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Abstract: Lung cancer is one of the malignant solid tumor types with the highest morbidity and mortality globally. In recent
years, the survival of lung cancer has improved, but its prognosis and five-year survival are still poor. Risk factors of lung cancer
include smoking, environmental pollution, occupational factors and chronic obstructive pulmonary diseases. Nicotinic
acetylcholine receptors (nAChRs) have various forms and are widely involved in physiological, pathological and
pharmacological processes of the body. Nicotine, one of the main components in tobacco, can be mediated by nAChRs after
entering the human body. It is found that different subtypes of nAChRs have single nucleotide polymorphisms (SNPs), which
can affect their functions. Genome-wide association study (GWAS), as an epidemiological research strategy, can better mine
SNPs sites that are closely related to cancer occurrence, and then make it possible to find targets and drugs closely related to
cancer occurrence and development. Based on the relevant research results at home and abroad, this paper systematically
expounds the global prevalence of lung cancer and the relationship between nAChRs related gene SNPs and their function,
and lung cancer, in order to provide a reference basis for accurate prevention and treatment of lung cancer.
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Lung cancer is a global health problem with high
morbidity and mortality worldwide. Early screening and
precise preventive treatment of lung cancer has become
important research topics in oncology. As an
epidemiological research strategy, genome-wide
association study (GWAS) can better explore the single
nucleotide polymorphisms (SNPs) closely related to
cancer development. This may lead to the discovery of
therapeutic targets and drugs closely associated with
cancer development. In this paper, we reviewed the
epidemiological status of lung cancer, the functions of
nicotinic acetylcholine receptors (nAChRs)-related genes
involved in tobacco smoking, and the relationship
between SNPs in nAChRs and lung cancer, as well as
genetic susceptibility to lung cancer.

1 Prevalence of Lung Cancer

1.1 Incidence and mortality of lung cancer

Lung cancer is one of the most common malignant
tumors in the world, with high morbidity and mortality. It
is also the leading cause of cancer deaths in men [1].
Globally, lung cancer ranks first among the causes of
cancer deaths, with approximately 2 million new cases
and 1.76 million deaths each year. About half of the new
cases occur in the Asian region [2]. In 2020, the incidence
and mortality of lung cancer ranked first in men, while
the incidence ranked third and the mortality ranked
second in women. The 5-year survival rate was only 10%
to 20% in most lung cancer patients, which in Japan

(33%), Israel (27%) and South Korea (25%) was
relatively high [3].

The latest cancer database in China showed that lung
cancer was the most common cancer among men in
China, accounting for about 21.8% of the total number of
male cancers. The incidence and mortality of lung cancer
in China were higher than those in the world. It was
expected that the number of lung cancer patients will
continue to increase in the next decade, and China will
face a heavy burden of cancer [4]. In recent years, the
incidence and mortality of lung cancer in China was
higher in the central and eastern regions than that in the
western region, and which was significantly higher in
men than women. Moreover, the disparity in lung cancer
incidence and mortality rates between urban and rural
areas has been gradually decreasing. Lung cancer has a
poor prognosis among all cancers, with a 5-year survival
rate of 19.7% and a median survival time of less than 2
years [5]. Domestic and international cancer statistics
revealed that the incidence and mortality rates of the same
type of lung cancer vary among different races, ages, and
geographic locations. Therefore, early screening, accurate
prevention, and treatment of lung cancer will help reduce
its incidence and mortality [6].

1.2 Risk factors for lung cancer

Risk factors for lung cancer include tobacco use,
occupational exposure, air pollution, family history,
radiation exposure, and chronic lung disease. The
development of lung cancer was closely related to
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tobacco use. According to the 2018 Global Adult
Tobacco Survey of the Chinese Centre for Disease
Control and Prevention (CDC), there were 308 million
adult smokers in China, and as many as 732 million
Chinese residents were passively exposed to secondhand
smoke [7]. At present, studies at home and abroad still
agree that the most important risk factor for lung cancer is
smoking, and exposure to secondhand smoke can also
lead to lung cancer. Occupational exposure, air pollution,
and other problems are highlighted. Occupational factors
include polycyclic aromatic hydrocarbons, asbestos,
arsenic, and some forms of silica and chromium,
hydrogen, chromium, and so on. Complex and new air
pollutants in the atmosphere, particulate matter in the
atmosphere, as well as ozone, pollutants emitted from
indoor decoration materials, and fumes from cooking may
adversely affect the cardiopulmonary system [8]. Certain
lung diseases and a genetic history of tumors may also
increase the risk of lung cancer, such as chronic
obstructive pulmonary disease (COPD). Unhealthy
psychological factors and dietary habits may also be risk
factors for lung cancer to some extent.

2 Function of nAChRs

2.1 nAChRs

Nicotinic acetylcholine receptors, abbreviated as
nAChRs, belong to the Cys-loop superfamily.
Mammalian nicotinic receptors are composed of five
subunits that resemble a cylindrical pentameric structure.
Each subunit contains an N-terminal extracellular
structure used for ligand binding. These receptors can be
divided into two major subtypes: nicotinic neural (N1)
and nicotinic muscle (N2). There are two main subtypes
of nicotinic receptors [9]: N1 receptors are primarily found
in the postsynaptic membrane of autonomic ganglia and
the central nervous system, while N2 receptors are mainly
distributed in the endplate membrane of the
neuromuscular junction. nAChRs consist of extracellular
domains, transmembrane domains, and intracellular
domains. The extracellular domain is folded along the
N-terminal α-helix to form a β-sandwich structure
containing 10 β-sheets. The transmembrane domain
consists of four α-helices (TM1-TM4) arranged in a
pseudorhombic bundle, with TM1 and TM3 forming an
intermediate circle that stabilizes the inner helix bundle
formed by TM2 helices through extensive intra- and
inter-subunit interactions. The TM4 helices form a looser
outer circle on the periphery of the TM domain. The
intracellular domain consists of three components. The
extracellular domain is composed of four α-helices
(TM1-TM4) and is arranged in a pseudo rhombic bundle.
TM4 helices form a looser outer circle at the periphery of
the TM structural domain. The intracellular structural
domain is the large cytoplasmic region between TM3 and
TM4 consisting of two structured helices, MX and MA
[10].

The nicotinic receptor family consists of 17 subunits
(α1-α10, β1-β4, γ, δ and ε), and the subunits that have

been demonstrated to be involved in the formation of
nAChRs in mammals are nine α (CHRNA2-CHRNA10)
subunits, three β (CHRNB2-CHRNB4) subunits, one γ
(CHRNG) subunit, one δ (CHRND) subunit and one ε
(CHRNE) subunit. The human nAChRs subunits α2-α7,
α9 and α10 are mainly encoded by eight genes,
CHRNA2, CHRNA3, CHRNA4, CHRNA5, CHRNA6,
CHRNA7, CHRNA9 and CHRNA10, and the nAChRs
subunits β2-β4 are mainly encoded by CHRNB2,
CHRNB3, CHRNB4 encoding. Among them, CHRNA2
is located at 8p21.2, CHRNA4 is located at 20q13.2,
CHRNB2 is located at 1q21.3,
CHRNA3-CHRNA5-CHRNB4 is a cluster of genes
located at 15q25.1, the CHRNB3-CHRNA6 gene region
is located at 8p11, CHRNA7 is located at 15q13.3,
CHRNA9 is located at 4p15.1, and CHRNA10 is located
at 11p15.5 [11].

2.2 Function of nAChRs

The variety of nAChRs and their complex
biosynthesis, transport, and biological functions, as well
as the regulation of these processes by nAChRs cofactor
molecules, result in different constituent subunits of
various types of nAChRs. nAChRs are expressed on the
surface of all mammalian cells. There is a wide
distribution of nAChRs in tissues such as the brain,
muscle, lymphocytes, and cochlear hair cells, which
mediate physiological functions such as cognition,
muscle contraction, immune regulation and sound
discrimination, respectively. Koukouli et al. [12]

demonstrated that the β2 subunit of nAChRs had an effect
on higher-order cognitive processes, as well as mediating
sleep and anesthesia. As a central regulator, nAChRs can
also be expressed in human cancer cells and tumor
microenvironment (TME), to participate in the
proliferation and metastasis of cancer cells [13].

nAChRs, as ion channel receptors, have been
implicated in various pathological processes. Numerous
studies have demonstrated the role of nAChR
polymorphisms in various diseases, including tobacco
addiction, deafness, psychiatric disorders, and
cardiovascular diseases [14]. The addictive effects of
nicotine and the key mechanisms of tobacco addiction are
closely related to the effects mediated by nAChRs. After
nicotine is ingested into the body, it binds to nAChRs,
causing the activation of receptors present throughout the
nervous system and the opening of ion channels. This
stimulation leads to the release of dopamine, resulting in
dependence [15]. Additionally, nicotine has been found to
potentially promote tumor progression and correlate with
metastasis in lung cancer through receptor activation.
Previous studies have confirmed the existence of the
acetylcholine autocrine pathway in lung cancer. This
pathway involves the synthesis of acetylcholine from
choline and acetyl coenzyme A, which is facilitated by
choline acetyltransferase (ChAT). The synthesized
acetylcholine is then transported and secreted to the
extracellular area through the vesicular acetylcholine
transporter (VAChT). In the extracellular area,
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acetylcholine binds to the acetylcholine receptor on the
cell membrane, thereby regulating the proliferation of
tumor cells [16].

Polymorphisms in nAChRs genes are also associated
with lung cancer development. α7-nAChR is the most
studied nAChR, encoded by CHRNA7, whose N-terminus
binds to a variety of selective antagonists. α7-nAChR is
widely expressed in the central and immune systems,
involved in the regulation of inflammatory responses and
neural-immunomodulation effect. Nicotine and
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK)
are carcinogenic components of tobacco, and α7-nAChR,
as a specific binding site for nicotine and NNK, involved
in the key pathway mediating tobacco-induced lung
cancer carcinogenesis [17-18]. Additionally, another study
found a significant correlation between variants of
CHRNA3, CHRNA5, and CHRNB4 and nicotine, cocaine,
and alcohol dependence [19]. In mammals, the α3β4
nAChRs mutant phenotype is a potential new target for
diseases such as nicotine addiction, cancer, obesity, and
hypertension. nAChRs in the brain's dopamine circuits
are also involved in aversive responses to nicotine and
nicotine-induced negative affective states [20]. As nAChRs
play important roles in normal physiological functions
and pathological processes, nAChRs have also become
important targets for the treatment and prevention of
certain diseases. α7 and α4β2 nAChRs have been shown
to improve memory impairment in Alzheimer's disease,
and α5 nAChRs may provide a precise drug for the
treatment of nicotine addiction, and studies targeting
these sites are expected to lead to the identification of
new targets for lung cancer. Related studies are expected
to find a breakthrough in targeted therapy for lung cancer
[21-22].

3 Correlation between nAChRs gene
polymorphisms and lung cancer

3.1 Genetic polymorphism

Genetic polymorphism refers to the alteration of
DNA molecules or certain sites of genes, resulting in a
different primary structure of DNA. This alteration forms
polymorphism, which is considered an individual genetic
marker at the molecular level. DNA polymorphism
includes fragment length polymorphism (FLP), repeat
sequence polymorphism (RSP), and single nucleotide
polymorphism (SNP), among others [23]. FLP is a DNA
fragment length polymorphism caused by changes in
restriction endonuclease sites due to deletions,
duplications and insertions of individual bases; RSP is
mainly manifested as the copy number of repeated
sequences, and RSP is mainly manifested as the copy
number of repeated sequences. It manifests as variation in
the copy number of repeated sequences; and SNP refers
to DNA sequence polymorphisms at the genomic level
caused by changes in individual nucleotides, such as base
transitions, inversions, insertions, and deletions in four
forms [24].

3.2 nAChRs genetic polymorphism

SNP loci have been reported in almost every subtype
of nicotinic receptors, such as rs1051730, rs16969968,
rs6474412, rs7329797, and rs6819385. It has been
demonstrated that genetic variants in the
CHRNA3-CHRNA5-CHRNB4 gene cluster are closely
associated with tobacco addiction, which affects the
genetic susceptibility to lung cancer. Carriers of the T
allele located at the rs1051730 locus of the CHRNA3 gene
have a 1.83-fold increase in the risk of lung cancer.
Additionally, carriers of the A allele located in the
rs16969968 locus of the CHRNA5 gene, specifically in
the European Region, have a 1.30-fold increased risk of
lung cancer [25-26]; it has been suggested that the
desensitizing role of the α4 receptor in mediating the
response to NNK may contribute to the development of
adenocarcinomas of small airway epithelial cell origin in
females [27]. SNPs in the region of the CHRNB3 gene
have been associated with the development of lung
cancer, with the carrier of the T allele at locus rs6474412
leading to a 1.12-fold increase, and also leading to the
development of psoriasis [28]; another study found that
three SNPs in the genes CHRNA2, CHRNA4, and
CHRNB2 were associated with the rare epilepsy
syndrome autosomal dominant nocturnal frontal lobe
epilepsy (ADNFLE). In one study, it was mentioned that
the CHRNA2 mutation affects nAChR receptor function,
the CHRNA4 mutation down-regulates nAChR receptor
function, and the CHRNB2 mutation up-regulates nAChR
receptor function [29-30]. Additionally, the mutation at the
rs892413 locus of CHRNA6 may contribute to the
co-morbidity of cigarette smoking and alcohol abuse, and
alcohol may regulate the binding of nicotine to nAChRs
[31]. Furthermore, CHRNA7 gene SNPs are also associated
with a variety of psychiatric disorders, affecting the
responsiveness of Alzheimer's disease medication and
correlating with tobacco addiction and oral precancerous
lesions, and correlating with tobacco addiction, oral
precancerous lesions, and lung carcinogenesis [32],
CHRNA9 gene SNPs are closely associated with the
development of breast and lung cancers. Patients carrying
the G allele at the rs7329797 locus are at a 1.8-fold
increased risk of breast cancer, and individuals carrying
the AA genotype at locus rs6819385 have a 1.61-fold
increased risk of squamous lung cancer [33-34]. On the
other hand, CHRNA10 is closely associated with ear
diseases and breast cancer.

3.3 Association study of nAChRs gene
polymorphisms with genetic susceptibility to lung
cancer

Tobacco smoking and betel nut chewing, as
considered adverse environmental and lifestyle factors,
may up-regulate the pro-cancer effects and down-regulate
the cancer inhibitory effects of nAChRs. The interaction
between the two induces and accelerates the formation of
lung cancer. Nicotine, the main component of tobacco, is
an agonist of nAChRs, which can be transmitted in the



Chin J Clin Res, January 2024, Vol.37, No.1
brain through nAChRs. The signal transduction
mechanism of nAChRs plays a role in the signaling
pathway of lung cancer, promoting the progression of
lung cancer and generating resistance to treatment.
Inhibition of nAChRs in vivo can reduce tumor growth
[35].

3.3.1 CHRNA3-CHRNA5-CHRNB4 gene cluster
polymorphisms

The association of CHRNA3-CHRNA5-CHRNB4
gene cluster polymorphisms with lung cancer has been
extensively studied in the last 20 years. Yang et al. [36]

conducted a meta-analysis and showed that CHRNA3
rs1051730, rs578776, rs6495309, rs938682 and CHRNA5
rs16969968, rs58888 were associated with lung cancer,
and the rs1051730 polymorphism affected the
development of non-small cell lung cancer and nicotine
dependence in Iranian populations. A meta-analysis of 32
studies showed that the risk of lung cancer in individuals
carrying rs1051730 (G>A), rs16969968 (G>A),
rs8034191 (T>C) was significantly higher than that in
individuals carrying rs1051730 (G>A), rs16969968
(G>A), rs8034191 (T>C), and rs8034191 (T>A).
Additionally, individuals carrying rs8034191 (T>C) had a
significantly increased risk of lung cancer [37]. In
Caucasians, the risk of lung cancer was 1.519-fold higher
in the A genotype pure carriers of the rs1051730 locus
than in carriers of the other two genotypes, and in Asian
populations, the risk of lung cancer was 1.580-fold higher
in the A allele carriers than in the C allele carriers of the
rs3743037 locus.

3.3.2 Other nAChRs gene polymorphisms
Studies have reported that polymorphisms at the

rs2229959 and rs1044396 loci of the CHRNA4 gene were
associated with nicotine dependence. Gu et al. [38]

detected rs1044396, rs2229959 and rs2236196
polymorphisms in 240 lung cancer patients, and found
that lung cancer patients carrying rs1044396 AA
genotype had the highest proportion of successful
smoking cessation (7.7%), indicating that patients with
this genotype were more likely to quit smoking after
diagnosis. α7-nAChR is highly expressed in
squamous-cell carcinoma (SCC), pulmonary
adenocarcinomas (PAC), and non-small cell lung cancer
(NSCLC). Pal et al. [39] examined the expression levels
of CHRNA7 in surgical tumor samples from 46 NSCLC
patients, and showed that CHRNA7 was positively
correlated with programmed cell death protein-1 (PD-L1)
(P=0.058) and dopamine receptors 2 (DRD2) (P=0.028
8), suggesting that both PD-L1 and DRD2 play important
roles in cancer development and progression. Wang et al.
[34] examined CHRNA9 rs56159866, rs6819385,
rs55998310, and rs182073550 polymorphisms in the
blood of 500 NSCLC patients and 500 healthy controls,
found that individuals carrying the A allele at the
rs6819385 locus had a 1.37-fold increased risk of
developing NSCLC.

4 Summary and prospects

Among global public health problems, the burden of
chronic non-communicable diseases, such as tumors, is
increasing year by year. Lung cancer is one of the major
causes of the increasing burden of tumors. From early
family-based linkage analysis to the current genomic
level, the study of tumor genetic susceptibility loci has
become a hot area in the research of the interaction
between tumor genetics and the environment. GWAS, as
a more efficient epidemiological research strategy, can
better uncover SNP loci that are closely related to the
development of cancers, which, in turn, promotes the
development of human genomics and can make it
possible to search for targets and drugs closely related to
cancer development, thus promoting the development of
pharmacogenomics. Additionally, combining SNP loci
with traditional lung cancer risk prediction models, while
considering the effects of gene-gene and
gene-environment interactions, can significantly enhance
the efficacy of lung cancer risk prediction. Therefore, the
application of lung cancer prevention and research
strategies to the screening of high-risk populations,
combined with new epidemiological research methods,
can provide a reliable strategy for the precise prevention
and treatment of lung cancer.
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