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Abstract

Alcohol and nicotine abuse and dependence are multifactorial traits that
frequently co-occur, where 80-90% of alcohol-dependent individuals who seek
treatment smoke. Nicotine is the main compound of tobacco and one of its
effects is to increase the release of serotonin. Variations in the serotonergic
system may influence some aspects of smoking. The serotonin receptor gene
HTR2A has been a candidate gene with some evidence for association with
alcohol and nicotine dependencies. The polymorphism HTR2A A-1438G is a
functional SNP, and the presence of the A allele increases the transcriptional
activity of the gene. The aim of the present study was to test for possible
associations between the A-1438G polymorphism in the serotonin receptor
gene (HTR2A) with tobacco smoking combined or not with alcohol dependence.
The polymorphic site was genotyped in three groups of European-derived
Brazilians: individuals with co-occurrence of alcohol dependence and tobacco
smoking (n=113), non-alcoholic smokers (n=120) and non-smoking controls
(n=115). A higher frequency of the A allele was observed in the two groups of
smokers than in the non-smoking controls (x?= 6.53, p= 0.04). Combining these
groups in comparison with the control group, the difference is more significant
(x*= 6.45, p= 0.01). These results support previous evidence for association

between HTR2A polymorphisms and substance use disorders.

Keywords: serotonergic; nicotine; alcoholism; candidate gene; addiction



1. Introduction

The genetic contribution to smoking initiation and persistence was
estimated to be approximately 40% and 60%, respectively (Li et al., 2003).
Nicotine is the main compound of tobacco and is responsible for the
development and maintenance of addiction (Henninfield et al., 1985). Smoking
frequently co-occurs with alcohol dependence, where 80-90% of alcohol-
dependent individuals who seek treatment smoke (Berggren et al., 2007).
Several genes have been shown to be associated with both tobacco smoking
and alcohol dependence. These include the dopamine D2 receptor (Freire et
al., 2006), alpha2A-adrenergic receptor (Prestes et al., 2007), tryptophan
hydroxilase (Lerman et al., 2001; Sullivan et al., 2001; Parsian & Cloninger,
2001; Ishiguro et al., 1999) and serotonin transporter (Ishikawa et al., 1999;
Schuckit et al., 1999).

The release of serotonin may increase due to nicotine, suggesting that
variations in the serotonergic system may influence some aspects of smoking,
such as mood variations during the nicotine withdrawal (Tyndale, 2003).
Serotonin release is increased in the brain cortical region of rats treated with
nicotine, and nicotine withdrawal seems to be related to the subsequent
serotonin decrease (Ribeiro et al., 1993). The exposure to tobacco decreases
the monoamine oxidase A and B activity, promoting the availability of
neurotransmitters including serotonin (Fowler et al., 2003). The availability of
these neurotransmitters due to inhibition of monoamine oxidase can cause
anxiety, change of mood and activate the reward system, (Brody, 2006)

behaviors that may increase smoking risk.



The serotonin 2A receptor gene (HTR2A) is located in the chromosomal
region 13q14 - g21. The transition A>G (A-1438G, rs6311) in the position -1438
of the HTR2A is a functional SNP that affects the promoter activity (Parsons et
al., 2004). There is evidence that this polymorphism is associated with different
psychiatric disorders that may in turn predispose to smoking. Such results
include the association between the G allele with bulimia nervosa (Nishiguchi et
al., 2001) and alcoholism in patients with the inactive aldehyde dehydrogenase-
2 (Nakamura et al., 1999). The A allele was associated with anorexia nervosa
(Collier et al., 1997) and the remission in attention deficit/hyperactivity disorder
(Li et al., 2006).

The aim of the present study was to test for possible associations between
the HTR2A A-1438G polymorphism with tobacco smoking combined or not with

alcohol dependence.

2. Material and methods
2.1 Subjects

A clinical sample with co-occurrence of alcohol dependence and tobacco
smoking (n=113) was interviewed in an alcoholism treatment ward. The
diagnosis of alcohol dependence followed the DSM-IV criteria (American
Psychiatric Association, 2000), and the interviews were performed with the
Semi-Structured Assessment for the Genetics in Alcoholism (Bucholz et al.,
1994).

A group of 235 individuals (120 non-alcoholic smokers and 115 non-
smoking controls) was assessed in a blood bank close to the hospital. This

sample was designed to be non-screened, representative of the gene
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frequencies of individuals from European descent in Porto Alegre. These
individuals are replacement donors, that is, they are people that replaced the
blood used by a hospitalized family member or friend. For this reason, a
behavior-related bias is not likely. Exposure to alcohol was measured in the
individuals assessed in the blood bank by the CAGE questionnaire (Ewing,
1984) and by inquiring about the type, quantity and frequency of alcoholic
beverage consumption. None of the individuals in this group was a likely alcohol
dependent. While individuals in the alcohol dependence sample consumed on
average 32 drinks/day, the comparison between non-alcoholic smokers and
non-smoking controls revealed that smokers were more frequently (33.4%)
regular drinkers (at least two occasions in a week) than non-smokers (14.8%),
but most individuals in these samples drank less than once in a week. Smokers
gave 2 or three positive answers in CAGE more frequently (11.7%) than non-
smokers (2.6%). None of the individuals reported 4 positive answers.

All individuals included in this study are therefore males of European
descent ascertained in Porto Alegre, the capital of Rio Grande do Sul, the
southernmost state of Brazil. The mean age (xSD) of individuals with co-
occurrence of alcohol dependence and smoking was 41 (£10) years old, non-
alcoholic smokers were on average 37 (£10) and non-smoking controls 31 (£9).
This population is mainly of European descent (Salzano & Bortolini, 2002), and
no significant population structure was found in the European derived
population of Porto Alegre (Zembrzuski et al., 2006), making errors due to
population stratification unlikely to occur in this kind of situation (Hutchison et
al., 2004). The degree of African admixture in this European-derived population

has been estimated as approximately 6% (Zembrzuski et al, 2006). In Brazil
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there might be a cultural bias toward claiming European ancestry, therefore we
prefer to use morphological classification based on skin color and morphological
traits instead of self-classification for ethnicity. In addition, we did not include in
the sample individuals that informed to have grandparents with non European
origin.

The criterion for smoking in the alcoholic and non-alcoholic samples was
current or past daily use of tobacco for at least one month. Daily smoking is
strongly related to nicotine dependence, since it usually starts when
dependence is already established (Mayhew et al., 2000; Wellman et al., 2004).

All individuals sampled signed an informed consent approved by the

Ethics Committee of Federal University of Rio Grande do Sul.

2.2 Laboratory methods

DNA was extracted following the method described by Lahiri and
Nurnberger (1991). The polymorphic region A-1438G in the HTR2A gene was
amplified using the Polymerase Chain Reaction (PCR) as described by
Nishiguchi and co-workers, (2001). PCR products were digested with the Mspl
restriction enzyme and revealed an undigested band of 468bp (A allele) and two
bands of 244bp and 224bp (G allele). Genotyping was blind to the diagnosis of
smoking and was assessed by two observers. Gel resolution was insufficient in

6% of the samples. These samples were re-genotyped.

2.3 Statistical analysis

Allele frequencies were estimated by direct counting. The analyses of

Hardy-Weinberg equilibrium and comparisons among individuals with combined

12



alcohol dependence and tobacco smoking, non-alcoholic smokers and non-

smoking controls were performed using the chi-square test.

3. Results

The samples were in Hardy-Weinberg equilibrium. Genotype and allele
frequencies as well as the average number of cigarettes smoked per day
among individuals with co-occurrence of alcohol dependence and smoking,
non-alcoholic smokers and non-smoking controls are presented in Table 1.

The frequency of the A allele was higher in both groups that include
smokers than in the group of non-smoking controls (x’= 6.53, p= 0.04). In the
joint analysis of both groups of smokers compared to the control group, the
difference was more significant than with the three groups analyzed separately
(x*= 6.45, p= 0.01). The average number of cigarettes smoked per day was
higher in the individuals with co-occurrence of alcohol dependence and smoking
than in the non-alcoholic smokers (F= 7.52; P= 0.007). However, there was no
association between the HTR2A A-1438G polymorphism and the number of
cigarettes smoked per day among alcoholic smokers (F= 0.33, p= 0.72) or

among non-alcoholic smokers (F= 0.00, p=1.00).

4. Discussion

The results of the present study suggest a contribution of the serotonin 2A
receptor gene in tobacco smoking. The A-1438G polymorphism presented a
higher frequency of the A allele in groups of smokers with or without alcohol

dependence, compared to the control group.
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According to these findings, the A-1438G polymorphism seems to
influence both problems by the same mechanism, since the groups containing
alcohol dependents and smokers and only smokers had similar allelic and
genotypic frequencies. Unfortunately, we do not have access to a sample of
patients with alcohol dependence without smoking. Such data could help to
solve the doubt whether the A allele is also a risk factor for alcoholism
independently of smoking.

Interestingly, similar results were obtained by our group in the
ANKK1/DRD2 Taql A allele (Freire et al.,, 2006) and C-1291G ADRA2A
polymorphism (Prestes et al., 2007). These data are consistent with the
hypothesis that tobacco smoking may be a gateway to many cases of alcohol
dependence (Biederman et al., 2006), and possibly with the common genetic
vulnerability to nicotine and alcohol dependence in men (True et al., 1999).

Our findings differ from the study by Terayama et al. (2004) that found no
association between the A-1438G polymorphism and smoking in the Japanese
population. Interestingly, Nakamura et al. (1999) verified an association
between the G allele and alcoholism, also in a Japanese sample. A possible
explanation for these controversies could be the between-population differences
in allelic frequencies and linkage disequilibrium patterns. The A allele frequency
is around 36-45% in European (Campbell et al., 1998; Collier et al., 1997;
Hinney et al., 1997; Nacmias et al., 1999; Saiz et al., 2008; Sorli et al., 2008) or
European-descent populations (Enoch et al., 1999), and 48-54% in Asians
(Chee et al., 2001; Nakamura et al., 1999; Nishiguchi et al., 2001; Terayama et

al., 2004; Zoroglu et al., 2003).

14



Alcohol and nicotine dependences are complex, multifactorial traits that
depend on many genes and environmental factors, and their interactions.
Unfortunately, the present sample size does not allow tests for gene X gene or
gene X environment interactions. Another limitation is that this association may
only be valid for the population studied. The strength of the finding is that there
are previous neurobiological evidences that the serotonergic system is involved
in nicotine dependence (Brody, 2006; Fowler et al., 2003; Ribeiro et al., 1993).

The accumulating classical and molecular genetics findings in substance
dependencies have reinforced the role of genetics in tobacco smoking and the
role of smoking as a risk factor to alcohol dependence. There is a clear need for
further clarify these associations since they may have important prevention and

treatment implications.
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Table 1. Genotype and allele frequencies of the HTR2A A-1438G

polymorphism in individuals with tobacco smoking and alcohol dependence,

tobacco smoking and controls.

Tobacco smoking and

Tobacco smoking (T) Controls
alcohol dependence
(TA)
N (%) Mean N (%) Mean N (%)
(SD)* (SD)*
Genotypes
GG 29 (25%) 24 (13) 32 (24%) 18 (12) 38 (36%)
GA 56 (50%) 22 (15) 54 (50%) 18 (13) 62 (48%)
AA 28 (25%) 24 (11) 34 (26%) 18 (14) 15 (16%)
Total 113 23 (13) 120 18 (13) 115
(100%) (100%) (100%)
Alleles
G 114 (50%) 118 (49%) 138 (60%)
A 112 (50%) 122 (51%) 92 (40%)

"Number of cigarettes smoked per day. None of the comparisons between
genotypes resulted in significant differences. TA x T: F=7.52; P=0.007.

Genotype frequencies

TA x T x Controls: x*= 8.98, p= 0.06
TA + T x Controls: x*= 8.38, p= 0.01
Allele frequencies

TA x T x Controls: x?= 6.53, p= 0.04
TA + T x Controls: x*= 6.45, p= 0.01
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