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Background: Obstructive sleep apnea (OSA) is associated with an increased risk of lung
cancer. This study aimed to identify key common genes in OSA and lung cancer and explore
their prognostic value in lung cancer.

Materials and Methods: Transcriptome data of OSA and lung cancer were obtained from
the Gene Expression Omnibus (GEO) and The Cancer Genome Atlas (TCGA) database,
respectively. Genes associated with OSA and lung cancer were screened by weighted gene
co-expression network analysis (WGCNA). Univariate and multivariate Cox regression
algorithms were applied to identify key genes and construct the risk score model. Receiver
operating characteristic (ROC) curves and a nomogram were performed to evaluate the
prognostic value of the risk score. The screened key genes and their roles in prognosis
were validated by GEO (GSE30219) analysis.

Results: A total of 104 common genes were screened in OSA and lung cancer by WGCNA.
Modulator of apoptosis 1 (MOAP1), chromobox 7 (CBX?7), platelet-derived growth factor
subunit B (PDGFB), and mitogen-activated protein kinase 3 (MAP2K3) were identified as
key genes by univariate and then multivariate Cox regression analyses. The risk score model
was constructed on the basis of four gene signatures. ROC curves and the nomogram showed
that the risk score had a high accuracy in predicting the survival of patients with lung cancer.
In addition, the result of multivariate Cox regression analysis indicated that the risk score
was an independent prognostic factor in lung cancer.

Conclusion: This study constructed a unique model for predicting the prognosis of lung
cancer patients on the basis of four genes common to OSA and lung cancer. These genes may
also serve as candidate genes to improve our knowledge about the underlying mechanism of
OSA that leads to an increased risk of lung cancer at the genetic level.

Keywords: lung cancer, obstructive sleep apnea, OSA, weighted gene co-expression
network analysis, WGCNA, lung cancer prognosis

Introduction

Lung cancer ranks first among the common cancer types of the world in men
and second in women.! According to statistical data from the American Cancer
Society, the numbers of new lung cancer cases and lung cancer deaths have been
decreasing, but deaths caused by lung cancer remain more common than deaths
caused by breast, prostate, colorectal, and brain cancers combined.' Lung cancer is
a heterogeneous disease influenced by constitutional genetic or epigenetic suscept-
ibilities and affected by various environmental factors.” Despite advances in knowl-
edge made about lung cancer—associated risk factors, tumorigenesis, immune
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evasion, development, angiogenesis, metastasis, chemore-
sistance, and treatment strategies, the disease still brings
a huge economic and medical care burden to the world.? In
recent years, obstructive sleep apnea (OSA), as a result of
rapid economic development and changes in lifestyle, has
become more prevalent in numerous countries.* OSA is
a complex, multifactorial disease affecting millions of
people worldwide, and it may complicate cerebrovascular,
cardiovascular, and metabolic diseases.” The key clinical
characteristic of OSA is repeated collapse of the upper
airway during sleep accompanied with sleep fragments
(SFs) and daytime sleepiness, leading to chronic intermit-
tent hypoxia (IH).® The symptoms of and treatments for
OSA vary according to severity. Therefore, early diagnosis
and management of OSA are critical for promoting treat-
ments and preventing complications.

Epidemiological investigations have indicated that IH
caused by OSA is involved in activating a variety of carcino-
genic pathways and contributes to tumorigenesis and the
development of cancer.” According to numerous studies,
OSA is associated with increased morbidity and mortality in
lung cancer and accelerates the progression of lung cancer.®’
Torres et al'® reported that, in female mice, OSA as an
independent contributor promoted the aggressiveness of
lung cancer through alterations of the host immune response.
As aresult, the relationship between lung cancer and OSA is
increasingly attracting the attention of scholars. Although
lung cancer and OSA belong to two different systems, studies
have suggested that these two diseases interact with each
other and share some identical pathological mechanisms.

However, few studies are focused on the shared genes and
common pathogeneses of lung cancer and OSA. It is neces-
sary to screen for genes shared by these two diseases using
bioinformatics methods at genetic and molecular levels. In
this study, we aimed to identify shared genes between OSA
and lung cancer by using weighted gene co-expression net-
work analysis (WGCNA). WGCNA is an advanced method
that describes the molecular mechanism and reconstructing
co-expression networks of genes using an integrative
method.'""'? We also explored the prognostic value of these
screened genes for lung cancer to potentially identify new
diagnostic biomarkers or therapeutic targets of lung cancer.

Materials and Methods

Data Source
RNA sequencing (RNA-seq) data of 34 OSA and eight con-
trol samples were downloaded from the GSE135917 dataset.

Gene expression profile and clinical data of 1006 lung cancer
samples and 107 normal samples were downloaded from The
Cancer Genome Atlas (TCGA) (https://www.cancer.gov/

about-nci/organization/ccg/research/structural-genomics

/tcga) database and used as training set. GSE30219, including
RNA-seq data and clinical information of 293 lung cancer
samples and 14 normal samples, was downloaded from the
Gene Expression Omnibus (GEO) (https://www.ncbi.nlm.

nih.gov/geo) database and used as validation set.

WGCNA Analysis

Sample clustering tree maps were constructed to detect and
eliminate outliers in the GSE135917 and TCGA lung cancer
datasets, respectively. Then, the pick soft threshold function
of WGCNA was used to calculate B from 1 to 30 to select the
best soft threshold. According to the selected soft threshold,
the adjacency matrix was converted to a topological overlap
matrix for constructing the network, and the gene dendro-
gram and module color were established by using the degree
of dissimilarity. We divided the initial module again through
dynamic tree cutting and merged similar modules. The
Pearson correlation coefficient between the module eigen-
genes and sample traits was calculated to identify the sig-
nificantly relevant modules associated with OSA and lung
cancer. In addition, module preservation analysis was per-
formed to calculate the Z summary score. A Z summary
score > 10 indicates strong evidence of module preservation,
whereas a Z summary score < 2 or a score between 2 and < 10
indicates no evidence or weak evidence, respectively, of
module preservation.

Biological Function Analysis

Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment of common
genes in OSA and lung cancer was analyzed by Cluster
Profiler R package.'? Additionally, Gene Set Enrichment
Analysis (GSEA) was performed to investigate the mole-
cular mechanisms of prognostic gene signatures. GO and
KEGG gene sets were downloaded from the MSigDB
database (http://software.broadinstitute.org/gsea/msigdb/

index.jsp).

Construction and Validation of the Risk

Score Model

Univariate Cox regression analysis was conducted to
screen genes significantly related to the survival (P value
< 0.05). Furthermore, multivariate Cox regression analysis
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was conducted and identified four signature genes. Then,
the risk score was calculated using the following formula:

(ExpGenelxCoefl) + (ExpGene2xCoef2) + (ExpGene3
xCoef3) + (ExpGene4xCoef4)

in which Coef represents the regression coefficients of
genes and Exp is the normalized expression values of each
signature gene. According to the median value of the risk
score, patients with lung cancer were divided into high-risk
and low-risk groups. The overall survival of high-risk and
low-risk groups was analyzed by Kaplan—Meier analysis. To
evaluate the accuracy of the risk score model, the receiver
operating characteristics (ROC) curve was plotted using
“survival ROC” in R package. Univariate and multivariate
analyses were then performed to determine whether the risk
score was an independent prognostic factor. A nomogram
was constructed for clinical use. The performance of the
nomogram was assessed by calibration curves.

Statistical Analysis

All data were analyzed by R (version 4.0.0, https:/www.
r-project.org/). The Wilcoxon test was used to compare the
expressions of four prognostic gene signatures between
lung cancer and normal samples. A P value less than
0.05 was considered statistically significant.

Results
Identification of Common Genes in OSA
and Lung Cancer by WGCNA

According to the sample clustering results, one outlier sample
in GSEI135917 in TCGA were detected and eliminated
(Figure 1A), and then the sample dendrogram and trait heat-
maps were built (Figure 1B). 16 outlier samples in TCGA were
detected and eliminated (Figure 2A), and then the sample
dendrogram and trait heatmaps were built (Figure 2B). Using
the pick soft threshold function of WGCNA, we found that the
optimal soft threshold power was 18 for GSE135917 samples
(Figure 1C) and 5 for TCGA samples (Figure 2C); in both
sample sets, the R* was approximately 0.9. Sixteen modules
were finally identified in GSE135917 (Figure 1D), and 35
modules were identified in TCGA (Figure 2D) from the co-
expression network after merging of similar modules. After
calculating the correlations between modules and OSA or lung
cancer, we plotted the corresponding heatmaps of module-trait
relationships (Figures 1E and 2E). Furthermore, we performed
the module preservation to calculate the Z summary scores of
each module in Figures 1E and 2E (Figures 1F and 2F).

Then, key modules were screened with the following
criteria: |cor| > 0.5, P < 0.05, and Z summary score > 10.
Dark gray and ivory modules, associated with OSA
(Figure 3A), and blue and yellow modules, associated
with lung cancer (Figure 3B), were identified as key mod-
ules. To obtain common genes in OSA and lung cancer, we
overlapped the genes in key modules of OSA and lung
cancer and obtained 104 genes common to OSA and lung
cancer (Figure 3C).

Biological Function Analysis of Common

Genes in OSA and Lung Cancer

We also conducted GO and KEGG pathway enrichment
analyses to investigate the biological functions of the 104
common genes. No KEGG pathway was significantly
enriched. A total of 10 GO terms were significantly
enriched: hemoglobin metabolic process, positive regula-
tion of blood vessel endothelial cell migration, epithelial
cell migration, endothelial cell migration, epithelium
migration, tissue migration, regulation of epithelial cell
migration, regulation of endothelial cell migration, posi-
tive regulation of glycolytic process, and positive regula-
tion of epithelial cell migration (Table 1 and Figure 3D).

Identification of Key Genes Associated

with Prognosis of Lung Cancer

We also investigated the prognostic value of 104 common
genes in lung cancer by univariate Cox regression algo-
rithm analysis. A total of 14 genes were significantly
associated with prognosis (P < 0.05), among which nuclear
factor kappa B inhibitor interacting Ras like 1 (NKIRASI),
MOAPI, CBX7, transformer 2 alpha homolog (7RA2A4),
(ACATI) played
a protective role (hazard ratio [HR] < 1), and the remain-

and acetyl-CoA acetyltransferase 1

ing nine genes were risk factors (HR > 1, Figure 4A). To
obtain more robust signature genes, these 14 genes were
then selected for multivariate Cox regression algorithm
analysis. MOAPI, CBX7, PDGFB, and MAP2K3 were
identified as key prognostic genes (Figure 4B). The
expressions of MOAPI, CBX7, PDGFB, and MAP2K3
were significantly higher in normal samples compared
with lung cancer samples in TCGA (Figure 4C). Their
expressions were also validated in GSE30219. Consistent
with the results in TCGA, the expressions of MOAPI,
CBX7, PDGFB, and MAP2K3 were downregulated in
GSE30219 lung cancer samples (Figure 4D).
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Figure | WGCNA of the OSA dataset (GSEI35917). (A) The sample clustering results. (B) The sample dendrogram and trait heatmaps. (C) A soft threshold of 18 was the
most suitable value to OSA. (D) Sixteen modules were related to OSA. (E) The corresponding heatmaps of module-trait relationships. (F) The Zsummary scores of 16
modules calculated by module preservation.

Abbreviations: OSA, Obstructive sleep apnea; WGCNA, weighted gene co-expression network analysis.

5384  ftes International Journal of General Medicine 2021:14
Dove


https://www.dovepress.com
https://www.dovepress.com

Dove Wang et al
‘Sample dendrogram and trait heatmap
A ‘Sample clustering to detect outlers
)
g |
§
8
g g
H g
T s
8
§< o J
H S ————
g —
- \ PM e l‘ g
F‘. a!" ur = °3
! { g» = 4
) i g 2
° e ® g
Ci 3
Normat
C Scale ndependence Mean connectivty D Cluster Dendrogram
o Q.
¢ T8O N U TS DN 2225 920 -
§
S ¥ l
« b
b (=]
b s
b4 -
£
H o o |
i ® 4
i3 .  °
i
H §
3 S
1 <
e H
E °
3 §
g
(=]
o 2 -
. |
ol ° “SersenunnuseneenN2 Merged dynamic
3
T T T T T T T T T
0 s ) s 2 % » 0 5 0 3 » % »
S Thveshad (pover) St Theshld poner)
E Module-trait relationships
MEnidighblos 5 s F Preservation Zsummary
MEsteelblve = ] . o
MEsaddlebrown - ki [ K
MEsienna3 o5
MEdarkgreen o o
MEmagenta o da“green
MEblue
MEpurple o F>- 60
MEgreenyeliow -
MEyellowgreen k3 o Los
MEdarkgrey iy =
MEdarkolivegreen o o
MEgreen i o
MEwhite E o= greenyeliow reon
Medarkred [l o) &, ? salmon g
MEsalmon | J‘ & o S 4 tan blEek
MEtan G o > lightgreen
Mebrown [l & o o S dardurgoise brosh
MElghtyellow &2 & E darl e
MEpaleturquoise Py P E sienna3  darkgrey royalblue cyan magénta
Medarkmagenta [l a2 at N paléturquoise fightyellow turquoise ~,
Melightgreen iy oy saddlebrown,_darkorange yellow
MEroyaIblueH ) b viol orange ».
" 3 bl
MEdarkorange (4 E:’,” ’:’E” darkmBegta white lightcyan ©
":ﬂi"'“k | | “n “n |05 20 darkolivegreen
cyan o ) ~
skyblue
MEturquoise i 25 P yellowgreen™ S mimigBue
MEyeliow -
MEorange - o g
MEred w @5
MEdarkturquoise - sy gold
MEviolet b ]
MElightcyan g - L, e o @+ = = e = e e = e e = s = e = - =t = . — i —— —
MEskyblue s o 0 steelblue
MEgrey o) 100 200 300 400
@@‘ @@* ModuleSize

Figure 2 WGCNA of lung cancer dataset in The Cancer Genome Atlas (TCGA). (A) The sample clustering results. (B) The sample dendrogram and trait heatmaps. (C)
A soft threshold of five was the most suitable value to lung cancer. (D) Thirty-five modules were related to lung cancer. (E) The corresponding heatmaps of module-trait
relationships. (F) The Zsummary scores of 35 modules calculated by module preservation.
Abbreviation: WGCNA, weighted gene co-expression network analysis.
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lung cancer.
Abbreviation: OSA, obstructive sleep apnea.
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Table | Functional Enrichment Analysis and the Identified 10 Enriched Pathways
ID Description Gene | Bg p value | p.Adjust | q value | Gene ID Count
Ratio | Ratio
G0:0020027 | Hemoglobin metabolic 3/95 14/ 4.46E-05 | 0.029085 | 0.027236 | ADDI/EIF2AKI/HIFIA 3
process 18,670
GO:0043536 | Positive regulation of 5/95 79/ 5.13E-05 | 0.029085 | 0.027236 | ETSI/PDGFB/SRPX2/HIFIA/ 5
blood vessel endothelial 18,670 MAP2K3
cell migration
GO:0010631 | Epithelial cell migration 9/95 352/ 7.68E-05 | 0.029085 | 0.027236 | ETSI/MAPRE2/PDGFB/ 9
18,670 PECAMI/PTPRM/SRPX2/
SYNJ2BP/HIFI A/IMAP2K3
GO:0043542 | Endothelial cell migration | 8/95 274/ 7.84E-05 | 0.029085 | 0.027236 | ETSI/PDGFB/PECAMI/PTPRM/ | 8
18,670 SRPX2/SYNJ2BP/HIFI A/MAP2K3
GO:0090132 | Epithelium migration 9/95 355/ 8.19E-05 | 0.029085 | 0.027236 | ETSI/MAPRE2/PDGFB/ 9
18,670 PECAMI/PTPRM/SRPX2/
SYNJ2BP/HIFI A/IMAP2K3
GO:0090130 | Tissue migration 9/95 361/ 9.31E-05 | 0.029085 | 0.027236 | ETSI/MAPRE2/PDGFB/ 9
18,670 PECAMI/PTPRM/SRPX2/
SYNJ2BP/HIFI A/IMAP2K3
GO:0010632 | Regulation of epithelial 8/95 291/ 0.000118 | 0.031869 | 0.029843 | ETSI/MAPRE2/PDGFB/PTPRM/ 8
cell migration 18,670 SRPX2/SYNJ2BP/HIFI A/IMAP2K3
GO:0010594 | Regulation of endothelial 7/95 229/ 0.000168 | 0.039517 | 0.037005 | ETSI/PDGFB/PTPRM/SRPX2/ 7
cell migration 18,670 SYNJ2BP/HIF I A/IMAP2K3
GO:0045821 | Positive regulation of 3/95 23/ 0.000209 | 0.043736 | 0.040955 | ENTPD5/HIFI A/PRKAA2 3
glycolytic process 18,670
GO:0010634 | Positive regulation of 6/95 171/ 0.000239 | 0.044934 | 0.042077 | ETSI/MAPRE2/PDGFB/SRPX2/ 6
epithelial cell migration 18,670 HIFIA/MAP2K3

Abbreviation: GO, Gene Ontology.

Construction and Validation of the Risk
Score Model by Prognostic Gene

Signatures

According to the coefficients of MOAP1, CBX7, PDGFB,
and MAP2K3 in Table 2, we calculated the risk scores of
each patient. On the basis of the median of the risk scores,
the patients in TCGA training set were divided into high-
and low-risk groups (Figure 5A). The expressions of
MOAPI, CBX7, PDGFB, and MAP2K3 in high- and low-
risk groups were displayed in a heatmap (Figure 5B).
A significant survival difference (P < 0.0001) was found
between high- and low-risk groups (Figure 5C). Moreover,
we plotted ROC curves to study the predictive efficiency
of the risk score model. The results showed that the risk
score model had high accuracy in predicting the survival

of patients with lung cancer when areas under the curves

(AUC) equaled 0.707 for 1-, 3-, 5-, 7-, and 10-year time-
points (Figure 5D). The same results were obtained in the
GSE30219 validation set (Figure 6A-D).

Next, we performed univariate and multivariate analyses
in TCGA training set to determine whether the risk score
was an independent prognostic factor. Univariate analysis
showed that M stage, N stage, T stage, pathologic stage, and
risk score were significantly correlated with prognosis
(Figure 7A). Multivariate analysis using these correlated
factors indicated that risk score remained remarkably asso-
ciated with prognosis (Figure 7B). Similar results were
obtained in the GSE30219 validation set (Figure 7C and D).

Construction and Analysis of the

Nomogram
We used the factors significantly associated with prognosis
in multivariate analysis (M stage, N stage, T stage, and
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Figure 4 |dentification of key genes associated with prognosis of lung cancer. (A) Fourteen genes and (B) four genes were related to prognosis by univariate Cox regression
algorithm analysis and multivariate Cox regression algorithm analysis, respectively. The expressions of MOAPI, CBX7, PDGFB, and MAP2K3 were downregulated in both The
Cancer Genome Atlas (TCGA) dataset (C) and the GSE30219 lung cancer samples (D). P values less than 0.05 are considered significant.

risk score) to construct a nomogram in TCGA training set  that the predicted overall survival was very close to the
(Figure 8A) with a C-index of 0.627. The calibration actual observed overall survival (Figure 8B), indicating the
curves for the 1-, 3-, 5-, 7-, and 10-year timepoints showed clinical value of the nomogram. The nomogram was
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of the overall survival between the high-risk and low-risk groups stratified by the median risk score in TCGA dataset. (D) ROC analysis of the predictive efficiency of the

four-gen

e prognostic model on overall survival based on risk score.

Abbreviation: ROC, Receiver operating characteristic curve.
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Table 2 The Coefficients of 4 Key Prognostic Genes

Gene Coef HR HR.95L HR.95H p value

MOAPI —0.246353 0.781645 0.646047 0.945705 0.011269
CBX7 —0.215351 0.806258 0.678934 0.957460 0.014062
PDGFB 0.151419 1.163484 1.026362 1.31892 0.017948
MAP2K3 0.224298 1.251444 1.043913 1.500232 0.015329

Abbreviations: coef, coefficients; HR, hazard ratio.

constructed using the risk score and other factors
(Figure 8C), and its clinical use (Figure 8D) was con-
firmed in the GSE30219 validation set.

Exploration of the Molecular Mechanisms
of Prognostic Gene Signatures by GSEA

To elucidate the molecular mechanisms of these prognos-
tic gene signatures, we performed GSEA. Results showed
that the differentially expressed genes between the high-
and low-risk groups based on the risk score model of
MOAPI, CBX7, PDGFB, and MAP2K3 were enriched in
various biological processes. The top 10 KEGG pathways
were the extracellular matrix receptor interaction, focal
adhesion, autoimmune thyroid disease, pathways in can-
cer, cell cycle, asthma, cytokine-cytokine receptor interac-
tion, allograft rejection, regulation of actin cytoskeleton,
and small cell lung cancer (Figure 9A). The top 10 GO
terms were ameboidal-type cell migration, basement mem-
brane (BM), cadherin binding, cell adhesion molecule
binding, cell junction assembly, cell junction organization,
cell substrate adhesion, cell substrate junction, chromo-
some segregation, and collagen binding (Figure 9B).

Discussion

Lung cancer is the leading cause of tumor-related mortal-
ity in the world. Every year, 1.8 million and 1.6 million
people are diagnosed with and die of lung cancer,
respectively.'* Although awareness of lung cancer is
increasing, the pathogenesis of lung cancer remains com-
plicated. As previously described, OSA is a prevalent dis-
ease characterized by IH.* In clinical studies, sleep apnea
and nocturnal hypoxemia were very common in patients
with lung cancer,® and the severity of OSA is significantly
related to an increased risk of death in lung cancer.'”> Much
evidence has shown that lung cancer is closely associated
with OSA. However, the shared genes and the common
pathogenesis of these two diseases are unclear and worthy
of more study.

In this study, WGCNA was used to explore shared
genes and common mechanisms of lung cancer and
OSA. WGCNA has been used to investigate the co-
expression module between two diseases in many studies;
examples include an exploration of the shared pathogen-
esis of Alzheimer’s disease and type 2 diabetes mellitus
and an analysis of shared gene signatures and candidate
molecular mechanisms of pemphigus and systemic lupus
erythematosus.'®'” Through bioinformatic analysis, a total
of 104 genes were identified as shared by OSA and lung
cancer. Additional functional enrichment analysis showed
that positive regulation of blood vessel endothelial cell
migration plays an important role in both OSA and lung
cancer. A review of many studies have indicated that
impairment and dysfunction of circulating endothelial
cells are involved in the pathophysiological mechanism
of OSA."® In a study of patients with OSA, impairment
of human coronary endothelial cell migration was found in
severe OSA, which suggests that regulation of blood ves-
sel endothelial cell migration may be involved in OSA."
Moreover, other studies have shown that the migration of
blood vessel endothelial cells plays an important role in
lung cancer.”’ An investigation on long noncoding RNA
(IncRNA) in NSCLC showed that IncRNA LINC00173.v1
promoted proliferation and migration of vascular endothe-
lial cells, which contributed to tumorigenesis of lung
squamous cell carcinoma.?’ A study focused on metastasis
of lung cancer described claudin-5 modification of brain
microvascular endothelial cell proliferation, migration, and
adhesion to regulate blood-brain barrier permeability,
which inhibited metastasis of lung cancer.?' The 104 com-
mon genes identified in this study may affect OSA and
lung cancer through mechanisms related to endothelial and
epithelial cell migration.

In this study, univariate and multivariate Cox regres-
sion algorithm analyses identified key shared genes.
MOAPI, CBX7, PDGFB, and MAP2K3 were identified
from these 104 genes. MOAP1 is a BH3-like protein that
plays a critical role in both the intrinsic and extrinsic

5390

Dove!

International Journal of General Medicine 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Wang et al

© o
o 7 ® Highrisk

o Low risk o
© ]

o 4
s e
OO
n
Xm
%5 |
n:O

N

o

&
- M
o o
0 50 100 150 200 250
Patients(increasing risk score)

o . * | e Aive

N . ® Dead
—~© | ‘ v : D
o= . .
© e .. . . . . .
g | .

2, . .

U . .
=1 . LN
D e et . . .
£ C . . L * . .
200 . . . . . .

o . c . LR et e M
2 e e N el .. e .
2] L, Tl toe
i Y . e it
~ . ~ o
° A REELARAI ¥
O A . .

0 20 40 60 8 110" 140" 170’
Patients(increasing risk score)

C

Kaplan-Meier Curve for Survival

Risk = risk=high & risk=low

1.00
075
B
z
3
2
<4
5 050
K
2
5
@
025
p=0.0039
0.00
0 5 10 15 2
time (years)
Number at risk
 risk=high{ 139 56 2 8 1
]
@ riskelow] 139 74 28 9 1
[ 5 10 15 2
time (years)

B

True positive rate

1.0

0.8

0.6

0.4

0.2

0.0

0 risk risk
T I | [

low

U]

IR
1 T T O T NV VO T I VAT
i gy

gender

T
0 i
-in

[l
o
n
NOAP1
gender
female
male
MAP2K3
PDGFB
ROC curve
|
1
’J'
A
—
T
-
.
.
|
o S |
J_r\
ey
/=
il
I
i
i
O
al
| —— 1 years (AUC=0570)
o
7 years (AUC=0.639)
10 years (AUC=0.658)
T T T T T T
0.0 0.2 04 06 0.8 10

False positive rate

Figure 6 The prognostic assessment of the signature in the GSE30219 dataset. (A) Survival status and survival duration of patients and heatmap of the four key prognostic
genes expression in patients with lung cancer. (B) The risk score distribution of patients with lung cancer in the GSE30219 dataset. (C) The Kaplan—Meier curve of the
overall survival between the high-risk and low-risk groups stratified by the median risk score in the GSE30219 dataset. (D) ROC analysis of the predictive efficiency of the

four-gene prognostic model on overall survival based on risk score.
Abbreviation: ROC, Receiver operating characteristic curve.
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less than 0.05 are considered significant.

modes of cell death or apoptosis.”? A study showed that it
could act as a tumor suppressor molecule by promoting the
apoptosis of tumor cells.”> In lung cancer, inhibiting the
expression of MOAPI by microRNA-25 enhanced the
proliferation of non-small cell lung cancer (NSCLC) and
suppressed apoptosis of NSCLC cells,”* which was con-
sistent with the protective role of MOAP1 found in our
study. CBX7 belongs to the polycomb group (PCG)
family, which participates in the formation of PCG com-
plex 1 to perform biological functions. The inhibitory
effect of CBX7 in lung cancer has been demonstrated in
some studies.”>*® Cacciola et al’’ and Pallante et al*®
reported that the lack of CBX7 expression in lung cancer
tissues was intensively associated with high-grade malig-
nant phenotypes and poor prognosis. Peng et al*’ found
that inhibiting CBX7 expression by microRNA-19
enhanced the proliferation of lung cancer cells. These
studies were also in accordance with the protective role
of CBX7 found in our study. PDGFB plays a vital part in
recruiting platelet-derived growth factor (PDGF) receptor

B—positive pericytes into blood vessels.’® One study has
shown that the formation of blood vessels and the progres-
sion and metastasis of lung cancer were positively asso-
ciated with PDGFB.*! A study on the biological
significance of endothelial cell-derived PDGFB on lung
cancer cells found that an increased migration trend of
A549 NSCLC cells was related to the use of vascular
endothelial growth factor (VEGF)-stimulated (PDGFB-

rich) conditioned medium.*?

Furthermore, numerous
researchers have determined that the expression of
PDGFB was strongly associated with lymph node metas-
tasis and tumor size, and it was a strong and independent
prognostic factor in NSCLC.*>*3** Together, this research is
consistent with our analysis.

A study of MAP2K3 in lung cancer found that abnor-
mal methylation was detected in lung cancer cell lines and
that MAP2K3 expression was upregulated in cancer com-
pared with nonmalignant lung tissues, which suggested
that MAP2K3 may be involved in tumorigenesis of lung

cancer.*® Functional tests showed that knocking down of
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MAP2K3 inhibited the proliferation and survival of lung
cancer cells,”® which was similar to our results. In short,
the predictive effects of MOAPI, CBX7, PDGFB, and
MAP2K3 identified in this study were consistent with
effects in previous studies, which suggest that these four
key genes deserve additional study in lung cancer.
Furthermore, a risk model and a nomogram were estab-
lished on the basis of these four key common genes. The
risk model and nomogram accurately predicted the overall
survival of patients with lung cancer and was validated in
another lung cancer data set, indicating that the risk model
and nomogram have potential clinical value.

To investigate the possible molecular mechanisms of
four key prognostic genes, patients with lung cancer were
divided into high-risk and low-risk groups according to
risk scores. Then, GSEA was performed to enrich biologi-
cal processes and signaling pathways in which the

differentially expressed genes between high-risk and low-
risk groups were involved. Among the top 10 KEGG
pathways, pathways in cancer and small cell lung cancer
were obviously related to the tumorigenesis and develop-
ment of lung cancer. In addition, BM, which was described
as in the top two of enriched GO terms, was intensively
associated with lung cancer.’” Investigations showed that
the histologic heterogeneity of lung adenocarcinoma was
partly related to the cancer cell-stromal interaction, espe-
cially through BM preservation or destruction.’®
Moreover, a study of NSCLC found that loss of BM
integrity was strongly related to NSCLC, and the loss of
BM integrity was associated with degradation of nidogen-
1, an essential component of the BM.*” Therefore, we
speculated that the four key prognostic genes may affect
the development of lung cancer through cancer and small
cell lung cancer signaling pathways and BM function.
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Figure 9 Gene set enrichment analysis between the high- and low-risk groups. (A) The top 10 Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways. (B) The top

10 Gene Ontology (GO) terms.

This study may help clarify the common pathogenesis
of lung cancer and OSA. Nevertheless, limitations exist.
First, this study was a retrospective analysis based on
existing databases. Therefore, a series of prospective stu-
dies is necessary to verify the bioinformatics results.

Second, we aimed to find a practical prognosis-predicting
model, but it remains rudimentary, so additional explora-
tion is needed. Third, though genes shared by OSA and
lung cancer were identified, the biological function of
these genes in lung cancer has not yet been fully clarified.
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Work to reveal the pathogenesis of these two discases at
the molecular level remains indispensable.

Conclusion

In this study, WGCNA was used to explore shared genes,
investigate the common mechanisms associated with lung
cancer and OSA, and evaluate the prognostic value of these
genes in patients with lung cancer. Four key common genes
were identified, and a risk model and nomogram were estab-
lished to predict the prognosis of patients with lung cancer
with relatively high accuracy. This study reveals the potential
molecular mechanisms of OSA in lung cancer for the first
time, providing some new guidance and ideas for additional
investigations of these two diseases.
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