
142

Original Article
http://dx.doi.org/10.9758/cpn.2014.12.2.142 pISSN 1738-1088 / eISSN 2093-4327
Clinical Psychopharmacology and Neuroscience 2014;12(2):142-148 Copyrightⓒ 2014, Korean College of Neuropsychopharmacology

                      
Received: January 22, 2014 /Revised: March 10, 2014
Accepted: April 15, 2014
Address for correspondence: Claudio Terranova, MD
School of Medicine, Forensic Toxicology and Antidoping, University 
Hospital of Padova, via Gabriele Falloppio n.50, Padova 35121, Italy
Tel: +39-0498272230, Fax: +39-0498213146
E-mail: claudio.terranova@sanita.padova.it

 This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

GABA Receptors Genes Polymorphisms and Alcohol Dependence: No 
Evidence of an Association in an Italian Male Population
Claudio Terranova, Marianna Tucci, Laura Di Pietra, Santo Davide Ferrara

School of Medicine, Forensic Toxicology and Antidoping, University Hospital of Padova, Padova, Italy

Objective: The genes encoding for gamma-aminobutyric acid (GABA) A and B receptors may be considered as candidates 
for alcoholism; genetic alterations at this level may produce structural and functional diversity and thus play a role in the response 
to alcohol addiction treatment. To investigate these aspects further, we conducted a preliminary genetic association study on 
a population of Italian male alcohol addicts, focusing on GABA A and B receptors.
Methods: A total of 186 alcohol-dependent subjects (in the first phase 139, then 47 more samples) and 182 controls were geno-
typed for 25 single nucleotide polymorphisms (SNPs) of genes encoding the alpha-1 subunit of GABA A receptor (GABRA1) and 
subunits 1 and 2 of GABA B receptor (GABBR1 and GABBR2). The chi-squared test for allele and genotype distributions and 
Hardy-Weinberg equilibrium analysis of both subjects and controls were performed. Bonferroni’s correction for multiple compar-
isons was applied.
Results: Preliminary results comparing 139 alcohol-dependent subjects and 182 controls showed differences in genotype dis-
tribution in the former for SNP rs29253, located in the intron region of the GABBR1 gene. In order to clarify the meaning of 
this association, 47 more samples from alcohol-dependent subjects were tested for this SNP only: the previously found associa-
tion was not confirmed. 
Conclusion: The lack of significant differences between the two groups does not provide evidence that GABRA 1 and GABBR1 
and 2 genes are candidates for alcoholism in this population. Further studies with larger samples are needed, together with 
investigation of other components of the GABA pathway.
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INTRODUCTION

Alcohol consumption has been associated with person-
al, family, social and medico-legal problems, including 
dropping out of school, productivity losses at work, and 
driving impairment with road accidents.1,2)

The development of alcohol dependence and, in gen-
eral, of alcohol use disorder has been linked to environ-
mental and biological factors.3) Among the latter, the neu-
robiological pathway of gamma-amynobutyric acid 
(GABA) has been related to alcohol dependence.4-6) This 
relation is supported by evidence that the GABA system is 
involved in the acute and chronic behavioral effects of 

ethanol,7) including defective motor coordination, anx-
iolysis, sedation, withdrawal signs, and ethanol pre-
ference.8,9) The relation between alcoholism and the 
GABA system has also been analysed in studies of GABA 
receptors. The most frequent subtypes of GABA receptors 
are type A and type B.

The relation between GABA A receptor and alcoholism 
has been examined from the pharmacological and genetic 
points of view in both animal and human studies.9,10) The 
GABA A receptor is a trans-membrane ligand-gated ion 
channel which has been shown to be directly modulated 
by ethanol, which specifically potentiates ligand-gated 
currents. Acute ethanol exposure causes ion channel 
opening, with increased GABA-gated chloride ion 
uptake.11) The agonists of GABA A receptor tend to en-
hance the behavioral effects of alcohol, whereas its antag-
onists attenuate them.9) Human genetic studies have re-
ported conflicting results about the role of the genetic re-
gion coding for this receptor and the development of 
alcoholism.12-15)
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GABA B receptor, involved in the pathophysiology of 
several neuropsychiatric disorders,16,17) has also been 
studied in relation to alcoholism.18) The role of the direct 
agonists of this receptor, including baclofen and positive 
allosteric modulators, on various alcohol-related behav-
iors,19) again supports the relation between GABA path-
ways and alcohol. The drugs acting on this receptor con-
stitute a novel class of potentially effective substances 
against alcohol dependence.

Genetic studies on DNA regions coding for GABA B 
receptor performed on GABBR1 gene highlight an associ-
ation with alcoholism and electroencephalographic ab-
normalities20) but do not reveal any relation with diagnosis 
of alcoholism or withdrawal seizures.18)

As GABA is related to alcohol dependence, the drugs 
acting on GABA A and B receptors (e.g., baclofen or gam-
ma hydroxybutyric acid) may be used to treat alcohol de-
pendence, so that the genes encoding for these receptors 
may be viewed as candidates for alcoholism and poten-
tially important in modulating the response to alcohol ad-
diction treatment.

To examine these aspects further, we carried out a 
case-control study to explore the association between the 
single nucleotide polymorphisms (SNPs) of three GABA 
receptor genes (GABRA1, GABBR1, GABBR2) and al-
cohol dependence in a quite homogeneous population of 
subjects from the Veneto Region, North-East Italy.

METHODS

Participants and Phenotype Assessment
The total cohort analysed contained 368 Italian subjects 

from the same region, subdivided into two groups: group 
1, n=186, subjects with alcohol dependence according to 
the Diagnostic and Statistical Manual of Mental Disorders 
4th edition text revision (DSM󰠏IV-TR) criteria,21) re-
cruited from the substance addiction centers of Dolo, 
Rovigo, Cittadella, and the Section of Forensic 
Toxicology, University Hospital of Padova; group 2, 
n=182, recruited from donors from the blood donor cen-
ters of Padova Hospital and the nearby “Ai Colli” 
Hospital.

Participants were all male Italian subjects with grand-
parents born in the Veneto Region, over the age of 25 and, 
for group 1, with the onset of alcohol dependence before 
the age of 25. Exclusion criteria for both groups were psy-
chiatric, neurological and/or medical disorders.

After the aims of the study had been explained to the 
subjects, together with information on the strict con-

fidentiality and anonymity of recorded data, subjects’ 
written informed consent was obtained. After examina-
tion of medical documentation (including chemico-tox-
icological analyses), anamnesis, and Audit and Cage clin-
ical-behavioral tests, all subjects were subjected to a gen-
eral objective and toxicological clinical examination.

At the end of the interviews and examinations, 
EDTA-anticoagulated peripheral blood samples were ob-
tained from each participant for DNA extraction.

The study protocol was approved by the local Ethics 
Committee for clinical trials of the province of Padova, 
Hospital of Padova.

SNP Selection and Genotyping
SNPs were selected from the dbSNP database of 

National Center for Biotechnology Information, United 
States (NCBI; http://www.ncbi.nlm.nih.gov) and from lit-
erature findings for DNA regions encoding for GABA A 
receptor, alpha-1 subunit (GABRA1 gene) and GABA B 
receptor, subunit 1 (GABBR1 gene) and subunit 2 
(GABBR2 gene).

For primary screening of polymorphisms in GABA re-
ceptor genes, non-synonymous SNPs located in the cod-
ing regions were first selected, as amino-acid changes by 
SNPs within exon regions may affect protein structure 
and/or function. Exon SNPs responsible for silent muta-
tion without amino-acid changes were also included in the 
study. In addition, SNPs in intron regions and promoters 
were selected, because they may affect mRNA splicing 
and gene expression, respectively.

A total of 25 SNPs were genotyped: 5 SNPs of 
GABRA1 gene were located in intron regions (rs 
12653365, rs 1026447, rs 10042696, rs 12188495, rs 
7701394). Seven SNPs were selected for GABBR1 gene: 
two SNPs in exon regions (rs 29225, rs 29230) and five in 
intron regions (rs 3025632, rs 29253, rs 29267, rs 
2267635, rs 29259). Thirteen SNPs were genotyped in 
GABBR2 gene: two in 3’UTR (rs 10124070, rs 9696283) 
regions, five in coding regions (rs 2304389, rs 3750344, rs 
74856364, rs 10985765, rs 80294096) and six in intron re-
gions (rs 3780428, rs 13295101, rs 7865648, rs 12337255, 
rs 2900512, rs 3780421).

Genome DNA was isolated from venous blood and ex-
tracted in an automated 96-well plate system (Multi-
PROBE II HTFEX automated system; Perkin Elmer, 
Shelton, CT, USA). SNPs were genotyped on the 
GenomeLab SNPStream high-throughput 12-plex geno-
typing platform (Beckman Coulter, Fullerton, CA, USA) 
according to methods previously described by Terranova 
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Table 1. Allele and genotype frequencies and exact p value of alcoholics and controls for the 23 SNPs resulted polymorphic (MAF＞0.01).

ID SNPs Gene Location Group

Allele frequencies Genotype frequencies Allele 

exact

p value

Genotype 

exact

p valueC T CC CT TT

rs 12653365 GABRA1 Intron AD 0.910 0.089 0.849 (118) 0.122 (17) 0.029 (4) 0.3873 0.0694

Controls 0.931 0.069 0.863 (157) 0.137 (25) -

rs 1026447 GABRA1 Intron AD 0.316 0.683 0.093 (13) 0.446 (62) 0.460 (64) 0.7228 0.6829

Controls 0.332 0.667 0.121 (22) 0.423 (77) 0.456 (83)

rs 10042696 GABRA1 Intron AD 0.547 0.453 0.288 (40) 0.518 (72) 0.194 (27) 0.6690 0.9247

Controls 0.533 0.467 0.280 (51) 0.505 (92) 0.214 (39)

rs 12188495 GABRA1 Intron AD 0.352 0.647 0.101 (14) 0.503 (70) 0.396 (55) 0.7243 0.5747

Controls 0.338 0.662 0.115 (21) 0.445 (81) 0.439 (80)

rs 7701394 GABRA1 Intron AD 0.547 0.453 0.288 (40) 0.518 (72) 0.194 (27) 0.9323 0.2759

Controls 0.549 0.450 0.335 (61) 0.428 (78) 0.236 (43)

rs 29225 GABBR1 Exon AD 0.155 0.845 0.043 (6) 0.223 (31) 0.734 (102) 0.3167 0.0917

Controls 0.124 0.876 0.005 (1) 0.236 (43) 0.758 (138)

rs 29230 GABBR1 Exon AD 0.208 0.791 0.086 (12) 0.244 (34) 0.670 (93) 0.7021 0.2756

Controls 0.222 0.777 0.060 (11) 0.324 (59) 0.615 (112)

rs 10985765 GABBR2 Exon AD 0.136 0.863 0.029 (4) 0.216 (30) 0.755 (105) 0.1183 0.3354

Controls 0.178 0.821 0.060 (11) 0.236 (43) 0.703 (128)

rs 13295101 GABBR2 Intron AD 0.395 0.604 0.144 (20) 0.503 (70) 0.352 (49) 0.3007 0.5827

Controls 0.357 0.643 0.126 (23) 0.461 (84) 0.412 (75)

rs 7865648 GABBR2 Intron AD 0.414 0.586 0.208 (29) 0.410 (57) 0.381 (53) 0.9307 0.9789

Controls 0.415 0.585 0.214 (39) 0.401 (73) 0.385 (70)

rs 12337255 GABBR2 Intron AD 0.216 0.784 0.029 (4) 0.374 (52) 0.597 (83) 0.6457 0.7991

Controls 0.231 0.769 0.044 (8) 0.374 (68) 0.582 (106)

rs 2900512 GABBR2 Intron AD 0.834 0.165 0.705 (98) 0.259 (36) 0.036 (5) 0.7514 0.9736

Controls 0.827 0.173 0.692 (126) 0.269 (49) 0.038 (7)

rs 29253 GABBR1 Intron AD 0.126 0.874 0.043 (6) 0.165 (23) 0.791 (110) 0.821 0.0129

Controls 0.134 0.865 0.005 (1) 0.258 (47) 0.736 (134)

rs 29267 GABBR1 Intron AD 0.859 0.140 0.748 (104) 0.223 (31) 0.029 (4) 0.8289 0.9398

Controls 0.852 0.148 0.731 (133) 0.242 (44) 0.027 (5)

rs 2267635 GABBR1 Intron AD 0.054 0.946 0.029 (4) 0.050 (7) 0.921 (128) 0.0219 0.1621

Controls 0.104 0.895 0.077 (14) 0.055 (10) 0.868 (158)

rs 3780421 GABBR2 Intron AD 0.115 0.885 0.007 (1) 0.216 (30) 0.777 (108) 0.8961 0.9559

Controls 0.115 0.885 0.011 (2) 0.209 (38) 0.780 (142)

rs 29259 GABBR1 Intron AD 0.216 0.784 0.072 (10) 0.288 (40) 0.640 (89) 0.8516 0.1813

Controls 0.222 0.777 0.038 (7) 0.368 (67) 0.593 (108)

A G AA AG GG

rs 10124070 GABBR2 3’ UTR AD 0.514 0.485 0.237 (33) 0.554 (77) 0.208 (29) 0.2234 0.1183

Controls 0.560 0.439 0.335 (61) 0.450 (82) 0.214 (39)

rs 9696283 GABBR2 3’ UTR AD 0.852 0.147 0.748 (104) 0.208 (29) 0.043 (6) 0.3368 0.3944

Controls 0.824 0.176 0.687 (125) 0.275 (50) 0.038 (7)

rs 2304389 GABBR2 Exon AD 0.187 0.813 0.014 (2) 0.345 (48) 0.640 (89) 0.6635 0.2000

Controls 0.173 0.827 0.038 (7) 0.269 (49) 0.692 (126)

rs 3750344 GABBR2 Exon AD 0.849 0.151 0.720 (100) 0.259 (36) 0.021 (3) 0.7364 0.7496

Controls 0.841 0.159 0.698 (127) 0.286 (52) 0.016 (3)

rs 3025632 GABBR1 Intron AD 0.083 0.917 0.021 (3) 0.122 (17) 0.856 (119) 0.5395 0.1571

Controls 0.068 0.931 - 0.137 (25) 0.863 (157)

rs 3780428 GABBR2 Intron AD 0.324 0.676 0.187 (26) 0.273 (38) 0.539 (75) 0.2711 0.5030

Controls 0.365 0.635 0.203 (37) 0.324 (59) 0.472 (86)

MAF, minor allele frequency; ID SNPs, identified single nucletide polymorphisms; C, cytosine; T, timine; AD, alcohol dependent; GABRA1, 
gamma-aminobutyric acid A receptor, alpha-1 subunit; GABBR1, gamma-aminobutyric acid B receptor, subunit 1; GABBR2, GABBR subunit 
2; UTR, untranslated region; A, adenine; G, guanine; UTR, untranslated region.

et al.6)

SNP analysis were carried out in two phases. First, gen-
otyping was performed, comparing 139 alcohol-depend-
ent subjects and 182 controls. Then 47 other samples from 
alcohol-dependent subjects were compared with the same 

controls.
Results were confirmed by direct sequencing on an ABI 

Prism 3130xl Genetic Analyzer (Applied Biosystems, 
Foster City, CA, USA).
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Fig. 1. Linkage disequilibrium plot in GABBR1 gene identified by 

SNPs 1 to 6 in AD group. Numbers within diamonds are D’ values 

for the respective SNP pairs.

GABBR1, gamma-aminobutyric acid B receptor, subunit 1; AD, alco-

hol dependent.

Fig. 2. Linkage disequilibrium (LD) plot in GABBR1 gene identified 

by SNPs 1 to 6 in control group. Numbers within diamonds are D’ 

values for the respective SNP pairs. Empty diamonds indicate an 

absolute LD (D’=1). 

GABBR1, gamma-aminobutyric acid B receptor, subunit 1.

Fig. 3. Linkage disequilibrium plot in GABBR1 gene identified by 

SNPs 1 to 6 in AD and control groups. Numbers within diamonds 

are D’ values for the respective SNP pairs. 

GABBR1, gamma-aminobutyric acid B receptor, subunit 1; AD, alco-

hol dependent.

Statistical Analysis
To evaluate study feasibility, a power analysis was per-

formed with software available at http://pngu.mgh.harvar
d.edu/~purcell/gpc/. Power was set at ＞80%, sig-
nificance α=0.05.

Statistical analyses were carried out by Powermaker 
(North Carolina State University, Raleigh, NC, USA).22) 
The allele frequencies and genotype distributions of each 
polymorphism were compared in subjects and controls 
with the χ2 test, p≤0.05, to detect statistically significant 
SNPs.

Hardy-Weinberg equilibrium (HWE) was tested in all 
368 subjects, i.e., both groups (186 alcohol-dependent 
subjects and 182 controls). Bonferroni’s correction for 
multiple comparisons was applied.

Linkage disequilibrium (LD) and haplotype block 
structure were revealed by Haploview software version 
4.1.23)

RESULTS

Twenty-five SNPs located in the GABRA1, GABBR1 
and GABBR2 gene regions were genotyped in two phas-
es, according to the number and type of samples. First, 139 
alcohol-dependent and 182 controls were genotyped. 
Table 1 lists the 23 SNPs which turned out to be 
polymorphic. HWE for the 23 SNPs which were poly-
morphic (minor allele frequencies＞1%) was tested sepa-

rately in subjects and controls with the chi-squared test. 
Deviations from HWE were found for the following SNPs 
in alcohol-dependent subjects: rs 12653365, rs 29230, rs 
2267635, rs 29253, rs 9696283, rs 3780428, rs 3025632. 
In controls, the SNPs involved were rs 2267635, rs 
10985765, rs 7865648 and rs 3780428. Allele and geno-



146 C. Terranova, et al.

Table 2. Haplotype frequencies, χ
2
 and p value observed for 

SNPs rs 29267 and rs 29230 (block 1) and for SNPs rs 29259 and 

rs 29253 (block 2)

Haplotype

Frequencies

χ
2

p valueCases and 

controls
Cases Controls

Block 1

  CT 0.777 0.780 0.774 0.032 0.858

  TC 0.138 0.129 0.145 0.340 0.560

  CC 0.078 0.080 0.077 0.010 0.921

Block 2

  TT 0.775 0.780 0.771 0.070 0.791

  CC 0.126 0.122 0.129 0.063 0.802

  CT 0.094 0.094 0.094 0.000 0.997

C, cytosine; T, timine.

Table 3. Allele and genotype frequencies and exact p value of 47 alcoholics and 182 controls for SNP rs 29253

ID SNPs Gene Location Group
Allele frequencies Genotype frequencies Allele exact

p value

Genotype exact

p valueC T CC CT TT

rs 29253 GABBR1 Intron AD 0.117 0.883 - 0.234 (11) 0.766 (36) 0.727 0.766

Controls 0.134 0.865 0.005 (1) 0.258 (47) 0.736 (134)

ID SNPs, identified single nucletide polimorphisms; C, cytosine; T, timine; GABBR1, gamma-aminobutyric acid B receptor, subunit 1; AD, 
alcohol dependent.

type frequencies were also calculated, to test the associa-
tion between the 23 SNPs and alcohol dependence. No 
significant differences were found, except for SNP rs 
29253 (p=0.0129; Table 1) located in the intron region of 
GABBR1 gene. However, this association did not resist 
Bonferroni correction for multiple testing (p-threshold
＜0.002). LD plot strengths between 6 SNPs and hap-
lotype blocks in GABBR1 were tested for alcohol depend-
ent and controls, separately and for the whole sample. 
Haplotype blocks for alcohol dependent samples are 
shown in Fig. 1. SNP rs 29253 was found with high LD in 
intron SNP rs 29259 (D’=0.96) and exon SNP rs 29225 
(D’=0.93).

Similar LD patterns were observed in the control group. 
In this case, a second LD block was observed, with SNPs 
rs 29267 and rs 29230 (D’=0.97). Results are shown in 
Fig. 2.

LD haplotype blocks for SNPs in the whole sample 
(alcohol-dependent and controls) are shown in Fig. 3. Two 
LD blocks were defined: one consisting of SNPs rs 29267 
and rs 29230 (D’=0.94) and the other SNPs rs 29259 and 
rs 29253 (D’=0.94). 

The haplotypes identified for the two SNPs in each 
block are listed in Table 2, which also shows haplotype 
frequencies, calculated for the whole sample and for sub-
jects and controls independently.

As the Bonferroni correction could be extremely con-
servative, leading to a high rate of false negative, we de-
cided to clarify the possible significance of the SNP rs 
29253 in a second sample of alcohol dependent subjects. 
After a power analysis based on the first sample (power 
was set at ＞80%), 47 additional alcohol dependent sub-
jects were genotyped. Allele and genotype frequency dis-
tributions for these 47 and the 182 controls are listed in 
Table 3. No significant differences were found (p=0.766).

DISCUSSION

This research is the first Italian genetic study evaluating 
the association between SNPs of GABRA1, GABBR1 
and GABBR2 genes and alcohol dependence in a pop-
ulation of subjects all coming from the same region of 
Italy.

The candidate gene approach was considered suitable 
for our study, as the trait analysed―alcohol dependence
―is relatively homogeneous. In proposing the study, the 
authors are aware of the low sample size, considering the 
low risk associated with common variants in relation to 
psychiatric disorders. However, taking into account sam-
ple size, the statistical test at level α=0.05 has sufficient 
power (at least 80%) to demonstrate differences of 
15-20% compared with a proportion in the control groups 
of around 60%.

Association studies of SNPs of GABA A and B receptor 
DNA regions have already been performed, more fre-
quently analysing subunits of GABA A.24) In order to fo-
cus on DNA regions less frequently studied in relation to 
alcohol dependence, we chose to analyse only five SNPs 
of GABRA1 gene and 20 SNPs of GABA B receptor 
genes (7 SNPs of GABBR1, 13 SNPs of GABBR2 gene), 
although pharmacological studies indicate that GABA A 
rather than GABA B receptor is more strongly implicated 
in alcohol dependence. Most of the chosen SNPs have 
never been investigated in relation to diagnosis of alcohol 
dependence or related phenotypes.

Specifically, Dick et al.25) tested various SNPs on the 
GABA A receptor gene cluster and 16 SNPs of the 
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GABRA1 gene for their association with several alco-
hol-related behaviors. They observed an association 
across multiple SNPs in GABRA1 with alcohol-related 
phenotypes, but not for SNP rs 1026447 (which we also 
studied). The lack of association for GABRA1 in our sam-
ple is not in contrast with the above study, and is mainly 
due to the fact that the studied SNPs were different, with a 
different population, and only the diagnosis of alcohol de-
pendence was tested, not that of the alcohol-related 
phenotype.

SNP rs 29230 in the exon regions of GABBR1 gene has 
been associated with alcoholism and EEG abnormal-
ities,26) although Köhnke et al.18) in 2006 did not find any 
evidence for considering this SNP as a candidate for alco-
holism or alcohol withdrawal seizures. Our findings con-
firm the lack of association between rs 29230 and alcohol 
dependence.

For the same GABBR1 gene, we analysed six other 
SNPs, and found a statistical association between intron 
SNP rs 29253, never previously studied, and the condition 
of alcohol dependence. Polymorphism rs 29253 is located 
in an intron region and does not affect the amino acid se-
quence of the receptor GABA B subunit 1, responsible for 
ligand binding in heterodimer configurations.27) To clarify 
this association further, we extended analysis of this SNP 
to 47 other alcohol-dependent samples, using the same 
number of controls. The results showed no evidence of as-
sociation between SNP rs 29253 and alcohol dependence, 
and neither did we find any evidence of association be-
tween GABBR1 gene and alcohol dependence. However, 
because recent studies19) report that GABA B receptor is 
involved in alcoholism and alcohol withdrawal, future re-
search should explore the existence of other still unknown 
SNPs, particularly functional polymorphisms, of the 
GABBR1 gene which may be significantly associated 
with alcohol dependence.

Five SNPs in GABBR2 (rs 3750344, rs 13295101, rs 
7865648, rs 12337255, rs 2900512) have been found to be 
significantly associated with nicotine dependence,28,29) a 
condition which frequently coexists and shares some ge-
netic factors with alcohol dependence. We did not find any 
association between the SNPs examined in GABBR2 and 
alcohol dependence.

Despite the lack of significant differences between the 
compared groups, further analysis of more SNPs in a larg-
er sample of subjects would provide new information on 
the relationship between GABA receptor genes and alco-
hol dependence. 

In conclusion, future developments of our study might 

include analysis of variants in GABA receptor genes, not 
only of their association with alcohol dependence but also 
as moderators of the response to alcohol addiction 
treatment. Potential future genetic characterization may 
suggest the influence of DNA variations on the response 
to such treatment.

Lastly, we are interested in further assessments to ascer-
tain whether genes of GABA receptors can moderate the 
effect of environmental factors (such as alcohol avail-
ability, parental attitudes, peer pressure, underage drink-
ing and childhood maltreatment) on vulnerability to de-
veloping alcohol dependence.

REFERENCES

1. Terranova C, Tucci M, Sartore D, Cavarzeran F, Di Pietra 
L, Barzon L, et al. GABA receptors, alcohol dependence 
and criminal behavior. J Forensic Sci 2013;58:1227-1232.

2. Lee SH, Lee BC, Kim JW, Yi JS, Choi IG. Association 
between alcoholism family history and alcohol screening 
scores among alcohol-dependent patients. Clin Psychophar-
macol Neurosci 2013;11:89-95.

3. Edenberg HJ, Foroud T. The genetics of alcoholism: 
identifying specific genes through family studies. Addict Biol 
2006;11:386-396.

4. Olsen RW, Hanchar HJ, Meera P, Wallner M. GABAA 
receptor subtypes: the "one glass of wine" receptors. Alcohol 
2007;41:201-209.

5. Fleming RL, Manis PB, Morrow AL. The effects of acute 
and chronic ethanol exposure on presynaptic and post-
synaptic gamma-aminobutyric acid (GABA) neurotrans-
mission in cultured cortical and hippocampal neurons. 
Alcohol 2009;43:603-618.

6. Terranova C, Tucci M, Forza G, Barzon L, Palù G, Ferrara 
SD. Alcohol dependence and glutamate decarboxylase gene 
polymorphisms in an Italian male population. Alcohol 2010; 
44:407-413.

7. Kumar S, Porcu P, Werner DF, Matthews DB, Diaz- 
Granados JL, Helfand RS, et al. The role of GABA(A) 
receptors in the acute and chronic effects of ethanol: a 
decade of progress. Psychopharmacology (Berl) 2009;205: 
529-564.

8. Grobin AC, Matthews DB, Devaud LL, Morrow AL. The 
role of GABA(A) receptors in the acute and chronic effects 
of ethanol. Psychopharmacology (Berl) 1998;139:2-19.

9. Park CS, Park SY, Lee CS, Sohn JW, Hahn GH, Kim BJ. 
Association between alcoholism and the genetic polymor-
phisms of the GABAA receptor genes on chromosome 
5q33-34 in Korean population. J Korean Med Sci 2006; 
21:533-538.

10. Dodd PR, Foley PF, Buckley ST, Eckert AL, Innes DJ. 
Genes and gene expression in the brain of the alcoholic. 
Addict Behav 2004;29:1295-1309.

11. Davies M. The role of GABAA receptors in mediating the 
effects of alcohol in the central nervous system. J Psychiatry 
Neurosci 2003;28:263-274.

12. Loh EW, Smith I, Murray R, McLaughlin M, McNulty S, 
Ball D. Association between variants at the GABAAbeta2, 
GABAAalpha6 and GABAAgamma2 gene cluster and 
alcohol dependence in a Scottish population. Mol Psychiatry 



148 C. Terranova, et al.

1999;4:539-544.
13. Dick DM, Edenberg HJ, Xuei X, Goate A, Hesselbrock V, 

Schuckit M, et al. No association of the GABAA receptor 
genes on chromosome 5 with alcoholism in the collaborative 
study on the genetics of alcoholism sample. Am J Med Genet 
B Neuropsychiatr Genet 2005;132B:24-28.

14. Radel M, Vallejo RL, Iwata N, Aragon R, Long JC, 
Virkkunen M, et al. Haplotype-based localization of an 
alcohol dependence gene to the 5q34 {gamma}-aminobutyric 
acid type A gene cluster. Arch Gen Psychiatry 2005;62: 
47-55.

15. Song J, Koller DL, Foroud T, Carr K, Zhao J, Rice J, et 
al. Association of GABA(A) receptors and alcohol depen-
dence and the effects of genetic imprinting. Am J Med Genet 
B Neuropsychiatr Genet 2003;117B:39-45.

16. Bittiger H, Froestl W, Mickel S, Olpe HR. GABAB receptor 
antagonists: from synthesis to therapeutic applications. 
Trends Pharmacol Sci 1993;14:391-394.

17. Reynolds GP, McGowan OO, Dalton CF. Pharmacogeno-
mics in psychiatry: the relevance of receptor and trans-
porter polymorphisms. Br J Clin Pharmacol 2014;77:654- 
672.

18. Köhnke M, Schick S, Lutz U, Köhnke A, Vonthein R, Kolb 
W, et al. The polymorphism GABABR1 T1974C[rs29230] of 
the GABAB receptor gene is not associated with the 
diagnosis of alcoholism or alcohol withdrawal seizures. 
Addict Biol 2006;11:152-156.

19. Maccioni P, Colombo G. Role of the GABA(B) receptor in 
alcohol-seeking and drinking behavior. Alcohol 2009;43: 
555-558.

20. Winterer G, Mahlberg R, Smolka MN, Samochowiec J, 
Ziller M, Rommelspacher HP, et al. Association analysis of 
exonic variants of the GABA(B)-receptor gene and alpha 
electroencephalogram voltage in normal subjects and 
alcohol-dependent patients. Behav Genet 2003;33:7-15.

21. American Psychiatric Association. Diagnostic and statistical 
manual of mental disorders. 4th ed. Washinton, DC: Ameri-
can Psychiatric Association;2000.

22. Liu K, Muse SV. PowerMarker: an integrated analysis 
environment for genetic marker analysis. Bioinformatics 
2005;21:2128-2129.

23. Barrett JC, Fry B, Maller J, Daly MJ. Haploview: analysis 
and visualization of LD and haplotype maps. Bioinformatics 
2005;21:263-265.

24. Dick DM, Foroud T. Candidate genes for alcohol depen-
dence: a review of genetic evidence from human studies. 
Alcohol Clin Exp Res 2003;27:868-879.

25. Dick DM, Plunkett J, Wetherill LF, Xuei X, Goate A, 
Hesselbrock V, et al. Association between GABRA1 and 
drinking behaviors in the collaborative study on the genetics 
of alcoholism sample. Alcohol Clin Exp Res 2006;30: 
1101-1110.

26. Winterer G, Smolka M, Samochowiec J, Ziller M, Mahlberg 
R, Gallinat J, et al. Association of EEG coherence and an 
exonic GABA(B)R1 gene polymorphism. Am J Med Genet B 
Neuropsychiatr Genet 2003;117B:51-56.

27. Kniazeff J, Galvez T, Labesse G, Pin JP. No ligand binding 
in the GB2 subunit of the GABA(B) receptor is required for 
activation and allosteric interaction between the subunits. J 
Neurosci 2002;22:7352-7361.

28. Beuten J, Ma JZ, Payne TJ, Dupont RT, Crews KM, Somes 
G, et al. Single- and multilocus allelic variants within the 
GABA(B) receptor subunit 2 (GABAB2) gene are signifi-
cantly associated with nicotine dependence. Am J Hum 
Genet 2005;76:859-864.

29. Li MD, Mangold JE, Seneviratne C, Chen GB, Ma JZ, Lou 
XY, et al. Association and interaction analyses of GABBR1 
and GABBR2 with nicotine dependence in European- and 
African-American populations. PLoS One 2009;4:e7055.


