
Abstract. – OBJECTIVE: The study was aimed
to explore the underlying mechanisms and identi-
fy the potential target genes by bioinformatics
analysis for non-small-cell lung carcinoma
(NSCLC) treatment in non-smoking women.

MATERIALS AND METHODS: The microarray
data of GSE19804 was downloaded from Gene
Expression Omnibus (GEO) database. Paired
samples (from the same patient) of tumor and
normal lung tissues from 60 non-smoking female
NSCLC patients were used to identify differential-
ly expressed genes (DEGs). The functional en-
richment analysis was performed. Furthermore,
the protein-protein interaction (PPI) network of
the DEGs was constructed by Cytoscape soft-
ware. The module analysis was performed.

RESULTS: Totally, 817 DEGs including 273 up-
and 544 down-regulated genes were identified.
The up-regulated genes were mainly enriched
in extracellular matrix (ECM)-receptor interac-
tion, focal adhesion and cell cycle functions,
while down-regulated genes were mainly en-
riched in the cytokine-cytokine receptor inter-
action pathway. DEGs including hyaluronan-
mediated motility receptor (HMMR), collagen,
type I alpha 2 (COL1A2), cyclin A2 (CCNA2),
MAD2 mitotic arrest deficient-like 1 (MAD2L1),
interleukin 6 (IL6) and interleukin 1, beta (IL1B)
were identified in these functions. These genes
were hub nodes in PPI networks. Besides, there
were 3 up-regulated modules and 1 down-regu-
lated module. The significant pathways were
ECM-receptor interaction and focal adhesion in
up-regulated modules, while in down-regulated
module, the significant pathway was mitogen-
activated protein kinase (MAPK) signaling path-
way.

CONCLUSIONS: The ECM-receptor interac-
tion, focal adhesion, cell cycle and cytokine-cy-
tokine receptor interaction functions may be
associated with NSCLC development. Genes
such as HMMR, COL1A2, CCNA2, MAD2L1, IL6
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Introduction

Non-small-cell lung carcinoma (NSCLC) is a
type of lung cancer and it is the leading cause of
cancer-related death in the world. The most
common types of NSCLC are large cell
carcinoma, squamous cell carcinoma and
adenocarcinoma. Approximately 1.35 million
new cases of lung cancers are diagnosed
annually1. Patients with NSCLC, which account
for about 80% of all lung cancer cases, are
diagnosed with advanced stages of the disease2.
The 5-year survival rate of NSCLC after surgery
is only 17%3. Therefore, an improved under-
standing mechanism on the pathogenesis of
NSCLC would supply new insights for the diag-
nosis and treatment of NSCLC.

The carcinogenesis of NSCLC is a multistep
process of accumulation of genes mutations in
cell growth, differentiation, migration, invasion
and apoptosis4. Previous study suggested that
multiple genetic alterations are associated with
the process of tumorgenesis. For example, EPH
receptor B3 is overexpressed in NSCLC and
promotes tumor metastasis by enhancing cell
survival and migration5. MiR-21 represses tumor
suppressor phosphatase and tensin homolog
(PTEN) and promotes cell growth and invasion in
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ray) (Affymetrix Inc., Santa Clara, CA, USA)
was downloaded from Gene Expression Omnibus
(GEO) database at the National Center for
Biotechnology Information (NCBI)
(http://www.ncbi.nlm.nih.gov/geo/), it was de-
posited by Lu et al16. Paired samples (from the
same patient) of tumor and normal lung tissues
were collected from 60 non-smoking female
NSCLC patients.

Data Preprocessing and Differential
Expression Analysis

The probe-level data in .CEL files were con-
verted into expression measures. The data were
normalized by the robust multiarray average
(RMA)17 algorithm in R Affy package
(http://www.bioconductor.org/packages/release/b
ioc/html/affy.html)18. The t-test method of the
limma package (http://master.bioconductor.org
/packages/release/bioc/html/limma.html)19 in R
was used to identify DEGs between NSCLC and
normal samples. Then, log2-fold change (log2FC)
was calculated to identify genes with expression-
level differences. Only DEGs with |log2FC| > 1.0
and p-value < 0.05 were selected.

Functional Enrichment Analysis
Gene Ontology (GO) database

(http://geneontology.org/)20 is a large set of gene
annotation terms. Kyoto Encyclopedia of Genes
and Genomes (KEGG) knowledge database
(http://www.kegg.jp/)21 was implemented to iden-
tify functional and metabolic pathways. Database
for Annotation, Visualization and Integrated Dis-
covery (DAVID) (http://david.abcc.ncifcrf.gov/)22

is a tool which provides a comprehensive set of
functional annotation for large list of genes. Both
GO categories and KEGG pathway enrichment
analyses for DEGs were conducted using DAVID.
p-value < 0.05 and gene count > 5 were the cutoff
criteria for the functional enrichment analysis.

Protein-Protein Interaction (PPI) Network
Construction

Search Tool for the Retrieval of Interacting
Genes (STRING) (http://www.string-db.org/)23 is
an online database which collects comprehensive
information of proteins. The STRING online tool
was applied to analyze the interactions of protein
pairs and only the interaction with confidence
score > 0.4 was selected as significant. Nodes
with connectivity degree ≤ 5 were abandoned
and the PPI network was constructed using Cy-
toscape software24.
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NSCLC6. In addition, down-regulation of notch-
1, via inhibition of NF-κB signaling pathways by
delta-tocotrienol, could inhibit cell growth and
induction of apoptosis in NSCLC7. The insulin-
like growth factor (IGF) signaling pathway has a
driving role in the development of NSCLC, and
IGF has become a potential target gene for
cancer therapy8. Moreover, it has been reported
that tobacco smoking is a risk factor for
NSCLC9. However, many patients with lung
cancer are associated with non-smoking10. It has
been indicated that non-smoking-associated lung
cancer has an increased prevalence of
adenocarcinoma11. Gene epidermal growth factor
receptor mutations are enriched in non-smokers
patients with NSCLC12. Besides, NSCLC in nev-
er smokers is clinically characterized by an in-
creased incidence in females13. Although some
factors have been reported to be associated with
the development of NSCLC, the pathogenic
mechanisms of NSCLC in non-smoking women
are still not clearly demonstrated. There is also
lack of effective target genes for NSCLC treat-
ment despite some combined treatment was
discussed for them14,15.

The microarray data (GSE19804) was ana-
lyzed with microarray analysis to identify the
differentially expressed genes (DEGs)16. The
result showed that sema domain, seven throm-
bospondin repeats (type 1 and type 1-like), trans-
membrane domain (TM) and short cytoplasmic
domain, (semaphorin) 5A (SEMA5A) might be
useful as prognostic biomarkers for NSCLC by
Lu et al16. In this study, we downloaded this data
and used different methods to identify DEGs be-
tween NSCLC and normal samples in non-
smoking female patients. The functional enrich-
ment analysis of DEGs was performed. Besides,
protein-protein interaction (PPI) network con-
struction, module analysis and functional
analysis for module genes were performed to
estimate the significant genes and their
corresponding pathways. The purpose of this
study was to identify the potential target genes
and explore the underlying mechanisms in the
pathogenesis of NSCLC in non-smoking women.

Materials and Methods

Affymetrix Microarray Data
The gene expression profile data of

GSE19804 based on the platform of GPL570
(Affymetrix Human Genome U133 Plus 2.0 Ar-
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Module Analysis
The significant modules from the constructed

PPI network were selected using the ClusterONE
plug-in25 of the Cytoscape software (http://cy-
toscape.org/plugins. html) with p-value < 0.01.

The InterPro database (http://www.ebi.ac.uk/
interpro/)26 is an integrated documentation re-
source for protein families, domains and func-
tional sites. The protein domain analysis was
conducted for module genes using InterPro
database. Besides, the KEGG pathway
enrichment analysis of the module genes was
performed with p-value < 2.0E-3.

Results

Identification of DEGs
A total of 817 DEGs, including 273 up- and

544 down-regulated genes, were identified be-
tween NSCLC and normal samples.

Functional Enrichment Analysis
The top 5 GO terms enriched by up- and

down-regulated genes were shown in Table I.
The up-regulated genes were mainly enriched in
GO biological process (BP) terms of nuclear
division, cell cycle, multicellular organismal
metabolic process, microtubule-based process,
chromosome segregation and skin development.
The GO cellular component (CC) terms
contained proteinaceous extracellular matrix,
condensed chromosome kinetochore and fibrillar
collagen. The most enriched GO terms of down-
regulated genes were relevant to BP terms of re-
sponse to wounding, defense response, inflam-
matory response and vasculature development.
Moreover, down-regulated genes were associated
with GO CC terms of extracellular region, intrin-
sic to plasma membrane and plasma membrane
part and molecular function (MF) terms of carbo-
hydrate binding, polysaccharide binding and pat-
tern binding.

The KEGG pathways of up- and down-
regulated genes were shown in Table II. The up-
regulated genes were mainly enriched in extra-
cellular matrix (ECM)-receptor interaction, cell
cycle, O-Glycan biosynthesis, focal adhesion
and p53 signaling pathway. DEGs including
hyaluronan-mediated motility receptor
(HMMR), collagen, type I alpha 2 (COL1A2)
and cartilage oligomeric matrix protein
(COMP) were identified in ECM-receptor inter-
action pathway. Cell cycle related genes, such

as cyclin A2 (CCNA2), MAD2 mitotic arrest de-
ficient-like 1 (MAD2L1) and BUB1 mitotic
checkpoint serine/threonine kinase B (BUB1B),
were identified in this study. Additionally,
down-regulated genes were related to cytokine-
cytokine receptor interaction, complement and
coagulation cascades and renin-angiotensin sys-
tem pathways. The down-regulated genes
including interleukin 6 (IL6), interleukin 1, beta
(IL1B) and colony stimulating factor 3 (CSF3)
were identified in the cytokine-cytokine recep-
tor interaction pathway.

PPI Network Construction
The PPI networks of up- and down-regulated

genes were shown in Figure 1. The up-regulated
network was constructed with 133 nodes and
1453 edges (A). The proteins non-SMC con-
densin I complex, subunit G (NCAPG, degree =
53), PDZ binding kinase (PBK, degree = 52),
MAD2L1 (degree = 52), cell division cycle asso-
ciated 7 (CDCA7, degree = 52), CCNA2 (degree
= 51) and HMMR (degree = 50) were hub nodes
in this network. The down-regulated PPI network
was constructed with 289 nodes and 1295 edges
(B). Proteins IL6 (degree = 65), FBJ murine os-
teosarcoma viral oncogene homolog (FOS, de-
gree = 46), IL1B (degree = 40) and chemokine
(C-X-C motif) receptor 2 (CXCR2, degree = 38)
were hub proteins in this network.

Module Analysis
A total of 3 significant modules were selected

in the up-regulated PPI network. As shown in
Figure 2, module 1 (p-value = 5.850E-7) was
constructed with 20 nodes and 1216 edges (A);
module 2 (p-value = 5.279E-6) was obtained
with 17 nodes and 80 edges (B); module 3 (p-
value = 0.002) contained with 11 nodes and 83
edges (C). One module (p-value = 8.481E-6) of
down-regulated PPI network was obtained with
23 nodes and 170 edges (Figure 3).

As shown in Table III, the significant protein
domains in up-regulated modules were fibrillar
collagen, C-terminal, collagen triple helix repeat,
von Willebrand factor, type C, LamG, throm-
type, N-terminal and con A-like lectin/glucanase,
subgroup. In down-regulated module, the
significant protein domains were basic-leucine
zipper transcription, fos transforming protein,
basic leucine zipper and so on (Table III).

In the up-regulated modules, the significant
pathways were ECM-receptor interaction and
focal adhesion, while in the down-regulated
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Category Term Count p-value

Up-regulated genes

Cluster 1 Enrichment Score: 7.701339286862259
BP GO:0000280~nuclear division 25 2.19E-14
BP GO:0007067~mitosis 25 2.19E-14
BP GO:0000087~M phase of mitotic cell cycle 25 3.29E-14
BP GO:0048285~organelle fission 25 5.39E-14
BP GO:0000279~M phase 29 7.38E-14
Cluster 2 Enrichment Score: 4.3468704531868605
BP GO:0044259~multicellular orga macro metabolic process 9 1.26E-08
BP GO:0044236~multicellular organismal metabolic process 9 5.73E-08
BP GO:0032963~collagen metabolic process 8 1.35E-07
CC GO:0005578~proteinaceous extracellular matrix 20 1.26E-06
CC GO:0031012~extracellular matrix 20 3.83E-06
Cluster 3 Enrichment Score: 3.679263707199071
BP GO:0007017~microtubule-based process 16 6.01E-06
BP GO:0007051~spindle organization 7 5.16E-05
BP GO:0000226~microtubule cytoskeleton organization 11 7.10E-05
BP GO:0007052~mitotic spindle organization 4 0.001307
BP GO:0007010~cytoskeleton organization 14 0.013949
Cluster 4 Enrichment Score: 3.575395942162664
BP GO:0007059~chromosome segregation 12 3.05E-08
BP GO:0000070~mitotic sister chromatid segregation 7 1.38E-05
BP GO:0000819~sister chromatid segregation 7 1.63E-05
CC GO:0000777~condensed chromosome kinetochore 8 4.19E-05
CC GO:0000793~condensed chromosome 11 4.99E-05
Cluster 5 Enrichment Score: 2.8151554806198686
CC GO:0005583~fibrillar collagen 6 8.04E-07
CC GO:0005581~collagen 7 1.94E-05
BP GO:0043588~skin development 6 6.27E-05
BP GO:0030199~collagen fibril organization 6 6.27E-05
CC GO:0044420~extracellular matrix part 10 1.26E-04
Down-regulated genes
Cluster 1 Enrichment Score: 17.086704678284505
CC GO:0005576~extracellular region 139 1.36E-20
CC GO:0044421~extracellular region part 84 1.08E-17
CC GO:0005615~extracellular space 65 3.72E-15
Cluster 2 Enrichment Score: 15.311658273172588
BP GO:0009611~response to wounding 58 3.81E-18
BP GO:0006952~defense response 58 4.08E-15
BP GO:0006954~inflammatory response 41 7.47E-15
Cluster 3 Enrichment Score: 11.047853620290875
BP GO:0001944~vasculature development 34 2.94E-13
BP GO:0001568~blood vessel development 33 8.21E-13
BP GO:0048514~blood vessel morphogenesis 29 1.58E-11
BP GO:0001525~angiogenesis 22 1.69E-09
Cluster 4 Enrichment Score: 8.176809496800056
CC GO:0031226~intrinsic to plasma membrane 77 5.00E-09
CC GO:0044459~plasma membrane part 117 5.98E-09
CC GO:0005887~integral to plasma membrane 75 9.86E-09
Cluster 5 Enrichment Score: 6.857326135375957
MF GO:0030246~carbohydrate binding 38 5.99E-12
MF GO:0030247~polysaccharide binding 19 3.61E-07
MF GO:0001871~pattern binding 19 3.61E-07
MF GO:0008201~heparin binding 14 6.58E-06
MF GO:0005539~glycosaminoglycan binding 16 1.01E-05

Table I. Top 5 Gene Ontology (GO) terms enriched by up- and down-regulated genes.

BP: biological process; CC: cellular component; MF: molecular function. Count: enriched gene number in the category.
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sis and module analysis results showed that up-
regulated genes were related to ECM-receptor in-
teraction, focal adhesion and cell cycle pathways,
while down-regulated genes were mainly
enriched in the cytokine-cytokine receptor inter-
action pathway. DEGs including HMMR,
COL1A2, CCNA2, MAD2L1, IL6 and IL1B were
identified in these functions. Moreover, these
genes were hub nodes in PPI networks. These
DEGs and their related functions may be
involved in NSCLC progress.

The up-regulated genes were significantly
enriched in the pathways of ECM-receptor inter-
action and focal adhesion. Previous studies27

module, the significant pathway was mitogen-
activated protein kinase (MAPK) signaling
pathway (Table IV).

Discussion

In this study, the gene expression profile data
of GSE19804 was downloaded from GEO
database to identify DEGs between NSCLC and
normal samples in non-smoking women using
bioinformatics analysis. Totally, 817 DEGs
including 273 up- and 544 down-regulated genes
were selected. The functional enrichment analy-

Figure 2. The significant modules in up-regulated protein-protein interaction (PPI) network. A, Module 1 with p-value =
5.850E-7. B, Module 2 with p-value = 5.279E-6. C, Module 3 with p-value = 0.002. Nodes stand for proteins and edges repre-
sent interactions between two proteins.

Figure 1. Protein-protein interaction (PPI) networks of differentially expressed genes (DEGs). A, PPI network of up-regulated
genes. B, PPI network of down-regulated genes. Nodes stand for proteins and edges represent interactions between two proteins.
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motility seen in the processes of tumor cell
progression, metastasis and invasion28. Wang et
al29 reported that the over-expressed RHAMM
regulated ras signaling, and it was a significant
parameter in breast cancer progression. However,
the evidence concerning the impact of HMMR in
NSCLC is rare. In this study, over-expressed
HMMR was enriched in these functions and was
hub node in PPI network, suggesting that HMMR
may play an important role in NSCLC
progression by regulating ECM-receptor interac-
tion and focal adhesion. Additionally, COL1A2 is
a member of collagen family and is also
associated with cell adhesion30. Adhesion of cells
to collagen is mediated by fibronectin31. The
study of Shintani et al32 showed that collagen I
promoted epithelial-to-mesenchymal transition in
lung cancer cells through transforming growth
factor-beta (TGF-β) signaling. In this study,
COL1A2 was up-regulated gene, which was
consistent with a previous study that Iizasa et al33

reported that collagen XVIII was over-expressed
in NSCLC. Therefore, HMMR and COL1A2 may
be involved in NSCLC development. Their
related pathways (ECM-receptor interaction and
focal adhesion) may be potential pathogenic
mechanisms of NSCLC.

Cell cycle is the series of events leading to cell
duplication and division, which is closely
involved in cell growth and proliferation34. Un-

indicated that ECM-receptor interaction and
focal adhesion were involved in the same
function: cell adhesion. In our study, HMMR and
COL1A2 were identified in these pathways.
HMMR, also known as RHAMM and IHABP, is a
hyaluronan receptor. It has been reported that the
ECM molecule hyaluronan and its receptor
RHAMM induced focal adhesion to signal the
cytoskeletal changes required for elevated cell
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Figure 3. The significant module in down-regulated pro-
tein-protein interaction (PPI) network. p-value = 8.481E-6.
Nodes stand for proteins and edges represent interactions
between two proteins.

Term Count p-value

Up-regulated genes
Up-regulated genes
hsa04512:ECM-receptor interaction 10 7.22E-06
hsa04110:Cell cycle 10 1.74E-04
hsa00512:O-Glycan biosynthesis 5 0.001309
hsa04510:Focal adhesion 11 0.001455
hsa04115:p53 signaling pathway 5 0.024387

Down-regulated genes
hsa04060:Cytokine-cytokine receptor interaction 22 8.59E-05
hsa04610:Complement and coagulation cascades 9 0.001545
hsa04614:Renin-angiotensin system 5 0.001787
hsa04080:Neu ligand-receptor interaction 18 0.003384
hsa04062:Chemokine signaling pathway 13 0.016985
hsa04360:Axon guidance 10 0.022776
hsa04514:Cell adhesion molecules (CAMs) 10 0.025994
hsa05332:Graft-versus-host disease 5 0.035698
hsa04670:Leukocyte transendothelial migration 9 0.035911

Table II. The Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of up- and down-regulated
genes.

Count: enriched gene number in the KEGG term.



cyclin D1 was a key abnormality in NSCLC
carcinogenesis. In this study, CCNA2 was
overexpressed and enriched in the function of
cell cycle in NSCLC, suggesting that CCNA2
may play a key role in NSCLC development by
regulating cell cycle. Besides, MAD2L1 was also
identified in cell cycle. MAD2L1 is the human
orthologues of MAD2 and is involved in
maintaining the mitotic spindle checkpoint
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controlled cell proliferation is one of hallmarks
of cancer4. Recent evidences suggested that cell
cycle was mediated by several genes. For
instance, CCNA2 belongs to cyclin family, whose
members regulate cell cycle35. Cyclin B1 (anoth-
er member of the cyclin family) is a key
molecule for G2/M transition during cell cycle
and is over-expressed in early-stage NSCLC36.
Betticher et al37 reported that genetic alteration of

Modules Term Count p-value

Up-regulated modules
Module 1 IPR000885:Fibrillar collagen, C-terminal 6 1.88E-13

IPR008160:Collagen triple helix repeat 8 7.08E-13
IPR001007:von Willebrand factor, type C 4 7.03E-06

IPR003129:LamG, thrombospondin-type, N-terminal 3 1.98E-04
IPR013320:Con A-like lectin/glucanase, subgroup 3 0.002426

Module 2 IPR000885:Fibrillar collagen, C-terminal 6 5.01E-13
IPR008160:Collagen triple helix repeat 8 3.08E-12

IPR001007:von Willebrand factor, type C 4 1.21E-05
IPR003129:LamG, throm-type, N-terminal 3 2.81E-04

IPR013320:Con A-like lectin/glucanase, subgroup 3 0.003427
Module 3 IPR000885:Fibrillar collagen, C-terminal 6 1.88E-13

IPR008160:Collagen triple helix repeat 8 7.08E-13
IPR001007:von Willebrand factor, type C 4 7.03E-06

IPR003129:Laminin G, throm-type, N-terminal 3 1.98E-04
IPR013320:Con A-like lectin/glucanase 3 0.002426

Down-regulated module
Module 1 IPR004827:Basic-leucine zipper transcription 6 5.26E-09

IPR000837:Fos transforming protein 3 4.22E-05
IPR011700:Basic leucine zipper 3 1.57E-04

IPR011616:bZIP transcription factor, bZIP-1 3 6.88E-04
IPR013087:Zinc finger, C2H2-type/integrase 4 0.041610044

Table III. The significant protein domains in up- and down-regulated modules.

Count: enriched gene number in the KEGG term.

Modules Term Count p-value

Up-regulated modules
Module 1 hsa04512:ECM-receptor interaction 8 9.14E-12

hsa04510:Focal adhesion 8 4.58E-09
Module 2 hsa04512:ECM-receptor interaction 8 3.01E-11

hsa04510:Focal adhesion 8 1.48E-08
Module 3 hsa04512:ECM-receptor interaction 8 9.14E-12

hsa04510:Focal adhesion 8 4.58E-09

Down-regulated module
Module 1 hsa04010:MAPK signaling pathway 4 0.002543

Table IV. The significant Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of up- and down-
regulated modules.

Count: enriched gene number in the KEGG term.
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function38. Reduced spindle checkpoint function
of missense variation in MAD2L1 gene affects
susceptibility to lung cancer39. In present study,
cell cycle checkpoint gene MAD2L1 was up-
regulated in NSCLC samples, which was
consistent with previous study. Kato et al40

reported that over-expression of MAD2 was
observed in NSCLC patients. MAD2L1 was hub
node in the up-regulated PPI network. Therefore,
we inferred that cell cycle may play an important
role in NSCLC through multiple genes including
CCNA2 and MAD2L1. These genes may be the
potential therapeutic target genes for NSCLC.

Apart from up-regulated genes and their
functions, down-regulated genes were mainly
enriched in the cytokine-cytokine receptor inter-
action pathway in this study. IL6 and IL1B were
identified in this pathway. IL6 and IL1B are
secreted by lymphocytes to stimulate immune
response. IL6, as an oncogene, was involved in
the proliferation and differentiation of various
malignant tumor cells41. Yi et al42 showed that
blockade of IL6/IL6 receptor (IL6R) signaling
suppressed the proliferation of lung cancer stem
cells. In this study, IL6 was hub node in the
down-regulated PPI network. It suggested that
down-expression of IL6 may inhibit NSCLC
oncogenesis via regulating cytokine-cytokine re-
ceptor interaction pathway. Moreover, IL1B is a
member of the IL1 family of cytokines. Zienold-
diny et al43 reported that polymorphisms of IL1B
gene were associated with increased risk of
NSCLC. A specific IL1B haplotype correlated
with a high level of IL1B mRNA in the lung
increases risk of NSCLC44. In this study, IL1B
was down-regulated gene, suggesting that it may
decrease the risk of NSCLC. These results
showed that cytokine-cytokine receptor interac-
tion pathway may be associated with the progres-
sion of NSCLC, and IL6 and IL1B may be
potential target genes for NSCLC treatment.

Conclusions
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closely associated with NSCLC development.
Genes such as HMMR, COL1A2 , CCNA2,
MAD2L1, IL6 and IL1B may be potential thera-
peutic target genes for NSCLC in non-smoking
women. However, further studies are still
required to confirm our results.
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