International Journal of KIU, 2021, 3 (1), 01-12

@ [ International
Journal of KIU

International Journal of KIU

K AN &\"t
Journal home page : https: //ij.kiu.ac.lk/
DOI: https://doi.org/10.37966/ijkiu2021031019

Review Article

e Y
hE.

g I-‘.L |I

A brief review on genetics of opioid receptors in opioid addiction

Wijekumar, P. J.!, Ranadeva, N.D.K", A.R. Jayamaha?, S.S.N. Fernando®

! Faculty of Health Sciences, KIU, Sri Lanka
2 Faculty of Nursing, KIU, Sri Lanka
3 Faculty of Medical Sciences, University of Sri Jayewardenepura, Sri Lanka

Abstract

Article history:

Received 22" October 2021
Received in revised form

24" December 2021
Accepted 28" December 2021

Opioid addiction is a chronic mental illness that manifests itself
through several relapses and remissions throughout the course
of an addict's life. Over the last few decades, opioid addiction
has developed into a significant public health epidemic.
Classical molecular genetics research has limited the opioid
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(x), and delta (8) opioid receptors, which are encoded by the
OPRM]I1, OPRDI, and OPRKI genes. Individuals' opioid
addiction is regulated by this OPRM1, OPRDI, and OPRKI
genes via a reward system route, including the dopaminergic
system. Furthermore, when opioid ligands attach to these
receptors, it produces euphoric and rewarding effects.
Numerous research has been conducted on the single nucleotide
variations (SNVs) of these genes in several ethnic groups.

The majority of the studies had focused on the OPRM gene and
its variants. Therefore, this article will summarize recent
research on opioid receptor genetic variants associated with
opioid addiction and emphasize the relevance and importance of
investigating gene variants to ascertain genetic predisposition.

Keywords: OPRMI, OPRDI, OPRKI, opioid addiction,
rs1799971
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Introduction

Addiction to opioids is a significant public health
problem that has reached epidemic proportions in
many parts of the world. It is a chronic and

multifaceted neurobiological disorder
characterized by frequent relapses to the use of
drugs (Kakko et al, 2019). In 2019,

approximately 275 million (5.5%) of the world's
population aged 15-64 years reported using drugs
at least once during the year, where around 62
million of them have used opioids. In 2019,
approximately 36.3 million people suffered from
substance use disorders (WHO, 2021).

Addiction to opioids develops due to the use of
illegal opioids such as heroin, morphine, or illicit
prescription opioids as the treatment of chronic or
acute pain. Following self-exposure, two major
factors contribute to an individual's susceptibility
to developing an opiate addiction. These are
genetic factors, which account for 40%—60% of
the variability in risk of developing an opioid
addiction, the highest of any substance of abuse
(Mura et al., 2013; Orna Levran et al., 2012;
Kendler, Jacobson, et al., 2003) and the
environment's influence on the individual
(Prom-Wormley et al., 2017; Kendler et al., 2008).
Opioids continue to bear the burden of the
majority of drug-related diseases. Opioids are
defined by their ability to bind to G
protein-coupled opioid receptors mu (u), kappa
(x), and delta (8), which are encoded by distinct
genes (OPRM1I, OPRKI, and OPRDI) and are
stimulated by endogenous opioid peptides:
B-endorphin, prodynorphin, enkephalin, and
orphanin/nociceptin encoded by POMC, PDYN
genes (Kopinsky & Hyman, 2002).

Exogenous opioids (such as morphine and heroin)
and endogenous opioid peptides (such as
B-endorphin, enkephalin, and dynorphin) are
thought to exert their pharmacological and
physiological effects via binding to p-, 6-, and
k-opioid receptors. Both central and peripheral
nervous systems contain opioid receptors (Zhang
et al, 2008). They are found in varying
concentrations throughout the brain depending on
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their classification, but all receptors are highly
abundant in the amygdala, nucleus accumbens
(NAc), and caudate putamen (CP) (Zhang et al.,
2008). These areas, along with the ventral
tegmental area (VTA), are densely packed with
gamma-aminobutyric acid (GABA)-ergic
interneurons that form the intricate neural
circuitry underlying opioid dependence (Kalivas,
2009; Kalivas & Volkow, 2005). The opioid
system mediated by p-, 8-, and x-opioid receptors

is implicated in the reward circuitry's
dopaminergic activity. Numerous substances,
including opioids, nicotine, alcohol, and

stimulants, alter the opioid system significantly. In
general, activation of the brain opioid system
contributes to the reward effect and modulates the
neurochemical and behavioral effects of various
addictive substances (Lopez-Leon et al., 2021).
Numerous studies have established that these
three opioid receptors are involved in the
analgesic and addictive properties of opioid drugs.
Among these three receptors, it has been
suggested that the p-receptor is the primary target
for opioid addiction (Matthes et al., 1996).
p-receptor is the most receptive to morphine, and
its stimulation results in pain relief and euphoria
(Chiara & Alan North, 1992). It has also been
found that the 6-receptor mediates antinociception
at both the spinal and supraspinal levels (Heyman
et al., 1988).

Although opiate addiction has reached epidemic
proportions in recent years, opiates have remained
relatively unstudied. Investigating the role of
genetic variants in the etiology of addiction may
improve treatment response and disease
prevention. Identifying genes involved in
neuroadaptation is being used in conjunction with
genome-wide and candidate gene association
studies to elucidate the genetic factor's underlying
role in drug addiction. This further paves the way
for a better understanding of what drives opioid
addiction and specifically addresses it. This brief
review summarizes recent research evidence on
the genetic variants of opioid receptors associated
with opioid addiction.
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Genetic susceptibility to opioid addiction

Genome-wide association studies in opioid
addiction

Genome-wide association studies (GWAS)
examine genetic variants across multiple
individuals' genomes to identify

genotype-phenotype associations. GWAS have
revolutionized the field of complex disease
genetics over the last decade, revealing numerous
compelling associations for human complex traits
and diseases (Tam et al., 2019). GWAS has taken
the lead surpassing the previous candidate
gene-driven approaches. GWAS has paved the
way for the identification of common genetic
variants such as single nucleotide variants
(SNVs), rare variants, and structural variants [e.g.,
copy number variants (CNVs)] (Gaddis et al.,
2021).

Numerous large-scale GWAS of opioid addiction
have been published in previous years (Berrettini,
2017). Opioids act primarily by activating
p-opioid receptors on GABAergic interneurons,
inhibiting GABA release and thus disinhibiting
mesolimbic dopamine neurons. Thereby, opioids
increase dopamine levels in the nucleus
accumbens (Johnson & North, 1992). In addition
to previously identified genes involved in
dopaminergic signaling (e.g., ANKKI/DDRD2,
DRDI, and DBH) (Clarke et al., 2013; Garrido et
al., 2011; Hoenicka et al., 2010; Perez de los
Cobos et al., 2007), the specific variant encoding
the p-opioid receptor (OPRMI, 1s1799971,
Al118G) has been extensively studied
(Prom-Wormley et al., 2017).

Twin and family studies have estimated that
additive genetic factors account for 50% of the
risk of opioid dependence among closely related
family members (Berrettini, 2017; Kendler,
Prescott, et al., 2003; Tsuang, 2001).

Hancock et al., (2015) has discovered a common
missense functional SNV (rs1799971) in the exon
1 of OPRMI gene (A encodes the wild-type
asparagine allele, whereas G encodes the aspartate
allele). Through a GWAS, an opioid addiction
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haplotype comprising of the C allele of rs3778150
and the A allele of rs1799971 described by
Hancock et al., (2015) was associated with opioid
addiction. This finding may support the
hypothesis of the association of rs1799971 with
opioid addictions (Schwantes-An et al., 2016;
Haerian & Haerian, 2013). The most recent
meta-analysis included three samples (8529
affected European American individuals and 71
200 opioid-exposed European American controls
and 4032 affected African American individuals
and 26029 opioid-exposed African American
controls) totaling 82,707 Europeans confirmed
that SNV rs1799971 was associated with opioid
use disorder while there was no association among
African Americans (Zhou et al., 2020). A
significant association between variant rs1799971
and opioid/cocaine/heroin dependence was found
in Asian populations, where no association was
observed in African American or Caucasian
people. Thus, the OPRM1 rs1799971 variant may
be a risk factor for Asians being vulnerable to an
addiction to opioids or heroin (Haerian & Haerian,
2013).

In contrast to the above-described studies, Glatt et
al., (2007) reported no significant role of
rs1799971 in opioid addiction.

In addition to OPRM1 gene SNVs, other genes
related to the dopaminergic system have also been
investigated. However, analyses of prodynorphin
(PDYN), proenkephalin (PENK), and the «
(OPRK1) and o-opioid receptors (OPRDI) have
not consistently yielded reliable results with
respect to opioid addiction (Zhang et al., 2008;
Gerra et al., 2007; Franke et al., 1999; Mayer et
al., 1997).

Previous research revealed that
heterodimerization of the OPRMI and OPRDI
genes can alter the opioid signaling pathway more
than individual activation of the OPRMI and
OPRDI1 receptors. More research revealed that
heterodimerization of OPRDI-OPRM]1 resulted
in physiological repercussions, necessitating
further studies to determine how the coexistence
of both receptors contributes to an increased risk
of opioid addiction (Wu et al., 2021).



International Journal of KIU, 2021, 3 (1), 01-12

There are promising GWAS reports in opioid
addiction that identify genome-wide significant
risk alleles, but inconsistent results cast doubt on
the association of these genes across ethnic
groups. Larger samples with opioid addiction
must be evaluated in different ethnic groups
through candidate gene studies of opioid
addiction.

Candidate gene association studies of opioid
receptors

Numerous studies have established a link between
opioid system gene variants and drug
addiction-related phenotypes, but the findings are
inconsistent. The inconsistency of genetic studies
may be explained by multiple factors such as:
inconsistency in phenotyping the variations,
severity stage of diagnosis and diagnosis criteria
of addiction, more studies with smaller sample
size, insufficient statistics, ethnic heterogeneity,
stratification strategy of population and wide
phenotype range. The majority of studies used
single nucleotide variations (SNVs) analysis, and
several studies used hypothesis-based multi-SNP
arrays that detect a significant proportion of
common genetic variations (Orna Levran et al.,
2012; Mabher et al., 2011; Hodgkinson et al., 2008;
Levran et al., 2008).

The p, x, and o opioid receptors are all G
protein-coupled  receptors that work in
conjunction with inhibitory G proteins and
dopaminergic  neurons to  generate the
physiological effects of opioids, according to one
of the candidate gene studies (Chiara & Alan
North, 1992).

OPRM]1 gene

The opioid receptor gene 1 (OPRM1) 1s located on
chromosome 6q25.2 (NCBI database, 2021c).
Four exons comprise the primary subtype. The
OPRM]1 gene, which encodes the opioid receptor,
has been implicated in respiration, gastrointestinal
motility, physical dependence, euphoria, and
analgesia (Mistry et al., 2014). The p- opioid
receptor, OPRM1 (G protein-coupled) is the
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primary site of action for endogenous opioids,
opiate and opioid analgesics, and exogenous
opioids such as methadone, heroin, and morphine
(Orna Levran et al., 2012). B-endorphin binding to
the p- opioid receptor results in the disinhibition
of dopaminergic neurons, which has been linked
to reward and reinforcement and is thought to
contribute to the development of drug dependence
(Johnson & North, 1992). Numerous SNVs in this
gene have been associated with opioid
dependence and ethnic wvariation in opioid
dependence (Baldacchino et al., 2019).

Various studies in diverse populations have
demonstrated an association between the
rs1799971 variant and opioid dependence and
other substance dependencies. According to Bond
et al., (1998) the most frequently occurring SNPs
in the OPRM1 gene are rs1799971 (A118G) and
rs1799972 (C17T). The most studied OPRMI
variant rs1799971 was shown to eliminate a
potential N-glycosylation site in the extracellular
domain, increase beta-endorphin binding affinity,
and decrease receptor signaling efficacy (Bond et
al., 1998). The rs1799971 variant of the OPRM1
gene is prevalent among Europeans (15-30%) and
Asians (40-60%). However, the variant is less
prevalent among African Americans and
Hispanics (1-3%) (Tan et al., 2003; Gelernter et
al., 1999; Bergen et al., 1997). The variant
rs1799971 was less prevalent among Africans
(Kreek et al., 2005).

The rs1799971 minor allele variant was associated
with opioid dependence in an Indian population
(Kapur et al., 2007) and with heroin dependence
among Sri Lankans (Dissabandara et al., 2021).
The 1rs1799971 was associated with opioid
addiction in Swedish (Bart et al., 2004), Chinese
(Szeto et al, 2001), FEuropean Americans
(Drakenberg et al., 2006) and Indian patients (Deb
et al., 2010; Kapur et al., 2007; Tan et al., 2003)
where some of the studies have contradicted this
finding ( Orna Levran et al., 2012; Glatt et al.,
2007; Kapur et al., 2007; Tan et al., 2003; Shi et
al., 2002).

The OPRM1 gene variant, rs1799971, was not
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associated with opiate addiction in a recent study
in a Bulgarian population, which included 1842
opiate-addicted subjects (Bulgarians (18% allelic
frequency of 118G) and Romas (Romani
population) (20.2 percent allelic frequency of
118G)) and 1451 healthy volunteers (Nikolov et
al., 2011). The study conducted by Kreek et al.,
(2005) showed a significant association between
the rs1799971 wvariants, but in contrast, no
association was seen between the rs1799972
variant and opioid dependence.

Due to the contrasting findings regarding the
association of the rs1799971 SNV with opioid
dependence across different ethnic groups, it is
critical to further investigate this variant in
multiethnic cohort genetic association studies.

OPRDI1 gene

The opioid receptor delta 1 (OPRDI) gene
encodes for the &-opioid receptor is located on
chromosome 1p35.3 (NCBI database, 2021a).
Numerous studies have established a link between
variations in the allelic frequencies of OPRDI
SNVs and opioid addiction. There are hundreds of
variants of the OPRDI gene that have been
studied with association to opioid addiction, but
only a few variants have been studied with respect
to different ethnic groups (Baldacchino et al.,
2019).

Hunag et al. investigated the rs2234918 SNV
among the Han Chinese and discovered that the
minor C allele of rs2234918 in OPRDI is
considered a risk allele for heroin dependence
(Huang et al., 2019). While Mayer et al. also
reported that rs2234918 SNV of the OPRD1 gene
is associated with opioid addiction among the
German Caucasian heroin addicts (Mayer et al.,
1997). In contrast to the above studies, Zhang et
al., (2008) (1063 European Americans: 620 cases
of alcohol, cocaine, and opioid dependence and
443 control subjects) reported that there were no
associations between the silent mutation
rs2234918 with opioid addiction among the
European Americans in a candidate gene
association study.
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In addition to the SNV mentioned above, Zhang et
al., (2008) also studied several SNVs among the
European Americans, including eleven OPRDI
variants and seven OPRKI variants. Among the
studied variants, rs1042114 was the only variant
detected in exon 1 of the OPRDI gene,
demonstrating a significantly increased frequency
of the minor G allele in opioid-dependent subjects
compared to the controls. Similarly, Crist et al.,
(2013) also found that rs1042114 was
significantly associated with opioid addiction
among FEuropean Americans and African
Americans. Based on the results, both the
rs1042114 (G80T) and rs2234918 (T921C) in the
OPRDI gene are risk factors for opioid drug
addiction among mixed ethnic groups (Crist et al.,
2013; Zhang et al., 2008).

Levran et al., (2008) conducted a study among the
Americans and Israel people and found that
1s2236861, 152236857, and rs3766951 of the
OPRDI gene were suggestively associated with
heroin addiction. Similarly, Nelson et al., (2014)
also concluded that rs2236861 and rs3766951
were considered risk factors for opioid addiction
but did not observe any significant association for
the common rs2236857 SNV for opioid addiction.
A few OPRK1 gene variants have been associated
with SUDs; however, most are silent and do not
affect gene expression (Mayer & Hollt, 2006).

OPRKI gene

The opioid receptor kappa 1 (OPRKI) gene is
located on chromosome 8q11.23 (NCBI database,
2021b). Earlier, the studies reported that the
OPRK1 gene has been playing a role as an
anti-addictive effect and produces dysphoria, but
recent evidence suggests that prolonged exposure
to drugs activate the OPRKI gene, which may
play a key role in motivational aspects of
dependence through modulation of basal and
drug-induced dopaminergic tone (Wee & Koob,
2010; Kreek et al., 2002).

Despite numerous studies examining the role of
the k opioid receptor, the evidence for a link
between OPRKI SNPs and opioid dependency is
inconsistent, with results considerably varying
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between ethnic groups (Mistry et al., 2014).

Gerra et al., (2007) genotyped 106 heroin -
dependent subjects and 70 healthy controls for
rs1051660 variant in the OPRKI gene among
Western Europeans. The study concluded that the
rs1051660 variant is more prevalent among heroin
addicts. Meanwhile, Yuferov et al., (2004) also
concluded that the rs1051660 variant is a risk
factor for opioid use disorders. Mistry et al.,
(2014) genotyped 202 healthy individuals and 202
opium addicts with 1rs997917, rs6985606, and
rs6473797 variants of the OPRKI gene and found
these variants reported significant association with
susceptibility to opioid dependence among
Iranians. In contrast to these studies, Zhang et al.,
(2008) reported that rs997917 SNV was not
associated with opioid addiction.

Table 1: Summary of selected opioid receptor
genes

Gene Receptor Reward  Variants References
pathway
effect

OPRM1 1 opioid euphoria
and

receptor  respiratory

depression

Location Findings

1$1799971 Exon 1  rs1799971 variant has been reported as  (Schwantes-An

arisk factor for opioid addiction among et al., 2016)

Europeans, Indian, Caucasians,

Malaysian, Chinese.

1$1799972 Exon 1  rs1799972 (T) allele is less consistent (Brattwall et al.,

across ethnic groups and is not widely 2010)

linked to opioid dependence despite
being widely studied.

OPRDI § opioid anxiolysis 152234918 Exon3  The OPRDI exon IIl rs2234918 is (Huang et al.,

receptor associated with opioid addiction 2019; Compton

among Han Chinese, Caucasians. & Volkow,

151042114 Exon 1 2006; Mayer et

al., 1997)

1$2236861 Intron I ORPDI  SNP, 152236861, was (Nelson et al.,

associated with non-dependent opioid 2014; Levran et

use al., 2008)

152236857 Intron 1 Associated with OUD in individuals of

European descent

153766951 Intron 1 Associated with opioid addiction risk

among Caucasian ancest
2 ry

OPRK1 « opioid dysphoria rs1051660 Exon2  Associated with opioid addiction as a (Gerra et al,

receptor risk factor among African American, 2007; Yuferov

Caucasian, Hispanic, Asian-American, et al., 2004)

and mixed ethnic groups.

1s997917 Intron2  Associated among Iranian but not (Mistry et al.,

associated among Americans and 2014; Zhang et

Europeans. al., 2008)
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Summary

The review aimed to summarize the evidence for
opioid receptor genes associated with opioid
addiction. p, k, and 6 opioid receptor subunits are
encoded by the OPRMI, OPRDI, and OPRKI
genes, respectively. The majority of the studies
included in this review were retrospective
genome-wide association studies in which opioid
addiction-related genotypes and SNVs were
investigated.

Previous studies included African Americans, Han
Chinese, Hispanics, Europeans, and Caucasians as
common ethnic groups with significant ethnic
variations in the association between genetic
variants and opioid dependence (Baldacchino et
al., 2019). There were several larger studies which
had been studied among varying ethnic groups,
including the Zhang et al., (2008) study, which
included 1063 European Americans, Nagoya et
al., (2018) included 1002 Malay males, and
Nelson et al., (2014) included 2954 Australians.
Although compelling results have been obtained
from the genetic studies of opioid addiction, it is
necessary to investigate the association of opioid
receptor gene variants among varying ethnic
groups, both with small scale and large-scale
studies, to find the genetic susceptibility. A
detailed analysis of the effects of these genes on
the pathophysiology and metabolism of opioids
will provide additional insight into the aetiology
of such disorders.

The OPRM 1, OPRD1, and OPRM1 genes were all
implicated in the development of opioid addiction.
These genes encode receptors and signaling
molecules involved in the pathophysiology of
substance use disorders (Mistry et al., 2014).
Despite a high genetic predisposition to opioid
dependence, environmental factors play a
significant role in this opioid use disorder, as they
do in many other multifactorial diseases. Hence,
studies should focus on interactions between
genes and the environment, or epigenetics, to
understand more about opioid and other substance
use disorders.
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