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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.

Keywords: Lung cancer; Nicotinic acetylcholine receptor; Smoking; Single nucleotide polymorphisms; Genetic susceptibility
Fund program: Hainan Province Key Research and Development Plan Project (Social Development) (ZDYF2021SHFZ086);
Hainan Provincial Natural Science Foundation Youth Fund Project (8200N268); Innovation Research Project for Graduate

Students at Hainan Medical University (HYYB2022A42)

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 [,
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 1. 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 B,

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 . 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 DBl 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 ©!,

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 U], 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 [l 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 1: 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 a-helix to form a f-sandwich structure
containing 10 B-sheets. The transmembrane domain
consists of four a-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 a-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
(al-010, B1-B4, vy, 6 and ¢€), and the subunits that have

been demonstrated to be involved in the formation of
nAChRs in mammals are nine oo (CHRNA2-CHRNA10)
subunits, three § (CHRNB2-CHRNB4) subunits, one y
(CHRNG) subunit, one & (CHRND) subunit and one ¢
(CHRNE) subunit. The human nAChRs subunits a2-a7,
09 and ol0 are mainly encoded by eight genes,
CHRNA2, CHRNA3, CHRNA4, CHRNAS5, CHRNAS®,
CHRNA7, CHRNA9 and CHRNAI10, and the nAChRs
subunits [2-p4 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 1g21.3,
CHRNA3-CHRNAS5-CHRNB4 is a cluster of genes
located at 15q25.1, the CHRNB3-CHRNAG6 gene region
is located at 8pll, CHRNA7 is located at 15ql13.3,
CHRNADO is located at 4p15.1, and CHRNA10 is located
at 11p15.5 (111,

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. [Z
demonstrated that the B2 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 131,

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 Y. 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 '], 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 wvesicular 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 1],

Polymorphisms in nAChRs genes are also associated
with lung cancer development. a7-nAChR is the most
studied nAChR, encoded by CHRNA7, whose N-terminus
binds to a variety of selective antagonists. a7-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 a7-nAChR,
as a specific binding site for nicotine and NNK, involved
in the key pathway mediating tobacco-induced lung
cancer carcinogenesis '8, Additionally, another study
found a significant correlation between variants of
CHRNA3, CHRNAS, and CHRNB4 and nicotine, cocaine,
and alcohol dependence ], In mammals, the o34
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 . 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. a7 and a4B2 nAChRs have been shown
to improve memory impairment in Alzheimer's disease,
and a5 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

polymorphisms and lung cancer

gene

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 [2*. 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 4,

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-CHRNAS-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 CHRNAS gene, specifically in
the European Region, have a 1.30-fold increased risk of
lung cancer 29, it has been suggested that the
desensitizing role of the a4 receptor in mediating the
response to NNK may contribute to the development of
adenocarcinomas of small airway epithelial cell origin in
females [?7l. 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 [?%l; 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 CHRNA?2 mutation affects nAChR receptor function,
the CHRNA4 mutation down-regulates nAChR receptor
function, and the CHRNB2 mutation up-regulates nAChR
receptor function %39, 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
(311, 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 37,
CHRNA9 gene SNPs are closely associated with the
development of breast and lung cancers. Patients carrying
the G allele at the 157329797 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 B34, 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
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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-CHRNAS-CHRNB4  gene
polymorphisms

The association of CHRNA3-CHRNAS5-CHRNB4
gene cluster polymorphisms with lung cancer has been
extensively studied in the last 20 years. Yang et al. [3%
conducted a meta-analysis and showed that CHRNA3
rs1051730, rs578776, rs6495309, rs938682 and CHRNAS
rs16969968, rs58888 were associated with lung cancer,
and the 1s1051730 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), 1516969968 (G>A),
rs8034191 (T>C) was significantly higher than that in
individuals carrying rs1051730 (G>A), 1516969968
(G>A), 18034191 (T>C), and rs8034191 (T>A).
Additionally, individuals carrying rs8034191 (T>C) had a
significantly increased risk of lung cancer F7l. 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
1s3743037 locus.

cluster

3.3.2 Other nAChRs gene polymorphisms

Studies have reported that polymorphisms at the
1s2229959 and rs1044396 loci of the CHRNA4 gene were
associated with nicotine dependence. Gu et al. B%
detected rs1044396, 1s2229959 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. a7-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 CHRNAT 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 1556159866, 156819385,
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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Research advances on the association of nicotinic acetylcholine receptor-related
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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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it S — > AR TR (R ()T, 2 thE SR B L 1 o R s
R IET MR 2 — o il ) DT 0% 2 O W T
TBYT BRI A S B RS R, A R A DG ER T 5T
( genome-wide association study, GWAS) VE R iATIRFAIHFSE
SR, T S G b R i 5 A i A D AE O B BRAZ T IR £ A
(SNP) L., #E T 6E & B 988 E R A R J 8 I AH G IR T
SUARANZGY o AN SO T Ji (8 U AT AR B0 VB A e 8 % 11 0 2
LT RE B, 52 44 ( nicotinic acetylcholine receptors, nAChRs ) #H 3¢
FLN Y DIfE .nAChRs 1) SNP 15 fifi i L B i 988 14 358 1% 5 S bk
Z I DGR BT T kR AE— 2R3k

1 FERRITER

L1 WA mAl g i A it b I R R
BAFET R R 2 — R P A T R
Jii 988 037 J 4 BR S BB IH =2 0, B AE 2045 200 T3 %95 1 176
TTFET RG], 245 — 2 (437 995 9] 2% A 70 S P 3t X2 2020
AF TR (14 06 25 R B T 3R 35 g 55 — 5 L M 98 14 05 %%
HEZ S = U TR HE A 5 = KB R TSRS
FERAL 10% 2 20% , T H A< (33%) | LU A3 (27%) F 4 [
(25%) I FR A Y 5 ARAE TR B

T [ 5T A RO s, W8 2 T [ 0 P 0 AL
SE | 249 1 PR A 21.8% , L3 [ I8 10 o R 5 0T
RIS T K T oK 10 45 il 1 3 34 2 4k 20 m
6 VL s T PR SR o AR, TR I 9 42 A
BETHAE rh R0 DX e VG S b X B, M ) M Tt R
AN 22 18] (6 o 2R S BT R 92 B ARG /N . i 7
A e FR S #2% , L 5 ARAEAE LN 19.7% , HL A i A 77
WL 0T 2 40T P AR 8RO i b B 1)
SRR 1) 9 2485 50 T R AE S [ Bl 4 8 A e L7 5 L
A5 IR i R 0% A RS ST A
B F R A A R AT R
L2 AR AR B O A 16 DR 28 A 4% MR L Mo 4 f |
TG Y GG S R AT R R R LR L I R
P Y J A B 0 DI 00 3 T R S AR B e 5 T 9 4
Huls 2018 4F 4R A B8 25 o, o AR 0 A 3.08
FCN BB A — TR0 [ o Rk 7.32 12 A7 . Bl
PUAMIFSEATS— B0\ S 350 4 7 11 fe T 3 £ e P
A, = T8 R T BRI A 2 o O A 2 A3 Y S ]
B, H P IO R R LG 3RS A L b DL SR St
9 AR RE AN R R BB . R A A T A s T
Wy RAIREE TFUR L) S SR 3 LB bR & 75 e
W J5 B AT P A B S A 5 2 T RE RO R A R R
Mg SR | e AL sl 2 4 6 KU, T
18 1 [ € 4 it 52 955 ( chronic obstructive pulmonary disease,
COPD) 45 , S fi B 9.0 B R 28 101 S0 I 46t 7 e FL B 1
A A A T R PR 2%

2 nAChRs §JIhgE

2.1 nAChRs nAChRs fRFRAAGHSZ 1K, J& T2 b A MR A 32 1k
(Cys-loop ) B KW , W FL8N ) D AR Z 1A 2 5 A4 SRR 4 A 1Y)
FAN BRI H R R G5, B4 A B — A N b sh 5544
FTBARES A, 43 A0 2 AL H K52 7K (nicotinic neur, N1) FIHL
PR B 32 4 ( nicotinic muscle, N2) i EE AT, N1 Y
AR EBAAGAE B A il IR DL B P A AR 25 R 4555 N2
AR 2 B AT F G —B B L Sk P 2B . nAChRs
AL A5 R S5, B RS 455 A BRI L PN 5 4 SR = AR 4. B Ak
SEFET N i o SRR TS A A 10 4> B R B-J )24
¥, B RS T 4 A o-BR5E (T ~ TM4) ZH 1, 52 B 25T TR
HEZI, TML F1 TM3 JE 8 T8] (B 3a 2o ) 32 14 S 5 P IR i ]
FHEAEFRASE TM2 SR HETE B A P T8 95 € B, TM4 B2 75
TM Z5F4 380 AN BL— AN EAA LSBT 5 i P 25 4382 T™M3
H1TM4 Z 8] By P9 1> 25 4 1k 19 B2 8 MX T MA- 21 A 19 KL
BrIX

SHPEAZ ARG 17 A WA A (l-al0, B1-B4, vy, & Fl
e) , HATC IS AL 355 nAChRs BRI 3L 512 .9 4
o( CHRNA2 ~ CHRNA10) i/ % .3 4~ B( CHRNB2 ~ CHRNB4 ) i}
F£.14 y(CHRNG) W4 1 4~ 8 (CHRND) WAL} 14> ¢
(CHRNE) W3, A% nAChRs WL a2~ a7, a9 fl «l0 £
i A 5L 4 RS, 4> ) O CHRNA2, CHRNA3, CHRNA4,
CHRNA5 ,CHRNA6 , CHRNA7 , CHRNA9 1 CHRNA10, nAChRs
W B2~ B4 EFH CHRNB2,CHRNB3,CHRNB4 %ifit, H
s CHRNA2 {3, F 8p21.2, CHRNA4 {3 F 20q13.2, CHRNB2 {i; F
1q21.3, CHRNA3-CHRNAS5-CHRNB4 2 fii F 15¢25.1 |- ffy 3
#%, CHRNB3 ~ CHRNA6 it [ [X 4 i T 8p11, CHRNA7 {if F
15q13.3,CHRNA9 {3/ F 4p15.1, CHRNA10 fi; F 11p15.5""
2.2 nAChRs #9774k nAChRs R L%, Hid: 4 0l 5 ia
B A TRe S 2% ,n AChRs %l Bl 43 X 1 4o 72 ) i 45 2 O
[ 25 nAChRs )4 i 7 5 AN [F], nAChRs 78 fii 5 W FL 3 )
N R A AT K ZE N L LD b S A i DA e - 0 = A S
HAPERA nAChRs 1T IZ 5340, 43 3 A A0 LA W 4
PR R A 5 A P Ih . Koukouli 2511 i FH A 3 [N
/NEIESE T nAChRs (1) B2 W34 5 B A it REA7AE &2 i, [7)
IR A R 1 B A R 5 R DD R . nAChRs 5 2y A I
At AT LR N 2 9 40 B Ji R 7 25 85 (tumor microenviron-
ment, TME) 31k, 2 540 M po 158 SR 4d i ™,

nAChRs 154 B TlE M Z 0k 5 Z R g f g 06, B F
A — 05 F 52 2 B nAChRs 3k X 2 85 M 78 45 289005 Hh AR
Y COFE A R B 2 RS R O i A e A T
U T A SRE /LA T A B B 1 DG B AL 5 nAChRs
N FEERBE MG, Rl THRAANKG, 5 nAChRs 45
G EAETENME RGP nAChRs 32 40T , 2 il
TG R B B, AT 7= A Al o ety T AT i
WO SZAASRAI 3 o 2, 5 g W B AEAEAH E K R BR
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FERFSE EESE, it TP A AE S BEAR G A 230 A 45« B IH AR AN &,
T A 26088 £ Tk RS B i VR F T W] LLG B S TR, 3F
— LGt R R LN L i L IE I Oy W R A A
JLA 5 240 B PR f T AL 9 52 A4 45 5, B T 9 1 98 4 i
g,

nAChRs H K 22 3 Pk AL 5 i i & 2F & R A7 7E I, Horp
o7-nAChR ZHF5Y i £ 1) nAChRs, i CHRNA7 46l , H N 3
5 MR g & EP R R G RE Rz
Fik, S 5 R G RAE L, I TR HE M - e I8
YER . et T 4-N-JF i Jk H 6 - 1-( 3-nit gt k) T il [ 4-
( methylnitrosamino ) -1-( 3-pyridyl ) -1-butanone , NNK ] $5] 3 4l 2%
HEUE BT, o7-nAChR S JE Tl T NNK e 5 M 45 6 6 a5,
2 SRR G R T R S R i ek Y L
5 % ¥ CHRNA3 .CHRNAS .CHRNB4 725 % 5 Jg 1 T Al R A
TIPSR (o i A . 7EMH L3 P, o384 nAChRs 5878
TR TR T SURE JREAE N PR R G I 5 0 1) TR A R
K22 EL gz 1] 46 v ) nAChRs 3.2 5 %5 8 iy T A BRI I )3 A
JeHt T T SRS BOIRZS P . T nAChRs 7 1F % A FiL I
RE A L 2 T 34 R 5 EE AR T, nAChRs 1038 7 B R TG A
T 57 B 1) T B AN, o7 FI B2 nAChRs S /R 2% 5 2R
SERICIZ R B —E R, 2 F oS AR nAChRs 7]
REPE AL —FP R 367 JE oy T R A 209, T X 3 37
HEAT RSB BB SR B A7 B e 01 1

3 nAChRs EF S &S MEAHE XM

31 AR AN HEZEMERZSE DNA 77k A i3t
P K AETOAE i DNA [ — 25045 RARIR, B s 2 450, 1
IR T K LA R s brikic DNA (9 2 38 6L 45
DNA J B K J £ % ¥ (fragment length polymorphism, FLP ) |
DNA &[5 51 i £ 254 (repeat sequence length polymorphism
RSP) FI %1513 22 75 M ( single nucleotide polymorphism , SNP)
SR FLP R T AN L A B | A AN AT 5 R R
TN DI S 254k, 80 DNA | Br K A5 1k ; RSP £k
A T DB AR 5 It SNP 248 A2 SE R 41K 1 |y
B RS T S 800 DNA J7 9] 27854, il 5654 46 | 8
e A B PURE L

3.2 nAChRs AW % &AW TZEMI0ESZ 1 0 I 7Y v JL-F- B Fh
4 SNP i 5 % 4 38, U0 1s1051730 , 1516969968 | rs6474412
157329797 . 156819385 %%, ff %% iE W] CHRNA3-CHRNAS-
CHRNB4 3% RIFE (11815708 5715 00 . O 2 DR G , 235 ) s
it f% 2y et , i T CHRNA3 K rs1051730 o7 55 L3845 T 5
o3 PR 2 A i 8 0 XU 1 = 1.83 fi%, {7 F CHRNAS St
rs16969968 v 15 [ A %5 v HE PR R by DX 485 5 7 190 28 it o IR RS
B 1304527 BT R od SZARAE S S NNK Y S
AL EN A AR T BE 2 S 850 M RN TE L Bz 40 R ke YR 1 i
#7" . CHRNB3 H:H X ki SNP 5 Jifi 5 19 % 2L 40 56, Forh
rsO474412 {7 s 455 T S A 3 DRI 2 {1 i 98 174 £ XU IS 348 55
112 % iR 2 SRR % £ 5 534 058 % B CHRNA2 |

CHRNA4 . CHRNB2 ix =3 SNP 5 5% WL 25 & 1iF 5 Y
AR i M %5 i (autosomal dominant nocturnal frontal lobe
epilepsy, ADNFLE) 5 3¢, ZWifff 52 143 CHRNA2 58745 25
S0 nAChR 52 {KDJ &, CHRNA4 2845 1] 7 il nAChR 52 (& 3y
fig, CHRNB2 22745 U] |3 nAChR 2 & T ; CHRNAG
rs892413 v 55 1) 575 FI g £ T B0 AR TS Lk [7] &0 , TR
ARSI e T 45 nAChRs 9454 . CHRNAT JE[K SNP
5 ZBIokE MBI AH DG , S35 Wi ] 2R 2% 18 B 245 W0 ¥R 9 1 )L
ISV , A R IR | I RS R % A A OE  CHRNA9
FEIH SNP 5L s AU 04 & A 45 VI AR 56 , 157329797 7 5t #5
WG AN HE IR Y B3 UL Y 2R LR 1 ey 1.8 A%, #5 4t
rs6819385 i £ AA 4l & > VA KB il 5 98 1 JRURS: 18 Jm 1. 61
557 CHRNALO T 5 B35 7L 3 WA O

3.3 nAChRs AW 3 XM 5MRIEE HBRBG XL W
-5 MEL R ATE RSV (B A AF 5% A AS R A 36 7 20, B FT R & LR
nAChRs B2 VE I 8 FLA e 15 T, ik g fes e R 32
T Z A EAER 5 SN T W I . T TR
B FE L), /& nAChRs (3% 23], 7T 8 i nAChRs £ fil
f&3% ,nAChRs {5555 T ML il 78 il i 15 538 6 bl /R L A dF
it gt R I EL XTI Y7 77 AR b, 0344 P9 nAChRs B] B AIG b
R

3.3.1 CHRNA3-CHRNAS5-CHRNB4 JERF# &AM CHRNA3-
CHRNAS5-CHRNB4 3t R 2 251 5 i (1 G AR 20 4R B9
%, Yang %7 5@ 3 Meta 43 H7 3541 CHRNA3 11051730,
15578776 . 156495309 , 15938682 1 CHRNAS 1516969968 | rs58888
X 6 4~ SNPs 5 ifids kA=A Ik, Horb 1s1051730 Z 35 MR A7
NBEPPEIE 2 252 M /N I ( non-small cell lung cancer,
NSCLC) %1 L K Je iy T RO fE T Yi 2607 7t 32 53¢
BRAY Meta 2387 HH A3 #2747 151051730 ( G>A) , 1516969968 ( G>
A), rs8034191 (T>C) 25 H& Jili Ji IRV S8 28 485 fn, 7€ (1 Fp Ao
rs1051730 {7 S 457 A BRI R4 45 A it g XU A LA g i ik
RIFUHE R = 1.519 £, 76 WP RE i rs3743037 #507 A 4540
R s C SRR B XK & 1.580 502518,
3.32  Hifth nAChRs 3t £ A #5578 CHRNA4 L [H
152229959 il 11044396 v 5 Z &M 58 i T KM AH ¢, Gu
U380 55k 240 {3 R AT T rs1044396 152229959 152236196
P 75, 25 5 Z IR 1s1044396 AA FLPR Y iidgs 83 1Y)
SRR L (7.7%) , B R IR R R i Je
K5 % M, o7-nAChR 7E Bl % R 40 I8 98 ( squamous-cell
carcinoma, SCC) . fifi it & ( pulmonary adenocarcinomas, PAC) I
NSCLC Hri ik, Pal 25 K T 46 i) NSCLC i T AR e
FEAHL CHRNAT 55 72 )5 1% 4f g 8 1° FiC #45- 1 ( programmed  cell
death protein-1, PD-L1) 135357k - (P=0.058) , 55 £ EL i 3% (k&
(dopamine receptors, DR)D2 (P=0.0288) £ IFH3%, i8] PD-
L1 5 DRD2 FE i fiE 0 & A Rtk Jg vh ¥ R ¥ f ZAEH . Wang
SRR T 500 4 NSCLC 3% 1 500 44 felt FE X 8 5 16 9
CHRNA9 1556159866 .rs6819385 155998310 il 182073550 £ 4%
P, 530 16819385 fi i #5717 A S5 B KA NSCLC 119 JXUBS:
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