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Abstract. In order to investigate the oncogenic mechanisms 
of lung adenocarcinoma (LUAD), hub genes can be identified 
by constructing co-expression networks, and the potential 
linkages between hub genes, transcription factors (TFs) and 
microRNAs (miRNAs/miRs) can be visualized and identified. 
In the present study, a total of 12 co-expressed modules were 
constructed, and 9 of these were significantly correlated with 
clinical traits in LUAD. The differentially expressed genes 
and differentially expressed miRNAs were determined, and 
the targets of differentially expressed miRNA were identified 
from the hub genes or TFs. The results of the present study 
demonstrated that 10 hub genes and 12 TFs are the predicted 
targets for the 5 and 8 differentially expressed miRNAs, 
respectively. Genes in pink and red modules, which have a 
high correlation with the clinical trait of days to death, are 
significantly enriched in ‘nucleosome assembly’ and ‘microtu-
bule‑based process’, respectively. These results indicated that 
miR-206, miR-137, miR-153, hub genes and enriched TFs in 
the pink and red modules exert a potentially pivotal function 
in the development of LUAD.

Introduction

Lung cancer, a disease with a complex molecular network, is 
the most commonly occurring cancer and the leading cause 
of cancer‑associated mortality worldwide (1). Lung adenocar-
cinoma (LUAD) is a type of non-small cell lung cancer that 
accounts for ~80% of all lung cancer cases. Although consid-
erable progress has been made in the treatment of LUAD, 
including surgical resection, chemotherapy, radiation therapy 

or a combination of these methods, the 5-year survival rate 
for the patients is still <15% (2). The low rate is partly due 
to the fact that >50% of cases are diagnosed at a late stage 
of disease (3). Therefore, there is an urgent requirement to 
identify novel diagnostic and prognostic biomarkers associ-
ated with the development and metastasis of LUAD. It is well 
known that the biological system, such as the transcriptional 
regulatory system, is a complex network, so the expression 
of genes is regulated by numerous factors, such as miRNA 
and transcription factors (TF) (4,5). With the development 
of high-throughput technology, the amount of LUAD data is 
increasing, which allows further examination of the molecular 
mechanisms of the disease. However, traditional clustering 
methods are usually subjective and often ignore the detailed 
relationships among genes, resulting in less useful information 
in the clustering results (6). To solve this problem, researchers 
have generated a gene co-expression network based on gene 
expression profiles. Weighted gene co‑expression network 
analysis (WGCNA) is one of the most representative 
methods, and has been successfully applied in a variety of 
biological contexts, including mouse genetics, yeast genetics 
and the analysis of brain imaging data (7‑9). The study by 
Udyavar et al (10) identified spleen tyrosine kinase as a candi-
date biomarker to stratify patients with small cell lung cancer 
and as a potential therapeutic target. Tian et al (11) revealed 
that dysregulated genes, such as cystic fibrosis transmembrane 
conductance regulator (CFTR), secretin receptor (SCTR) 
and vascular endothelial growth factor D (VEGFD), may be 
involved in the pathology of lung squamous cell carcinoma 
(LSCC) metastasis, and these genes may be used as potential 
diagnostic biomarkers or therapeutic targets for LSCC. A 
study by Guo and Xing (12) identified seven hub genes, namely 
Cftr, Hip1, Tbl1x, Ephx1, Cbr3, Antxr2 and Ccnd2, which may 
become valuable biomarkers and therapeutic targets for lung 
cancer risk assessment.

In the present study, WGCNA was applied to investigate the 
association between co-expression patterns and clinical traits 
in a systems level, while functional enrichment analysis was 
performed on modules that were significantly associated with 
clinical traits and the hub genes of these modules were analyzed. 
The present study also identified the targets of the differentially 
expressed miRNAs. The results indicate that the hub genes, 
important miRNAs and enriched TFs may serve as biomarkers 
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for diagnosis and prognosis, and exhibit a regulatory asssocia-
tion between miRNAs and TFs (or hub genes) in LUAD.

Materials and methods

RNA‑seq and miRNA‑seq. High‑throughput data were down-
loaded from the The Cancer Genome Atlas (TCGA) Data Portal 
(http://cancergenome.nih.gov/). The RNA‑seq data included 45 
normal and 45 LUAD samples (Table I). miRNA‑seq data was 
obtained from the corresponding samples and also included 
45 normal and 45 LUAD samples (Table I). These data were 
downloaded in the htseq.counts format. The clinical traits 
of each corresponding sample, including primary diagnosis, 
tumor stage, age at diagnosis, vital status, days until patient 
succumbed, sex, race, ethnicity, cigarettes/day and smoking 
duration (years) were also downloaded.

DEG and miRNA screening. The DEGs and miRNAs 
between the normal and LUAD group were identified using 
the DESeq package (13). Genes with |log2(fold‑change)|≥1 and 
padj≤0.01 (n=4,176) and miRNAs with |log2(fold‑change)|≥1 
and padj≤0.005 (n=15) were selected for subsequent analyses. 
Herein, fold‑change refers to the ratio (the mean normalized 
counts from condition LUAD/the mean normalized counts 
from condition normal), padj refers to the adjusted P-values, 
and the P-values were calculated using unpaired Student's 
t‑test.

Construction of weighted gene co‑expression network. The 
co‑expression networks were constructed using the WGCNA 
package (14). First, the gene co‑expression similarity matrix 
Sij=cor(i,j) was constructed, where i and j represent the expres-
sion levels of the i-th and j-th genes, respectively. Next, the 
similarity matrix was transformed into an adjacency matrix by 
using a power function aij=|Sij|β, which represents the connec-
tion strengths. Here, β is ‘soft’ power and was chosen by using 
the scale‑free network criterion. These connection strengths 
were used to calculate the topology overlap matrix (TOM), 
which measures the connectivity of a pair of genes. The hier-
archical clustering tree was built by using the dissimilarity 
dissTOM=1‑TOM, which groups genes with similar expression 
patterns. In addition, for each module, module eigengene (ME) 
was defined, which represents the first principal component 
of the module. Module membership (MM) was defined using 
the correlation of the ME and the gene expression profile in a 
given module.

Function annotation of the co‑expressed modules. Gene 
Ontology (GO) enrichment and Kyoto Encyclopedia of 
Genes and Genomes pathway analysis for modules were 
performed using the Database for Annotation, Visualization 
and Integrated Discovery (DAVID) (https://david.ncifcrf.
gov/) (15). TF binding site information was retrieved from 
DAVID for discovering potential common TFs that may regu-
late the transcription of genes in a module.

Identification of potential targets for differentially expressed 
miRNAs. The targets of differentially expressed miRNAs were 
identified using miRWalk2.0 (16) and miRTarBase (17). In the 
present study, six prediction programs including miRanda, 

miRDB, miRWalk, RNA22, PicTar2 and TargetScan in the 
miRwalk2.0 were used. For genes that were not available in 
these two databases, multiple literature searches in PubMed 
using the name of the gene and the name of each differentially 
expressed miRNA as a key were conducted.

Module visualization. Cytoscape software (3.2.0) was used to 
visualize the pair‑wise associations between genes (18). The 
top 30 genes were selected based on the MM value in each 
module and the top 100 pairs of genes with strong connections 
were depicted.

Results

Identification of trait‑specific co‑expression module in LUAD. 
A total of 4,176 DEGs between the LUAD and normal samples 
were used to construct the gene co‑expression networks. The 
‘dynamicTreeCut’ function in the WGCNA package was used 
for branch cutting, with the following parameters: β=9, miMod-
uleSize=30, deepSplit=2 and MEDissThres=0.2. A total of 
2 modules were constructed (Fig. 1). To distinguish between 
different modules, each module was assigned a color, where 
the grey module was used to store unassigned genes. The aim 
was to identify the modules that were significantly associated 
with the aforementioned clinical traits of LUAD. Therefore, 
the Pearson correlation coefficients between ME and external 
traits were calculated, before finally, 9 modules significantly 
associated with clinical traits (P<0.1) were obtained, and the 
P-values were calculated using Student's t‑test (Fig. 2). The 
red, black, yellow, brown, pink, tan and turquoise modules are 
correlated with the trait of days to death (the number of days 
between the initial diagnosis and the individual succumbed), 
while the green‑yellow and turquoise modules were revealed 
to be correlated with the trait of ethnicity. The pink module 
was also linked to the trait of cigarettes per day, and the cyan 
module was associated with the trait of tumor stage. The 
heatmap of the pink and red module, and the histogram of the 
expression level of ME, are presented in Fig. 3 (other modules 
are not displayed). The results indicate that the expression 
levels of ME for each module are highly associated with the 
expression levels of the gene in the corresponding module.

Enrichment analysis of gene modules. The present study used 
GO functional enrichment analysis and pathway enrichment to 
identify the significantly enriched biological terms and path-
ways for the molecules of interest. This process was performed 
using DAVID. The enrichment results of the interested 
modules are presented in Table II. For example, the biological 
processes of ‘nucleosome assembly’ (P=5.7x10-8) and ‘chro-
matin assembly (P=7.3x10-8)’ are significantly associated 
with the pink module, and the ‘microtubule‑based process’ 
(P=8.8x10-5) and ‘microtubule‑based movement’ (P=1.2x10-2) 
are significantly associated with the red module.

Identification of the hub genes and over‑represented TFs. One 
of the aims of WGCNA is to identify the hub genes associated 
with clinical traits. It has previously been suggested that hub 
genes may serve crucial roles in pneumocyte senescence (19) 
and plasmodium falciparum (20). This indicates that the hub 
genes may serve as candidate biomarkers and therapeutic 
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targets for disease. Previous studies have demonstrated that 
MM is used to measure the importance of a node (gene) within 
a network (14,19). Therefore, the present study screened the 
hub genes based on the MM values. Genes in co‑expression 
networks have similar expression patterns, which may be due 
to the regulation of one or more common TFs. For example, 
DTL, TRAIP and NUSAP1 are hub genes in the turquoise 
module, and the genes in this module are significantly involved 
in the biological process of the cell cycle. The TFs that are 
commonly overrepresented in this module are E2F, NFY and 
SP1. The top 3 hub genes and commonly overrepresented TFs 
in each module are summarized in Table II. The top 100 pairs 
of genes with strong connections in the pink and red module 
were visualized, and are presented in Fig. 4. The network visu-
alizations of other significant modules are not shown.

Hub genes or TFs as miRNA targets. miRNAs are small, 
non-coding RNAs ~22 nucleotides in length, that regulate 
>50% of the genes in human cells (21). Over half of identi-
fied human miRNA genes are located in cancer‑associated 
genomic regions or fragile sites (22). The present study 
constructed the LUAD network, and identified the hub genes 
and TFs in each module of interest (Table II). Exploring which 
differentially expressed miRNAs can affect the development 
of LUAD by targeted hub genes or TFs is very important. 
The focus of the present study was on the 15 significantly 
different expressed miRNAs, 27 hub genes and 24 TFs in the 
modules of interest. The results indicated that 10 of the 27 hub 
genes were the predicted targets for 5 differentially expressed 
miRNAs (Table III). In addition, 12 of the 24 overrepresented 
TFs were the predicted targets for 8 differentially expressed 
miRNAs (Table III).

Discussion

Surgical treatment of stage I lung cancer has been demonstrated 
to be beneficial for survival (23). Therefore, it is essential to 
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Figure 1. Clustering dendrogram of genes, with dissimilarity based on the 
topological overlap, together with assigned merged module colors and the 
original module colors. The y‑axis represents the distance used for clustering.
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identify early diagnostic biomarkers for lung cancer. WGCNA 
was used in the present study to identify clusters (modules) 
of highly correlated genes, summarizing such clusters using 
the module eigengene or intramodular hub genes, associating 
modules to one another and external sample traits, and calcu-
lating module membership measures.

Using the WGCNA algorithm, the present study 
constructed the gene modules and identified the hub genes 
that may serve crucial roles in a specific context. For example, 
CHEK2, RHPN1‑AS1 and TONSL are hub genes of the pink 
module (Table II). The protein encoded by CHEK2 is a cell 
cycle checkpoint regulator that can cause arrest or apoptosis in 
response to DNA damage (24). Previous studies have demon-
strated that mutations in the CHEK2 tumor suppressor gene 

are associated with multi‑organ cancer susceptibility (25‑27). 
TONSL, the protein encoded by this gene, may bind NF-κB 
complexes and trap them in the cytoplasm, preventing 
them from entering the nucleus and interacting with the 
DNA (28). The study by Piwko et al (29) examined the role 
of MMS22L‑TONSL in DNA recombination. RHPN1‑AS1 is 
a non‑coding RNA whose function is currently unclear. GO 
functional enrichment analysis indicated that the biological 
processes of ‘nucleosome assembly’ and ‘chromatin assembly’ 
are significantly associated with the pink module. Therefore, it 
was hypothesized that the biological function of RHPN1‑AS1 
is associated with nucleosome assembly. The biological func-
tion of new genes can be speculated using WGCNA. The 
enriched TFs of the pink module were paired box PAX3, 

Figure 2. Module‑trait associations. Each row corresponds to an ME and each column to a trait. Each cell contains the corresponding correlation and P‑value. 
The figure is color‑coded by correlation according to the color legend. Red represents positive correlation and green represents negative correlation.
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PAX4 and ATF6 (Table II). The target of miR‑206 was shown 
to be PAX3 (Table III). Previous studies have demonstrated 
that the tumor tissues from patients with LUAD exhibited a 
decrease in the expression of miR-206, and the overexpression 
of miR‑206 resulted in a significant suppression of cell viability 
and migration in LUAD cells in vitro (30,31). According to 
the analysis of the present study, miR-206 is downregulated 
13.8‑fold when compared with level in the normal samples, 
which may contribute to the occurrence of LUAD. These results 
indicate that miR-206 can act as a potential tumor suppressor 
and can serve as a therapeutic target for patients with LUAD. 
The target of miR-137 is also PAX3 (Table III), and data from 
TCGA revealed that higher expression of miR-137 led to a 
poorer survival in 458 patients with LUAD (32). Consistent 
with previous studies, miR-137 in LUAD was upregulated 
22.6‑fold compared with the level in the normal sample in the 
present study (33,32). Therefore, miR‑137 may be an excellent 
diagnostic marker and an ideal therapeutic target for chemo-
therapy in patients with LUAD. The targets of miR‑153 in the 
pink module were CHEK2, TOSNL and PAX4 (Table III). 
Several studies have shown that the expression of miR-153 in 
non‑small cell lung cancer is significantly lower than that of 
the adjacent tissues (34,35). However, in the present analysis, 
miR‑153 in LUAD was 21.1‑fold upregulated compared with 
that in the normal samples. Therefore, we speculate that 
miR‑153 may promote the occurrence of LUAD. PAX3 and 
PAX4 are members of the PAX family of TFs and play critical 
roles during fetal development. Mutations in PAX3 are associ-
ated with Waardenburg syndrome, craniofacial‑deafness‑hand 
syndrome and alveolar rhabdomyosarcoma (36). Although no 
experiments were performed to verify the role of PAX3 and 
PAX4 in LUAD, the present analysis predicts that PAX3 and 
PAX4 may be involved in the development of LUAD.

The enriched TFs of the red module were found to be 
RFX1, STAT5B and HSF2 (Table II), and the results demon-
strated that the target of miR‑153 was STAT5B (Table III). The 
protein encoded by STAT5B is a member of the STAT family, 

and STAT5B serves an important role in the progression of 
lung cancer (37,38). The hub genes are CFAP52, PACRG and 
C1orf158. It has been reported that CFAP52 protein is highly 
expressed in human hepatocellular carcinoma and is involved 
in cell proliferation (39). RNA‑seq analysis of tissue samples 
from 95 individuals revealed that the expression of CFAP52 is 
tissue‑specific in the testes (RPKM 8.3), lungs (RPKM 3.0), 
brain (RPKM 0.6) and endometrium (RPKM 0.5) (40). The 
PACRG protein is associated with ciliary motion and anchored 
to the axonemal doublet microtubules (41). A previous study 
demonstrated that mRNA and protein levels of PARK2 and 
PACRG are significantly downregulated in clear‑cell renal 
cell carcinoma when compared with those in non-malignant 
tissues (42). Fagerberg et al (40) reported that C1orf158 was 
only expressed in the lungs (RPKM 1.5) and testes (RPKM 
23.3) among 27 investigated tissues.

The analysis of the present study demonstrated that the 
hub genes and the enriched TFs in the pink and red modules 
have either been experimentally verified to be involved in the 
development of LUAD or participated in biological processes 
associated with cancer development. In addition, differentially 
expressed miR-206, miR-137 and miR-153 interacting with 
hub genes or enriched TFs in the pink and red modules have 
been shown to be involved in the occurrence of LUAD. The 
pink and red modules are highly correlated with the trait of 
days to death, and this indicates that the disordered hub genes, 
TFs and miRNAs may affect the survival time of patients. In 
addition, other DEGs also serve important roles in the patho-
genesis of LUAD. For example, FOXM1, RPLP0P2, RAC3 
and BRCA1 are differentially expressed genes in the turquoise 
module, and all of these genes have been demonstrated to be 
involved in LUAD.

The present study used a systems biology approach to 
examine LUAD. It is helpful to reduce the complexity of multi-
variate datasets and allow investigators to gain insights into the 
expression patterns of mRNAs. Furthermore, by considering the 
biological function of the module, the function of novel genes can 

Figure 3. Heatmap and expression level of ME in the pink and red module. The above heatmap shows the expression levels of all the genes in each module. The 
rows represent the genes in the module, and the columns represent 90 samples. The first 45 columns are normal samples, and the last 45 columns are LUAD 
samples. The corresponding histogram illustrates the expression level of the corresponding ME in each sample.
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Table III. Obtained miRNA‑gene pairs.

Module miRNA:hub genes miRNA:TFs

Black ARHGAP6:hsa‑miR‑184; ARHGAP6:hsa‑miR‑137 NF1:hsa‑miR‑137; NF1:hsa‑miR‑144;
  NF1:hsa-miR-153
Brown FCRL5:hsa-miR-153; FCRL5:hsa-miR-184 ZIC1:hsa-miR-206; ZIC1:hsa-miR-144
Cyan LYPD1:hsa-miR-206; CCNE1:hsa-miR-137;  MEIS1:hsa-miR-144; MEIS1:hsa-miR-206;
 CCNE1:hsa‑miR‑144 MEIS1:hsa‑miR‑1293; LHX3:hsa‑miR‑196a; 
  LHX3:hsa‑miR‑147b
Green‑yellow FUT3:hsa‑miR‑206 BACH2:hsa‑miR‑144; 
  BACH2:hsa‑miR‑206; BACH2:hsa‑miR‑137; 
  BACH2:hsa‑miR‑153; BACH2:hsa‑miR‑196a; 
  BACH2:hsa‑miR‑147b; BACH2:hsa‑miR‑1293
Pink CHEK2:hsa‑miR‑153; TOSNL:hsa‑miR‑153 PAX3:hsa‑miR‑206; PAX3:hsa‑miR‑144; 
  PAX3:hsa-miR-137; PAX4:hsa-miR-144; 
  PAX4:hsa-miR-153; PAX4:hsa-miR-1293
Red PACRG:hsa-miR-153 RFX1:hsa-miR-184; FX1:hsa-miR-1293; 
  STAT5B:hsa-miR-153; SF2:hsa-miR-144
Tan  STAT3:hsa-miR-196a
Turquoise DTL:hsa‑miR‑137; DTL:hsa‑miR‑206;  SP1:hsa‑miR‑137; SP1:hsa‑miR‑144; 
 NUSAP1:hsa-miR-153 SP1:hsa-miR-206
Yellow  

miRNA, microRNA; TF, transcription factor.

Figure 4. Network showing the top 100 strongest connections within the module. The yellow nodes represent the hub genes. The networks represent the pink 
and red modules, respectively.
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be hypothesized. The comprehensive analysis of miRNA and 
gene expression profiles indicates that the occurrence of LUAD 
is associated with interactions between mRNA and miRNA. 
miRNAs may affect LUAD by regulating the overrepresented 
TFs, as well as hub genes, in these modules. Those essential genes 
can serve as the diagnostic and prognostic biomarkers for LUAD. 
However, there are limitations to the present study, including the 
fact that it focuses on discussing the pink and red modules asso-
ciated with the clinical trait of days to death, and other modules 
associated with the clinical traits require subsequent analysis. In 
future study studies, a multi-factorial integrative analysis will be 
performed, taking into account, for example, various epigenetic 
factors. In summary, the present analysis may provide new 
insights into the different regulatory mechanisms of LUAD and 
help to identify specific transcriptional networks that may be 
involved in the development and progression of LUAD.
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