Neuropsychopharmacology (2011) 36, | 1421148

S © 2011 American College of Neuropsychopharmacology.  All rights reserved 0893-133X/11 $32.00

www.neuropsychopharmacology.org

KCNJ6 is Associated with Adult Alcohol Dependence and
Involved in Gene X Early Life Stress Interactions in
Adolescent Alcohol Drinking

Toni-Kim Clarke*', Manfred Laucht??, Monika Ridinger4, Norbert Wodarz®?, Marcella Rietschel?,
Wolfgang Maier®, Mark Lathrop®, Anbarasu Lourdusamy', Ulrich S Zimmermann’, Sylvane Desrivieres'
and Gunter Schumann'?®

'Section of Addiction Biology, MRC-SGDP Centre, Institute of Psychiatry, King’s College London, London, UK “Department of Child and
Adolescent Psychiatry and Psychotherapy, Central Institute of Mental Health, Mannheim, Germany; Department of Psychology, Division of
Clinical Psychology and Psychotherapy, University of Potsdam, Potsdam, Germany; *Department of Psychiatry and Psychotherapy, University of
Regensburg, Regensburg, Germany; “Department of Psychiatry and Psychotherapy, University of Bonn, Bonn, Germany; ®Centre National de
Genotypage, Evry, France; 'Department of Psychiatry and Psychotherapy, University Hospital Carl Gustav Carus, Technische Universitdt,
Dresden, Germany

Alcohol abuse and dependence have proven to be complex genetic traits that are influenced by environmental factors. Primate and
human studies have shown that early life stress increases the propensity for alcohol abuse in later life. The reinforcing properties of
alcohol are mediated by dopaminergic signaling; however, there is little evidence to indicate how stress alters alcohol reinforcement.
KCNJé (the gene encoding G-protein-coupled inwardly rectifying potassium channel 2 (GIRK2)) is a brain expressed potassium channel
with inhibitory effects on dopaminergic tone. The properties of GIRK2 have been shown to be enhanced by the stress peptide
corticotrophin-releasing hormone. Therefore, we sought to examine the role of KCNJ6 polymorphisms in adult alcohol dependence and
stress-related alcohol abuse in adolescents. We selected | | SNPs in the promoter region of KCNJ6, which were genotyped in | 152 adult
alcohol dependents and 1203 controls. One SNP, rs2836016, was found to be associated with alcohol dependence (p =0.01, false
discovery rate). We then assessed rs2836016 in an adolescent sample of 261 subjects, which were characterized for early life stress and
adolescent hazardous drinking, defined using the Alcohol Use Disorders Identification Test (AUDIT), to examine gene—environment
interactions. In the adolescent sample, the risk genotype of rs28360 16 was significantly associated with increased AUDIT scores, but only
in those individuals exposed to high levels of psychosocial stress in early life (p =0.01). Our findings show that KCNJ6 is associated with
alcohol dependence and may moderate the effect of early psychosocial stress on risky alcohol drinking in adolescents. We have identified
a candidate gene for future studies investigating a possible functional link between the response to stress and alcohol reinforcement.

INTRODUCTION

In 2002, the WHO’s World Health Report concluded that
alcohol was the fifth leading cause of death and disability
worldwide, accounting for 9.2% of disability-adjusted life
years in the developed world (Grimm, 2008). Alcoholism
is estimated to be between 50 and 60% heritable (Dick and
Bierut, 2006), which suggests that both genetic and
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environmental factors are almost equally contributing to
produce a complex phenotype. The dopaminergic meso-
limbic system is one of the main neuronal networks
responsible for inducing the reinforcing effects of drugs of
abuse (Robbins and Everitt, 1999, Tupala and Tiihonen,
2004). Ion channels are known to regulate dopaminergic
neuronal signalling. One such family of ion channels
includes the G-protein-coupled inwardly rectifying potas-
sium channels (GIRKs). GIRKs induce the postsynaptic
inhibitory tone in response to the activation of the D2, D3
dopamine receptors, although their effects are not limited to
dopaminergic neurons (Kuzhikandathil et al, 1998). As the
GIRK channel is opened, potassium ions permeate the cell,
hyperpolarization ensues (Nicoll, 1988), and the neuronal
firing rate is reduced (Werner et al, 1996).
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While dopaminergic signalling reinforces alcohol con-
sumption, exposure to early life stress is known to promote
vulnerability to alcohol abuse in later life. This concept has
been extensively studied in Rhesus macaques, where it has
been shown that stress during early life increases alcohol
consumption in adults (Fahlke et al, 2000). An enhanced
sensitivity to stress in later life is also seen in these animals,
who display increased salivary cortisol in response to social
isolation. Similar findings are observed in human beings
with the number of adverse childhood experiences being
correlated with an increased propensity for adolescent
alcohol abuse (Dube et al, 2006). Despite a well-established
link between early life stress and alcohol abuse in later life,
there is currently no known mechanism showing how such
effects are mediated. Interestingly, the efficiency of the
GIRK channels has been shown to be increased by stress
peptides such as corticotrophin-releasing hormone (CRH)
(Beckstead et al, 2009). Inhibitory postsynaptic currents
mediated by GIRK2 channels in D2-dopaminergic neurons
of the mouse brain were found to be enhanced by CRH, and
this was dependent on the CRH-RI receptor. Furthermore,
protein levels of GIRKs (GIRK1 and GIRK2) have been
shown to be regulated by corticosterones in the brain of rats
(Muma and Beck, 1999), providing evidence that GIRK2
interacts with neuronal stress systems. GIRK2 channels
therefore may establish a link between brain stress systems,
dopaminergic signalling, and thus reinforcement-related
behavior.

Animal studies have analyzed the effects of ethanol on
GIRK2-null mice. They found that they could not establish a
place preference or conditioned taste aversion for 2-3 g/kg
of ethanol in mice lacking GIRK2 channels (Hill et al, 2003),
concluding that GIRK2 may be mediating the reinforcing
and/or aversive motivational aspects of ethanol action. In
human beings, only one study has examined GIRK2 and
addictive phenotypes. A large-scale candidate gene study
analyzed SNPs in 1050 nicotine-dependent individuals and
879 controls (Saccone et al, 2007). An SNP in the promoter
of KCNJ6, the gene encoding GIRK2, provided one of the
top signals for nicotine dependence in this study, suggesting
that GIRK2 may be important in human nicotine addiction.
Our approach was to explore the significance of genetic
variations in the promoter of KCNJ6 in alcohol dependence
in a large sample of 1152 alcoholics and 1203 controls. In a
second step, we analyzed any significant GIRK2 polymor-
phisms from the adult sample in a separate adolescent
sample drawn from an epidemiological birth cohort of
children at risk for psychopathology in later life. The
adolescent sample had been characterized for both hazar-
dous alcohol drinking at age 19 years and early psychosocial
adversity to examine the role of GIRK2 in mediating
gene X early life stress interactions and alcohol abuse.

MATERIALS AND METHODS

Subjects

Adult patient and control samples. In all, 1152 patients
were recruited from the Department of Psychiatry at
Regensburg University. All patients were admitted conse-
cutively for in-patient treatment and met the criteria of
alcohol dependence according to DSM-IV. Patients were
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also assessed for nicotine dependence using diagnostic
criteria according to the DSM-IV and ICD-10. All partici-
pants were of German descent. Parents of the participants
were living in Bavaria and participants themselves were
born and raised in this area. Written informed consent
was obtained for all participants before the investigation.
Diagnosis was assessed after alcohol withdrawal by the
Composite International Diagnostic Interview (Wittchen
et al, 1996) performed by trained staff who rated partici-
pants independently. Patients with a lifetime history of
schizophrenia or an addiction to drugs other than tobacco
or alcohol were excluded from the study.

In total, 1203 individuals were from the region of Bonn,
Germany, and were recruited from 2001 to 2003 within the
German National Research Project to serve as controls for
genetic studies in several neuropsychiatric phenotypes.
Population-based recruitment was performed in colla-
boration with the local consensus bureau. Participants were
screened for neurological and psychiatric disorders with
self-report questionnaires adapted from the German version
of the inventory to diagnose depression (Kuhner, 1997);
smoking and drinking were diagnosed with the Fagerstrom
Tolerance Questionnaire (Fagerstrom, 1978) and the
Alcohol Use Disorders Identification Test (AUDIT) (Bohn
et al, 1995). More than 96% of the participants were of
German or Western European origin as ascertained by place
of birth of their grandparents. For all patients and controls,
written informed consent was obtained before study
participation.

Adolescent at-risk sample. Participants were members of
the Mannheim Study of Children at Risk, an ongoing
epidemiological cohort study examining the outcome of
early risk factors from infancy into adulthood (Laucht et al,
2000). The initial sample comprised 384 children born
between 1986 and 1988, of predominantly (>99.0%)
European descent. Infants were recruited from two obstetric
and six children’s hospitals of the Rhine-Neckar Region of
Germany and were included consecutively into the sample
according to a two-factorial design intended to enrich and
control the status of the sample with regard to obstetric and
psychosocial risks (Laucht et al, 1997). Only firstborn
children with singleton births and German-speaking
parents were enrolled in the study. Furthermore, children
with severe physical handicaps, obvious genetic defects, or
metabolic diseases were excluded. Assessments were con-
ducted at regular intervals throughout development, most
recently at age 19 years. The current investigation included
261 adolescents (119 men, 142 women) participating in the
19-year assessment for whom genetic data on rs2836016
were available. Of the initial sample, 18 (4.7%) were
excluded because of severe handicaps (IQ or MQ <70 or
neurological disorder), 87 (22.7%) had incomplete data or
were dropouts, and 18 (4.7%) refused to participate in blood
sampling. The study was approved by the ethics committee
of the University of Heidelberg and written informed
consent was obtained from all participants.

Assessment

Adolescents completed the AUDIT, a screening instrument
for the detection of hazardous alcohol use, developed by the

Neuropsychopharmacology

1143



KCNJ6 polymorphisms, stress and alcoholism
T-K Clarke et al

WHO (Bohn et al, 1995). This assessment was carried out
in the adolescent sample only. The AUDIT comprises
10 items, referring to the last 12 months, by which patterns
of alcohol consumption, alcohol dependence, and adverse
consequences of heavy drinking are assessed. The AUDIT
has shown reasonable reliability and validity in a German
sample (Dybek et al, 2006). Early psychosocial adversity
according to an ‘enriched’ family adversity index, as
proposed by Rutter and Quinton (1977), was derived from
a standardized parent interview conducted at the 3-month
assessment. The index assesses the presence of 11 adverse
family factors, covering characteristics of the parents
(eg, low education), the partnership (eg, discord), and the
family environment (eg, overcrowding) during a period of
1 year before birth. (Definitions of the family adversity
index are shown in Supplementary Table S1.)

The current stressful life events were assessed using
a modified and shortened version of the Munich Events
List (Wittchen et al, 1989). The 53-item questionnaire asked
about occurrence and threat of severe life events and
chronic difficulties in the 4 years before the 19-year
assessment. The items addressed all areas of adolescents’
lives from school, and job to partner, family, parents, living
conditions, legal troubles, and health problems. Several
indices can be derived from the MEL, such as total index,
weighted total, and chronic life events. For the current
analysis, a total life event score was computed, which
counted the number of life events throughout the past
4 years (range 0-28). Several studies have confirmed the
psychometric characteristics of the MEL (Wittchen et al,
1989).

SNP Genotyping and Statistical Analysis

SNP genotyping was performed at the Centre National de
Genotypage, Paris, France and by Prevention Genetics,
Marshfield, WI, USA. In our adult sample, the allelic
association of SNPs with alcoholism was determined using
the #* test and p-values were corrected for multiple
comparisons using the false discovery rate (FDR) procedure
(Benjamini et al, 2001) in the software package PLINK
v.1.04 (Purcell et al, 2007b). Association analysis was
carried out on the nicotine-dependent adult alcoholics
compared with non-nicotine-dependent alcoholics using the
%> test for association. Genotypic x> tests for association
were carried out as we had no a priori assumptions as to
whether SNPs were acting under a specific mode of inheri-
tance. Therefore, genotypic association tests were carried
out to determine if any SNPs were acting dominantly or
recessively to increase risk for alcohol dependence. We
performed haplotype analysis to determine whether there
are regions of KCNJ6 that harbor risk alleles that are
inherited as haplotype blocks, which would not be detected
by single-SNP association alone. To define these regions, we
performed sliding window haplotype analysis.

Genotypes did not deviate significantly from Hardy-
Weinberg equilibrium. Sliding window haplotype analysis
was used to determine all haplotypes with a frequency
greater than 0.05. These were then tested for associations
using the expectation maximization (EM) algorithm in the
software packages PLINK v.1.04 (http://pngu.mgh.harvard.
edu/~purcell/plink/) (Purcell et al, 2007b) and WHAP
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(Purcell et al, 2007a). Permutation analysis of the haplotypic
associations was conducted out to randomly re-assign the
case and control labels in the data set and give a significance
level corrected for all markers or haplotypes tested. A total
of 10000 permutations were performed in each permutation
analysis.

To examine gene-environment effects on adolescent
hazardous drinking, linear regression analyses were per-
formed with sex as a covariate. Models were fit for the main
effects of the rs2836016 genotype and early and current
psychosocial adversity with subsequent addition of the
interaction term. Genotype groups did not differ with
regard to sex, age, IQ, and psychosocial adversity (data not
shown).

In Silico Analysis

Analysis of putative transcription factor binding sites was
analyzed using MatInspector, Genomatix software, Munich,
Germany (www.genomatix.de). Analysis of exon splicing
efficiency was carried out using ACESCAN2 (http://genes.
mit.edu/acescan2/index.html).

RESULTS
SNP Selection and Gene Coverage

KCNJ6 spans a large region of 300kb on chromosome 21,
and for this reason our genotyping efforts were concen-
trated on the 5’ region of the gene. We defined this region to
include the KCNJ6 promoter as it extends from 10kb
upstream of the transcription start site and 80kb into the
gene to the genomic region of exon 2, where translation of
the gene begins. SNPs were chosen firstly to maximize
coverage of the promoter region and secondly to enrich for
functional relevance, as the genomic regions surrounding
the promoter and translation start sites may contain
regulatory elements. Eleven SNPs were selected for geno-
typing (providing 82% coverage of the promoter region at

>0.8) and the relative positions of the SNPs chosen for
genotyping and their linkage disequilibrium patterns are
shown in Figure 1.

Identification of Risk Genotypes for Alcoholism

We analyzed 11 SNPs in KCNJ6 for their allelic association
with alcoholism. An association was found with the SNP
located at the intron/exon boundary of exon 2, rs2836016,
and alcoholism in our sample of 1152 alcoholics vs 1203
controls (y*=9.73, FDR p=0.01, OR=1.2) (Table 1),
with G being the risk allele. Genotypic associations with
alcoholism were also carried out to reveal SNP associations
acting under a specific genetic mode of inheritance. These
analyses revealed two promoter SNPs (rs2836048 and
rs2836049) to be nominally associated with alcoholism
(*=7.49, p=0.02 and y*=5.87, p=0.05, respectively)
(Supplementary Table S2). Genotype frequencies were in
Hardy-Weinberg equilibrium (data not shown). Sliding
window haplotype analyses found haplotype association
with alcoholism in the genomic region of KCNJ6 extending
from rs283015 to rs2836049. A three SNP haplotype contain-
ing rs2836016, rs2226360, and rs2836048 is associated with
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Table | Allelic Associations of || SNPs Genotyped in KCNJ6, with the MAF of Cases and Controls Shown, Along with 7> Values, Raw

p-Values, FDR p-Values, and the OR

2

SNP Location MAF cases MAF controls Minor allele b4 p-Value FDR OR
rs2836015 Intron 03819 03991 C 1.34 0247 0.5807 0.9303
rs2836016 Exon/intron boundary 04861 04387 G 973 0.001813 0.01309 121
rs2226360 Promoter 0.02843 0.03103 T 025 06198 06715 09137
rs2836048 Promoter 02396 02572 A 1.83 0.1758 0.5807 09097
rs2836049 Promoter 0.0879 0.07962 T 098 03211 0.5807 114
rs2836050 Promoter 0.1987 02102 T 0.85 03573 0.5807 09315
rs3787870 Promoter 04453 04368 G 033 05648 0.6675 1.035
rs| 1702554 Promoter 0.00726 0.007175 G 0.001 09736 09736 1012
rs6517442 Promoter 03173 03264 C 042 05189 0.6675 0.9593
rs9983444 Promoter 0224 0211 C Il 02944 0.5807 1.079
rs2836055 Promoter 0.106 0.1131 C 0.58 0.4488 0.6482 09291

Abbreviations: FDR, false discovery rate; MAP, minor allele frequencies; OR, odds ratios.

FDR significant results are highlighted in bold.

alcoholism with the AGA haplotype being significantly
over-represented in controls (p=0.001) (Table 2). When
this haplotype was analyzed with rs2836016 dropped, the
association no longer remains significant (omnibus test
p-value=0.21). This suggests that the haplotypic associ-
ation is driven by the SNP rs2836016. Therefore, we selected
rs2836016 for subsequent analyses.

Gene-Environment Interaction

The frequency of the rs2836016 minor (G) in the adolescent
sample is comparable to the frequency in the adult
control sample (shown in Supplementary Table S3).
The distribution of genotypes was in accordance with
Hardy-Weinberg equilibrium (p > 0.50). Regression results
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Table 2 Significant Haplotype Associations Identified Using a Sliding Window Analysis, Between KCNJ6 and Alcohol Drinking in the

Adult Sample of 1152 Cases vs 1203 Controls

rs2836015 rs2836016 rs2226360 rs2836048 rs2836049 Global P % Cases % Controls p-Value
T G 0.009 0.4863 0.4442 0.007974
T A 0.1342 0.1614 0.0163
G G 0.04596 0.4656 0.4263 0.01376
A G 05129 0.5521 0.01445
A C 003373 0.1498 0.1791 0.01192
T G G 0.0l 0.4642 04186 0.002343
T A G 0.1357 0.1601 0.02291
A G A 0.004 0.09577 0.1268 0.001109
G G G 0.3464 03138 0.02145
C A G A 0.008 0.07575 0.09818 0.008786
T G G G 0.3453 0.3129 0.02225
A G A C 0.008309 0.075 0.1028 0.00133
G G G C 0.3466 0.3148 0.0255

Global p-values for haplotype tests and individual p-values for each haplotype are presented. Bold highlighted individual p-values remain significant after 10000

permutations.

Table 3 Multiple Linear Regression Models Testing the Effects of
rs2836016 Genotype, Early and Current Psychosocial Adversity,
and Their Interaction on Hazardous Drinking in Adolescents

(B Co-efficients and Raw p-Values are Shown)

Rs2836016 x
Rs2836016 Psychosocial psychosocial
genotype adversity adversity
p p-Value p p-Value p p-Value
Early family adversity
AUDIT score 0029 0505  0.15 0.0l 0427 0014
Current stressful life events
AUDIT score —0.005 0933 0356 <000l 0353 0.066

revealed a significant interaction between rs2836016 and
early psychosocial adversity on hazardous drinking in
19-year olds (see Table 3). Subsequent analysis showed
that the number of early adversity factors present was
associated with increasing AUDIT scores among G homo-
zygotes (ff =0.352, p=10.004), but not among AG carriers
(f=-0.109, p=0.205) and A homozygotes (f=0.029,
p=0.780). Figure 2 illustrates the interaction, indicating
higher AUDIT scores in GG carriers exposed to high
adversity compared with all other groups. For this analysis,
individuals were grouped according to a median split on the
early adversity score. Furthermore, significant main effects
of psychosocial adversity on hazardous drinking in 19-year
olds emerged, but no significant main effect of rs2836016
(Table 3).

The adolescent sample had also been characterized for
current stressful life events, in the 4 years before the 19-year
assessment. Regression results of the analysis of current
stress and rs2836016 genotype on AUDIT scores revealed
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Figure 2 Mean scores (and SE) on the AUDIT in adolescents grouped
by rs2836016 genotype and exposure to early psychosocial adversity.
N =number of individuals. *Significantly different from all other groups
according to Fisher’s LSD.

similar results; however, the gene-environment interaction
was not statistically significant (Table 3). (Means and
standard deviations for AUDIT scores, early psychosocial
adversity, and current stressful life events are shown in
Supplementary Table S4.)

Analysis of Nicotine Dependence

Data on nicotine dependence was available for 970 indivi-
duals in the alcohol-dependent cohort. Sixty-six percent
of the adult alcohol dependents also met the diagnostic
criteria of nicotine dependence and 18% were classed as



non-smokers. The three SNPs that had previously been
shown to be associated with alcoholism were analyzed by
performing association analysis in the alcohol-dependent
cohort comparing nicotine dependents and non-smokers.
None of the three SNPs associated with alcohol dependence
were associated with nicotine dependence in the alcoholic
cohort (p>0.102) (Supplementary Table S5).

DISCUSSION

We report an association of the KCNJ6 polymorphism,
rs2836016, with alcoholism in an adult alcohol-dependent
sample. Genotypic associations revealed nominal associa-
tions with two promoter SNPs: rs2836048 and rs2836049.
Haplotype analysis revealed a three SNP haplotype consist-
ing of rs2836016, rs2236360, and rs2836048 (AGA), which is
protective against alcohol dependence as it was found to be
at a significantly higher frequency in the adult non-alcohol-
dependent controls. As rs2836016 was found to have the
strongest association with adult alcohol dependence and
formed part of a significant haplotype that increased risk
for alcohol dependence, this SNP was carried forward to be
examined in an adolescent sample characterized for early
life stress and drinking behavior. KCNJ6 may also be
associated with the initiation of alcohol abuse as we find a
gene x environment interaction with rs2836016 and psycho-
social adversity in adolescents whereby adolescent carriers
of the G allele who experience high psychosocial adversity
show higher AUDIT scores.

Early life stress has been shown to increase the propensity
for alcohol consumption in later life, as neonatal separation
paradigms in Rhesus macaques have shown (Fahlke et al,
2000). Although there is currently no evidence to suggest
a mechanism by which early life stress alters alcohol
consumption in later life, the data presented herein suggest
that polymorphisms in KCNJ6 may mediate such effects.
GIRK2 channels have been shown to interact with neuronal
stress systems including the CRH system (Beckstead et al,
2009), and our results show that polymorphisms in KCNJ6
associate with increased risky drinking in adolescents when
early psychosocial stress is present. Furthermore, these
polymorphisms are also relevant for adult alcoholism,
suggesting that the interaction between early psychosocial
stress and KCNJ6 risk genotypes may confer risk to
alcoholism that persists until adulthood.

Using an animal model, Song et al (2007) found that it
was not possible to establish a place preference for ethanol
in adolescent rats unless they were exposed to chronic
stress, suggesting that stress enhances the rewarding effects
of ethanol in adolescence. Increased reinforcement for
alcohol drinking during adolescence may enhance the
potential for alcohol abuse in later life. The interaction
between GIRK2 and neurobiological stress systems is
suggestive of a mechanism by which the reinforcing effects
of alcohol develop during periods of environmental stress.
Indeed, Hill et al (2003) found that they were unable to
establish a place preference for ethanol in GIRK2-null mice,
which confirms the notion that GIRK2 is important for
alcohol reward. In support of this, we find that genetic
variation in GIRK2 is associated with the initiation of
alcohol abuse in adolescents when psychosocial stress is
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present, and in addition, an association is also found with
the maintenance of alcohol dependence in adults.

Given the importance of GIRK2 in dopaminergic neuro-
transmission and the interaction of GIRK2 with neuronal
stress systems, we propose that GIRK2 mediates the effects
of psychosocial stress on dopaminergic signalling. This is
supported by the evidence that GIRK2 levels are affected
by cortisol in the rat brain (Muma and Beck, 1999) and that
CRF enhances the efficacy of the GIRK channels in
dopaminergic neurons (Beckstead et al, 2009). The effects
of psychosocial stress may disrupt dopaminergic reward
circuitry in the brain and in turn affect alcohol drinking
behavior. This hypothesis is supported by our data as we
find that genetic variation in GIRK2 is associated with
alcohol abuse in adolescents, but only when psychosocial
stress is present. This finding provides further support that
GIRK2 mediates the effects of stress on dopaminergic
signaling, and that this alters alcohol drinking owing to the
disruption of neuronal reward systems.

Previous studies of KCNJ6 in human beings have shown
that it is not only relevant for alcohol dependence, but also
addiction to nicotine. Saccone et al (2007) found that SNP
rs651772 in the promoter of KCNJ6 was among the top hits
for nicotine dependence when analyzing over 3000 SNPs
across nicotine-addiction candidate genes. It should be
noted that 62% of our adult alcohol-dependent sample are
also addicted to nicotine. The nicotine-addicted population
of the alcohol-dependent sample was analyzed separately
and compared with the non-nicotine-addicted alcoholics to
determine if these individuals were driving our association
with KCNJ6. For all three SNPs initially associated with
alcoholism, none remained significant when this analysis
was carried out, which suggests that the association of these
SNPs reflects that of alcohol dependence.

In silico analysis was carried out to elucidate the potential
biological role of rs2836016 in influencing alcoholism. The
analysis revealed that the A allele of rs2836016 completely
abolishes the binding site of SRp40, a known splicing factor,
thus potentially disrupting the splicing efficiency of KCNJ6.
Inanobe et al (1999) report that dopaminergic neurons were
found to be regulated by channels formed of different
GIRK2 splice variant subunits in the substantia nigra (SN).
They found that GIRK2 channels composed of different
combinations of GIRK2 splice variants displayed different
levels of G-protein stimulation. If rs2836016 does indeed
affect the splicing efficiency of KCNJ6, it may contribute to
the relative levels of GIRK2 isoforms in the brain, and thus
have an effect on the rate of dopaminergic signalling in the
SN, which in turn would affect alcohol drinking behavior.
Considering the role of GIRK2 in dopaminergic signalling,
this association may reflect individuals consuming more
alcohol to experience its rewarding effects.

In conclusion, our data provide the first evidence of an
association of KCNJ6 with alcoholism in human beings. We
propose that KCNJ6 moderates the effects of psychosocial
stress in adolescents by disrupting dopaminergic signalling
and in turn this affects the rewarding effects of alcohol,
predisposing individuals to initiate alcohol use later in life.
The effects of cortisol on GIRK2 levels in the brain suggest
that stress may serve to reinforce the rewarding properties
of alcohol. Further work would include an analysis of
GIRK2 in other alcoholic populations to replicate this
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finding and studies of KCNJ6 alcohol and nicotine
comorbidity cohorts would also be of interest. In addition,
in vitro analysis would help gauge the functional role of the
associated SNPs (or their tag SNPs) in GIRK2 expression
and splicing efficiency, to elucidate the functional mechan-
ism by which these SNPs confer vulnerability to alcohol
abuse.
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