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Abstract

Background and aims—Gene variants in CHRNAS5-A3-B4, which encode for the a5, a3 and
B4 nicotinic receptor subunits, are associated with altered smoking behaviors in European-
Americans. Little is known about CHRNA5-A3-B4 and its association with smoking behaviors
and weight in Alaska-Native people, which is a population with high prevalence but low levels of
tobacco consumption, extensive smokeless tobacco use, and high rates of obesity. We investigated
CHRNAAS5-A3-B4 haplotype structure and its association with nicotine intake and obesity in
Alaska-Native people.

Design, Setting, Participants—A cross sectional study of 400 Alaska-Native individuals
including 290 tobacco users.

Measurements—CHRNAS5-A3-B4 genotype, body weight, and tobacco consumption
biomarkers such as plasma cotinine and urinary total nicotine equivalents (TNE).

Findings—Alaska-Native people have a distinct CHRNAS5-A3-B4 haplotype structure compared
with European/African-Americans. In 290 Alaska-Native tobacco users, the ‘G’ allele of
rs578776, which tagged a 30kb haplotype in CHRNA5-A3-B4, was prevalent (16%) and
significantly associated with nicotine intake (20% higher plasma cotinine, P<0.001, 16% higher
TNE, P=0.076), while rs16969968 was not associated with nicotine intake. Rs578776 acted in
combination with CYP2A6, the main nicotine-metabolizing enzyme, to increase nicotine intake by
1.8 fold compared with the low risk group (P<0.001). Furthermore rs2869950, a single nucleotide
polymorphism 5' to CHRNB4, was significantly associated with increased body mass index
(P<0.01) in the tobacco users even after controlling for differences in nicotine intake (P<0.01).
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Conclusions—Genetic variants in CHRNA5-A3-B4 alter nicotine intake and body mass index
in a population of Alaska-Native people, who have a distinct haplotype structure, smoking
behaviors and prevalence of obesity.
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Introduction

Smoking and obesity are the greatest preventable causes of premature death. Alaska-Native
people experience a higher incidence rate of lung cancer than the United States national
average (1), despite reporting on average lower tobacco consumption compared to
European-Americans (2, 3). Obesity is also prevalent in Alaska-Native people. In fact, more
than 70% of Alaska-Native adults are also considered over-weight or obese (4). Although
smoking and obesity appear to be distinct epidemics with different etiologies, smoking and
body weight are intertwined in many ways. Here we investigate whether gene variants in the
a5, a3, and B4 nicotinic acetylcholine receptor gene cluster (CHRNA5-A3-B4) are
associated with nicotine intake and weight in Alaska-Native people as previously observed
in smokers of European-ancestry (5, 6)

Nicotine is the major psychoactive component of tobacco. A number of independent genome
wide association studies demonstrate a significant association between CHRNA5-A3-B4
gene variants and self-reported smoking quantity as well as with the incidence rate of lung
cancer (5, 7-9). Currently, most association studies are conducted in smokers of European-
ancestry; little is known about the haplotype structure of CHRNA5-A3-B4 and its
relationship with nicotine intake in racial minority groups such as Alaska-Native people.

Multiple independent studies have identified a strong association between tobacco
consumption and rs16969968 and its correlated SNP rs1051730 (5, 7, 10, 11). For example,
the ‘AA’ genotype of rs16969968 is associated with an increase of roughly one cigarette per
day (CPD), 24-100 ng/mL in cotinine, ~15 nmol in nicotine equivalents and a 1.6 fold
higher odds ratio of developing lung cancer when compared to the ‘GG/GA’ genotype group
(11-14). In addition to rs16969968-rs1051730, other independent SNPs in CHRNA5-A3-B4
have also been reported to affect self-reported smoking quantity including rs588765 or
rs578776 and their correlated SNPs (15, 16).

The first objective of our study was to characterize the haplotype structure of CHRNA5-A3-
B4 gene cluster in Alaska-Native people and to evaluate the impact of genetic variants in
CHRNAS5-A3-B4 on nicotine intake and tobacco-derived carcinogen exposure. Variation in
CHRNA5-A3-B4and CYPZAG, the latter is the main nicotine-metabolizing enzyme, were
previously shown in European-Americans to act in combination to alter CPD (and lung
cancer risk) (13). Here, we directly compared the quantitative effects of the variation in
CHRNA5-A3-B4and CYPZAG6 on self-reported and objective biomarkers of nicotine intake.

Our second objective was to explore the association between CHRNAS5-A3-B4 gene variants
and body weight. The prevalence of obesity is very high (37.5%) in Alaska-Native people,
and another 34.3% are considered overweight (4). Nicotine both increases metabolic rate
and suppresses appetite and feeding. Smokers on average weigh less than nonsmokers; and
smokers typically gain 4 to 5 kg when they stop smoking (17). This can be attributed to the
activation of sympathetic nervous system peripherally and nicotine’s ability to activate a3p4
nicotinic receptors located on POMC (Pro-opiomelanocortin) neurons in the arcuate nucleus
of the hypothalamus centrally (18, 19). Since CHNRA5-A3-B4 encodes for the a3p4
nicotinic receptor, it is possible that CHRNA5-A3-B4 gene variants can modulate nicotine’s
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ability to regulate body weight by altering a334 nicotinic receptor function. Previous
research suggests that a nicotine intake altering CHRNA5-A3-B4 variant, rs1051730, is
associated with altered body weight (6). Yet it is not clear whether this association is an
indirect effect of rs1051730 altering nicotine intake or a direct effect of rs1051730 altering
nicotine’s effect on body weight, possibly by modulating nicotinic receptor function (6). In
this study, we seek to replicate and extend the association between CHRNA5-A3-B4
variants and body weight by looking at the impact of CHRNA5-A3-B4 variants on body
weight with, and without, controlling for nicotine intake. Together, these findings will
further our understanding of the role of genetic variations in the nicotinic receptor genes in
two pressing public health issues, smoking and obesity.

Study Design

A detailed description of recruitment procedures, participant demographics and the
correlation between the tobacco biomarkers has been reported previously (3, 20). Briefly,
400 Alaska-Native individuals were recruited in local villages near Bristol Bay, Alaska. The
total current tobacco user group (n=290) included 163 cigarette smokers (mean age=36
years and 56.4% female), 76 commercial (mean age=39.2 years and 54.0% female) and 20
igmik smokeless tobacco users (mean age=42.9 years and 70.0% female), and 31 mixed
products users (mean age=28.8 years and 48.4% female). The non-tobacco user group
included 82 former smokers (mean age=45.0 years and 54.9% female) and 28 never users
(mean age=45.2 years and 46.4% female)(3). Ethics approval was obtained from Alaska
Area IRB, the Bristol Bay Area Health Corporation Board and Ethics Committee, UCSF and
the University of Toronto.

CHRNAJ5-A3-B4 Genotyping

Seventeen SNPs in the CHRNAS5-A3-B4 gene cluster were genotyped using Applied
Biosystem Tagman genotyping assays. The CHRNA5-A3-B4 SNPs were selected to 1)
represent loci which have been previously associated with smoking behavior (e.g.
rs16969968-rs1051730; rs588765, and rs7164030-rs578776) and 2) tag the region between
CHRNAS5 and CHRNAS3 (where previous significant associations with smoking behavior
have been observed) based on the ‘CHB’ (Han Chinese) and ‘JPT’ (Japanese) datasets of the
International Hapmap Project release #28. The position and minor allele frequency of the
genotyped SNPs are listed on Table S1.

The Measurement of CYP2A6 activity

We estimated /n vivo CYP2AG activity previously using the plasma ratio of #ran-3'-
hydroxycotinine to cotinine (also known as nicotine metabolite ratio, NMR) (21). Using a
median split of plasma NMR within the total tobacco user group (n=290) as described
previously (22), participants who were in the higher NMR stratum were considered the
faster CYP2AG6 activity group, while those in the lower NMR stratum were considered the
lower CYP2AG6 activity group.

Plasma and Urinary Biomarkers

We used a panel of biomarkers to assess nicotine intake and tobacco-derived carcinogen
exposure. Plasma cotinine and total nicotine equivalents (TNE, the urinary sum of nicotine
and 8 of its metabolites and accounts for about 90% of an administered nicotine dose) were
used to evaluate nicotine intake (23). Total urinary 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanol (NNAL) was used to evaluate tobacco specific nitrosamine exposure (24, 25). 1-
Hydroxyfluorene was used in this study as a biomarker of tobacco related polycyclic

Ad(diction. Author manuscript; available in PMC 2014 October 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Zhu et al.

Page 4

aromatic hydrocarbons exposure (26). Plasma cotinine and #ran-3'-hydroxycotinine levels,
as well as urinary TNE, total NNAL, and 1-hydroxyfluorene were quantified by gas/liquid
chromatography-tandem mass spectrometry as previously described (27-30).

Statistical Analyses

Results

Statistical analyses were performed using ‘R’ version 2.14 (R foundation for statistical
computing). The association between CHRNA5-A3-B4 gene variants and biomarkers of
tobacco and tobacco derived carcinogen exposure were assessed by ‘PLINK” (31).
Haplotyping results of CHRNA5-A3-B4 were obtained using the ‘Haploview’ software (32).
The biomarkers (plasma cotinine, urinary TNE, NNAL and 1-hydroxyfluorene levels) were
normalized by log transformation before statistical analyses. With regard to nicotine intake
and tobacco derived carcinogen exposure, no multiple comparison adjustments were used
since we considered our analyses a replication and extension of previous findings in a new
racial population. Since there were 11 independent loci (i.e. SNPs with 2<0.9), we
considered Pvalues below 0.0045 (i.e. 0.05/11) statistically significant for the assessment of
the association between CHRNAS-A3-B4 and BMI.

The CHRNAS5-A3-B4 gene cluster haplotype structure in Alaska-Native people

The minor allele frequency of the 17 genotyped SNPs in comparison to other racial groups is
listed in Table S1. All SNPs were in Hardy-Weinberg equilibrium. A haplotype analysis
revealed a 30 KB region of high linkage disequilibrium (LD) between CHRNA5 and
CHRNAZS3 (i.e. a haplotype block between rs569207 and rs6495308, Fig. 1). Within this
haplotype block four prevalent haplotypes were identified (Fig. 1 Insert), and the total
prevalence of these four haplotypes was 99.9% in the 400 participants. The most common
haplotype, with a 77.6% frequency, was designated as haplotype A. The remaining
haplotypes were designated to haplotype B, C and D according to their prevalence
respectively. As illustrated by the insert of fig. 1, these four unique haplotypes could be
discerned by a few tag SNPs. For example, haplotype A was tagged by rs569207 in our
sample, and haplotype B was tagged by rs578776 in our sample.

The association between gene variants in CHRNA5-A3-B4 and nicotine intake

The associations (by additive models) between CHRNA5-A3-B4 gene variants and nicotine
intake and tobacco-derived carcinogen exposure are primarily evaluated in the total tobacco
users group (n=290). The associations within the smokers (n=163) and smokeless tobacco
users (n=76) are also presented to illustrate the effect in these subgroups. The results are
summarized in Table S2 with a few key findings outlined below.

Rs578776—The *‘G’ allele of rs578776, which tagged haplotype B in our sample of
Alaska-Native people, was significantly associated with higher cotinine levels in the total
tobacco users group and in the cigarette smokers (Fig. 2A and Table S2). As illustrated by
fig. 2A, each ‘G’ allele of rs578776 was associated with a roughly 20% (33 ng/mL) increase
in plasma cotinine levels in the total tobacco users group and a roughly 22% (33 ng/mL)
increase in the smokers (/£<0.001 and P=0.008, respectively). When evaluated by a
dominant model (i.e. ‘AG’ and ‘GG’ groups combined), rs578776 was weakly associated
with plasma cotinine levels in the smokeless tobacco group (P=0.06, Fig. S2). In addition to
cotinine, weak associations between rs578776 and urinary TNE were also observed among
the total tobacco user group and among the smokers (P=0.076 and P=0.05, respectively. Fig.
2B). Rs578776 was also weakly associated with CPD among the smokers. The average CPD
was 7.2 for the ‘AA’ genotype, 8.6 for the *AG’ genotype and 11.7 for the ‘GG’ genotype
(P=0.02, Table S2). No significant associations between rs578776 and urinary NNAL or 1-
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hydroxyfluorene levels were observed (Fig. 2C and D). The associations were similar when
assessed by dominant models (i.e. pooling the *‘AG’ and ‘GG’ genotypes, Fig. S2).
Individuals with the ‘G’ allele of rs578776 exhibited a greater, although non-significant,
odds ratio of being a current smoker than a former smoker (OR=1.72, 95%CI=1.00-3.19,
P=0.06, =163 and 82 respectively).

Rs16969968—rs516969968 is a nonsynonymous (amino acid change: D398N) variant
previously associated with nicotine intake in smokers of European-ancestry (33, 34). The
prevalence of the ‘A’ allele of rs16969968, and the correlated rs1051730, was low (3%) in
Alaska-Native people compared to European-Americans (~38%, Hapmap project). Similar
to the European-American populations of the international Hapmap project, rs16969968 was
in low LD with rs578776 in Alaska-Native people (/2=0.14). While rs16969968 had a large
impact on nicotine intake (Fig. 3), this did not reach significance which is at least in part due
to the low prevalence and power to detect the association. The ‘GA’ genotype of
rs16969968, compared to the ‘GG’ genotype, was non-significantly associated with 1.51
fold (89 ng/mL) higher plasma cotinine in the total tobacco user group and 1.46 fold (73 ng/
mL) higher plasma cotinine in the smokers (Fig. 3A). The ‘GA’ genotype of rs16969968
was also non-significantly associated with 16% (10 nmol/mg Cre) higher urinary TNE levels
in the total tobacco user group and 38% (21 nmol/mg Cre) higher TNE levels in the smokers
(Fig. 3B). Associations of similar directions and magnitudes could also be observed with
urinary NNAL and 1-hydroxyflurene (Fig. 3C and Fig. 3D). The ‘A’ allele of rs16969968
was found at a greater frequency in the current smokers compared to the former smokers,
although this difference did not reach statistical significance (6.1% vs. 3.7%, n=163 and 82
respectively). Of note, the association between plasma cotinine levels and rs578776
remained significant after adjusting for rs16969968 or excluding the participants with at
least one ‘A’ variant allele of rs16969968 (data not shown).

Rs588765—rs588765 and correlated SNPs have previously been associated with increased
risk of heavy smoking (15). In our study, no significant associations were observed between
rs588765 and nicotine intake with/without adjusting for the effect of rs578776 and/or
rs169699698 (Fig. S1).

Combined influence of CHRNA5-A3-B4 and CYP2A6 activity on nicotine intake

Next, we examined the combined influence of gene variants in CHRNA5-A3-B4 and altered
CYP2AG activity on nicotine intake. Since CYP2AG activity can influence the quantitative
relationship between nicotine intake and cotinine levels (35), urinary TNE was used as the
primary tobacco exposure biomarker. The analyses focused on the total tobacco user group
(n=290) for sufficient statistical power. The effects of rs578776 and CYP2AG6 activity, alone
or together, on tobacco intake are shown in fig. 4. To assess the combined influence of
CHRNAS5-A3-B4and CYP2A6, we assigned the tobacco users into one of three risk groups.
The low-risk group included participants with both rs578776 AA genotype and slower
CYP2AG activity. Participants with either rs578776 AG/GG genotype or faster CYP2A6
activity were assigned to the intermediate-risk group. Participants with both rs578776 AG/
GG genotype and faster CYP2AG activity were considered the high-risk group. As
illustrated in Fig. 4, urinary TNE levels were significantly different between the low risk
group (mean=47 nmol TNE/Cre), the intermediate-risk group (mean=69.2 nmol TNE/Cre)
and the high-risk group (84.4 nmol TNE/Cre, Kruskal-Wallis test: A=0.0003, Fig 4). Urinary
TNE levels also increased with the number of risk genotypes in a linear trend (Jonckheere
Trend Test: P=2.6*107°). Due to the low prevalence of rs16969968, our ability to evaluate
the combined effect of rs16969968 and CYP2A6 activity in this study was limited (Fig. S3).
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The association between CHRNA5-A3-B4 gene variants and BMI

The total tobacco users had significantly lower BMI compared to the non-tobacco group
(Fig. 5A, F<0.001). Among the total tobacco user group, there was a significant inverse
correlation between plasma cotinine levels and BMI, suggesting nicotine dose dependently
reduced body weight (Rho=-0.128, P=0.04, Fig. 5B). Notably, the Y-intercept of the
regression line is 30.4 kg/m? which is the same as the average BMI of the non-tobacco user
group. Similar correlation coefficients could be observed when examined in smokers (Rho=
-0.117, P=0.15) or the commercial smokeless tobacco users (Rho=-0.133, P=0.27). Neither
of the nicotine intake altering SNPs, rs578776 and rs16969968, were associated with BMI in
the total tobacco user group or in the smokers only (Table S2). Adjusting for cotinine levels
did not improve the associations between rs578776 or rs16969968 with BMI. On the other
hand rs2869550, a 36% allele frequency SNP located in the intergenic region 5’ to CHRNB4
which was not associated with altered nicotine intake in Alaska-Native people (Table S2),
was associated with BMI in the total tobacco user group (£=0.006, Table S2). The
association was even stronger after adjusting for plasma cotinine levels (P=0.0035, Fig. 6).
Adjusting for the nicotine intake altering SNPs, such as rs578776, did not change the
strength of the association. Rs2869950 was not significantly associated with BMI in the
non-tobacco user group (Fig. 6).

Discussion

Haplotype

We characterized the haplotype structure of CHRNA5-A3-B4 among Alaska-Native people.
In addition, we identified a significant association between rs578776 and nicotine intake.
Secondly, we demonstrated that CHRNA5-A3-B4 gene variants, particularly rs578776,
could act in combination with CYP2A6 to modify nicotine intake. Thirdly, we demonstrated
that rs2869950, a CHRNAS5-A3-B4 gene variant which did not alter nicotine intake, was
associated with altered body weight among tobacco users.

The haplotype analyses of CHRNA5-A3-B4 identified both similarities and differences
between Alaska-Native people and European-Americans. For example, rs16969968 and
rs1051730 were in high degree of linkage disequilibrium in Alaska-Native people as seen in
European-Americans. However, the allele frequency of rs16969968-rs1051730 variant SNPs
was substantially lower (at 3%) compared to European-Americans (~38%), and was similar
to that observed in the Asian populations (at 3%) of the International Hapmap project. In
contrast to rs16969968-rs1051730, the LD between rs7163730 and rs578776 was weak in
Alaska-Native people compared to the high degree of LD previously observed in European-
Americans (15).

Associations with nicotine intake

We demonstrated a significant association between rs578776 (representing haplotype B in
Alaska-Native people) and nicotine intake. The ‘G’ allele of rs578776 was associated with
increased nicotine intake in Alaska-Native people as previously seen in Asians and
European-Americans (15). Of note, the allele frequency of the rs578776 ‘G’ allele was much
lower in Alaska-Native people than in European-Americans. In fact, the ‘G’ allele is the
major allele of rs578776 in European-Americans whereas it is the minor allele of rs578776
in Alaska-Native peoples.

Rs16969968 and its correlated SNPs generally exhibit the strongest association with nicotine
intake in European-Americans and other racial groups (12, 15). In Alaska-Native people, the
‘GA’ genotype of rs16969968 was associated with a roughly 73 ng/mL increase in plasma
cotinine, which is within the previously reported range of 24 to 100 ng/mL (11, 12). Due to
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the low prevalence of rs16969968 in Alaska-Native people, the difference between ‘GG’
and ‘GA’ genotypes was not significant. Overall, while the effect size of rs16969968 on
nicotine intake was larger than rs578776 (Plasma cotinine in smokers: 73 vs. 33 ng/mL,
respectively), the overall impact on nicotine intake is likely to be smaller than rs578776 in
Alaska-Native people due to the allele frequencies.

Associations in combination with CYP2A6 activity

In our study, CYP2AG activity and CHRNA5-A3-B4 acted in combination to increase
nicotine intake. Of note, the combined low-risk group had lower nicotine intake compared to
either the *AA’ group of rs578776 or the slower CYP2A6 activity group alone and the
combined high risk group had higher nicotine intake compared to either the ‘AG/GG’ group
of rs578776 or the faster CYP2ABG activity group alone. Consistent with previous
observation in European-Americans (13), we observed that CYP2AG activity had a greater
influence on nicotine intake than CHRNA5-A3-B4 gene variants, which was particularly
obvious among the smokeless tobacco users. We have previously shown that these Alaska-
Native smokeless tobacco users with faster CYP2AG6 activity have higher nicotine intake
compared to the smokeless tobacco users with slower CYP2A6 activity (22). However, in
the present analyses, we did not observe any significant associations between CHRNA5-A3-
B4 gene variants and nicotine intake in the smokeless tobacco users. Thus, it is interesting
that among European-Americans CHRNA5-A3-B4 gene variants generally have a bigger
effect on lung cancer risk than CYP2AG6 (13). This suggests that the CHRNA5-A3-B4 gene
variants may modulate lung cancer risk by mechanisms in addition to their effects on
smoking behavior, such as directly altering cell proliferation and survival (36). The
prevalence of the protective CYP2A6and CHRNA5-A3-B4 alleles were higher in Alaska-
Native people than in European-Americans, suggesting the protective CYPZA6and
CHRNA5-A3-B4 alleles may contribute to the low level of self-reported smoking in Alaska-
Native people and that other genes or environmental factors may be responsible for the
higher risk for lung cancer.

Association with BMI

Conclusion

The Alaska-Native non-tobacco user group had, on average, higher BMI compared to the
total tobacco user group. Within the tobacco users, there was a significant negative
relationship between nicotine intake and BMI, supporting a negative dose response
relationship between nicotine intake and body weight (18). The negative dose response
relationship is consistent with the known effects of nicotine to increase metabolic rate and
suppress appetite (18). Genetic variants in CHRNAS-A3-B4 have been associated with BMI
(6), however, it was not clear whether this genetic association was mediated indirectly by
the effect of CHRNAS5-A3-B4 genetic variants on nicotine intake or directly by altering
nicotine’s effect on the nicotinic receptor pharmacodynamic target. In this study rs578776,
which altered nicotine intake, was not signficantly associated with BMI, suggesting the
effect of rs578776 on nicotine intake was not strong enough to alter BMI. Interestingly,
there was a direct role of another CHRNAS-A3-B4 genetic variants in modulating BMI. We
demonstrated that rs2869550, a prevalent SNP located in the intergenic region 5' to
CHRNB4 which was not associated with nicotine intake, could alter nicotine’s ability to
modulate body weight even after controlling for plasma cotinine. A possible explanation is
that rs2869550 results in altered 4 nicotinic receptor subunit function, reducing nicotine’s
ability to suppress eating.

Together, we found an association between CHRNA5-A3-B4 gene variants and nicotine
intake in Alaska-Native people. This is novel since the haplotype structure and SNP
prevalence in Alaska-Native people differ from European-Americans, and the level and type
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of nicotine intake also differ. We observed that rs578776, which tagged haplotype B in our
sample, was significantly associated with nicotine intake. Due to the high prevalence of
rs578776 in Alaska-Native people, it may play a more important role in governing nicotine
intake than rs16969968. We also demonstrated that variation in pharmacokinetic (i.e.
CYP2A6) and pharmacodynamic (i.e. nicotinic receptors) genes could act in combination to
increase nicotine intake. Lastly, we provided evidence that there is a dose response
relationship between nicotine intake and body weight, and genetic variants near CHRNAS-
A3-B4tagged by rs2869550 may modulate body weight in smokers directly without altering
nicotine intake. A limitation of the current study is that the findings may be only
representative of primarily Yupik Alaska-Native peoples; other groups may have different
CHRNA5-A3-B4 haplotype structures. We also acknowledge that the moderate sample size
could limit our assessments. A larger study would be able to determine the relationship
between rs16969968 genotypes and tobacco consumption; we had 58% power with 290
subjects and would need 500 subjects to have 80% power to reject this association.

In summary, our data indicate that genetic variation in CHRNA5-A3-B4 can modulate both
nicotine intake and body weight in tobacco users. These findings provide important insights
about the contribution of CHRNA5-A3-B4to variation in both tobacco and obesity, the two
most prevalent causes of preventable death and disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Observed CHRNA5-A3-B4 haplotype structure in Alaska-Native people.
The number in the squares indicate the r2 score.

Insert: A haplotype analysis revealed a 30kb region of high linkage disequilibrium between
CHRNAS5 and CHRNA3Within this haplotype block, four haplotypes with a prevalence of
more than 1% were identified. These four haplotype could be discerned by a few tag SNPs.
For example, haplotype A was tagged by rs569207 in our sample (marker #5), while

haplotype B was tagged by rs578776 in our sample (marker #8)
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Figure 2.

The association between rs578776 with A) cotinine levels B) Urinary TNE C) Urinary
NNAL D) Urinary 1-hydroxypryrene. IQR= interquartile range. The A-values were obtained
from additive models.
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Figure 3.

The association between rs16969968 with A) plasma cotinine levels B) Urinary TNE C)
Urinary NNAL D) Urinary 1-hydroxypryrene. IQR= interquartile range
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Figure4.

The combined impact of genetic variants in CHRNA5-A3-B4 and CYP2A6 activity on
urinary TNE levels among the total tobacco user group. The low risk group included
participants with both rs578776 AA genotype and slower CYP2A6 activity. Participants
with either rs578776 AG/GG genotype or faster CYP2AG activity were assigned to the
intermediate risk group. Participants with both rs578776 AG/GG genotype and faster
CYP2AG activity were considered as the high risk group. IQR= interquartile range. The ~
values were obtained by non-parametric comparisons (Mann-Whitney or Kruskal -Wallis).
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Figure5.

A) Non-tobacco user group have higher BMI than the tobacco users. B) BMI negatively
correlated with plasma cotinine levels within the total tobacco user group, suggesting a dose
dependent relationship between nicotine intake and body weight.
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Figure6.

Rs2869550 was significantly associated with BMI in the total tobacco user group, but not in
the non-tobacco user group. Similar directions of effect were observed between rs2869550
and BMI within the smokers and smokeless users. The P-value of the total tobacco user
group was derived from an additive model after adjusting for plasma cotinine levels (Table
S3). Pcot adj. = The P value of rs2869950 after adjusting plasma cotinine levels.
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