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tein kinase (MAPK) pathway. However, we found no alteration of the pErk1/2 IR
level in the hippocampus. In contrast, Ujike et al.” reported that chronic metham-
phetamine may activate selected MAPKs in restricted regions, that is, the novel
MAPK cascade in the frontal cortex and the classic MAPK cascade in the
hippocampus.

A recent set of studies suggested that the Etk/MAPK pathway plays a fundamen-
tal role in vertebrate memory consolidation. MAPK is specifically activated by the
associative conditioning that induces memory consolidation rather than by an aver-
sive stimulus.2%2! Of interest, stimulation of the hippocampus (ventral subiculum)
triggers the memory that is integral to craving.22 Craving is also associated with ac-
tivation of memory circuits, including the amygdala (implicated in conditioned
learning), hippocampus (implicated in declarative learning), and dorsal striatum (im-
plicated in habit learning), all of which receive DA innervation (Fis. 3).23 Thus, it is
necessary to focus on the role of period genes in the hippocampus and to make fur-
ther studies on methamphetamine-induced sepsitization and reward.

Our experiments were perfarmed according to the “Standardization of Protocoels
in cDNA Microarray Analysis” by Benes and Muckenthaler,!? and our ¢cDNA mi-
croarray system is able to reliably detect a 1.4-fold change in mRNA content. The
cDNA microarray represents an invaluable tool for the identification of gene alter-
ations at the mRNA level, and the identification of substance-abuse—sensitive genes
should provide a key to elucidate the molecular mechanisms invelved in the process
of drug abuse and contribute to the discovery of biomarkers for early detection and
diagnosis of such abuse, in addition to the development of novel addictive drugs.
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ABSTRACT: Individual differences in responses to opioids limit effective pain
treatment with these drugs. Identifying the mechanism could help to improve
the analgesic effects of them. Since the molecular cloning of the mu opijoid
receptor (muOR} gene, snbstantial advances in opioid research have been
made, including the discoveries that muOR plays a mandatory role in the
analgesic effects of opioids and that the sequence of the muOR gene varies from
one individual to another. It is conceivable that the differences in the muOR
gene cause individual differences in opioid actions. The present review summa-
rizes the recent advances made in research on human and mouse muOR genes
and proposes that the variances in the 3’ vniranslated region (3'-UTR) of the
muOR gene might participate in the variability of the opioid response.

Keyworps: CXBK mice; muOR gene; opioid; polymorphism; individual
differences; 3'-UTR

INTRODUCTION

Opioids, the oldest and most widely used pain relievers, also have several side
effects, including respiratory depression, constipation, tolerance, and addiction. To
maximize pain relief and minimize side effects, prescribing the appropriate amount
of opioid is very important. However, both clinicians and researchers have observed
individual differences in opioid analgesia. Galer er al. reported that cancer patients
showed individual variabilily in their response to different opioids,! and Levine
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et al, found that the analgesic effect of morphine on dental extraction pain exhibited
individual differences.? These individual differences make it difficult to know the
suitable dose for each patient. Clarifying the mechanisms contributing to this
patient-related variability should belp to make drug treatrment individualized and to
optimize pain relief.

ROLE OF muOR IN OPIOID ANALGESIA

Opioids exert their pharmacological actions through opioid receptors, which exist
as mu, delta, and kappa subtypes. Recent studies on mice Iacking muOR indicate
that, among these three subtypes, muOR is a mandatory component for both endog-
enous and exogenous opioid actions.>J The basal pain threshold was lowered in
muOR knockout (KQ) mice,? and mice lacking muOR showed no analgesic effect of
morphine, although delta and kappa opioid receptors were present.* Also, the
analggssic effects of a delta-opioid receptor agonist were reduced in muOR KO
mice.”

Studies on mice lacking muOR also suggest that morphine analgesia is gene-dose
dependent.># That is, deletion of muOR eliminated the morphine effects on
nociception; and heterozygous muOR KO mice, which had 50% of the wild-type
receptor density, showed lower but still significant morphine analgesia. These find- .
ings suggest that the analgesic effect of morphine is dependent on the amount of the
muOR receptor.

INDIVIDUAL DIFFERENCES IN HUMAN muOR GENE

Sequencing of hundreds of individual muOR genes identified two variants in the
coding region of the muQR gene: an A118G variant and a C17T variant.”8 Uhl et
al.? reported several polymorphisms in the 5-UTR of human and mouse muOR
genes. We have also identified several polymorphisms in the intron 1 and 5*-UTR of
the human muOR gene.!® Variations in coding regions could result in changes in the
amino acid sequence. In the case of A118G, the affinity of B-endorphin for the
muOR is altered. Variations in untranslated regions (UTRs) could affect the levels of
gene expression, mediating the pain-related phenotypes. However, direct evidence
that supports the causal relationship between differences in the muOR gene and
observed differences in opioid responses has not been reported in humans.

INTERSTRAIN DIFFERENCES AS AN ANALOGY
TO INDIVIDUAL DIFFERENCES

Genetic models in animals have been produced and well studied. Inbred- and
recombinant jobred (RI)—strain mice provide useful genetic models. These strains
are established by sibling mating for at least 20 generations. Whereas the offspring
from each strain are virtually identical in genotype and similar in phenotype to each
other,]! mice of different strains show different genotypes and phenotypes. Thus,
genetic mechanisms underlying the interstrain differences in mice may be similar to
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those operating in humans. Mapping the interstrain genetic variations and revealing
the relationship between these variations and differences in phenotypes could aid in
clarifying the genetic mechanisms underlying the interstrain and individual differ-
ences in responses 1o opioids.

PHENOTYPES OF CXBK MICE

The CXBK mouse strain, an inbred strain derived from an F, intercross between
C57BL/6By (B6) and BALB/cBy mice, is a well-studied RI strain.12 For almost 20
years, this strain has been used as a muQR-deficient mice, because CXBK mice ex-
hibit a deficient morphine response!3-15 and show decreased opioid binding.!3 We
have demonstrated that CXBK mice display a phenotype similar to that of heterozy-
gous muOR KO mice.!*5 Compared with B6 mice, in which morphine reached its
maximal apalgesic effect at the dose of 10 mg/kg, CXBK mice only responded to a
high dose of morphine (30 or 100 mg/kg). !5

MOLECULAR MECHANISMS UNDERLYING
CXBK MOUSE PHENOTYPES

The sequence of the muOR coding region of CXBK mice was shown to be iden-
tical to that of B6 mice, 4 indicating that CXBK mice possess normal muOR protein,
By Northern blot analysis, using the muOR coding region as a probe, we detected an
estimated 12-kilobase band in B6 mice,! just as reported by Kaufman et al.!S How-
ever, in CXBK mice, the same probe detected an estimated 14.5-kilobase band, the
intensity of which was about half of that of the band in B6 mice.!¥ This result is in
accord with the reported decrease in [*H]naloxone binding in CXBEK mice.!? The
reduced muOR mRNA level would be the cause of the reduced morphine antinoci-
ception in CXBK mice, as in the case of heterozygous muOR KO mice.

Testing of inbred descendants of an E; intercross between B6 and CXBK mouse
strains confirmed that both the altered pain phenotype and muOR mRNA expression
were related 1o the muOR gene.]* In Northern blot analyses, samples from mice
inheriting two copies of the B6 mouse gene (B6)) gave a discrete band correspond-
ing to B6 mouse muOR mRNA, and those from mice inheriting two copies of the
CXBK mouse gene (CXy) showed a band corresponding to CXBK mouse muOR
mRNA. For samples from mice inheriting one copy of the B6 mouse gene and cne
copy of the CXBK mouse gene (Hell}, both bands were seen.

In agreement with the results from the Northern blot analysis, in the hot plate test,
the morphine analgesia in the Hejt mice was higher than that in the CXp mice, but
lower than that in the B6J ones.

Recently we identified an approximate 5-kilobase insertion in the 3’-UTR of the
CXBK mouse muOR gene (uppublished data). This inserted sequence would
account for the longer than normal mRNA. As discussed below, the extended 3'-
UTR may lower the muOR mRNA translation rate and/or stability and, thts in turn,
reduce the level of muOR protein and the opioid analgesic effects in CXBK mice.

-159-



HAN et al.; INDIVIDUAL AND INTERSTRAIN DIFFERENCES 73

3-UTR AND GENE EXPRESSION

A recent computational analysis of a large UTR database!” revealed that in
humans, the mean length of 3’-UTRs is nearly four times longer than that of 5'-
UTRs. Further analysis of the same database suggests that the Iength of 3’-UTRs has
increased during evolution, whereas the mean length of 5°-UTRs has been conserved
in organisms ranging from fungi and plants to invertebrates and vertebrates, includ-
ing humans. The extended 3’-UTRs may play a role in the regulation of gene
expression.

To date, there is no evidence indicating that mutations of the human muOR 3’-
UTR alter mRNA expression, consequently contributing to the individual differenc-
es in opioid responses. However, several cases of liman diseases that are associated
with differences in the 3-UTR of other genes have been reported.!® For example,
Fukuyama-type congenital muscular dystrophy (FCMD), one of the most common
autosomal recessive disorders in Japan {incidence is 0.7-1.2 per 10,000 births), is
associated with a retrotransposal 3-kilobase insertion within the 3-UTR of a gene
encoding a 461-amino-acid protein called fukutin.!® Similarly, a-thalassemia is
agsociated with mutations in the 3-UTR of @-globin mRNA.2? Furthermore, a poly-
morphism in the 3’-UTR of human resistin has been shown to correlate with insulin
sensitivity.2!

Although the precise mechanisms of the regulation by 3-UTRs is largely
unknown, recent studies suggest that 3'-UTR mediates mRNA transcription and
translation through 3’-UTR sequence-binding proteins.?224 Other studies have
demonstrated that 3-UTRs contain stability determinants.2%2%23 Qverall, it has
become conceivable that 3’-UTRs can specifically control the rates of translation and
degradation of mRNAs.

Individual differences Individaal differences Individusl differences
in the uOR 3-UTR in the pOR protein level in opioid effects

| Decreased
opioid
effects

Normal

opioid

effects

Increased
g opioid
effects

s BN
FIGURE 1. Schematic illustration indicating a possible genetic mechanism underlying
individual differences in opioid effects. Variation in the 3-UTR of muOR may cause differ-

ences in muOR protein expression and, in turn, result in the reduced opioid responses. Mor,
morphine.
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A POSSIBLE GENETIC MECHANISM FOR INDIVIDUAL
DIFFERENCES IN OPIOID RESPONSES

The insert in the muQR 3"-UTR of CXBK mice likely explains the reduced
muOR level and morphine analgesia in these animals. It is also reasonable to assume
that the sequences of the 3-UTR in the human muOR gene are different from indi-
vidual to individual. Taken together, these variations in the 3’-UTR may be the cause
of the individual differences in muOR gene expression and in opioid responses (Fia.
1). This hypothesis will be tested by systematic exploration of polymorphisms in the
muOR 3'-UTR and their Jevel of correlation with the pain phenotypes. One day, it
may be possible to predict individual morphine sensitivity by muOR gene analysis.
Such a technique could optimize drug treatment for each individual.
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ABSTRACT: G protein-activated inwardly rectifying K* (GIRK, Kir3) channels
play an important role in the inhibitory regulation of nenronal excitability in
most brain regions and heart rate through activation of various G protein-
coupled receptors, such as opioid, cannabinoid, and D, dopamine receptors.
Therefore, modulators of GIRK channels may affect many brain functions. We
have shown using Xenapus oocyte expression assays that ethanol directly acti-
vates GIRK channels, whereas varions antipsychotics (thioridazine, clozapine,
pimozide, and haloperidol) inhibit the channels, Here we investigated not only
the effects of various selective serotonin reuptake inhibitor (SSRI) antidepres-
sants (fluoxetine, citalopram, flavoxamine, and zimelidine) and risperidone, an
atypical antipsychotic, on GIRK channels, but also those of the various drugs
tested on other Kir channels using the Xenopus oocyte system. Flooxetine in-
hibited GIRK channels, whereas the other SSRIs and risperidone had a small
or no effect on the chaonpels. In contrast, Kirl.l and Kir2.1 channels were in-
sensitive to ethanel and various SSRIs and antipsychotics, although thior-
idazine weakly inhibited Kirl.1 channels. It has been shown that the function
of GIRK channels is invelved in seizure susceptibility, antinociception by opi-
oids, cannabinoids, or ethanol, and cocaine reinforcement in studies using
GIRK knockout mice and weaver mutant mice that have mutant GIRK2 chan.
nels insensitive to G proteins and ethanol. Activation of GIRK channels by opi-
oids, cannabineids, or ethanol may be one of these key effects. Therefore,
GIRX channel modulators might be potentia! agents for the treatment of users
of addictive drugs, such as cocaine, opioids, cannabinoids, and ethanol, as well
as for the treatment of epilepsy and pain.

KEyworps: G protein-activated inwardly rectifying K* (GIRK, Kir3) chan-
nels; Kir channel; selective serotonin reuptake inhibitor; ethanol; antipsychot-
ic drug; Xenopus oocyte
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INTRODUCTION

G protein-activated inwardly rectifying K+ (GIRX) channels (also known as Kir3
channels) are members of a family of inward-rectifier K* (Kir) channels that in-
cludes seven subfamilies.! Four GIRK channel subunits have been identified in
mammals.! Neuronal GIRK channels are predominantly heteromultimers composed
of GIRK1 and GIRE2 subunits in most brain regions or homomultimers composed
of GIRK2 subunits in the substantia nigra and ventral tegmental area, whereas atrial
GIRK channels are heteromultimers composed of GIRK1 and GIRK4 subunits.!
GIRK channels play an important role in the inhibitory regulation of neuronal excit-
ability in most brain regions and heart rate through activation of various G protein-
coupled receptors, such as opioid, cannabinoid, and D, dopamine receptors.!:2
Therefore, modulators of GIRK channels may affect many brain functions. We have
shown using Xenopus oocyte expression assays that ethanol, at pharmacologically
relevant concentrations, directly activates GIRK channels,? whereas various anti-
psychotic drugs (thioridazine, clozapine, pimozide, and haloperidol) inhibit the
channels with varying degrees of potency and effectiveness at micromolar concen-
trations.* Recently, we demonstrated that GIRK channels are inhibited by micromo-
lar levels of clinicaily relevant brain concentrations of fluoxetine, a selective
serotonin reuptake inhibitor (SSRI) that has been widely used for the treatment of
depression and other psychiatric disorders, including alcoholism.? Interestingly, the -
GIRK currents induced by ethanol were attenuated similarly by fluoxetine.? In the
present study, we investigated not only the effects of various SSRIs and risperidone,
an atypical antipsychotic, on GIRK channels but also those of the various drugs test-
ed on other Kir channels using the Xenopus cocyte expression system.

METHODS

For Xenopus oocyte expression experiments, Xenopus laevis oocytes were in-
jected with mRNA(s) for GIRKI/GIRK2 or GIRK1/GIRK4 combinations, GIRK?2,
Kirl.1, er Kir2.1. The oocytes were incubated at 19°C in Barth’s solution and defol-
liculated following collagenase treatment, Whole-cell currents were recorded with a
conventional two-electrode voltage clamp from the oocytes, which were superfused
with a high-potassium solution containing 96 mM K*. The membrane potential was
held at <70 mV,

RESULTS

We first examined the effects of various SSRIs on brain-type GIRK1/2 and
GIRK?2 channels or cardiac-type GIRK1/4 channels expressed in Xenopus oocytes.
In contrast to the inhibitory effects of fluoxetine on GIRK channels, citalopram, flu-
voxamine, and zimelidine had little or no effect on these GIRK chanpels (FIG. 1),
These results suggest that inhibition of GIRK channels by fluoxetine among SSRIs
may contribute to some of its therapeutic effects and adverse side effects. Risperi-
done slightly inhibited GIRK1/2 and GIRK1/4 channels in a similar manner (1.7 %
0.6and 1.6 +0.1%; 7.6 + 1.1 and 6.3 £ 0.9%; and 16.4 £ 1.3 and 14.5 + 1.7% at 10,
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FIGURE 1. Comparison of the SSRI effects on members of inwardly rectifying potas-
sium channels: Kirl.1, Kir2.1, and GIRK chanzels, expressed as homomeric or heteromeric
channels in Xenopus oocytes. The concentration of the SSRIs used was 106G PM. Current re-
sponses were measured at 4 membrane potential of —70 mV in a high-potassium solution
containing 96 mM K* (¥ = 3). The magnitudes of inhibition of Kir currents by SSRIs were
compared with the current components sensitive to 3 mM Ba2*, which blocked Kir channels.
Each value is a mean & SEM.

30, and 100 uM, N = 5, respectively). In contrast to the effects of the various drugs
on GIRK channels, Kirl.1 and Kir2.1 channels in other Kir channel subfamilies
were insensitive to the SSRIs tested (FIG. 1), ethanol, and various antipsychotic
drugs (thioridazine, clozapine, pimozide, haloperidol, and risperidone) (data not
shown), although thioridazine inhibited Kirl.1 channels by only 18.1 = 5.0% at
300 pM (N = 3).

DISCUSSION

We have demonstrated that among Kir channels, GIRK channels are modulated
by various drugs affecting brain functions, such as ethanol, antipsychotics, and flu-
oxetine. Furthermore, several agents from diverse chemical and pharmacological
classes modulate GIRK channels (TaBLE 1).5-76 These apents may be useful for de-
signing and developing GIRK channel modulaters. Clarification of the effects of
these agents on GIRK channels in vive may help to advance the understanding of
function of GIRK channels. It has been shown that the function of GIRK channels is
involved in seizure susceptibility and antinociception by opioids, cannabinoids, or
ethanol in studies using GIRK2 knockout mice and weaver mutant mice that have
mutant GIRK2 channels insensitive to G proteins and ethanol.!-317 GIRK channel
activators may be useful for the treatment of epilepsy and pain. In addition, inhibi-
tion of GIRK channels by antipsychotics and fluoxetine could lead to an increase in
neuronal excitability, suggesting that the inhibition may be related to some effects in
clinical practice. The potent inhibition of neuronal GIRK channels may contribute
to the cause of seizures in overdoses. Moreover, GIRK knockout mice show de-
creased cocaine self-administration,'® Activation of GIRK channels by opioids, can-
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TABLE 1. Modulator of GIRK channels
Activator Reference Inhibitor Reference

Ethanol 3 Antipsychotics 4
thioridazine, clozapine,
pimozide, haloperidol

Flupirtine (noa-opioid 6 SSRI antidepressant 5
analgesic) fluoxetine

Nitrous oxide (anes- 7 Channel blockers 10-12
thetic) quinidine, verapamil, MK801

Estrogen 8 Anesthetics 7,13

F3 (l-chlore-1,2,2-trifluorocy-
clobulane), halothane, enflu-
rane, jsoflurane, bupivacaine

Dithiothreitol {reducing 9 Qthers 8, 14-16
agent) tertiapin, SCH23390, estro-
gen, ginsenoside

nabinoids, or ethano! may be one of these key effects in vivo. Therefore, GIRK
channel inhibitors might be potential agents for the treatment of users of addictive
drugs such as cocaine, opioids, cannabinoids, and ethanol. On the other hand, the
withdrawal syndromes of ¢thanol, opioids, and cannabinoids might be prevented or
treated with GIRK channel activators.
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methamphetamine (MAP) dependence/psychosis. The allelic frequency of
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evant 5' regulatory region of OPRM were different in our Japanese population
from Caucasian or African-American populations. No significant differences
between controls and MAP abusers were found in either genotype or allele fre-
quency at any single nucleotide polymorphism (SNP) or (AC)n dinucleotide re-
peat in intren 1. A suhdivision of cur MAP group revealed that A118C of
OPRM shows a significant association with MAP psychosis having latency less
than three years. Further analysis should be capable of identifying associations
between the OPRM variations and MAP dependence/psychosis. ’

Keyworps: single nucleotide polymorphism; nucleotide repeats; human p-
opiofd receptor gene; methamphetamine; dependence; psychosis

INTRODUCTION

Methamphetamines (MAPs) and other psychostimulants produce their effects by
potentiating monoaminergic transmission, in which dopamine is believed to be
directly related to the reinforcing effect.! It is generally believed that dopaminergic
nerve systems interact with opioid nerve systems. Opioid receptor agonists regulate
dopamine metabolism in nerve endings, regulate dopamine release into the synaptic
cleft,? and attenuate methamphetamine-induced alterations in dopamine neurotrans-
mission.>* It is therefore possible that variations in the opioid receptor function
could give rise—depending on differing susceptibilities among individuals-~to the
development of MAP dependence and/or psychosis.

Several single nucleotide polymorphisms (SNPs) of the p-opioid receptor gene
(OPRM]) that cause amino acid substitution and other SNPs in noncoding regions or
silent mutations have been reported, mostly in African-American or Caucasian pop-
ulations.’6 Association between frequencies of polymorphisms in OPRM and
opioid, alcohol, or polydrug dependence has been studied in African-American,
Caucasian, Hispanic, and Han Chinese populations.”-14 In the present study, we
have screened the coding and functionally relevant regulatory regions of the OPRM
for genetic variation in a Japanese population, and examined the association between
novel and reported polymorphisms in OPRM and MAP abusers in Japan.

MATERIALS AND METHODS

Study Subjects

The subjects were 138 unrelated patients exhibiting MAP dependence and/or
psychotic disorder (107 males and 31 females, average = 35.7 % 1.1) meeting ICD-
10-DCR criteria (F15.2 and F135.5). They were outpatients or inpatients at psychiat-
ri¢ hospitals of the Japanese Genetics Initiative for Drug Abuse (JGIDA). As con-
trols we used 213 age-, gender- and geographical origin—matched normal individuals
{158 males and 55 females, age 34.411.6). Most were medical staff who had no past
history and no family history of drug dependence or psychotic disorders. Diagnoses
were tmade by two trained psychiatrists based on an interview and all available
information, including hospital records. Patients who had a clinical diagnosis of
schizophrenia, another psychotic disorder, or an organic mental syndrome were ex-
cluded. All subjects were Japanese, born and living in Japan, including northern
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Kyusyu, Setouchi, Tyukyou, Toukai, and Kantou. Advance approval was obtained
for this study from the ethics committees of each institute of JGIDA, and all subjects
provided written informed consent for the use of their DNA samples in this research.

The patients were divided into two subgroups according to the latency of their
psychosis from first MAP intake: less than three years (n = 54, average = 0.83 years)
or mote than three years (n = 53, average = 9.98 years). For the remaining 31 sub-
jects we were not able to determine the latency period.

Genotyping

Genomic DNA was extracted from a peripheral blood sample using the standard
phenol extraction protocol. The 5'UTR and 5* flanking regions (up to about 5.6 kbp
from the start codon) of the OPRM were separately amplified by the polymerase
chain reaction (PCR) as three fragments, Exon 1 and part of intron 1 of the OPRM
were amplified by PCR. To find possible polymorphisms in 5UTR, exon 1, and part
of intron 1 of OPRM, the fragments amplified from genomic DNA of 44 control sub-
jects with PCR were sequenced wsing BigDye terminators (Applied Biosystems).
The genomic DNA of the remaining control subjects and the MAP-dependent sub-
Jjects was then analyzed by automated DNA sequencing in the region of exon 1 and
part of intron 1. Primers were designed based on the reference genomic contingency
sequence in the National Center of Biotechnology Information (Genbank Acces-
sions no. NT-023451).

Statistical Analysis

Por the statistical analysis, the chi-squared test was used; the statistical signifi-
cance level was chosen as .05. The Hardy-Weinberg (HW) equilibrium was checked
in all polymorphisms using the chi-squared test. In the analysis of linkage disequi-
librium and estimation of haplotype frequencies, genotypic data from 179 control
subjects and 128 MAP-dependent subjects were analyzed using the Arlequin pro-
gram available from http://anthro.unige.chfarlequin.!S To analyze the variation in
nucleotide repeats between control and MAP-dependent subjects, the CLUMP pro-
gram (16) was used to estimate the significant values of the chi-squared test (T1)
based on 1,000 Monte Carlo simulations.

RESULTS

To identify polymorphisms in OPRM, we analyzed exen 1, part of intron 1, and
part of 5" UTR of control subjects (n = 44). Seventeen novel and one previously
reported polymorphism were found, and there were no deviations from HW expec-
tations (TABLE 1). SNPs (C12G, C17T, G24A) that have already been reported in the
exon 1 cording region (5-14) were not identified in our control subjects. The allelic
frequency of A118G was remarkably high in our control subjects (45.3%) compared
with African-American or Caucasian populations (7.5-25.8%).71 We found that
one pair of SNPs, intervening sequence (IVS) 1-A4980G, and IVS1-A4910G in
intron 1 were in a relationship of absolute disequilibrium.

We picked up these two SNPs——A118G, which was higher frequency, and IVS1-
A4980G, which represented A4980G and A4910G—for analysis of our samples
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TABLE 1. List of SNPs found in control subjects (S"UTR, exon 1, and part of intren 1)

Allelic
Position SNP Name Frequency Sample Size
5’ flanking region and SUTR A-5580G <1.5% 44
C-5342T <1.5% 4
A-5308G <1.5% 44
C-5236T <1.5% 44
G-5026A <1.5% 44
G-4936A <1.5% 44
C-4504A <1.5% 44
T-2694G <1.5% 44
A-2693C <1.5% 44
T-2683T <1.5% 44
T-2402C <1.5% 44
Exon 1 All18G <45.3% 213
Intron 1 IVS1-A4980G 2.7% 187
IVS1-A4910G 2.7% 187
IV51-G46504 <1.5% 113
IVS1-T4591G 2.7% 113
IVS1-T4456G <1.5% 113

(TaBLE 2). No significant differences were found in allele frequencies of either SNP
between controls and MAP-dependent subjects. We further tested the linkage dise-
quilibrium in these SNPs. There was no linkage disequilibrium (I = 0.13) between
Al18G and IVS1-A4980G in our control subjects, but disequilibrium D’ = 1.00 cor-
responding to complete linkage disequilibrium in MAP-dependent subjects. IVS1-
A4980G in intron 1 is located about 25 kbp downstream from exoen 1. It is possible
that the linkage disequilibrium block in intron 1 and exon 1 is larger than 25 kb.

‘We also found one nucleotide repeat downstrearn of IVS1-A4980G in intron 1,
dinucleotide repeats [IV81-4908 (AC) 4_s;. There was significant linkage disequilib-
rium (P < .05 by the Arlequin program) between IVS1-4908 {AC),5_5 and the two
SNPs tested above. A118G showed weak but significant linkage disequilibrium with
IVS1-4908 (AC)y4.09 (in control subjects D’ = 0.33, and in MAP-dependent sub-
jects D’ = 0.46). IVS1-A4980G showed complete linkage disequilibrium (D’ =
1.00) with IVS1-4908 (AC);;.2¢ in both control and MAP-dependent subjects. We
Jooked for differences in the repeat polymorphism IVS1-4908 (AC) 5 5y between
control and MAP-dependent subjects (TABLE 3), but no significant difference was
found (P = .83 by CLUMP program (T1)).

We also analyzed associations of the SNPs with latency of MAP psychosis. Two
groups were set up according to latency of psychosis from first MAP intake: less
than three years (n = 54, average = 0.83 years) and more than three years (n = 53,
average=9.98 years) (TasLE 4). The allelic frequency of SNP A118G differed sig-
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nificantly (chi-squared test, P = .04) between control subjects and MAP subjects,
with latency less than three years,

Finally, we tested differences in haplotype frequencies between control and
MAP-dependent subjects using genotypic data of A118G, IVS1-A4980G, and dinu-
cleotide repeats [VS1-4508 (AC),5_ng. There was no significant difference in haplo-
type frequencies between the control group and either MAP group, whether latency
was shorter (P = .57) or longer (P = .27).

DISCUSSION

Various evidence suggests that the ji-opioid receptor is involved in the abuse of
both opiate drugs and nonopiate addictive drugs, such as alcohol, nicotine, and
cocaine.!*1% Sequence variations in both human and mouse OPRM have been re-
ported from several groups including our own.5>~7 In humans, some SNPs (CL2C,
C17T, A118G, C440G, and G779A,; the numbers are relative to the ATG start codon)
that cause amino acid substitution (respectively, SerdArg, Ala6Val, AsndDAsp,
Ser147Cys, and Arg260His) have already been reported.>~7 We did not find the two
SNPs (C12C, C17T ) in our Japanese population. In particular, the A118G SNP in
exon 1 that causes an Asn40Asp substitution is closely examined because it induces
a decrease in one of the five glycosylation sites in the amino terminal of the p-opioid
receptor. In vitro, A118G increases the affinity of the p-opioid receptor to one of its
endogenous peptides, f-endorphin, but has no influence on any other opioid ligand.®
Several recent studies have examined the association between frequencies of poly-
morphisms in OPRM (also A118G and others) and drug and/or alcohol dependence,
although the results are not fully consistent.”-14

‘When MAP abusers were divided into two groups according to latency of psycho-
sis, the allelic frequency of A118G was significantly different between the control
group and MAP-dependent subjects with a Jatency less than three years from first
MAP intake. Since we analyzed the allelic frequencies of the two SNPs in connec-
tion with MAP dependence/psychosis, Bonferroni corrections were performed on
the P values. The corrected P values were P = .08, suggesting there is no
significance.

We found linkage disequilibrium among A118G in exon 1, IVS1-A4980G, and
IVS81-4908 (AC)3_sp (from exon 1 to 25 kbp downstream) in the OPRM of our Jap-
anese samples. Linkage disequilibrium between A118G and IVS1-A4980G was
found in MAP-dependent subjects but not in control subjects. This finding suggests
a correlation between MAP dependence and linkage disequilibrium. Though no
significance was found in haplotype analysis, this result called for careful treatrnent.
Hoehe et af.” identified a combination of variants, consisting mostly of a specific
constellation of changes in putative transcription regulatory motifs that are found
significantly more frequently in African-American substance-dependent individuals
likely to have a significant genetic predisposition to their substance dependence. We
did not find their sequence variants in 5'UTR in our present Japanese sample. None
of the novel SNPs and dinucleotide repeats in 5UTR and part of intron 1 in our Jap-
anese population has been reported in African-Americans or European-Americans.
Polymeorphisms in the functionally relevant 5° regulatory region of the OPRM in cur
Japanese population showed differences from other ethnic groups.
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