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Abbreviations

SNPs = Single Nucleotide Polymorphisms; CNVs:
copy number variation; GEO = Gene Expression Om-
nibus; NSCLC = non-small cell lung cancer; TP53 = tu-
mor protein p53; RB1 = retinoblastoma 1; Foxm1 = Fork-
head Box m1; Cdk = cyclin-dependent kinases.

Introduction

Lung cancer has the highest cancer mortality
rate, with an estimated 160,340 individuals ex-
pected to succumb to the disease in 2012 in the
US1. Tobacco smoking is the most causal factor
for lung cancer; however, fewer than 20% of ciga-
rette smokers develop this disease2, suggesting
that inherited genetic factors may also be impor-
tant risk determinants. Genetic variations at to-
bacco carcinogen metabolizing enzymes may lead
to inter-individual differences in the level of inter-
nal carcinogenic dose and to differential risk for
individuals with similar exposures3. For this rea-
son, genes that encode enzymes give rise to harm-
ful chemicals are suitable candidates for lung can-
cer susceptibility studies and have been intensive-
ly studied4. Nevertheless, the published data gen-
erally offer inconsistent results5, due to population
heterogeneity, low sample size, poor characteriza-
tion of the exposure, and a few polymorphisms
tested with low power to address the presence of
their joint effects.

The power of whole-genome analysis is to ana-
lyze a large number of markers and abundant of
samples at once, which can reveal weak genetic
associations in complex diseases, such as lung
cancer6. The DNA variations in mutations and sin-
gle nucleotide polymorphisms (SNPs) can be ben-
eficial, harmful, or have no obvious effect. The
previous researches have reported that genetic
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Abstract. – OBJECTIVE: The objective of this
study was to analyze the lung cancer related
SNPs (Single Nucleotide Polymorphisms) and
CNVs (copy number variations) with SNP mi-
croarrays, as well as to identify the CNV related
genes and functions.

MATERIALS AND METHODS: The GSE29172
SNP array data were downloaded from Gene Ex-
pression Omnibus, including 100%, 30%, 50%,
70% cancer samples, and the mixture is
matched blood. The PennCNV software was ap-
plied to analyze SNP arrays, and then the relat-
ed SNPs and CNVs in different degrees of can-
cer samples were identified. Furthermore, ac-
cording to the CNVs related chromosome loci,
their corresponding genes were selected from
University of California Santa genome browser
database. Finally, the corresponding genes
were performed Gene Ontology and pathway
enrichment analysis using DAVID.

RESULTS: The numbers of SNPs in four differ-
ent degrees of cancer samples were 4299, 1108,
483 and 417, respectively. Meanwhile, most of
these SNPs distributed on chromosome 1, 3, 7,
11, 15, 17 and 21. Compared with the known
SNPs, all the SNPs identified in our research were
novel SNPs associated with lung cancer.The CN-
Vs related genes, ABCG8 and ABCG5 were iden-
tified in clusters; meanwhile, the KO05223 path-
way and Forkhead gene were screened out in
pathway enrichment analysis.

CONCLUSIONS: The lung cancer related
SNPs and CNVs were analyzed and their corre-
sponding genes were identified. Furthermore,
by analyzing the functions of these genes, the
researchers may explore the relationship be-
tween genetic mutation and the initiation and
development of lung cancer.
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Figure 1. The protocol of PennCNV calculation.
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mutations occur at 15q24-25, 5p15.33, and
6p21.00 may associate with the risk of lung can-
cer7. Meanwhile, the SNPs of the TERT (telom-
erase reverse transcriptase) and CLPTM1L (cleft
lip and palate transmembrane 1-like) genes,
which are located in these regions, are indepen-
dently and significantly associated with lung can-
cer risk8. In addition, two new lung cancer suscep-
tibility loci at 13q12.12 and 22q12.2 in Han Chi-
nese may contribute to the disease9. Although,
many studies have been conducted and reported to
reveal the relationship between genetic mutations
and lung cancer, their underlying associations are
still not fully explored.

In this study, to screen for common DNA vari-
ations, or SNPs, which were associated with lung
cancer risk, the lung cancer related SNPs and CN-
Vs (copy number variations) were identified using
SNP microarrays. Finally, several genes were
screened out after functional analysis. Our find-
ings may replenish the pre-existing knowledge
about the association between genetic mutations
and lung cancer and have the potential to develop
new therapies for this disease.

Materials and Methods

SNP chip data of endothelial progenitor cells
GSE2917210 was downloaded from GEO (Gene
Expression Omnibus, http://www.ncbi.nlm.nih.
gov/geo/) database. These experiments pack-
ages contains 4 samples, dividedly diluted into
different concentration of tumor samples
(GSEM721892, GSEM721893, GSEM721894
and GSEM721894 represents 100%, 30%, 50%
and 70% tumor samples, respectively. Mean-
while, the mixtures are the blood samples associ-
ated with tumor samples).

PennCNV software was utilized to analyze the
chip data. This software integrates the informa-
tion, including the allele B frequency, Log R ra-
tio, probe signal strength, the human feature with
multiple kinds of SNP sites and family history to
identify CNVs by integrated HMM Algo-
rithms11. The protocol of PennCNV calculation
was shown in Figure 1. Firstly, the downloaded
CEL file was standardized; secondly, the probes
were extracted; finally, the SNPs and CNVs re-
sults were listed. The result of PennCNV soft-
ware contains different signal values and probes
with various types of SNPs.

Furthermore, the identified SNPs and CNVs
were performed statistical analysis and com-
pared with the known lung cancer related SNPs
and CNVs. The probes were identified with log
Ratio more or less than zero and the SNP fre-
quency more than 0.95. Then, the reported SNPs
which were associated with lung cancer were
downloaded from NCBI (the National Center for
Biotechnology Information) dbSNP database
(database for single nucleotide polymor-
phisms)12. Then, the identified SNPs were com-
pared with the published SNPs. Removing the
known ones, the remaining SNPs were the novel
SNPs associated with lung cancer. In addition,
the various types of CNVs in the samples were
shown in CNV list.

The corresponding genes in CNV list were
searched and the functional analysis was per-
formed for them. According to the chromosome
loci in CNV list, the related genes in UCSC (Uni-
versity of California Santa)13 genome browser
database were identified. The UCSC database is
an up to date source for genome sequence data in-
tegrated with a large number of related annota-
tions14.

The genes, were conducted Gene ontology
(GO) and KEGG (Kyoto encyclopedia of genes
and genomes) pathway enrichment analysis by
DAVID software with p values less than 0.05.
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The GO project convers several domains of mol-
ecular and cellular biology and are freely avail-
able for community use in the annotation of
genes, gene products and sequences15. Addition-
ally, as a database resource, the KEGG inte-
grates genomic, chemical and systemic func-
tional information16.

Results

SNP Analysis
A total of 16876 SNP probes were identified in

each samples, including the probes whose log Ratio
were zero. The distribution of SNPs in different
samples was shown in Figure 2. It was obvious that
the signal values in GSEM721892 were stronger
than those in the other samples. In Figure 3, the
numbers of significative SNPs the number of SNPs
in GSEM721892 was larger than those in
GSEM721893, GSEM721894 and GSEM721895.

In Table I, the significative SNPs in the four
groups were distributed in chromosome 1 to 22.
Although, the number of SNPs in each chromo-
some was different for the same sample, a large
number of SNPs were observed mainly located in
chromosome 1, 3, 7, 11, 15, 17 and 21 for all the
samples (Figure 4). In addition, the number of
SNPs in GSEM721892 was larger than those in
GSEM721893, GSEM721894 and GSEM721895.

CNV Analysis
As shown in Figure 5, the CNVs were only

identified in the GSEM721892 and
GSEM721893 samples. It was obvious that du-
plication was dominant when the samples were
100% lung cancer cells. When the mixtures were
30% lung cancer cells, the deletion and duplica-
tion were becoming similar, and the duplication
had a little advantage.

Comparing with the Known SNPs
A total of 17 reported SNPs which associated

with lung cancer were listed in Table II. Com-
pared with the 17 known SNPs, the significative
SNPs were all novel SNPs associated with lung
cancer.

Identifying the CNVs Corresponding
Genes and Performing GO Functional
Analysis

Based on the chromosome loci as well as the
hg18 genome annotation information in UCSC,
83 genes were identified. Then DAVID software
was applied to perform GO functional analysis. In
A total of 16 functional clusters were screened out
with p values less than 0.05, and the most signifi-
cant one was the negative regulation of intestinal
cholesterol absorption (p value = 0.005462857)
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Figure 2. The signal values in four sample groups.
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Figure 3. The significative SNPs numbers in four sample groups.

RANGE_GB Chr GSM721892 GSM721893 GSM721894 GSM721895

NC_000001.10 1 890 247 85 90
NC_000002.11 2 105 26 15 14
NC_000003.11 3 816 192 87 85
NC_000004.11 4 25 10 10 1
NC_000005.9 5 35 6 6 3
NC_000006.11 6 325 93 56 20
NC_000007.13 7 794 218 74 79
NC_000008.10 8 257 45 27 28
NC_000009.11 9 7 14 8 1
NC_000010.10 10 14 11 12 4
NC_000011.9 11 287 58 27 22
NC_000012.11 12 26 4 8 0
NC_000013.10 13 17 4 1 1
NC_000014.8 14 13 5 2 0
NC_000015.9 15 220 62 21 22
NC_000016.9 16 18 3 4 2
NC_000017.10 17 73 28 6 13
NC_000018.9 18 93 36 14 10
NC_000019.9 19 95 14 7 11
NC_000020.10 20 12 3 2 1
NC_000021.8 21 170 28 11 9
NC_000022.10 22 7 1 0 1
In total 4299 1108 483 417

Table I. The distributions of SNPs in the chromosomes for the four sample groups.
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Figure 4. The SNPs numbers in each chromosome for all samples.

Figure 5. The distribution of each types of CNV in two samples. cn represents the type of copy number, cn = 0 or 1 represents
deletion (CNV of deletion), cn = 2 represents normal (normal CN), cn ≥ 3 represents duplication (CNV of replication).



230

(Table III). In addition, the ABCG8 and ABCG5
genes were discovered frequently present in 13
clusters of the 16 function clusters.

KEGG Pathway Enrichment Analysis
The KEGG pathway analysis was performed to

the CNVs corresponding genes, and the KO05223

pathway was identified (Figure 6). Additionally,
Forkhead gene, whose copy number had varied,
was participated in the KO05223 pathway.

Discussion

Research has shown that genetic factors play im-
portant roles in the development of lung cancer. In
addition, individuals with inherited variations in
certain genes have an increased risk of lung cancer.
In this study, the SNP data GSE29172 were down-
loaded, and then were analyzed by PennCNV soft-
ware. Furthermore, the identified SNPs in our study
were compared with the published SNPs associated
with lung cancer. In addition, the CNVs corre-
sponding genes were selected and GO and KEGG
pathway enrichment analyses were performed for
these genes. Finally, ABCG8, ABCG5 and Fork-
head genes, and KO05223 pathway, which may
have close relationship with the development of
lung cancer,were identified in this study.

The numbers of SNPs in the GSEM721892,
GSEM721893, GSEM721894 and GSEM721895
were 4299, 1108, 483 and 417, respectively.
These SNPs were mainly located on chromosome
1, 3, 7, 11, 15, 17 and 21. Meanwhile, the
GSEM721892 sample had more SNPs than the
other samples and the dominant CNV was dupli-
cation. These findings suggest that 100% lung
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IDs and names p-value Gene symbols

GO:0045796~negative regulation of intestinal cholesterol absorption 0.005462857 ABCG8, ABCG5
GO:0060457~negative regulation of digestive system process 0.005462857 ABCG8, ABCG5
GO:0010949~negative regulation of intestinal phytosterol absorption 0.005462857 ABCG8, ABCG5
GO:0010647~positive regulation of cell communication 0.012058414 COL4A4, GPR89C, GPR89B,

GRIK2, SOS1, IRS1, GPR89A
GO:0030300~regulation of intestinal cholesterol absorption 0.0163016 ABCG8, ABCG5
GO:0019899~enzyme binding 0.017431144 CUL3, GRIK2, FOXO3,

DOCK10, IRS1, DLG1
GO:0032375~negative regulation of cholesterol transport 0.018993276 ABCG8, ABCG5
GO:0032372~negative regulation of sterol transport 0.018993276 ABCG8, ABCG5
GO:0030299~intestinal cholesterol absorption 0.021677785 ABCG8, ABCG5
GO:0044241~lipid digestion 0.027025377 ABCG8, ABCG5
GO:0044058~regulation of digestive system process 0.029688498 ABCG8, ABCG5
GO:0044456~synapse part 0.03153099 GRIK2, SOS1, NRXN1, DLG1
GO:0017127~cholesterol transporter activity 0.034577342 ABCG8, ABCG5
GO:0015248~sterol transporter activity 0.040225901 ABCG8, ABCG5
GO:0032369~negative regulation of lipid transport 0.040270235 ABCG8, ABCG5
GO:0050892~intestinal absorption 0.042898075 ABCG8, ABCG5

Table III. GO enrichment analysis with p values < 0.05.

SNP_ID Type

rs17883862 C/T
rs17879961 C/T
rs121913469 CC/TT
rs16969968 A/G
rs1051730 C/T
rs121913297 G/T
rs121913530 A/C/G/T
rs121909071 C/T
rs1805076 A/G
rs121917738 C/T
rs121917737 G/T
rs121434569 C/T
rs121434568 G/T
rs28929495 A/G/T
rs121917702 A/G
rs1801270 A/C
rs3834129 -/CTTACT

Table II. The known SNPs associated with lung cancer.
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cancer takes more gene mutations, such as dupli-
cation, than the 30%, 50% and 70% lung cancers,
which is agree with the previous study6. Addition-
ally, the significative SNPs with mutation fre-
quency more than 0.95 and log Ratio more or less
than zero that had not been reported were identi-
fied for the first time in this study. Therefore,
these SNPs are novel SNPs associated with lung
cancer, which may be the target to explore the
mechanism of lung cancer and develop new drugs
to combat this disease.

Functional analyses were performed to the CNVs
related genes, then ABCG5 and ABCG8 were
identified which may play important roles in the
initiation and development of lung cancer.
ABCG5 is one member of the ATP-binding cas-
sette subfamily G and plays a role in the efflux
transport of cholesterol20,21. Its expression has
been correlated with melanoma progression and it
is hypothesized to contribute to the refractoriness
of metastatic cancer to chemotherapy22. Indeed,
specific target of ABCG5 with monoclonal anti-
bodies appears to significantly inhibit cell growth.
To date, ABCG5-positivity in tumor buds has
been proved to be an indicator of poor prognosis
in node-negative colorectal cancer patients23. Ad-
ditionally, SNP in the ABCG8 transporter gene is
found to be associated with gallbladder cancer
susceptibility24. Genetic variation at the ABCG5/8
locus has been investigated and discovered to be
associated with markers of cholesterol homeosta-
sis25. In our study, both ABCG5 and ABCG8
genes were proved to be associated with CNVs in
lung cancer samples and mutations in both the
genes have the potential to lead to lung cancer.

Furthermore, the KEGG pathway enrichment
analysis was conducted and the KO05223 path-
way was identified. In this pathway, the CNVs
corresponding gene, Forkhead (FOX gene fami-
ly), was screened out. The FOX gene family pro-
vides instructions for producing proteins that
play a critical role in the formation of many or-
gans and tissues before birth26. Mutations in
some FOX genes may lead to the initiation and
development of tumors. FoxF1-null mutants
show early embryonic lethality, and haploinsuf-
ficiency causes multiple defects in trachea,
esophagus, lungs, and gallbladder27,28. The im-
portance of FoxF1 in human lung development is
also highlighted by the recent findings that inac-
tivating mutations of FoxF1 cause congenital
malformations of the lungs29.

In addition, FoxM1 is known to activate the
transcription of genes essential for progression

of DNA replication and mitosis30. Increased ex-
pression of FoxM1 has been found in human
basal cell carcinomas31, intrahepatic cholangio
carcinomas32, infiltrating ductal breast carcino-
mas33, and in many other solid tumors34. These
findings suggest that FoxM1 is required for cel-
lular proliferation in various human cancers.
Although the FoxM1 protein is essential for he-
patocyte proliferation during progression of he-
patocellular carcinoma35, the role of FoxM1 in
lung cancer remains to be determined. In this
study, the finding that Forkhead gene was a crit-
ical component in KO05223 pathway may ful-
fill the knowledge on functions of forkhead
family and assist the researchers to understand
the mechanism of lung cancer profoundly.

Conclusions

The genetic basis of inherited susceptibility to
lung cancer out of the context of these disorders is
at present undefined, but a model in which high-
risk alleles account for all of the excess familial
risk seems unlikely. This hypothesis implies that
test for allelic association could be a powerful
strategy for identifying alleles that predispose to
lung cancer.
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