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Background: We aimed to screen and identify central genetic and molecular targets involved in advancement of lung adeno-
carcinoma (LUAD) and to perform an integrated analysis and clinical validation.
Material/Methods: The GEO2R technique was utilized to assess differentially expressed genes (DEGs) among the gene sets GSE75037,
GSE85716, and GSE118370. Subsequently, gene Ontology (GO) analyses and Kyoto Encyclopedia of Genes and
Genomes (KEGG) analytical methods were executed to determine related biofunctions and signaling pathways,
which were annotated with tools from the Database for Annotation, Visualization and Integrated Discovery
(DAVID) resource. Then, a protein-protein interaction (PPI) network complex consisting of all detected DEGs
was built with the STRING web interface. Cytohubba and MCODE plug-ins for Cytoscape software and Gene
Expression Profiling Interactive Analysis (GEPIA) were employed to identify the hub genes. Finally, the mRNA
expression of the identified hub genes was quantitatively validated by The Cancer Genome Atlas (TCGA) data-
base analysis and real-time quantitative polymerase chain reaction (RT-qPCR).

Results: We screened 146 upregulated DEGs and 431 downregulated DEGs with the criteria of |logFC| >1 and P<0.05,
and the GO analysis indicated that DEGs were implicated in mitotic nuclear division (biological process, BP),
the nucleus (cellular component, CC), and protein binding (molecular function, MF) and were associated with
multiple KEGG pathways, such as the p53 signaling pathway in cancer. Then, the top 8 genes that predict-
ed significantly different outcomes in LUAD patients were filtered from the DEGs and selected as hub genes.
The TCGA database analysis and RT-gPCR results demonstrated that these genes were differentially expressed
with the same trends in LUAD tissues compared with normal tissues.

Conclusions: Overall, we propose that 8 genes (PECAM1, CDK1, MKI67, SPP1, TOP2A, CHEK1, CCNB1, and RRM2) might be
novel hub genes strongly associated with the progression and prognosis of LUAD.

MeSH Keywords: Biological Markers ¢ Carcinoma, Non-Small-Cell Lung ¢ Genes, vif

Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/922070

%3291 E‘ZI7 MEI4 %48

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
e922070-1 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




CLINICAL RESEARCH

Background

Lung cancer remains the principal culprit of cancer-related mor-
bidity and mortality, accounting for 18.4% of cancer deaths
based in a worldwide survey, corresponding to approximately
1.8 million deaths [1]. Lung adenocarcinoma (LUAD), which ha-
bitually occurs in peripheral portions of the lungs, is overtak-
ing lung squamous cell carcinoma (LUSC) as the top prevailing
pathological type of lung cancer and is characterized by glan-
dular differentiation and/or mucin production [2]. IASLC/ATS/
ERS corporately released a current multidisciplinary categori-
zation of LUAD in 2011 that includes concordant expert ter-
minology and comprehensive diagnostic criteria [3]. It reveals
the correlation between the histological subtypes of LUAD and
the risk of poor prognosis through comparison and analysis of
big data from patients [4]. At present, the 5-year survival rate
of MIA (minimally invasive adenocarcinoma) and AlS (adeno-
carcinoma in situ) after complete removal is approximately
100% and thus is associated with favorable prognosis [5];
however, the outcomes of other LUAD subtypes are unfavor-
able, and the 5-year survival rate is barely 21% [6]. Dissimilar
clinical factors, including clinicopathological T classification
and OSR (overall survival rate), exist between LUAD and LUSC
owing to differences in genomic alternations, including con-
version rate, mutation characteristics and frequently mutated
genes [7]. The occurrence and progression of LUAD are closely
related to driver mutations [8].

High-throughput sequencing, with extended read length and
appropriate stability, has become more frequently applied for
the exploration of candidate genes in cancer, diabetes, autism,
and other genetic diseases and further increased the proba-
bility of identifying genes in non-model species. In the field of
non-small-cell lung cancer (NSCLC)-targeted therapeutic strat-
egies, studies concentrating on MET, RAT and BRAF as targets
are being carried out in addition to studies on targeting ALK,
EGFR, and ROS1 [9]. LUAD, which only shows symptoms sim-
ilar to general respiratory diseases in the early stage, is prob-
ably overlooked, so uncovering biomarkers will substantially
augment the potential to identify molecular targets in clinical
practice. In addition, screening predictive biomarkers has been
confirmed to be a necessary condition for discovering targeted
anticancer drugs. In addition, patients with specific subtypes
could potentially be recognized by applying biomarkers that can
predict targeted drug response, invasive or malignant behavior,
and drug resistance mechanisms. Accordingly, the effort of un-
revealing beneficial and effective biomarkers for the preclinical
diagnosis and prognostic prediction of LUAD is extremely urgent.

Comprehensive analysis of the gene expression profile ar-
ray using bioinformatics techniques was carried out to pin-
point various differentially expressed genes (DEGs). In the
current study, upregulated DEGs (uDEGs) and downregulated
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DEGs (dDEGs) were filtered among thousands of DEGs in 3 GSE
datasets of patients with LUAD. Subsequently, we performed
Gene Ontology (GO) analyses, including results in the BP, CC
and MF categories, to explore biofunctions and singling path-
way enrichment; Kyoto Encyclopedia of Genes and Genomes
(KEGG) analysis and protein-protein interaction (PPI) network
construction was also performed with the indicated uDEGs and
dDEGs. After the candidate genes were selected under certain
conditions, the hub genes were obtained by survival analysis.
Then, the differential messenger RNA (mRNA) expression lev-
els of selected hub genes in LUAD tissues were confirmed by
The Cancer Genome Atlas (TCGA) database analysis and real-
time quantitative polymerase chain reaction (RT-qgPCR). We
intend to further clarify the intricate molecular biology of the
pathogenesis of LUAD and substantiate potential pivotal genes
that may be encouraging candidate biomarkers of diagnosis
and prognosis, targets for the development of novel anticancer
agents, or markers for drug resistance and precise treatment.

Material and Methods

Data source

GSE75037 data were detected with an Illumina HumanWG-6
v3.0 expression beadchip [10], GSE85716 analysis performed
on an Agilent-062918 OE Human IncRNA Microarray V4.0
02800 [11], and GSE118370 analysis was performed on an
Affymetrix Human Genome U133 Plus 2.0 Array [12]; these
data were extracted from the GEO server, a free open ge-
nome database based on microarrays and sequences [13].
The characteristics of the 3 gene expression datasets are de-
scribed in Table 1.

Data preprocessing

GEO2R (www.ncbi.nlm.nih.gov/geo/geo2r/) is based on R pack-
ages GEOquery and Limma, which is a GEO online analysis
tool used to screen DEGs between normal lung tissue and
LUAD samples in the current study. The genes that satisfied
the conditions of |logFC| >1 and P<0.05 were determined to
be statistically significant DEGs. The DEGs we obtained were
grouped into 2 categories depending on logFC: uDEGs, log-
FC >1 and dDEGs, logFC <-1. The common intersection of
identified uDEGs and dDEGs from GSE75037, GSE85716, and
GSE118370 was separately acquired using Venny diagram
plotter (http://bioinfogp.cnb.csic.es/tools/venny/index.html).

Functional enrichment of overlapping uDEGs and dDEGs
The Database for Annotation, Visualization and Integrated

Discovery (DAVID), a bioinformatics database that provides
integrated and detailed biofunctional annotation information
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Table 1. The main features of 3 studies of GEO gene expression microarray data.

GEO accession Platform Case/Control Sample Date
GSE75037 GPL6884 83/83 LUAD 2016
. GsEsTie Gros12 ek A w7
 Gseuszo Gs0 e A 019

LUAD - lung adenocarcinoma.

for sizable cohorts of genes or proteins [14], was applied to
reveal the functional enrichment of uDEGs and dDEGs, includ-
ing terms related to BP, CC, and MF. KEGG is a habitually used
database for systematically uncovering the principal metabolic
signaling pathways of gene expression products in cells. The
DAVID web server was utilized to investigate the KEGG path-
ways of uDEGs and dDEGs in the current research.

PPI network complex construction and module analysis

STRING, a database to inspect interactions between recognized
proteins [15], was implemented to assemble the PPI network
complex of uDEGs and dDEGs. Cytoscape is a public serviceable
program for improved visualization of interaction networks be-
tween molecules with integrated data [16]. The cytoHubba plug-
in in Cytoscape software explores considerable nodes based
on the score of all 11 methods in each node in the network.
Accordingly, the PPl network module with a significant gene
pair (combination score »0.2) was obtained with the MCODE
plug-in. MCODE clustering score >5 and number of nodes >5
were used as the cutoff values for investigating meaningful
modules. DAVID was applied to explore the functional enrich-
ment of, and pathways involved with the genes in each module.

Determination of hub genes

GEPIA, which is implemented to assess the impact of hub
genes on the prognostic outcome of the occurrence and pro-
gression of LUAD, is a well-performing web server that allows
for interactive analysis of the specific functions of key genes,
including profile analysis of differential expression in various
tumors, pathological staging analysis, and survival analysis of
patients according to DEGs [17]. In the course of survival analy-
sis, patients were separated into high and low groups according
to the median expression level of each selected gene. The sig-
nificance between 2 groups was determined by the log-rank T
test, and hazard ratio (HR) was estimated to evaluate the as-
sociation between gene expression and survival rate. Kaplan-
Meier charts with valid log-rank P values (<0.05 as the cutoff
criterion) were applied to assess overall survival rate (OSR) and
filter the hub genes between the 2 groups. GEPIA was used
to observe the recognized differentially expressed hub genes
in specific clinicopathological stages of LUAD. The expression

Table 2. Clinicopathologic features of patients with LUAD in JMU.

Variables All patient

Patient number 36
Ageyears 59.64£678
 Body mass index, kg/mt 2331299
Gender
"""" Male 17
"""" Female 19
Clinicopathologic diagnosis (WHO)
"""" waot 7
"""" waont 7
"""" waomt 7
"""" waovy 7
"""" T s
_ lymph node involvement
"""" NG 13
"""" vy o1

JMU - Jinzhou Medical University; LUAD - lung adenocarcinoma;
LT - lung tissue; WHO — World Health Organization.

of DEGs in different pathological stages was evaluated with
one-way analysis of variance.

TCGA database validation

TCGA was utilized, which has 2.5 petabytes (PB) of detailed
data on 33 cancers from no less than 10 000 patients. The hub
genes were verified using the GEPIA tool based on TCGA data
of LUAD and corresponding paracancerous tissues.

Patient sample collection

To further validate the robustness of the hub genes identified,
28 LUAD specimens and 8 benign marginal normal lung tissues
were collected in the First Affiliated Hospital of Jinzhou Medical
University from January 2016 to December 2018. The charac-
teristics of the patients participating in the study are shown in
Table 2. Prior to the use of tissue samples, informed consent
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Table 3. Primer pair sequences for RT-qPCR of PECAM1, CDK1, MKI67, SPP1, TOP2A, CHEK1, CCNB1, RRM2, and GAPDH.

Gene Forward (5°-3°) Reverse (5’-3°)
PECAM1 atgccagtggaaatgtcc tcagaagtggtactggtg
""""" K1 cogtcgtaacctgttgagtaactst  gictacccttatacaccacaccgtaa
""""" MKI6?  cgcgaattcagagagciittccagacaccaty  cgagcctcgaggaagatigttggggtacccac
""""" sP1 tictgattgggacagccgtg  tclcatcattggctttccget
""""" TOP2A  getgagasggactggeagaaat  ciigicgatgaagtacagggcta
""""" CHEKI  ccagatgctcagagattcttcca  tgitcaacasacgctcacgatta
""""" CCNBI  ttcgectgagectattttggta  agctecatcttctgeatccacat
""""" RRM2  tttagtgagcttagcacagcggga  asatctgegttgaagcagtgagee
""""" GAPDH  fccaccacccigttgctgta  gacttcaacageaacteccac

was obtained from all patients. The study complied with the
Helsinki Declaration and was approved by the Medical Ethics
Committee of Jinzhou Medical University. All specimens were
classified histologically by clinical pathologists according to
the 2015 World Health Organization (WHO) classification of
lung tumors. Each biopsy specimen was divided into 2 parts,
one for routine histological diagnosis and the other for rapid
freezing in RNAlater (Invitrogen) and storage at —20°C until to-
tal RNA separation and analysis.

RT-qPCR

Total RNA was obtained from 28 LUAD cases and 8 benign
pulmonary tissue cases with TRIzol RNA separation reagent
(Invitrogen) following the manufacturer’s steps, and then the
SuperScript IV System kit (Invitrogen) was used to synthesize
cDNA. As described in a previous study [18], TB Green Premix
Ex Taq Il m (Takara) was used for RT-gPCR, and a 7500 Real-
Time PCR Applied Bio-system (Thermo Fisher) was utilized to
examine the expression difference with GAPDH as an internal
reference. The primers used to amplify PECAM1, CDK1, MKI67,
SPP1, TOP2A, CHEK1, CCNB1, RRM2, and GAPDH were synthe-
sized and constructed by GenePharma Corporation (Shanghai,
China). The primer sequences are shown in Table 3. The 2-44%
method was utilized to compare the relative mRNA expres-
sion of the tumor samples and the control.

Results

DEGs screening

Criteria (|logFC| >1 and P<0.05) were adopted as thresholds
for DEG filtration. Relevant data from GSE75037, GSE85716
and GSE118370 were used to estimate differentially expressed
genes (DEGs) using GEO2R. A total of 577 DEGs were identi-
fied, among which 146 genes were upregulated (uDEGs) and

431 genes were downregulated (dDEGs), as demonstrated in
the Venn diagram (Figure 1). The number of dDEGs exceeded
the number of uDEGs. The top 5 most significant DEGs among
the GSE75037, GSE85716 and GSE118370 datasets are pre-
sented in Table 4.

Pathway enrichment analysis

The outcomes of uDEGs GO analysis demonstrated that mitot-
ic nuclear division, nucleus, and protein binding were the most
crucial terms in the BP, CC, and MF categories, respectively.
The dDEGs GO analysis results indicated that positive regula-
tion of transcription from the RNA polymerase Il promoter, inte-
gral component of the membrane, and protein binding were the
most significant terms in the BP, CC, and MF categories (Table 5).
KEGG analysis was conducted on the uDEGs and dDEGs to fur-
ther explore the key pathways involved. The uDEGs were gen-
erally implicated in the p53 signaling pathway, cell cycle, and
oocyte meiosis signaling pathway, and the dDEGs were sub-
stantially implicated in the pathways in cancer, cAMP signaling
pathway, and neuroactive ligand-receptor interaction signaling
pathway (Table 6). These significantly enriched GO terms and
pathways could be revealed to further apprehend the function
of these DEGs in the occasion and progress of LUAD.

PPI network and module analysis

The PPI network was constructed by using STRING to retrieve
interactions between genes. The established PPI network con-
sisted of 577 edges and 2166 nodes (Figure 2A), with a lo-
cal clustering coefficient=0.4. The top 20 highest-level cen-
tral nodes, including 1L6, CDH1, VWF, PECAM1, CDK1, CD34,
CXCL12, JUN, BMP2, MKI67, PPARG, CTGF, COL1A1, SPP1, CAV1,
TOP2A, CHEK1, CCNB1, and BDNF, were screened out with
the cytoHubba plug-in. To facilitate our understanding of the
DEGs, we visualized the network complex in Cytoscape soft-
ware and modularized it using the plug-in MCODE to obtain
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GSE118370 GSE118370 GSE118370 GSE118370

860
(22.4%)

GSE85716 GSE85716

Figure 1. Venn diagram presenting the overlapping (A) uDEGs and (B) dDEGs in the 3 GEO datasets. In total, 146 uDEGs and 431
dDEGs were commonly identified between LUAD and corresponding normal adjacent lung samples. uDEGs — upregulated
differentially expressed genes; dDEGs — downregulated differentially expressed genes; LUAD — lung adenocarcinoma.

Table 4. The most significant 5 uDEGs and 5 dDEGs in GSE75037, GSE85716, and GSE118370 datasets.

GSE75037 GSE85716 GSE118370

Gene
symbol

FAM83A 4.68E-45 4.68 XAGE1A 3.46E-03 5.40792158 MSMB 2.86E-04 4.1265297
The most significant 5 dDEGs
FABP4 1.45E-85 -6.03 AGER 5.93E-09  —5.94009052 CD300LG 4.19E-04  —4.9800372

SFTPA1 1.85E-36 —-5.54 CLDN18 3.02E-04 -5.67266395 SLC6A4 7.30E-06  -4.7189991

uDEGs — upregulated differentially expressed genes; dDEGs — downregulated differentially expressed genes.

3 consequential modules including module 1 (28 nodes and in module 1, including the cell cycle, p53 signaling pathway,
343 edges, cluster score=25.407), module 2 (28 nodes and 118 and oocyte meiosis; 15 related signaling pathways were con-
edges, cluster score=8.741) and module 3 (5 nodes and 10 siderably involved in module 2, such as pathways in cancer;
edges, cluster score=5) (Figure 2B-2D). The KEGG analysis laid 9 related signaling pathways were significantly implicated in
out 4 related signaling pathways that were principally involved module 3, including basal cell carcinoma and others (Table 7).
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Table 5. TOP 5 GO function annotation of common uDEGs and dDEGs associated with LUAD.

DNA damage response, signal transduction by p53 class

BP G0: 0006977 mediator resulting in cell cycle arrest 6 411 1.4E-04
"""" CC G0:0005634 Nudews 53 3630 45602
"""" CC G0:0005737 Cytoplasm s 3E 36602
"""" CC  GO:0016324 Apical plasma membrane 8 548  79£03
"""" CC G0:0005813 Centrosome g  sag  a9E02 |
"""" CC  GO:0030496 Midbody 7 479 52604
© MF GO:0005515 Proteinbinding 79 5411 33802
 MF GO:0005524  ATPbindng 2 1507 4603
© MF GO:0042802 Identical protein binding 14 959 48603
"~ MF GO:0004674 Protein serine/threonine kinase activity 9 616  83E03
© MF GO:0019901 Protein kinase bindng 9 616  83E03

GO Analysis of dDEGs (TOP5)

Positive regulation of transcription from RNA polymerase Il
promoter

BP GO: 0045944

Negative regulation of transcription from RNA polymerase II

BP GO: 0000122 promoter 30 6.98 3.2E-03
"""" CC GO:0016021 Integral component of membrane 157 3651 47605
"""" CC GO:0005886 Plasmamembrane 15 3628  1SE11
"""" CC  G0:0070062 Extracelularexosome 8 1860 33802
"""" CC G0:0005887 Integral component of plasma membrane 71 1651  82E10
"""" CC GO:0005576 Extracellularregion 70 1628 33807
 MF GO:0005515  Proteinbindng 22 5163 76603
 MF G0:0005509 Calciumionbindng 28 651 62603
 MF GO:0042803  Protein homodimerization activity 27 628 1402
 MF GO:0046982  Protein heterodimerization activity 19 442 18802
 MF GO:0008134 Transcription factor binding 18 419 25804

GO - Gene Ontology; uDEGs — upregulated differentially expressed genes; dDEGs — downregulated differentially expressed genes;
LUAD - lung adenocarcinoma, BP — biological process, CC — cellular component MF — molecular function.
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Table 6. KEGG pathway analysis of uDEGs and dDEGs.

CLINICAL RESEARCH

ID KEGG_PATHWAY description Count % P-value
uDEGs
"""" hsa04115 p53signalingpathway 8 548  16E06
"""" hsa04110 Cellcyde 8 548 9105
"""" hsa04114 Oocyte meiosis 5 34 16602
"""" hsa04914 Progesterone-mediated oocyte maturation 4 274 40E02
"""" hsa05219  Bladdercancer 3 205 49802
CdDEGs
"""" hsa05200 Pathwaysincancer 23 535 64604
"""" hsa04024 cAMPsignalingpathway 15 349 72604
"""" hsa04080 Neuroactive ligand-receptor interaction 15 349 15602
"""" hsa04550 Signaling pathways regulating pluripotency of stem cels 12 279 LIE-03
"""" hsa04514 Celladhesion molecules (CAMs) 12 279 13E03

KEGG - Kyoto Encyclopedia of Genes and Genomes; uDEGs — upregulated differentially expressed genes; dDEGs — downregulated

differentially expressed genes.

Recognition of hub genes

To better define hub genes in LUAD, 3 conditions were set for
hub genes: 1) the degree score of DEGs tested by cytohHubba
was in the top 15; 2) DEGs were in the 3 modules obtained by
MCODE; and 3) DEGs were associated with the survival rate
of the patients in the survival curve (Figure 3A-3H). We used
the top 15 genes identified by cytoHubba and the common
genes in the 3 modules as candidate genes in the PPI net-
work and then verified whether candidate genes influenced
survival, as shown by the Kaplan-Meier chart. The obtained
hub genes, including PECAM1 (F value=0.308), CDK1 (F val-
ue=5.91), MKI67 (F value=6.38), SPP1 (F value=1.31), TOP2A
(F value=2.88), CHEK1 (F value=7.27), CCNB1 (F value=8.88),
and RRM2 (F value=9.01), had altered expression, as shown
by violin charts according to the pathological stage of the pa-
tient using GEPIA (Figure 31-3P). Among these genes, PECAM1
was downregulated, while others were upregulated in LUAD
compared to normal samples.

Verification of hub genes by TCGA database analysis and
RT-qPCR

The mRNA expression level of hub genes was verified based
on TCGA database analysis, and it was revealed that the mRNA
expression levels of CDK1, MKI67, SPP1, TOP2A, CHEK1, CCNBT,
and RRM2 in LUAD samples were statistically higher than those
in non-lung cancer samples (Figure 4A-4H). This is consistent
with previous bioinformatics research.

To determine whether hub genes identified in gene chip anal-
ysis can be non-selectively used to identify LUAD patients in
clinical practice, the mRNA expression discrepancy of selected
hub genes in LUAD samples and normal lung cancer tissues
was verified by RT-gPCR examination (Figure 41-4P). These re-
sults showed that CDK1, MKI67, SPP1, TOP2A, CHEK1, CCNBI,
and RRM2 mRNA expression levels were significantly upreg-
ulated and PECAM1 was significantly downregulated, which
was consistent with the gene chip analysis results. The results
of RT-qPCR confirmed that the mRNA expression of selected
hub genes in human LUAD tissues was higher than that in the
control tissues, suggesting that these 8 hub genes might be
new genetic markers for LUAD patients.

Discussion

Previous preclinical and clinical studies revealed a partial un-
derstanding of the underlying genetic mechanism of LUAD;
nevertheless, the incidence and mortality rates of LUAD are
continually increasing [5]. The rapid advancement of high-
throughput technology has led to the identification of massive
cohorts of applicable biomarkers, such as microRNAs (miRNAs)
and long non-coding RNAs (IncRNAs), that can be used for early
diagnosis, prognosis, and treatment decision making for many
diseases, including LUAD [19]. In the current research, 3 gene
expression profiling sets were subjected to integrated analy-
sis, and 577 DEGs were identified, including 146 uDEGs and
431 dDEGs. Functional annotation of uDEGs and dDEGs was
divided into 3 groups according to GO terminology (BP, CC, and
MF), and KEGG pathway enrichment of uDEGs and dDEGs was
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Figure 2. Construction of the protein-protein interaction (PPI) network complex with the STRING database and acquisition of 3
significant modules on the basis of the topological structure of the PPI network of the common uDEGs and dDEGs. (A) PPI
network of uDEGs and dDEGs in LUAD tissues compared with corresponding normal adjacent tissues; (B) module 1, cluster
score=25.407, 28 nodes and 343 edges; (C) module 2, cluster score=8.741, 28 nodes and 118 edges; (D) module 3, cluster
score=5, 5 nodes and 10 edges. The blue squares indicate a node degree less than 30. uDEGs — upregulated differentially
expressed genes; dDEGs — downregulated differentially expressed genes; LUAD — lung adenocarcinoma.

analyzed by the DAVID database. In line with KEGG pathway
enrichment analysis, the uDEGs were mainly implicated in the
pathways in cancer, CAMP signaling pathway, and neuroactive
ligand-receptor interaction signaling pathway; the dDEGs were
significantly involved in the p53 signaling pathway, cell cycle,
and oocyte meiosis signaling pathway. According to previous
studies [20-22], DEGs identified from LUAD are enriched in sig-
naling pathways, such as the p53 signaling pathway, cell cycle,
oocyte meiosis, pathways in cancer, CAMP signaling pathway,
and neuroactive ligand-receptor interaction, which are related
pathways involved in the advancement of malignant tumors.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€922070-8

A PPl network of uDEGs and dDEGs was constructed, and
the top 15 candidate genes and the most important modules
were screened based on the topological structures of the net-
work. Through comprehensive bioinformatics analysis, 8 hub
genes, including PECAM1, CDK1, MKI67, SPP1, TOP2A, CHEK1,
CCNB1, and RRM2, were identified to have high connectivity
and could distinguish the stage of LUAD from both benign
lung disease and normal tissue. At present, the treatment op-
tions for LUAD include surgery, chemotherapy, radiotherapy
and targeted drug therapy, which improve the survival of pa-
tients with mild effects [23].
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Table 7. KEGG pathway analysis of 3 key module in PPl network complex.

) KEGG_PATHWAY
Module 1 hsa04110  Cell cycle 6
hsa04115  p53 signaling pathway 5
hsa04114  Oocyte meiosis 5
Module 2 hsa05200  Pathways in cancer 8
hsa04151  PI3K-Akt signaling pathway 6
hsa05219  Bladder cancer 3
Module 3 hsa05217  Basal cell carcinoma 5
hsa04310  Whnt signaling pathway 5
hsa04550  Signaling pathways regulating 5

pluripotency of stem cells

Count

% P-value Genes
21.43 1.3E-06 CCNB1, CDK1, MAD2L1, CHEK1,
CDC25C, MCM4
17.86 3.8E-06 CCNB1, CDK1, RRM2, CHEK1, GTSE1

CCNB1, CDK1, MAD2L1, AURKA,
CDC25C

ADCY4, BMP2, CDKN2A, PPARG,
CDH1, GNG2, GNG11, MMP1

CSF3, TEK, ANGPT1, GNG2, GNG11,
SPP1

WNT7B, FZD1, AXIN2, FZD4, WNT2B

KEGG - Kyoto Encyclopedia of Genes and Genomes; PPI — protein—protein interaction

Platelet and endothelial cell adhesion molecule 1 (PECAM-1)
is commonly detected in vascular endothelial cells and is in-
volved in various physiological processes, including platelet
aggregation, angiogenesis, and protection of the endothelium
from endotoxin stress [24]. PECAM-1 is mediated by regulation
of the tumor microenvironment (TME) and tumor cell prolifer-
ation, which is related to advanced tumor metastasis progres-
sion [25], and has a distinct differential expression in hepatocel-
lular carcinoma (HCC) [26]. Cyclin-dependent kinase-1 (CDK1),
a critical regulator of the G2/M checkpoint, can directly phos-
phorylate HIF-1a, upregulate HIF-1o transcription, and increase
the invasion and migration of tumor cells [27]. Research has
revealed that the nuclear/cytoplasmic expression ratio of CDK1
was determined as a self-sufficient prognostic reference point
of colorectal cancer with histochemical staining [28]. CDK1,
which is an effective prognostic indicator in patients with pan-
creatic ductal adenocarcinoma, could promote tumor progres-
sion [29]. Marker of proliferation Ki-67 (MKI67), a peripheral
part of the mitotic chromosome, keeps the chromosome from
collapsing into a single chromatin mass after the disintegra-
tion of the nuclear membrane; consequently, chromosomes can
independently mobilize and effectively interact with mitotic
spindles. The high expression of MKI67 mRNA is actually cor-
related with the advanced stage of non-muscle invasive blad-
der cancer [30]. Ki-67 functions in the proliferation of malig-
nant cells at the front of infiltrating tumors, which is highly
correlated with the invasiveness and poor clinical outcomes
of triple-negative breast cancer [31], and has great potential
as a biomarker of oral squamous cell carcinoma (0SCC) [32].
Decreased expression of secreted phosphoprotein 1 (SPP1),

associated with EGFR mutation, is interconnected with the im-
provement of the overall survival rate and recurrence-free sur-
vival rate of LUAD [33]. SPP1 in hydrothorax can be applied in
the detection of malignant pleural effusion and judgment of
patients with NSCLC [34]. Additionally, the overexpression of
SPP1 in OSCC and HCC is related to the occurrence and pro-
gression of tumors [35,36].

The overexpression of DNA topoisomerase Il alpha (TOP2A)
has a negative effect on the prognosis of breast cancer pa-
tients; hence, TOP2A-targeted therapy might be beneficial to
the treatment and prognosis prediction of breast cancer [37].
Patients with TOP2A-positive breast cancer are more sensitive
to anthracyclines than TOP2A-negative patients [38]. TOP2A is
highly expressed in more advanced uterine leiomyosarcoma
with a high mitotic index but not in nonmalignant uterine dis-
eases [39]. It has been previously reported that the protein en-
coded by the checkpoint kinase-1 (CHEK1) gene, which is es-
sential for cell cycle arrest in the presence of DNA damage or
unreplicated chromatid, belongs to a conserved serine/thre-
onine kinase family. It is a meaningful oncogene associated
with poor prognosis and is overexpressed in both esophageal
squamous cell carcinoma and HCC [40,41]. The expression of
CHEK1 can be applied not only as a prognostic indicator but
also as a marker for the selection of CHEK1 inhibitors in pa-
tients with acute myeloid leukemia [42]. The high expression
rate of CHEK1 in breast cancer was found to be 61%, and
high expression was related to tumor size, triple-negative
subtype, basal phenotype, epithelial-stromal transformation,
dysfunction of the DNA homologous repair pathway and poor
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Figure 3. Kaplan-Meier survival curves indicated the prognostic value of hub genes in the form of overall survival (months) in

human LUAD patients; (A) PECAM1, (B) CDK1, (C) MKI67, (D) SPP1, (E) TOP2A, (F) CHEK1, (G) CCNB1, (H) RRM2. Violin plots
demonstrated an association between the pathological stage of human LUAD and the expression of 8 hub genes based on
TCGA data analysis using GEPIA; (I) PECAM1, (J) CDK1, (K) MKI67, (L) SPP1, (M) TOP2A, (N) CHEK1, (O) CCNB1, (P) RRM2.
LUAD - lung adenocarcinoma; TCGA — The Cancer Genome Atlas.

prognosis [43]. Abnormal expression of cyclin B1 (CCNB1) has
been observed in a variety of tumors, including pituitary ade-
nomas, and increases moderately with the escalation of inva-
siveness [18]. CCNB1 is a pivotal factor in the proliferation of
hepatocellular carcinoma cells, and FOXM1 binds the CCNB1
promoter region to regulate the transcription of CCNB1 [44].
CCNB1 is an influential biomarker for the prognosis of estro-
gen receptor (ER)+ breast cancer; targeting CCNB1 can prevent
or even reverse resistance to hormone therapy and facilitate
personalized treatment [45]. The expression of ribonucleo-
tide reductase regulatory subunit M2 (RRM2) correlates with
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clinical stage and is increased significantly in neuroblastoma
compared to adjacent benign tissues [46]. HPVE7 facilitates
to RRM2 upregulation and promotes the occurrence of cervi-
cal carcinoma through angiogenesis induced by Ros-ERK1/2-
HIF-1, and a-VEGF. The overexpression of RRM2 is intimately
related to the occurrence and progression of human ovarian
carcinoma and breast cancer [47,48].
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Figure 4. DEGs were validated in LUAD and normal lung tissue. The gene expression of (A) PECAM1, (B) CDK1, (C) MKI67, (D) SPP1,
(E) TOP2A, (F) CHEK1, (G) CCNB1, (H) RRM2 in 483 LUAD patients and 347 normal tissues was evaluated by GEPIA.
The relative mRNA expression levels of (I) PECAM1, (J) CDK1, (K) MKI67, (L) SPP1, (M) TOP2A, (N) CHEK1, (0) CCNB1, and
(P) RRM2 between 28 LUAD patients and 8 normal lung tissues were determined by RT-qPCR. All data are shown as the
mean+SD, ### P<0.001 versus the normal group. DEGs — differentially expressed genes; LUAD - lung adenocarcinoma;
GEPIA - Gene Expression Profiling Interactive Analysis; mRNA — messenger RNA; RT-qPCR — real-time quantitative polymerase
chain reaction; SD — standard deviation.
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Conclusions

8 hub genes in LUAD were identified from hundreds of can-
didate DEGs. The hub genes were markedly correlated with
the overall survival of LUAD patients, and their expression
was histologically validated. Studies have shown that dys-
regulated gene expression can lead to the occurrence of tu-
mors. This study improves our understanding of the molecular
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tentially support the diagnosis and precise identification of
treatment targets for LUAD. However, in vivo and in vitro trials
and multicenter randomized controlled clinical trials are still
needed before these biomarkers can be accurately applied in
clinical laboratory diagnostics.
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