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Purpose: Chronic obstructive pulmonary disease (COPD) and lung adenocarcinoma (LUAD) 
are common disorders and usually co-exists. However, genetic mechanisms between COPD and 
LUAD are rarely reported. This study aims to identify susceptible genes of COPD with LUAD.
Methods: Using the published data of GSE106899, co-expression modules were constructed by 
weighted gene co-expression network analysis (WGCNA). Subsequently, top 50 genes in the 
most tumor-related module were identified, among which hub genes were selected and validated.
Results: Twenty co-expression modules were constructed on 13,865 genes from 62 lung tissues 
of COPD patients with or without LUAD, in which one module (blue) was most related to 
tumorigenesis. Functional enrichment analyses showed that the genes in the blue module were 
mainly enriched in cell cycle, DNA transcription/replication and cancer pathways, etc. 
Combined with protein–protein interaction network, MTA1, PKMYT1 and FZR1 genes had 
the most intramodular connectivity, which were regarded as the hub genes. However, only FZR1 
was validated to be overexpressed in lung tissues of COPD with LUAD and cigarette smoke 
extract-stimulated A549 cells, a human LUAD cell line.
Conclusion: This study suggests overexpression of FZR1 may play a key role in the 
tumorigenesis of LUAD in patients with COPD.
Keywords: chronic obstructive pulmonary disease, COPD, lung adenocarcinoma, weighted 
gene co-expression network analysis, WGCNA

Plain Language Summary
What is Already Known on the Subject?
COPD and LUAD are common disorders and usually co-exists, and genetic mechanisms play 
potentially important roles in co-existing of COPD and LUAD.

What is the Current Concern?
The genetic-coexisting mechanisms of COPD and LUAD have not been fully elucidated, and 
no genetic biomarkers in screening high risk for tumorigenesis of LUAD in COPD patients 
have been investigated.

What is Added to This Topic?
Three susceptible genes, including MTA1, PKMYT1 and FZR1, for COPD and LUAD were 
identified by WGCNA. However, FZR1, but not MTA1 and PKMYT1, was validated to be 
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overexpressed in lung tissues from COPD with LUAD and cigarette 
smoke extract treated A549 cells.

Introduction
Chronic obstructive pulmonary disease (COPD) and lung 
cancer are common causes of death worldwide.1 Previous 
studies reported COPD was more likely to develop lung 
cancer than those with normal lung function,2–5 indicating 
COPD is an independent risk factor for lung cancer,3,6–8 

which may result in co-existing of COPD and lung cancer. 
In this process, genetic susceptibility is one of the well- 
described mechanisms for co-existing of COPD and lung 
cancer.9–11 However, there are limited reports on genetic 
mechanisms between COPD and lung adenocarcinoma 
(LUAD), the most common pathologic type of lung cancer.12

Weighted gene co-expression network analysis 
(WGCNA) is an efficient systematic biological method to 
analyze the relationship between genes and diseases.13 

WGCNA is characterized by clustering modules based 
on genes with similar expression profiles, which can ana-
lyze the relationship between modules and specific pheno-
types, and further explore the signal pathways related to 
phenotypic features.14 Therefore, in this study, we con-
structed a co-expression network by WGCNA using avail-
able databases to identify susceptible genes in COPD with 
LUAD. Lung tissues from COPD patients with LUAD and 
a human LUAD cell line (A549) were used to validate the 
findings.

Materials and Methods
Microarray Data and Processing
Raw RNA sequence data of GSE106899 were downloaded 
from Gene Expression Omnibus (GEO, http://www.ncbi. 
nlm.nih.gov/geo/), including 66 lung tissues from COPD 
patients with or without LUAD. Raw data (raw reads) of 
FastQC format were firstly processed through in-house perl 
scripts. Next, clean data (clean reads) were obtained by 
removing reads containing adapter, reads containing ploy- 
N and low-quality reads. All the downstream analyses were 
based on clean reads with high quality. Clean reads were 
aligned to the reference genome (ftp://ftp.ensembl.org/pub/ 
release-89/fasta/homo_sapiens/dna/Homo_sapiens. 
GRCh38.dna.toplevel.fa.gz) using HISAT2 version 2.1.0. 
Then, HTSeq version 0.6.1 was used to count the reads 
mapped to each gene (Gene annotation file: ftp://ftp.ebi. 
ac.uk/pub/databases/gencode/Gencode_human/release_29/ 
gencode.v29. annotation.gtf.gz). Fragments per Kilobase 

per Million (FPKM) is commonly used to estimate gene 
expression levels, and the FPKM of each gene was then 
calculated based on the length of the gene and reads count 
mapped to this gene. Subsequently, four samples 
(GSM2857291, GSM2857323, GSM2857324, 
GSM2857325) were removed during FPKM valuation, 
since the gene expression was found to be discrete in the 
subsequent analyses. Afterwards, we selected the genes 
with FPKM value greater than 1 in 62 samples of the 
construction by the co-expression network.

Weighted Gene Co-Expression Network 
Analysis (WGCNA)
To find clusters (modules) of highly correlated genes, 
WGCNA was carried out on the selected 13,865 genes by 
the R language (version 3.5.3) with WGCNA package 
(version 1.67).13,15 The scale-free co-expression network 
was established using the WGCNA algorithm.13 Firstly, 
after removing the outlier samples, the correlation matrix 
between two genes was constructed using the main con-
necting rod and the Pearson’s correlation matrix. Secondly, 
the hierarchical clustering analysis was performed with the 
hclust R function, and the soft-threshold power was deter-
mined by analysis of network topology. The adjacency was 
transformed into a topological overlap matrix.16 Then, net-
work construction and module detection were performed. 
We merged modules whose size less than minModuleSize 
(=30) into one module. The calculation process was per-
formed by the blockwiseConsensusModules function in 
WGCNA package. According to the gene expression 
level, flashClust toolkit in R language was used for cluster 
analysis of samples.

Correlation Analysis of Modules and 
Traits
To assess the potential correlation between modules and 
traits, the module eigengene (ME) is utilized. MEs were 
regarded as the major component in the principal compo-
nent analysis for each gene module and the expression 
patterns of all genes could be summarized into a single 
characteristic expression profile within a given module. 
Besides, we evaluated the correlation between MEs and 
tumor progression by Pearson’s correlation test to identify 
the tumor-related module. Then, the correlation between 
MEs and individual genes were assessed using signed 
module membership (MM). The module highly related to 
phenotype was selected as a tumor-related module for 
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further analyses. When recording the tissue types, “1” 
stands for normal tissues in COPD, “2” stands for adjacent 
non-malignant tissue in COPD, “3” stands for lung tumor 
in COPD. All work was done using the R language with 
WGCNA package.13

Functional Enrichment Analyses
To investigate the potential mechanisms on module genes 
regulating tumor progressions, GO and KEGG enrichment 
analyses were performed utilizing the Database for 
Annotation, Visualization and Integrated Discovery 
(DAVID, version 6.8) by uploaded all correlated genes in 
tumor-related module, and KEGG orthology-based anno-
tation system (KOBAS, version 3.0), respectively.17 

Adjusted P-value < 0.05 was set as the threshold.

Screening for Hub Genes
To identify the hub genes, we selected the module most 
relevant to the trait, and then, protein–protein interactions 
(PPI) network was developed by using the online database 
STRING18 in the most relevant module. A protein inter-
action relationship network table was downloaded and 
visualized using Cytoscape software.19 The positively 
intramodular connectivities within the top 50 genes and 
PPI network were calculated according to the visualization 
results, and then sorted by the total amount of intramodu-
lar connectivity. The top three genes were regarded as 
“real” hub genes for further analyses.

Immunohistochemistry
Immunohistochemical analysis for “real” hub genes was 
performed on paraffin sections of resected lung tissues 
from patients with COPD and matched COPD with 
LUAD (Table 1). As described previously, the immuno- 
stained areas for hub genes were regarded as area of 
interest (AOI) to measure independently, followed by 
quantitative analyses with Image-Pro Plus 6.0 (Media 
Cybernetics Inc., Bethesda, MD, USA)20. The immunohis-
tochemical study was approved by the Ethics Committee 
of Sichuan Provincial People’s Hospital and all patients 
provided written informed consents for participation in the 
study.

Cell Culture and Real-Time PCR
Human LUAD cell line (A549), purchased from the 
American Type Culture Collection (ATCC, Manassas, 
VA, USA), was cultured in RPMI 1640 media supplemen-
ted with 10% fetal bovine serum, 1% antibiotics (penicillin 

and streptomycin sulfate) under the condition with 5% 
CO2 at 37 °C. Cigarette smoke extract (CSE) was prepared 
according to a previous article.21 Briefly, the smoke was 
generated from commercial cigarettes with 1.0 mg nicotine 
and 14 mg tar per cigarette, and each cigarette was yielded 
five draws by a 50mL syringe with almost 10 seconds for 
each draw, which was dissolved into 5mL of serum-free 
RPMI 1640 culture medium, then adjusted to 7.4 of pH 
value and finally sterilized with a 0.22-mm syringe filter. 
The prepared CSE was termed 100% of concentration and 
used in this study with dilutions between 2% and 16%. 
Besides, the cell viability was determined with a Cell 
Counting Kit-8 (CCK-8, Dojindo Laboratories, Tokyo, 
Japan) according to the protocol of manufacturers. 
Briefly, A549 cells were seeded into 96-well plates with 
at the density of 5000 per well and cultured in RPMI 1640 
media containing serum for 24h, which were followed by 
treatment with different concentrations of CSE (0, 2%, 
4%, 8%, 10%, 12% and 16%) for 24, 48, 72 hours, 
respectively. Thereafter, 10μL of CCK8 solution was 
added to each well for another 1-hour incubation, and the 
absorbance at 450 nm was finally measured.

The total RNA was isolated from A549 cells using the 
Total RNA Kit I (Omega Bio-Tek, USA), and cDNA was 
then synthesized from total RNA using PrimeiScript RT 
reagent Kit (TaKaRa), according to the manufacturer’s 
protocol. Next, the PCR reaction was performed in tripli-
cates with FastStart Essential DNA Green Master (Roche), 
using the specific primers (Table S1). The relative PCR 
amplification was conducted using the LightCycler® 96 
PCR system (Roche Molecular Systems, USA). Briefly, 
preincubation (95°C for 10 minutes for 1 cycle) was firstly 
performed, and a 3-step amplification was then followed 
as 95°C for 10 seconds, Tm for 15 seconds and 72°C for 
15 seconds for 40 cycles, and in final step, it is melting, 
including 95°C for 10 seconds, 65°C for 60 seconds and 
97°C for 1 seconds for 1 cycle. All data were normalized 

Table 1 Clinical Data of Subjects

COPD COPD with LUAD

Number 5 4
Gender (male) 5 4

Age 62.5±6.3 66.2±5.3*

Pack-year 27.7±9.7 28.9±10.5*
FEV1/FVC% 62.6±6.6 60.8±8.4

FEV1 % pred 69.4±7.9 66.9±3.3

TNM stage - T1-2N0M0

Note: *p>0.05 vs COPD group.
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to GAPDH gene expression, and relative expression levels 
were determined using the 2-ΔΔCt method.

Statistical Analyses
All the original data were presented as mean ± SD using 
the SPSS 21 for Windows. Comparisons between the two 
groups were performed with the t-test. The original data, 
which did not coincided with a normal distribution, were 
performed using Kruskal–Wallis test. P<0.05 was consid-
ered statistically significant.

Results
Construction of Weighted Gene 
Co-Expression Network
The analysis process of this study is shown in Figure 1. 
A total of 13,865 genes were considered as the candi-
date genes in 62 samples, which were used for the 
construction of weighted gene co-expression networks 
by WGCNA package based on R language. Cluster 

analysis was performed on these samples using the 
flashclust toolkit, and the results are shown in Figure 
2. The threshold power of β is an important parameter 
for constructing co-expression modules, which mainly 
reflects the size independence and average connectivity 
of modules. As shown in Figure 3, when β=4, the scale 
independence reached 0.9 (Figure 3A) and the mean 
connectivity was high (Figure 3B). Therefore, β=4 was 
used to construct the co-expression module, and the 
results of WGCNA showed that a total of 20 modules 
were identified with different colors (Figure 3C). 
Furthermore, the gray module was utilized for housing 
genes that were not co-expressed with other genes, and 
these genes could not be assigned to any of other mod-
ules and would be ignored in the following study. The 
number of genes in each module was shown in 
Table S2.

Correlation Between Co-Expression 
Modules and Traits
WGCNA was used to correlate each module with all 
clinical traits. The blue module (3475 genes) had the 
most highly positive correlation with the clinical phe-
notype (Figure 3D). A P-value was then calculated for 
each module-trait correlation. Consequently, the blue 
module (cor=0.4, P=0.001), mostly related to tumor 
progressions in COPD with LUAD, was selected as 
the target module. Gene significance (GS), defined as 
the correlation between gene expression and COPD 
traits, was put in relation to MM, defined as the corre-
lation between the ME and gene expression profile. 
The scatter plot of GS vs MM for the blue module 
was also performed (Figure 3E).

Functional Enrichment Analyses on the 
Blue Module
GO and KEGG enrichment analyses were performed on 
the blue module, which was mostly correlated with 
tumor progression of COPD with LUAD. GO enrich-
ment analysis showed that the genes in the blue module 
were significantly enriched in multiple biological pro-
cesses related to cell division, regulation of transcrip-
tion, DNA replication, etc. (Figure 4A and Table S3). 
Moreover, KEGG enrichment analysis indicated the 
genes mainly participated in pathways involving cancer, 
cell cycles, AMPK signaling pathway, etc. (Figure 4B 
and Table S4).Figure 1 The analysis process of this study.
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Visualization for the Hub Genes
In addition, we selected the top 50 genes in the blue 
module, which strongly correlated with tumor progres-
sions in COPD with LUAD, and then imported into 
Cytoscape for visualization (Figure 5A). PPI network in 
the tumor-related module was also visualized with the 
STRING (Figure 5B). According to the total number of 
intramodular connectivity in gene–gene interactions and 
PPI network in the blue module, the top 3 genes (MTA1, 
PKMYT1 and FZR1) were selected as hub genes (Table 2 
and S5) for further analyses.

Expression of MTA1, PKMYT1 and FZR1 
in Lung Tissues
Lung tissues from COPD and COPD with LUAD 
patients were used to immunostain with MTA1, 
PKMYT1 and FZR1 antibodies (Figure 6A). 

Immunohistochemical analysis revealed that only 
FZR1 was significantly overexpressed in lung tissues 
of COPD with LUAD compared with COPD 
(Figure 6B).

Expression of MTA1, PKMYT1 and FZR1 
Genes in A549 Cells After CSE 
Stimulation
A549 cells were exposed to CSE at different concentra-
tions (0–16%) and incubated for up to 72h. Cell growth 
was assessed by CCK8 assay (Supplementary Figure S1). 
According to the cell growth assessment, we treated A549 
cells with 6%, 8% and 10% for 48h. The results of real- 
time PCR showed that only FZR1 gene expression was 
increased than controls in a dose-dependent manner after 
48h CSE exposure (Figure 6C).

Figure 2 Sample clustering to detect outliers.
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Discussion
In this study, we used a RNA sequence data of 62 lung 
tissue samples from the patients of COPD with LUAD to 
construct co-expression modules by WGCNA. As a result, 
a co-expression module (blue) was identified to be mostly 
associated with tumor progression in COPD with LUAD. 
Functional enrichment analyses further indicated these 
genes in the blue module were mainly enriched in biolo-
gical processes and pathways related to tumorigenesis. 
According to the visualization of intramodular connectiv-
ity, three genes (MTA1, PKMYT1 and FZR1) in the blue 
module were finally selected as hub genes.

Overexpression of MTA1 and PKMYT1 has been 
reported in a variety of carcinomas, including lung 

cancer (adenocarcinoma), which widely contributes to 
tumorigenesis, invasion, metastasis, recurrence and 
poor prognosis,22–25 mainly via regulation of p53 sta-
bility and function, and G2/M transformation of cell 
cycle, respectively.26,27 However, the overexpression of 
MTA1 and PKMYT1 was not validated in the present 
study.

Differently, FZR1 plays a crucial, but controversial 
role in tumorigenesis, by regulates cell proliferation via 
targeting multiple cell cycle regulators for dependent 
degradation.28,29 Some studies suggested that genomic 
stability was associated with FZR1,30,31 and FZR1 
might be a tumor suppressor gene in tumor 
development.30,32 However, others reported FZR1 was 

Figure 3 Weighted gene co-expression network analysis (WGCNA). (A) Analysis of scale independence of co-expressed module genes under different soft-threshold 
powers. (B) Analysis of average connectivity of co-expression module genes under different soft-threshold powers. (C) Construction of genes coexpression modules by 
WGCNA. (D) Heatmap of module–trait relationships between module eigengenes and clinical traits. (E) Scatterplots of gene significance (GS) for COPD profile traits and 
module membership (MM) in the blue module.
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overexpressed in malignant tumors,33,34 and might con-
tribute to over-replication of the genome and lead to 
genomic instability,29 which may promote tumor devel-
opment in specific tumors.33 In this study, the overex-
pression of FZR1 gene was firstly validated in lung 
tissues from COPD with LUAD and also A549 cells 
exposed to CSE, a common risk factor for COPD and 
lung cancer. Noticeably, FZR1 gene expression was 
statistically enhanced in both airways and alveoli in 
COPD patients with LUAD. These data indicated 
FZR1 might play a key role in tumorigenesis of 
LUAD in patients with COPD.

Overall, among the three hub genes (MTA1, PKMYT1 
and FZR1) identified in the present study, only FZR1 but 
not MTA1 and PKMYT1, was validated to be associated 
with tumor progression in COPD with LUAD, which may 

provide a novel genetic target for detecting coexisting 
mechanisms of COPD and LUAD, and a new genetic 
biomarker in screening high risk for tumorigenesis of 
LUAD in COPD patients.

Table 2 Hub Genes Selected by Total Number of Intramodular 
Connectivity

Gene Hub Genes in 
Blue Module

Hub Genes in 
PPI Network

Total 
Number

Intramodular 
Connectivity

Intramodular 
Connectivity

MTA1 48 6 54
PKMYT1 49 4 53

FZR1 49 4 53

Abbreviations: MTA1, metastasis associated 1; PKMYT1, protein kinase, mem-
brane associated tyrosine/threonine 1; FZR1, fizzy and cell division cycle 20 related 
1; PPI, protein–protein interaction.

Figure 5 Visualization for (A) gene–gene interactions and (B) PPI network of the 
top 50 genes in the blue module.

Figure 4 (A) GO biological process analysis and (B) KEGG analysis of genes in the 
blue module.
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Data Sharing Statement
All data used to support the findings of the current study 
are available from Gene Expression Omnibus (https:// 
www.ncb i .n lm.n ih .gov /geo /query /acc .cg i?acc=  
GSE106899).
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Figure 6 (A) The immunostaining of MTA1, PKMYT1 and FZR1 in lung tissues of COPD patients with or without lung adenocarcinoma. ×600 magnification. (B) The mean 
density of the immunohistochemical images of MTA1, PKMYT1 and FZR1. *P<0.05 vs COPD group. (C) The expression of MTA1, PKMYT1 and FZR1 gene in CSE-exposed 
A549 cells. *P<0.05 vs control group.
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