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Objectives: To provide a review of published literature regarding genetic polymorphism of serotonin transporter gene,
named as 5-HTTLPR, and its potential role as a susceptibility marker for ethanol abuse in childhood and adolescence.
Methods: A literature review of several databases was conducted with the following keywords: 5-HTTLPR, children or
adolescents or teenagers, susceptibility, alcohol or ethanol, abuse or misuse. Results: Alcohol interacts with serotonergic
synaptic transmission in several ways, and the reduced availability of serotonin transporters might foster brain dysfunction,
driving to alcohol abuse. The initial use of ethanol in children and adolescents is determined primarily by environmental
influences, whereas the establishment of drinking patterns is strongly controlled by genetic factors. Functional polymorphic
variants in the promoter region of the 5-HTTLPR gene have age-dependent effects in alcohol abuse. This polymorphism,
mapped to the 5’ region of the SLC6A4, is a variable number of tandem repeats (VNTR) and involves a direct repeat of
20-23 base pairs GC-rich sequences, comprising a short (S) allele, consisting of 14 repeats, and a long (L) allele, with 16
repeats. Additional variants have been described, although their influences on childhood and adolescence ethanol use are
not clear. Conclusion: The influence of the 5-HTTLPR allelic variants in children and adolescent misuse of alcohol might
be considered for clinical management, preventing long-term behavior problem. Identifying genetic markers associated to
the potential alcohol misuse or abuse could be useful in guiding management and formulating effective coping strategies.

Key Words: alcohol abuse, serotonin transporter, genetic polymorphism.

Objectifs: Offrir une revue de la littérature publiée sur le polymorphisme génétique du géne transporteur de la sérotonine,
nommeé 5-HTTLPR, et son réle potentiel de marqueur de la susceptibilité a 'abus d’éthanol dans I'enfance et I'adolescence.
Méthodes: Une revue de la littérature dans plusieurs bases de données a été menée a I'aide des mots clés suivants:
5-HTTLPR, enfants ou adolescents ou teenagers, susceptibilité, alcool ou éthanol, abus ou exces. Résultats: L’alcool
interagit de plusieurs fagons avec la transmission synaptique sérotoninergique, et la disponibilité réduite des transporteurs
de la sérotonine peut favoriser une dysfonction cérébrale, qui méne a I'abus d’alcool. L'utilisation initiale d’éthanol chez les
enfants et les adolescents est déterminée principalement par des influences environnementales, alors que I'établissement
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de modeles de consommation d’alcool est fortement controlé par des facteurs génétiques. Les variantes polymorphiques
fonctionnelles de la région promotrice du gene 5-HTTLPR ont des effets selon I'age sur I'abus d’alcool. Ce polymorphisme,
localisé a la région 5’ de SLC6A4, est un nombre variable de répétitions en tandem (NVRT) et implique une répétition
directe de séquences de 20-23 paires de base riches en GC, comprenant un alléle court (C), consistant en 14 répétitions,
et un alléle long (L), avec 16 répétitions. Les variantes additionnelles ont été décrites, bien que leurs influences sur
I'utilisation d’éthanol dans I'enfance et I'adolescence ne soient pas définies. Conclusion: Linfluence des variantes
alléliques de 5-HTTLPR sur I'excés d’alcool chez les enfants et les adolescents pourrait étre considérée pour la prise en
charge clinique, et la prévention de problémes de comportement a long terme, L’identification des marqueurs génétiques
associés a I'excés ou I'abus d’alcool potentiel pourrait étre utile pour guider la prise en charge et formuler des stratégies

d’adaptation efficaces.

Mots clés: abus d’alcool, transporteur de la sérotonine, polymorphisme génétique.

Introduction
Excessive alcohol use constitutes a serious public health
problem in modern societies, and its effect reverberates
both in physical and mental health. In almost all human cul-
tures, where drinking has been considered a social activ-
ity, a minority cannot keep alcohol use within safe limits of
consumption and some of them may abuse alcohol or be-
come dependents. In Brazil, for instance, 35 million people
less than 30 years old have problems related to psychoac-
tive substance abuse, including alcohol (IBGE, 2013).

Concerning the etiology of addiction vulnerability, an in-
teraction between genetic susceptibility and environmental
stressors is assumed (Benjamin, 2002). Particularly, it is
estimated that as much as 40% of variance in alcohol de-
pendence may be resultant to genetic factors (Jentsch et al.,
2014; Kenna et al., 2012; Z. Li & Zhang, 2013).

Several neurotransmitter systems, including the seroto-
nergic and noradrenergic, are involved in substance abuse
behavior (Goodman, 2008), and genes controlling these
systems are therefore of interest in various aspects of drug
use. Serotonin (5-hydroxytryptamine, 5-HT) is a mono-
amine neurotransmitter that regulates numerous important
physiological processes, including sleep, food intake, pain,
vascular tone, platelet function, and motor activity (Mo-
hammad-Zadeh, Moses, & Gwaltney-Brant, 2008; Sanders-
Bush, 2006). The serotonin transporter protein (5-HTT), a
transporter located on the presynaptic neuron, regulates the
serotonin reuptake from the synaptic cleft and therefore
has a pivotal role within serotonergic neurotransmissions
(Sanders-Bush, 20006).

A functional polymorphism of the serotonin transporter
gene (5-HTTLPR; located on chromosome 17q12) has
been considered within various studies. This gene-linked
polymorphic region of 5-HTT is located at upstream of the
transcription start site in 5’ flanking region (Heils et al.,
1996), and involves a direct variable number in tandem re-
peat (VNTR) of 20-23 base pairs (bp) GC-rich sequences,
comprising a short (S) allele, consisting of 14 repeats, and a
long (L) allele, with 16 repeats (Caspi et al., 2003).

Proposed factors that would increase vulnerability to alco-
hol dependence include the developmental stage, exposure
to early life adversity (ranging from abuse, neglect, and
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bullying), the socioeconomic background (higher family
income), having an alcoholic parent (Mesic et al., 2013;
Rehorcikova et al., 2013), life style without religion, and
genetic predisposition; however, how these factors are in-
volved separately or conjointly in alcohol consumption re-
main uncovered. In this context, this review focuses on the
human 5-HTTLPR polymorphism and its implications for
ethanol abuse in children and teenagers.

Implications of Serotonin
Transporter 5-HTT for ethanol
abuse

Age-dependent changes in self-regulation and cognition are
inversely related to impulsive behavior. Impulsivity is an
important risk factor of a severe course of alcohol depen-
dence (Jakubczyk et al., 2013), and it is evidenced in young
children, gradually decreasing in a mostly linear manner

into adulthood (Luna, Garver, Urban, Lazar, & Sweeney,
2004).

Moreover, reduced serotonergic neurotransmission is im-
plicated in impulsive behavior, and 5-HTT is one of the
most important modulators of serotonergic neurotransmis-
sion because it is responsible for the reuptake of 5-HT at
nerve terminals, and thus determines the magnitude and
duration of 5-HT signaling (Nomura et al., 2015). Particu-
larly, the system of the 5S-HTTLPR and acute manipulation
of serotonin were independently and additively, associated
with the elevated impulsive response style (Wedekind et al.,
2010).

The low serotonin function is associated with alcoholism,
leading to the speculation that increasing serotonin function
could decrease ethanol consumption. Therefore, increasing
extracellular serotonin might decrease ethanol intake. Ex-
tracellular serotonin can be pharmacologically increased by
blocking the serotonin transporter using selective serotonin
reuptake inhibitors (Sellers, Higgins, & Sobell, 1992).

Furthermore, variation in the clinical presentation of alco-
holism, for example, in terms of age of onset, predisposing
personalities, psychiatric comorbidity, severity of the dis-
case and withdrawal symptoms (Moss, Chen, & Yi, 2007),
suggests inter-individual differences in mechanisms of
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Figure 1. Schematic view of the polymorphisms associated with the serotonin

transporter gene.

After a neuron stimulation, the 5-HT-contained vesicle fuses with the neuronal membrane and the
neurotransmitter is released in the synaptic cleft. Serotonin can bind to receptors on neurons, both
postsynaptic and presynaptic, and trigger the effector functions of serotonergic neurotransmission.
The serotonin transporter (5-HTT) that activates neuronal reuptake of serotonin can modulate

the concentration of serotonin in the cleft. The insertion/deletion in the promoter region, named
5-HTTLPR polymorphism is due to a direct VNTR of 20-23 bp deletion (S)/ insertion (L). LL
genotype may express more membrane 5-HTT and relatively increase serotonin uptake when

compared to S-allele carriers.
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vulnerability including genetic risk factors (Enoch, 2013).
Notably, variations in the 5-HTTLPR, a polymorphic region
known as the serotonin-transporter-linked polymorphic re-
gion, can modulate serotonin transporter 5S-HTT gene tran-
scription, and thus, alter serotonergic signaling.

In fact, it is also known that both alcohol and nicotine
stimulate the dopamine and the serotonin systems. And al-
though a possible interaction between these neurotransmit-
ter systems in substance use behavior have been suggested,
it is not completely elucidated.

Serotonin Transporter Linked
Polymorphic Region (5-HTTLPR)
Solute carrier family 6 member 4 (SLC6A4) gene encod-
ing 5-HTT resides on chromosome 17qll.1-17ql2 in
the human genome, consisting of 14 exons, and encod-
ing a 630-amino acid protein (Jarrett et al., 2007). Three
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polymorphisms were well described in distinct regions
of this gene: a functional polymorphism with insertion or
deletion of 20-23 bp-long repeat elements in the upstream
regulatory region called 5S-HTTLPR (Heils et al., 1996); a
variable number of tandem repeats (VNTR) STin2, located
in intron 2 and consisting of a variable number (usually 9,
10, or 12) of nearly identical 17 bp (S-HTTVNTR2) (Lesch
et al., 1994); and a single nucleotide polymorphism (SNP
1425V) in 3’ untranslated region (UTR) (Battersby et al.,
1999).

The promoter activity of the 5-HTT gene is modified by
sequential elements within the proximal 5S-HTTLPR (Caspi
et al., 2003), and the polymorphism of the S-HTTLPR (Fig-
ure 1) affects the expression of serotonin transporter (Heils
et al.,, 1996). Reduced serotonin uptake and lower tran-
scriptional efficiency of the promoter are associated with
S-allele, comparing to more frequent L-allele (Lesch et al.,
1996). The former has been related to suicidal behavior
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(D. Li & He, 2007), depression (Lotrich & Pollock, 2004),
neurotic personality trait (Lesch et al., 1996; Takano et al.,
2007), cigarette smoking (Watanabe et al., 2011) and alco-
holism (X. Hu et al., 2005).

A theoretical explanation for different effects of this variant
allele is associated to its influence on expression levels of
5-HTT mRNA. Cell lines expressing the L-allele showed
1.4 to 1.7 fold increased mRNA levels in comparison to S-
allele variant (Lesch et al., 1996). In addition, LL homo-
zygotes lymphoblastoid cells expressed 30% higher 5-HTT
mRNA as those carrying at least one S-allele (Hranilovic et
al., 2004).

Otherwise, S5-HTTLPR polymorphism may influence
transporter protein synthesis. Lymphoblasts carrying LL
genotype expressed 30-40% more membrane 5-HTT and
relatively two fold increased serotonin uptake than S-allele
carriers or homozygous cells (Heils, Mossner, & Lesch,
1997).

In this regard, it was shown that 5-HTTLPR variants might
also alter serotonergic neurotransmission by modifying ki-
netic regulation of 5-HT receptors. /n vivo human imaging
study showed that 5S-HTTLPR S-allele carriers or SS homo-
zygous had lower 5-HT, , receptor binding potential values
than those with LL genotypes, which possibly represents
a desensitization and downregulation of this receptor as a
result of a lifelong increase in 5-HT (David et al., 2005).

A third variant of 5S-HTTLPR polymorphism, the L al-
lele has been described. A single nucleotide polymorphism
(rs25531) changes an adenosine (L, allele) to a guanine (L,
allele) (Nakamura, Ueno, Sano, & Tanabe, 2000), result-
ing in lower transcriptional activity of the gene (X. Z. Hu
et al., 2006), similar to S-allele. The functional role of L,
and L alleles was not distinguished in some genetic stud-
ies and recently, Nardi et al. (2013) reported that it may not
be polymorphic. However, it must imply in controversial
results in association studies (Saiz et al., 2009).

In addition, uncommon alleles that are longer than the L
variant have also been found. The VL and XL variants
were firstly described by Gelernter, Kranzler, and Cubells
(1997) study, and seems to be 40bp (18 repeats) and 81bp
(20 repeats), respectively, longer than the L-allele. In fact,
XL-alleles were revealed by sequence analysis, and arose
through duplication of an internal segment composed of
repeat elements VI to IX, comprising 85bp in total, and,
most notably, includes the segments deleted in the S-allele
(Delbruck et al., 1997).

While most of the studies demonstrated an association be-
tween S-HTTLPR variants and alcohol dependence, the as-
sociation with specific alleles is inconsistent, as well as on
alcohol subtype, type of drinking behavior, ethnicity, co-
morbid diagnoses, age of onset (Kenna et al., 2012), and
absence of evaluating other 5S-HTTLPR alleles, such as L,
and L,. The important question is whether all 5-HTTLPR

46

variants are functional and alter the serotonin transporter
expression, and how their presence is important to change
drinking behavior.

Influence of 5-HTTLPR on ethanol

abuse in children or teenagers

The study of alcohol use by children ages 12 and younger
has been very limited (Donovan, 2014). Nevertheless, age
of onset of alcohol use increases as a function of the age of
the adolescents (Parra, O’Neill, & Sher, 2003). An Ameri-
can study estimated that 28.1 percent of 9th graders report-
ed that they drank alcohol before age 13, compared with
14.2 percent of 12th graders (Eaton et al., 2010).

In this context, initiation of alcohol use before 14 years old
is a potent predictor of later drinking problems, and is as-
sociated with a 40% risk for the development of alcohol
dependence (Grant & Dawson, 1998). Indeed, early alco-
hol use was predicted by gene-environment interaction, as
the presence of 5S-HTTLPR S-allele in children who suffer
from maltreatment was related to an increased risk of etha-
nol abuse (Martin, Volkmar, & Lewis, 2007).

A large cohort study using the Estonian Children Person-
ality Behavior and Health Study highlighted the impor-
tance of investigating 5S-HTTLPR genetic variants as a risk
factor for drinking problems. Vaht, Merenakk, Maestu,
Veidebaum, and Harro (2014) selected initially nine year-
old (recalled at ages 15 and 18) and 15 year-old (recalled
at ages 18 and 25) children, who provided self-reports on
their alcohol use in all data collection waves (complete data
available n=1,075). They verified that females with the SS
genotype in the older cohort were the latest alcohol experi-
menters, while the SS females of younger cohort had tried
alcohol earlier than any other group. In males, there was
no significant cohortversus genotype interaction, but the
5-HTTLPR genotype was associated with alcohol use, and
the SS genotype subjects reported the highest consumption.

These evidences suggest that genetic factors may provide
clues about individual differences in overall environmental
sensitivity (Simons et al., 2011). Indeed, social influences
were partially dependent on 5S-HTTLPR genotype, such as
homozygous carriers of the S-allele were associated with
stronger susceptibility to the influences of school-level
smoking and drinking patterns. Hence, it has become rea-
sonable that not only the differential susceptibility environ-
ment, but genetic factors may influence health behaviors,
and possibly, vulnerability to drug use (Daw et al., 2013).

van der Zwaluw et al. (2010) tested whether 5-HTTLPR
influenced the development over time of adolescent alcohol
use. Adolescents with the 5S-HTTLPR S-allele developed
higher levels of alcohol consumption compared to L-allele
carriers, revealing that the 5S-HTTLPR polymorphism is as-
sociated with the development of alcohol use from early to
late adolescence.
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Moreover, drinking is very common among young adults,
mainly those who are attending college, and the S-allele
was significantly associated with higher levels of drinking
in young adulthood (Guo, Wilhelmsen, & Hamilton, 2007).
In addition, drinking to “get drunk” was more frequent in
S-allele homozygous college students (Herman, Philbeck,
Vasilopoulos, & Depetrillo, 2003).

The 5-HTTLPR S-allele was associated with increased
drinking and drug use among European-American (Covault
etal., 2007) and African-descent (Kranzler et al., 2012) col-
lege students who have experienced multiple negative life
events. The S-allele carriers seemed to be at risk for a va-
riety of adverse behavioral outcomes in response to stress.

Moreover, compelling evidences indicated that the S-allele
carriers have an increased risk for early onset alcoholism
(Hallikainen et al., 1999), have engaged more in heavy
episodic drinking (Herman et al., 2003) and have a higher
risk for alcohol dependence (Feinn, Nellissery, & Kranzler,
2005).

Gerra et al. (2010) investigated the involvement of 5-HT-
TLPR polymorphism, childhood parental neglect reported
retrospectively and hypothalamus-pituitary-adrenal (HPA)
axis function, with the susceptibility to use illicit drugs and
alcohol abuse. They demonstrated significant association
of perceived childhood neglect, 5-HTT gene variants and
hypothalamus-pituitary-adrenal axis dysregulation, with
substance abuse susceptibility. The higher frequency of the
S-HTTLPR SS genotype was associated with an increased
susceptibility to use illegal psychotropic drugs among the
adolescents.

Nobile et al. (2013) examined the moderating role of the
S-HTTLPR in socioeconomic status and family structure,
and internalizing symptoms over adolescence. They re-
ported that anxiety problems in the S-carriers seemed to be
more stable and to predict a possible evolution towards the
development of depressive problems. In the LL subjects,
the anxiety trait was significantly less stable, and, in late-
adolescence, seemed to be significantly predicted by socio-
economic status, suggesting a possible gene-environment
interaction.

Altogether, the overview of the neurobiological develop-
ment of addiction indicates that the diathesis develops as a
result of some combination of genetic, prenatal, infancy, and
childhood factors (Goodman, 2009). Increasing evidences
suggest that genetic information can be useful in refining
the choice of addiction treatment. However, as genetic test-
ing becomes more common in the practice of medicine, a
variety of ethical and practical challenges, some of which
are unique to drug addiction, will also need to be considered
(Ho et al., 2010).

It is possible that genetic variants are directly capable of
altering reward, tolerance, and withdrawal, thereby pre-
disposing individuals to alcohol dependence. Although
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drinking behavior could be influenced by socioeconomic
conditions and is therefore subject to cohort effects, the ge-
netic polymorphism of 5S-HTTLPR has been related to sev-
eral aspects of alcohol abuse. All in all, 5-HTTLPR S-allele
could emerge as a susceptibility marker of alcohol abuse in
children and adolescents, although it is crucial to evaluate
the different environmental interaction effects.
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