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Abstract
Background—This pilot feasibility study examined the role of genetics in laboratory-induced
cocaine craving.

Methods—Thirty-Four African American, cocaine-dependent male subjects underwent a
baseline assessment, cue-exposure session and genetic analysis. Subjects were classified as either
cue-reactive or non-reactive.

Results—Among SNP markers in 13 candidate genes examined for association with cocaine
cue-reactivity, two were statistically significant: GABRA2 (coding for GABA-A receptor alpha-2
subunit; rs11503014, nominal p = 0.001) and OPRM1 (coding for mu opioid receptor; rs2236256,
nominal p = 0.03).

Conclusions—These pilot results suggest that cocaine craving shows variability among
cocaine-dependent subjects, and that GABRA2 and OPRM1 polymorphisms have differential
influences on cocaine cue-reactivity, warranting studies in future research.

Introduction
Because cocaine craving is thought to play a role in ongoing use, researchers have been
interested in studying the neural architecture underlying laboratory induced craving.1–5 This
research has not yet been extended to examine the genetics underlying laboratory-induced
cocaine craving, which is unfortunate given that studies have identified genes that predict
laboratory induced craving for opiates, alcohol and marijuana.6–10 Furthermore, researchers
have examined individual differences in cocaine cue-reactivity with some subjects
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displaying high cue-reactivity, whereas others display minimal or no-reactivity to the cues
and an underlying neurobiological link.8,11–16 Therefore, the current pilot study intended to
fill this void by beginning to examine the feasibility of identifying which candidate gene
polymorphisms correlate with cocaine cue-reactivity. This study examined 13 candidate
genes thought to play a role in cocaine addiction or in cue-reactivity of abused drugs other
than cocaine.

Methods
Thirty-four cocaine-dependent male patients were recruited from the Veterans
Administration (VA) New Jersey Health Care System, and the study was approved by an
Institutional Review Board. Sample selection was restricted to African-American
individuals, given the better statistical power in a relatively homogeneous ethnic group.
Selection criteria included: (1) meeting DSM-IV criteria for an Axis I diagnosis of cocaine
dependence; (2) cocaine as a primary drug of choice; (3) male; (4) cocaine and alcohol-free
at initial evaluation; and (5) English-speaking, required for completing the protocol.
Exclusion criteria were: (1) meeting DSM-IV criteria for a substance dependence disorder
other than cocaine, or other mental health conditions, including PTSD, schizophrenia,
bipolar I disorder, or major depressive disorder; and (2) taking any psychoactive medication.

After signing informed consent, eligible subjects underwent a baseline assessment that
included: a Structured Clinical Interview for DSM-IV Axis I Diagnosis (SCID),17 the
Addiction Severity Index (ASI),18,19 and the Cocaine Craving Questionnaire Brief
(CCQ).15,20 Subjects also completed the within-session Voris Cocaine Craving Scale
(VCCS)21 which is a 4-item self-report 50-point within-session visual analogue measure that
covers four dimensions of craving; craving intensity, mood, energy and feelings, with sub-
scales range from 0 (indicating no desire) to 50 (high desire).

In the cue-exposure laboratory, subjects first completed a non-stimulating control procedure
that includes the presentation of different shapes of varying colors. Subjects were
subsequently exposed to both a neutral-non-substance use cue and an active cocaine cue
presentations, while being monitored for changes in self report craving. During the neutral
cue-session, subjects were shown a videotape of a person handling items from nature,
including a shell, pinecone and rock. Following the videotape, the subjects were instructed
to manually handle those items previously presented in video form. During the active cue
phase, subjects were exposed to videotaped cues of people using and handling drugs.
Following the videotape, the subjects were instructed to handle drug paraphernalia (e.g.,
pipes, stems, and vials). Subjects completed the VCCS before and after each cue-
presentation. After the cue-exposure procedures, subjects underwent a debriefing session to
minimize the impact of experimentally induced relapse. On a separate day, subjects provide
a blood sample in the phlebotomy laboratory.

Blood and DNA samples were processed at the Rutgers University Cell and DNA
Repository (RUCDR). DNA from venous blood sample was extracted from whole blood
using an inorganic, salt-precipitation (i.e. phenol free) method. Typical yields for extracted
DNA were approximately 30 micrograms DNA per ml blood, and genomic DNA samples
were of high quality suitable for genotyping studies. For genotyping, three oligonucleotides
were designed for each SNP assay, comprised of two PCR primers for amplification and a
third tagged SNP primer (SBE primer) used in the primer extension phase of the assay. Each
extension mix contained two fluorescently labeled terminators; there were a total of 6
extension types that allowed for the successful multiplexing of assays in this process. The 5'
tag sequences on the SBE primer were matched to the tags immobilized on the SNPware
array plate, to each SNP primer.
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The 13 candidate genes were selected from several neurotransmission systems important for
drug abuse in general, and cocaine dependence in particular.22–30 These included dopamine
receptors, dopamine and serotonin transporters, tryptophan hydroxylase-2, Catechol-O-
methyltransferase, pro-opiomelanocortin, mu-opioid receptor, and GABA-A receptor alpha
subunit 2 (Supplementary Table 1). SNPs in these candidate genes were tested for
association with cocaine cue-reactivity using a logistic model and four different genetic
models: additive, dominant, recessive, and the 2 degrees of freedom genotype model.
Because these models can be expected to give correlated results, we adjusted for multiple
testing within each SNP by using permutation-based testing to determine the SNP-specific
p-value. Reported p-values are “nominal” in the sense that after this permutation-based
correction for multiple models by SNP we did not adjust for multiple testing across SNPs.

Cocaine cue-reactivity status was determined blind to the genotype data. To determine a
classifier, we did not rely on any particular a priori set of variables or functions thereof but
took an exploratory approach, looking for a metric that would show a spike, corresponding
to no change from neutral to active cue, mixed with a wider distribution showing change
from neutral to active cue. Multi-dimensional scaling,31 pairwise plots, density estimation,
and two-way clustering were all used informally as dimension-reduction techniques to look
for a parsimonious set of variables showing a spike and spread distribution. In light of the
modest sample size of this pilot study, we sought a simple classifier and settled on using the
change in the craving intensity subscale of the Voris Cocaine Craving Scale as a single-
variable indicator of cocaine cue-reactivity. This subscale directly measures self-reported
craving and is a continuous variable that ranges from 0–50. Subjects were dichotomized as
non-reactive (NCR) or reactive (CR) based on whether there was a change on this subscale
from after neutral cue to after active cue. Individuals who showed zero change were placed
in the NCR group, and those scoring “delta>0,” reflecting a change from neutral to active
cue, were placed in the reactive CR group.

Of the 34 subjects enrolled, one was excluded from the analysis because of poor quality
DNA. Three additional subjects were removed from the analysis because they showed a
reduction in craving from the neutral to the active cocaine cues and could not be classified
as cue reactive or non-reactive.

Results
Following standard quality control procedures, 103 non-monomorphic SNPs were available
for analysis (Supplementary Table 1). Patient demographics did not show any significant
differences between the cue-reactive (N = 12) and non-reactive (N = 18) groups in age,
education, employment, or current or lifetime cocaine use or treatments (P > 0.05). Of the
SNPs examined for association with cocaine cue-reactivity, there was a statistically
significant effect for a SNP in GABRA2 (coding for GABA-A receptor alpha-2 subunit;
rs11503014, p = 0.001) and in OPRM1 (coding for mu opioid receptor; rs2236256, p = 0.03)
(Table 1). To explore genotype-phenotype relation for cocaine cue-reactivity, the 30 subjects
were separated into cue-reactive and non-reactive groups, and SNP allele distribution was
examined. Interestingly, for cocaine cue-reactivity phenotype, the minor allele of the
GABRA2 gene SNP rs11503014 was associated with high cocaine cue-reactivity; that is, of
all 12 cue-reactive subjects, 11 of them have the G allele (Figure 1A, “Reactive”). In
contrast, the major allele of the OPRM1 gene SNP rs2236256 was associated with a lack of
cocaine cue-reactivity; that is, of all 18 non-reactive subjects, 14 of them lack the A allele
(Figure 1B, “Non-Reactive”).

Smelson et al. Page 3

Am J Addict. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Discussion
In this study, we measured cocaine cue-reactivity, and dichotomized the subjects as either
cue-reactive or non-reactive. The rationale for cue-reactivity dichotomization was two-fold.
First of all, literature on cocaine cue-reactivity has shown a bimodal distribution, with some
subjects displaying high cue-reactivity, whereas others displaying minimal or no-reactivity
to the cues.8,11–16 Furthermore, our data support this pattern of bimodal distribution, with 18
of 30 subjects displaying a zero value for cue-reactivity, and only 12 of 30 subjects
displaying a non-zero value. Thus, dichotomizing such a bimodal distribution appears to
better describe our dataset.

Based on this approach of dichotomization, association with cocaine cue-reactivity was
observed for two candidate gene SNPs, GABRA2 gene SNP rs11503014 and OPRM1 gene
SNP rs2236256. This implicates the involvement of inhibitory neurobiological systems in
cocaine cue-reactivity: GABRA2 is part of the GABA-A receptor complex, which functions
as a chloride channel, and mediates inhibitory synapse throughout the central nervous
system; OPRM1 is the gene for the mu opioid receptor, which also mediates synaptic
inhibition. Thus, the association of both GABRA2 and OPRM1 suggest that, for the
biological processes that underlie cue-reactivity variability in cocaine dependence,
inhibitory neurobiological systems may play an important role. In examining the genotype-
phenotype relation for cocaine cue-reactivity, we propose considering the G allele of
rs11503014 in GABRA2 as a predictor of cue-reactivity and the A allele of rs2236256 in
OPRM1 as a predictor of non-reactivity. It is noteworthy that rs11503014 in GABRA2 has
been shown to be associated with heroin dependence,29 suggesting a potential involvement
of this SNP with a functional effect in drug addiction. Previous literature provides little
information regarding cocaine cue-reactivity as a biological phenotype for cocaine craving;
our findings suggest that synaptic inhibitory systems may participate in drug reward,
particularly an individual's intrinsic predisposition for drug craving.

While not directly examining cocaine cue-reactivity, other research findings support the role
of GABRA2 and OPRM1 in cocaine addiction. GABA-A receptor alpha-2 subunit was
involved in mediating the stimulant effects of cocaine in mice,32 with reduced level in rats in
cocaine-induced behavioral sensitization.33 In GABRA2-deficient mice, behavioral
sensitization by cocaine was absent, and the GABRA2 gene was associated with cocaine
addiction.34 OPRM1 encodes the mu opioid receptor,35 and its level was increased by
cocaine in several brain regions of the rat, including nucleus accumbens and caudate
putamen.36–40 In addition, mu opioid receptor binding was increased in cocaine-dependent
patients,41,42 well correlated with cocaine craving42 and relapse after abstinence.43 Further,
mu opioid receptor agonist was shown to inhibit cocaine-induced motor activities,43

influence cocaine self-administration in rats,44 and enhance discriminative stimulus effects
of cocaine in monkeys.45 In OPRM1-deficient mice, cocaine-induced locomotion and
dopamine release were attenuated,46 with less robust cocaine-induced conditioned place
preference47,48 and behavioral sensitization.48,49 Taken together, these studies indicate that
both GABRA2 and OPRM1 are involved in several aspects of cocaine effects. The two
SNPs identified in this study as related to cocaine cue-reactivity, rs11503014 in GABRA2
and rs2236256 in OPRM1, both reside in intron sequences of the respective genes; as such,
they are unlikely to directly affect coding capacities of the genes. Further studies will need
to be carried out to explore their potential impact on gene expression in human brain
tissues,50 as a potential mechanism of the functional effect of these SNPs. It is noteworthy
that other SNPs have been studied in these genes, and one SNP, rs11503014, was found to
be associated with heroin dependence.29
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Our initial focus was on the dopamine system genes, which showed relatively weak
associations in this study (Supplementary Table 1), while two other genes well-documented
in drug abuse and cocaine addiction showed more promise. The sample size is modest,
however, thus limiting statistical power to detect potentially weaker association in dopamine
and other genes. Furthermore, without counterbalancing the order of the cue-presentations,
we cannot be sure that the observed effects were not related to the order of the cue-
presentations, and will need to address this in future studies. These cautionary notes
notwithstanding, this is the first study to examine the role of candidate genes in cocaine cue-
reactivity. While clearly needing replication in a larger sample, our findings suggest a
possible new research direction in cocaine cue-reactivity and genetics — implicating
inhibitory synaptic neurotransmission (GABAergic and opioidergic) as a biological
mechanism in modulating cocaine cue-reactivity.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Genetic marker association with cocaine cue-reactivity. Distributions of SNP genotypes vs.
the phenotypes of cocaine cue-reactivity are shown. (A) In GABRA2, the gene for the
GABA-A receptor alpha-2 subunit, the G allele of the SNP rs11503014 was associated with
high cocaine cue-reactivity, with 11 out of the 12 cue-reactive subjects (right-side
“Reactive” pair) having this allele. (B) In OPRM1, the gene for the mu opioid receptor, the
A allele of the SNP rs2236256 was associated with non-cocaine cue-reactivity, with 14 of
the 18 non-reactive subjects (left-side “Non-Reactive” pair) lacking the A allele.

Smelson et al. Page 9

Am J Addict. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Smelson et al. Page 10

Table 1

Cue-reactivity status by genotype for rs11503014 and rs2236256.

GABRA2 gene rs11503014 SNP (p = .001)

Genotype

Status C/C C/G G/G

Non-Reactive 10 8 0

Reactive 1 10 1

OPRM1 gene rs2236256 SNP (p = .025)

Genotype

Status A/A A/C C/C

Non-Reactive* 1 12 4

Reactive 4 2 6

*
One subject was a “no-call” at this locus.
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