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Abstract
AIM: To explore the potential association between single-nucleotide polymorphisms (SNPs) and haplotypes of the
CHRNA5-CHRNA3-CHRNB4 gene cluster and the non–small cell lung cancer (NSCLC) susceptibility in never-smoking
Chinese. METHODS: A case-control study was conducted with 200 NSCLC patients and 200 healthy controls,
matched on age and sex. Five SNPs distributed in CHRNA5-CHRNA3-CHRNB4 gene cluster were selected for geno-
typing. The association between genotype and lung cancer risk was evaluated by computing the odds ratio (OR) and
95% confidence interval (CI) from multivariate unconditional logistic regression analyses with adjustment for gender
and age. RESULTS: For CHRNA3 rs578776 status, data were available in 199 NSCLC patients and 199 controls. The
G/G homozygote in CHRNB4 rs7178270 had a reduced risk of developing NSCLC (OR= 0.553; 95%CI = 0.309–0.989;
P = .0437), especially squamous cell carcinoma (SQC) (OR = 0.344; 95% CI = 0.161–0.732; P = .0043), compared
with those who carry at least one C allele (C/C and C/G). The polymorphisms of rs578776, rs938682, rs17486278,
and rs11637635 were not significantly different between controls and cases or between controls and histologic sub-
groups, adenocarcinoma and SQC, respectively. CONCLUSIONS: In our study, we found that the SNP of CHRNB4
rs7178270 is significantly associatedwith reduced risk of NSCLC, especially with reduced risk of SQC in never-smoking
Chinese population.
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Introduction
The lung and bronchus cancer was the most common fatal cancer in
men and women in the United States [1]. Although smoking is the pri-
mary risk factor for developing lung cancer [2,3], the fact remains that
only a portion of smokers (usually <20%) develop lung cancer during
their lifetime. Chromosome 15q25 was the susceptibility zone for lung
cancer development [4–6]. Recently, the single-nucleotide polymor-
phisms (SNPs) in CHRNA5 (rs17486278 and rs11637635)–CHRNA3
(rs578776 and rs938682)–CHRNB4 (rs7178270) gene cluster, which
is located on chromosome 15q25, were found to be associated with lung
cancer in the genome-wide scan in African-Americans and European
populations [7,8]. In these studies, the lung cancer cases included a
large percentage of smokers. These results make it difficult to deter-
mine whether these loci are associated with lung carcinogenesis or
tobacco use, or perhaps both. Moreover, a substantial proportion of
lung cancer in East Asian women occurs among nonsmokers, who
interestingly have a relatively high rate of lung cancer [9]. Accumulat-
ing studies have suggested that lung cancer occurring in never smokers
has different molecular profiles [10] and different response to targeted
therapy [11,12].

On the basis of these findings, the question was raised whether
the variants of CHRNA5 (rs17486278 and rs11637635)–CHRNA3
(rs578776 and rs938682)–CHRNB4 (rs7178270) gene cluster may
also be associated with the susceptibility of non–small cell lung cancer



Translational Oncology Vol. 5, No. 6, 2012 Association between Polymorphisms and NSCLC Li et al. 449
(NSCLC) in Chinese population after eliminated interference of
tobacco. No report was published previously about this question.
So, we conducted this case-control study to examine CHRNA5-
CHRNA3-CHRNB4 gene cluster polymorphisms with risks for
NSCLC and further stratified on the basis of two major histologic
subtypes of NSCLC [adenocarcinoma (ADC) and squamous cell
carcinoma (SQC)] in never-smoking Chinese population.
Materials and Methods

Case-control Study
All cases and controls were people who never smoked and lived in

Southeast China. The eligible cases and controls were treated and
examined at the Zhejiang Cancer Hospital and the Second Affiliated
Hospital of Zhejiang Chinese University. The participants consisted
of 200 patients (145 ADC and 55 SQC patients) and 200 healthy
controls. Participants have no history of previous primary cancer
other than lung cancer. The controls were free from lung-related
diseases to avoid probable interferences from overlapping genes.
All subjects provided their informed consent approved by the Ethic
Committee of Zhejiang Cancer Hospital.

SNP Selection
The SNPs detected in this study included the five SNPs (rs17486278

and rs11637635 in CHRNA5; rs578776 and rs938682 in CHRNA3;
Figure 1. Haplotype structure of all markers.
rs7178270 in CHRNB4) that have not been previously reported in a
Chinese population.

DNA Preparation and Genotyping
DNA was isolated from whole blood using the AxyPrep Blood

Genomic DNA Miniprep Kit (Axygen Biosciences, Union City,
CA). Primers for polymerase chain reaction and single-base exten-
sion were designed by using the Assay Designers software version
3.0 (Sequenom) and were processed following standard protocols
for iPLEX chemistry. Primers were synthesized by Sangon Biotech
(Shanghai, China; Table 1). Genotype calling was performed in real
time with MassARRAY RT software version 3.0 and analyzed by using
the MassARRAY Typer software version 3.4.

Statistical Analysis
Hardy-Weinberg equilibrium (HWE) testing was carried out for

all five SNPs. Single marker differences, as well as the three genotypes
in cases and controls, were accessed using χ2 tests. Data of odds ratio
(OR) and 95% confidence intervals (CIs) were calculated. Haploview
software version 4.1 was used to analyze the association between
haplotypes and the NSCLC, and Bonferroni correction was per-
formed. Haploview software version 4.1 was used to analyze the
association between haplotypes and the disease.
Results
Two hundred patients (65 females and 135 males) and 200 healthy
controls (76 females and 124 males) were of Chinese Han origin. The
mean age in cases and controls was 57.64 years (range, 36–77 years) and
56.66 years (range, 33–80 years), respectively. There were no statis-
tically significant differences among cases and controls in terms of age
and sex distributions. Four hundred subjects (145 ADC, 55 SQC, and
Table 1. Oligonucleotide Sequence Used for Genotyping.
Genes
 SNPs
 Primers
 Sequences
CHRNA3
 rs578776
 First
 5′-ACGTTGGATGCAATGAATAACTAGGCATGA-3′

Second
 5′-ACGTTGGATGCCATTTCAGAGAGCTTCAAC-3′

Extension
 5′-CTCTTGCATACTTCTAAATTATAC-3′
CHRNA3
 rs938682
 First
 5′-ACGTTGGATGTGCCACTGCCTTTTGTTGTC-3′

Second
 5′-ACGTTGGATGAGTGACGGTCACAGCTATTC-3′

Extension
 5′-CTCCTGTCACAGCTATTCATCTCTGCCC-3′
CHRNB4
 rs7178270
 First
 5′-ACGTTGGATGTCCCAGGATCACATCTCAAG-3′

Second
 5′-ACGTTGGATGGTTTGTTTTAGGTGTCCCAG-3′

Extension
 5′-GTGTCCCAGAAGCAAAC-3′
CHRNA5
 rs17486278
 First
 5′-ACGTTGGATGCCATACTAAAACTAAGGAGC-3′

Second
 5′-ACGTTGGATGCACAGTCAAATCATTTGGTG-3′

Extension
 5′-CTTCCAATCATTTGGTGAAACCACATT-3′
CHRNA5
 rs11637635
 First
 5′-ACGTTGGATGTCTGCTATCCACCCTAGTCG-3′

Second
 5′-ACGTTGGATGTTTGCCTAACAGGCATATTC-3′

Extension
 5′-TGTGCCTAACAGGCATATTCAGATAC-3′
Table 2. HWE Pearson’s P in Cases and Controls.
Genes
 rs
 HWE Pearson’s
P (Control Group)
HWE Pearson’s
P (Case Group)
CHRNA3
 rs578776
 .63384
 .48387

CHRNA3
 rs938682
 .17306
 .77744

CHRNB4
 rs7178270
 .01339
 .93522

CHRNA5
 rs17486278
 .08356
 .87146

CHRNA5
 rs11637635
 .34578
 .24062
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200 healthy controls) were genotyped for polymorphisms in all genes.
Data for CHRNA3 rs578776 status were available in 199 NSCLC
patients (99.5%) [145 ADC (100%) and 54 SQC (98.2%)] and
199 controls (99.5%). We examined HWE in the controls and cases
separately, and no evidence of deviation from HWE in each gene was
found (Table 2).

Haploview identified one block (Figure 1) in which the fre-
quency of the haplotypes rs17486278/rs11637635/rs578776/
rs938682/rs7178270 of CHRNA5-CHRNA3-CHRNB4 locus was
nonsignificantly different whether between controls and cases or
between controls and subgroups (ADC or SQC; Table 3).

To explore the distributions’ difference of the allele frequencies
and genotype in cases and controls, we performed a statistical analysis
(each OR was adjusted for gender and age). The results are shown
in Tables 4 and 5. In Table 4, all allele frequencies in CHRNA3
(rs578776 and rs938682), CHRNB4 (rs7178270), and CHRNA5
(rs17486278 and rs11637635) are similar between cases and con-
trols (P = .5584, .7743, .2793, .6366, and .7874, respectively). We then
stratified by analysis of histologic type. Compared with control, there
was not a significant difference in ADC (P = .9507, .9657, .4067,
.5524, and .7841, respectively) or in SQC (P = .1306, .4429,
.3059, .9962, and .2548, respectively). In Table 5, for CHRNA3
(rs578776) polymorphism, the genotype frequencies were 4.5% (C/C),
59.3% (T/T), and 36.2% (C/T) in the controls; 5.0% (C/C), 56.3% (T/
T), and 38.7% (C/T) in NSCLC patients; 4.1% (C/C), 59.3% (T/T),
and 36.6% (C/T) in ADC patients; and 7.4% (C/C), 48.1% (T/T),
and 44.4% (C/T) in SQC patients. The differences between the con-
trols and the cases, between the controls and the ADC, and between
the controls and the SQC are not statistically significant (χ2 = 0.3769
and P = .8282; χ2 = 0.0316 and P = .9843; χ2 = 2.3798 and P =
.3043, respectively). Likewise, similar results occurred in CHRNA3
(rs938682), CHRNB4 (rs7178270), and CHRNA5 (rs17486278 and
rs11637635; Table 4).

When analyzing the association between genotypes and the risk
of NSCLC, each OR was adjusted for gender and age. We found
that the G/G genotype in CHRNB4 rs7178270 was critically corre-
lated with reduced risk of NSCLC (OR = 0.553; 95% CI = 0.309–
0.989; P = .0437). However, the association is not significant after
Bonferroni correction (P > .01, 0.05 per five tests); further studies in
larger populations are warranted. When stratified by histologic type,
data revealed that the G/G genotype in CHRNB4 rs7178270 was
strongly associated with reduced risk of SQC (OR = 0.344; 95% CI =
0.161–0.732; P = .0043). The genotypes of the CHRNA3 (rs578776
and rs938682) and CHRNA5 (rs17486278 and rs11637635)
were not significantly different whether between controls and cases or
between controls and subgroups (ADC or SQC).
Discussion
The present study investigated the association between NSCLC risk
and the polymorphisms in CHRNA5-CHRNA3-CHRNB4 gene
cluster in a never-smoking Chinese population. Our study showed
that CHRNB4 (rs7178270) is significantly associated with reduced
risk of SQC in never-smoking Chinese people. Neither CHRNA5 nor
CHRNA3 polymorphism was associated with NSCLC, irrespective of
histologic types.

Nicotine acetylcholine receptor genes are expressed in the key re-
gions of the brain and play an important role in controlling smoking
behavior. Located on chromosome 15q25 [13,14], they initiate the
brain responses to nicotine that binds primarily to these receptors
[15,16]. Tobacco smoking is by far the greatest risk factor for devel-
oping lung cancer [17]. Sequence variants in CHRNA SNPs on
chromosome 15 have been associated with increased (self-reported)
cigarette dose and nicotine dependence [13] and increased risk of
lung cancer in smokers [4,18], whereas association in nonsmokers
was not [18]. CHRNA SNPs that conferred lung cancer susceptibil-
ity in a smoking-independent Japanese manner [19] were associated
with risk of familial lung cancer, whereas association of these SNPs
with smoking status was not significant in Americans [20]. The
Table 3. Haplotype Distribution in Never-smoking Chinese with NSCLC and Controls.
Haplotype
 Frequencies
Controls
 NSCLC
 P Value*
 ADC
 P Value*
 SQC
 P Value*
GTC
 0.417
 0.412
 .8990
 0.423
 .8686
 0.381
 .5016

GTT
 0.355
 0.345
 .7708
 0.353
 .9423
 0.327
 .5774

ACT
 0.185
 0.195
 .7186
 0.179
 .8485
 0.236
 .2296

GCT
 0.037
 0.047
 .4896
 0.044
 .6569
 0.055
 .4012
*Compared with controls.
Table 4. Allele Distribution in Never-smoking Chinese with NSCLC and Controls.
Gene Allele
 Controls [N = 200; n (%)]
 NSCLC* (N = 200)
 ADC* (N = 145)
 SQC* (N = 55)
n (%)
 P Value
 OR (95% CI)
 n (%)
 P Value
 OR (95% CI)
 n (%)
 P Value
 OR (95% CI)
CHRNA3 rs578776
T
 308 (77.4)
 301 (75.6)
 225 (77.6)
 76 (70.4)

C
 90 (22.6)
 97 (24.4)
 .5584
 0.907 (0.653–1.259)
 65 (22.4)
 .9507
 1.011 (0.704–1.453)
 32 (29.6)
 .1306
 0.694 (0.432–1.116)
CHRNA3 rs938682
T
 231 (57.8)
 235 (58.8)
 167 (57.6)
 68 (61.8)

C
 169 (42.2)
 165 (41.2)
 .7743
 1.042 (0.787–1.380)
 123 (42.4)
 .9657
 0.993 (0.732–1.349)
 42 (38.2)
 .4429
 1.184 (0.768–1.826)
CHRNB4 rs7178270
C
 247 (61.8)
 232 (58.0)
 170 (58.6)
 62 (56.4)

G
 153 (38.3)
 168 (42.0)
 .2793
 0.855 (0.645–1.135)
 120 (41.4)
 .4067
 0.878 (0.644–1.195)
 48 (43.6)
 .3059
 0.8 (0.522–1.227)
CHRNA5 rs17486278
A
 291 (72.8)
 285 (71.3)
 205 (70.7)
 80 (72.7)

C
 109 (27.3)
 115 (28.7)
 .6366
 0.928 (0.682–1.264)
 85 (29.3)
 .5524
 0.903 (0.646–1.263)
 30 (27.3)
 .9962
 0.999 (0.622–1.604)
CHRNA5 rs11637635
A
 75 (18.8)
 78 (19.5)
 52 (17.9)
 26 (23.6)

G
 325 (81.3)
 322 (80.5)
 .7874
 1.05 (0.738–1.493)
 238 (82.1)
 .7841
 0.947 (0.640–1.400)
 84 (76.4)
 .2548
 1.341 (0.808–2.226)
*Compared with controls.
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inconsistencies in the findings of these studies make it difficult to
determine whether or not CHRNA SNPs were directly associated
with lung cancer risk.
In the present study, CHRNB4 rs7178270 polymorphisms con-

tribute to reduced risk of SQC (OR = 0.344; 95% CI = 0.161–
0.732). However, polymorphisms of CHRNA3 (rs578776 and
rs938682) and CHRNA5 (rs17486278 and rs11637635) are not
associated with NSCLC in never-smoking Chinese people in our
study. This result is in disaccord with the Japanese, African-American,
and European studies [7,8,18]. In the Japanese study, CHRNA
SNPs (rs16969968 in CHRNA5 and rs1051730 in CHRNA3) were
shown to contribute to lung cancer risk in a smoking-independent
manner [19]. In the African-American study, CHRNA5 (rs17486278
and rs11637635) and CHRNA3 (rs578776) were associated with
increased lung cancer risk [8]. CHRNA3 rs938682 variations were
strongly associated with lung cancer risk in Europeans [7]. Together
with our earlier study [21], these differences may be primarily attrib-
uted to the distinct genetic background and the different living envi-
ronments of the Chinese population compared to other populations.
It is important to note that two SNPs in CHRNA3 (rs578776 and

rs938682) were not associated with NSCLC in our study; however,
in 2009, Wu et al. found that the rs6495309 SNP located within the
CHRNA3 was associated with significantly increased lung cancer risk
in smokers [22], and, in 2010, Niu et al. found that the rs3743073
polymorphism in CHRNA3 is predictive for lung cancer risk and is
prognostic in advanced stage NSCLC in Chinese Han population
irrespective of smoking status [23]. However, the factors of gender
and smoking status in the case and control groups were imbalanced in
the study of Niu et al., which might have caused a bias. That data
suggested that CHRNA3 polymorphism may play an important role
in tobacco-inducing lung cancer in Chinese people. However, the sam-
ple size was small, which may increase the chance for spurious findings.
In conclusion, we identified that CHRNB4 rs7178270 poly-
morphisms are significantly associated with reduced risk of SQC in
never-smoking Chinese people.
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