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It has been over 27 years since Blum & Noble discovered the first association of the DRD2 A1 allele in
severe alcoholism, suggesting reward as the real phenotype, not alcoholism. This has been acknowledged by an
explosion of research in the arena of Psychiatric Genetics. To date, a PubMed search listed 6,839 studies (5-1517). The A1 allele has been associated with substance use disorders other than alcoholism, including cocaine,
nicotine dependence, polysubstance abuse and many Reward Deficiency Syndrome (RDS) behaviors substance
and non-substance related. Certainly following extensive controversy, the emerging evidence suggests that the
DRD2 is a reinforcement or reward gene. In fact, it could represent one of the most prominent single-gene
determinants of susceptibility to severe substance abuse/reward deficiency. While, however, the environment
through epigenetic impact and other genes, when combined, still play the larger role, targeting the DRD2 gene
through the novel genetic rewriting of the DNA code at the mRNA level may hold the greatest promise to date for
potentially “curing” the RDS phenotype.
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Introduction

Even before the actual cloning of the Dopamine D2 receptor gene in 1988 [1], dopamine
receptors were correctly classified into D1 and D2 subtypes on the basis of pharmacological and
Keywords Reward deficiency syndrome;
biochemical properties [2]. Specifically according to Bunzow, et al. (1) the D2 Dopamine Receptor
Dopamine homeostasis; Dopamine D2
(DRD2) interacts with guanine nucleotide-binding proteins to induce second messenger systems.
receptor Gene; Addiction medicine; Gene
Moreover, other members of the family of G-protein coupled receptors in a primary aminoacid
therapy
sequence, are significantly similar and exhibit an archetypical topology, predicted to consist of
seven putative transmembrane domains [1]. In 1989, Weiner & Brann mapped the distribution
of a dopamine D2 receptor mRNA in rat brain [3]. They reported that the D2 receptor mRNA is
abundant in the caudate, putamen, accumbens nucleus and olfactory tubercle and lower levels in
the medial habenular nucleus, diagonal band, lateral septal nucleus, claustrum, dorsal endopiriform
nucleus, and entorhinal cortex. Most importantly, in the mesencephalon, DRD2 receptor mRNA is
abundant within the substantia nigra pars compacta and the ventral tegmental area. It is noteworthy
that the RNA distribution and the ligand binding indicate that pre and postsynaptic D2 receptors
located in the nigrostriatal, mesolimbic and mesocortical pathways originate from the same mRNA.
Grandy, et al. [4] found that a chromosome mapping panel, when probed with the rat D2
receptor cDNA identified a 15-kb EcoRI restriction fragment located on human chromosome 11.
Specifically, a human genomic fragment, lambda hD2G1, was cloned using the rat cDNA. The last
coding exon of the DRD2 receptor gene 16.5 kb of 3’ flanking sequence is part of the lambda hD2G1.
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The lambda hD2G1 was hybridized to a chromosome 11 regional
mapping panel, and DRD2 located at 11q at the q22-q23 junction
of chromosome 11. They also identified a polymorphism using TaqI
RFLP.

Alcoholism and Dopamine
Alcohol as well as other drugs of abuse are reinforcing substances
which activate the mesolimbic dopaminergic reward pathways of
the brain [5]. It is well-known that many studies have demonstrated
alcohol’s reinforcing effects manifest from enhanced dopaminergic,
GABAergic and opioid signaling and its caloric properties. In fact,
recently Dobbs et al. [6] reviewed the literature and suggested that
Dopamine D2 Receptors (D2Rs) are consistently emerging as a critical
substrate in the etiology of some major psychiatric disorders. The
consensus favors a central theory of Substance Use Disorders (SUDs),
that postulates a reduction in D2R levels in the striatum as a central
factor that determines vulnerability to abuse substances including but
not limited to alcohol. These authors further indicate that compelling
evidence for a critical role of striatal D2Rs in shaping basal ganglia
connectivity, and point out that this connectivity is not limited,
it occurs among neurons that do not express D2Rs. Along these
lines, Volkow’s group [7] reported on a new repeat polymorphism
of the AKT1gene that predicts striatal aldopamine D2/D3 receptor
availability, as well as, stimulant-induced striatal dopamine release
in the healthy human brain. The AKTi repeat polymorphism is of
consequence when one considers the role of the protein kinase AKT1
in dopamine neurotransmission. While these findings have relevance
related to the hyperdopaminergia secondary to dopamine release
induced by stimulants and psychosis, the AKT1 gene may also play a
role in the acute actions of alcohol in human brain function. Reduced
dopamine levels and decreased D2 Dopamine Receptor (DRD2)
numbers have been confirmed in the brains of alcohol-preferring
animals [8-10]. Moreover, Ding, et al. [11] found that activation of
dopamine receptors in the nucleus accumbens shell, ventral pallidum
or medial prefrontal cortex, but not the nucleus accumbens core, is
involved in mediating the reinforcing effects of alcohol in the core
posterior Ventral Tegmental Area (VTA). This finding is that the
‘alcohol reward’ neuro-circuitry consist, at least in part, of activation
of the dopamine projections from the posterior VTA to the nucleus
accumbens core, ventral pallidum or medial prefrontal cortex.
In other work from McBride’s group [12] that determined the
comorbidity of nicotine and alcohol abuse and dependence, they
found a differential effect. The response to the stimulating effects
of ethanol increased following repeated exposure of the posterior
VTA to nicotine, whereas repeated exposure to ethanol did not alter
the responses of posterior ventral tegmental dopamine neurons to
nicotine. This finding supports the concept that nicotine may be a
gateway drug [12]. Certain lessons that relate to alcohol intake can
be learned from work directed towards cocaine of DB Kandel’s team
[13] regarding the molecular mechanism for a gateway drug. They
found that response to cocaine increased with pretreatment of mice
with nicotine. The responses were assessed both behaviorally and
through synaptic plasticity in the striatum, a brain region critical
for addiction-related reward. They reported that nicotine primed
an enhanced response to cocaine by the activation of transcription
of the FosB gene. Histone deacetylase was inhibited, which caused
global histone acetylation in the striatum and possibly up-regulation
of dopaminergic gene expression.
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Also, it has been established in both animal models and humans
that dopamine receptor agonists reduce alcohol consumption,
whereas in general, antagonists show the opposite effect. In fact, Dyr,
et al. [14], reported that the D2 agonist quinpirole caused a dosedependent decrease in alcohol drinking in High-Alcohol-Drinking
(HAD) line of rats. In contrast, however, Spiperone, a D2 antagonist
increased alcohol intake. New approaches show that dopaminergic
activation in the VTA-nucleus accumbens projections, as expected,
reduces consummatory behaviors. In fact, phasic dopamine release
in the nucleus accumbens stimulated in optogenetic studies may
determine many aspects of drug and natural reward-related behaviors.
Specifically, Mikhailova, et al. [15] reported that optogenetic
tonic stimulation of VTA-nucleus accumbens dopamine release is
sufficient to inhibit, for example sucrose and alcohol. Rewarding
consummatory behavior may be inhibited by preventing this circuit
from engaging in the phasic activity, thought to be essential for
reward-based behaviors, as reported in ADHD [16].
Moreover, animal studies determined that Quantitative Trait
Loci (QTL) in the chromosomal region proximate to the DRD2 gene
is a “hot spot” for alcohol-related behaviors [17,18]. Interestingly, the
work of Buck et al. [17], definitively mapped a QTL on Chromosome
(Chr) 9 linked to the D (2) dopamine receptor gene. They investigated
the DRD2, for hypothermic sensitivity to quinpirole (a D2 agonist),
and identified a possible QTL in the same chromosomal region after
repeated treatments for tolerance to quinpirole.
There are a plethora of human studies (PubMed 5-15-17, 1,681)
that provide additional support for a connection between alcohol
dependence and CNS dopaminergic function. Most recently, for
example, Siciliano et al. [19] found that in alcohol prone C57BL/6J
compared to avoiding DBA/2J mice, following one or two weekly
cycles of chronic intermittent ethanol (CIE) exposure significantly
induced an attenuated dopamine synthesis in the ventral striatum
of C57BL/6J. The authors suggested that autoreceptor effects on
dopamine synthesis are different in C57BL/6J and DBA/2J mice,
and that excessive drinking associated with decreased dopaminergic
activity. These findings dovetail with other work showing that
C57BL/6J compared to DBA/2J mice have lower levels of brain
methionine-enkephalin [20] and that one-year of drinking alcohol
induced blockade of leucine-enkephalin in basal ganglia of alcoholloving Golden Syrian hamsters compared to non-drinking controls
[21]. The positive interaction between enkephalins and dopamine
and alcohol intake is well-known [22].
In endocrinological studies, reduced dopaminergic activity has
been found in the most severe and genetic types of alcoholics [23].
Moreover, Oberlin, et al. [24] reported that low D2 receptors induce
a preference for immediate gratification (reinforcement) as measured
by monetary discounting. Furthermore, brain imaging studies are
similarly revealing a diminished dopaminergic tone in alcoholics
[25]. It is well-established that striatal dopamine (DA) is increased by
virtually all drugs of abuse, including alcohol [26]. Using PET imaging
Oberlin, et al. [27] elegantly showed that even the flavor of beer
provoked ventral striatal DA release and the response is strongest in
subjects with a greater genetic risk for alcoholism. These facts coupled
with earlier work from Blum’s group shows that the pro-dopamine
regulator KB220 variants significantly reduced AMA (against medical
advice) rates in some studies involving alcoholism, opiate dependence
and cocaine abuse [28-31]. Ongoing research into the effects KB220Z™
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has repeatedly confirmed numerous clinical benefits to individuals
with genetic and epigenetic antecedents of addictive, compulsive, and
impulsive behaviors [32] and most recently improved resting state
functional connectivity in animals [33].
As authors, we are cognizant that risk for relapse has now been
linked to hypodopaminergic genetics [34]. The super sensitivity to
DA regarding relapse has been the subject of many articles. Here the
hypothesis is that relapse to psychoactive drugs is due to a process
called deprivation-amplification [35,36]. Polymorphisms of the
D2 gene and low D2 receptor density are associated with a greater
risk for relapse to substance abuse, including nicotine sensitization,
alcohol and cocaine dependence, heroin and glucose craving and
methamphetamine abuse. This is supported by the work of Dahlgren
et al. [34] who found when compared to Taq A2 allele carriers with
alcohol dependence, carriers of the Taq A1 allele with a dopamine
D2 receptor gene relapse at a significantly higher rate. Additionally,
alcohol-dependent subjects with the Taq A1 allele have a significantly
increased mortality rate [37].
Historically, the concept that low dopaminergic function is linked
to substance and non-substance-seeking behavior is well known, and
this idea dates back to the dopamine depletion hypothesis espoused by
Dackis and Gold [38] to explain cocaine relapse. Others have indicated
that the dopamine D2 receptor Taq A2 allele is protective and
carriers have diminished risk for all RDS behaviors [38]. Moreover,
pharmacological, electrophysiological and neuropsychological
studies have found a diminished central dopaminergic function in
DRD2 A1 allele subjects [39-42]. Furthermore, treatment of alcohol
dependence with adopamine receptor agonist showed more salutary
effects on those who carry, rather than those who do not carry the
DRD2 A1 allele [43]. Specifically, Noble’s group [43] performed a
a double-blind study placebo-controlled study of bromocriptine, a
DRD2 agonist, administered to subjects with alcohol dependence
with either the A1 (A1/A1 and A1/A2) or the A2 (A2/A2) allele of
the DRD2 gene. Decrease in craving and anxiety occurred in the
bromocriptine-treated A1 alcoholics and attrition was highest in the
placebo-treated A1 alcoholics.

Summary
It has been over 27 years since Blum & Noble discovered the first
association of the DRD2 A1 allele and severe alcoholism, suggesting
reward as the real phenotype not alcohol dependence. This has been
acknowledged by an explosion of research in the arena of Psychiatric
Genetics. To date, a PubMed search listed 6,839 studies (5-15-17).
The A1 allele has also been associated with SUDs other than alcohol
dependence, including cocaine, nicotine dependence, polysubstance
abuse and many other Reward Deficiency Syndrome (RDS)
behaviors substance and non-substance related. Certainly following
considerable controversy, the evidence suggests that the DRD2 is a
reinforcement or reward gene. In fact, it could represent one of the
most prominent single-gene determinants of susceptibility to severe
substance abuse-reward deficiency. Other reward genes play a large
role and environmental epigenetics further impact RDS behaviors
by targeting the DRD2 gene through novel genetic rewriting of the
DNA code at the mRNA level may hold the greatest promise to date
for potentially “curing” the RDS phenotype.
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