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Lung cancer poses a serious health problem worldwide
being the first cancer in incidence and the leading cause
of cancer death in developed countries (1). According to
its histological characteristics lung cancer is subdivided
into two types; the main one is non-small cell lung cancer
(NSCLC) which originates from bronchial epithelial-
cell precursors and small cell lung cancer (SCLC) that
originates in neuroendocrine cells. NSCLC is the most
abundant form of lung cancer comprising more than 80%
of all lung cancers (2). It includes several subtypes such as
adenocarcinomas, squamous cell carcinomas, and large cell
carcinomas. Nowadays, squamous cell carcinoma incidence
is decreasing while adenocarcinomas are increasing.
Adenocarcinoma has become the predominant histological
type worldwide, and this is more evident in women and
never-smokers (3).

Despite much investigation, the causes for this change
in histological characteristics are not fully understood. It
is known that lung cancer is a multifactorial disease being
tobacco the main risk factor followed by residential radon.
Other factors have also shown to be associated with lung
cancer risk, as professional occupation (especially those
occupations involving exposure to asbestos) or leisure
time activities (4-6). However, it is not clear why some
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individuals, exposed to the same burden of carcinogens,
develop lung cancer and others do not. It has been reported
that only 10-20% of smokers develop lung cancer in their
lifetime, which suggests the essential role that individual
genetic susceptibility may play in the occurrence and
development of lung cancer (7). The main explanation
proposed for the decrease of squamous cell carcinomas
and the increase of adenocarcinomas resides in changes in
tobacco ingredients. The progressive decrease in nicotine
content in cigarettes has led to more depth inhalation and
tobacco smoke reaching the whole lung. Therefore, more
central-borne tumors such as squamous carcinomas have
changed to more peripheric tumors as adenocarcinoma (8).
Different human genomic regions located at
chromosomes 15q25 (CHRNAS5, CHRNA3 and
CHRNB#4), 5p15 (TERT), and 6p21 (HLA) have been
identified in recent years to pose an association with
individual susceptibility to lung cancer in genome-wide
association studies (GWAS) (9-11). Despite the known
importance of gene-environment interaction for lung
cancer, few studies until now have assessed the gene-
environment interactions on a genome-wide scale. Most
studies have only focused on detecting the main effect
of genetic variants. As shown in recent publications, the

7 Thorac Dis 2019;11(1):10-13


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd.2018.11.29

Journal of Thoracic Disease, Vol 11, No 1 January 2019

interactions between the genetic polymorphisms and the
fact of being or not being a smoker play a fundamental role
in the development of this disease (12).

In a recently published study, Li et /. (13) investigated
the effect of significant single nucleotide polymorphisms
(SNPs) stratified by smoking status on NSCLC lung
cancer risk. To do this, a genome-wide interaction analysis
between SNPs and smoking status (never vs. ever smokers)
was performed in a Caucasian population. They identified
three novel SNPs with significant interactions with tobacco
smoking: rs6441286, rs17723637 and rs4751674. The first
two were identified for overall lung cancer risk whereas
interaction of smoking with rs4751674 was detected only in
the case of squamous cell lung carcinoma. They obtained
an interaction odds ratio and meta-analysis P value of 1.24
with 6.96x107, 1.37 with 3.49x107 and 0.58 with 8.12x107,
respectively.

Moreover, when the risk effect of these three SNPs was
investigated in smokers and never-smokers individually,
both the minor’s alleles at SNP rs6441286 and at SNP
rs17723637 had protective effect on NSCLC in the never
smoking group with an overall OR of 0.83 (95% CI, 0.77-
0.90) and 0.76 (95% CI, 0.68-0.85), respectively. These
protective effects are not existing in smokers. However,
contrary to the results obtained previously, a risk effect
was found for squamous cell lung cancer in case of SNP
rs4751674 with an overall OR of 1.66 (95% CI, 1.35-2.05)
in individuals who have never smoked. These results suggest
that this SNP is involved in squamous cell carcinoma in
never-smokers. This may be interesting since squamous cell
lung cancer is very related to tobacco smoking but a minor
part of these cases occurs in never-smokers which makes us
to consider a possible genetic basis.

Although few studies to date have researched the
SNPs—tobacco smoke interactions on a genome-wide
scale, in 2014 two SNPs, rs1316298 and rs4589502, were
described by Zhang et a/. (12) in a genome-wide gene-
smoking interaction scanning with a sample size of 3,865
cases and 4,566 controls carried out in a Han Chinese
population. They obtained a negative interaction between
rs1316298 and the fact of smoking showing an OR of 0.71
and a positive interaction between rs4589502 and smoking
with and OR of 1.55. These results should be treated with
caution since it was carried out in a very specific population
(Han Chinese) which complicates, as we have already
mentioned, the extrapolation to the general population.
A negative interaction between rs1316298 and smoking
behavior was identified, similar to the one described for
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SNP rs4751674 published by Li er al. (13) suggesting that
smoking exposure decreases the genetic risk of lung cancer
disease in these two concrete genetic locus.

A two-step test method was proposed by Murcray
et al. (14) for gene-environment interaction analysis.
This method, in contrast to the traditional test, is based
on incorporating a preliminary selection step. For this
reason, in the current study, a genome-wide interaction
analysis was initially carried out encompassing a discovery
stage that consists in identifying candidate SNPs testing
the association between SNPs and smoking behavior
performing only on cases and next, a case and control
replication study was performed to validate the candidate
SNPs elected in the previous stage.

The studies investigating the genetic risk factors
predisposing to lung cancer have been initially performed
with a candidate-gene approach. In this way, multiple genes
involved in carcinogen metabolism and in DNA-repair
have been identified as probable risk factors of lung cancer
(15-17). An important limitation is that it is necessary
to know a priori which genes are the ones implicated in
carcinogenesis. Currently, with the development of the
new technologies, these types of genetic studies have
evolved towards a larger scale GWAS approach, allowing
the sequencing of multiple genetic variants simultaneously
without having the need to understand previously the
behavior of these genes. Furthermore, tobacco contains
several chemical carcinogens which are metabolized
through different pathways implying many genes at the
same time. Some of them activate carcinogenic compounds
to join covalently to DNA, others repair these DNA-
adducts and other genes convert these carcinogens in more
easily excretable substances. To have the overall picture of
tobacco effect on lung cancer risk is therefore necessary to
analyze dozens on genes with its different polymorphisms,
and this is complicated with the candidate gene approach
embedded in a case-control study with a few participating
hospitals.

GWAS have also limitations. Many of these studies have
made an important selection bias selecting a specific fraction
of the population which does not necessarily represent
correctly the worldwide population. For example, a very
common failure is to select only a single-ethnic population
or individuals with the same single smoking status. In fact,
an important limitation of the commented study is precisely
that it was carried out exclusively in a Caucasian population,
which clearly reduces its external validity and extrapolation
to the general population. We find this same limitation in
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studies published by other authors. For instance, Dong
et al. (18) described in the Chinese population novel lung
cancer susceptibility genes but there are other studies
more restrictive performed only in never-smokers (19) and
even in a population of never-smoking Asian women (20).
Therefore, it would be interesting to conduct research on
multiethnic populations.

Other important aspect to consider is to take into
account the diversity of smoking statuses (never vs. ever-
smokers) and the different histologic types of NSCLC,
which allows to reflect in a more reliable way the general
population. These last two aspects have been considered
by Li et al. (13), in which analysis was stratified by smoking
status (never vs. ever smokers) and by histological subtypes
(NSCLC, adenocarcinoma and squamous cell lung cancer).

It is also important to highlight the importance of this
study due to its large sample size using genotype from
35,737 individuals including both discovery and validation
datasets, becoming distantly in the largest genome-wide
SNP-smoking interaction analysis reported for lung cancer.
The discovery genotype data in this research was obtained
from OncoArray consortium (21), whose objective is,
through the effort made by worldwide researchers, to better
understand the genetic susceptibility and its relationship
with carcinogenesis, trying to detect risk genetic biomarkers
for the different types of common cancer, for example lung
cancer. Sharing data of the consortium helps to increase the
statistical power of the study, especially when analysis by
subgroups are performed.

But these three novel SNPs described in this article
have not only been investigated for their relation to lung
cancer. For example, in the case of SNP rs6441286 apart
from the lung cancer association it has also been assessed in
its association with other diseases (22,23). Previous GWAS
conducted on both European and Han Chinese populations
have revealed that SNP rs6441286 is strongly associated
with primary biliary cirrhosis.

As we have commented previously, tobacco is the main
risk factor for developing a lung cancer, however, in spite
of all the efforts made from public health, smokers yet
represent a considerable fraction of the population. To
ensure that teenagers do not initiate in the smoking habit
continues to be considered as the best preventive measure
that can be carried out. As shown in the results published by
Li et al. it is relevant to detect those genetic polymorphisms
that, due to their interaction with tobacco exposure, could
modify the individual risk of lung cancer. In this way, it
could be predicted in a more detailed way which individuals
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among smokers is more or less probably to suffer a lung
cancer related to tobacco exposure, thus identifying high-
risk subgroups in the population.

Further gene-smoking interactions studies should be
developed in order to understand in a more reliable way
the SNPs—environmental interaction and the genetic
individual susceptibility. It is very likely that with the
imminent technological development other approaches may
emerge in the coming years to better investigate the lung
and other types of cancer tumorigenesis.
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