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Abstract

Pharmacogenetic research has the potential to explain the variation in treatment efficacy within

patient populations. Understanding the interaction between genetic variation and medications may

provide a method for matching patients to the most effective therapeutic options and improving

overall patient outcomes. The OPRM1 gene has been a target of interest in a large number of

pharmacogenetic studies due to its genetic and structural variation, as well as the role of opioid

receptors in a variety of disorders. The mu-opioid receptor (MOR), encoded by OPRM1, naturally

regulates the analgesic response to pain and also controls the rewarding effects of many drugs of

abuse, including opioids, nicotine, and alcohol. Genetic variants in OPRM1, particularly the

nonsynonymous polymorphism A118G, have been repeatedly associated with the efficacy of

treatments for pain and various types of dependence. This review focuses on the current

understanding of the pharmacogenetic impact of OPMR1, primarily in regards to the treatment of

pain and addiction.
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Introduction

The efficacies of pharmacological treatments, from aspirin to chemotherapeutics, vary from

patient to patient. These variations can be the difference between successful clinical

outcomes and life-threatening failures. While decades of research have demonstrated that

genetic polymorphisms affect the susceptibility to many diseases and disorders, it is only

recently that a connection between patient genotype and pharmacological response has been

shown. Pharmacogenetics, the study of the effects of patient genetics on medication

responses (both therapeutic and adverse) treatment efficacy, arose with the goal of

improving patient outcome by selecting treatments based on a patient's genetic background.
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Largely unstudied as recently as two decades ago, pharmacogenetics is now a rapidly

expanding field due to both the realization of the potential benefits of these analyses and the

prevalence of high throughput genotyping techniques. Although still in its infancy, the field

of pharmacogenetics holds significant promise for improving treatment outcomes across a

wide range of diseases.

The μ-Opioid Receptor

Opioid receptors are part of the Rhodopsin family of G-protein coupled receptors (GPCRs),

which activate downstream signaling through interactions with heterotrimeric G proteins.

The three most common types are the μ-opioid receptor (MOR), δ-opioid receptor (DOR),

and κ-opioid receptor (KOR), encoded by the OPRM1, OPRD1, and OPRK1 genes,

respectively. Each receptor type has seven transmembrane domains, three intracellular

loops, three extracellular loops, an extracellular N-terminus, and an intracellular C-terminus.

The three main receptor types are highly homologous within the transmembrane domains,

which are arranged in a helical pattern, but have significantly less homology in the

extracellular regions. Key residues within these domains create a ligand-binding pocket and

binding of opioid agonists within the pocket results in activation of the opioid receptor and

subsequent downstream signaling. Variation in the extracellular loops regulates

ligandreceptor interaction and allows varying degrees of specificity between different

endogenous peptides and opioid receptor types. MOR is activated by both endomorphins

and β-endorphin, a cleavage product of the proopiomelanocortin precursor. Enkephalin and

deltorphin have been shown to activate DOR, while the dynorphin class of peptides is

specific for the KOR protein. Many of these peptides have some affinity for more than one

receptor type.

Like the extracellular domains, differences in the intracellular regions allow for specificity

of downstream signaling and account for the different pathways activated by the three

receptor types. The intracellular domains interact with heterotrimeric Gi/G0 proteins, which

are released as the α and βγ subunits following receptor activation. The release of the G

protein subunits results in altered ion channel activity and decreased membrane potential, as

well as activation of MAPK pathways leading to changes in gene expression (reviewed in

[1]). Despite the similar mechanisms, the differences in the intracellular domains of MOR,

DOR, and KOR result in different phenotypes when the receptors are activated. Activation

of MOR or DOR results in rewarding effects and analgesia, while KOR is involved in

aversion and dysphoria. Opioid receptor heterodimers also occur in vivo and have been

shown to regulate unique phenotypes that differ from those regulated by the individual

receptor types, adding further complexity to opioid receptor signaling (reviewed in [2]).

Whole genome sequencing of a wide range of ethnic groups has identified 3324

polymorphisms in the OPRM1 gene, which occupies a 200kb region on the long arm of

chromosome 6 (http://www.1000genomes.org). Many of these polymorphisms occur at

extremely low frequencies and have limited relevance at the population level. However,

1395 of the genetic variants have minor allele frequencies greater than 1% in the global

population. These more common variants are more likely to be relevant in large scale

genetic studies. There are 2 common nonsynonomous SNPs and an additional 3 synonymous
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coding variants. The small number of coding polymorphisms suggests selective pressure

against genetic variation in the exonic regions of OPRM1.

The most common and most studied non-synonymous SNP is rs1799971, more often

referred to as A118G, with a global minor allele frequency of 19%. The A118G variant

causes an ASP>ASN residue change and occurs more frequently in non-African

populations. A number of functional effects have been associated with the A118G

polymorphism. The G allele of A118G creates a novel CpG-methylation site, preventing the

upregulation of OPRM1 in response to chronic opioid use [3]. Copies of mRNA carrying the

variant G allele were shown to be less abundant in human brain tissue than the A allele and

studies of stably transfected cell lines have indicated that the A118G variant results in

reduced expression of MOR at the cell surface [4, 5]. Decreased accumulation of the

second-messenger cAMP transfected cells was observed in the presence of morphine,

methadone, and DAMGO [5]. This reduced signaling following DAMGO activation has also

been shown in human postmortem brain tissue [6]. In contrast, data suggest that β-endorphin

has higher binding affinity and increased signaling at the variant receptor [7].

In addition to genetic variation, the OPRM1 gene also has substantial structural variation.

Alternative splicing of 15 known exons produces at least 23 previously described splice

variants, with 16 of these variants potentially translated into protein products (http://

www.ensembl.org). Despite the large number of total exons, individual splice variants each

contain only 3-5 exons. The 3′ UTR of OPRM1 is also known to vary in size, with some

isoforms in both mice and humans known to have UTRs greater than10 kb in length [8, 9].

Given the known roles of 3′ UTRs in regulating transcript expression through miRNA

binding and other mechanisms, the variable UTR length in OPRM1 may help regulate

expression levels of the different isoforms [10].

Pain

Painful stimuli cause the release of endogenous opioids, activating MOR and causing

analgesic responses. In this way MOR is responsible for mitigating the sensation of pain in

the absence of opioid medication. There are a number of different classes of pain, which

include nociceptive, neuropathic, inflammatory and pathological pain [11]. Various forms of

painful stimuli result in different biochemical and physiological responses and it is,

therefore, likely that there are differences in the effects of genetic variations on the

thresholds and tolerance levels for different types of pain. Due to the involvement of MOR

in analgesia, Fillingim et al. assessed the effects of the A118G polymorphism on pain from

three different sources: pressure, heat, and ischemia [12]. Individuals carrying the G allele

were found to have higher thresholds for pressure pain, while no differences were observed

in ischemic pain [12]. For thermal pain, men with the G allele reported lower pain ratings,

while women reported more pain [12]. Another study found the minor allele of the intronic

variant rs9479757 to also be associated with a higher pressure pain threshold [13]. Although

these experiments can provide valuable information about functional genetic variation, there

is no guarantee that these effects are relevant to patient populations in less experimentally

controlled settings. There is evidence, however, that OPRM1 variants do affect pain in some

patients in a clinical setting. Women with the G allele of A118G report higher intensity pain
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from migraines, and have more pain and slower recovery from herniated discs [14, 15].

Fibromyalgia patients carrying the G allele also suffer from more pain, further suggesting

that A118G is associated with pain sensitivity [16]. Patients with A/A genotypes have been

found to have less pain from diabetic foot ulcers than G carriers [17]. Despite the evidence

that the G allele of A118G is associated with increased pain from several different sources, a

study of persistent widespread pain also found no association between pain ratings and

genotype at A118G [18]. That study also found no association with rs563649 [18]. These

findings suggest that OPRM1 polymorphisms effect pain sensations from some, but not all,

stimuli.

Pharmacogenetics of Analgesia

Analgesics can be classified as either opioid or non-opioid based on the mechanism of

action. The non-opioid class of analgesics primarily consists of non-steroidal anti-

inflammatory drugs (NSAIDs), such as aspirin and ibuprofen, and paracetamol, also known

as acetaminophen. Both NSAIDs and paracetamol act as cyclooxygenase inhibitors and are

notably different than opioid analgesics in that they have low abuse potential and are

available without a prescription. Both naturally-occuring and synthetic opioid receptor

ligands can act as opioid analgesics. Some of the more common opioid analgesics include

morphine, codeine, oxycodone, fentanyl, and hydrocodone. The majority of medications in

this class act as agonists of MOR, although many also have some activity at either DOR or

KOR. The relative level of analgesia provided by each drug is determined by the specific

half-life of the drug and the affinity for individual opioid receptors types. Due to the

activation of MOR, these opioid medications are potentially addictive and, therefore, their

use as analgesics is highly regulated.

As one of the few non-synonymous SNPs in OPRM1, the vast majority of pharmacogenetic

studies of pain management and OPRM1 have focused on the A118G variant (Table 1).

Patients carrying the G allele have been found to require more medication to achieve

analgesia when treated with fentanyl, morphine, or morphine-6-glucoronide (M6G) for a

variety of pain sources, including surgery and chemotherapy [19-24]. In another trial, the

A118G variant was associated with morphine analgesia only in the presence of a two minor

alleles at the rs4680 locus located in the COMT gene [25]. Lö tsch et al. also found a trend

towards significance towards decreased analgesia in G carriers treated with morphine in an

outpatient setting [26]. The reduction in analgesia in carriers of the G allele has also been

reported in trials of oxycodone, tramadol, and alfentanil [27-29]. A number of other studies

have found the effect of the G allele to be recessive, with G/G individuals requiring more

morphine or fentanyl to achieve analgesia [30-34]. The potentially contradictory findings of

both dominant and recessive effects for A118G may be the result of patient ethnicity.

A118G has a minor allele frequency of 38% in Asians, 16% in Europeans, and 3% in

African-Americans (http://www.1000genomes.org). The lower frequency in Europeans and

African-Americans results in only a small percentage of individuals carrying the G/G

genotype, potentially making studies of these populations underpowered for an analysis of a

recessive model. This issue would not be likely to arise in Asian populations, in which a

recessive effect of the G allele has been repeatedly observed, due to the greater minor allele

frequency [30, 32-34].
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Despite the large amount of evidence supporting a role for A118G in the pharmacogenetics

of opioid analgesics, other trials have failed to replicate the findings [35-40]. Two studies

even found that women with the A/A genotype needed more fentanyl or sufentanil to

achieve analgesia during labor [41, 42]. A meta-analysis of 8 previous studies found no

association between the frequency of the G allele and analgesia, but did note a potentially

significant effect of the G/G genotype [43]. Taken in aggregate these findings still suggest

that A118G genotype may have a recessive effect on the doses of specific opioid

medications required for analgesia from particular painful stimuli. Given the different types

of painful stimuli and the wide range of available analgesics, however, the extent to which

this effect is widely applicable is not clear. Other polymorphisms have also been associated

with the efficacy of opioid analgesics. Patients with the G allele at rs9384179 require less

fentanyl to achieve analgesia in the 24 hour period following surgery [23]. The analgesic

effect of opioid medications after surgery was also associated with the genotypes at

rs634479, rs499796, rs548646, and rs679987, which are all located in introns [44].

Both illicit and prescribed opioids have notable side effects including nausea, constipation,

pruritus (itching), and respiratory depression. While pharmacogenetic studies often focus on

treatment outcome, the effect of genetic variation on side effect severity is also relevant to

appropriate treatment selection. Individuals with more severe side effects may be less likely

to continue their prescribed treatment course, creating a link between the pharmacogenetics

of side effects and treatment efficacy. These patients may also need additional treatment to

manage the increased risk of side effects. Several studies have found no association between

OPRM1 SNPs and opioid side effects. A118G did not have an effect on respiratory

depression caused by morphine-6-glucuronide, a metabolite of morphine [22]. Nine SNPs in

OPRM1 were found to not be associated with nausea and vomiting in cancer patients

receiving opioids, including morphine, oxycodone, and fentanyl [45]. A similar lack of

association was observed between A118G and nausea or vomiting due to fentanyl treatment

in an additional study [33]. The intronic SNP rs2075572 was also only nominally associated

with central side effects of morphine, such as nausea, drowsiness, and hallucinations [46]. In

contrast to these negative findings, two independent studies observed decreased pruritus in

women carrying the G allele of A118G after morphine treatment for post-caesarean section

pain [38, 47]. A118G was also associated with reduced ability to focus when treated with

oxycodone [27]. These studies suggest OPRM1 polymorphisms can alter the side effects of

opioid medications. Substantially more research is required on this subject, however, since

these pharmacogenetic effects may be specific to the particular genetic variant, opioid

treatment, and side effect being studied.

Opioid Dependence

Heroin is the most common illicit opioid drug and is deacetylated in the brain to morphine,

which directly activates MOR, as does heroin. Endorphin and enkephalin peptides are the

main neurotransmitters that mediate reward processes in the brain. It is the activation of the

MOR, and subsequent meso-limbic opioid and dopamine signaling, which lends opioid

drugs their addictive properties [48, 49]. Positive reinforcement therefore, drives early use as

opioids are consumed for their pleasurable effects. As opioid use progresses to abuse and

addiction, attempts to discontinue opioid use result in withdrawal and dysphoria. Negative
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reinforcement now motivates drug use, and drugs are taken to avoid the negative effects of

withdrawal [49]. This cycle of positive and negative reinforcement causes both heroin and

morphine to be highly addictive. Since morphine is also a commonly used analgesic, it is not

surprising that other opioid analgesics targeting MOR also have high potentials for

addiction. Although millions of people worldwide are dependent on heroin, addiction to

prescription opioids also poses a significant public health problem. Increased use of opioids

for pain management has led to a rapidly growing number of people addicted to these

analgesics.

Despite the fact that the majority of opioid analgesics and illicit opioids directly target

MOR, few studies have consistently found significant associations between OPRM1

polymorphisms and opioid dependence. The most well-replicated finding is the association

between the A118G polymorphism and heroin dependence in the Indian population, which

has been observed in four separate studies. In three of the studies, the minor G allele

conferred increased risk of addiction [50-52]. The fourth study found decreased risk in

individuals with the minor allele, although only 20 cases were analyzed [53]. Levran et al.

observed a significant association between heroin dependence in European Americans and

the combined genotypes of rs510769 in OPRM1 and rs2236861 in OPRD1, the gene

encoding the δ-opoid receptor [54]. However, three studies of opioid addicts of European

descent failed to find associations for five additional SNPs [55-57]. The negative findings in

these analyses may be the result of analyzing only variants in OPRM1, and not OPRD1. The

118G allele was found to be protective against opioid dependence in a cohort of Malaysians,

but this finding was not replicated in subsequent research [53, 58]. A118G and rs9479757

were also not significant in Han Chinese populations and no associations were found across

24 SNPs in two African American case-control analyses [57, 59-61]. In aggregate, these

findings suggest that genetic variation in OPRM1 may affect susceptibility to opioid

dependence in an ethnicity-dependent manner. In most ethnic groups, however, there is little

evidence supporting an association between OPRM1 polymorphisms and opioid

dependence. The statistical power of each study to detect relatively small effect sizes may

also play a role in the conflicting results.

Pharmacogenetics of the Treatment of Opioid Dependence

There are two primary medications used to treat opioid dependence in the United States,

methadone and buprenorphine, both of which interact with MOR. Methadone acts as a full

MOR agonist, activating MOR downstream signaling in a similar manner to morphine. The

activation of MOR enables methadone to reduce craving for illicit opioids and to decrease

withdrawal symptoms. Buprenorphine is a partial MOR agonist, as well as an antagonist of

KOR. Treatment with buprenorphine reduces craving much like methadone, but the reduced

agonist activity somewhat reduces the addictive potential of the medication. Naltrexone, a

MOR antagonist with high affinity for the MOR protein, is also efficacious for the treatment

of opioid dependence. As a MOR antagonist, naltrexone causes rapid onset of withdrawal

symptoms if given to an opioid dependent person. As a result, naltrexone is often used for

rapid detoxification prior to standard buprenorphine or methadone treatment, rather than as a

long term therapeutic option in most countries, Russia being a notable exception. Naloxone,
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another MOR antagonist, is often compounded with buprenorphine, blocking activation of

MOR by buprenorphine if the medication is injected rather than taken orally [62, 63].

Few studies have analyzed the pharmacogenetic effects of OPRM1 variants on the standard

treatments for opioid dependence and an even smaller number directly measure patient

outcome or treatment efficacy (Table 2). A118G and the intronic SNP rs1074287 were both

not associated with opioid positive urine drug screens during methadone maintenance

therapy [64, 65]. A group of SNPs from multiple genes, including A118G, were associated

with optimal methadone dose, although A118G was not significantly associated by itself

[66]. While other research has not examined treatment outcome, several studies suggest

differences in response to opioid dependence treatments based on OPRM1 genotype.

Buprenorphine patients with the A/G genotype at the A118G locus have suppressed

activation of the hypothalamic-pituitary-adrenal axis, which may indicate decreased craving,

while those on methadone have higher plasma levels of the medication compared to

homozygous A/A patients [67, 68]. Individuals with the A/G and G/G genotypes also have

decreased pupillary constriction compared to A/A individuals in response to treatment with

levomethadone, a methadone-like agonist [69]. This differential response is consistent with

the hypothesis that the G allele of A118G may result in reduced analgesia after treatment

with opioid medications. The minor alleles of an additional 12 SNPs are associated with

insomnia and reduced libido in methadone maintenance patients [70]. Despite the logical

connection between OPRM1 and opioid dependence, it is difficult to identify any firm

pharmacogenetic connections between OPRM1 polymorphisms and treatment for opioid

dependence with the limited number of studies available. Additional studies that examine

treatment efficacy are clearly needed. Further pharmacogenetic analyses of specific ethnic

groups may also be beneficial due to the potential ethnic differences in the association of the

A118G polymorphism with opioid dependence.

Nicotine Dependence

Tobacco use, including smoking and chewing, is highly addictive due to the effects of the

nicotine present in tobacco. Smoking increases the risk of small-cell lung carcinoma and is

responsible for millions of deaths each year due to cancer, heart disease, and stroke. Unlike

the opioids involved in analgesia and addiction, nicotine does not directly target any of the

opioid receptors. The primary targets for nicotine are instead the nicotinic acetylcholine

receptors, a family of ligand-gated ion channels. Despite the differences in target receptors,

however, nicotine still causes many downstream effects that are similar to those of opioid

use and result in the onset of addiction. These effects, such as activation of reward pathways

and increased dopamine release, are mediated by the release of endogenous opioids

following nicotine use. With this important connection between the opioid system and

nicotine, genetic variation in OPRM1 may affect susceptibility to nicotine dependence and

the efficacy of smoking cessation treatments.

A three SNP haplotype consisting of rs9479757, rs2075572, and rs10485057 was

significantly associated with smoking initiation in a European-American cohort, while

rs2075572 alone was also associated with nicotine dependence [71]. In the same study,

A118G was not associated with nicotine dependence, a finding which was replicated in an
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independent case-control analysis [71, 72]. Although A118G was not found to be associated

with nicotine dependence, other research has linked the variant to a variety of physical

responses to nicotine. After smoking, A/A individuals have increased cerebral blood flow to

areas of the brain associated with craving [73]. A/A patients also report increased reward

from nicotine under negative mood induction and women with the A/A genotype find

smoking to be for reinforcing than those with the A/G or G/G genotypes [74, 75]. In contrast

to these findings, carriers of the G allele were found to experience more dopamine release in

the striatum following smoking [76].

Pharmacogenetics of the Treatment of Nicotine Dependence

Medicinal treatments for nicotine dependence generally fall into three categories: nicotine

replacement therapy (NRT), nicotine receptor agonists, and neurotransmitter regulators. In

NRT, nicotine is administered to the patient through transdermal patches, gum, nasal sprays,

or other sources. The goal is to progressively reduce the amount of nicotine provided to the

patient until they are able to successfully discontinue nicotine use entirely. Several

medications are also available for the treatment of nicotine dependence. Pharmacological

options include varenicline and cytisine, partial agonists of nicotinic acetylcholine receptors,

and buproprion, an antidepressant that regulates dopamine and norepinephrine release and

reuptake. As with the MOR agonists used for treating opioid dependence, nicotine receptors

agonists reduce withdrawal and craving experienced during smoking cessation and improve

patient success rate.

The small number of pharmacogenetic studies analyzing the role of OPRM1 in nicotine

dependence treatment have focused on the A118G polymorphism (Table 2). A clinical trial

by Lerman et al. found that NRT patients carrying the G allele had better abstinence rates

than A/A patients when treated with transdermal patches [77]. No effect of A118G was

observed in patients receiving nasal spray treatments [77]. The effect of A118G on NRT

efficacy was also observed in a multivariate analysis of another patient population [78].

However, a later trial in a British cohort found exactly the opposite association: patients with

the A/A genotype were more likely to be abstinent when using transdermal patches [79]. A

more recent trial found no effect of A118G genotype on NRT efficacy, although patients in

the trial were treated with both transdermal patch and oral NRT, making a direct comparison

difficult [80]. Since the original association was only found in transdermal patch efficacy,

the addition of a second NRT type may be a confounding factor when directly comparing

the findings to other studies. The contradictory findings of these four studies make it

difficult to draw conclusions about the role of the A118G variant in smoking cessation.

However, previous studies have still indicated several mechanisms by which A118G

genotype may affect biochemical reactions to nicotine use and suggest that further

pharmacogenetic studies are warranted.

Alcoholism

Alcohol is the second most commonly used drug of abuse worldwide, nicotine being the

most common. More than 16 million people were abusing or dependent on alcohol in 2011

in the United States alone, creating a substantial societal burden (National Survey on Drug

Use and Health, http://www.drugabuse.gov). Evidence suggests that the rewarding effects
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and positive reinforcement experienced after alcohol use are regulated by opioid receptors,

with alcohol causing the release of endogenous opioids in the brain and indirectly activating

the opioid signaling pathways [81, 82]. Like nicotine, the regulation of the effects of alcohol

by the opioid system has led to substantial research on the role of OPRM1 polymorphisms in

alcoholism treatment and risk.

Adolescents with the A/G or G/G genotypes at A118G are three times more likely to have

an alcohol use disorder than those with the A/A genotype [83, 84]. Two studies have also

found an association between A118G genotype and alcohol dependence in adult Caucasians;

however, one found the G allele to be protective while the other found carriers of the G

allele to be at increased risk [85, 86]. Other studies have failed to find any association

between alcoholism and A118G, as well as other genetic variants including rs2075572,

rs1799972, and a (CA)n repeat in intron 1 [56, 87-90]. A meta-analysis also found no effect

of A118G genotype on risk of developing alcohol dependence [91]. In another study of

European-Americans, three intronic SNPs (rs495491, rs6091485, and rs648893) were

associated with alcohol dependence [92]. In African-Americans, A118G was not associated

with dependence (although the 3% frequency of the G allele in this ethnic group

substantially comprises power), while women with the T/T genotype at the rs1799972

polymorphism were found to consume more alcohol [89, 93]. Among Asian populations, the

minor allele of A118G was associated with alcoholism in Indian and Japanese cohorts [51,

94]. This association was not observed in studies of Korean or Taiwanese patients, although

the G allele did correlate with an increase in the number of drinking days over the course of

the study [95-97]. A Meta-analysis of these Asian cohorts confirmed an effect of A118G

genotype on susceptibility to alcohol dependence [91].

The association between A118G and alcohol dependence may be explained by different

physiological responses to alcohol based on A118G genotype. People with the 118G variant

have a stronger association between their desire to drink and subsequent drinking than

people lacking the variant [98]. Two studies have also shown that heavy drinkers carrying

the G allele have increased craving compared to individuals with the A/A genotype,

although an additional study found conflicting results [99-101]. These findings included

increases in cue-induced craving and G carriers are known to have greater response in the

mesocorticolimbic regions of the brain following alcohol cues [99, 102]. Responses in these

regions have been associated with increased alcohol craving, suggesting a potential

mechanism behind the craving associated with A118G [103]. People carrying the 118G

allele also experience more euphoria and subjective “highs” after drinking alcohol [101,

104]. Positron emission tomography scans of male social drinkers with the 118G variant

showed a greater increase in dopamine release in the ventral striatum following alcohol

consumption, compared to A/A participants, possibly explaining the increased feeling of

euphoria [105].

Pharmacogenetics of the Treatment of Alcoholism

Treatment options for alcohol dependence have several mechanisms of action, including

prevention of alcohol consumption, minimization of craving and withdrawal, and reduction

of positive reinforcement. Naltrexone, a MOR antagonist, is also able to reduce relapse to
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heavy drinking and the frequency of alcohol consumption [106, 107]. Naltrexone prevents

the activation of MOR by endogenous opioids, leading to decreases in the euphoria and

subsequent attenuation of positive reinforcement associated with alcohol use. Over time

patients experience reduced levels of craving for alcohol and gradually consume less alcohol

(reviewed in [108]). Naltrexone did not increase rates of abstinence in nearly all the double-

blind placebo-controlled trials.

Oslin et al. originally identified an association between A118G allele and naltrexone

response (Table 2) [106]. Patients carrying the G allele had lower rates of relapse to heavy

drinking on naltrexone than those with the A/A genotype; however, no difference in

abstinence rates was observed between the genotypic groups [106]. Both the findings in

relapse rates and abstinence rates were replicated in a Korean cohort [109]. Other studies

have also demonstrated that naltrexone is more effective in reducing heavy drinking in

individuals carrying the G allele [110, 111]. Two additional trials found no association at all

between A118G and naltrexone efficacy, while a third trial found no association for either

A118G or rs648893 [112-114]. Another study suggested that naltrexone reduced heavy

drinking only in patients who had both the A/A genotype at A118G and the nine copy

variant of the variable number tandem repeat (VNTR) in the dopamine transporter gene

(DAT1) [115]. The inability of these studies to replicate the original association between

A118G and naltrexone efficacy may be partially attributed to differences in patient

demographics or outcome measurements. A recent meta-analysis concluded that individuals

with the G/G or A/G genotypes did have reduced relapse rates compared to A/A individuals,

but no difference in abstinence between genotypes was apparent [107]. This

pharmacogenetic effect may be explained by differential responses to alcohol based on

A118G genotype. Asian Americans carrying the G allele have decreased craving for alcohol

when treated with naltrexone, while the medication increases the urge to drink in European

Americans with the G allele [116, 117]. Naltrexone also reduces the euphoric effects of

alcohol in European Americans with the A/G or G/G genotypes [101]. Confirmation of these

findings, preferably taking into account potential ethnic differences, would help further

explain the effect of A118G genotype on alcoholism treatment. While numerous

pharmacogenetic studies have examined the role of A118G in naltrexone treatment, the

amount of research on the interaction between OPRM1 genotype and other treatments is

extremely limited. A single clinical trial showed no effect of two OPRM1 SNPs, including

A118G, on the ability of nalmefene to reduce heavy drinking [118]. Future analyses of non-

naltrexone treatment options are still required. In addition, there are no pharmacogenetic

studies of naltrexone treatment for opioid addiction.

Conclusion

Opioid receptors are intrinsically linked to a variety of diseases and their respective

treatments, either as direct drug targets or through downstream signaling activated by

endogenous opioids. MOR naturally regulates the analgesic response to pain and also

controls the rewarding effects of many drugs of abuse, including opioids, nicotine, and

alcohol. Because of the opioid receptor's involvement, many analgesics are direct MOR

agonists and treatments for addiction often act as either agonists, partial agonists, or

antagonists of MOR. The connection between MOR and both addiction and pain makes
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OPRM1, the gene encoding MOR, an interesting target for pharmacogenetic studies (Figure

1). Genetic variants in OPRM1, particularly A118G, have been repeatedly associated with

the efficacy of treatments for pain and alcohol dependence. In the two most well replicated

findings, patients carrying the G allele had a reduced analgesic response to exogenous

opioids and alcoholics with the G allele had reduced relapse rates when treated with

naltrexone. Additional connections between OPRM1 and treatments for opioid and nicotine

addiction are also promising, but require further study. Clear definitions of the phenotypes

and ethnicities involved in these future analyses will be essential, as even minor variations in

either factor could compromise the ability to replicate previous findings [119]. By

confirming the pharmacogenetic effects of OPRM1 polymorphisms and using those findings

to guide treatment decisions, patients can be prescribed the therapeutic options with the best

efficacy and the greatest tolerability.

The vast majority of pharmacogenetic studies on OPRM1 have analyzed the effects of

A118G. As one of the first genetic variants to be associated with pharmacological outcome

and a relatively common non-synonymous SNP, the focus on A118G in pharmacogenetic

trials is certainly understandable. However, intronic and synonymous coding variants in

many genes have been shown to have important effects on transcription, mRNA stability,

and splicing, thus affecting gene function despite not directly disrupting any specific

residue. OPRM1 has numerous genetic and structural variations, all of which are potential

relevant to the field of pharmacogenetics. The small number of studies analyzing OPRM1

polymorphisms other than A118G have revealed some effects on treatment efficacy [23, 44,

70]. By focusing on A118G and overlooking other variation in the gene, a significant

portion of OPRM1's role in pharmacogenetics is likely being missed. As high throughput

sequencing and other large scale genotyping methods become increasingly common, future

studies can and must start to focus on all of the genetic variation present in the ORPM1

gene.
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Highlights

• Pharmacogenetic studies of OPRM1 have focused on A118G, a non-

synonymous variant

• A118G and other polymorphisms are associated with the efficacy of opioid

analgesics

• A118G is also associated with treatment outcome in naltrexone patients

• Future pharmacogenetic studies must expand beyond the current focus on

A118G
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Figure 1.
Diagram of the OPRM1 gene with the locations of genetic variants associated with

pharmacogenetic effects in analgesia (bolded) or addiction treatment (underlined). Gray

boxes indicate exons and boxes with diagonal lines indicate untranslated regions. SNP and

exon locations taken from the February 2009 build of the human genome in UCSC Genome

Browser (www.genome.ucsc.edu)
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