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Abstract
Data suggest that the serotonin (5-hydroxytryptamine, 5-HT) system is implicated in the pathogenesis of multiple neuropsy-
chiatric disorders and may also be involved in smoking behaviour since nicotine increases brain serotonin secretion. It is
known that smoking behaviour is influenced by both genetic and environmental factors. The present review examines the role
of the serotonin transporter gene (5-HTT) in smoking behaviour and investigating studies that showed association of 5-HTT
gene with smoking. This study discusses a polymorphism which has been investigated by many researchers, as the bi-allelic
insertion/deletion polymorphism in the 5′- flanking promoter region (5-HTTLPR). This gene has received considerable atten-
tion in attempts to understand the molecular determinants of smoking. Therefore, in the present study, the relationship between
genetic polymorphism of serotonin transporter in smoking behaviour is reviewed considering the interactive effect of genetic
factors.
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Introduction

Tobacco smoking is one of the most potent and prevalent
addictive habits influencing human behaviour and contin-
ues to be the second major cause of death in the world
(WHO 2002) and it is associated with economic losses to
society (Centers for Disease Control and Prevention 2008).
More than 98% of tobacco users smoke cigarettes. Most of
them are physically dependent on nicotine, which is the pri-
mary component present in tobacco and responsible for the
smoking addiction (Li 2006). It is well documented that nico-
tine dependence results from an interplay of neurobiological,
environmental and genetic factors (Amos et al. 2010).

There are a number of candidate genes to link with the
smoking habit (Li 2006), since genetic variability (polymor-
phic alleles) probably plays an important role in many human
traits including nicotine dependence (Li et al. 2007). Batra
et al. (2003) have reviewed the scientific evidence that sup-
port a role for genetic influences on smoking. A better under-
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standing of the genetic and environmental influences and
their interactions should reinforce the concept of tobacco
smoking as a chronic addictive disease that needs to be
addressed. Furthermore, insights into the genetic contribu-
tions to smoking can potentially lead to more effective strate-
gies to reduce smoking. It is increasingly recognized that
smokers are not a homogeneous group; moreover, genetic
influences on different stages of smoking such as initiation,
maintenance, and cessation may not be identical.

The role of the serotonin transporter gene (5-HTT) effects
in nicotine dependence has been investigated, as 5-HTT is
a neuromodulator with widespread influences in the cen-
tral nervous system. Despite detailed knowledge about the
molecular biology of cellular signalling, it is not possible
to anticipate the responses of neuronal networks to a global
action of 5-HT (Manzke et al. 2009).

The 5-HTT is a polymorphic gene in the human population
and such genetic variation may influence human disturbances
of the mood and, consequently, smoking behaviour. The aim
of the current review is to provide some information about
one genetic polymorphism of the serotonin transporter (5-
HTTLPR) and its involvement in smoking behaviour.
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The serotonergic neurotransmission

A large number of evidences suggests that personality
and behavioural traits may be related to brain monoamine
changes (Blum et al. 2000; Gerra et al. 2000; Young et al.
2002), and particularly with a dysfunction of serotonin (5-
HT) transmission (Virkkunen and Linnoila 1990; Gerra et al.
1995; Coccaro et al. 1996; Tiihonen et al. 1997).

Evidence also indicates that nicotine increases serotonin
release in the brain and that symptoms of nicotine withdrawal
may be modulated by diminished serotonergic neurotrans-
mission (Ribeiro et al. 1993).

The serotonin system is implicated in the pathogenesis of
multiple neuropsychiatric disorders and has received con-
siderable attention in attempts to understand the molecu-
lar determinants of smoking (Veenstra-Vander et al. 2000).
It is known that serotonergic neurotransmission in brain is
involved in the inhibitory control of behaviour (Erritzoe
et al. 2009).

Serotonergic transmission is regulated by coordinated
actions of several 5-HT-related proteins: 5-HT autoreceptors,
enzymes that synthesize (tryptophan hydroxylase, TPH) or

degrade (monoamine oxidase, MAO) serotonin and 5-HTT
that cleans the synaptic cleft by taking released 5-HT back
into nerve terminals. It was suggested that genetically her-
itable variations in function of these 5-HT-related proteins
affects 5-HT levels in the synaptic cleft, and consequently its
role in neurotransmission (Lesch 2005).

The serotonin transporter (5-HTT)

5-HTT is a member of the sodium-and-chloride-dependent
neurotransmitter transporter (SLC6) family (Saier 1999).
It is a 630-amino-acid protein and has 12 transmembrane
domains. Its C and N terminal regions lie in the cytoplasm
(Amara and Kuhar 1993; Rudnick and Clark 1993; Tate
and Blakely 1994; Qian et al. 1995) and it is responsible
for regulating the magnitude and duration of serotonergic
neurotransmission (figure 1).

This protein selectively transports serotonin together with
Na+ and Cl− into cells and in the same reaction transports
K+ out of the cell modulating serotonergic signalling and
neurotransmission (Blakely et al. 1994). It has been shown

Figure 1. Schematic view of the serotonergic neurotransmission. Inside the neuron, tryptophan can be converted into serotonin (5-HT)
through the action of the enzyme tryptophan hydroxylase (TPH). The serotonin is then being stored in vesicles. After received a neuron
stimulation, the 5-HT contained vesicle fuses with the neuronal membrane, so that neurotransmitter is released in the synaptic cleft. In
the synaptic cleft, serotonin can bind to receptors on neurons, both postsynaptic and presynaptic and trigger the effector functions of
serotonergic neurotransmission. The concentration of serotonin in the cleft can be modulated by the serotonin transporter (5-HTT) that
activates neuronal reuptake of serotonin. Back in the presynaptic neuron, serotonin can return the vesicles and/or be degraded by monoamine
oxidase (MAO) in an inactive metabolite, the 5-hydroxyindoleacetic acid.
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that 5-HTT is also a receptor for antidepressant drugs (fluox-
etine, sertraline and paroxetine) and psychostimulant drugs
of abuse such as 3,4–methylenedioxymethamphetamine
(MDMA; known as ecstasy), amphetamine, and cocaine,
suggesting that these drugs are able to modulate the transport
of serotonin into the cell (Tatsumi et al. 1997).

Heterogeneous expression of various subtypes of sero-
tonin receptors (5-HTR) in a variety of neurons differently
equipped with cell-specific transmitter receptors resulting
in various forms of network adjustment and, hence, motor
behaviour (Manzke et al. 2009).

The human 5-HTT protein is one of the candidates for
nicotine dependence and the gene coding for it, named
SLC6A4, has been mapped to chromosome 17, q11.1–q12.
(Lesch et al. 1994; Gelernter et al. 1995). This gene is a can-
didate for smoking predisposition because a polymorphism
in its 5′-flanking region is associated with its transcriptional
efficacy (Heils et al. 1996; Lesch et al. 1996).

Serotonin transporter polymorphisms

Three common polymorphisms associated with the sero-
tonin transporter have been described: an insertion/deletion
in the promoter region, called 5-HTTLPR (Heils et al. 1996),
a variable number of tandem repeat (VNTR) in intron 2
(Lesch et al. 1994; Ogilvie et al. 1996) (5-HTTVNTR2)
and a 3′ untranslated region (UTR) G/T single nucleotide
polymorphism (SNP - I425V) (Battersby et al. 1999).

The most studied genetic variant of the human 5-HTT
gene is a polymorphism known as the serotonin transporter
gene-linked polymorphic region (5-HTTLPR). This com-
mon polymorphism is due to a 44–bp deletion/insertion of
the repetitive sequence containing GC-rich, 20∼23-bp-long
repeat elements (figure 2), in the 5′ flanking region located
∼1.4–kb upstream of the transcription start site (Heils et al.
1996) that results in differential expression of 5-HTT bind-
ing sites in cell lines (Lesch et al. 1996). It occurs in popu-
lations as two prevalent alleles, one consisting of 14 repeats

(the short allele S) and another of 16 repeats (the long allele
L) (Caspi et al. 2003).

The 5-HTTLPR is also known to be associated with altered
serotonin transporter activity. The short (S) form of this poly-
morphism is associated with lower basal transcriptional effi-
ciency of the 5-HTT gene promoter, resulting in lower sero-
tonin uptake activity, when compared with the long form
(L) (Lesch et al. 1994; Heils et al. 1996). Hranilovic et al.
(2004) found that the relative expression of 5-HTT mRNA
in lymphoblastoid cell lines with L/L homozygotes alleles
was about 30% higher than in cells containing at least one
S allele. Lesch et al. (1996) analysed homozygous cells for
the L allele and observed mRNA levels that were 1.4 to 1.7
times higher than in cells containing copies of the S allele.
These results confirm that the genotype has an influence on
the expression levels.

Heils et al. (1997) showed the influence of the 5-HTT
gene promoter polymorphism at the protein level. They anal-
ysed the binding and uptake of serotonin in lymphoblasts by
two kinds of isotypes. The genotype L/L presented 30%–
40% more serotonin transporter in the membrane and 1.9 to
2.2 times greater serotonin uptake than the genotype carrying
one or two endogenous copies of the short form.

It is known that different alleles of the 5-HTTLPR vari-
ant, which interfere with the expression of 5-HTT, could also
alter serotonergic neurotransmission, such as the 5-HT1A
receptor. In an association study between 5-HTTLPR geno-
types and 5-HT1A receptors expression, David et al. (2005)
explained that, mechanistically, the lower transcriptional effi-
ciency associated with the S allele of the 5-HTTLPR may
lead to decreased 5-HTT function, which in turn may lead
to a lifelong increase in 5-HT, which may in turn desensitize
and downregulate 5-HT1A receptors.

5-HTTLPR polymorphism and smoking behaviour

It was demonstrated that smoking habit may be associated
with diminished serotonin neurotransmission determined

Figure 2. Schematic view of the polymorphisms associated with the serotonin transporter gene. Three common polymorphisms associated
with the serotonin transporter have been described. The insertion/deletion in the promoter region, called 5-HTTLPR, a variable number
tandem repeat (VNTR) in the intron 2 and a 3′ untranslated region (UTR) G/T single nucleotide polymorphism (SNP - I425V). The
HTTLPR polymorphism is due to a 44-bp deletion (S)/insertion (L) of the repetitive sequence containing GC-rich, 20∼23-bp-long repeat
elements.
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by genetic polymorphisms and the 5-HTTLPR variant has
demonstrated associations with smoking-related phenotypes
(Ishikawa et al. 1999; Lerman et al. 2000; Chu et al. 2009).
According to this, the 5-HTTLPR may be a plausible can-
didate gene for smoking predisposition because its role in
psychological traits is relevant to smoking behaviour, such
as anxiety-related-personality traits (Lesch et al. 1996) and
depression (Collier et al. 1996). Thus, a selective review with
a systematic procedure was performed to investigate studies
showing association between the 5-HTTLPR polymorphism
and smoking behaviour (table 1).

Further, most of the demonstrated data have been obtained
from research designs that have limitations in the study of
complex behaviours. The inconsistency in results is appar-
ently due to the heterogeneity of the samples. Lerman et al.
(1998) found significant racial differences in the distribution
of 5-HTT genotypes. Their results showed that Caucasians
were significantly more likely to carry the short variant of
the gene than were African Americans. Moreover, studies
involving variable ethnic groups may contribute to differ-
ent genotypes. In this context, it is known that the L allele
frequency is lower in the Japanese (0.16) than Europeans,
Americans (0.6) and African Americans (0.7) (Gelernter
et al. 1997).

According to Tyndale (2003), 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 nicotine withdrawal. Ribeiro
et al. (1993) has also verified that the serotonin released is
increased in the brain cortical region of rats treated with
nicotine, and nicotine withdrawal seems to be related to the
subsequent serotonin decrease.

Fletcher et al. (1999) reported that the depletion of
the monoamine neurotransmitter serotonin in animals con-
sistently leads to an impulsive behavioural pattern with

increased response to conditioned reinforcers and manip-
ulations that decrease brain 5-HT neurotransmission that
have been shown to elevate selfadministration of food
(Waldbillig et al. 1981) and alcohol (Lyness and Smith
1992; Ciccocioppo et al. 1999) as well as tobacco smoking
(Hitsman et al. 2007). On the other hand, manipulations that
increase 5-HT levels inhibit intake of food (Halford et al.
2005), alcohol (Johnson 2008), and nicotine in animals and
humans (Olausson et al. 2002).

A highly significant association has been reported between
the serotonin transporter gene and the smoking habit, sug-
gesting that it influences smoking. The 5-HTTLPR alleles
have been associated with altered transcriptional activity and
individuals with different alleles might be at risk for nico-
tine dependence or may stop smoking more easily. Further,
many studies have failed to substantiate this hypothesis and
a growing number of studies in the literature have examined
the role of the 5-HTT gene in smokers, but the results have
been contradictory.

Ishikawa et al. (1999) suggested a neurochemical hypoth-
esis that postulated how the long allele could be a risk fac-
tor for smoking behaviour, based on some results. Nicotine
increases brain serotonin secretion, and nicotine withdrawal
has the opposite effect (Ribeiro et al. 1993; Mihailescu et al.
1998), leading to the hypothesis that the appetite and mood
disturbances associated with nicotine withdrawal may be
mediated by diminished serotoninergic transmission. Fluox-
etine treatment effectively prevents the increased food intake
and weight gain in smokers who reduce their nicotine intake
(Pomerleau et al. 1991). Fluoxetine antagonizes the response
to nicotine that evokes hyppocampal noradrenaline release in
the rat (Hennings et al. 1997). The 5-HTTLPR short allele is
associated with lower transcriptional activity.

Gerra et al. (2005) suggested that the dysfunction of the
serotonin reuptake mechanism maybe provoked by the short

Table 1. Association studies of 5-HTTLPR polymorphism on smoking behaviour.

Association with
Region Samples (n) smoking behaviour Reference

USA 268 smokers and 230 nonsmokers No Lerman et al. (1998)
Japan 82 non smokers, 103 ex-smokers Long allele Ishikawa et al. (1999)

and 202 smokers
USA 458 nonsmokers, 124 ex-smokers and Short allele Hu et al. (2000)

177 smokers
USA 185 smokers Short allele Lerman et al. (2000)
Israel 54 smoked in the past and 190 smokers Long allele Kremer et al. (2005)
Italy 103 nonsmokers and 107 smokers Short allele Gerra et al. (2005)
Austria 470 smokers and 419 nonsmokers No Trummer et al. (2006)
Poland 149 smokers and 158 nonsmokers No Sieminska et al. (2008)
Denmark 642 non-smokers, 396 ex-smokers and No Rasmussen et al. (2009)

327 smokers
China 144 smokers and 135 nonsmokers Long allele Chu et al. (2009)
Sweden 80 smokers and 120 nonsmokers Long allele Nilsson et al. (2009)
Greece 172 smokers and 254 nonsmokers No Iordanidou et al. (2010)
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allele, and this may contribute to induce novelty seeking and
aggressive behaviour. According to Cadoret et al. (2003) and
Lakatos et al. (2003) this aggressive behaviour might also
contribute to nicotine addiction vulnerability.

Nicotine dependence, like many other drug dependencies,
is a complex behaviour with both genetic and environmen-
tal components. In this review, it was demonstrated that the
serotonergic system is closely linked to personality traits,
mood disorders and consequently to smoking behaviour. The
characteristics of the serotonin transporter (genetic and struc-
tural) and its central role in regulating neurotransmission
were reviewed. It was demonstrated that a polymorphism in
the promoter region of this gene, the 5-HTTLPR, modulates
the mRNA and protein levels and that such allelic variants
may influence nicotine dependence. In terms of transcription
regulation, the presence of the short or long alleles appears to
have a great influence. It is known that among multiple lev-
els of gene regulation, there is the possibility of a dynamic
control of transcription by sequences within introns, pro-
moters and unstranslated regions. Some genetic alterations
in these sequences could allow increased or decreased tran-
scription compared with the wild–type sequence. Data from
the 5-HTTLPR genetic polymorphism suggest that this reg-
ulatory promoter region is subject to alterations. Hence, we
believe that the presence of the long allele must facilitate the
assembly of some transcriptional factors and may contribute
to overexpression, highlighting the importance of noncod-
ing sequences in regulating this gene, and consequently in its
phenotypic expression.

The 5-HTT gene has shown evidence in association with
smoking cessation, in a comparison of current smokers with
ex-smokers. Studies from Gilbert et al. (2009), Bloch et al.
(2010) and Carlson et al. (2009) reported a significant asso-
ciation of the short allele in nicotine replacement therapy.
Munafò et al. (2006) predicted that possession of one or more
copies of the short carriers (S allele) of the 5-HTTLPR poly-
morphism would be associated with reduced likelihood of
successful cessation. Data from David et al. (2007, 2008) do
not support a statistically or clinically significant moderat-
ing effect of these specific 5-HT pathway genetic variants on
smoking cessation. The results from Gilbert et al. (2009) sug-
gested that the effects of genotype and treatment may vary
across different durations of abstinence, treatment doses, and
genotypes. Individuals with one or two short 5-HTTLPR
alleles experienced larger increases in negative affect symp-
toms than those without a short allele. It is possible that the
S allele influences smoking cessation via increased anxiety-
related withdrawal symptomatology, given evidence of an
association of this polymorphism with anxiety-related traits
(Munafò et al. 2003).

In this review, studies reported that nicotine dependence,
like many other drug dependencies, is a complex behaviour
with both genetic and environmental factors contributing to
the variance. Most of the genetic data have been obtained
from research designs that have limitations in the study of
complex behaviours. The results obtained through this line

of research will eventually aid clinicians to recognize that
smokers are not a homogeneous group. In future, there is
a need for prospective studies to show that 5-HTTLPR is
not a major factor determining smoking behaviour and there
are interactions between the 5-HTTLPR polymorphism and
psychological traits in smoking behaviour.

Acknowledgements

The authors thank the Conselho Nacional de Desenvolvimento
Científico e Tecnológico (CNPq), the Coordenação de Aperfeiçoa-
mento de Pessoal de Nível Superior (CAPES), Fundação Araucária
do Paraná (FAP) and the Coordenadoria de Pós-Graduação,
Londrina State University, PROPPG-UEL. The entire article was
revised by a British-born scientific text editor.

References

Amara S. G. and Kuhar M. J. 1993 Neurotransmitter transporters:
recent progress. Annu. Rer. Neurosci. 16, 73–93.

Amos C. I., Spitz M. R. and Cinciripini P. 2010 Chipping away at
the genetics of smoking behavior. Nat. Genet. 42, 366–368.

Battersby S., Ogilvie A. D., Blackwood D. H., Shen S., Muqit
M. M., Muir W. J. et al. 1999 Presence of multiple functional
polyadenylation signals and a single nucleotide polymorphism
in the 3′ untranslated region of the human serotonin transporter
gene. J. Neurochem. 72, 1384–1388.

Batra V., Patkar A. A., Berrettini W. H., Weinstein S. P. and Leone
F. T. 2003 The genetic determinants of smoking. Chest 123,
1730–1739.

Blakely R. D., De Felice L. J. and Hartzell H. C. 1994 Molecular
physiology of norepinephrine and serotonin transporters. J. Exp.
Bio. 196, 263–281.

Bloch B., Reshef A., Cohen T., Tafla A., Gathas S., Israel S. et al.
2010 Preliminary effects of bupropion and the promoter region
(HTTLPR) serotonin transporter (SLC6A4) polymorphism on
smoking behavior in schizophrenia. Psychiatry Res. 175, 38–42.

Blum K., Braverman E. R., Holder J. M., Lubar J. F., Monastra V. J.,
Miller D. et al. 2000 Reward deficiency syndrome: a biogenetic
model for the diagnosis and treatment of impulsive, addictive,
and compulsive behaviors. J. Psychoactive Drugs 32, 1–112.

Cadoret R. J., Langbehn D., Caspers K., Troughton E. P., Yucuis R.,
Sandhu H. K. et al. 2003 Associations of the serotonin transporter
promoter polymorphism with aggressivity, attention deficit, and
conduct disorder in an adoptee population. Compr. Psychiatry 44,
88–101.

Carlson J. M., Gilbert D. G., Riise H., Rabinovich N. E., Sugai C.
and Froeliger B. 2009 Serotonin transporter genotype and depres-
sive symptoms moderate effects of nicotine on spatial working
memory. Exp. Clin. Psychopharmacol. 17, 173–180.

Caspi A., Sugden K., Moffitt T. E., Taylor A., Craig I. W., Harring-
ton H. et al. 2003 Influence of life stress on depression: mod-
eration by a polymorphism in the 5-HTT gene. Science 301,
386–389.

Centers for Disease Control and Prevention 2008 Cigarette smoking
among adults United States. MMWR CDC Surveill Summ. 57,
1221–1248.

Chu S. L., Xiao D., Wang C. and Jing H. 2009 Association
between 5-hydroxytryptamine transporter gene-linked polymor-
phic region and smoking behavior in Chinese males. Chin. Med.
J. 122, 1365–1368.

Ciccocioppo R., Angeletti S., Colombo G., Gessa G. and Massi M.
1999 Autoradiographic analysis of 5-HT2A binding sites in the

Journal of Genetics, Vol. 90, No. 1, April 2011 183



Maria Angelica Ehara Watanabe et al.

brain of Sardinian alcohol-preferring and nonpreferring rats. Eur.
J. Pharmacol. 373, 13–19.

Coccaro E. F., Kavoussi R. J., Sheline Y. I., Lish J. D. and
Csernansky J. G. 1996 Impulsive aggression in personality dis-
order correlates with tritiated paroxetine binding in the platelet.
Arch. Gen. Psychiatry 53, 531–536.

Collier D. A., Stöber G., Li T., Heils A., Catalano M., Di Bella D.
et al. 1996 A novel functional polymorphism within the promoter
of the serotonin transporter gene: possible role in susceptibility
to affective disorders. Mol. Psychiatry 1, 453–460.

David S. P., Murthy N. V., Rabiner E. A., Munafò M. R., Johnstone
E. C., Jacob R. et al. 2005 A functional genetic variation of the
serotonin (5-HT) transporter affects 5-HT1a receptor binding in
humans. J. Neurosci. 25, 2586–2590.

David S. P., Munafò M. R., Murphy M. F., Walton R. T. and John-
stone E. C. 2007 The serotonin transporter 5-HTTLPR polymor-
phism and treatment response to nicotine patch: follow up of a
randomized controlled trial. Nicotine Tob. Res. 9,225–231.

David S. P., Johnstone E. C., Murphy M. F. G., Aveyard P., Guo
B., Lerman C. and Munafò M. R. 2008 Genetic variation in the
serotonin pathway and smoking cessation. Drug Alcohol Depend.
98, 77–85.

Erritzoe D., Frokjaer V. G., Haugbol S., Marner L., Svarer C., Holst
K. et al. 2009 Brain serotonin 2A receptor binding: relations to
body mass index, tobacco and alcohol use. Neuroimage 46, 23–
30.

Fletcher P. J., Korth K. M. and Chambers J. W. 1999
Selective destruction of brain serotonin neurons by 5,7-
dihydroxytryptamine increases responding for a conditioned
reward. Psychopharmacology 147, 291–299.

Gelernter J., Pakstis A. J. and Kidd K. K. 1995 Linkage mapping of
serotonin transporter protein gene SLC6A4 on chromosome 17.
Hum. Genet. 95, 677–680.

Gelernter J., Kranzler H. and Cubells J. F. 1997 Serotonin trans-
porter protein (SLC6A4) allele and haplotype frequencies and
linkage disequilibria in African and European American and
Japanese populations and in alcohol dependent subjects. Hum.
Genet. 101, 243–246.

Gerra G., Fertonani G., Tagliavini P., Zaimovic A., Delsignore
R., Maestri D. et al. 1995 Serotonin function in detoxified
heroin abusers: prolactin and cortisol responses to fenfluramine
challenge. Psychiatry Res. 58, 153–160.

Gerra G., Zaimovic A., Zambelli U., Delsignore R., Baroni M. C.,
Laviola G. et al. 2000 Neuroendocrine correlates of depression
in abstinent heroin-dependent subjects. Psychiatry Res. 96, 221–
234.

Gerra G., Garofano L., Zaimovic A., Moi G., Branchi B., Bussandri
M. et al. 2005 Association of the serotonin transporter promoter
polymorphism with smoking behavior among adolescents. Am. J.
Med. Genet. B. Neuropsychiatr. Genet. 135, 73–78.

Gilbert D. G., Zuo Y., Rabinovich N. E., Riise H., Needham R. and
Huggenvik J. I. 2009 Neurotransmission-related genetic poly-
morphisms, negative affectivity traits, and gender predict tobacco
abstinence symptoms across 44 days with and without nicotine
patch. J. Abnorm. Psychol. 118(2), 322–334.

Halford J. C., Harrold J. A., Lawton C. L. and Blundell J. E. 2005
Serotonin (5-HT) drugs: effects on appetite expression and use
for the treatment of obesity. Curr. Drug Targets 6, 201–213.

Heils A., Teufel A., Petri S., Stober G., Riederer P., Bengel D. and
Lesch K. P. 1996 Allelic variation of human serotonin transporter
gene expression. J. Neurochem. 66, 2621–2624.

Heils A., Mossner R., and Lesch K. P. 1997 The human sero-
tonin transporter gene polymorphism Basic research and clinical
implications. J. Neural Transm. Gen. Sect. 104, 1005–1014.

Hennings E. C. , Kiss J. P. and Vizi E. S. 1997 Nicotinic acetyl-
choline receptor antagonist effect of fluoxetine in rat hippocam-
pal slices. Brain Res. 759, 292–294.

Hitsman B., Spring B., Pingitore R., Munafo M. R. and Hedeker D.
2007 Effect of tryptophan depletion on the attentional salience of
smoking cues. Psychopharmacology 192, 317–324.

Hranilovic D., Stefuli J., Schwab S., Borrmann-Hassenbach M.,
Albus M., Jernej B. and Wildenauer D. 2004 Serotonin trans-
porter promoter and intron 2 polymorphisms: relationship
between allelic variants and gene expression. Biol. Psychiatry 55,
1090–1094.

Hu S., Brody C. L., Fisher C., Gunzerath L., Nelson M. L.,
Sabol S. Z. et al. 2000 Interaction between the serotonin trans-
porter gene and neuroticism in cigarette smoking behavior. Mol.
Psychiatry 5, 181–188.

Iordanidou M., Tavridou A., Petridis I., Kyroglou S., Kaklama-
nis L., Christakidis D. and Manolopoulos V. G. 2010 Associa-
tion of polymorphisms of the serotonergic system with smoking
initiation in Caucasians. Drug Alcohol Depend. 108, 70–76.

Ishikawa H., Ohtsuki T., Ishiguro H., Yamakawa-Kobayashi K.,
Endo K., Lin Y. L. et al. 1999 Association between serotonin
transporter gene polymorphism and smoking among Japanese
males. Cancer Epidemiol. Biomarkers Prev. 8, 831–833.

Johnson B. A. 2008 Update on neuropharmacological treatments
for alcoholism: scientific basis and clinical findings. Biochem.
Pharmacol. 75, 34–56.

Kremer I., Bachner-Melman R., Reshef A., Broude L., Nemanov L.,
Gritsenko I. et al. 2005 Association of the serotonin transporter
gene with smoking behavior. Am. J. Psychiatry 162, 924–930.

Lakatos K., Nemoda Z., Birkas E., Ronai Z., Kovacs E., Ney K.
et al. 2003 Association of D4dopamine receptor gene and sero-
tonin transporter promoter polymorphismswith infants’ response
to novelty. Mol. Psychiatry 8, 90–97.

Lerman C., Shields P. G., Audrain J., Main D., Cobb B., Boyd
N. R. and Caporaso N. 1998 The role of the serotonin transporter
gene in cigarette smoking. Cancer Epidemiol. Biomarkers Prev.
7, 253–255.

Lerman C., Caporaso N. E., Audrain J., Main D., Boyd N. R.
and Shields P. G. 2000 Interacting effects of the serotonin trans-
porter gene and neuroticism in smoking practices and nicotine
dependence. Mol. Psychiatry 5, 189–192.

Lesch K. P. 2005 Alcohol dependence and gene x environment
interaction in emotion regulation: Is serotonin the link? Eur. J.
Pharmacol. 526, 113–124.

Lesch K. P., Balling U., Gross J., Strauss K., Wolozin B. L., Murphy
D. L. and Riederer P. 1994 Organization of the human serotonin
transporter gene. J. Neural Transm. Gen. Sect. 95, 157–162.

Lesch K. P., Bengel D., Heils A., Sabol S. Z., Greenberg B. D., Petri
S. et al. 1996 Association of anxiety-related traits with a poly-
morphism in the serotonin transporter gene regulatory region.
Science 274, 1527–1531.

Li M. D. 2006 The genetics of nicotine dependence. Curr. Psychia-
try Rep. 8, 158–164.

Li T. K., Volkow N. D., Baler R. D. and Egli M. 2007 The biological
bases of nicotine and alcohol co-addiction. Biol. Psychiatry 61, 1–3.

Lyness W. H. and Smith F. L. 1992 Influence of dopaminergic and
serotonergic neurons on intravenous ethanol self-administration
in the rat. Pharmacol. Biochem. Behav. 42, 187–192.

Manzke T., Dutschmann M., Schlaf G., Mörschel M., Koch U. R.,
Ponimaskin E. et al. 2009 Serotonin targets inhibitory synapses
to induce modulation of network functions. Philos. Trans. R. Soc.
Lond. B. Biol. Sci. 364, 2589–2602.

Mihailescu S., Palomero-Rivero M., Meade-Huerta P., Maza-Flores
A. and Drucker-Colin R. 1998 Effects of nicotine and mecamy-
lamine on rat dorsal raphe neurons. Eur. J. Pharmacol. 360,
31–36.

Munafò M. R., Clark T. G., Moore L. R., Payne E., Walton R. and
Flint J. 2003 Genetic polymorphisms and personality in healthy
adults: a systematic review and meta-analysis. Mol. Psychiatry 8,
471–484.

184 Journal of Genetics, Vol. 90, No. 1, April 2011



Serotonin transporter gene and smoking

Munafò M. R., Johnstone E. C., Wileyto E. P., Shields P. G., Elliot
K. M. and Lerman C. 2006 Lack of association of 5-HTTLPR
genotype with smoking cessation in a nicotine replacement ther-
apy randomized Trial. Cancer Epidemiol. Biomarkers Prev. 15,
398–400.

Nilsson K. W., Oreland L., Kronstrand R. and Leppert J. 2009
Smoking as a product of gene environment interaction. Ups. J.
Med. Sci. 114, 100–107.

Ogilvie A. D., Battersby S., Bubb V. J., Fink G., Harmar A. J.,
Goodwin G. M. and Smith C. A. 1996 Polymorphism in sero-
tonin transporter gene associated with susceptibility to major
depression. Lancet 347, 731–733.

Olausson P., Engel J. A. and Söderpalm B. 2002 Involvement of
serotonin in nicotine dependence: processes relevant to positive
and negative regulation of drug intake. Pharmacol. Biochem.
Behav. 71, 757–771.

Pomerleau O. F., Pomerleau C. S., Morrell E. M. and Lowenbergh
J. M. 1991 Effects of fluoxetine on weight gain and food intake in
smokers who reduce nicotine intake. Psychoneuroendocrinology
16, 433–440.

Qian Y., Melikian H. E., Rye D. B., Levey A. I. and Blakely
R. D. 1995 Identification and characterization of antidepressant-
sensitive serotonin transporter proteins using site-specific anti-
bodies. J. Neurosci. 15, 1261–1274.

Rasmussen H., Bagger Y., Tanko L. B. , Christiansen C. and Werge
T. 2009 Lack of association of the serotonin transporter gene pro-
moter region polymorphism, 5-HTTLPR, including rs25531 with
cigarette smoking and alcohol consumption. Am. J. Med. Genet.
B. Neuropsychiatr. Genet. 150, 575–580.

Ribeiro E. B., Bettiker R. L., Bogdanov M. and Wurtman R. J. 1993
Effects of systemic nicotine on serotonin release in rat brain.
Brain Res. 621, 311–318.

Rudnick G. and Clark J. 1993 From synapse to vesicle: the reup-
take and storage of biogenic amine neurotransmitters. Biochim.
Biophys. Acta 1144, 249–263.

Saier M. H. 1999 A functional-phylogenetic system for the classifica-
tion of transport proteins. J. Cell Biochem. 75, 84–94.

Sieminska A., Buczkowski K., Jassem E. and Tkacz E. 2008
Lack of association between serotonin transporter gene poly-
morphism 5-HTTLPR and smoking among Polish population: a
case-control study. BMC Med. Genet. 9, 76.

Tate C. G. and Blakely R. D. 1994 The effect of N-linked glycosy-
lation on activity of the Na(+) - and Cl(-) – dependent serotonin
transporter expressed using recombinant baculovirus in insect
cells. J. Biol. Chem. 269, 26303–26310.

Tatsumi M., Groshan K., Blakely R. D. and Richelson E. 1997 Phar-
macological profile of antidepressants and related compounds at
human monoamine transporters. Eur. J. Pharmacol. 340, 249–
258.

Tiihonen J., Kuikka J. T., Bergstrom K. A., Karhu J., Viinamaki
H., Lehtonen J. et al. 1997 Single-photon emission tomogra-
phy imaging of monoamine transporters in impulsive violent
behaviour. Eur. J. Nucl. Med. 24, 1253–1260.

Trummer O., Köppel H., Wascher T. C., Grünbacher G., Gutjahr
M., Stanger O. et al. 2006 The serotonin transporter gene poly-
morphism is not associated with smoking behavior. Pharmacoge-
nomics J. 6, 397–400.

Tyndale R. F. 2003 Genetics of alcohol and tobacco use in humans.
Ann. Med. 35, 94–121.

Veenstra-Vander W. J., Anderson G. M. and Cook Jr E. H. 2000
Pharmacogenetics and the serotonin system: Initial studies and
future directions. Eur. J. Pharmacology 410, 165–181.

Virkkunen M. and Linnoila M. 1990 Serotonin in early onset, male
alcoholics with violent behaviour. Ann. Med. 22, 327–331.

Waldbillig R. J., Bartness T. J. and Stanley B. G. 1981 Increased
food intake, body weight, and adiposity in rats after regional neu-
rochemical depletion of serotonin. J. Comp. Physiol. Psychol. 95,
391–405.

World Health Report 2002 Reducing risks, promoting healthy life.
World Health Organization, Geneva, Switzerland.

Young S. E., Smolen A., Corley R. P., Krauter K. S., DeFries J. C.,
Crowley T. J. and Hewitt J. K. 2002 Dopamine transporter poly-
morphism associated with externalizing behavior problems in
children. Am. J. Med. Genet. 114, 144–149.

Received 12 January 2010, in revised form 7 June 2010, accepted 21 August 2010
Published on the Web: 19 May 2011

Journal of Genetics, Vol. 90, No. 1, April 2011 185


	Genetic polymorphism of serotonin transporter 5-HTTLPR: involvement in smoking behaviour
	Abstract
	Introduction
	The serotonergic neurotransmission
	The serotonin transporter (5-HTT)
	Serotonin transporter polymorphisms
	5-HTTLPR polymorphism and smoking behaviour
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


