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Abstract. Lung adenocarcinoma accounts for a high propor-
tion of lung cancers. Though efforts have been made to develop 
new and effective treatments for this disease, the mortality rate 
remains high. Gene expression microarrays facilitate the study 
of lung cancer at the molecular level. The present study aimed to 
detect differentially expressed protein‑coding genes to identify 
novel biomarkers and therapeutic targets for lung adenocarci-
noma. Aberrations in gene expression in lung adenocarcinoma 
were determined by analysis of mRNA microarray datasets 
from the Gene Expression Omnibus database. Gene Ontology 
(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway analysis, protein‑protein interaction (PPI) networks 
and statistical analysis were used to identify the biological 
functions of the differentially expressed genes (DEGs). The 
results of the bioinformatics analysis were subsequently vali-
dated using reverse transcription‑quantitative PCR. A total of 
303 DEGs were identified in lung adenocarcinomas, and they 
were enriched in a number of cancer‑associated GO terms and 
KEGG pathways. DNA topoisomerase 2α (TOP2A), cell divi-
sion cycle protein homolog 20 (CDC20), mitotic checkpoint 
serine/threonine protein kinase BUB1 (BUB1) and mitotic 
spindle assembly checkpoint protein MAD2A (MAD2L1) 
exhibited the highest degree of interaction in the PPI network. 
Survival analysis performed using Kaplan‑Meier curves 

and Cox regression indicated that these four genes were all 
significantly associated with the survival of patients with lung 
adenocarcinomas. In conclusion, TOP2A, CDC20, BUB1 and 
MAD2L1 may be key protein‑coding genes that may serve as 
biomarkers and therapeutic targets in lung adenocarcinomas.

Introduction

Lung cancer presents a major health threat to men and women 
worldwide (1). The mortality rate of lung cancer is the highest 
among all human malignancies. Patients generally present 
at an advanced stage at initial diagnosis and their estimated 
five‑year survival rate is 10‑20% (2,3). Lung adenocarcinoma, 
which is a typical form of non‑small cell lung cancer (NSCLC), 
accounts for a high proportion of lung cancer cases, and the 
majority of primary pulmonary adenocarcinomas are highly 
heterogeneous (4). Although new management strategies for 
NSCLC, including chemotherapy and targeted therapy, have 
been developed (5), the prognosis of affected patients remains 
poor (6). 

Gene expression microarrays facilitate the identification 
of differentially expressed genes (DEGs) between normal 
and tumor tissues. These genes may be promising biomarkers 
and/or therapeutic targets for the diagnosis and treatment of 
cancer (7). However, critical molecular targets for lung adeno-
carcinomas have yet to be identified. 

With the aim of improving the diagnosis and treatment 
of lung adenocarcinomas, in the present study, data mining 
of the public Gene Expression Omnibus (GEO) database and 
bioinformatics analysis was performed to identify differen-
tially expressed protein‑coding genes between lung cancer 
and normal tissue samples. The DEGs were assessed using 
Gene Ontology (GO) functional enrichment analysis and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 
enrichment analysis to identify their biological functions. A 
protein‑protein interaction (PPI) network of the DEGs was 
also constructed to identify hub genes. The results indicated 
that DNA topoisomerase 2α (TOP2A), cell division cycle 
protein 20 homolog (CDC20), mitotic checkpoint serine/threo-
nine kinase BUB1 (BUB1) and mitotic spindle assembly 
checkpoint MAD2A (MAD2L1) may be potential biomarkers 
and therapeutic targets in lung adenocarcinomas. In addition, 
reverse transcription‑quantitative PCR (RT‑qPCR) analysis of 
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the key genes identified in 2 patient samples was used to verify 
the results of the bioinformatics analysis.

Materials and methods

Bioinformatics prediction. The microarray dataset GSE27262, 
including 25 normal tissue samples and 25 lung adenocarci-
noma tissue samples, was obtained from the GEO database 
(http://www.ncbi.nlm.nih.gov/geo) (8‑11). The GPL570 plat-
form (Affymetrix; Thermo Fisher Scientific, Inc.) was used to 
analyze the microarray data. The platform was an Affymetrix 
Human Genome U133 Plus 2.0 Array. The annotation file was 
also acquired. 

Statistical computing and graphical representation were 
performed using R software version 3.3.3 (The R Project 
for Statistical Computing; The R Foundation). The R linear 
models for microarray data (limma) package was used to 
accomplish all of the data processing. After background 
subtraction and normalization using robust multi‑chip aver-
aging, the samples from the GEO dataset were divided into 
two groups: A disease group (25 tumor tissues) and a control 
group (25 tumor‑adjacent tissues). The limma algorithm was 
used for differential analysis in disease. The criteria to classify 
a gene as a DEG were a log fold change >2 and a significance 
of P<0.05 between tumor adjacent tissue samples and tumor 
samples.

Co‑expression network. The PPI network was established using 
the Search Tool for the Retrieval of Interacting Genes/proteins 
(STRING; version 11.0; https://string‑db.org) and Cytoscape 
software (version 3.6.1; www.cytoscape.org; The Cytoscape 
Consortium). Hub genes were identified from the PPIs 
between differentially expressed protein‑coding genes and 
the edge lengths between nodes from these hub genes were 
subsequently obtained.

Functional enrichment and pathway analysis. DEG enriched 
GO terms and KEGG pathways were determined to identify 
their biological function based on the Database for Annotation, 
Visualization and Integrated Discovery (DAVID; version 6.8; 
https://david.ncifcrf.gov).

Survival analysis. Kaplan‑Meier curve and Cox regression 
analyses were performed to identify the prognostic value of the 
key DEGs. The patients from the dataset were divided into pairs 
of subgroups, namely the ‘high expression group’ and the ‘low 
expression group’, prior to performing the survival analysis. 
The Oncomine database (version 4.5; https://www.oncomine.
org) and Kaplan‑Meier Plotter database (www.kmplot.com) 
were used to perform the survival analyses (12,13). Student's 
t‑test was used to examine the statistical significance between 
2 groups. P<0.05 was considered a statistically significant 
difference. The Oncomine and Human Protein Atlas (HPA) 
databases (version 19; http://www.proteinatlas.org) are free 
open‑access databases (14), which were used to validate the 
expression of TOP2A and BUB1 at the protein level in lung 
adenocarcinoma tissues.

Verification of bioinformatics in patient samples. Paired lung 
cancer tissues and adjacent normal tissues were collected in 

January 2018 from two patients with lung cancer, 1 male (age, 
64; BMI, 18.9; no smoking history) and 1 female (age, 74; BMI, 
19.9; no smoking history), that were treated at the Affiliated 
Hospital of Qingdao University (Qingdao, China). The patients 
included in the study were lung adenocarcinoma patients who 
had received surgical treatment for lung adenocarcinoma. To 
confirm the results of the present bioinformatics analysis the 
expression levels of TOP2A, CDC20, BUB1 and MAD2L1 
in tumor tissues of two lung adenocarcinoma patients were 
quantified using RT‑qPCR. Specimens were frozen in liquid 
nitrogen immediately after resection and stored at ‑80˚C. Total 
RNA was extracted using NcmZol reagent (NCM Biotech), 
according to the manufacturer's protocol. A FastQuant RT 
kit (with gDNase; Tiangen Biotech Co., Ltd.) was used to 
reverse transcribe total RNA to cDNA; the temperature of 
the RT process was 42˚C. qPCR was performed in an ABI 
StepOnePlus Thermocycler (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) using a SYBR Green PCR kit (Qiagen 
GmbH). The primer sequences are listed in Table  I. The 
following thermocycling conditions were used for the qPCR: 
Initial denaturation temperature is 95˚C for 15 min; 40 cycles 
of 95˚C for 10 sec, 55˚C for 30 sec and 72˚C for 30 sec. All 
of the analyses were performed in triplicate and the relative 
expression levels were calculated based on the comparative 
2‑ΔΔCq method (15). 

Statistical analysis. Statistical analysis for comparison between 
the tumor group and the control group was performed using 
unpaired Student' t‑test. The fold change >2 and P<0.05 were 
considered to indicate a statistically significant difference. 
Student's t‑test was also used to examine the statistical signifi-
cance of survival analysis and the identification of hub genes. 
P<0.05 was considered to indicate a statistically significant 
difference. The expression of TOP2A and BUB1 in different 
stages of lung cancer was analyzed using an F‑test. F test was 
performed as part of an ANOVA. Student‑Newman‑Keuls was 
used as a post hoc test after ANOVA.

Table I. Primer sequences of β‑actin, TOP2A, BUB1, CDC20 
and MAD2L1 used for reverse transcription‑quantitative PCR.

Gene 	 Primer sequence (5'→3')

β‑actin	 F: AAGAGAGGCATCCTGACCCT
	 R: TACATGGCTGGGGTGTTGAA
TOP2A	 F: ACCATTGCAGCCTGTAAATGA
	 R: GGGCGGAGCAAAATATGTTCC
BUB1	 F: AGCCCAGACAGTAACAGACTC
	 R: GTTGGCAACCTTATGTGTTTCAC
CDC20	 F: GCTTTGAACCTGAACGGTTTTG
	 R: TCTGGCGCATTTTGTGGTTTT
MAD2L1	 F: GGACTCACCTTGCTTGTAACTAC
	 R: GATCACTGAACGGATTTCATCCT

BUB1, mitotic checkpoint serine/threonine protein kinase BUB1; 
CDC20, cell division cycle protein 20 homolog; F, forward; 
MAD2L1, mitotic spindle assembly checkpoint protein MAD2A; 
TOP2A, topoisomerase 2α; R, reverse.
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Results

Identification of DEGs and bioinformatics analysis. In the 
present database study, a total of 303 DEGs were identified 
in lung adenocarcinomas, including 247 downregulated 
(Table SI) and 56 upregulated DEGs (Table SII). The results 
of KEGG analysis indicated that these DEGs were enriched 
in numerous cancer‑associated biological pathways, including 
epithelial‑to‑mesenchymal transition and G protein‑coupled 
receptor (GPCR) ligand binding (Fig. 1). The GO analyses 
indicated that the DEGs were enriched in numerous 
cancer‑associated terms in the category biological process, 
including signal transduction, cell communication and cell 
growth and/or maintenance (Fig. 2A). GO enrichment analysis 
in the category cellular component indicated that the DEGs 
are concentrated in the plasma membrane, and are integral to 
the plasma membrane and extracellular matrix (Fig. 2B). In 
addition, the DEGs were enriched in various cancer‑associated 
GO terms in the category molecular function, including cell 
adhesion molecule activity and receptor activity (Fig. 2C).

TOP2A, CDC20, BUB1 and MAD2L1 are significant hub 
genes in lung adenocarcinoma. To identify the critical hub 
genes in lung adenocarcinoma, a PPI network was generated 
for all 303 DEGs (Fig. 3). Among the 303 DEGs, TOP2A, 
CDC20, BUB1 and MAD2L1 were identified to have the 
highest degree of interaction and were considered to be hub 
genes. In the present study, Kaplan‑Meier curve and Cox 
regression analyses were performed to determine the prog-
nostic value of the four hub genes identified from the PPI. The 
results indicated that TOP2A, CDC20, BUB1 and MAD2L1 

were all significantly associated with the survival of patients 
with lung adenocarcinomas (hazard ratios: 1.55, 1.82, 1.83 
and 2.23, respectively) and were also highly expressed in lung 
adenocarcinoma tissue (Fig. 4). Therefore, these four DEGs 
may be potential biomarkers to predict the survival of lung 
adenocarcinoma patients. In addition, TOP2A and BUB1 were 
identified to be highly expressed in lung adenocarcinoma 
tissues in patient samples from the Affiliated Hospital of 
Qingdao University (Fig. 5). The expression of TOP2A and 
BUB1 in different stages of lung cancer is presented in Fig. 6. 
The Oncomine and HPA databases were used to analyze the 
validation of the expression of TOP2A and BUB1 at the protein 
level in lung adenocarcinoma tissues. The analysis results are 
presented in Fig. 7. 

Subsequent verification based on RT‑qPCR. RT‑qPCR was 
performed to experimentally confirm the expression of TOP2A, 
CDC20, BUB1 and MAD2L1 in tumor tissues of patients with 
lung adenocarcinoma, in order to verify the results of the present 
bioinformatic analysis. As presented in Fig.  8, the mRNA 
expression of TOP2A, BUB1, CDC20 and MAD2L1 in lung 
adenocarcinoma samples was significantly increased compared 
with that in non‑tumor tissues (all, P<0.05). 

Discussion

Despite advances in chemotherapy and targeted therapies for 
NSCLC, lung adenocarcinoma remains a threat to human 
life (16). The purpose of the present study was to identify 
reliable biomarkers in lung adenocarcinomas to improve the 
diagnosis and predicted survival of patients and to provide 

Figure 1. Top seven Kyoto Encyclopedia of Genes and Genomes pathways enriched by the differentially expressed protein‑coding genes in lung adenocarci-
noma. eNOS, nitric oxide synthase 3; NOSTRIN, nitric oxide synthase trafficking; GPCR, G protein‑coupled receptor.
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novel therapeutic targets. The gene expression profiles 
between lung cancer and normal tissues (25 pairs) from a GEO 
dataset were compared and 303 DEGs in lung NSCLC tissues 
were identified; however, due to the number of samples in the 
microarray dataset analyzed being limited to 25 pairs, future 
studies should use a larger number of samples to verify the 
findings of the present study. GO and KEGG pathway analyses 
may be used to identify the biological functions of DEGs (17). 

The KEGG analysis performed in the present study indicated 
that the DEGs were enriched in a number of cancer‑associated 
pathways, including epithelial‑to‑mesenchymal transition 
and GPCR ligand binding. Furthermore, the GO enrichment 
analysis in the category cellular component indicated that the 
DEGs were concentrated in or/and are integral to the plasma 
membrane or extracellular matrix. In the category biological 
process, the DEGs were enriched in GO terms including signal 

Figure 2. Gene Ontology terms enriched by the differentially expressed protein‑coding genes in lung adenocarcinoma in the categories (A) biological process, 
(B) cellular component and (C) molecular function.
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Figure 3. Protein‑protein interaction network for differentially expressed protein‑coding genes in lung adenocarcinoma generated using the Search Tool for 
the Retrieval of Interacting Genes/proteins and Cytoscape software. Proteins with a high degree of interaction (indicated in red) were considered key genes, 
including TOP2A, CDC20, BUB1 and MAD2L1. BUB1, mitotic checkpoint serine/threonine protein kinase BUB1; TOP2A, DNA topoisomerase 2α; CDC20, 
cell division cycle protein homolog 20; MAD2L1, mitotic spindle assembly checkpoint protein MAD2A.

Figure 4. Influence of high/low expression of key genes on overall survival. (A) TOP2A, (B) BUB1, (C) CDC20 and (D) MAD2L1 are significantly associated 
with overall survival in patients with lung adenocarcinoma, as indicated by Kaplan‑Meier curves and the log‑rank test. TOP2A, DNA topoisomerase 2α; 
BUB1, mitotic checkpoint serine/threonine protein kinase BUB1; CDC20, cell division cycle protein homolog 20; MAD2L1, mitotic spindle assembly check-
point protein MAD2A; HR, hazard ratio.
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Figure 6. Expression of (A) TOP2A and (B) mitotic checkpoint serine/threo-
nine protein kinase BUB1 in different stages of lung cancer. TOP2A, DNA 
topoisomerase 2α.

Figure 5. (A) DNA topoisomerase 2α and (B) mitotic checkpoint serine/threonine protein kinase BUB1 were identified to be overexpressed in LUAD tissues. 
Red corresponds to the tumor group and gray corresponds to the normal group. *P<0.05. LUAD, lung adenocarcinoma; T, tumor tissues; N, normal lung tissues.

Figure 7. Validation of the protein expression levels of (A)  DNA 
topoisomerase 2α and (B) mitotic checkpoint serine/threonine protein kinase 
BUB1 in lung adenocarcinoma tissues using the Oncomine and HPA databases.
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transduction, cell communication, and cell growth and/or 
maintenance, and in the category molecular function, they 
were enriched in terms including adhesion molecule activity 
and receptor activity. A PPI network was generated to deter-
mine the critical hub genes and provide valuable information 
for the analysis of cellular functions and biological processes. 
TOP2A, CDC20, BUB1 and MAD2L1 displayed a high 
degree of interaction in the PPI network and were considered 
as hub genes. Survival analysis also indicated that these four 
key genes were highly expressed in lung cancer and that their 
expression was significantly associated with overall survival. 
Information, including the TNM stage, performance status 
scores and the degree of tumor histological differentiation for 
the patients was not included in the dataset used to perform 
survival analysis, which is a limitation of the present study. 
Taken together, the results of the KEGG, GO and survival 
analyses demonstrated that TOP2A, CDC20, BUB1 and 
MAD2L1 are significantly associated with lung adenocarci-
nomas and may potentially serve as effective biomarkers and 
therapeutic targets in this malignancy. 

TOP2A is a highly evolutionarily conserved enzyme with 
serves an important role in centromere biology (18). Previous 
studies have indicated that TOP2A promotes tumor develop-
ment and progression and may be used as an early prognostic 
marker in numerous types of cancer, particularly in breast 
cancer and ovarian cancer (19,20). TOP2A protein has been 
considered as a marker that is associated with increased tumor 
grade, since it is highly expressed in proliferating cells (21). 
Topoisomerase‑targeting anti‑cancer drugs have been 
successfully used in the clinic, and their efficacy is based on 
topoisomerase poisoning (22). Recently, it has been reported 
that abnormal alterations and modifications of TOP2A may be 
critical to chromosome instability in some cancer types (23). 

Another recent study indicated that miR‑139 targets TOP2A 
and that defective miR‑139 expression induces increased 
expression of TOP2A, and the increased TOP2A then promotes 
the transcription of EMT‑associated genes through activating 
the β‑catenin signaling pathway in cancer (24). 

BUB1 is a serine/threonine kinase protein that is 
associated with kinase function and the spindle assembly 
checkpoint  (25,26). During mitosis and cell proliferation, 
BUB1 is highly expressed. BUB1 is able to phosphorylate 
CDC20 in a number of different ways. In early mitosis, BUB1 
accumulates at unattached kinetochores to promote the recruit-
ment of core mitotic checkpoint components, including mitotic 
spindle assembly checkpoint MAD1, mitotic spindle assembly 
checkpoint MAD2A, mitotic checkpoint serine/threonine 
kinase BUB1β, mitotic checkpoint protein BUB3 and centro-
mere protein E, which leads to inhibition of CDC20 (27). It has 
been reported that the expression of BUB1 may be a promising 
prognostic biomarker in a number of different cancer types, 
including gastric adenocarcinoma, breast cancer and ovarian 
cancer (20,28,29). 

CDC20 is encoded by the CDC20 gene and serves an 
essential role in the regulation of cell division (30). The most 
important function of CDC20 is thought to be the activation 
of a master cell cycle regulator called the anaphase promoting 
complex/cyclosome (APC/C) by APC/C E3 ubiquitin 
ligase  (31,32). Depletion of CDC20 has been indicated to 
enhance the cytotoxicity of paclitaxel, indicating that CDC20 
is a potential marker that is associated with cancer  (33). 
CDC20 has been reported to be overexpressed in numerous 
human cancer cell lines and carcinoma tissue types (34,35). 
Previous studies have also indicated that high CDC20 expres-
sion is associated with poor prognosis in multiple types of 
cancer (36‑38). Gene expression profiling studies have iden-

Figure 8. (A) TOP2A, (B) BUB1, (C) CDC20 and (D) MAD2L1 were confirmed to be significantly upregulated in lung cancer tissues compared to normal 
tissues based on reverse transcription‑quantitative PCR analysis. *P<0.05, **P<0.01, ***P<0.001 vs. normal group. TOP2A, DNA topoisomerase 2α; BUB1, 
mitotic checkpoint serine/threonine protein kinase BUB1; CDC20, cell division cycle protein homolog 20; MAD2L1, mitotic spindle assembly checkpoint 
protein MAD2A.
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tified CDC20 as an important gene that is associated with 
numerous types of cancer (39,40). This evidence indicates that 
CDC20 may be utilized as an effective potential biomarker 
and therapeutic target in cancer. 

MAD2L1 protein is a component of the mitotic spindle 
assembly checkpoint and inhibits the onset of the anaphase 
by sequestering CDC20 until all chromosomes are aligned at 
the metaphase plate (41). It has been reported that MAD2L1 
is highly expressed in patients with lung cancer  (42), and 
furthermore, MAD2L1 may have the potential to be used as a 
diagnostic marker and therapeutic target in breast cancer (41). In 
addition, high intratumoral MAD2L1 levels may lead to reduced 
recurrence‑free survival rates of patients with cancer (41). 

In the present study, a total of 56 upregulated genes and 247 
downregulated genes among a total of 303 DEGs were identi-
fied using bioinformatics analysis. TOP2A, CDC20, BUB1 and 
MAD2L1 were indicated to be significantly associated with 
survival of patients with lung adenocarcinoma and may serve 
as potential prognostic biomarkers for these patients; however, 
whether they can accurately predict patient prognosis requires 
further research because there are many other factors that can 
influence survival rates of patients with cancer, including age 
and comorbidity  (43). The results of the present study may 
provide valuable indications for further studies on lung cancers. 
The absence of cell line‑based analysis to confirm the biological 
implication of altered expression of these genes is a limitation 
of the present study. The absence of western blot to measure the 
protein expressions of these genes and immunohistochemistry 
to observe the expressions of these genes is also a limitation. 
TOP2A and BUB1 were more significantly upregulated than 
CDC20 and MAD2L1 in lung adenocarcinoma, according to 
the results of RT‑qPCR, so only the results of TOP2A and BUB1 
were investigated in further experiments. The absence of further 
data on CDC20 and MAD2L1 is an additional limitation of the 
current study. The absence of data on the expression of these 
genes in normal tissues and the expression of phospho‑CDC20 
are also limitations of the present study. In the present study, 
the relationship between the four identified hub genes and lung 
adenocarcinoma was validated using RT‑qPCR. 

The present study may use the same bioinformatics 
analysis tools as other microarray papers studying lung 
adenocarcinoma, but the present study has focused on datasets 
that have not, to the best of our knowledge, been analyzed 
previously in this way and led to the identification of unique 
DEGs. Analysis of further datasets may lead us to different 
conclusions. As the EGFR‑mutation in lung cancer may be 
a discrete entity, the relationship between these four genes 
and the EGFR mutation should be a focus of future study. In 
addition, the expression levels of a number of genes in lung 
adenocarcinoma and non‑lung adenocarcinoma NSCLC are 
different; for example, the gene expression of thymidylate 
synthase and excision repair cross complementing 1 in lung 
adenocarcinoma patients are significantly higher compared 
with patients with non‑adenocarcinoma NSCLC (44). The 
data for bioinformatics analysis in the present study is from 
patients with lung adenocarcinoma and only four DEGs in 
patients with lung adenocarcinoma were detected; however, 
there may be differences between lung adenocarcinoma and 
non‑adenocarcinoma NSCLC regarding the importance of 
these four DEGs. Thus, the present study is limited because 

it lacks a comparison of the expression of these four DEGs 
between lung adenocarcinoma and non‑lung adenocarcinoma 
NSCLC. Because there are only two samples, the experimental 
results may be contingent, which is another limitation of the 
present study. Finally, the Oncomine and HPA database did 
not provide control samples of TOP2A and BUB1 expression 
levels, which is another limitation of the present study.

In conclusion, TOP2A, CDC20, BUB1 and MAD2L1 may 
be used as biomarkers and therapeutic targets in patients with 
lung adenocarcinoma.
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