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Objective. The purpose of the present study was to explore the biomarkers related to lung cancer based on the bioinformatics
method, which might be new targets for lung cancer treatment. Methods. GSE17681 and GSE18842 were obtained from the Gene
Expression Omnibus (GEO) database. The differentially expressed miRNAs (DEMs) and genes (DEGs) in lung cancer samples
were screened via the GEO2R online tool. DEMs were submitted to the mirDIP website to predict target genes. Gene Ontology
(GO) analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis were conducted via uploading DEGs to the
DAVID database. The protein-protein interaction network (PPI) of the DEGs was analyzed by STRING’s online tool. Then, the
PPI network was visualized using Cytoscape 3.8.0. Results. 46 DEMs were identified in GSE17681, and the website predicted that
there were 873 target genes of these DEMs. 1029 DEGs were identified in the GSE18842 chip. GO analysis suggested that the co-
DEGs participated in the canonical Wnt signaling pathway, regulation of the Wnt signaling pathway, a serine/threonine kinase
signaling pathway, the Wnt signaling pathway, and cell-cell signaling by Wnt. KEGG analysis results showed the co-DEGs of
GSE17681 and GSE18842 were related to the Hippo signaling pathway and adhesion molecules. In addition, six hub genes that
were related to lung cancer were identified as hub genes, including mTOR, NF1, CHD7, ETSI, IL-6, and COL1A1. Conclusions.
The present study identified six hub genes that were related to lung cancer, including mTOR, NF1, CHD7, ETS]1, IL-6, and
COL1A1, which might be a potential target for lung cancer.

1. Introduction

At present, the incidence rate and mortality of lung cancer
rank first in China [1], while non-small cell lung cancer
(NSCLCQ) is the most common type of lung cancer, ac-
counting for about 85% of them [2]. Adenocarcinoma and
squamous cell carcinoma are common pathological types of
NSCLC [3]. Because there are no obvious clinical symptoms
in the early stage, the vast majority of NSCLC patients have
entered the late stage at the time of diagnosis, and the 5-year
survival rate is about 15%. Radiotherapy, chemotherapy, and
surgery play a key role in the treatment of NSCLC, but 50%
of lung cancer patients die of tumor recurrence [4].
Therefore, it is very important to find biomarkers that can
accurately predict the prognosis of patients. Elucidating the

genetic changes related to the occurrence and development
of the disease at the molecular level will be conducive to the
diagnosis, treatment, and prognosis of the disease. At
present, the pathogenesis of NSCLC is still not clear, so
mining the genetic changes related to NSCLC from the
genome level will likely provide more molecular markers for
its diagnosis and prognosis.

MiRNA is a small noncoding RNA that can regulate gene
expression by targeting mRNA. It is closely related to cell
proliferation, differentiation, migration, and invasion and is
involved in tumor development. The development of high-
throughput technology provides abundant gene expression
profile data for the study of the pathogenesis of NSCLC [5].
Many scholars have conducted in-depth studies on the
pathogenesis of NSCLC at the gene level and found that
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FIGURE 1: Volcano plots of the DEGs in GSE17681 (a) and GSE18842 (b).

miRNA is related to the occurrence and progression of
NSCLC [6, 7]. In recent years, more and more researchers
have begun to study NSCLC-targeted new drug develop-
ment. However, most patients will develop resistance to
targeted drugs, resulting in poor efficacy for targeted drugs
[8]. Therefore, finding new therapeutic targets for NSCLC is
of great significance for improving the survival rate of
NSCLC patients. Although there are reports on the
screening of the DEGs in NSCLC, the results are also dif-
ferent due to the inconsistent number of samples in each
study and the influence of confounding factors such as
patient source, tumor stage, and grade.

Therefore, this study screened two NSCLC chip datasets
(GSE17681 and GSE18842) to find common DEGs, aiming
to provide data support for the precise treatment and
prognosis of NSCLC.

2. Material and Methods

The microarray data from Gene Expression Omnibus (GEO)
databases, GSE17681 and GSE18842 were utilized in this
study. The dataset GSE17681, which was the miRNA pro-
filing and based on the GPL570 platform, collected 17
NSCLC specimens and 19 normal tissues. The dataset
GSE18842 collected 46 NSCLC specimens and 45 normal
tissues, which were based on the GPL570 platform.

2.1. Identification of DEGs. Firstly, the GEO2R online tool
was utilized to screen the differentially expressed miRNAs
(DEMs) and genes between lung cancer samples and healthy
samples. The “GEOquery” and “limma” packages in R

software were utilized to analyze data tables. adj. P <0.05
and |logFC| >2 were set as the criteria for significant dif-
ferences. DEMs were submitted to the mirDIP website
(https://ophid.utoronto.ca/mirDIP/index.jsp#r) to predict
target genes. The intersection of the DEGs in GSE17681 and
GSE18842 was conducted to screen out the common DEGs.
The heatmap based on top 10 and bottom 10 DEGs were
created by the “pheatmap” package. A volcano map was
generated using the “ggplot2” package.

2.2. Functional and Pathway Enrichment Analyses. The bi-
ological information annotation database David (https://
david.ncifcrf.gov/) was used for Gene Ontology (GO)
analysis and Kyoto Encyclopedia of Genes and Genomes
(KEGG) analysis, including cell components, molecular
functions, biological processes, and signal pathways. The
“pheatmap” package of R software was used to visualize the
enrichment analysis results.

2.3. Protein-Protein Interaction Network (PPI) Network
Construction. The PPI network of the DEGs was analyzed
using STRING (https://cn.string-db.org/). Then, the visu-
alization of the PPI network was performed by Cytoscape
3.8.0, and the genes with a high level of connectivity with
surrounding genes were selected as hub genes.

3. Results

3.1. Identification of DEGs. The GSE17681 chip yielded 46
DEMs, of which 37 were upregulated and 9 were
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FIGURE 2: The heatmap plots of the top 10 genes. (a) GSE17681. (b) GSE18842.

downregulated (Figure 1(a)). The website predicted that
there were 873 target genes for these DEMs. 1029 DEGs were
obtained on the GSE18842 chip, of which 419 were upre-
gulated and 610 were downregulated (Figure 1(b)). Further
analysis showed that 84 common genes (35 upregulated
genes and 49 downregulated genes), which were named co-
DEGs, were differentially expressed in lung cancer in these
two-chip data. The top 10 and bottom 10 DEGs expressions
were visualized by a heatmap (Figure 2).

3.2. GO Annotation Analyses of DEGs. The DEGs of
GSE17681 participated in the regulation of mRNA metabolic
process, eye development, visual system development,
myeloid cell differentiation, sensory system development,
regulation of mRNA stability, mRNA catabolic process, and
regulation of mRNA splicing via spliceosome (Figure 3(a)).
The DEGs of GSE18842 participated in mitotic sister
chromatid segregation, sister chromatid segregation, and
nuclear chromosome segregation (Figure 3(b)). The co-
DEGs participated in the canonical Wnt signaling pathway,

regulation of the canonical Wnt signaling pathway, regu-
lation of the Wnt signaling pathway, the transmembrane
receptor protein serine/threonine kinase signaling pathway,
the Wnt signaling pathway, and cell-cell signaling by Wnt
(Figure 3(c)).

3.3. KEGG Pathway Enrichment Analyses of DEGs. The
DEGs of GSE17681 were related to the Wnt signaling
pathway, hepatocellular carcinoma, acute myeloid leukemia,
regulation of actin cytoskeleton, cellular senescence, path-
ways in cancer, the MAPK signaling pathway, gastric cancer,
colorectal cancer, and breast cancer (Figure 4(a)). The DEGs
of GSE18842 were related to protein digestion and ab-
sorption, progesterone-mediated oocyte maturation, PPAR
signaling pathway, African trypanosomiasis, p53 signaling
pathway, oocyte meiosis, malaria, lipid and atherosclerosis,
IL-17 signaling pathway, estrogen signaling pathway, cel-
lular senescence, cell cycle, arachidonic acid metabolism,
amoebiasis, and the AGE-RAGE signaling pathway in dia-
betic complications (Figure 4(b)). The co-DEGs of



Computational Intelligence and Neuroscience

regulation of mRNA metabolic i
process

eye development

visual system development

myeloid cell differentiation

sensory system development

regulation of mRNA stability

mRNA catabolic process

regulation of mRNA splicing |
via spliceosome

(=]
8]
—_
(=]

Count

—
5]

mitotic sister chromatid
segregation

sister chromatid segregation

nuclear chromosome segregation

mitotic nuclear division -

extracellular matrix
organization

extracellular structure
organization

external encapsulating
structure organization

chromosome segregation -

—~
o
=

(=]
5}
—_
(=]

Count

(®)

FiGgure 3: Continued.

—_
w

p-adjust

le-04
2e-04
3e-04
4e-04
5e-04

p-adjust
2e-06
3e-06
4e-06



Computational Intelligence and Neuroscience

cellular response to
transforming growth factor —
beta stimulus

response to transforming

growth factor beta 7

canonical Wnt signaling |
pathway

regulation of canonical Wnt |
signaling pathway

regulation of Wnt signaling |
pathway

transmembrane receptor
protein serine/threonine
kinase signaling pathway

Wnt signaling pathway

cell-cell signaling by wnt

p-adjust
2e-04
4e-04
6e-04
8e-04

o
w

(0

[=)}
o

Count

FIGURE 3: Gene Ontology (GO) analyses of the DEGs of GSE17681 (a), GSE18842 (b), and the co-DEGs (c).

GSE17681 and GSE18842 were related to the Hippo sig-
naling pathway and adhesion molecules (Figure 4(c)).

3.4. PPI Network and Hub Genes. To identify the hub genes
relevant to lung cancer, DEGs were uploaded to the STRING
website to create a PPI network, and the visualization results
are shown in Figure 5. Six hub genes were screened in re-
lation to lung cancer, including mTOR, NF1, CHD7, ETSI,
IL-6, and COL1Al.

4. Discussion

Over the years, although NSCLC treatment has been con-
tinuously improved, its 5-year survival rate has remained
very low, at only 16% [9], mainly because its pathogenesis
remains unclear. Lung cancer is a complex disease, and its
occurrence may be a combination of polygenic and multi-
pathway roles [10]. Therefore, finding key genes for lung
carcinogenesis from the perspective of tumor genome-wide
alterations may be an effective way to study the pathogenesis
of lung cancer. With the rapid development of biological
information technology, the application of high-throughput
technologies such as microarray and whole genome se-
quencing to mine key genes in the process of disease oc-
currence and progression has brought new methods for
exploring the molecular pathogenesis of the disease, im-
proving clinical diagnosis, and targeting therapy [11]. At
present, there are few studies on the pathogenesis and related
molecular markers of NSCLC at home and abroad, which
limits the timely diagnosis and treatment of NSCLC in
clinical practice.

In this study, 46 DEMs (37 upregulated and 9 down-
regulated) were screened on the GSE17681 chip. The website

predicted that there were 873 target genes for these DEMs.
1029 DEGs (419 upregulated and 610 downregulated) were
screened on the GSE18842 chip. GO analysis results showed
that the co-DEGs participated in the canonical Wnt sig-
naling pathway, regulation of the canonical Wnt signaling
pathway, the transmembrane receptor protein serine/thre-
onine kinase signaling pathway, the Wnt signaling pathway,
and cell-cell signaling by Wnt. KEGG analysis results
showed the co-DEGs of GSE17681 and GSE18842 were
related to the Hippo signaling pathway and adhesion
molecules. Further verification found that six hub genes
were screened in relation to lung cancer, including mTOR,
NF1, CHD7, ETS1, IL-6, and COL1A1l.

The activation of the mTOR signaling pathway is in-
volved in the occurrence and development of human tumors
and promotes the occurrence of tumors through a variety of
mechanisms. The activation of various components in the
mTOR signaling pathway is also a poor prognostic factor for
many tumors. Inhibition of the mTOR signaling pathway
can reverse drug resistance and improve the effect of che-
motherapy and radiotherapy in vivo and in vitro [12].
MTOR was upregulated in numerous tumors, such as
ovarian cancer, breast cancer, lung cancer, and so on [13].
The MTOR gene showed genome amplification in lung
cancer and preinvasion bronchopathy, suggesting that the
mTOR pathway was associated with the development of
lung cancer [14]. The protein encoded by NF1 is associated
with cell growth and differentiation. The NF1 gene is a tumor
suppressor gene, and its encoded neurofibroma protein is a
Ras GTP enzyme activator protein (RAS gap) [15]. Neu-
rofibromatosis protein is functionally and structurally ho-
mologous to p120RasGAP. Gap proteins can terminate the
Ras-mediated signal transduction pathway by activating the
Ras-activated GTP binding form into an inactive GDP
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FiGUure 4: KEGG analyses of the DEGs of GSE17681 (a), GSE18842 (b), and the co-DEGs (c).
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binding form. Therefore, the tumor suppressive function of
NF1 is considered to be mainly dependent on its down-
regulation of the proto-oncogene RAS.

CHD7 is a member of the chromatin helicase DNA
binding protein family. Its biological functions are mostly
related to human congenital malformations [16], and it is
abnormally expressed and activated in a variety of tumors
such as SCLC and pancreatic cancer, regulating tumor cell
proliferation, invasion, and other functions [17, 18].
Pleasance et al. found that CHD7 rearranged in NSCLC,
which was relevant to abnormal cell damage repair, and
played a certain role in promoting the progress of lung
cancer [17]. ETS-1 is a proto-oncogene, which is positive in
many tumors [19]. The ETS-1 gene is involved in cell growth
and extracellular matrix invasion, which can promote tumor
invasion and metastasis [20]. ETS-1 coding products con-
stitute a large family of transcription regulators that par-
ticipate in cell migration and apoptosis, angiogenesis, and
organogenesis. ETS-1 is generally highly expressed in many
malignant tumors. ETS-1 can also regulate some ECM target

genes, including matrix proteins and other cell components
involved in cell-matrix reactions [21]. When the expression
of endogenous ETS-1 is inhibited, the expression of matrix-
related proteins MMP-1 and MMP-2 is downregulated at the
RNA level.

IL-6 is also a downstream effector of the oncogene RAS,
which affects the immune regulation and hematopoietic
regulation of the body [22] and promotes the differentiation
and proliferation of Tand B lymphocytes by activating target
genes, so as to enhance the activity of neutrophils and
monocytes and enhance the inflammatory response of local
tissues. COL1A1 can form collagen fibers; as an effective
component of bone marrow, it is also involved in the
proliferation, metastasis, and angiogenesis of a variety of
tumor cells [23]. Type I collagen gene deficiency can pro-
mote the metastasis of breast cancer cells. Want3a/B-Mrtf-a
silencing in the catenin pathway can reduce the binding of
acetylated histone H3K9 and RNA polymerase on the
COLI1A1 promoter and reduce the expression of COL1A1l,
while the transcription factor Osterix can directly bind to the
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COL1A1 promoter and upregulate the expression of
COLI1ALI [24]. COL1A1 was reported to be involved in the
differentiation and metastasis of human bladder cancer [25].
Liu et al. reported that COL1A1 can mediate the metastasis
of breast cancer, which might become the potential target for
breast cancer [23].

In conclusion, the present study screened 46 DEMs in
GSE17681 and 1029 DEGs in GSE18842 and identified six
hub genes related to lung cancer, including mTOR, NF1,
CHD?7, ETS], IL-6, and COL1A1, which might be potential
targets for lung cancer. This study used bioinformatics to
find the key to lung cancer, provided important potential
targets for early diagnosis and prognosis of lung cancer, and
formulated new diagnosis and treatment strategies for pa-
tients. However, the limitation of this study lies in the lack of
experimental evidence for the key genes screened. The next
line of research can continue to explore the impact of these
key genes on lung cancer in vivo and in vitro experiments.

Data Availability

The data used to support the findings of this study are
available upon reasonable request from the corresponding
author.
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