Among which, MEpink was negatively with associ-
ated with tumor-adjacent cancer (p = 1.50E-44 and
|r| = 0.55) and MEgreen was positively with asso-
ciated with tumor-adjacent cancer (p = 1.10E-47
and |r| = 0.56). The pink module contained a total
of 44 down-regulated mRNAs and 1 down-regulated
lncRNA (RP11-389C8.2) and the green module con-
tained a total of 241 up-regulated mRNAs and 2 up-
regulated lncRNAs (CTD-2510F5.4 and TMPO-AS1),



Y. Wang et al. / Screening lncRNAs for human lung adenocarcinoma 319

Fig. 4. Network analysis of gene expression in LUAD identifies distinct modules of co-expression data. (A) Cluster dendrogram of the identifed
lncRNA-mRNA co-expression modules. The lower panel shows colors designated for each module. Note that the leaves presented in the color
gray indicates unassigned lncRNAs and mRNAs. (B) The cluster dendrogram of module eigengenes.

which were selected as LUAD associated mRNAs
and lncRNAs for the further analysis. Co-expression
networks analysis showed that RP11-389C8.2, CTD-
2510F5.4 and TMPO-AS1 were co-expressed with 44,
242 and 241 mRNAs, respectively (Fig. 5).

3.4. Functional annotation of pink and green modules

According to the functional annotation of 44 mR-
NAs in pink modules (Fig. 6), blood vessel morpho-
genesis (2.08E-09), angiogenesis (p = 3.59E-09), cell
adhesion (p = 0.000209) and cell migration (p =
0.0162) were significantly enriched GO terms, and
Leukocyte transendothelial migration (p = 0.0282)
and cell adhesion molecules (p = 0.00222) were two
significantly enriched pathways. Base on the functional
annotation of 241 mRNAs in green modules (Fig. 7A–
D), cell cycle (p = 1.92E-145), mitotic cell cycle (p =
7.54E-113), chromosome (p = 1.24E-81) and protein
binding (p = 6.88E-21) were significantly enriched
GO terms, and cell cycle (p = 1.82E-35), DNA repli-
cation (p = 1.02E-19) and p53 signaling pathway (p =
1.71E-05) were three significantly enriched pathways.

3.5. Confirmation by qRT-PCR

We performed the confirmation of eight optimal di-
agnostic lncRNAs biomarkers by qRT-PCR. Based on
TCGA, LANCL1-AS1 and MIR3945HG were down-
regulated while the other six lncRNAs (LINC01270,
RP5-1061H20.4, BLACAT1, LINC01703, CTD-2227-
E11.1 and RP1-244F24.1) were up-regulated in LUAD
compared to adjacent tissues. According to the qRT-
PCR results, except for RP5-1061H20.4 and LINC-
01703, two lncRNAs were down-regulated and four
lncRNAs were up-regulated which was consistent with
the results of TCGA, generally (Fig. 8).

3.6. Validation in GEO dataset

The expression pattern of selected DEmRNAs
(ETV4, EPAS1, TUBB3 and PECAM1) and DElncR-
NAs (BLACAT1 and TMPO.AS1) was verified us-
ing GSE32863 and GSE104854 dataset, respectively.
As shown in Fig. 9, TMPO.AS1 was down-regulated,
which was inconsistent with our integration results.
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Fig. 5. lncRNAs-mRNAs co-expression network. The ellipses and rhombuses were represented the mRNAs and lncRNAs, respectively. Green
and pink color represented green module and pink module, respectively. The black border indicates DEmRNAs and DElncRNAs.

Fig. 6. The function annotation of pink module. The x-axis shows-log FDR and y-axis shows GO terms or KEGG pathways.
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Fig. 7. The function annotation of green module. The x-axis shows-log FDR and y-axis shows GO terms or KEGG pathways. (A) Biological
process. (B) Cellular component. (C) Molecular function. (D) KEGG pathways.

Fig. 8. Validation optimal lncRNA biomarkers in LUAD tissue by qRT-PCR. ∗P < 0.05.

ETV4, TUBB3 and BLACAT1 were up-regulated
while EPAS1 and PECAM1 were down-regulated in
LUAD, which was consistent with our integration re-
sults, suggesting that the results were convincing.

4. Discussion

Lung cancer has the highest morbidity and mortal-
ity rate of lethal disease worldwide, and LUAD is one
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Fig. 9. Validation of selected DEmRNAs and DElncRNAs in GSE32863 and GSE104854. The x-axis shows healthy normal control and LUAD
groups and y-axis shows a log2 transformation to the intensities.

of the most common types of lung cancer [13]. Al-
though the prognosis and diagnosis of LUAD has been
achieved through studies, the 5-year overall survival of
patients with LUAD remains low, requiring continued
research to identify novel biomarkers and decipher the
detailed molecular mechanisms underlying of LUAD.
LncRNAs have been verified to play a key role in the
occurrence and progression of lung cancer [1,8]. Here
is a report studying the DEmRNAs and DElncRNAs
in a large group of patients with LUAD from TCGA.
A total of 1364 DEmRNAs (468 down-regulated and
896 up-regulated mRNAs) and 260 DElncRNAs (88
down-regulated and 172 up-regulated lncRNAs) be-
tween LUAD and normal tissue were obtained. Addi-
tionally, eight optimal diagnostic lncRNAs biomarkers
for LUAD were identified by feature selection proce-
dure and classification model assay. Moreover, we used
the WGCNA to build lncRNAs-mRNAs co-expression
networks and module identification. The functional an-
notation of pink and green modules were evaluated.

Feature selection methods provided by machine
learning approaches are an interesting, flexible and

robust alternative for identifying predictors that con-
tribute to disease occurrence [14]. Compared with
similar type of LUAD studies [15–17], we mainly
used the machine learning to identify optimal diag-
nostic lncRNA biomarkers of LUAD. The AUC of all
these eight lncRNAs (LANCL1-AS1, MIR3945HG,
LINC01270, RP5-1061H20.4, BLACAT1, LINC01-
703, CTD-2227E11.1 and RP1-244F24.1) and their
combination in LUAD were more than 0.89, which
indicated eight lncRNAs and their combination could
predict the occurrence of LUAD. To our knowl-
edge, except MIR3945HG and BLACAT1, one down-
regulated DElncRNA (LANCL1-AS1) and five up-
regulated DElncRNA (LINC01270, RP5-1061H20.4,
LINC01703, CTD-2227E11.1 and RP1-244F24.1) in
LUAD was firstly reported and their biological func-
tion remain unclear.

It is reported that MIR3945HG was identified as
novel candidate diagnostic markers for tubercu-
losis [18]. Recent research results indicated that
MIR3945HG was the highest diagnostic values
biomarker in the diagnosis of lung squamous cell car-
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cinoma, and was closely related to the survival time
of lung squamous cell carcinoma [15]. In the present
study, we found that MIR3945HG was down-regulated
in both informatics and qRT-PCR validation. There-
fore, we hypothesized that MIR3945HG might involve
in the development of LUAD.

BLACAT1 (bladder cancer associated transcript 1),
also known as linc-UBC1, is a novel identified lncRNA
in bladder cancer, and has been tested to function as
an oncogenic lncRNA in several types of human can-
cer [19–21]. The overexpression of BLACAT1 in non-
small cell lung cancer tissue and cells, and discovered
the oncogenic role of BLACAT1 in non-small cell lung
cancer genesis through sponging miR-144, providing
a potential biomarker for early detection and progno-
sis prediction of non-small cell lung cancer [22]. It
is reported BLACAT1 was associated with the malig-
nant status and prognosis in patients with small-cell
lung cancer, and functions as an oncogenic lncRNA
in regulating cell proliferation and motility, suggesting
BLACAT1 might act as a potential target for small-cell
lung cancer revention and treatment [23]. In this study,
we found that BLACAT1 was the top DElncRNA in
LUAD, which was consistent with reports of other re-
searchers [24], indicating the TCGA integration analy-
sis data were reliable.

WGCNA results showed that green was positively
with associated with tumor-adjacent cancer and con-
tained a total of 241 up-regulated mRNAs and 2 up-
regulated lncRNAs (CTD-2510F5.4 and TMPO-AS1).
In this study, CTD-2510F5.4 were significantly up-
regulated in LUAD. Moreover, CTD-2510F5.4 was
also found to be differentially expressed in another
study that used RNA-seq data from TCGA and two in-
dependent experiments [1,25], which supports the re-
liability of our results. Li et al. showed that TMPO-
AS1 was revealed to be prognostic biomarker for
LUAD [17]. Peng et al. reported that TMPO-AS1
could affect the prognosis of LUAD patients through
regulating cell cycle and cell adhesion [16]. Herein, we
found that TMPO-AS1 was significantly up-regulated
in LUAD. Hence, we further confirmed that TMPO-
AS1 might be prognostic biomarker for LUAD. Ac-
cording to the functional annotation of 241 mRNAs
in green modules, cell cycle, DNA replication and
p53 signaling pathway were three significantly en-
riched pathways. Therefore, we speculated that CTD-
2510F5.4 and TMPO-AS1 might involve in the devel-
opment of LUAD by regulating signaling pathway of
cell cycle, DNA replication and p53 signaling pathway.

In summary, we identified 1364 DEmRNAs and
260 DElncRNAs in LUAD compared to normal tis-

sues. The feature selection procedure and classifi-
cation model assay was to obtain eight optimal di-
agnostic lncRNAs biomarkers for LUAD. WGCNA
was used to identify mRNAs-lncRNAs co-expression
networks, and we obtained three lncRNAs (RP11-
389C8.2, CTD-2510F5.4 and TMPO-AS1), which
were related to LUAD, and built lncRNAs-mRNAs co-
expression networks. However, there are limitations to
our study. Firstly, the sample size in the confirmation
by qRT-PCR was small and large numbers of sam-
ples of LUAD are needed for further research. Sec-
ondly, these DEmRNAs and DElncRNAs in LUAD
were identified and the bio-function was not studied.
Therefore, in vivo and in vitro experiments were nec-
essary to illuminate the biological roles of DEmRNAs
and DElncRNAs in LUAD in the future work.
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