
Abstract. – AIM: To study the lung cancer
caused by smoking from RNA-seq data and its
mechanism at molecular level.

MATERIALS AND METHODS:We downloaded
gene expression profile SRA (Sequence Read
Archive) data from Gene Expression Omnibus
database that included two samples: one was
lung cancer tissue samples from smoker
(GSM718710) and the other was from non-smok-
er (GSM718709).We analyzed differential expres-
sion of genes with packages software TopHat
and Cufflinks, and did Gene Ontology (GO) func-
tion clustering of the differentially expressed
genes by BLASTX. Then we utilized KEGG Or-
thology Based Annotation System (KOBAS) to
make pathway annotation and do enrichment
analysis of KEGG pathway. After that, we
searched for probable alternative splicing of the
selected differentially expressed genes and
found closely-linked genes.

RESULTS: we screened 1603 differentially ex-
pressed genes, most of which were involved in
cellular processes. We also identified that the
possible alternative splicing of gene FCGBP
might have an important impact on lung cancer.

CONCLUSIONS: These findings in this study
may help better understand the relationship be-
tween smoking and lung cancer pathogenesis.

Key Words:
Lung cancer, Smoking, Differentially expressed

genes, FCGBP.

Introduction

Lung cancer is one of the leading malignant
tumors and the common cause of cancer-related
deaths1. The 5 year survival for lung cancer still
remains relatively poor, possibly because lung
cancer is often diagnosed at advanced stage and
treatment options are limited. The predominant
causal factor for lung cancer is tobacco smoking,
which can alter the activity of chemo-preventive
drugs2,3, stimulate the clearance of selected tar-
geted anticancer therapies4, reduce the efficacy
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of cancer treatment5,6 and increase the risk of
second primary tumors. Therefore, it is urgently
needed to improve the understanding of the mol-
ecular and cellular mechanisms of lung cancer
caused by smoking in order to develop new more
effective strategies in preventing and treating
lung cancer.

Tobacco smoking is a major risk factor in the
etiology of lung cancer which has been reported in
many researches7-9. There is evidence that smok-
ing affects the mechanism of lung carcinogenesis.
The common genetic changes found in lung can-
cers include loss of heterozygosity (LOH) at alle-
les on chromosome 3p encompassing fragile histi-
dine triade gene (FHIT)8, mutations in TP53, de-
fects in the p16INK4/RB pathway, Semaphorin
3B (SEMA3B) and RASSF1A, aberrant promoter
methylation in O6-methylguanine-DNA methyl-
transferase (O6MGMT), p16INK4, death-associ-
ated protein kinase (DAPK), tissue inhibitor of
and metalloproteinase-3 (TIMP-3)9. However, the
mechanism of lung carcinogenesis especially the
roles that lung cancer related genes play are still
not very clear.

In this study, we analyzed RNA-seq data from
lung cancer samples caused by smoking to screen
the genes closely related with lung cancer in order
to study and better understand its molecular mech-
anisms and explore new therapy strategies.

Materials and Methods

Source of RNA-seq Sequencing Data
SRA (Sequence Read Archive) sequencing da-

ta was downloaded from the gene expression
database of GEO (Gene Expression Omnibus),
which included two samples: one was from a
smoker with lung cancer (GSM718710), and the
other was from a smoker without lung cancer
(GSM718709). Each sample was sequenced by
pair-ended of 100 bp (Table I).
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Sample name Type Library Data size ENA ID

GSM718709 Smoker without Lung cancer Paired-end 4.45G base SRR192335
GSM718710 Smoker with Lung cancer Paired-end 4.18G base SRR192336

Table I. The data samples for analysis.
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Processing of the Download Raw Data
The downloaded data were the sequencing re-

sults of mRNA in different samples by pair-end-
ed using next generation sequencing technolo-
gies. SRA Toolkit10 software provided by the
NCBI (National Center for Biotechnology Infor-
mation) was used to transform the original data
in SRA format, so as to obtain the standard se-
quencing data in FASTQ11 format.

Positioning of the Original Reads
We took the human reference genome hg19

provided by University of California Santa Cruz
(UCSC)12 website as analysis reference in our
study, and then aligned reads to hg19 by TopHat
software. There were three steps in Tophat map-
ping, at first the reads with ability to match up
with hg19 were aligned directly, then connected
the exons of the reference genome as a reference
and aligned the rest of reads according to the cor-
responding annotation files of hg19, finally the
rest reads were cut and mapped to the reference
genome, moreover we did statistics on the results
by aligning and positioning.

Calculation of Gene Expression Values
We used cufflinks to calculate the gene ex-

pression values (RPKM value). RPKM13 was
the result with the number of reads mapped to
gene divided by the number of all reads mapped
to genome (in million) and the length of RNA
(in KB).

Screening of the Differentially
Expressed Genes

We calculated the differences in gene expres-
sion among different samples with cuffdiff mod-
ule in cufflinks and p-value of significant differ-
ence. p value less than 0.05 was thought as sig-
nificant difference.

Functional Annotation of the
Differentially Expressed Genes

We compared the sequence of differential genes
treated by 3 nmol/L and 10 nmol/L of genistein
with COG14 (clusters of orthologous groups of pro-

teins) (http://www.ncbi.nlm.nih.gov/COG) by
BLASTX15 (with similar threshold: E-value <1e-
05). The functional annotation of the differential-
ly expressed genes and COG function classifica-
tion were obtained at the same time. Besides the
function regulated by genes expressed specifical-
ly through COG classifications could be under-
stood intuitively and emotionally.

Analysis of KEGG Pathway Annotation
and Enrichment of the Differentially
Expressed Genes16

KOBAS17 was used to analyze the pathway
annotation and enrichment of the differentially
expressed genes and chose FDR (false discovery
rate) less than 0.05 as the threshold. The statisti-
cal method used was cumulative hypergeometric
distribution.

Clustering Analysis of the Differentially
Expressed Genes

The clustering map of the differentially ex-
pressed genes was drawn according to the ex-
pression values of differential genes in different
samples by gplots package in R language.

Analysis of Alternative Splicing of
the Differentially Expressed Genes

We concluded all the possible splicing situa-
tions of the genes to our interest based on the sit-
uation of reads alignment and visualized them by
R language.

Results

Results of the original Reads Positioning
and Gene Expression Values

We aligned the reads from sequencing to hg19
by using TopHat software and hg19 from UCSC
as reference. All results of the reads positioning
are shown in Table II.

The gene expression values (RPKM: reads per
kilobase per million reads value) were calculated
by cufflinks and the distribution of which was al-
so counted (as shown in Table III and Figure 1),
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Clean Rds Mapping Mapping Total gene Mapping gene Mapping gene
Num Rds rate num num rate

44511672 35564170 79.89% 25245 17961 71.14%
41861340 33912253 81.01% 25245 17874 70.80%

Table II. Position results of the sequencing data.

RPKM SRR192335 SRR192336
range (frequency) (frequency)

(0, 10) 12086 11815
[10, 20) 2509 2544
[20, 30) 1071 1104
[30, 40) 564 585
[40, 50) 360 375
[50, 60) 221 245
[60, 70) 167 171
[70, 80) 126 138
[80, 90) 124 100
[90, 100) 76 96
[100, INF) 657 701

Table III. Distribution of expression values of the differen-
tially expressed genes.

Figure 1. Distribution of gene expression values.
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from which we were able to draw that most of
the expression values were distributed between
1-10.

Screening Results of the Differentially
Expressed Genes

Firstly we did t-test18 on the gene expression
values of the two samples to gain p-value and
then corrected it by FDR (false discovery rate) to
obtain adj-value. After that, we removed the
genes greater than the default threshold (| log FC
| > 1, and FDR < 0.01). Finally, we found a total
of 1603 differentially expressed genes. The simi-
larities and differences of gene expression in two
samples are shown in Figure 2.
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Functional Classification and Pathway of
the Differentially Expressed Genes

The sequences of the differentially expressed
genes screened from two groups separately were
aligned with COG19 orthologous clusters database
by BLASTX (similar threshold: E-value < 1e-05).
The GO function nodes of the differentially ex-
pressed genes were classified based on similarity
degree between the sequence and gene sequences
on each GO20 node recorded in Ontology (as
shown in Figure 3). In addition, we did statistics
on the differentially expressed genes participated
in every GO function node. Ultimately, we got
GO function described from three directions: cell
component (such as organelle, membrane-en-
closed lumen) biological processes (such as nitro-
gen utilization, carbohydrate utilization) and mol-
ecular function (such as chemo-repellent activity,
translation regulator activity). In view of the dif-
ferentially expressed genes involved in cellular
processes, the number of genes participated in the
cell biological process was the maxim.

As pathway analysis played an important role in
explaining the pathogenesis of the disease re-
searched in this study, so we made KEGG annota-
tion and did pathway enrichment analysis of all the
differentially expressed genes by using KOBAS
software. The detailed results are exhibited in Table
IV. There were 42 pathways significantly enriched
including Neurotrophin signaling pathway, p53 sig-
naling pathway, ErbB signaling pathway and so on.
The hsa04722 pathway is shown in Figure 4.

Clustering and Alternative Splicing of
the Differentially Expressed Genes

In order to illustrate the distance of expression
values among genes, an expression clustering
map was drawn based on values of the differen-
tial genes expressed in different samples with R
gplots package (As shown in Figure 5).

We discovered that only one gene IgG Fc
binding protein (FCGBP) in all the differentially
expressed genes had alternative splicing21 (as
shown in Figure 6).

Discussion

In this study, the next generation sequencing
technology RNA-seq was chosen to sequence the
mRNA in normal tissues and cancer cells and
constructed a cDNA library. Then, we found
genes with significant expression difference by
RNA-seq analysis method so as to explore the
pathogenesis of lung cancer at genetic level. The
results showed, the differentially expressed genes
screened were mostly involved in cellular
processes which indicated that smoking could in-
fluence the normal cell growth in lung to induce
carcinomatous changes. As shown in Figure 4, a
number of differentially expressed genes were
identified including interleukin 6 (IL-6), inter-
leukin 8 (IL-8), matrix metalloproteinase 10
(MMP10) and so on. Among which, IL-6 and IL-
8 are of particular interest because they are ex-
pressed in pre-malignant epithelial cells, and
their expression is associated with a poor prog-
nosis in lung cancer patients22,23. Evidence shows
that inflammatory mediators contribute to the
pathogenesis of many human cancers, including
lung cancer24,25,26, as under inflammatory stress,
IL-6 and IL-8 participate in tumorigenesis by
acting directly on lung epithelial cells via signal-
ing through the nuclear factor of kappa light
polypeptide gene enhancer in B-cells 1 (NFkB1)
pathway27. In addition, IL-6 and IL-8 are ex-
pressed by lung cancer cells and act in an au-
tocrine and/or paracrine fashion to stimulate can-
cer cell proliferation28,29, migration, and inva-
sion30. What’s more, IL-6 can regulate MMP10
expression via JAK2/STAT3 signaling
pathway31. MMP10, also known as stromelysin-
2, is one of the well characterized members of
the MMP family. MMP10 has been demonstrat-
ed to be over-expressed in several human tumors
of epithelial origin, including gastric cancer32,
skin carcinoma33 and non-small cell lung cancer
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Figure 2. Gene expression in two different samples.
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(NSCLC)34 and so on, which indicates MMP10
may play an important role in the development
and progression of lung cancer.

It is worth to mention that cytochrome P450
(CYP) related enzymes can convert the carcino-
gens present in tobacco and tobacco smoke into
DNA reactive metabolites. For example, CYP2A6
and CYP4X1, both were genetic variants of CYP,
were also found in the clustering Figure of the dif-
ferentially expressed genes. It is reported that
some CYP variants are associated with increased
risks for cancers of the lung, esophagus, and head
and neck. For example, CYP2A6 can mediate 7-
hydroxylation of coumarin, a component of ciga-
rette smoke, and activates several nitrosamines in
tobacco smoke, including NNK (nicotine-derived
nitrosamine ketone)35,36, moreover, individuals
who lack functional CYP2A6 have impaired nico-
tine metabolism and may thus be protected against
tobacco dependence. Judged from the pathway re-

sults, the most relevant one was for signal trans-
duction in cell process37.

From the Neurotrophin signaling pathway in
Figure 4, we could see brain derived neurotroph-
ic factor (BDNF), a member of the neurotrophin
family of growth factors, and its high-affinity re-
ceptor, tropomyosin receptor kinase A, B (TrkA,
TrkB) were differentially expressed. Evidence
shows that TrKB and BDNF promote tumor cells
survival38 and angiogenesis, and contribute to re-
sistance to cytotoxic drugs and anoikis, enabling
cells to acquire many of the characteristic fea-
tures required for tumorigenesis39. A number of
studies have focused on the BDNF/TrkB signal
transduction pathway to explore their expression
in different tumor types, correlating expression
with prognosis and tumor stage40,41.

In addition, we also found IgG Fc-binding
protein (FCGBP) was the only gene with alterna-
tive splicing. FCGBP was first identified as an
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Figure 4. The pathway enriched significantly (hsa04722). The position marked red was the differential genes annotated.
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Figure 5. Clustering of the differentially expressed genes.



124

IgG Fc binding site in intestinal and colonic ep-
ithelia42 and it was produced by goblet cells in
the colon secreted into the bowel lumen with mu-
cus, which suggested that it might possibly con-
tribute to immune protection in lung.

Conclusions

We have found several differentially ex-
pressed genes related to lung cancer caused by
smoking such as IL6, IL8, and FCGBP in this
study, which may help better understand the
pathogenesis of lung cancer, especially FCGBP
may be used as a new biomarker for diagnosis,
prevention or treatment for lung cancer.
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