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Abstract. - OBJECTIVE: This study was
aimed to explore the underlying genes associ-
ated with lung cancer (LC) by bioinformatics
analysis.

DATA AND METHODS: Gene expression pro-
file GSE2514 was downloaded from the Gene
Expression Omnibus database. Twenty lung
and nineteen para-carcinoma tissue samples
were used to identify the differentially ex-
pressed genes (DEGs) by paired t-test. Pathway
enrichment analysis of DEGs was performed,
followed by the construction of protein-protein
interaction (PPIl) network. Functional enrich-
ment analysis of the module identified from PPI
network was performed, and the enriched term
with the highest enrichment scores was select-
ed for pathway enrichment analysis.

RESULTS: Total 257 DEGs including 179 up-reg-
ulated DEGs such as monoamine oxidase A
(MAOA) and intercellular adhesion molecule 2
(ICAM2), and 78 down-regulated DEGs such as
thrombospondin-2 (THBS2) were identified. Up-
regulated DEGs were enriched in 7 pathways,
such as drug metabolism, tyrosine metabolism
and cell adhesion molecules (CAMs). Down-regu-
lated DEGs were enriched in extracellular cell ma-
trix receptor interaction and focal adhesion path-
ways. In the PPI network, interleukin-6 (IL6) had
the highest connectivity degree of 39. Module 1
with the highest functional enrichment scores of
5.457 containing 13 hub genes such as KIAA0101.

CONCLUSIONS: DEGs of LC were mainly en-
riched in the pathways related to metabolism
and cell adhesion. The DEGs such as MAOA,
ICAM2, IL6, THBS2 and KIAA0101 may be the po-
tential targets for LC diagnosis and treatment.
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Introduction

Lung cancer (LC) is one of the most common
fatal malignancies in economically developed
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countries and the second leading cause of death
in developing countries!. More than 1 million
people die of LC annually®. Although diagnosis
at an early stage is increasing with the introduc-
tion of some novel technologies, LC is still a
devastating disease which has a very poor prog-
nosis®. The poor prognosis for LC patients is
generally owing to the inability to treat the resul-
tant late stage of it*.

Numerous studies have made contributions to
explore the mechanism and therapeutic method
for LC. Achievements have been obtained in ex-
ploring the pathological mechanism underlying
the LC development. Some genes and pathways
have been found to play key roles in the LC pro-
gression. For example, somatic mutations in p53
gene play an important role in the pathogenesis
of early stage LC°. Amplified and increased ex-
pression of the v-myc avian myelocytomatosis vi-
ral oncogene homolog (myc) family of pro-
tooncogenes has been described to be associated
with rapid proliferation in LC cells®. The dysreg-
ulation or deletion of one gene might affect the
function of many other genes since there are
complex interactions among various genes, their
effectors, and the pathways in which they
involve’. In addition, pathways have been identi-
fied to control important aspects of DNA repair
and genomic stability®. At present, some critical
pathways have been found to be related to LC,
such as mitogen-activated protein kinase kinase
and phosphatidyl inositol 3-kinase pathway’. The
development of gene expression profiling tech-
nology'® is becoming more and more important
to our understanding of LC biology. Although
progresses have been achieved about the patho-
genesis of LC, the genetic mechanisms of LC are
far from being clear.

In the present study, we downloaded GSE2514
and identified the differentially expressed genes
(DEGs) between the LC and normal donors (ND)
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samples to explore the molecular mechanisms of
LC. Besides, we performed pathway enrichment
analysis, protein-protein interaction (PPI) net-
works and module analysis to study and identify
the target genes for diagnosis and treatment of
LC. Findings of this study might play important
roles in lung tumor genesis and may potentially
serve as biomarkers in both diagnosis and prog-
nosis of human LC.

Data and Methods

Affymetrix Microarray Data

The microarray expression profile dataset
GSE2514'"" was downloaded from National Cen-
ter of Biotechnology Information (NCBI) Gene
Expression Omnibus (GEO, http://www.ncbi.
nlm.nih.gov/geo/) database which is based on the
GPL8300 [HG_U95Av2] Affymetrix Human
Genome U95A Version 2 Array platform. The
dataset contains 39 samples including 20 lung and
19 para-carcinoma tissue samples. In this paper,
the samples were analyzed by bioinformatics.

Data Preprocessing and Differential
Expression Analysis

The original expression data in CEL files were
firstly converted into expression measures and
the quartile data were normalized by robust mul-
tiarray average (RMA)'? in R Affy package. Then
the samples were divided into two groups: LC
and ND. The paired t-test based on the limma
package® in R was used to identify DEGs in LC
and ND samples. Then log2-fold change (logFC)

was calculated. Only genes with [logFCl > 1.0
and adjusted p-value < 0.05 were regarded as
DEGs.

Pathway Enrichment Analysis of DEGs

The Database for Annotation, Visualization
and Integrated Discovery (DAVID)' that consists
of an integrated biological knowledgebase and
analytic tools is used for systematic and integra-
tive analysis of large gene protein lists. Kyoto
Encyclopedia of Genes and Genomes (KEGG)"
is a collection of online databases used for deal-
ing with genomes, enzymatic pathways and bio-
logical chemicals. KEGG pathway enrichment
analysis for the identified DEGs was performed
by DAVID online tool with the threshold of p-
value < 0.05.

Protein-Protein Interactions Analysis and
Network Construction

The Search Tool for the Retrieval of Interact-
ing Genes (STRING) database'¢ is a precomput-
ed global resource which has been designed to
evaluate the PPI information. In this paper, the
STRING online tool was applied to analyze the
PPI of DEGs and only those experimentally vali-
dated interactions with a combined score > 0.4
was selected as significant.

Cytoscape'” is a general bioinformatics pack-
age used for visualizing biological network and
integrating data. PPI networks were constructed
using the Cytoscape software based on the PPI
relationships obtained. From the previous studies
on biological network obtained, most of the PPI
networks obeyed the scale-free attribution'®. So

Table 1. The enriched KEGG pathways for the up- and down-regulated DEGs.

Term Count p value
Up-regulated DEGs

hsa04610: Complement and coagulation cascades 8 7.7E-05
hsa04270: Vascular smooth muscle contraction 9 2.8E-04
hsa00982: Drug metabolism 5 1.5E-02
hsa04514: Cell adhesion molecules (CAMs) 7 1.5E-02
hsa05416: Viral myocarditis 5 2.3E-02
hsa00350: Tyrosine metabolism 4 2.9E-02
hsa00360: Phenylalanine metabolism 3 4.4E-02
Down-regulated DEGs

hsa04512: ECM-receptor interaction 3 1.7E-03
hsa04510: Focal adhesion 7 3.6E-02
DEGs stands for differentially expressed genes; Count stands for the number of enriched DEGs.

DEGs stands for differentially expressed genes; Count stands for the number of enriched DEGs.
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Table Il. The statistical results of connectivity degrees of top 6 hub genes in PPI network.

Gene Degree Adj. p value Gene Degree Adj. p value
IL6 39 1.7E-4 F3 17 1.4E-4
FOS 28 1.0E-4 VWF 17 1.6E-12
MMP9 24 7.1E-7 KIAA0101 16 3.6E-8

connectivity degree was analyzed by statistics in
networks to obtain the important nodes, namely
hub proteins'® which participated in PPI relations
of the networks.

Network Modeling Analysis

Clustering with overlapping neighbourhood
expansion (ClusterONE)? is used to discover
densely connected and possibly overlapping re-
gions within the PPI network. In the current
study, ClusterONE was used to analyze the PPI
network with the threshold of p-value < 1.0E-5.

Gene Ontology (GO) analysis is a popular ap-
proach for functional studies of large-scale ge-
nomic or transcriptomic data®'. In this paper, GO
functional enrichment analysis (with the thresh-
old of p-value < 0.05) and KEGG pathway data-
base enrichment analysis of the module genes
was performed by DAVID online tool and the
module which had the highest enrichment score
was selected for pathway enrichment analysis.

Results

ldentification of DEGs and KEGG
Pathway Enrichment Analysis

For dataset GSE2514, a total of 257 DEGs in-
cluding 179 up-regulated such as monoamine oxi-
dase A (MAOA) and intercellular adhesion mole-
cule 2 (ICAM?2), and 78 down-regulated DEGs
such as thrombospondin-2 (THBS2) were selected.

The significantly enriched pathways of the up-
regulated DEGs and down-regulated DEGs were
shown in Table I. The up-regulated DEGs were
enriched in 7 pathways such as, cell adhesion
molecules (CAMs), drug metabolism and tyro-
sine metabolism. The down-regulated DEGs
were enriched in extracellular matrix (ECM) re-
ceptor interaction and focal adhesion.

PPI Network Construction

A total of 452 PPI relationships were obtained.
The PPI networks with internal nodes more than
2 were then constructedusing Cytoscape and the

networks with 169 nodes and 448 edges were ob-
tained (Figure 1). The genes interleukin-6 (/L6)
(degree = 39), FBJ murine osteosarcoma viral
oncogene homolog (FOS) (degree = 28), matrix
metallopeptidase 9 (degree = 24), coagulation
factor III (degree = 17), von Willebrand factor
(degree = 17) and KIAAOI01 (degree = 16) were
selected as top 6 hub nodes (Table II).

Module Analysis

Module 1 had 13 nodes and 70 edges (Figure
2). After GO functional enrichment analysis of
module 1, three enriched terms were obtained
and their functional enrichment scores were
5.457, 2.384 and 1.998. The enriched terms with
the highest enrichment score (5.457) was related
to cell cycle. The other two enriched terms were
related to nucleotide binding and cellular compo-
nent respectively (Table III).

Discussion

The analysis of gene expression profile revealed
the underlying gene activity changes related to LC
and enabled the identification of targets for man-
agement policy. In the present study, a total of 257
DEGs were identified between LC and ND sam-
ples through gene expression profile of GSE2514.
The up-regulated DEGs were enriched in the path-
ways related to metabolism and cell adhesion,
such as drug metabolism, tyrosine metabolism and
CAMs, while the down-regulated DEGs were en-
riched in ECM receptor interaction and focal ad-
hesion. In the PPI network, /L6 had the highest
connectivity degree. Module 1 contained 13 hub
genes such as KIAA0I01. This result suggested
that these genes and pathways may play an impor-
tant role in the progression of LC.

A previous study of the RNA-seq analysis
showed that the DEGs between lung cancer
smoker and normal controls were mainly in-
volved in cellular processes, which suggested
that smoking might influence the normal cellar
process and contributed to lung cancer progres-
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Figure 1. Interaction of proteins. Green: up-regulated DEGs; red: down-regulated DEGs.

sion*?. Another microarray data analysis for lung
cancer indicated that DEGs were enriched in
functions such as cell cycle, DNA replication and
immune function?. In our work, we obtained the
similar results that cell cycle was the significant
GO term that represented by DEGs in modular 1.
Thus, the normal cell cycle was dysregulated in
the development of lung cancer.

Additionally, it has been confirmed that genes
and proteins involved in cellular metabolism
played a crucial role in the development and pro-
gression of cancer*. In this study, MAOs enrich-
ing in several metabolism signaling pathways
such as drug metabolism, tyrosine metabolism
were up-regulated. MAOs are flavoprotein en-
zymes located in the mitochondrial outer mem-
branes. Their substrates include dietary amines

and neurotransmitters which are biogenic
monoamines. Recent evidence supports that neu-
rotransmitters can influence tumor growth and
progression®. The enzymes have 2 forms, MAOA
and MAOB. MAOA preferentially oxidizes sero-
tonin and norepinephrine, whereas MAOB has a
greater affinity for benzylamine and phenylethy-
lamine. Dopamine is a common substrate of
MAOA and MAOB?. Dopamine can inhibit tu-
mour growth by interfering with vascular en-
dothelial growth factor signaling in endothelial
cells and blocking its angiogenic functions?’.
MAOA produces a by-product, hydrogen perox-
ide which is a major source of reactive oxygen
species (ROS)*. ROS can causes DNA damage
and tumor initiation and progression®. Kaminski
et al*® investigated MAOs in serum of patients
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Table I1l. GO functional enrichment analysis of module 1.

Category Term Description Count p value
BP G0:0000278 Mitotic cell cycle 8 3.3E-09
BP G0:0022403 Cell cycle phase 8 7.1E-09
BP G0:0022402 Cell cycle process 8 6.1E-08
BP GO0:0000279 M phase 7 8.2E-08
BP G0:0000280 Nuclear division 6 4.6E-07
MF GO:0005524 ATP binding 6 1.6E-03
MF G0:0032559 Adenyl ribonucleotide binding 6 1.7E-03
MF G0:0030554 Adenyl nucleotide binding 6 2.2E-03
MF G0:0001883 Purine nucleoside binding 6 2.3E-03
MF GO0:0001882 Nucleoside binding 6 2.4E-3

CC G0:0015630 Microtubule cytoskeleton 5 5.7E-04
CC G0:0044430 Cytoskeletal part 5 4.5E-03
CC GO:0005813 Centrosome 3 1.3E-02
CC GO0:0005815 Microtubule organizing center 3 1.6E-02
CC GO:0005856 Cytoskeleton 5 1.7E-02

Category stands for the GO functional category; BP stands for biological process; MF stands for molecule function; CC stands

for cellular components.
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Figure 1. Module 1 with the highest MCODE score selected
from PPI network.

with LC and found that the MAOs activities of
serum increased notably in some cases of LC. We
also found that up-regulated DEGs were enriched
in the CAMs pathways. CAMs belonging to the
integrin, cadherin and immunoglobulin superfam-
ily play a key role in cell-cell adhesion, and a
number of these molecules have been implicated
in cancer progression and metastasis®'. The cellu-
lar processes are modulated by the interaction of
cells with each other and with their microenviron-

ment. In normal tissue, CAM expression is tightly
regulated. However, deregulation of CAMs dis-
rupts normal cell-cell and cell-matrix interactions,
which results in freeing cells from normal check
points and constraints, and facilitating tumour for-
mation and metastasis*. In this study, ICAM2 en-
riched in CAMs signaling pathway was up-regu-
lated. ICAM2 is a member of immunoglobulin
families. Another member, ICAM1 has been re-
ported to be associated with primary tumors and
metastases and interfering with its expression in-
hibits experimental metastasis by melanomas in
nude mice*?. ICAM2 has structural and functional
homology to ICAM1%. As a cell surface adhesion
protein involved in leukocyte recruitment,
ICAM2 is expressed at low levels on most leuko-
cytes including T and B lymphocytes®*. Recent
gene expression profiling indicated that patients
with large B cell lymphomas presented an elevat-
ed expression of [CAM2%.

In this study, down regulated DEGs such as
thrombospondin-2 (THBS2) were found to enrich
in the ECM-receptor interaction pathways. ECM
is a complex structure formed by distinct molecu-
lar networks which interact with specific cell re-
ceptors®. It has been demonstrated to play a cru-
cial role in cell proliferation, migration, differenti-
ation, apoptosis as well as carcinogenesis®’. The
protein encoded by THBS2 has been shown to
mediate cell-to-cell and cell-to-matrix interactions
and inhibit the angiogenic activity, mitogenesis
and formation of focal adhesions in endothelial
cells®. This protein has been shown to function as
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a potent inhibitor of tumor growth and angiogene-
sis*®. Alvarez et al*® suggested that the reduction
of THBS2 expression may be coupled with the
development of a malignant phenotype. Czekier-
dowski et al*® reported the down-regulated ex-
pression of THBS2 gene in ovarian cancer. In
conclusion, metabolism, cell adhesion and ECM-
receptor interaction signaling pathways were
closely associated with LC. As a result, DEGs re-
lated to these pathways may be used as potential
targets for LC treatment.

A recent study for screening lung cancer relat-
ed genes with RNA-seq indicated that IL6 was a
significant DEG between smokers with lung can-
cer and normal smokers?. It is consistent with our
results that IL6 as a significant DEG was also a
hub gene with the highest connectivity degree of
39 in PPI network. IL6 is a multifunctional cy-
tokine which functions in defense response, cell
survival, proliferation and apoptosis*'. It is report-
ed that IL6 and its major effector signal transduc-
er and activator of transcription 3 play a central
role in the epigenetic switch from non-trans-
formed epithelia to cancer cells*’. Yanagawa et
al® found that patients with LC have elevated lev-
els of IL6 and its expression is related with poor
prognosis of lung cancer patients. IL6 is ex-
pressed by LC cells and acts in an autocrine or
paracrine mechanisms to stimulate cancer cell
proliferation and migration**. Taken together,
these data suggest that IL6 may be a candidate
molecular marker associated with LC.

In addition, we also found KIAA0101 was a
hub gene in the PPI network with a higher con-
nectivity degree of 16. Module analysis of the
PPI network revealed that KIAAO101 was also
enriched in module 1. KIAAO101 is a proliferat-
ing cell nuclear antigen (PCNA) associated factor
and was identified as p15™Fin 2001%. PCNA is
an essential scaffold molecule for DNA repair
through interactions with several DNA replica-
tion proteins***’. In mammalian cells, the over-
expression of KIAAO101 is found to protect cells
from UV-induced cell death, which supports that
KIAAO101 participates in the regulation of DNA
repair, apoptosis and cell cycle progression®. In
recent years, several reports have demonstrated
that the over-expression of KIAAO101 occurred
in a variety of human malignancies including LC
and involved in tumor progression*>-*°, Cancer
patients with elevated KIAAO101 expression
show a higher recurrence rate and significantly
declined survival rate’'. The over-expressed KI-
AAO0101 has the potential to facilitate cell prolif-

eration under both physiological conditions and
human cancers, such as LC and thyroid carcino-
ma’>>3. Besides, the elevated KIAA0101 level
was concerned with more advanced tumor stages
so the assessment of KIAAO101 expression may
be helpful in determining the most appropriate
duration and intensity of treatment®'.

Conclusions

Our data provide a comprehensive bioinfor-
matics analysis of DEGs which may be involved
in LC. The findings in current work may con-
tribute to our understanding of the underlying
molecular mechanisms of LC. DEGs such as
MAOA, ICAM2, THBS2, IL6 and KIAAO10I have
the potential to be used as targets for LC diagno-
sis and treatment.

However, this study has a few limitations. In the
process of data analysis, only a few cases of adeno-
carcinoma of lung and para-carcinoma tissue sam-
ples based on one platform were used for the analy-
ses. This may cause a high rate of false positive re-
sult. Further genetic investigations with larger sam-
ple size are still needed to confirm our observation.
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