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Abstract
Lung cancer is the world’s most common malignancies and ranks first among all cancer-related deaths. Lung adenocarcinoma
(LUAD) is the most frequent histological type in lung cancer. Its pathogenesis has not yet been fully elucidated, so it is of great
significance to explore related genes for elucidating the molecular mechanism involved in occurrence and development of LUAD.
To explore the crucial genes associated with LUAD development and progression, microarray datasets GSE7670, GSE10072,

and GSE31547 were acquired from the Gene Expression Omnibus (GEO) database. R language Limma package was adopted to
screen the differentially expressed genes (DEGs). The clusterProfiler package was used for enrichment analysis and annotation of the
Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genome (KEGG) pathways for DEGs. The Search Tool for the Retrieval of
Interacting Genes database (STRING) was used to construct the protein interaction network for DEGs, while Cytoscapewas adopted
to visualize it. The functional module was screened with Cytoscape’s MCODE (The Molecular Complex Detection) plugin. The crucial
genes associated with LUAD were identified by cytoHubba plugin. Kaplan–Meier plotter online tool was used to perform survival
analysis of the hub gene.
Three hundred twenty-one DEGs in total were screened, of which 105 were upregulated and 216 were downregulated. It was

found that someGO terms and pathways (e.g., collagen trimer, extracellular structure organization, heparin binding, complement and
coagulation cascades, malaria, protein digestion and absorption, and PPAR signaling pathway) were considerably enriched in DEGs.
UBE2C, TOP2A, RRM2, CDC20, CCNB2, KIAA0101, BUB1B, TPX2, PRC1, and CDK1 were identified as crucial genes. Survival
analysis showed that the overexpression of UBE2C, TOP2A, RRM2, CDC20, CCNB2, KIAA0101, BUB1B, TPX2, and PRC1
significantly reduced the overall survival of LUAD patients. One of the crucial genes: UBE2C was validated by immunohistochemistry
to be upregulated in LUAD tissues.
This study screened out potential biomarkers of LUAD, providing a theoretical basis for elucidating the pathogenesis and

evaluating the prognosis of LUAD.

Abbreviations: BPs = biologic processes, BUB1B = Serine/Threonine Kinase B, CCNB2 = Cyclin B2, CCs = cellular
components, CDC20 = Cell Division Cycle 20, CDK1 = Cyclin Dependent Kinase 1, DEGs = differentially expressed genes, GEO =
gene expression omnibus, GO = gene ontology, KEGG = Kyoto Encyclopedia of Genes and Genome, KIAA0101 = proliferating cell
nuclear antigen (PCNA)-associated factor, LUAD = lung adenocarcinoma, MCODE = The Molecular Complex Detection, MFs =
molecule functions, PPI = protein–protein interaction, PRC1 = Protein Regulator Of Cytokinesis 1, RRM2 = Ribonucleotide
Reductase Regulatory Subunit M2, STRING = Search Tool for the Retrieval of Interacting Genes, TOP2A = DNA Topoisomerase II
Alpha, TPX2 = targeting protein for Xklp2, UBE2C = Ubiquitin Conjugating Enzyme E2 C.
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1. Introduction

Lung cancer, with increasing morbidity and mortality, is the
world’s most frequently occurred malignant tumor that endanger
people’s health. On the basis of the findings of the World Health
Organization (WHO), lung cancer morbidity and mortality are
ranked first.[1] In 2018, 2.09 million people worldwide suffered
from lung cancer (11.6% of the world’s total cancer), and the
number of deaths was 1.76 million (18.4% of the total cancer
among the world). Lung cancer is divided into 2 kinds, that is,
nonsmall cell lung cancer (NSCLC) and small cell lung cancer,
accounting for 85% and 15% of lung cancer, respectively.
NSCLC includes 3 histological types, including adenocarcinoma,
large cell carcinoma, and squamous cell carcinoma. In many
countries, adenocarcinoma has outnumbered squamous cell
carcinoma as the most frequently occurred kind of lung cancer
tissue. The occurrence and development of lung adenocarcinoma
(LUAD) is a complex process involving the abnormal expression
and genetic variation of multiple genes. BCL-2 stimulates the
growth and progression of LUAD by inhibiting apoptosis.[2]
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Exon 21 L858R point mutation and exon 19 deletion are the most
common type of EGFRmutations, which induce cell proliferation,
inhibit apoptosis, and promote angiogenesis and tumor metasta-
sis.[3] High expression of MACC1, KIF2A, and SR-B1 is
closely related to progression and adverse prognosis of LUAD
patients.[4–6] However, the molecular mechanism of the develop-
ment of LUAD is still far from being proven, and it is difficult to
implement effective early diagnosis and treatment. Therefore, it is
of great significance to elucidate the molecular mechanisms
involved in the occurrence and progression of LUAD.
Microarray technology has undergone rapid development

during the last decades. Gene expression microarrays are
powerful tools for studying the differential expression of genes
related to the carcinogenesis and progression of LUAD. Many
studies of LUAD integrate cross-platform gene expression
data.[7,8] As cross-platform gene chips are constructed using
different standards, the conclusions drawn from those studies will
also reduce the reliability. In this study, differentially expressed
genes (DEGs) in LUAD and adjacent tissues were identified using
R software package, while LUAD gene expression data from the
same platform were taken from the database called Gene
Expression Omnibus (GEO). The function of DEGs was analyzed
by Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG). Searching Tool for the Retrieval of Interacting
Genes (STRING; https://string-db.org) was utilized to establish
the Protein-Protein interaction (PPI) network. The cytoHubba
plugin identified 10 hub genes associated with LUAD. The
Kaplan–Meier survival curve reveals the hub genes’ prognostic
value for LUAD. The use of a variety of bioinformatics methods
provides clues and evidence for further study of the molecular
mechanisms of LUAD development.
2. Materials and methods

2.1. Microarray data and data processing

Acquired from the GEO database of the National Center for
Biotechnology Information (NCBI), the gene expression profile of
GSE7670, GSE10072, and GSE31547 data sets based on the
GPL96 platform was utilized. Among them, GSE7670 contains
27 pairs of paired LUAD tissues and adjacent tissues, GSE10072
contains 49 cases of normal human lung tissues and 58 cases of
LUAD tissues, and GSE31547 contains 30 cases of LUAD tissues
and 20 cases of adjacent tissues. Raw expression data were
subjected to background correction, quantile normalization and
log2 transformation through the RMA algorithm of the affy
software package. The probe ID was then converted to the gene
name by the GPL96 platform file.

2.2. Identification of DEGs

According to the inclusion criteria of jlog2FCj>1 and adjusted
P< .05, DEGs were screened through the R language limma
package.

2.3. Pathway and DEGs functional enrichment analysis

The enrichment analysis of GO and KEGG is widely used in the
study of gene chip data. ClusterProfiler is a powerful R package
that supports not only GO and KEGG enrichment analysis, but
also excellent visualization of analysis results.[9] In this study, the
clusterProfiler package was used to annotate and enrich the GO
and KEGG pathways for DEGs. Function annotation of DEGs is
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helpful to find out the biological functions and pathways of these
genes involved in the carcinogenesis of LUAD. P< .05 was
determined as a cut-off criterion for significant enrichment.
2.4. PPI network establishment and module identification

STRING is an online program for predicting protein interactions.
The DEGs’ protein interaction network was constructed by
STRING with the smallest required interaction score ≥0.4.
Cytoscape was used to visualize the network, and the functional
module was screened with Cytoscape’s MCODE (The Molecular
Complex Detection) plugin. The parameters for screening
function module were: degree cut-off=2, MCODE scores>5,
Max depth=100, node score cut-off=0.2, k-score=2. GO and
KEGG pathway analysis was carried out on the genes in the
functional modules using clusterProfiler package.
2.5. Identifying and analyzing hub genes

CytoHubba ranks nodes based on their attributes in the network.
It provides a variety of topological analysis methods, of which
MCC is the newly proposed method. In this paper, the top 10
genes ranked by the MCC method are defined as the hub genes.
Survival analysis of the hub gene was carried out using the
Kaplan–Meier plotter online tool (http://kmplot.com/analysis/).
The relationship between gene expression patterns and tumor
grading and staging was demonstrated using the oncomine
database (https://www.oncomine.org).
2.6. Immunohistochemistry of UBE2C

Ten pairs of LUAD and adjacent normal tissues with complete
clinicopathological information were collected from Huai’an
First People’s Hospital. The experiment was approved by the
Medical Ethics Committee of Huai’an First People’s Hospital,
and each participant signed a written informed consent. The
operation procedures of immunohistochemistry were reported in
previous study.[10] All sections were incubated overnight at 4°C
with anti-UBE2C (abcam, 1:300 dilution). Each immunostained
section was independently read by 2 pathologists who did not
know the clinicopathological data. The criteria for judging the
results of immunohistochemistry has been described in previous
study.[10] Wilcoxon signed-rank test was used to analyze the
expression of UBE2C in LUAD and its adjacent tissues.
3. Results

3.1. Identification of DEGs

Seven hundred fifty, 801, and 709DEGswere screened from the 3
sets of gene chips GSE7670, GSE10072, and GSE31547, of
which 144, 508, and 338 genes were upregulated, and 606, 293,
and 371 genes were downregulated, respectively. The false-
positive rate of DEGs screening results was reduced by a Venn
diagram. Finally, 321 overlapped DEGs were identified (Fig. 1A),
including 105 upregulated genes and 216 downregulated genes.

3.2. Pathway and functional enrichment analysis of DEGs

GO enrichment analysis of DEGs revealed that DEGs were
considerably enriched in 31 cellular components (CCs), 441
biological processes (BPs), and 35 molecule functions (MFs).
The top 10 BPs included extracellular structure organization,
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Figure 1. Venn diagram, PPI network and the most significant module of DEGs. (A) DEGs were screened from the expression data sets, and the overlapped parts
were used as DEGs for subsequent analysis. The screening criteria were fold change>2 and P< .01. (B) The PPI network for DEGs was constructed by string and
visualized with Cytoscape. (C) The most significant module consisting of 19 expressed genes was obtained from the PPI network using the Cytoscape plugin
MCODE. High expression and low expression genes are labeled with red and blue, respectively.
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extracellular matrix organization, leukocyte migration, regula-
tion of body fluid levels, cell-substrate adhesion, regulation of
angiogenesis, negative regulation of immune system process,
regulation of vasculature development, regulation of response to
wounding, and positive regulation of response to external
stimulus (Table 1; Fig. 2A). The top 10 CCs included
extracellular matrix, collagen-containing extracellular matrix,
collagen trimer, platelet alpha granule, fibrillar collagen trimer,
banded collagen fibril, apical part of cell, membrane raft,
membrane microdomain, and membrane region (Table 1;
Fig. 2A). The top 10 MFs included heparin binding, glycosami-
noglycan binding, extracellular matrix structural constituent,
sulfur compound binding, growth factor binding, cytokine
binding, integrin binding, amide binding, amyloid-beta binding,
and protease binding (Table 1; Fig. 2A). Furthermore, the
significant enrichment KEGG pathway of DEGs included
complement and coagulation cascades, malaria, protein digestion
and absorption, and PPAR signaling pathway (Table 1; Fig. 2B).

3.3. PPI network of DEGs and module identification

The STRING online tool was adopted to construct a protein–
protein interaction network (PPI) for 321DEGs (Fig. 1B). Through
the Cytoscape plugin MCODE, the most important module
containing 19 expressed genes was acquired from the PPI network
(Fig. 1C). GOandKEGGanalysis of the coremodule indicated the
BPs involved were principally nuclear division, organelle fission,
mitotic sister chromatid segregation, and DNA strand elongation
(Table 2; Fig. 3A). The CCs involved were mainly spindle,
3

anaphase-promoting complex, and nuclear ubiquitin ligase
complex (Table 2; Fig. 3A). The MFs involved were kinesin
binding and DNA-dependent ATPase activity (Table 2; Fig. 3A).
Themain signaling pathways included P53 signaling pathway, cell
cycle, and oocyte meiosis (Table 2; Fig. 3B).

3.4. Identification and analysis of hub genes

Ten hub genes in total were extracted from cytoHubba. Table 3
summarizes the abbreviations, full names, and functions of these
hub genes. Kaplan–Meier plotter database was used to carry out
a survival analysis of 10 hub genes. As indicated by the result,
LUAD patients with high expression of UBE2C, TOP2A, RRM2,
CDC20, CCNB2, KIAA0101, BUB1B, TPX2, PRC1 were
substantially related to poor overall survival (Fig. 4). There
were no CDK1 survival curve data in the Kaplan–Meier plotter
database, so it was not displayed. Among these genes, UBE2C,
TOP2A, and KIAA0101 have node degrees exceeding 20,
suggesting that they are likely to play an essential role in the
occurrence and progression of LUAD. As indicated by the
Oncomine database analysis, the expression of UBE2C, TOP2A,
and KIAA0101 was increased (Fig. 5)[11–14] and positively
correlated with pathological grade and TNM stage of LUAD
(Fig. 6).

3.5. Immunohistochemistry of UBE2C

The representative immunostaining images of UBE2C in 10 pairs
of LUAD and paracancerous tissues are shown in Figure 7.
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Figure 2. GO term and KEGG pathway enrichment analysis for DEGs were performed by clusterProfiler package. (A) GO enrichment analysis. (B) KEGG pathway
enrichment analysis.

Table 1

Pathway and functional enrichment analysis of DEGs in LUAD samples.

Category Term Count P.adjust

BP GO:0043062(extracellular structure organization) 36 1.73E-13
BP GO:0030198(extracellular matrix organization) 33 3.22E-13
BP GO:0050900(leukocyte migration) 30 3.37E-07
BP GO:0050878(regulation of body fluid levels) 29 5.03E-06
BP GO:0031589(cell-substrate adhesion) 22 1.80E-05
BP GO:0045765(regulation of angiogenesis) 23 7.64E-05
BP GO:0002683(negative regulation of immune system process) 25 8.47E-05
BP GO:1901342(regulation of vasculature development) 24 8.68E-05
BP GO:1903034(regulation of response to wounding) 15 8.68E-05
BP GO:0032103(positive regulation of response to external stimulus) 20 1.27E-04
CC GO:0031012(extracellular matrix) 36 2.56E-12
CC GO:0062023(collagen-containing extracellular matrix) 29 2.48E-09
CC GO:0005581(collagen trimer) 9 1.10E-03
CC GO:0031091(platelet alpha granule) 9 1.10E-03
CC GO:0005583(fibrillar collagen trimer) 4 1.10E-03
CC GO:0098643(banded collagen fibril) 4 1.10E-03
CC GO:0045177(apical part of cell) 18 1.39E-03
CC GO:0045121(membrane raft) 16 1.75E-03
CC GO:0098857(membrane microdomain) 16 1.75E-03
CC GO:0098589(membrane region) 16 2.38E-03
MF GO:0008201(heparin binding) 14 9.41E-05
MF GO:0005539(glycosaminoglycan binding) 15 3.26E-04
MF GO:0005201(extracellular matrix structural constituent) 13 4.19E-04
MF GO:1901681(sulfur compound binding) 15 5.38E-04
MF GO:0019838(growth factor binding) 11 5.38E-04
MF GO:0019955(cytokine binding) 10 5.38E-04
MF GO:0005178(integrin binding) 10 1.37E-03
MF GO:0033218(amide binding) 14 9.50E-03
MF GO:0001540(amyloid-beta binding) 7 9.50E-03
MF GO:0002020(protease binding) 9 9.50E-03
KEGG hsa04610(complement and coagulation cascades) 10 1.29E-03
KEGG hsa05144(malaria) 7 7.37E-03
KEGG hsa04974(protein digestion and absorption) 9 8.28E-03
KEGG hsa03320(PPAR signaling pathway) 7 4.90E-02

BP=biologic process, CC= cellular component, DEGs=differentially expressed genes, GO=gene ontology, KEGG=Kyoto Encyclopedia of Genes and Genomes, LUAD= lung adenocarcinoma, MF=molecular
function.
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Table 2

Pathway and functional enrichment analysis of DEGs in the most significant module.

Category Term Count P.adjust

BP GO:0000280(nuclear division) 8 2.62E-07
BP GO:0140014(mitotic nuclear division) 7 2.62E-07
BP GO:0048285(organelle fission) 8 2.62E-07
BP GO:0000070(mitotic sister chromatid segregation) 5 1.50E-05
BP GO:0007059(chromosome segregation) 6 1.50E-05
BP GO:0071103(DNA conformation change) 6 1.50E-05
BP GO:0000819(sister chromatid segregation) 5 2.27E-05
BP GO:0022616(DNA strand elongation) 3 2.48E-05
BP GO:0031145(anaphase-promoting complex-dependent catabolic process) 4 5.27E-05
BP GO:0098813(nuclear chromosome segregation) 5 8.41E-05
CC GO:0005819(spindle) 6 2.14E-05
CC GO:0005680(anaphase-promoting complex) 3 2.52E-05
CC GO:0000152(nuclear ubiquitin ligase complex) 3 1.06E-04
CC GO:0005876(spindle microtubule) 3 2.18E-04
CC GO:0000793(condensed chromosome) 4 3.47E-04
CC GO:0000777(condensed chromosome kinetochore) 3 9.74E-04
CC GO:0000779(condensed chromosome, centromeric region) 3 1.11E-03
CC GO:0031461(cullin-RING ubiquitin ligase complex) 3 1.33E-03
CC GO:0000776(kinetochore) 3 1.33E-03
CC GO:0098687(chromosomal region) 4 1.33E-03
MF GO:0019894(kinesin binding) 2 2.95E-02
MF GO:0008094(DNA-dependent ATPase activity) 2 4.75E-02
KEGG hsa04110(Cell cycle) 4 7.49E-05
KEGG hsa04115(p53 signaling pathway) 3 3.80E-04
KEGG hsa04114(Oocyte meiosis) 3 1.32E-03
KEGG hsa05166(Human T-cell leukemia virus 1 infection) 3 5.12E-03
KEGG hsa04914(Progesterone-mediated oocyte maturation) 2 1.59E-02
KEGG hsa04120(Ubiquitin mediated proteolysis) 2 2.50E-02
KEGG hsa04218(Cellular senescence) 2 2.89E-02
KEGG hsa05203(Viral carcinogenesis) 2 3.85E-02
KEGG hsa05170(Human immunodeficiency virus 1 infection) 2 3.85E-02
KEGG hsa03430(Mismatch repair) 1 4.41E-02

BP=biologic process, CC= cellular component, DEGs=differentially expressed genes, GO=gene ontology, KEGG=Kyoto Encyclopedia of Genes and Genomes, MF=molecular function.

Figure 3. GO term and KEGG pathway enrichment analysis of DEGs in the most significant module were performed by clusterProfiler package. (A) GO enrichment
analysis. (B) KEGG pathway enrichment analysis.

Dai et al. Medicine (2020) 99:44 www.md-journal.com
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Table 3

Function list of 10 hub genes.

Gene symbol Full name Function

UBE2C Ubiquitin Conjugating Enzyme E2 C UBE2C degrades cyclins, regulates cell mitosis, and may be involved in cancer progression
TOP2A DNA Topoisomerase II Alpha TOP2A acts as a target for several anticancer agents, and multiple mutations in this gene are involved in

the development of drug resistance.
RRM2 Ribonucleotide Reductase Regulatory

Subunit M2
RRM2 often exhibits high activity in tumor cells and is associated with the biological behavior and

metastatic potential of malignant tumors.
CDK1 Cyclin Dependent Kinase 1 CDK1 regulates cell cycle progression and is involved in tumor cell apoptosis and carcinogenesis.
CDC20 Cell Division Cycle 20 CDC20 promotes tumorigenesis and is highly expressed in many tumors.
CCNB2 Cyclin B2 High expression of CCNB2 in a variety of tumors is associated with poor prognosis.
KIAA0101 Proliferating cell nuclear antigen

(PCNA)-associated factor
KIAA0101 is involved in DNA repair damage, cell proliferation and cell cycle, and is expressed in a variety

of tumors.
BUB1B BUB1 Mitotic Checkpoint Serine/

Threonine Kinase B
BUB1B regulated the proliferation, migration, and invasion of tumor cells.

TPX2 Targeting protein for Xklp2 TPX2 is involved in the formation of mitotic spindles and plays a role in the development of tumors.
PRC1 Protein Regulator Of Cytokinesis 1 PRC1 regulates cell proliferation and cell cycle and is highly expressed in a variety of tumors.

Figure 4. Overall survival analysis of hub genes was performed by Kaplan–Meier plotter database (CDK1 survival curve data is not available in the database and is
not displayed).

Dai et al. Medicine (2020) 99:44 Medicine

6



Figure 5. Oncomine analysis showed that (A) UBE2C, (B) TOP2A, and (C) KIAA0101 were highly expressed in lung cancer tissues compared with normal
tissues.[11–14]

Dai et al. Medicine (2020) 99:44 www.md-journal.com
UBE2C was mainly expressed in the nucleus. The positive
expression of UBE2C in LUAD and adjacent normal tissues were
10 (100%) and 0 (0%) respectively (Table 4, P< .001), which
proved that the expression of UBE2C in LUAD was higher than
that in paracancerous tissues.

4. Discussion

LUAD as a nonsmall cell lung cancer is the world’s most
frequently occurred cancers. In some areas, LUAD has the highest
incidence of lung cancer, with extremely high morbidity and
mortality.[1] Traditional screening methods have poor sensitivity
to early diagnosis of LUAD. Most patients are diagnosed with
LUAD in an advanced stage, missing the optimal opportunity for
treatment. Some therapeutic regimens are not significant for the
improvement of patient survival, so it is particularly necessary to
study the mechanism of LUAD. It is currently believed that the
carcinogenesis of lung cancer is a multifactor, multistep process,
and its specific pathogenesis is still unclear. Gene chip technology
enables rapid, high-throughput research on gene expression,
which greatly accelerates the process of studying the pathogene-
sis, clinical types, diagnosis, treatment, and prognosis of lung
cancer at the gene level.
In this study, 3 gene chip data were downloaded from the GEO

database. Through a comparative analysis of the DEGs in LUAD
tissues and normal tissues or adjacent tissues, 321 DEGs were
screened, of which 216 were downregulated genes and 105 were
upregulated genes. KEGG pathway enrichment analysis and GO
enrichment analysis were carried out on DEGs. The DEGs were
mainly enriched in functions related to extracellular matrix, cell
adhesion, and angiogenesis, such as extracellular structure
organization, extracellular matrix organization, leukocyte mi-
gration, cell-substrate adhesion, regulation of angiogenesis,
regulation of vasculature development. Recently, numerous
researches have shown that the degradation of extracellular
matrix and basement membrane plays a decisive role in the
7

invasion and metastasis of cancer cells.[15–17] Cell adhesion is the
key to invasion andmetastasis of cancer.[18,19] Increasing number
of researches and experiments have found that cell adhesion
molecules are closely linked to lung cancer.[20,21] Angiogenesis
exists in the whole development courses and progression of
malignant tumors and is closely related to tumor development,
invasion and metastasis.[22] Moreover, it has been found that
membrane rafts are strongly associated with various cancers such
as LUAD,[23] breast cancer,[24] colorectal cancer,[25] and
pancreatic cancer.[26] In short, all these theoretical results are
consistent with our findings. GO enrichment analysis demon-
strated that the variations in the most remarkable module were
enriched primarily in nuclear division, organelle fission, mitotic
sister chromatid segregation, and DNA strand elongation,
whereas changes in KEGG were chiefly enriched in P53 signaling
pathway, cell cycle and Oocyte meiosis.
CytoHubba, a network analysis plugin, was adopted to screen

the top 10 genes as hub genes. Among these genes, UBE2C,
TOP2A, and KIAA0101 have node degrees exceeding 20. In
recent years, it was found that UBE2C was lowly expressed in
normal tissues while highly expressed in a variety of tumors such
as lung cancer,[27] breast cancer,[28] ovarian cancer,[29] esoph-
ageal cancer,[30] and gastric cancer.[31] Overexpression of UBE2C
positively correlates to poor prognosis in tumors.[27,31] Upregu-
lation of UBE2C promotes tumor cell proliferation, invasion, and
drug resistance,[32] and downregulation of UBE2C can reverse
the resistance of NSCLC cells to cisplatin and can be used as a
potential target for tumor therapy.[33] TOP2A is an ATP-
dependent hydrolase and synthetase that plays a vital role in cells.
It catalyzes the cleavage and religation of double-stranded DNA
duplexes and is involved in cell division, mitotic chromosome
pairing, chromosome segregation, gene recombination and
transcription, and DNA damage and repair. More and more
studies have shown that TOP2A is closely related to cellular
proliferation, metastasis, prognosis, and drug resistance in lung
cancer.[34–36] In addition, TOP2A is highly expressed in breast

http://www.md-journal.com


Figure 6. Association between the expression of UBE2C, TOP2A, KIAA0101, and tumor grade and stage in the Beer Lung Adenocarcinoma dataset. (A,B) UBE2C
mRNA expression in LUAD compared with normal tissues. (C,D) TOP2AmRNA expression in LUAD compared to normal tissues. (E,F) KIAA0101mRNA expression
in LUAD compared to normal tissues.

Dai et al. Medicine (2020) 99:44 Medicine
cancer,[37] ovarian cancer,[38] prostate cancer,[39] and colon
cancer,[40] and its expression level can be used as an indicator for
tumor diagnosis, treatment, and prognosis evaluation.
KIAA0101, also known as PCLAF (PCNA-associated factor),
is receiving more and more attention due to its role in tumor
progression and metastasis. Increased expression of KIAA0101
was detected in several human tumors including lung cancer,[41]

breast cancer,[42] and liver cancer.[43] The high expression of
8

KIAA0101 can significantly affect the regulation of cell cycle.[44]

Downregulation of KIAA0101 expression by miR-197–5p can
significantly reduce sarcoma cell proliferation and induce cell
senescence.[45] The ribonucleotide reductase subunit M2
(RRM2) is not only closely related to DNA synthesis, but also
has an effect on the biological behavior, metastatic potential, and
anti-cancer drug resistance. Inhibition of RRM2 expression can
reduce the activity of ribonucleotide reductase, hinder the growth



Figure 7. The expression of UBE2C in LUAD and adjacent normal tissues was analyzed by immunohistochemical staining. (A) Immunostaining of LUAD tissues
(�100). (B) Immunostaining of normal tissues (�100). (C) Immunostaining of LUAD tissues (�400). (D) Immunostaining of normal tissues (�400).
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of cancer cells, increase tumor cell apoptosis, inhibit tumor
metastasis, and reverse drug resistance. According to various
studies recently, RRM2 can be used as a target for anti-lung
cancer drugs.[46] RRM2 is highly expressed in lung cancer,
negatively correlated with overall survival, and positively
correlated with lymph node metastasis.[47] Cell division cycle
20 (CDC20) is an important regulator of cell cycle checkpoints by
directly binding and activating anaphase-promoting complex
(APC) in the process of regulating cell mitosis. CDC20 is highly
expressed in lung cancer,[48] gastric cancer,[49] and other
malignant tumor tissues. Meanwhile, CDC20 is also a poor
prognostic factor for colorectal cancer[50] and lung cancer.[51]

CCNB2 is an important part of the class B cyclin family. CCNB2
is highly expressed in lung cancer and liver cancer, and its
expression level is significantly related to clinical pathology and
poor prognosis.[52,53] In colorectal cancer, the NF-Y subunit
Table 4

UBE2C expression between LUAD and adjacent tissues.

Group Cases UBE2C staining x2 P

Negative (%) Positive (%)
LUAD tissues n=10 0 (0) 10 (100) 20 < .001
Adjacent tissues n=10 10 (100) 0 (0)

LUAD= lung adenocarcinoma.

9

binds to the DNA fragment on the CNNB2 promoter and
regulates the activity of the CCNB2 promoter.[54] Recent studies
have shown that the mitotic checkpoint serine/threonine kinase B
(BUB1B) is important in tumorigenesis and development. This
protein is an important functional protein in mitosis and it is
critical in the growth of various cancers.[55,56] Overexpression of
BUB1B may be involved in the occurrence of chromosomal
instability and promote tumorigenesis and progression.[57] TPX2
is involved in the mitotic spindle microtubule function by
activating the cell cycle kinase Aurora A, which is highly
expressed inNSCLC and shows poor overall survival.[58] PRC1 is
upregulated in LUAD. Deregulating PRC1 expression can hinder
the invasion and proliferation of LUAD cells by inhibiting cell
proliferation, stimulating apoptosis and cell cycle arrest.[59]

Cyclin-dependent kinase 1 (CDK1) is an essential cell cycle
regulator, and its increased expression can lead to a high risk of
cancer recurrence and low survival rate for patients with
LUAD.[48] Downregulation of CDK1 can inhibit cell prolifera-
tion and is likely to become a potential target for tumor
therapy.[60]
5. Conclusion

This study identified 321 DEGs and screened 10 hub genes,
providing a rationale for future study of the molecular
mechanism of LUAD development. However, gene expression
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profiling only detects mRNA expression of DEGs. Additional
researches and experiments are necessary to confirm the genes
expression at the protein level.
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