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Abstract Squamous lung cancer (SQLC) is a common type
of lung cancer, but its oncogenesis mechanism is not so clear.
The aim of this study was to screen the potential pathways
changed in SQLC and elucidate the mechanism of it. Pub-
lished microarray data of GSE3268 series was downloaded
fromGene Expression Omnibus (GEO). Significance analysis
of microarrays was performed using software R, and differen-
tially expressed genes (DEGs) were harvested. The functions
and pathways of DEGs were mapped in Gene Otology and
KEGG pathway database, respectively. A total of 2961 genes
were filtered as DEGs between normal and SQLC cells. Cell
cycle and metabolism were the mainly changed functions of
SQLC cells. Meanwhile genes such as MCM, RFC, FEN1,
and POLD may induce SQLC through DNA replication path-
way, and genes such as PTTG1, CCNB1, CDC6, and PCNA
may be involved in SQLC through cell cycle pathway. It is
demonstrated that pathway analysis is useful in the identifica-
tion of target genes in SQLC.
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Introduction

Lung cancer is the most common primary malignant tu-
mors of the lung, the vast majority of which are originated

in the bronchial epithelium, and squamous lung cancer
(SQLC) is a common type of lung cancer [1]. Lung
cancers including squamous cell carcinomas are a leading
cause of cancer related death and carry a poor prognosis
with the majority of patients presenting at a stage when
curative treatments are no longer feasible [2]. In the recent
50 years, the incidence and mortality lung cancer are
rising rapidly in all over the world, especially in devel-
oped countries; and men died of lung cancer ranks first in
all died in cancer. However, there are so few drugs that
are both active and tolerable in SQLC patients [3], and
target agents have not yet shown to be successful in
SQLC because of the lack of the knowledge of geno-
mic alternate that drive SQLC [4]. Therefore, the re-
search and treatment of SQLC is of great importance
for human health.

In recent years, some researches of lung cancer using
bioinformatics are undertaken. For example, a genome-wide
study is conducted to search for methylation genes in SQLC
patients, whose findings emphasizes the impact of methyla-
tion on the pathogenesis of SQLC [4]. Differentially
expressed genes (DEGs) are identified between lung adeno-
carcinoma tissue and adjacent nonmalignant lung tissue, of
which ERGIC3 may be an active gene in the development and
progression of lung cancer [5]. Genetic network and gene set
enrichment of lung cancer are conducted, and top 3 pathways
of cell cycle, DNA replication, and RNA transport involved in
lung cancer are identified [6]. However, few studies had
reported the related genes and pathways of SQLC.

In this paper, biochip array technology analysis was used to
compare the expression difference between SQLC and normal
cells. Significant DEGs were tested by Limma package in R
language. Function and pathway enrichment analysis was
conducted to detect metabolic pathways changed inner and
outside of cells, helping us to elucidate the mechanism of SQLC.
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Methods and Materials

Expression Profile Microarrays

Gene expression profiles data GSE3268 [7] of SQLC
cells were downloaded from the National Center For
Biotechnology Information Gene Expression Omnibus

(GEO) data repository (http://www.ncbi.nlm.nih.gov/geo/).
Only five pairs of samples are available, and each pair
of samples represents a single patient with squamous
lung cancer, of which one is derived from the cancer
cells, and the other is from the normal cells (platform:
GPL96 [HG-U133A] Affymetrix Human Genome
U133A Array).

Fig. 1 The enriched Gene Ontology (GO) terms of cellular component of the differentially expressed genes (DEGs). The colored entries are the
significantly enriched (FDR<0.05) ones, and the deeper the color is the more significance is

Fig. 2 The enriched Gene Ontology (GO) terms of molecular function of the differentially expressed genes (DEGs). The colored entries are the
significantly enriched (FDR<0.05) ones, and the deeper the color is the more significance is
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DEGs Analysis

The original data of the profiles were firstly analyzed by R
language software (v.2.13.0) [8], and then by Geoquery [9]
and Limma package. Geoquery can quickly access the expres-
sion profiling data on the GEO, while Limma is the most
popular method in analyzing DEGs [10, 11]. Preprocessed
data were extracted and log2 transformed by Geoquery, and
then was divided into two groups: normal and cancer group.
Next, the significance of DEGs was tested by linear regression
model software package Limma, and corrected with Benjamin
and Hochberg (BH) test [12]. Genes with FDR (false discov-
ery rate) <0.05 were selected as DEGs.

Function Annotation

Gene Otology (GO) analysis is a commonly used approach in
functional studies [13]. GOEAST (Gene Ontology Enrich-
ment Analysis Software Tollkit) is an easy-to-use web-based
toolkit that identifies statistically overrepresented GO terms
within given gene sets [14]. In order to trace cell changes and
functions of the DEGs, GOEAST was used to identify over-
represented GO categories in cellular component, molecular
funct ion and biological processes based on the
hypergeometric distribution, with FDR<0.05.

Pathway Annotation

Kyoto Encyclopedia of Gens And Genomes (KEGG) path-
way is used as a reference knowledge base for understanding

signal transduction, cellular process and biological pathways
[15]. All metabolic and non-metabolic pathways were
downloaded from the open KEGG pathway database, and
cluster analysis of DEGs was conducted by Gene Set Analysis
Toolkit V2 platform based on hypergeometric distribution.
The count number larger than 2 and FDR<0.05 were chosen
as cut-off criterion.

Results

Differentially Expressed Genes

T-test was used to identify genes differentially expressed
between normal cells and cancer cells, with BH test correc-
tions. At a FDR value of 0.05, a total of 3730 probes were
identified to be differentially expressed in lung cancer
samples compared with normal samples, which corresponded
to 2961 DEGs.

Gene Otology Analysis

To determine the function of DEGs, the DEGs were mapped
to the GO database by GOEAST. Cellular components in
which the DEGs were most located, such as microtubule,
centromere, chromosome, cell-cell junction, and mitochondri-
on are shown in Fig. 1 (Fig. 1). Figure 2 displays the molec-
ular function of DEGs, for instance, binding of proteins,
oxygen transmission and NAD + metabolism on the respira-
tory chain (Fig. 2). Meanwhile, Fig. 3 shows the biological

Fig. 3 The enriched Gene Ontology (GO) terms of biological progress of the differentially expressed genes (DEGs). The colored entries are the
significantly enriched ones (FDR<0.05) ones, and the deeper the color is the more significance is

Table 1 The biological pathways
enriched in KEGG of lung cancer
cells

FDR false discovery data

KEGG pathway Genes p value FDR value

DNA replication RFC2/3/4/5, MCM2-7, FEN1,POLD1/2, POLE2 2.84E-08 5.17E-06

Cell cycle PTTG1, CCNB1, CDC6, CHEK1/2, PCNA 3.97E-07 3.61E-05

Mismatch repair RFC2/3/4/5, POLD1/2, MSH2/6 9.20E-5 0.056

Proteasome PSMB1/4, PSMA1/2, SHFM1 0.0002 0.0091

Systemic lupus erythematosus H2AFZ, HLA-DRB1, HIST1H2BD 0.0003 0.109

Metabolic pathways ACACB, ACSL1, ADH1B, AOX1 0.0008 0.0243

Glutathione metabolism SRM, PRM1, GSTM3 0.0010 0.0260
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process of DEGs, such as cell division, cell cycle, develop-
ment and regeneration of organs, differentiation and matura-
tion of lymphocyte, signal transduction, and the metabolism
of sugar, protein and fat (Fig. 3).

Pathway Analysis

KEGG pathway enrichment analysis was used to identify the
significant biological pathway related with the DEGs. Total 7
pathways were identified and listed in Table 1 (Table 1). The
most significant pathway was DNA replication (FDR=5.17E-
06), and the genes such as replication factor C 3 (RFC3),
minichromosome maintenance complex component 4
(MCM4), flap endonuclease 1 (FEN1), and polymerase
(DNA directed) delta (POLD) were enriched in this pathway
(Fig. 4). Cell cycle was the second significant pathway
(FDR=3.61E-05), and genes such as pituitary tumor
transforming gene 1 (PTTG1), cyclin B1, cell division cycle

6 homolog, and proliferating cell nuclear antigen (PCNA)
were enriched in this pathway (Fig. 5).

Discussion

Although outcomes for patients with lung adenocarcinoma
have been improved, SQLC currently lacks therapeutically
exploitable genetic alterations [16]. Therefore, further studies
are needed to detect more genetic alternations. In the present
study, 2961 DEGs of SQLC and normal cells were screened,
and then the functions and pathway enrichment analysis of the
DEGs found that the main functional changes of SQLC cells
were cell cycle and metabolism, which is consistent with the
significantly enriched pathways by KEGG. The top 2 path-
ways: DNA replication and cell cycle confirmed the active
division ability of lung cancer cells.

MCM2-7, RFC2, RFC3, RFC4, RFC5, FEN1, and POLD
are the mainly genes close related with DNA replication.

Fig. 4 The enriched DNA replication pathway of the differentially expressed genes (DEGs). The stars represent the DEGs changed in this pathway
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MCM proteins are essential replication initiation and elonga-
tion factors, consisting of MCM2-7 [17]. MCM4 is highly
expressed in non-small cell lung cancer (NSCLC), and plays
an essential role in the proliferation of some NSCLC cells
[18]. RFC is the clam loader in DNA replication. The dereg-
ulation of DNA repair and replication caused by RFC3 muta-
tion and expression loss can cause the cancer pathogenesis in
gastric and colorectal cancers [19]. FEN1 is a central compo-
nent of cellular DNA metabolism, and FEN1 efficiency and
specificity are critical to the maintenance of genome fidelity
[20]. Kikuchi et al. [21] report that FEN1 is an important gene
in human carcinogenesis and gene polymorphisms in FEN1
confers susceptibility to lung cancer. Allera-Moreau et al. [22]
report that the expressions of the replicative DNA polymer-
ases POLD and its processivity factor PCNA are slightly
increased in NSCLC tumors.

In the cell cycle, PTTG1, CCNB1, CDC6, and PCNA are
closely related genes. It is reported that PTTG1 can promote
migration and invasion of human NSCLC [23]. The expres-
sion of CCNB1 and CDC6 are found to be in high levels in
lung cancer [24], and up-regulated in SQLC [25]. The sup-
pression of CCNB1 protein expression will lead to cell cycle

arrest in G2 phase [26]. PCNA is up-regulated; and its expres-
sion level is correlated to the pathological type, lymph node
metastasis, staging and differentiation grade in lung cancer
[27]. PCNAworks not just as a proliferation index but also can
response to lung aggression [28].

The changes of mismatch repair pathway suggested the
ability of the DNA damage self-healing of cancer cells also
changed. Moreover, the changes of proteasome, metabolic
pathways, and glutathione metabolism further indicated that
the metabolic ability of lung cancer cells had changed. The
changes of proteasome may result in the degeneration of
cancer suppressor protein p53 and cell cycle inhibiting factor,
and then provide a base of cancerization [29].

Conclusions

By microarray analysis of DEGs, and the function and path-
way enrichment of DEGs, the global and molecular level
changes of lung cancer was studied. It is helpful to elucidate
the mechanism of lung cancer.

Fig. 5 The enriched cell cycle pathway of the differentially expressed genes (DEGs). The stars represent the DEGs changed in this pathway
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