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Association between a 15925 gene variant,
nicotine-related habits, lung cancer and COPD among
56 307 individuals from the HUNT study in Norway

Maiken E Gabrielsen!, Pal Romundstad?, Arnulf Langhammerz, Hans E Krokan! and Frank Skorpen*’3

Genetic studies have shown an association between single-nucleotide polymorphisms on chromosome 15q25 and smoking-
related traits and diseases, such as quantity of smoking, lung cancer and chronic obstructive pulmonary disease (COPD).

A discussion has centred on the variants and their effects being directly disease related or indirect via nicotine addiction.

To address these discrepancies, we genotyped the single-nucleotide polymorphism rs16969968 in the CHRNA5/A3/B4 gene
cluster at chromosome 15q25, in 56 307 individuals from a large homogenous population-based cohort, the North Trgndelag
Health Study (HUNT) in Norway. The variant was examined in relation to four different outcomes: lung cancer, loss of lung
function equivalent to that of COPD, smoking behaviour and the use of smokeless tobacco (snus). Novel associations were
found between rs16969968 and the motivational factor for starting to use snus, and the quantity of snus used. Our results also
confirm and extend previous findings for associations between rs16969968 and lung cancer, loss of lung function equivalent to
that of COPD, and smoking quantity. Our data suggest a role for rs16969968 in nicotine addiction, and the novel association

with snus strengthens this observation.
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INTRODUCTION

Tobacco-related deaths reached 100 million individuals during the
20th century. It is estimated to reach 1 billion deaths during the
21st century and each year 5.4 million deaths world wide can be
attributed to cigarette smoking.! In Norway, a steady decline in
daily smoking has been observed since the mid-1990s and today
17% of the adult population smoke on a daily or occasional basis
(http://www.ssb.no/royk/).

Lung cancer and chronic obstructive pulmonary disease (COPD)
are both strongly associated with tobacco smoking.?> Lung cancer is
the leading cause of cancer death world wide with ~1.1 million
deaths per year,1 while COPD is the 4th leading cause of death,?
killing 2.75 million people world wide in 2002.* A gene region
on chromosome 15q25, containing the nicotine—acetylcholine
receptor (nAChRs) subunits CHRNA5/A3/B4, has been found to be
associated with lung cancer in several genome-wide association
studies (GWAS)>® and replication studies.'®'> GWAS have also
shown association with COPD at the same loci.'> A number of large
studies also report an association of this region with smoking-related
traits and nicotine addiction.!*2* Associations with several SNPs and
distinct loci within the CHRNA5/A3/B4 region have been reported in
these studies.!>1%2>

The CHRNA5/A3/B4 genes encode subunits of nAChRs. These are
ligand-gated ion channels classified into two main categories,
neuronal and muscular. They are activated both by the endogenous
neurotransmitter acetylcholine and chemicals such as nicotine and its

metabolites, including nicotine specific nitrosamines. The receptors,
believed to have a role in nicotine dependence, lead to nicotine-
mediated increase of dopamine in the nucleus accumbens (reviewed
in Improgo et al’®). nAChRs have also been found to be expressed in
lung tissue where subsequent activation may promote cell
proliferation and inhibition of apoptosis.?’?° Current evidence
points to plausible biological associations of nAChR with both
nicotine dependence and lung cancer.

In addition to cigarettes, a different nicotine-containing tobacco
product, snus (often referred to as Swedish snus), is available in
Norway. This is a moist smokeless tobacco product typically placed
under the upper lip and kept there (without chewing).’® The use of
snus in Norway has steadily increased, especially amongst the younger
population. Data from Statistics Norway (http://www.ssb.no/royk/)
show that around 8% of the adult population use snus on a daily or
occasional basis. Among the youngest age group (16-24 vyears),
as many as 25% of males use snus daily. Although snus contains
many of the same harmful substances as cigarettes, it is considered less
harmful, but is believed to be similar in producing nicotine
dependence.*®

In this study, we report a novel association between the rs16969968
polymorphism in CHRNA5 and the use of snus. We detect two
distinct associations related to the use of snus; one with the quantity
of snus used per month and a second to whether the reason for
starting to use snus was related to an effort to reduce or quit
smoking. We also replicate previously reported associations with the
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CHRNA5/A3/B4 gene cluster by examining the rs16969968 poly-
morphism in relation to lung cancer risk, smoking quantity and loss
of lung function equivalent to that of COPD in a large homogenous
population cohort (the HUNT cohort of the North Trendelag
County, Norway).

MATERIALS AND METHODS
Populations studied
The Nord-Trendelag Health Study (HUNT) is a comprehensive population-
based study having collected data of the entire adult population aged 20 years
or above in three consecutive surveys, HUNT 1 (1984-86), HUNT 2
(1995-97)3" and HUNT 3 (2006-08).>> The studies comprise data from
questionnaires, interviews and clinical examinations. All participants in HUNT
2 (n=65237) and HUNT 3 (n=>50807) provided blood samples. DNA has
been prepared from peripheral blood leucocytes from all participants in
HUNT 2 and is stored in the HUNT biobank (Levanger, Norway).
Approximately 36000 individuals participated both in the HUNT 2 and
HUNT 3 studies (Figure 1).33

The Lung Study in HUNT invited random samples of participants in HUNT 2
(5%, n=2791) and HUNT 3 (10%, n = 5068). In addition, participants in the
two studies reporting having had asthma, COPD or asthma-related symptoms
were invited, totalling 8150 from HUNT 2 and 7391 from HUNT 3.
All participants were subjected to lung function measurements (spirometry),

measurement of bone mineral density and went through an interview.>?

Study characteristics

Lung cancer. Lung cancer diagnosis was available from the Cancer Registry of
Norway. Data in the Cancer Registry of Norway are based on morphological
diagnosis from all pathology departments in Norway and a written report from
the clinical departments.>* Cases were identified by linking the HUNT data-
base to the Cancer Registry of Norway via the unique national personal
identity number. Only individuals who developed lung cancer after
participation in the HUNT 2 study (1995) (Figure 1) and who were diagnosed
with lung cancer as the primary tumour were included in the analysis. Only
de-identified data were available for researchers.

Loss of lung function. The loss of lung function was based on spirometric data
from the HUNT 3 lung study (Figure 1). Individuals with loss of lung function
equivalent to moderate or severe COPD were identified based on the following

HUNT 2
N= 65 237

Genotyped samples

standard criteria: prebronchodilator FEV;/FVC <0.7 and FEV1% predicted
<80 and/or having received the diagnosis COPD from their medical doctor.
Controls were individuals with lung function FEV}/FVC >0.7 and FEV1%
predicted > 80. In the present study, reference equations developed from the
same region was used.’

Smoking. Smoking status was categorised into never, former and current
smoker based on answers to the HUNT 2 main questionnaire. Never smokers
reported ‘T have never smoked daily’ and had not reported any other smoking-
related information. Former smokers reported having previously smoked and/
or years since smoking cessation, whereas current smokers reported smoking
daily and/or reported a number of cigarettes smoked daily. The variable ever-
smoker was computed combining current and former smokers. Individuals
were also asked to report the number of cigarettes smoked per day or used to
smoke per day if quitted smoking. Smoking burden in pack-years was
calculated by smoking duration multiplied with daily number of cigarettes
divided by 20.

Snus.  The use of snus was categorised into never, former and current users
according to answers to the HUNT 3 main questionnaire. Questions on this
subject were not included in HUNT 2. Never snus users reported ‘No, I have
never used snus. Former snus users reported having previously used snus,
while current snus users reported using snus on a daily or occasional basis.
Individuals reporting their age when starting to use snus, snus consumption
per month or a motivational factor for starting to use snus were also classified
as current snus user. Individuals were also asked to report the number of boxes
of snus consumed per month and this variable was used in the snus
consumption analysis. Participants were asked “When you started to use snus,
was this in order to quit or reduce smoking?’ Individuals who answered ‘yes in
order to reduce smoking’ and ‘yes in order to quit smoking’ were merged to
create the binary variable ‘Motivation for starting to use snus.

Genotyping. The SNP, rs16969968, from the CHRNA5/A3/B4 gene cluster on
15925 was genotyped. Genotyping was performed at the HUNT biobank using
TagMan genotyping assay (Applied Biosystems, Foster City, CA, USA) and
performed on an Applied Biosystems 7900HT Fast real-Time PCR System
using 10 ng of genomic DNA. Each 384-well plate contained four negative and
four positive controls. Four samples were used as quality controls for genotype
consistency and were included on every plate (384 wells) genotyped and the
call rate cutoff was set to 90%. The genotyping success rate was 98.6% and
quality score for each individual genotype was >90 (mean 99.7). The minor

HUNT 3
N= 50 807

N= 57082 Individuals selected for lung study Participated and
Random: 10% (N=5 068) successfully genotyped
Failed Selected based on symptoms in HUNT 2
genotyping for  |— N=7 391 N= 32440
rs16969968: 775 |
Participated and successfully Missing snus data:
genotyped in HUNT 2 1228
N=7 666
Missing smoking Lung cancer |
data: 2 161 N= 459
Loss of lung function SNUS
N=1063 Current:2 650
SMOKING Former:1413
Current: 16 450 Never: 27 149
Former: 15168
Never: 22528

Figure 1 Flow-chart visualising the number of individuals for the different traits/diseases selected from the HUNT 2 (a) and HUNT 3 (b) studies.
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allele frequency was in agreement with HapMap data (MAF = 0.385 and 0.337,
respectively) and the genotype frequencies conformed to Hardy—Weinberg
equilibrium (test for Hardy—Weinberg equilibrium P=0.2). Genotyping was
performed for all individuals with available DNA (57082) and laboratory
personnel were blinded to any phenotypic status.

Statistical analysis

All analyses were performed in PASW Statistics 18 (SPSS Inc. Released 2009.
PASW Statistics for Windows, Version 18.0; Chicago, IL, USA). Binary
outcomes were analysed using logistic regression, continuous outcomes using
linear regression and Cox regression was used to estimate hazard ratios (HR)
for lung cancer.

Both a genotype specific (GG vs GA and AA) and per allele (additive) model
was calculated and adjusted for age, sex and cigarettes per day (CPD).
Additional analyses were performed, stratified on smoking status and sex,
and a P-value for trend was calculated for the per allele model. For the
Cox-regression analysis the end of follow-up (EOF) date was the 31 December
2009. ‘Person-time’ was calculated by subtracting the date of participation in
HUNT 2, or date of diagnosis, for controls and cases, respectively, from the
EOF date and dividing the number of days by 365.25. Heterogeneity between
groups was tested by adding an interaction term in a separate regression
analysis to test the interaction between the SNP and the trait. Differences in
genotype distributions between the different groups of smokers and snus users
were tested using a y>-test. A two-sided P-value<0.05 was considered
statistically significant.

Ethics

This study has been approved by the Regional Committees for Medical and
Health Research Ethics. A written consent was signed by all participants in the
HUNT study. The study conforms to the declaration of Helsinki.

RESULTS

Table 1 gives an overall overview of the HUNT 2 and HUNT 3
cohorts included in the present study. Numbers of individuals are
given according to genotype, smoking and snus status, lung cancer
and loss of lung function.

Lung cancer and loss of lung function

A statistical significant association was found between rs16969968 and
the risk of lung cancer in the Cox regression with a HR of 1.45
(95% CI: 1.25-1.67, P=4.60 x 10~7) per allele (A) adjusted for age,
sex and CPD (Table 2). Sex was not a significant variable in the
regression analysis (Table 2) and when analyses were run stratified by
sex (adjusted for age and CPD), no statistical significant heterogeneity
was observed between sexes (P=0.096, data not shown). When
stratified by smoking status, statistical significant association with
lung cancer was seen only in current smokers (HR=1.51, 95% CI:
1.29-1.77, P=2.95 x 10 ~7), while a minor non-significant effect was
observed in former smokers (HR=1.25, 95% CI 0.97-1.62,
P=0.088) and no association was observed in never smokers
(P=0.382). Heterogeneity was observed between the groups (P-het
0.036).

A statistical significant association was found between the variant
allele (A) and the loss of lung function equivalent to COPD
(OR=1.36, 95% CI: 1.19-1.55, P=4.25 x 10 ) (Table 2). Sex was
a significant variable in the regression analysis (Table 2). However,
when analyses were run stratified by sex, the interaction term was not
significant (P=10.137) (data not shown). A significant association was
found in current and former smokers (OR=1.48, 95% CI:
1.25-1.76, P=4.84x 107 and OR=1.25, 95% CI: 1.06-1.48,
P=0.007, respectively), whereas no association was seen in never
smokers (P = 0.88). Heterogeneity was observed between the smoking
status groups (P-het 0.011).
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Table 1 Characteristics of the HUNT 2 and HUNT 3 population,
overall and per genotype.

Genotype
Overall GG GA AA
HUNT 2
Total (n) 56307 24800 25035 6472
Males (%) 26839 (47.7) 11868 (44.2) 11914 (44.4) 3057 (11.4)
Female (%) 29468 (52.3) 12932 (43.9) 13121 (44.5) 3405 (11.6)
Mean age (SD) 50.0 (17.1) 50.0 (17.1) 49.9(17.1) 49.6(17.0)
Smokers
Never (%) 22528 (40.0) 10032 (44.5) 9933 (44.1) 2563 (11.4)
Former (%) 15168 (26.9) 6848 (45.2) 6665 (43.9) 1655 (10.9)
Current (%) 16450 (29.2) 6919 (42.1) 7491 (45.5) 2040 (12.4)
Lung cancer
Cases (%) 459 155 (33.8) 227 (49.4) 77 (16.8)
Controls (%) 55823 24634 (44.1) 24798 (44.4) 6391 (11.5)
HUNT 3
Total (n) 32440 14384 14372 3684
Males (%) 14775 (45.5) 6548 (44.3) 6551 (44.3) 1676 (11.3)
Females (%) 17665 (54.5) 7836 (44.4) 7821 (44.3) 2008 (11.4)
Mean age (SD) 58.2 (13.4) 58.4 (13.4) 58.2 (13.3) 57.7 (13.3)
Snus users
Never (%) 27149 (83.7) 12024 (44.3) 12045 (44.4) 3080 (11.3)
Former (%) 1413 (4.4) 623 (44.1) 634 (44.9) 156 (11.0)
Current (%) 2650 (8.2) 1195 (45.1) 1134 (42.8) 321 (12.1)
HUNT 3 lung study
Loss of lung function?
Cases (%) 1063 412 (38.8) 499 (46.9) 152 (14.3)
Controls (%) 5301 2420 (45.6) 2289 (43.2) 592 (11.2)

Abbreviation: HUNT, the North Trgndelag Health Study.

Questions on the use of snus and spirometry data were available from the HUNT 3 study only.
The % of smoking and snus status are calculated from their total population (n), respectively.
Missing data for smoking and use of snus were 3.8%.

aIndividuals with loss of lung function participated in the HUNT 3 lung study (Figure 1).

Smoking and snus

Individuals homozygous for the variant A allele, when compared
with non-carriers, smoked on average 1.11 cigarettes more per day
(P-trend = 3.15 x 10 ~2%) (Table 3), had smoked on average 0.83 years
longer (P-trend=1.11 x107% and had smoked on average
1.81 pack-years more (P-trend=3.01 x 10~2%) when adjusted for
age and sex. No difference in genotype frequencies was observed
between never smokers and ever smokers (Pearson’s y-test, 2 df,
P=10.07). However, a statistical significant difference in the distribu-
tion of genotypes was seen between current and former smokers
(Table 1, Pearson’s y-test, 2df, P<10~%).

A significant association was found between the variant A allele
and monthly snus consumption. Individuals homozygous for the A
allele used on average 0.53 boxes of snus more per month compared
with individuals not carrying the A allele (P-trend=4.29 x 10~?)
(Table 3). If only individuals who reported to be never smokers were
considered, the difference between the two homozygous groups was
1.25 boxes per month (BPM) (P-trend = 2.0 x 10 ). Carriers of the
A allele were also more likely to have started to use snus in order to
reduce or quit smoking (P=0.001) (Table 4). No difference in the
genotype frequencies between never snus users and ever snus users
was detected (Pearson’s xz—test, 2df, P=0.719).

European Journal of Human Genetics
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Table 2 HR for lung cancer and OR for loss of lung function equivalent to COPD according to rs16969968 allele distribution.

95% ClI for HR

Lung cancer Case subjects Control subjects HR unadjusted® HR? Lower Upper P-value
rs16969968 per allele 383d 283694 1.48 1.45 1.25 1.67 4,60 %107
rs16969968 GG 1254 123864 Ref Ref — — 3.30x 1076
rs16969968 GA 1899 12685¢ 1.51 1.47 1.17 1.84 8.85x 104
rs16969968 AA 699 32984 2.16 2.08 1.55 2.79 1.07 x 1076
Sex® 0.94 0.76 1.17 0.592
Age 1.06 1.05 1.06 1.67 x 10751
CPD 1.03 1.02 1.05 5.87 x 1079
95% ClI for OR

Loss of lung function Case subjects Control subjects OR unadjusted® OR® Lower Upper P-value
rs16969968 per allele 715¢ 2253¢ 1.38 1.36 1.19 1.55 4.25%x10°6
rs16969968 GG 264¢ 1018 Ref Ref — — 2.47 x107°
rs16969968 GA 335¢ 986° 1.37 1.35 1.11 1.64 0.003
rs16969968 AA 116® 249¢ 1.90 1.86 1.41 2.46 1.09%x10°°
Sex® 1.41 1.17 1.70 3.00x10°4
Age 1.07 1.06 1.08 3.94 % 10758
CPD 1.03 1.02 1.05 1.27 x 107

Abbreviations: Cl, confidence of interval; COPD, chronic obstructive pulmonary disease; CPD, cigarettes per day; HR, hazard ratio; OR, odds ratio.
Complete Cox-regression analysis model for lung cancer and logistic regression analysis for loss of lung function.
Sex, age and CPD are covariates in the regression analysis. The P-value shows whether these variables are significant in the model and the HR and OR, respectively, show their contribution to

disease risk.

aAdjusted for sex and age only.

PHR and OR are adjusted for age, sex and CPD.

“Reference sex is female.

90nly individuals with valid data for smoking quantity (CPD) were included in the analysis.

©0nly individuals with valid person-time and valid data for smoking quantity (CPD) were included in the analysis.

DISCUSSION

In this study, we demonstrate novel associations between rs16969968
and the reason for starting to use snus being related to smoking
reduction or cessation, and to the quantity of snus used. Our results
also confirm and extend previous findings of association between the
rs16969968 A allele with increased risk of lung cancer, loss of
lung function equivalent to COPD and with increased tobacco
consumption.®1213 Previous studies have speculated whether the
lung cancer association is confounded by COPD.3® Owing to a limited
number of lung cancer cases participating in the HUNT Lung Study,
we had insufficient power to detect potential confounding by COPD.
We performed several statistical tests throughout the present study.
With increasing number of tests, the chance of false-positive findings
increases, which means that the results should be interpreted with
caution. However, the main analyses were based on a clear hypothesis,
and the different tests were related (not independent). Thus, formal
adjustments for the number of tests, such as the Bonferroni method,
would probably be too conservative.

Smoking is the major contributor to the risk of lung cancer.
Lips et al'® argue that the 1.2 CPD increase found for homozygous
carriers of the A allele cannot account for the increased risk of lung
cancer conveyed by rs16969968. However, an increase in the number
of years smoked or pack-years could increase the lung cancer risk
substantially more.?” In the present study, individuals homozygous
for the A allele had an average of 1.8 pack-years more and had
smoked 0.83 years longer than non-carriers, which may contribute
substantially to the lung cancer risk. Even so, association with the SNP
seems to be related to the quantity, and duration of smoking or use of
snus as opposed to the status of use (never or ever user). This is also
emphasised by the fact that a larger proportion of current smokers are
homozygous for the risk allele (AA) than in the former smoker group.

European Journal of Human Genetics

Previous research has shown that the consumption of snus is
associated with an increased probability of being a former smoker.3
The novel association between the A allele of rs16969968 and the
motivation for starting to use snus being related to smoking reduction
or cessation can be seen as a proxy for nicotine dependence, as it is
likely that individuals with a stronger nicotine dependence substitute
cigarettes with smokeless tobacco in order to reduce or quit smoking.
A Swedish study from 2003 showed that 30% of former smokers in
Sweden used snus while quitting smoking.® This fits well with one of
the important hallmarks of nicotine addiction, namely the tendency
to relapse to tobacco use.*® There was no difference in the mean
number of CPD between the ‘Yes’ and ‘No’ groups regarding the
motivational factor for starting to use snus. Adding CPD as a
covariate in the analysis did not change the regression coefficient,
however, because of a reduction in the number of individuals
in the analysis, the P-value was not significant (data not shown).
As for smoking quantity, individuals homozygous for the risk allele
used more snus per month (0.53 BPM more). However, when
considering snus users who reported to be never smokers, this
difference was substantially larger (1.25 BPM). These findings
strengthen the evidence for an association between rs16969968 and
nicotine dependence.

rs16969968 is a non-synonymous SNP, introducing a substitution
of aspartic acid (D) with asparagine (N) at amino-acid position 398
(D398N) of the CHRNAS protein. It is a likely candidate to mediate a
functional effect, although other SNP variants and haplotypes?%40-42
in the 15q25 region might modulate the effect on lung cancer and
nicotine dependence.!>16:25

Research by Bierut et al'> shows that the variant A allele of
rs16969968 leads to reduced receptor activity and that individuals
carrying the A allele may require larger amounts of nicotine to achieve
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95% CI mean CPD

Smoking quantity m Mean CPD Lower Upper P-trend
Genotype
GG 12520 11.02 10.91 11.13
GA 12882 11.66 11.55 11.77
AA 3370 12.13 11.92 12.35
Abs diff between homozygous 1.11 3.15%x 1025
By sex
Men
GG 6468 12.60 12.42 12.78
GA 6504 13.29 13.11 13.47
AA 1698 13.78 13.43 14.14
Abs diff between homozygous 1.18 8.11x 1012
Women
GG 6052 9.38 9.25 9.51
GA 6378 9.98 9.85 10.10
AA 1672 10.42 10.18 10.67
Abs difference between homozygous 1.04 2.79x 1017
95% Cl mean BPM
Snus quantity nP Mean BPM Lower Upper P-trend
Genotype
GG 1652 5.33 5.10 5.57
GA 1597 5.86 5.62 6.10
AA 436 5.86 5.40 6.30
Abs difference between homozygous 0.53 4.29%x103
By sex
Men 3323 5.85 5.65 6.06 6.00 x 10-3¢
Women 362 4.15 3.57 4.74 0.436¢
Abbreviations: BPM, boxes per month; Cl, confidence interval; CPD, cigarettes per day.
Multiple linear regression model for CPD and snus used in boxes per month, means are adjusted for age and sex.
20nly individuals with valid data for smoking quantity (CPD) were included.
®Only individuals with valid data for snus quantity used per month were included.
¢P-trend for the increase in snus consumption (BPM) seen.
Table 4 Motivation for start using snus related to smoking, reduction/cessation; “Yes”/*“No”
95% Cl for OR
Genotype n, “No.” (%) n, “Yes” (%) OR Lower Upper P-value
Per allele (A) 2383 1560 1.17 1.06 1.29 0.001
GG 1083 (45.4) 641 (41.1) Ref — —
GA 1050 (44.1) 702 (45.0) 1.09 0.95 1.26 0.218
AA 250 (10.5) 217 (13.9) 1.46 1.18 1.81 4.55x 104

Abbreviations: Cl, confidence interval; OR, odds ratio.

Logistic regression analysis for the association between rs16969968 and the motivation behind starting to use snus was performed adjusted for age and sex. Only individuals reporting a
motivational factor for starting to use snus were included in the analysis. The variable was created in the following manner: participants were asked ‘When you started to use snus, was this in
order to quit or reduce smoking?’ Individuals who answered ‘yes in order to reduce smoking’ and ‘yes in order to quit smoking’ were merged to create the binary variable ‘Motivation for starting to

use snus.’

the same level of dopamine release. This is in concordance with our
finding that individuals carrying the A allele tend to smoke more
(1.1 CPD more for AA homozygotes) and also continue to smoke for
longer period of time (0.83 years for AA homozygotes). This increase
in smoking load is likely to greatly increase the risk of lung cancer.
Thorgeirsson and Stefansson3” argue that, based on the Doll-Peto
equation, a 5% increase in smoking duration (eg. from 20-21 years)
would bring about an ~30% increase in lung cancer risk, strengthen-
ing the possible role of the polymorphism in nicotine addiction and

smoking behaviour, but does not exclude an independent risk on lung
cancer in never smokers.

Based on the findings in this and related studies together with the
knowledge of the function of nAChRs, it is plausible that the SNP
rs16969968 has an effect on smoking behaviour linked to nicotine
dependence. The increased risk of the A allele with lung cancer seems
in our study to be restricted to current and perhaps former smokers.
Even though this is a large population-based study, the number of
lung cancer patients, especially among never smokers, is low and gives
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limited power to detect association in never smokers as they
constitute a minority of the lung cancer patients. However, several
larger studies fail to detect an association in never smokers'>4!! and
collectively one could possibly argue that the variant allele mediates its
effect on lung cancer risk by increasing the tendency to smoke more.
During recent years several researchers have investigated or reviewed
the role of nAChRs in lung cancer.?%4#8 Nicotine-derived
nitrosamines are capable of activating nAChRs** promoting cell
proliferation and apoptotic inhibition®’, and both nicotine and
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanon =~ may  stimulate
Akt-dependent proliferation and NFkB-dependent reduction in
apoptosis,’*? providing plausible mechanisms for nicotine and
its metabolites to promote disease development.

In conclusion, there is convincing evidence that the CHRNAS5/
A3/B4 gene cluster has an important role in both nicotine depen-
dence, lung cancer and the loss of lung function. Our data suggest a
role of rs16969968 in nicotine dependence rather than a direct effect
on lung cancer risk and loss of lung function. However, as lung cancer
is rare in never smokers, this hypothesis is difficult to test and a
comprehensive meta-analysis will be required to obtain a sufficient
sample size. To uncover the role of the CHRNA5/A3/B4 gene cluster
the genetic variation in this cluster needs to be investigated in more
detail possibly by sequencing in order to identify novel variants. To
elucidate the role in lung carcinogenesis more functional studies of
variant receptors need to be conducted.
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