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Abstract: Background: Over 100 people die daily from opioid overdose and $78.5B per year is
spent on treatment efforts, however, the real societal cost is multifold greater. Alternative strategies
to eradicate/manage drug misuse and addiction need consideration. The perception of opioid addic-
tion as a social/criminal problem has evolved to evidence-based considerations of them as clinical
disorders with a genetic basis. We present evaluations of the genetics of addiction with ancestry-
specific risk profiles for consideration.

Objective: Studies of gene variants associated with predisposition to substance use disorders
(SUDs) are monolithic, and exclude many ethnic groups, especially Hispanics and African Ameri-
cans. We evaluate gene polymorphisms that impact brain reward and predispose individuals to
opioid addictions, with a focus on the disparity of research which includes individuals of African
and Hispanic descent.

Methodology: PubMed and Google Scholar were searched for: Opioid Use Disorder (OUD), Ge-
nome-wide association studies (GWAS); genetic variants; polymorphisms, restriction fragment
length polymorphisms (RFLP); genomics, epigenetics, race, ethnic group, ethnicity, ancestry, Cau-
casian/White, African American/Black, Hispanic, Asian, addictive behaviors, reward deficiency
syndrome (RDS), mutation, insertion/deletion, and promotor region.

Results: Many studies exclude non-White individuals. Studies that include diverse populations
report ethnicity-specific frequencies of risk genes, with certain polymorphisms specifically associated
with Caucasian and not African-American or Hispanic susceptibility to OUD or SUDs, and vice versa.

Conclusion: To adapt precision medicine-based addiction management in a blended society, we
propose that ethnicity/ancestry-informed genetic variations must be analyzed to provide real preci-
sion-guided therapeutics with the intent to attenuate this uncontrollable fatal epidemic.

ethnic groups, gene guided therapy.

1. INTRODUCTION

It is well documented that individuals with exposure to
opioids can develop addictive behavior. This possibility is not
just specific for street use of heroin but also when used legally
for pain relief. Opioid medications used to alleviate pain are
very effective, but chronic use does induce dependence. In
America, there has been a steady increase in opioid-related
deaths from all walks of life and economic status as a result of
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overdose from natural opiates or synthetic opioids and their many
new isoforms which include deadly fentanyl derivatives. The
Center for Disease Control (CDC) reports greater than
400,000 people died from opioid overdose in the US from 1999 to
2017 (https://www.cdc.gov/drugoverdose/epidemic/index.html)
and this number continues to rise. Unfortunately, this un-
wanted opioid epidemic is, in part, the result of the pharma-
ceutical companies falsely claiming that their opioids have a
low liability to induce addiction possibly because of ex-
tended release formulae; this has led to the widespread use of
opioid drugs to attenuate moderate pain [1-3].

The two main treatment options for opioid replacement
therapy (ORT) are buprenorphine and methadone and these
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have proven efficacious in ameliorating opioid addiction [1, 4]
and are arguably the gold standard for treatment. However,
patients under ORT are not protected from relapse [5, 6], and
long term chronic use of ORTs also lead to respiratory depres-
sion and overall behavioral health problems along with reward
deficiency [7]. Genetics is an important component in an indi-
vidual’s susceptibility to addiction and in the efficacy of
opioid replacement therapy. Allelic variations can influence
how the brain reacts to substances of abuse, especially to
opioids. For alcohol, it has been shown that people of different
ancestry metabolize alcohol differently [8, 9] and certain
groups may be more susceptible to the addictive properties of
alcohol [9]. Alcohol, opioids and other substances of abuse act
on the reward pathway and modulate neurotransmitters, neu-
ropeptides, their receptors and modulatory enzymes. These
SUDs can act at different anatomical and subcellular regions
of the neural circuitry of reward and addiction to modulate
neurotransmitter release, processing, and metabolism.

Whereas individuals regardless of whether of European,
African, Asian, or Hispanic descent can be impacted by the
devastating effects of opioid addiction, we show that suscep-
tibility and approach to treatment will vary widely. With a
one-size fits all approach to the opioid addiction problem in
America, a cycle is perpetuated where medications pre-
scribed to one societal group may be effective whereas in
another group it is grossly ineffective, and this ineffective-
ness can perpetuate drug relapse due to inadequate therapy.
Precision addiction medicine through pharmacogenomics
involves accounting for the individual’s genetic profile to
determine dosing based on metabolizer phenotype for more
effective opioid therapy. In addition, a great many gene po-
lymorphisms influence how the brain process reward and the
propensity to develop addiction. We analyze the literature to
1) determine the inclusion of various ethnic groups in impor-
tant genome-wide studies, and 2) when included we report
similarities and differences for expressing allelic SNPs be-
tween groups. This approach highlights the necessity to in-
clude people of all backgrounds to reduce the disparity of
access to innovative treatment in America. Furthermore,
genetics can present the opioid addiction problem as a medi-
cal disorder to de-stigmatize its impact and encourage others
to adopt early prevention measures in individuals.

The reward pathway and the point at which other sub-
stances of abuse influence its function have been reviewed
extensively elsewhere [10, 11]. In the first part of this re-
view, we discuss the natural reward pathway and the neuro-
biology and anatomy of opioid addiction. Next, we focus on
studies to examine genetic links to opioid use disorder, with
a specific focus on disparities in different populations, exam-
ining ancestry-specific differences or ancestry-neutral
(shared) commonalities in susceptibility to addiction, re-
lapse, and drug metabolism. We focus on specific genes im-
plicated in reward and discuss the single nucleotide poly-
morphisms (SNP) evaluated in different ethnicities. As soci-
ety moves toward precision medicine, OUD will require a
genetic basis for precision addiction management [12].

2. NEUROBIOLOGY OF OPIOID ADDICTION

We now know how opioids induce their powerful neuro-
pharmacological effects as established by discoveries of sci-
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entists in the *70s who presented evidence for endogenous
opioid peptide biology [13-15], characterization of opioid
peptides [16-18] and even their role in alcoholism [19, 20].
The three major opioid receptors, mu (MOR), delta (DOR),
and kappa (KOR) were cloned in the early nineties [21-24]
and further understanding of their neuropharmacology has
been derived from knock-outs [25].

In general, psychoactive abusable drugs induce an in-
crease in dopamine in the nucleus accumbens (NAc). Con-
tinued chronic stimulation can desensitize or upregulate do-
pamine receptors, thus increasing the dopamine requirement
to achieve the same amount of pleasure [26]. The molecular
mechanism underlying opioid addiction is an intricate bio-
logical process that involves exposure of opioids/opiates to
and activation of opioid receptors in the ventral tegmental
area (VTA). Specifically, opioids bind mu opioid receptors
(MOR), which belong to the G protein-coupled receptor
(GPCR) superfamily of seven transmembrane receptors [27],
on the inhibitory neurons in the VTA to initiate a cascade of
downstream reactions via the Go/GBy protein pathway [28,
291. Consequently, adenylyl cyclase and the voltage-gated
Ca”" channels are inhibited by Ga and Gy proteins, respec-
tively, while G protein-activated inwardly rectifying K+
channels (GIRKSs) and phospholipase CP effectors are both
stimulated by Gai [30, 31].

Studies have shown that opioid-mediated adenylyl cy-
clase inhibits the release of some transmitters including
gamma-aminobutyric acid (GABA) [32, 33]. Important me-
diators of opioid actions involve MOR-mediated [34] down-
stream signaling with inhibitory effects on neural excitability
occasioned by the Gai interaction with GIRKs and the reduc-
tion in Ca2+ currents across the membrane [35]. Overall, the
combined effects of opioids on MORs result in the release of
dopamine from VTA terminals innervating the nucleus ac-
cumbens (NAc), a process reported to be facilitated by con-
comitant MOR-mediated GABA downregulation in the VTA
[36, 37]. Furthermore, the VTA itself is controlled by or
communicates with a variety of brainstem structures. The
NAc is referred to as the pleasure center of the brain because
of its connection with and modulation of other regions that
translate the rewarding properties of substances as pleasur-
able; These substances encompass not just drugs of abuse,
but also other substances like food, sex, exercise, and other
activities/behaviors that cause dopamine release from VTA
terminals onto the NAc [38]. Thus, activation of the NAc
results in and from firing through secondary, parallel series
of integrated circuits to the reward system comprising the
amygdala, hippocampus and prefrontal cortex (Fig. 1), as
well as the striatum, which respectively control emotion [39,
40], memories [41], and habit and processing of reward [42].
While the production of dopamine itself does not result in
addiction, its unregulated production in the NAc, and sus-
tained firing in other regions of the brain as a result of con-
tinuous exposure to opioids in the mesolimbic reward path-
way, produces a reinforcement of gratifying sensations. Over
time, brain reward systems may readjust via altered regula-
tion of receptors and modulation of transporters, enzymes,
reuptake pumps. Various signaling machinery to accommo-
date these changes will require more opioids/opiates to
achieve comparatively the same level of gratification, a con-
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Fig. (1). Schematic of reward circuitry. This shows interconnected mesocorticolimbic regions that interact to control reward behavior. These
include the hippocampus, the amygdala, the VTA, the PFC, and the NAc. This is a VTA-NAc centric cartoon, but there are reciprocal inter-
actions between the PFC, Hippocampus, and amygdala (not shown). Except for the RMTg, downstream components of the Brain Reward
Cascade are omitted for simplicity. Dopaminergic neurons emanate from the VTA (purple). The NAc receives its dopaminergic input from
the VTA and integrates that with cortical hippocampal and amygdaloid afferents to effect dopamine reward (converging arrows in NAc).
NAc-VTA share reciprocal inhibitory projections and the VTA receives inhibitory afferents from the RMTg that modulate its activity.
Opioid receptors modulate GABA neuron activity (red). PFC, prefrontal cortex; NAc, nucleus accumbens; VTA, ventral tegmental area; Red
interneuron in the VTA represents GABAergic neurons/synapses expressing opioid receptors. NAc, Nucleus Accumbens; PFC, prefrontal
cortex; VTA, ventral tegmental area; RMTg; rostromedial tegmental area. (4 higher resolution / colour version of this figure is available in

the electronic copy of the article).

dition known as tolerance [43]. Eventually, subjects may
become addicted to drugs of abuse as a result of defective or
impaired rewiring of the reward system and the prefrontal
complex, which controls planning and decision making [10,
44]. Whereas MORs mediate the rewarding effects of
opioids, kappa opioid receptors (KORs) have antagonistic
actions in terms of reward and addiction processes and me-
diate the dysphoric and aversive effects of the drug in ani-
mals and humans [45, 46]. The role of delta opioid receptor
(DOR) is unclear since morphine reward and motivation
seems independent of DOR based on knock—out mouse ex-
periments [47, 48].

3. OPIOID USE DISORDER, A GLOBAL ISSUE

The brain has a family of endogenous opioids peptides
such as endorphins, enkephalins, Substance P, the release of
which is controlled by the hypothalamus. These opioids are
used as the brain’s endogenous analgesics and also activate
the reward system and register pleasure and satisfaction.
Research on these endogenous resident peptides and their
modulation by and interaction with exogenous opioid drugs

as well as alcohol or other illicit substances supports the no-
tion of common neurochemical mechanisms of seemingly
diverse addictive drugs [49]. It is strongly supported by
clinical and biological data that opioid addiction is a brain
disorder that causes neuroadaptive alterations in neural circuits
leading to dependence, craving, and relapse or drug rein-
statement. Jones [50] has provided evidence that addiction to
prescribed opioids is associated with transition to illicit her-
oin. Moreover, Schiller [51] reported that opioid-related
overdoses have risen since the 1990s and these overdoses
include not only heroin but fentanyl and oxycodone. Interest-
ingly, the so-called global opioid epidemic seems to have a
lower impact in Australia [52] and Europe [53] but these
regions require careful scrutiny for methods that work and
continued vigilance to prevent an epidemic [54].

4. THE NATURAL REWARD PATHWAY AS WE
KNOWIT

As previously discussed, the mesocorticolimbic system
regulates the natural reward pathway of the brain [55], and
accounts for the motivated adaptive behaviors that condition
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the brain system to continually seek for beneficially, reward-
ing events such as food, sex and pleasures [38]. The molecu-
lar mechanism underlying this pathway has been unraveled
by several studies. The mesolimbic pathway starts at the
midbrain’s ventral tegmental area (VTA), where resident
dopamine-synthesizing projection neurons innervate brain
regions such as the nucleus accumbens (NAc), amygdala,
hippocampus, striatum and the prefrontal cortex (PFC) [56].
The amygdala, hippocampus and parts of the ventral striatum
constitute the limbic system and are embedded deep to cere-
bral cortical regions in the basal, inferior aspects of the brain
[57, 58]. They, along with the PFC, send glutamatergic input
to the NAc.

Specifically, the amygdala mediates negative emotions,
[39, 40], motivational components of emotion, and along
with the ventral hippocampus, modulates emotional memo-
ries and learning [59]. By contrast, the dorsal and ventral
striatum contribute to habit forming and the processing of
reward, respectively [42]. Together, the limbic system con-
trols important processes such as motivation, emotion, learn-
ing and memory and is part of the stress surfeit domain of
addiction [26, 60]. The NAc, referred to as the brain pleasure
center, is part of the ventral striatum (VS) [42, 61] and is the
responsive site where reward (dopamine) is processed
through activation of dopaminergic receptors (DRD) and
induction of subsequent signaling cascades. The medial pre-
frontal cortex is crucial to planning, thinking, decision mak-
ing and for memory storage [62]. Together these contribute
to the anticipation/preoccupation phase of addiction and re-
ward seeking. When the brain is exposed to potentially re-
warding events, some of which are critical to maintaining
life, the VTA neurons become activated [63]. The stimula-
tion of VTA neurons induces the release of dopamine in the
synaptic cleft or junctions separating VTA axons and respec-
tive resident neurons of the cortex, limbic and NAc regions
[56, 62, 64] (Fig. 1). Released dopamine binds to the dopa-
mine receptors on the surface of postsynaptic neurons in the
limbic and NAc regions. Unbound dopamine is reabsorbed
into the VTA presynaptic neurons through the dopamine
reuptake pumps as a mechanism to check uncontrolled
stimulation [65].

Understandably, there tends to be a strong focus on the
VTA-NAc projections when addressing reward. However,
convergence of many systems is needed in order for dopa-
mine to be released from the VTA, be processed into a re-
warding stimulus that affects post-NAc systems and be re-
corded through behavior or sensation as a rewarding stimu-
lus. In the ‘Brain Reward Cascade’ (BRC) as termed by
Blum & Kozlowski in 1990 [66], these interactions between
neurotransmitters and neuromodulators expand the areas
where reward processing may be influenced. They discuss
the complex actions of alcohol to model activation of sero-
tonergic, opioidergic, glutamatergic, GABA-ergic and nore-
pinephrine neurons from a network of interconnected brain
systems (including the hypothalamus, Raphe nuclei, and
other brain stem/limbic regions) that converge onto the VTA
as part of the BRC. Genetic, epigenetic or biochemical
modulation at any point -- on the enzymes necessary for syn-
thesis and breakdown, on receptors that transduce the signal,
or on enzymes and transporters that terminate the signal --
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could significantly impact how the reward is processed. The
BRC effects in the limbic system and the NAc are translated
into emotional manifestations, memorable activities and ha-
bitually-worthy events by the amygdala, hippocampus and
the striatum, respectively. The overall sensation is stored in
the PFC. The continuous stimulation of the VTA dopa-
minergic pathway through prolonged exposure to these
events creates a positive reinforcement of pleasurable feel-
ings worthy of perpetuation.

5. DRUG-DISRUPTIVE REWARD PATHWAY

The natural reward pathway/brain reward cascade can be
disrupted by exogenous substances, including natural and
synthetic drug molecules. In addition to the long-held and
widely accepted hypothesis that dopamine is the catechola-
mine involved in the mediation of reward by alcohol and
heroin [67, 68], it is also fairly widely established that nico-
tine, cocaine, methamphetamines, ketamine efc. also use
dopamine to communicate their rewarding properties [69]. In
addition, behaviors such as pornography [70], gambling [71]
and video games [72] also illicit dopamine. Prolonged expo-
sure to these substances impacts the reset point of neuro-
transmitter balance. Although the mechanism of disrupted
reward differs slightly among drugs that modulate abuse and
addictive behaviors, the resultant impact is on dopamine-
mediated reward [64]. Opiates/opioids, including heroin,
morphine, methadone, buprenorphine, fentanyl and its many
derivatives, have a high affinity for their receptors and dis-
rupt the reward pathway through the continuous stimulation
of the dopaminergic pathway in the VTA [73, 74]. Cocaine
and Methamphetamines on the other hand block the dopa-
mine reuptake pump in the VTA presynaptic neuron, causing
dopamine to be continually available to stimulate the limbic
system, creating a positive reinforcement of pleasurable feel-
ings [75, 76] Prolonged exposure to these drugs of abuse
increases their baseline requirement for rewarding effects by
disrupting the balance of excitatory tone, and leads to abuse,
dependence, and addiction [43].

6. BUPRENORPHINE GENETIC CATABOLISM AS A
FUNCTION OF ETHNICITY

Differences in the metabolism of buprenorphine, one of
the three pharmacological therapies for opioid use disorder
(OUD), is a good example of how genetics influences the
effective dose for treatment. Buprenorphine, a partial agonist
of the mu opioid receptor, is considered by many as a safe
and effective therapy for opioid addiction and is heavily re-
lied upon in the current epidemic for the treatment of indi-
viduals with OUD. When taken orally, buprenorphine has a
delayed peak circulating level (~1hr) and can remain in the
bloodstream for up to 22 hours, and thus is ideal for a once a
day, long-acting treatment [4, 77, 78]. The cytochrome P450
enzyme CYP3A4 is the metabolizing enzyme for buprenor-
phine, and allelic variations such as the *1B allele confer a
faster metabolism of buprenorphine, clearing it from the sys-
tem, and this may precipitate relapse in individuals. Since
dosing limitations vary widely from state to state, insurance
plan limits on buprenorphine dose could adversely, differen-
tially affect certain populations.
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This discrepancy of appropriate dosing has been further
vetted by Accurso & Rastegar [79] who argue that the opti-
mal dose for office-based buprenorphine is unknown. They
found that when insurance companies imposed a buprenor-
phine dose decrease for patients, this was associated with an
increase in aberrant drug tests [80]. Further, patients in a
control group with higher buprenorphine doses had greater
retention in treatment. These findings suggest that buprenor-
phine dosages greater than 16 mgs are more effective for
some patients and dose limits at 16 mgs or lower are harm-
ful. Therefore, with a cap on the prescription of buprenor-
phine, patients who have the risk allele for CYP3A4, may be
doubly disadvantaged.

To this end, the National Human Genome Center
(NHGC) at Howard University, Howard University College
of Pharmacy, and Chapman and colleagues [81] pharmaco-
genetically tested a population of 98% African-Americans
for CYP3A4, the major metabolizing enzyme for buprenor-
phine (+Naloxone). Genotyping 144 patients resulted in a
wide polymorphic variation whereby a total of 85% of the
population carried the extended metabolizer CYP3A4 *1B
promoter variant allele. In fact, it was found that 43% of the
population carried *1/*1B; and 42% carried *1B/*1B homo-
zygote, whereas a larger mixed population database indi-
cated that only 26% carried the extended *1B metabolizer
[81]. This is further supported by Wandel, C. ef al. [80] who
found that CYP3A4*1B (-290A>Q@), has an allelic frequency
that was very low in European Americans but high in Afri-
can American participants. This reveals a possible genetic
disparity between Caucasian and African American indi-
viduals. This disparate higher expression of *1B may extend
to individuals of African descent in general, as revealed by a
study of 6 North African countries executed by Fernandez-
Santander and colleagues [82]. Individuals from these re-
gions of Africa, in spite of their heterogeneous, genetically
diverse populations, had allelic frequencies in the
CYP3A4*1B allele that largely exceeded the variation
ranges described in European counterparts [82]. Since the
CYP450 family is large, it is highly likely, in fact, that dif-
ferent ethnicities metabolize the pharmacological interven-
tion differently, and are susceptible to overdose or even ad-
diction, based on genetic alleles of the CYP450 family. To-
gether, these data suggest that higher dosing of buprenor-
phine may be necessary to reduce treatment failure in certain
populations of our society, e.g. African-Americans [81-83].
These data further indicate that treatment for OUD should be
matched to the individual patient’s genetic and epigenetic
variations and pharmacological profile in drug metabolism.
Additional pharmacogenetic studies of cytochromes P450
such as CYP3A4 for metabolizing buprenorphine and
CYP3A4 and CYP2D6 for methadone are needed, as well as
studies that lend an understanding of how efflux pumps
function. Indeed, inhibiting CYP3A4 with delavirdine, an
antiretroviral medication used in HIV- treatment induces an
elevation of methadone plasma concentration and drug de-
layed clearance [84]. From a consensus of the CYP450 sys-
tem literature, it appears that although some variants of
genes are associated with undesired circulating plasma levels
of OUD therapeutics, these data have not influenced dose
requirements or overall provider behavior [85]. However, if
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more studies consider the ethnic ancestry in the study co-
horts, perhaps a more solid foundation or consensus can be
reached, as the results thus far are spurious at best.

7. NEUROGENETICS OF OPIOID USE DISORDER
AS A FUNCTION OF ETHNICITY

A major issue concerning the underpinnings of genetics
and associated polymorphic risk alleles is the disregard for
consideration for the role played by ethnic ancestry, differen-
tially displayed in various nationalities and regions. Also
understudied is whether or not the carrying of these risk al-
leles actual load onto OUD. In this overview, we carefully
consider the paucity of this important work required by cli-
nicians/scientists in truly understanding the benefits of ge-
netic testing especially in underserved populations. While
the neurogenetics of the brain reward circuitry is a work in
progress since the seminal finding of the DRD2 Al allele
association with severe alcoholism [86], more work is needed.

With this brief snapshot of the brain reward cascade and
effector brain regions and related neurotransmitters leading
to a net release of dopamine at the NAc and subsequent re-
ceipt of reward and well-being, the following provides a very
brief overview of a number of genes involved in the reward
pathway and their associated risk alleles as presented in the
literature. Our focus here is to identify these genes and po-
lymorphisms especially related to differential prevalence or
resilience among African-Americans and other ethnic
groups. While there are hundreds of genes implicated in the
brain reward circuitry, for this review we have selected just a
few candidate genes and associated polymorphisms and
well-known risk alleles for drug related addictive behaviors
as an example of the literature to showcase the importance of
neurogenetics and ethnicity (Table 1).

8. POLYMORPHISM OF REWARD GENES AS A
FUNCTION OF ETHNICITY

8.1. DRD2

The DRD2 gene was cloned by Grandy, D. et al. [87] and
mapped to chromosome 11 at q22-q23 [88]. It encodes the
dopamine receptor type 2 [87, 88] and was first associated
with alcohol and cocaine addiction in the early 1990s [86,
89, 90]. DRD2 has also been implicated in learning, memory
and disorders like Alzheimer’s disease [91]. In rat brains,
DRD?2 is expressed highly in the cortex, hippocampus, ven-
tral and dorsal striatum and the claustrum [92]. Additionally,
substantial amounts of DRD2 have been found to be ex-
pressed in the thalamus, amygdala, and pons [92, 93].
Prominent DRD2 SNPs in humans that have been identified
to predispose people to substance (alcohol, nicotine, cocaine
and opioids) misuse or addictions include rs6275, rs6277,
rs1076560, rs1799978, rs1800497 (TaqlA) and rs1079597
(Taq1B). Recent studies have now shown that rs1800497 is
located on ANKKI1 gene, downstream of DRD2. Whereas
rs1076560, rs1800497 and rs1079597 have all been explic-
itly linked with opioid addiction, only rs1076560 has been
investigated in African-Americans (AA) [94]. Clarke and
colleagues [94] established an association between rs1076560
and opioid addictions in both European Americans (EAs)
and AAs. To establish this association, 1041 EA and 284 AA
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Table 1.  Publications on gene variants associated with opioid use disorder (OUD) as related to diversity of study cohort.
Genes Variants (SNPs and Publication Describing Publications that Publications that Publications that Publications that
Haplotypes) Association with Opioid Consider C: Consider Chi Consider Consider African
Dependence Hispanics Ancestry
DRD2 1s6275; 1s6277; Clarke, T.K. et al. [94]; Hou, Clarke, T.K. et al. [94]; Hou, Q.F. and Li, Clarke, T.K. et al.
rs1076560; rs1799978; Q.F.and Li, S.B. [95]; Vereczkei, A. et al. S.B. [95]. [94].
rs1800496; rs1801028 Vereczkei, A. et al. [96]; [96]; Lawford, B.R. et
Lawford, B.R. et al. [98]. al. [98].
DRD3 rs6280 Levran, O. et al. [99]; Kuo, Levran, O. et al. [99]. Kuo, S.C. et al.
rs9825563 S.C. et al. [100]. [100].
1s2654754
rs9288993
rs1486009
DRD4 rs1800955 Vereczkei, A. et al. [96]; Vereczkei, A. et al. Ho. AM. et al.
Szilagyi, A. et al. [102]; Ho. [96]; Szilagyi, A. et al. [103]; Lai, J.H. et
AM. et al. [103]; Lai, J.H. et [102]. al. [104].
al. [104].
OPRM1 rs1799971 Bond, C. et al. [115]; Crowley, Bond, C. etal. [115]; Szeto, C.Y. et al. Bond, C. et al. Bond, C. etal. [115];
rs1799972 J.J. et al. [120]; Szeto, C.Y. et Crowley, J.J. et al. [123]; Shi, J. et al. [115]; Crowley, J.J. Crowley, J.J. et al.
al. [123]; Shi, J. et al. [124]; [120]; Hastie, B.A. et [124]. et al. [120]; Hastie, [120]; Hastie, B.A. et
Hastie, B.A. et al. [118]. al [118]. B.A. et al [118]. al [118].
OPRD1 rs1042114 Zhang, H. et al. [129]; Levran, Zhang, H. et al. [129]; Levran, O. et al. [132];
rs678849 O. et al. [130]; Nelson, E.C. et Crist, R.C. et al. Crist, R.C. et al. [122].
rs10753331 al. [131]; Levran, O. et al. [122];Levran, O. et al.
1rs529520 [132]; Crist, R.C. et al. [122]; [130]; Nelson, E.C. et
rs581111 Sharafshah, A. et al. [133]; al. [131]; Beer, B. et al.
rs2234918 Beer, B. et al. [134]. [134].
KCNC1; rs60349741 Gelernter, J. et al. [146]. Gelernter, J. et al. Gelernter, J. et al.
KCNG2 rs62103177 [146]. [146].
OPRK1 rs1051660 Yuferov, V. et al. [135]; Jones, Yuferov, V. et al. Yuferov, V. et al. Yuferov, V. et al.
I.D. et al. [136]; Nagaya, D. et [135]; Jones, J.D. et al. [135]; Jones, J.D. et | [135]; Jones, J.D. et al.
al. [137]; Zhang, H. et al. [136]; Zhang, H. et al. al. [136]. [136].
[129]; Albonaim, A. et al. [129]; Gerra, G. et al.
[138]; Gerra, G. et al. [139]; [139]; Levran, O. et al.
Kumar, D. et al. [140]; Levran, [130].
O. et al. [130].
BDNF rs6265; rs11030104; Jin, T. et al. [152]; Jia, W. et al. Jin, T. et al. [152];
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opioid addicts were genotyped for rs1076560. Initial analysis
found a significant association between rs1076560 and both
ethnic groups at p = 0.02 for EA and p = 0.03 for AA. Final
analysis after correction for multiple testing also revealed an
association. While Clarke, T. et al. [94] included significant
numbers of AA in their studies, other research groups did
not. For instance, in their effort to establish an association
between rs1800497 and heroin dependence, Hou and Li,
2009 [95] only included Chinese population in their studies
while Vereczkei, A. et al. [96] considered subjects of Hun-
garian descent (Caucasians) in their multivariate analysis
involving many DRD2 genes to establish an association be-
tween rs1800497 (TaqlA) and rs1079597(Taql1B) and her-
oin dependence. These findings are in agreement with earlier
work from Blum’s group in 1993 showing the association of
rs1079597 (TaqlB) and severe alcoholism [89] and with the
work of others at the National Institute of Drug Abuse
(NIDA) showing that polysubstance users with histories of
heavy daily preferential psychostimulant use more often dis-
played [97] one or two copies of the Taql Al (27/62 =
43.5% vs 33/119 = 27.7% for controls), and B1 (20/62 =
32.3% vs 23/119 = 19.8% for controls) markers at the DRD2
locus. However, once again Caucasians were prominent as
the cohort [97].

In a follow-up study of an out-patient clinic using metha-
done for the treatment of OUD, Lawford, B. er al. [98]
evaluated only 95 patients, all of whom were of European
ancestry. Apart from the high correlation between rs1800497
and opioid dependence, this study revealed a negative treat-
ment response for rs1800497 (A) allele group, thereby pre-
senting the A allele as a risk factor of opioid dependence.

8.2. DRD3

The DRD3 gene, which is found on chromosome 3q13.3,
encodes dopamine receptor type 3. The D3 receptors are
densely located in the limbic subcortical regions of the brain,
specifically the NAc, thalamus, hypothalamus, and the cere-
bellum. More than 50 SNPs have been identified in DRD3.
Of these, few have been implicated in impacting the dopa-
minergic-mediated reward pathway. rs2654754, rs9288993
and rs1486009 showed significantly high association with
heroin addiction in subjects predominantly of European an-
cestry [99], the only ethnic background considered. In an-
other study evaluating the impacts of DRD3 variants with
heroin addiction in Han Chinese subjects, rs6280 and
rs9825563 SNPs showed a significant association with the
development of early-onset heroin dependence [100]. So far,
only a few studies have been done to link DRD3 variants
with opioid use disorder. However, to our knowledge, none
of these studies considered African Americans or Hispanics.

8.3. DRD4

Dopamine Receptor Type 4 (DRD4) is encoded by the
DRD4 gene on chromosome 11, specifically at 11pl5.5
[101]. Notable DRD4 SNPs include rs1800955, rs936462
and rs747302. Several studies have reported an association
of rs1800955 (-521 C/T) with heroin dependence, with a
protective effect of the C allele [96]. To arrive at these re-
sults, Vereczkei, A. et al. [96] and Szilagyi, A. et al. [102]
have all considered only Caucasian population while Ho, A.
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et al. [103], and Lai, J. et al. [104] focused their study on
subjects of Chinese descent.

In addition to SNPs, variable number of tandem repeats
(VNTRs) have been reportedly found in DRD4 exon 3 [105].
These VNTRs exist in 3 different allelic repeats of two, four
(48bp; < 4 = short allele) and seven (120bp; > 7 = long al-
lele) [106]. It has been shown that subjects with seven re-
peats or greater exhibit higher vulnerability to high alcohol
consumption [105] including among youths [107, 108]. Shao
et al. [109] have reported a high frequency of VNTR long
allele in Chinese subjects, while Franke et al. [110] reported
a high frequency in heroin addicts of German descent. Mul-
tiple authors have considered both long and short alleles of
DRD4 in their association studies with heroin in Caucasian
and Chinese descent and found no correlation [96, 102, 104,
111]. However, in an earlier study, Kotler et al. [112] had
reported that the 7-repeat allele is significantly over-
represented in an opioid-dependent Israeli population cohort,
with a relative risk of 2.46. Similar to the Kotler ef al. study,
Li, T. et al. [113] also reported a high vulnerability of heroin
addiction for Chinese subjects with high frequency long al-
lele DRD4 exon 3, while Chien, C. ef al. reported that long-
repeat allelic and 2-repeat allele variants of DRD4 exon 3 might
be associated with heroin addiction in Chinese men [114].

8.4. OPRM1

The OPRMI1 gene encodes the p opioid receptor located
on chromosome 6q24-q25. Mu opioid receptor activation is a
powerful mediator of the rewarding effects of opioids. In-
depth study of this gene has revealed several SNPs that have
been linked with substance misuse, including alcohol,
opioids, cocaine and nicotine. Studies of OPRM1 polymor-
phisms lack adequate address of African ancestry. Although
there are many OPRMI SNPs, rs1799971 (A/G) and
rs1799972 (C/T) remain the most prominent and investi-
gated, with a record of linkage with opioid dependence.

In 1998, Bond, C. et al. [115] described disparate allele
frequencies for A118G and C17T. According to this study,
allele frequencies among African-Americans, Caucasians
and Hispanics in the study population were respectively
0.984, 0.885 and 0.858 for rs1799971 (A), and 0.016, 0.115
and 0.142 for rs1799971(G). Therefore, African-Americans
present with the highest allele frequency for rs1799971(A)
and lowest for rs1799971(G). In this case, the risk allele as-
sociated with opioid addiction is rs1799971(G) and is pre-
sent at a minimal frequency in AAs. Although these authors
did report a higher allele frequency of rs1799971(G) in
opioid-dependent compared with non -dependent subjects in
Hispanic subgroups, they could not find any significant dif-
ferences in allele frequencies between opioid-dependent and
nondependent subjects in all ethnic groups combined.
rs1799971(A) may provide protection against opioid addic-
tion in African-Americans. It is noteworthy that while this
may be true, poorly screened controls free of hidden reward
deficiency syndrome (RDS) behaviors could have skewed
the results [116]. A thorough definition of RDS and the diseases
that encompass this syndrome has been published [117]. In
another study comprising 81 African Americans, 79 Hispan-
ics, and 87 Caucasians, a lower frequency of the G allele in
African Americans was also reported [118]. In Caucasians,
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the G allele was associated with decreased pain sensitivity,
i.e., higher pain threshold. Furthermore, even though the
Hispanic cohort possessed the G allele at similar frequencies
to the Caucasian group, their pain sensitivity did not change.
While the reasons for this observation remains unknown, the
authors postulated that the involvement of ethnic differences
in haplotypic structure of A118G may be responsible [118].

For rs1799972(C), the major allele frequencies were
0.790, 0.981 and 0.963 for African-American, Caucasian and
Hispanic individuals, respectively whereas the respective
minor allele frequencies for rs1799972 (T) were 0.210, 0.019
and 0.037 in the overall population. Consequently, the minor
allele rs1799972 (T) was found to be predominantly higher
in opioid-dependent persons in all the subjects combined,
presenting the rs1799972 (T) as a risk factor for opioid de-
pendence. The authors recommended more investigation to
validate these results, especially within each ethnic group.
Another study reported no association between polymorphic
haplotypes in OPRM1 in African-Americans and alcohol and
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opioid dependence, although significant haplotype frequen-
cies were observed in European-Americans. The SNPs con-
sidered were -2044C/A, -1793T/A, -1699insT, -1469T/C, -
1320A/G, -111C/T, +17C/T (Ala6Val), and +118A/G [119].
This finding must be taken seriously because it suggests that
even though there is an increased prevalence of a particular
SNP or variant in AA it does not always translate to similar
addictive behaviors as is observed in other ethnic groups.
The potential effect of these various haplotypes in modulat-
ing reward is represented in Fig. 2.

A study by Crowley, J. et al. in 2003 [120] revealed no
significant association between 5 SNPs, including rs1799971
and rs1799972, and opioid dependence in neither African
nor European ancestry, although significant allele differences
were apparent for all the SNPs between African American
and European Americans. This study was accomplished
through a genome association study in which 213 subjects
(89 African-Americans and 124 European-Americans) with
severe opioid dependence and 196 “supercontrol” subjects

CYP3A4
*1B/*1B

Higher incidence of *1B,
higher relapse potential

Lower incidence of*1B
with Buprenorphine

Fig. (2). Representative differential impact of gene variants on opioid metabolism in European and African Americans. (A) -2044C/A haplo-
types modulate the reward pathway to have a net negative effect on OUD, where European Americans with this allele are more susceptible to
OUD than African Americans (Luo et al., 2003 [119]). By contrast, (B) a higher frequency of the *1B allele is present in African Americans,
and this allele confers the extended metabolizer phenotype (Chapman et al. 2018 [81]; Wandel et al., 2000 [83]; Fernandez-Santander et al.,
2016. [82], thus increasing chances of relapse in African Americans undergoing opioid replacement therapy with Buprenorphine/Suboxone.
CYP3A4, Cytochrome P450 3A4; GABA, gamma-aminobutyric acid; NAc, Nucleus accumbens; OPRM1, mu opioid receptor; VTA, ventral
tegmental area. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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(96 African-Americans, 100 FEuropean-Americans) were
genotyped and screened for five SNPs residing in the
OPRMI1 gene. The SNPs include three in the promoter re-
gion (T-1793A, -1699T insertion and A-1320G) and two in
exon 1 (C+17T and A+118G). Clarke and colleagues inves-
tigated rare SNP variants in 1377 European Americans and
1238 African Americans [121]. The group found an associa-
tion between rs62638690 (not rs17174794) and heroin and
cocaine addiction in European Americans. In the 1238 Afri-
can Americans, the association was with two rare SNPs,
rs199971 and rs17174801. A limitation of this study is that
the same SNPs were not analyzed across ethnic groups for
direct comparison [121, 122].

On the whole, there are contrasting reports regarding the
connection between OPRM1 and opioid dependence. Some
authors have reported an association between OPRM1 SNPs
and opioid dependence, while others have refuted this claim.
While Szeto, C. et al. 2001 [123] reported an association
between the G allele of rs1799971 and heroin addiction in
Chinese heroin addicts, Shi, J. et al. 2002 [124] reported a
contrary result also in Chinese heroin addicts. In another
study of subjects from the Bulgaria population, no evidence
of association was found between rs1799971 and heroin de-
pendence. Again, these discrepant findings may be due to
poorly screened controls [117]. Another study suggests that
the G allele of rs1799971 is emerging as a potentially protec-
tive allele. A Tufts University study of neonatal abstinence
syndrome (NAS) infants showed that patients with this G
allele had an average shorter stay for treatment in the hospi-
tal and these infants are 25% less likely to require treatment
for NAS. It is postulated that b-endorphins bind to the mu
opioid receptors with such affinity and upon exposure to
additional opiates fewer MORs are produced and thus fewer
opioid receptors are available to respond to the parent’s in-
take of opiates while in utero [125]. Ancestry of the infants
was not specified.

Additionally, SNPs can have implications for the efficacy
of methadone, a full and potent agonist of the MOR, used to
treat heroin/opioid dependence. Crist and colleagues show
that SNP alleles A/G and G/G but not A/A of rs10485058
located in the 3° UTR may be associated with relapse and
reduced efficacy of methadone. The G allele mRNA pre-
sumably binds to miRNAs which inhibits translation of
MOR, reducing methadone action, perhaps rendering indi-
viduals susceptible to relapse [126]. Therefore, genetic con-
siderations are important for determining the efficacy and
choice of various pharmacotherapies. This effectiveness will
differ based on ancestry. Several other studies investigated
an association between OPRMI1 gene variants and opioid
dependence but did not consider subjects of African descent
[127, 128].

Taken together, with respect to OPRMI1, some studies
indicate that SNPs associated with OUD in European Ameri-
can subgroups, although these very SNPS may be present in
African Americans, do not seem to confer susceptibility to
OUD in AAs, and furthermore some SNPs may have neuro-
protective characteristics conferring resilience to opioids
[120, 121, 125].
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8.5. OPRD1

Prominent SNPs in OPRDI1 include 1rs1042114,
rs678849, rs10753331, rs529520, rs581111, and rs2234918
and these OPRD1 gene variants have been investigated for a
link with opioid addiction [122, 129-134]. Of all these stud-
ies, only Levran, O. et al. [132] and Crist, R. et al. [122]
considered AAs in their study cohort. In fact, Levran, O. et
al. [132] exclusively considered subjects of African descent
in which 1350 SNPs of 130 different genes were genotyped
in 202 former severe heroin addicts undergoing methadone
treatment and 167 healthy controls with no history of drug
abuse. In the Levran, O. et al. study, no significant associa-
tion with OUD was found for SNPs in OPRDs. Of the other
genes, there were many associations with OUD, but of inter-
est was the finding that glutamate receptor subunit GRIN2A
haplotype G-A-T (rs4587976-rs1071502-rs1366076) had a
protective effect on AA heroin addicts.

On the other hand, in their comparative analysis of the
effect of OPRD1 variants with respect to Methadone and
Buprenorphine treatment in African-Americans and Euro-
pean- Americans, Crist, R. et al. [122] genotyped five SNPs
on the OPRDI1 locus. While the result of the analysis re-
vealed no association or outcome with methadone and bu-
prenorphine treatment in European- Americans, subjects in
the African-American group with the intronic rs678849 (CC)
genotype and on buprenorphine treatment were observed to
have less opioids in their urine than subjects in the same
subgroup with the rs678849 (CT) or rs678849 (TT). Further
analysis in the same subgroup revealed a contrasting result
as subjects with the rs678849(CC) genotype and on metha-
done treatment were observed to have more opioids than
subjects in the same subgroup with the rs678849 (CT) or
rs678849 (TT). This result showed that African-Americans
addicted to opioids may show differential outcomes with
methadone and buprenorphine depending on the OPRDI1
SNP they possess, with rs678849 (CT) presenting as a good
predictor of positive response to two common treatments for
opioid dependence, buprenorphine and methadone, whereas
the CC haplotype showed an inverse relationship for the ef-
fectiveness of buprenorphine or methadone.

8.6. OPRK1

Another important gene that has been hypothesized to
play a critical role in the reward pathway is OPRKI1. Like
other opioid receptor genes, some of its variants have been
extensively studied to evaluate their influence on the reward
pathway vis-a-vis addictions. Again, of all the studies that
focused on finding an association between OPRK1 polymor-
phisms and addictions, only a few considered AAs, Hispan-
ics or comparative ethnicities. While trying to completely
unravel the structure of this gene, 12 SNPs were identified in
three different ethnic populations, including African Ameri-
cans, European Americans and Hispanics [135]. Nine of
these were novel and 3 had been previously reported.
Rs1051660 (36G>T) was found to show a significant asso-
ciation with opioid addiction [135]. In another study, AA
was included to investigate the mediation of opioid with-
drawal by opioid receptor gene polymorphisms [136]. In this
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study, the two OPRK1 SNPs considered, rs6473797 and
rs963549, were found to show no association with severity
of abstinence-induced withdrawal. Other studies that investi-
gated the impact of OPRK1 polymorphisms on the reward
pathway but that did not include AA subjects include: [129,
130, 135, 137-140].

8.7. KCNC1 and KCNG2

KCNCI belongs to a subgroup of the family of tetrameric
voltage-gated K+ channels, subfamily C member 1 ex-
pressed in the inhibitory fast-spiking GABAergic interneu-
rons of the neocortex, thalamus, hippocampus, and striatum
[141]. In addition to its expression in GABA neurons,
KCNCI is also expressed in T-lymphocytes, oligodendro-
cyte precursor cells, astrocytes, and neural progenitor cells
(NPC) [142-144]. KCNG2 is a member to subfamily G
member 2 of the voltage-gated K+ channels and is expressed
throughout the brain where it regulates the release of neuro-
transmitters. KCNC1 has been linked with a variety of neu-
rological disorders, including seizure [145]. A genome-wide
association study (GWAS) of two populations of opioid ad-
dicts which included both African Americans and European
Americans in the United States revealed an association be-
tween the novel KCNCI (rs60349741) and KCNG2
(rs62103177) gene SNPs, and opioid dependence as defined
in the Statistical Manual of Mental Disorders, Fourth Edition
(DSM-1V) [146]. Although the association of these SNPs
with opioid dependence was found in both AA and EA study
participants. The association was more pronounced in AA.
This study was important because it is the first time variants
of these genes involved in potassium ion signaling pathways
would be linked with opioid addiction.

8.8. BDNF

Brain-derived neurotrophic factor (BDNF), located on
chromosome 11, encodes a member of the nerve growth fac-
tor family of proteins [147, 148]. Because of alternate splic-
ing, this gene is able to code for multiple protein variants.
BDNF-mediated activity enhances the survival of neurons
[149, 150]. Studies have implicated BDNF expressions in the
etiologies of Alzheimer’s, Parkinson’s and Huntington’s
diseases. Thus far, BDNF has been linked with opioid addic-
tion [151]. A notable variant of BDNF is the rs6265
(Val66Met), with an MAF of 0.2013/1008 (1000 Genomes),
present across all ethnic groups. In this variant, the original
valine amino acid is replaced with methionine. In their study
to evaluate the relationship between polymorphisms of
BDNF genes and heroin addiction in the Han Chinese popu-
lation, Jin, T. ef al. [152] found that rs6265, rs11030104 and
rs10767664 in BDNF may be associated with a decreased
risk of heroin addiction. In another study, Jia, W. et al. [153]
evaluated the protective association between four BDNF
variants including rs13306221, rs6265, rs56164415, and
rs16917204 in heroin-dependent subjects in the Chinese
population, and found a role of BDNF rs6265 and
rs13306221 polymorphisms in heroin addiction. Other stud-
ies that focused on characterizing the association and influ-
ence of BDNF variants on opioid addiction include Iamjan,
S. et al. [154], Su, H. et al. [155] and de Cid, R et al. [156].
While lamjan, S. ef al. [154] considered subjects only from a
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Thai population in their study to link rs6265 with metham-
phetamine dependence, Su, H. ef al. [155], using fine map-
ping, identified BDNF SNPs haplotype comprising
rs7127507, rs1967554, rs11030118, rs988748, rs2030324
and rs11030119 associated with differential response to
Methadone Maintenance Therapy (MMT) in Chinese sub-
jects. These six haplotype blocks of BDNF were found to be
associated with a positive response to MMT in Caucasian
subjects, even though no direct relationship had been estab-
lished between each SNP and OUD [156]. Apparently, no
study has yet considered AA in association studies linking
BDNF variants with opioid dependence or addictions.

8.9. NRXN3

Neurexin 3 (NRXN3) is a cell adhesion molecule associ-
ated with maintaining synaptic connections [157, 158]. In
Australian subjects with Bipolar Disorder (BPD), NRXN3
variants rs10144398, rs10151731 and rs10083466 was found
to be associated with BPD in heroin addicts [159]. Another
linkage study analysis comprising Hispanics, AA and EA
suggested linkage of opioid dependence to chromosome 14q,
which encompasses the NRXN3 gene [160], but no ancestry
specific differences were reported.

8.10. COMT

Catechol-O-Methyltransferase (COMT) breaks down
catecholamines including epinephrine, norepinephrine and
dopamine, reducing the level of neurotransmitters involved
in reward, cognition, craving behavior, and motor skills.
Since dopamine is a substrate of COMT, if the ability of
COMT to effectively catabolize dopamine is impacted, many
aspects of reward will be affected. A number of gene vari-
ants encoding COMT and shown to impact reward have been
identified [161]. In trying to investigate the associations be-
tween OPRM1 and COMT genotypes and postoperative
pain, opioid use, and opioid-induced sedation in a EA based
population, Henker, R. ef al. [162] found rs4818 to be mod-
estly associated with the amount of opioids patients con-
sumed in the post-anesthesia care unit during the first 45
minutes. The GG homozygous SNP rs4818 was especially
associated with the consumption of less opioids in the same
time range. Another study failed to establish an association
between rs4818 and heroin dependence in Hungarian pa-
tients [97]. It has been reported that the TT allele of COMT
rs737866 may be associated with the early onset of heroin
use in Chinese subjects [163]. Genetic variability in the
COMT gene may influence the efficacy of morphine in can-
cer patients with pain. Rakvag, T. et al. [164] showed that
cancer patients of Norwegian populations who carried the A
allele of COMT rs4680 required lower doses of morphine to
alleviate their pain when compared to the G variant. Al-
though rs4680 is the most studied COMT SNP, its influence
in opioid catabolism in subjects of African descents is yet to
be fully investigated.

8.11. SLC6A4

Solute Carrier Family 6 Member 4 (SLC6A4) is a sero-
tonin transporter encoded by the SLC6A4 gene [165]. There
are very few primary genetic studies emphasizing the asso-
ciation between SLC6A4 gene variants and opioid addiction.
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Fig. (3). Studies of gene variants and their association with opioid use in different ethnic groups. (4 higher resolution / colour version of this

figure is available in the electronic copy of the article).

In trying to investigate a differential role of serotonergic
polymorphisms, including A-1438G, 5-HTTLPR, and STin2
VNTR in alcohol and heroin dependence, Saiz, P. et al.
[166] showed that there may be an association between these
variants and heroin dependence in a study comprising of
only Spanish subjects. Before this time, Gerra, G et al. [167]
had shown that there may be an association between the SS
genotype of the most investigated SLC6A4 gene variants for
the serotonin transporter-like polymorphic region, 5-
HTTLPR, and heroin addiction in Caucasians subjects,
whereas Szilagyi, A. et al. [103] showed that although 5-
HTTLPR did not impact heroin dependence in Caucasian
subjects, its interaction with DRD4 SNPs, specifically -521
C/T significantly odds ratio (OR) from 2.14 to 4.82, under-
scores the relevance and significance of the combined effects
of the dopaminergic and serotonergic systems in heroin de-
pendence/addiction.

9. DISPARITY IN STUDIES OF GENES VARIANTS
INVOLVED IN OUD

Past and recent studies have shown that OUD may have
some genetic basis which may further be complicated by
ethnicity and epigenetics. Because of this, it is pertinent that
when studying the molecular mechanism underlying the ge-
netic basis of OUD, that ethnicity is considered whenever
possible. Obviously, from this review article sum analysis,
Hispanics and people of African descent have been over-
looked in studies emphasizing the genetic basis of opioid
dependence/OUD. The literature on this subject is summa-
rized in Fig. 3. Asians are included in exclusive studies from
that region. Ironically in America, African-American people
are as highly affected by the opioid crisis as people of Euro-
pean descent (as a percentage of each population). In fact,
according to a recent report by the New York Times, drug
deaths, including opioid related, among blacks in urban
counties rose by 41 percent in 2016, exceeding other ethnic
groups and especially whites by 19 percent in similar urban
communities. Some genetic testing is available for these
genes, especially the genetic addiction risk score where
many of the genes discussed are tested on a panel to deter-
mine risk based on the number of polymorphisms [12, 168].
However, specialized gene panels that target specific popula-

tions will need to be developed as more disparities are identi-
fied between the genetic susceptibility of individual groups
to addiction. It is well established that African populations or
individuals of African descent have greater genetic diversity,
and thus may have a diverse threshold and efficacy profiles
in response to drugs or stimuli [169]. Thus, precision addic-
tion medicine is critical for the proper treatment of opioid
use disorder in diverse populations.

10. MITOCHONDRIAL DAMAGE AND OUD

Although the focus of this review is to examine ancestry-
specific gene variants within the reward pathway, there are
other metabolic pathways that can impact the severity of
OUD. Chronic use of psychostimulant drugs correlates with
oxidative stress [170], opioid-induced mitochondrial dam-
age/accumulation [171], and increased reactive oxygen spe-
cies (ROS) production [172, 173]. A study of OUD patients
showed decreased mtDNA copy number and elevated
mtDNA damage in peripheral blood [174].

One study of Rs1695, an Ilel105Val polymorphism of
Glutathione S-transferase P1 (GSTP1, OMIM: 134660) in-
volved in catalyzing the detoxification of endogenous and
exogenous substances by their conjugation with glutathione
(GSH), showed no association with the risk of heroin and
opium dependency in 442 heroin-dependent subjects com-
pared to 794 healthy controls [175]. However, for superoxide
dismutase-2 (SOD2, OMIM: 147460) involved in the detoxi-
fication of superoxide anions during oxidative stress, an Ira-
nian cohort study comprising 442 heroin- dependent subjects
and 799 healthy controls showed an association between two
SOD2 variants, rs2758339 and rs5746136, and heroin de-
pendence. The AC (OR=0.72, 95% CI=0.56-0.93,
P=0.013) and CC (OR=0.64, 95% CI=0.45-0.92,
P=0.015) genotypes of the rs2758339 were negatively asso-
ciated with the risk of HD, while the AA genotype of the
rs5746136 increased the risk of HD (OR=1.46, 95%
CI=1.03-2.07,P=0.031) [176].

There are very few studies dedicated to showing a corre-
lation between oxidative stress genes variants and opioid
consumption or addiction. Of those, none investigated ethnic
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variations in mitochondrial SNPs. However, this is an impor-
tant consideration.

CONCLUSION

It is our opinion that the dearth of studies focusing on
opioid misuse and abuse including OUD among minorities,
especially Blacks, may be due in part to the low funding
availabilities for such investigations in African countries.
There is also a paucity of neurogenetic based research in
non-African countries with significant populations of Afri-
can ancestry, especially in the United States. Moreover, this
identified disproportionate research as discussed in this re-
view could also be due to a lack of understanding of the im-
portance of results tied to different ethnic ancestry in cohorts
under study, and lack of prioritization of treatment for all
groups. It is important to note that carrying a risk allele does
not automatically confer addiction, especially if the individ-
ual is never exposed. Furthermore, many common minor
alleles and some rare alleles confer protection against OUD,
and their identification will be important for genetic-based
treatment strategies.

We propose that it will be highly beneficial and greatly
advantageous to encourage our scientific community espe-
cially the American Society of Addiction Medicine (ASAM),
American Board of Addiction Medicine (ABAM), American
Psychological Association (APA) and other groups to be
more aware of these genetic differences as reported in this
review and design studies capturing cohorts of multi-ethnic
groups. In addition, we encourage community leaders espe-
cially clinicians to more clearly communicate with their
AA/Hispanic communities to understand the menace of
OUD and the benefits of participating in clinical studies de-
signed to understand the genetic basis of opioid misuse dis-
order. As scientists, we must do our part to sensitize insti-
tutes of the National Institutes of Health (NIH) such as Na-
tional Institute on Drug Abuse (NIDA), National Institute on
Alcohol Abuse and Alcoholism (NIAAA), National Institute
of Neurological Disorders and Stroke (NINDS), National
Institute of Mental Health (NIMH) and other NIH agencies
to fund larger studies on neurogenetics of all addictive be-
haviors with special focus on gene polymorphic differences
as a function of diversity.
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