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Several studies indicate that the p-opioid receptor plays a role in addiction
not only to opiate drugs but also to alcohol and non-opiate addictive drugs.
Our studies aim to reveal the associations between gene polymorphisms and
methamphetamine - (MAP) dependence/psychosis. We newly identified
several polymorphisms and four substantial linkage disequilibrium (LD)
blocks in the p-opioid receptor (OPRMT) gene. We found significant
differences in both genotype and ailele frequencies of the single-nucleotide
polymorphism (SNP) IVS2--G691C between control (n=232) and MAP-
dependent/psychotic patients (n=:128). There was also a significant
association between IVS2+ G691C and patients with transient psychosis.
These results suggest that the OPRMT gene variations may be a factor in
development and prognosis of MAP psychosis.

The Pharmacogenomics Journal advance online publication, 10 January 2006;
doi:10.1038/s).tpj.6500355

Keywerds: single-nucleotide polymorphism; human u-opioid receptar; methamphetarnine;
dependence; psychosis

Introduction

Several studies indicate that the p-opioid receptor plays a role in addiction not
only to opiate drugs but also to non-opiate drugs of abuse.” Positive or negative
regulation of the expression and/or function of the g-opioid receptor may be
involved in the mechanisms of drug dependence on both opiate and non-opiate
drugs of abuse.**” Several single-nucleotide polymorphisms (SNPs) that cause
amino-acid substitutions (non-synonymous), synonymous SNPs and SNPs in the
non-coding regions and introns in the p-oploid receptor (OPRM1) gene have been
reported in African-American and Caucasian populations.” Various studies of
the association between frequencies of polymorphisms in the OPRMI gene anid
drug dependence on opioids, alcohol or other substances in African-American,
Caucasian, Hispanic, Han Chinese and Swedish populations have been
reported.’™™® One of these SNPs, A118G, which alters the receptor function,*®
was associated -with 1isk for drug abuse,™'* although contradictory data were
also reported,t?2®8

Psychostimulants including methamphetamine (MAP) exert their reinforcing
effects by modulating monoaminergic transmission, of which dopamine is
supposed to be the most cracial.™ The increase in dopamine release through
dopamine transporters owing to MAP is primarily responsible for the induction
of its reinforcing and psychogenic effects. Opiold receptor agonists are known to
affect dopamine neurotransmission® and to attenuate MAP-induced enhance-
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ment of dopamine neurotransmission.?*?? Naloxone, an
opioid receptor antagonist, potentiated the long-lasting
dopamine depletion produced by MAP™ Furthermore, p-
opioid receptor-knockout mice display reduced reward from
psychostimulants. > Other recent studies on. animals also
indicate complex interactions between the dopamine and
opioid systems.?>-?° Therefore, it is possible that variations
in the opioid receptor function could produce individual
differences in the vulnerability to MAP dependence and/ot
psychosis. In a previous study, we found a significant
association between the SNP A118G and the latency of

MAP psychosis, although we did not find any significant .

association between the vulnerability to MAP dependence/
psychosis and polymorphisms in exon 1 and its flanking
regions of the OPRMI gene in Japanese subjects.”® Recently,
we identified the 3-end of the major OPRMI transcript,
MOR-1 mRNA®' In the present study, we extended the
association studies to the downstream regions beyond the
polyadenylation signal in the OPRMI gene to identify
linkage disequilibrium (LD) blocks, and examined associa-
tions between polymorphisms in thé OPRMI gene and MAP
dependence and/or psychosis in Japanese.

Materials and methods

Subjects

One-hundred twenty-eight unrelated patients with MAP
years of age) meeting ICD-10-DCR criteria (F15.2 and F15.5)
were used as case subjects; they were outpatients or in-
patients of psychiatric hospitals. The patients had intrave-
nously injected (n=93) orinhaled (n=33) MAP. All patients
were diagnosed by two trained psychiatrists, and diagnoses
were carried out on the basis of both interviews and all
available information included in the hospital records.
Patients were excluded if they had a clinical diagnosis of
schizophrenia, another psychotic disorder or an organic
mental syndrome. The 232 control subjects were mostly
medical staff members who had neither personal nor
familial history of drug dependence or psychotic disorders,
as verified by a clinical interview. All subjects were Japanese,
born and living in the northern Kyushuy, Setouchi, Chukyo,
Tokai and Kanto regions. This study was approved by the
ethical committees of each institute of the Japanese
Genetics Initiative for Drag Abuse, and all subjects provided
written informed consent for the use of their DNA samples
for this research.

Control samples were used to find OPRMI gene poly-
morphisms in the Japanese population. We first analyzed 44
controls to find polymorphisms and then employed 188
additional samples for intron 2 (total 232), 135 for intron 3
(total 179), and 53 {total 97) and 135 (total 179) for the
Funtransiated region (UTR), respectively, to estimate allelic
frequencies.

For the association study, we used 179 controls (139 males
and 40 females, 34.64 1.5 years of age) for the [VS3 +6113,
IVS3 + 8761, 1VS3-+-G59S3A and 1VS3 +A6151G  poly-
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morphic sites, 213 controls (166 males and 47 females,
34.8+ 1.6 years of age) for the A118G polymorphic site (in
our previous study®) and 232 controls (181 males and 51
females, 35.2+1.8 years of age) for the 1V82.+G691C
polymorphic site. Gender, age and geographical distribution
were matched without any known bias from a larger pool of
control subjects. :

Patient subgroups

We divided patients into two or three categories. The clinical
characteristics of the subgroups were as follows:

(@) Latency of psychosis from the first MAP intake: The course
of MAP psychosis varied among patients, and some
patients showed psychosis sooner after the first MAP
intake, as reported previously.*>>* The median latency
was 3 years. Therefore, patients were divided into two
categories based on the latency of the psychotic state
after the first MAP intake: less than 3 years (n=54,

average =998 years).
(b) Duration of psychosis after the last MAP infake: Some
patients showed continued psychotic symptoms despite
MAP abstinence, as reported previously.*>* Liability for
the duration of psychosis tay be determined, at least
partly, by genetic variation. We previously reported that
genetic variation in the dopamine transporter affects the
prognosis of the psychotic state.**3* Therefore, patients
were divided into two categories: transient and pro-
longed psychosis after MAP abstinence. Patients with
transient psychosis showed a reduction of psychotic
symptoms within 1 month after the discontinuance of
MAP consumption and the beginning of neuroleptic
treatment, and prolonged psychosis continued for more
than I month even after the discontinuance of MAP
consumption and the beginning of neuroleptic treat-
ment. In this study, 72 patients had the transient type
and 43 had the prolonged type of MAP psychosis.
Spontancous relapse: It has been well documented
that once MAP psychosis has developed, patients in
the remission phase are liable to spontaneous relapse
without MAP reconsumption.®®3 It is postulated that
a sensitization phenomenon induced by repeated
consumption of MAP develops in the brains of
MAP psychosis patients and is the nearal basis for
enhanced susceptibility to relapse.® Therefore, the
patients were divided into two groups according to the
presence (n=86) or absence (n=42) of spontaneous
relapse. :
Multiple-drug abuse: We divided MAP-dependent/psycho-
tic patients into three groups based on drug use, MAP
only (h=36), MAP plus casily accessible legal substances
(e.g., alcohol, inhalants, hypnotics; n=49) or MAP plus
illegal substances that are relatively difficult to access in
Japan (e.g., cocaine, heroin; n=43). Note that MAP is
easier to obtain in fapan than other illegal substances
{e.g., cocaine, cannabis, heroin). The total number of
patients in each category was not always 128 because
not all data were available for several patients.

—

(«

«d

~

—280—



Genotyping

Genomic DNAs were extracted from peripheral blood
samples by using the standard phenol extraction protocol.
Northern blot analysis has revealed that the single pre-
dominant transcript of the OPRM1 gene is the approxi-
mately 14kb Jong MOR-1 mRNA in the human brain.®s We
analyzed all exons of the- MOR-1 mRNA and 5 and 3’
intronic regions of each exon. We also analyzed the parts of
the intron-containing nucleotide repeats, which were found
in the database for genomic contig sequence (Genbank
Accession No. NT-025741). We independently screened the
amino-acid coding regions of the OPRMI gene for sequence
varialions: exon 1 (290bp) (in a previous study®"), exons 2-3
(353 and 521bp), exon 4 (39hp) and a part (from the stop
codon to 2951 bp downstream from the stop codon) of the
3'UTR in exon 4 (Figure 1). The neighboring intron
sequences of each exon, intron 2 (773bp) and some parts
of intron 3 were also screened for sequence variations. In
order to screen for all possible polymorphisms in the OPRM1
gene, we first analyzed all regions of all PCR products of
genomic DNA from 44 control subjects by using an
automated DNA sequencer. Then, the regions that included
frequent polymorphisms (allelic frequency >5%) and all
exons were analyzed by an automated DNA sequencer using
the genomic DNAs of the remaining control subjects. The
rest of the 3'UTR of the exon 4 (10 682bp) and the 197 bp 3'-
flanking region (total 10879bp) of the gene were similarly
analyzed with DNA samples of 12 control subjects and 36
primers. Primers were designed on the basis of the reference
genomic contig sequence in the National Center of
Biotechnology - Information (Genbank Accession No. NT-
025741). The LD blocks of the polymotphisms were
estimated using HaploBlockFinder Version 0.7 (http://cgi.
uc.edu/cgi-bin/kzhang/haploBlockFinder.cgi). D' and 1* were
calculated by using the appropriate formula in the Excel
program,¢

Statistical analysis

The »* test was used for statistical analysis. The statistical
significance level was set at «=0.05, and Bonferroni
corrections were conducted on association analyses. The
Hardy-Weinberg (HW) equilibrium was determined by
using the y* test. In the analysis of LD and estimation
of haplotype frequencies, genotypic data from. 179 control
subjects were analyzed by using the Arlequin program
available from http://anthro.unige.ch/arlequin.®  The
effect size and power calculations were performed by using
the G*Power program ({set o value as 0.05) available
from  http//www.psycho.uni-duesseldorf.de/aap/projects/
gpower/.?®

Results

Analysis of OPRM1 gene sequence variation

We analyzed exons 2-3 of the MOR-1 mRNA, parts of the
introns and parts of exon 4 of the OPRMI gene using
genomic DNA samples of Japanese control subjects. We
found 19 SNPs (Table 1(1)), one dinucleotide polymorphism
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morphism (PNP), a 32-base pair repeat 1V83-+ 8761 (GAC
ATA TAT CAT AAT ATA TAT TAT CAT ATT AT)s.,; (Table
1(2)). None of the polymorphisms deviated from the HW
expectations. There was no significant difference in allelic
frequencies of polymorphisms between subjects from the
Setouchi and Kanto regions, where the majority of our
present subjects were horn and are living (P>0.4; 4° tests).
The allelic frequency of SNP 1VS2 + G691C was remarkably
higher in Japanese control subjects (81.5%) than in African-
American or Caucasian populations (42.5-53.3%).%1* We
did not find any SNP in the amino-acid coding regions of
the OPRMI gene in Japanese subjects, except the SNPA118G
reported previously.

OPRMT1 genotypes and LD

LD was quantified by using Lewontin’s standardized coeffi-.
cient I) (Figure 1), We identified a block of LI at the OPRM1
locas that extended from intron 3 to the 3UTR. The SNPs
(TVS3-G:8804A, TAA +G886A, T1371C, G1670A, C20077,
A2109G, G2287A and G2395C), in intron 3 and the 3'UTR,
which spanned an 11-kbp sequence, were observed tobe in a

remaining SNPs within the region, except TAA -+ A2109G
(TAA -+ 1260, 1709, 2274), showed a high LD, suggesting
that these SNPs were also in the LD block. To determine the
extent of the LD block in the 3' downstream region, we
analyzed sequence variations up to 14 kbp downstream from
the stop codon (TAA) with. DNA samples of 12 control
subjects. We found 42 polymorpbisms in. this region, and of
them, 27 were in absolute LD {all possible D'=1.000 and
r2=1.000, data not shown).

One representative SNP (TAA + A2109G) was selected from
the polymorphisms in absolute LD, Seven SNPs in. the rest of
the OPRM1 gene (the 5'-flanking region to the SNP IVS3-
(:8804A) showed over 5% allelic frequency. Thus, we
selected these eight SNPs to calculate [ values. LD analyses
showed that LD relationships with significant I values were
observed for all possible combinations of SNPs, except for
[VS3 +G5953A and 1VS3 + G8497T "(Table 2). LD relation-
ships with significant * values were also observed for the
combinations of TAA +A2109G with 1VS3 +A6151G or
TVS3 -+ AB449G. The matrix of I values revealed a contig-
uous block of high values (I >0.97) for four sequential
markers, [VS3+A6151G to TAA-AZI09G. Two tegions,
from A118G to IVS3+G5807A and from IVS2+ G691C to
V83 G5933A, were also in LD blocks with high IY values
(' >0.7). Interestingly, in spite of the diversity of the
number of repeats, there were also significant LDs (P <0.05
by the Arlequin program) between the DNP and PNF in
intron 3 and the eight SNPs (Figure 1), as in the case of the
DNP in intron 1.6 These tesults suggest at least three
recombination positions between AT18G and 1VS2+ G691,
IVS3 + G5807A and 1VS3 + G5953A, and IVS3 - G5953A and
IV83 + A6151G. The following LD blocks were found in the
OPRMI gene by haplotype analysis using the HaploBlock-
Finder Version 0.7 program: (A) the region containing SNP
ATI8G (around exon 1), (B) the region containing

The Pharmacogenomics Journal
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Figure 1 Allelic frequencies and LD relationships of polymorphisms in the OPRMT genes of japanese control subjects. Tested regions (the 5'-
flanking region, exon 1 and part of intron 1 were examined in a. previous study®®) are indicated under the scheme of the OPRMT gene, and allelic
frequencdies are shown in the brackets after each polymarphism. The nurnbers near the srall black dots at the crossing of lines represent B’ values for
each combination of polymorphisms. Polymorphisms in the region from TAA -+ 2400 to TAA-+ 13 830 (gray bar in tested regions) are not shown

because of the small number of subjects (n=:12).

Table2 LD among SNPs in OPRM1 gene of control subjects

Locus A118G VS2+ VS3+ IVS3+ VS3+ VS3+ VS3+ TAA+ TAA+ TAA+

G691C GS807A G5953A A6151G AB449G C8497T A2109G A2274G G2287A
Dl

A118G 0.458

V52+G691C 0.125 0.672

IVS3+GS5807A 0453

IVS34G5953A 0.052 0.102

[V53+A6151G | 2 | 0.054 0.047

1V53+-A8449G 0.069 0.063

IVS3+C8497T 0.159 0.291

TAA+A2109G 0.061 0.055

TAA+A2274G 0.024 . 0.030 0.035

TAA+G2287A 0.070 0.284 0,063 . 0.046

Light gray shading inclicates a significant LD with a high D’ (:>0.7) and dark gray shading indicates that both D' and r* values are high.

IVS82 4+ C691G and 1V83 4 G5807A (at least 6.4kb from
intron 2 to about 5.9kb 3’ downstream from the exon 3-
intron 3 junictiony, (C) the region containing IVS3 -+ G5953A
(around 6kb 3’ downstream from the exon 3-intron 3
junction) and (D) the region containing other SNPs (at least
23.4 from 6.1kb 3’ downsiream from the exon 3-intron 3
junction to the 3-end of exon 4).

Relationship between OPRM1 gene polymorphisms and MAP
dependence/psychosis

We selected four representative SNPs (A118G, V52 + G691C,
1VS3 + G5953A and 1VS3 4+ A6151G) from the estimated LD

blocks by using HaploBlockFinder to study the association
between polytorphisms in the OPRM! gene and MAP
dependence/psychosis. We found significant differences in
bath genotype and allele frequency at IVS$2-+ G691C (7 test,
P=0.012 and 0.011, respectively) between the controls and
all patients with MAP dependence/psychosis (Table 3). These
significances were also shown after the Bonferroni correc-

calculated statistical powers for the SNPs Al18G,
IVS2 + G691C, IVS3 +G3953A and TVS3-+A6151G were
0.67, 1.00, 0.41 and 0.93, respectively. Although we further
estimated the haplotypes and calculated I)' values of these
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Tour SNPs, there was no significant difference (P=10.30) in
haplotypes between the control and MAP-dependent/psy-
chotic subjects (Table 4).

We also studied the association between polymorphisms
in the OPRM1 gene and the clinical parameters (latency of
psychosis, psychosis prognosis, spontaneous relapse and
multiple-substance abuse). The significant associations are
presented in Table 5. Based on the latency of psychosis,
three SNPs (A118G, IVS2Z+G691C and IVS3+A6151G)
showed significant differences in genotype frequencies (;*

control and MAP-dependent subjects whose psychosis
appeared less than 3 years from the first MAP intake. There
was also a significant difference (P=0.039) in the SNP
IVS2 + G691C between the control and MAP subjects whose
psychosis appeared more than 3 years after the first MAP
intake, but this significance level was lower than that for the
short latency group. In the prognosis of psychosis sub-
groups, only one SNP, IVS2 + G691C, showed a significant

control and MAP-dependent subjects  whose psychosis
continued for less than 1 month after the last MAP intake.
The association between SNP IVS2 +(G691C and the tran-
sient course of MAP psychosis was still statistically signifi-
cant after the Bonferroni correction (corrected significance

subgroups, only the SNP 1VS2 + G691C showed a significant

difference in genotype frequency (P=0.014) between the
control and MAF subjects with spontaneous relapse. Int the
multiple-drug abuse subgroups, SNP IVS2.4 G691C again
showed a significant difference in genotype frequency

psychotic subjects who did not use any other drug. Most
analyses of subcategories showed enough statistical power to
detect a small size effect, although some showed weaker
power (A118G for MAP-dependent/psychotic subjects who
did not use any other drug, (0.31) IVS3 -+ G5953A for
transient proghosis of psychosis (0.29) or for no sponta-
neous relapse, (0:13) and TVS3-- AG151G for later appear-
ance of psychosis (0.16)).

Discussion

Recently, LD mapping has proved to be a powerful tool for
identifying genes underlying complex clinical traits.*> 0
‘The identification of at least four LD blocks in the OPRM1
gene in the present study may be useful in future association
studies of polymorphisms in the OPRMI gene with other
clinical traits. The incidence of recombination may be high
in the OPRMI gene relative to other genes owing to its
telomeric position on chromosome 6 {6g24-q25). However,
the present study indicated that a high degree of LD still
exists within the OPRMI gene. This preservation of LD was

Table 3 Allelic and genotypic frequencies of SNPs in control and MAP-dependent/psychotic subjects

Locus Control subjects MAP-dependent /psychotic subjects
Gernotypic data Allelic data Genotypic data Allelic data
Number Allelic Number Number Allelic P-vailue Number P-value
frequency frequency
(%), (%)
A 67 {0.31) A 233(055) A 49 (0.38) A 152(0.59)
A118G A/G 99(0.46) 453 G 193 (0.45) A/G  54(043) 4056 G 104 (0.41)
G 47 (0.22) G 25 (0.19) P==0.43 P=0.23
Total 213 Total 426 Total 128 Total 256
G 6 (0.03) G 84 (0.18) G 12 (0.09) G 67 (0.26)
WV§2+G691C  G/C 72(0.31) 819 C 380 (0.82) G/C  43(0.33) 738 C 189 (0.74)
C 154 {0.66) C 73 (0.57) P=:0.012 P=0.011
Total 232 464 Total 128 Total 256
G 135 (0.75) G 311 (0.87) G 96 (0.75) G 220 (0.86)
IVS3+G5953A A/G 41 (0.23) 131 A 47 (0.13) A/CG - 28(0.22)  14.1 A 36 (0.14)
A 3 (0.02) A 4 (0.03)  P==0.70 P==0.74
Total 179 Total 358 Total 128 Total 256
A 2 (0.01) A 27 (0.08) A 1 (0.01) A 28 (0.11)
IVS3+A6151G A/G 23 (0.13) 925 G 3371 (0.92) A/G 26 (0.20)  89.1 G 228 (0.89)
G 154 (0.86) G 101 (0.79) Pe=0.21 P=015
Total 179 Total 358 Total 128 Total 256
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Table 4 Haplotype analysis in OPRMT gene of control and MAP-dependent/psychotic subjects
Haplotype
Control MAP dependence/psychosis
Frequency (%) Frequency (%) Al18G V§2+G691C 1V83+G5953A IVS3+A6151G

1 0.2 0.0 A Cc A A
2 2.4 0.5 A C A G
3 1.4 0.0 A C G A
4 32,9 336 A e G G
5 6.5 0.0 A G A A
6 8.0 1.5 A G A G
7 5.1 10.9 A G G A
8 2.9 2.8 A G G G
9 0.6 1.5 G C A G
10 441 38.2 G C G G
n 1.5 0.5 G G A G
12 0.4 0.0 G G G A
13 0.0 0.4 G G G G

exemplified in the 3’ region of the gene. We found absolute
LD among polymorphisms in the region spanning nearly
31kb from intron 3 to beyond the end of the 3JUTR
(TAA + 13.6 kb). This indicates that recombination has been
remarkably rare within the block. This long and absolute LD
block suggests that a set of many polymorphisms in the
block may. affect the expression level of the OPRMI gene.

We found a significant association between the SNP
V824 G691C in intron 2 and MAP dependence/psychosis
even after the Bonferroni correction in the present study.
This result provides pharmacogenetic evidence for cross-talk
between the opioid and dopamine systems, as has been
suggested by other studies.®*?7-2#142 On the other hand,
the SNP A118G was not significantly associated with MAP
dependence/psychosis, as shown in our previous report.*
These results, taken together with the fact that the SNP
AT18G was found only in the coding regions of the OPRM
gene in Japanese subjects, could suggest that polymorph-
isms in the non-coding regions rather than in the coding
regions of the OPRMI gene affect MAP dependence/
psychosis.

Use of MAP induces a strong psychological dependence,
and repeated use frequently results in psychotic states,
symptoms of which are similar to those seen in schizo-
phrenia of the patanoid type.*>** Interestingly, the SNP
IVSZ + G691C was significantly associated with the transient
course of MAP psychosis even after the Bonferroni correc-
tion. We consider that the SNPs A118G, IVS2+G691C and
TVS3 4 A6151G tend to be associated with the short latency
of MAP psychosis. Similarly, the SNP 1VS2 4-G691C tended
to be associated with the spontaneous relapse of MAP
psychosis. Although these differences were not significant
after the Bonferroni correction, we think that these
tendencies reflect the existence of an association between
OPRM! polymorphisms and MAP psychosis. It has also been
reported that the Bonferroni correction could be conserva-
tive for SNPs in LD.** Taken together, these significant
differences and tendencies toward differences suggest that

these SNPs might be related to the severity of MAP
psychosis. In particular, the SNP 1VS2 +G691C might be
related to a rapid induction of psychosis. Furthermore, the
SNP IVS2-4 C691G had a tendency to be associated with
single-drug  abusers of MAP rather than multiple-drug
abusers in the present study. This result is consistent with
previous reports that the association was not observed in
individuals with alcohol and drug dependence who were
multiple-drug abusers.®!! There are reports that increased
frequency of MAP use facilitated the appearance of MAP
psychosis.**** However, the information available on our
subjects was not sufficient to confirm the relation between
the frequency of MAP use and MAP psychosis. Although the
statistical power for most analyses of subcategories of MAP
psychosis was sufficient to detect an association, there is
some possibility that a Type 1 error, the false rejection of the
null hypothesis, exists in analyses of some subcategories
with weaker powers. Further study with a larger number of
subjects is required to determine the detailed association of
these SNPs with the subcategories. Although it is unclear
whether or not MAP dependence susceptibility has an
association with the polymorphisms of the OPRMT gene
found in our present analysis using MAP dependent/
psychotic subjects, the present results of subcategory
analyses suggest that the opioid system may be involved
in vulnerability to MAP psychosis.

The mechanisms underlying the relationship between the
SNP 1VS82 + G691C and vulnerability to MAP dependence/
psychosis have not yet been clarified. It has been revealed
that the sequence vatiation in the amino-acid non-coding
region of the murine p-opioid receptox (OprmI) gene caused
changes in the expression level of mRNA and the analgesic
effect of morphine among different strains of mice.#647
Furthermore, scatter plot analysis for comparison of the
OPRM1/Oprml genes showed highly conserved regions
between these species.” One of the possible mechanisms
is that the SNP 1VS$2 + G691C, and/or other polymorphistns
in the LD block, might be located on the sites of DNA-
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binding proteins and/or other modulators, and thus can
change the expression level of the OPRMI gene. A
comparison of expression levels of the OPRMI gene in
individuals with the different forms of the varlants may help
to elucidate the roles of the variants.

Twenty-thousand MAP abusers In Japan have been
arrested annually in the last 30 years. The number of MAP
abusers in Japan has recently been stable, although the
number was larger at the end of the Second World War.*%4
In Japanese MAP abusers, single-drag abuse is the most
comunon form, because MAP is relatively easy to obtain
among illegal substances, whereas other illegal substances
(e.g., cocaine, cannabis, heroin) are quite difficult to obtain.
In Japan, the number of MAP abusers arrested was 100 tites
more than abusers of cocaine or cannabis. MAP abuse is not
limited to specific Japanese populations. For example, high
school students have recently started to use MAP casually to
lose weight or just for fun.*® Further, more than 80% of MAP
abusers show MAP psychosis, and MAP may be one of the
causes of the recent increase in crime, Thus, MAP abuse is a
vety serious and noticeable social problem in Japan. The
present findings may lead to a better understanding of
genetic vulnerability to MAP abuse and might provide
suggestions to solve this problem.

The cross-talk between the opioid and dopamine systems
underscores the role of the p-opiold receptor in dependence
on non‘opiate drugs. The present findings suggest that the
sequence variation of the OPRM] gene may be useful as a
genetic marker to predict the development and prognosis of
MAP psychosis.
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Abstract ,

ZDHHCY is a new and attractive candidate for a schizophrenia-susceptibility factor. First, several lines of linkage studies showod that
2211, on which ZDHHCS is located, is a “hot” region. Second, fine linkage disequilibrium mapping revealed a significant association around
ZDHHCS. Moreover, a very recent study reported that one single nucleotide polymorphism (SNP: 151751 74) in ZDHHCS might affect the
splicing process, the ZDHHCSE knock-out mice showed the gender-specific phenotype, and the transmission disequilibrium test (TDT) using
this SNP also showed significant association with human female schizophrenia. Thus, we attempted a replication stidy of this SNP using
relatively large Japanese case-control samples (361 schizophrenics and 529 controls). No association was found between schizophrenia and
controls even after dividing samples by gender. Because our sample size provided quite high power, ZDHHCS may not play a major role in

Japanese schizophrenia. And our results did not support the gender-specific effect of this SNP.

© 2004 Elsevier Ireland Ltd. All rights reserved.

Keywords: Chromosome 22¢11; Gender difference; Candidate gene

The 22q11 region (OMIM: #600850 SCZD4) is associated
with increased risk for schizophrenia [2]. Two independent
meta-analyses of linkage studies showed the linkage around
22q11 [1,5], although one negative result was also reported
[8]. This chromosome region contains at least three genes,
COMT [12], PRODH?2 and DGCRGE [7], implicated as sus-
ceptibility genes for schizophrenia.

Recently, ZDHHCS8 was reported as a new and attractive
candidate gene on 22q11 from the evidence of a genetic asso-
ciation study and animal stady [6,9]. In the initial genetic as-
sociation study, Liu et al. showed that three single nucleotide
polymorphisms (SNPs) in ZDHEC8 were associated with

* Corresponding author. Tel.: +81 52 744 2284; fax: +81 32 744 2293,
L-mail address: insda@med.nagoya-u.ac,jp (T. Inada).
1 These authors contributed equally to this work.

0304-3940/3 — see front matter & 2004 Elsevier [raland Ttd. All rights reserved.

doi:10.10164.neuler.2004.10.015

schizophrenia. One of these SNPs (rs175174), which was
located in intron 4 of ZDHHCS, showed the most highly sig-
nificant P value {6]. This_intronic SNP seemed to modify
ZDHHCS expression by causing imperfect splicing, intron
retention and reduced enzyme activity. In addition, ZdhhcS
knockout mice had a gender-dependent dimorphic deficit in
prepulse inhibition similar to schizophrenia and reactivity
to the psychomimetic N-inethyl-p-aspartate (NMDA) recep-
tor blocker dizocilpine. In the light of these findings, the
transmission disequilibrivm test (TDT) divided sanples ac-
cording to gender differences, revealing that human female
schizophrenia was significantly associated with this SNP [9].
Thus, we here provide a replication study ofrs173174 in ZD-
HHCS using Japanese case~control samples.

A total of 561 patients with schizophrenia (259 female;
mean age == standard deviation (3.1.) 49.6 + 16.4 years: 302
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male; 47.0 £ 14.9)and 529 controls (270 temale; 39.7 £ 15 4
years: 239 male; 3494124 years) were genotyped for
association analysis of 15175174, Moreover, in additional
linkage disequilibrium (I.D) mapping around this SNP, 93
schizophrenic patienis (50 female and 45 male) and 96 con-
trols (44 female and 52 male), part of each sample used in
association analysis, were genotyped for three SNPs. The
general characterization of these subjects and a description
of their psychialric assessment according to identical criteria
were published elsewhere [13). After explaining the study
to all subjects, written informed consent was obtained from
cach. Thisstudy was approved by the Ethics Committes of the
Nagoya University Graduate School of Medicine and Fujita
Health University.

Genomic DNA was extracted from peripheral blood of
all subjects. For rapid genotyping of’ SNPs, rs175174 and
additional three SNPs for LD mapping (rs175169, rs175175
andrs2292570), polymerase chain reaction (PCR)-restriction
fragment length polymorphism (RFLP) assays were devel-
oped. The information of PCR primers is available on re-
quest. The PCR reactions of all SNPs were carried out in
a 10wl volume containing 10ng genomic DNA, 0.4M of
each primer, 200 WM of dNTP, I x PCR Gold Buffer, 1.5mM
MgCly and 0.25U of Amplitaq Gold™ (Applied Biosys-
tems Japan Ltd., Tokyo, Japan), using the GeneAmp™ PCR
system 9700 (Applied Biosystems Japan Ltd.). PCR cy-
cling conditions consisted of an initial denafuration step at
95°C for 9min, followed by 45 cycles of 95%C for 15s,
56°C for 205, 72°C for 305, and ending with a final ex-
tension step at 72°C for 7 min. PCR product was digested
using appropriate restriction enzymes according to the man-
ufacture’s recommendation (New England Biolabs, Eng-
land, UK) (Table 1). DNA fragments were resolved by elec-
trophoresis in a 6% acrylamide gel stained with ethidium
bromide.

Genotype deviation from the Hardy-Weinberg equi-
librium (HWE) was evalvated by x? test. Marker-trait
association analysis was also evaluated by x2 test (SPSS
10.0J, SPSS Japan Inc., Japan). To evaluate pairwise LI
matrices among SNPs (by 1Y and %), we used the software
HAPLOVIEW version 2.05 (developed in Mark Daly’s
lab.,, URL; htip/fwww.broadnit.edw/personal/jcharret/
haploview/index.php). This software also defined “LD
blocks™ by reasonable criteria based on 95% confidential
bounds on D’ values [4]. Power calculation was performed

using a statistical program prepared by Ohashi et al. [10].
The significance level for all statistical tests was 0.035.

In view of the gender differences in gene effects, we in-
cluded analyses of samples divided according to the gender.
Both in cases and controls, genotype frequencies of tofal, fe-
male and male samples were not significantly different from
HWE.

In association analysis, we could not find associations
of rs175174 with schizophrenia in either male or female
(Table 2). '

Next, to lest whether rs175174 is representative for ZD-
HHCS or not, we performed LD mapping using three addi-
tional SNPs around ZDHHCS (Fig. 1). LD matrices between
each pair of SNPs showed strong LD both in cases and con-
trols (Table 1). Even after dividing samples according to the
gender, all 11> patterns showed the same trends (data not
shown). These findings may suggest that the LD pattern of
ZDHHCS is a block-like pattern and that rs175174 is the
“representative SNP” of this gene.

The powerbased on genotype relative risk (GRR) was cal-
culated to evaluate the non-significant results due to type II
error. When we set the GRR at 1.28, 1.42 and 1.40 in all, fe-
imale and male samples, respectively (multiplicative model),
our sample size provided powers of more than 80%.

We could not replicate an original positive association
case-control association analysis among Japanese. Nor could
we replicate the gender-specific effect of the risk SNP. In this
association analysis, our sample sizes provide enough power
to deny the hypothesis. We also performed the fine 1D map-
ping of Japanese samples and showed that the LD pattern
of ZDHHCS was the same block-like pattem as one of the
samples from the United States and South Africa. The results
provide evidence that not only 15175174 but also ZDHICS
would not be a susceptibility factor for schizophrenia in ei-
ther Japanese females or males. The discrepancy between
Japanese and the samples from tHe United States and South
Africa may derive from ethnic differences. ,

A couple of limitation should be addressed to discuss the
present results. Initially, the mean age of controls is much
younger than that of patients in the present study. This means
thata number of young controls, although not more than five
subjects given a lifetime morbidity risk of 0.8-1.0%, may go
on to develop schizoplirenia. This confounding factor might

weaken the power of the present study, Another limitation

Table 1

SNPs in LD mapping and pairwise LD matrices

SNPID 124 Resiriction enzyme
175169 rs175174 15175173 152292570

8175169 0.97{0.78) 1.0 (0.29) L0O10.67 Bsll

15175174 0.97 (0.80) 1.0{0.36) 1.0 (0.58) BseR1

18175175 1.0 (0.263 1.0{0.31) LO(0.21 AN

152292570 0.93(0.763 0.97 (0.70) 1.0 (0.23) . TspR1

Upper diagonal figures are ' () of controls and lower diagonal fgures are I (77} of schizoplrenia.
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Table 2 .
Association analysis of 1s175174

Samples Number GG GiA AlA Palue (genotype) MAF? Pvalue (allele)
Total :
SCZ 561 . 238 245 78 0.357
CON 529 208 259 63 0.213 0.368 0.618
Female
SCZ 259 114 106 39 0.355
CON 270 112 130 28 0.133 0.344 0.714
Male
SCZ 302 124 139 39 0.359
CON 259 93 129 37 0.457 0.392 0.260
SCZ: schizophrenia: CON: control.
* Minor allele frequency.
g 14.6kb - [3]1 D. el-Husseini Ael, D.S. Bredt, Prowin palmitoylation: a regulator
ATG TGA of neuronal devefopment and function, Nat. Rev, Neurosci. 3 (2002)
791802,
I“I Ii II u [4] $.B. Gabriel. SF. Schaffuer, H. Nguyen, 1.M. Moote, J. Roy, B.
5 3 Blumenstiel, . Higgins. M. DeFelice, A. Lochner, M. Faggart, S.N,
? f f 1 Liv-Cordero, C. Rotimi, A. Adeyemo. R. Cooper. R, Ward, E.S.
5175169 15176174 15175175 130292570 Lander. M.I. Altshuler, 1. Daly, The structure of haplotype blocks

Fig. 1. Genomic structure of ZDIHCS and SNPs used in association anal-
ysis and LD mapping. Vertical bars represent exons of ZIHHCS, and each
number under arrows represents SNP [, -

which must be exercised is that the other candidates related
1o the nevrodevelopmental and neuroprotective effect of Z1D-
HHCS8 would be in locus heterogeneity [11]. For example,
ZDHICR encodes a putative transmembrane palmitoyltrans-
ferase modulating numerous classes of neuronal proteins in-
cluding proteins important for neuronal development, nen-
rotransmitter receptors such as NMDA {3]. Thos, the com-
bined effect between ZDHHCS and the ofhier genes might be
a stronger predisposing factor. Further genetic analysis in-
cluding related candidate genes would definitely be required
for a conclusive result.
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Abstract

Glenetic contributions to the etiology of substance abuse and dependence are topics of major inferest. Acute and chronic cannabis use can
produce drug-induced psychosis resembling schizophrenia and worsen positive symptoms of schizophrenia. The endocannabinoid system is
one of the most important neutal signaling pathways implicated in substance abuse and dependence. The fatty acid amide hydrolase (FAAT)
is a primary catabolic enzyme of endocannabinoids. To clarify a possible involvement of FAAT in the etiofogy of methamphetamine depen-
dence/psychosts or schizophrenia, we examined the genetic association of a nonsynonymous polymorphism of the FAAH gene (Prol29Thr)
by a case-control study. We found no significant association in allele and genotype frequencies of the polymorphism with either disorder.
Becanse the Pro129Thr polymorphism reduces enzyme instability, itis unlikely that dysfunction of FAAH and enhanced endocamabineid
system induce susceptibility to either methamphetamine dependence/psychosis or schizophrenia.
© 2004 Elsevier Irefand Lid. All rights reserved.

Keywords, The fatty acid amide hydrclase (FAAH); Mothamphetamine dependence/psychosis; Schizophrenia; Nonsynonymous polymorphism; The Pro
129Thr polymorphism

Tn 1988, the existence of a cannabinoid receptor in the brain date, at Jeast two different cannabinoid receptors, CB1, CB2,
was found, and its gene was cloned two years later {7,19]. To and putative endogenous agonists, including anandamide and
2-arachidonylglycerol, have been identitied [81. CB1 recep-

* Cormesponding author, Tel: *81 86 235 7242; fax: +81 86 235 7246, tors are the only cannabinoid receptors that have been found

E-mail address: hujikeigee okayama-wac.jp (. Ujike). in the central nervous system (CNS). A number of studies

0304-3940/8 - see front matter © 2004 Elsevier Ireland 1td. All rights reserved.
Jdoi:10.1016/.nenler.2004.11.050
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have indicated that brain CB1 receptors mediate the behav-
ioral and neurochemical properties of cannabis, e.g., mari-
juana, including the rewarding effect, tolerance, and phys-
ical dependence {9,24,30]. CB1 receptors and endogenous
agonists are involved not only in cannabinoid dependence
but also dependence on other classes of drugs, such as al-
cohol, morphine, and cocaine [11,22,23.38]. Interaction be-
tween cannabinoids and amphetamines, including metham-
phetamine, has also been reported. Thus, the cannabinoid re-
ceptor antagonist AM251 inhibited methamphetamine self-
administration by reduction of methamphetamine withdrawal
[37]. Another antagonist, SR 1417 16A, potentiated the stim-
ulating effects of amphetamine {18]. The CBI1 agonist WIN
55, 212-2 or delta 9-tetrahydrocannabinol, a main ingredi-
enft of cannabis, induced cross-sensitization to amphetamine
[14,21]. These findings implicate the endocannabinoid sys-
tem as one of the most important signaling pathways in drug
abuse and dependence.

In the 1980s, fatty acid amide hydrolase (FAAH), the in-
tegral membrane cannabinoid enzyme, was identified [27].
FAAH is widely expressed in neuronal cells in the CNS, pre-
dominantly in the neocortex, hippocampal formation, amyg-
dala, and cerebellum [10,31]. FAAH serves as a primary
catabolic regulator of the endogenous cannabinoid ligand
anandamide and related fafty acid amide-signaling molecules
[15,16]. It has been reported that the metabolic activity of
FAAH playsimportantroles in the CNS by ensuring rapid ter-
mination of specific signaling processes of the cannabinoid

severely impaired in their ability to degrade anandamide. As
a consequence, the brain level of anandamide in FAAH —/—
mice is increased 15-fold, and they exhibit CB1 receptos-
dependent behavioral responses, including less sensitivity to
several pain stimuli, hypomotility, hypothermia, analgesia,
and catalepsy {2]. Mutation of the FAAH gene may induce
dysregulation of the endogenous cannabinoid system, and
result in alternation in brain addiction/reward pathways. Re-
cently, Sipe et al. [ 28] reported that the presence of a polymor-
phism of the FAAH gene that converts a conserved proline
residue to threonine at the 129 position (Pro129Thr) is a risk
factor for problem substance abuse and dependence ina Cau-
casian population. We tried to determine if a genetic associa-
tion of the Pro129Thr nonsynonymous polymorphism of the
FAAH gene in patients with methamphetamine dependence
in a Japanese population.

Frurthermore, acute and chronic cannabis exposure can
precipitate a psychotic state, with hallocinations and delu-
sions resembling schizophrenia. Cannabis consumption
also worsens positive symptoms of schizophrenia, and
could result in a poor ouvicome and liability fo relapse
[12,13,20,29,32]. Two cohort studies showed cannabis use
in adolescence increased greatly the risk of schizophrenia in
adulthood [1,39]. In addition, recent studies showed an. in-
creased density of CB1 receptors in the prefrontal cortex and
anincreased level of anandamide in the CSF in schizophrenia
[6,17.40]. These findings led to a cannabinoid hypothesis of’

schizophrenia [34]. Therefore, we examined a possible asso-
ciation between Prol29Thr polymorphisin of the FAAH gene
and schizophrenia.

The subjects were 133 patients with methamphetamine de-
pendence (124 males and 29 females; mean age, 37.8 years;
S.D. 12.1 years) meeting the ICD-10-DCR criteria (F15.2),
who were oulpatients or inpafients in psychiatric hospitals
of the Japanese Genetics Initiative for Drug Abuse (JGIDA),
and 200 age-, gender-, and geographical origin-matched nor-
mal controls (designated Control-1, 162 males and 38 fe-
males; mean age, 37.3 years; S.D. 12.1 years), who were
mostly medical staff members without a past individual or
family history of drug dependence or psychotic disorders.
One hundred and forty-one of patients also suffered from
methamphetamine psychosis (°15.5, 118 males and 23 fe-
males; mean age, 38.5 years; S.D. 12.1 years). The patients
with methamphetamine dependence and/or psychosis were
divided into several subgroups by clinical features according
to age at first consumption, latency of psychosis, progno-
sis, and multi-substance abuse status. Seventy-six patients
(49.7%) had consumed methamphetamine before the age 20
years, and 77 patients (50.3%) had first consumed metham-
phetamine after they were 20 years old. The latency of psy-
chosis was less than 3 years after the first methamphetamine
consumption in 60 patients (42.6%) and 3 or more years in
81 patients (57.4%). Forty-cight patients (31.4%) had abused
only methamphetamine during their lifetime, and 105 pa-
tients (68.6%) had abused drugs other than methamphetamine
in the past or present. Besides methamphetamine, organic
solvents were the most frequently abused drugs, followed
by marijuana. Cocaine and heroin were rarely abused. The
prognosis of methamphetamine psychosis varied among pa-
tients, and some patients showed continuous psychotic symp-
toms even afler methamphetamine discontinnance, as pre-
viously reported {25,26]. Therefore, patients were divided
into two categories of psychosis, the transient type and the
prolonged type, based on the duration of the psychotic state
after methamphetamine discontinuance, as described in our
previous study {36]. Patients with the transient type showed
remission of psychotic symptoms within one month after
the discontinuance of methamphetamine consemption and
beginning of treatment with neuroleptics, and those with
the prolonged type had psychosis that continued for more
than one mounth even after this discontinuance of metham-
phetamine consumption and beginning of neuroleptic treat-
ment. In this study, 85 patients (60.3%) were the transient
type and 56 patients (39.7%) were the prolonged type. It
has been well-documented that once methamphetamine psy-
chosis lias developed, patients in the remission state be-
come lable to spontaneous relapse without reconsumption
of methamphetamine [25,26,35]. Such enhanced liability to
relapse may result from a sensitization phenomenon devel-
oped during methamphetamine abuse, andnay be affected by
genetic traits {33]. Therefore, the patients were divided into
two groups according to the presence or absence of spon-
taneous relapse. The number of patients with a history of
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spontaneous relapse was 63 (46.1%) and those without were
76 (53.9%).

To determine the relationship between the Pro129Th poly-
morphism and schizophrenia, we examined 260 patients (151
malesand 109 females; mean age, 44.5 years; S.D. 13.1 years)
fulfilling the ICD-10 diagnostic criteria for schizophrenia.
Assessment for diagnosis and subtype of schizophrenia was
performed by trained psychiatrists on the basis of all avail-
able information, including hospital notes. One hundred and
twenty-seven patients (68 males and 59 females; mean age,
39.1 years; S.1D. 13.1 years) were diagnosed with the paranoid
type, 127 (82 males and 45 females; mean age, 39.6 years,
S.D. 13.9 years) with the hebephrenic type, 2 with the cata-
tonic type, and 4 residual type of schizophrenia. Age-, gender-
, and geographical origin-matched control subjects for the
schizophrenia patients were recruited (designated Control-2,
194 males and 143 females; mean age, 47.2 years; 5.1). 11.8
years). Subjects with a positive personal or tamilial history of
major psychiatric disorders were exchided from the control
group. This study was performed after obtaining approval
from the ethics committees of each institute of JGIDA, and
all subjects provided written informed consent for the use of
their DNA samnples in this research.

The genomic DNA was extracted from peripheral leuko-
cytes using the standard phenol/CHCl3 method. A Prol 29Thr
polymorphism of the FAATL gene was amplified by poly-
merase chain reaction (PCR), with 3% dimethyl sulfoxide
and 0.75 units of Tag DNA polymerase in a total volume
of 13 pl reaction mixture using the following primer sets:
5.ATG TTG CTG GTT ACC CCT CTC C-¥ and §'-TCA
CAG GGA CGC CAT AGA GCT (-3, Initial denaturation
was performed for 5 min at 95 °C. Then, 35 cycles were per-
formed (305 of denaturing at 95 °C, 30s of annealing at the
appropriate temperature, and 30 s of extension at 72 *C), fol-
lowed by a final extension at 72 “C for § min. The PCR prod-
uets were then digested with EcoO1091 and analyzed on 3.0%
agarose gels.

Deviation of the genotype counts from Hardy-Weinberg
equilibrivin was tested using a chi-square goodness-of-fit test.
The statistical significance of differences in the genotype dis-
tribution and allele frequency between patients and controls
was assessed by a chi-square test or Fisher’s exact test at a
significance level of §.05. All genotyping was performed in
a blinded fashion, with the conirol and case samples mixed
randomly. Allele fiequencies were caloulated using allele-
counting methods.

The genotype distribution and allele frequencies of
Pro129Thr polymorphism of the FAAH gene for patients with
methamphetamine dependence/psychosis or schizophrenia,
Conirol-1, and Control-2 are shown in Tables 1 and 2.
The genotype distribution of all patients and controls sub-
jeots did not deviate significantly from Hardy-Weinberg
equilibrivm at the polymorphic locus. No significant dit-
ferences were found in the frequency of the genotype or
allele of the Prol29Thr polymorphism between patients
with methamphetamine dependence and Control-1 (geno-

type, x2=122, df =2, P=057; allele, x°=0.22, df. =1,
P=0.68). No significant differences were tound in the fre-
quency of the genotype or allele between subcategories
of methamphetamine-dependent patients whose age at first
methamphetamine consumption wags less 20 years or more

and without spontaneous relapse of psychotic symptoms
(genotype, x%>=4.56, d.f.=2, P=0.16; allele, x=4.36,
d.f=1, P=0.06).

No significant differences were found in the frequency
of the genotype or allele of the Prol29Thr polymor-
phism between schizophrenia patients and Control-2 (geno-

P=0.94), With regard to the subcategories of schizophre-
nia, no significant differences were found in the frequency of
the genotype or allele between patients with paranoid type
schizophrenia and Control-2 (genotype, x>=0.67, d.f. =2,

P=0.62).

FAAH is a primary and rapid catabolizer of endocannabi-
noids, such as anandamide and 2-arachidonoyl glycerol, and
FAAH knockout mice show a robust increase in brain anan-
damide. Therefore, homozygosity of a mutant allele of the
gene may induce hyperactivity of cannabinoid signaling in
the brain. The present study showed no significant associa-
tion between methamphetamine dependence/psychosis and
the Pro129Thr nonsynonymous polymorphisim of the FAAH
gene. Sipe et al. [28] reported that the Pro129Thr polymor-
phism is strongly associated with street-drug use and prob-
lem drug/alcobol use, especially with illegal drug use by
Caucasians. They found that the odds ratios of the mutant
129Thr/Thr homozygote for risk of problem drug/alcohol use
and street-drug use in individuals were 4.5 and 2.2, respec-
tively [28]. The Pro129Thr mutation did not significantly im-
pact the catalytic properties of FAAH, but it was found to pro-
duce a significantly greater sensitivity to proteolytic degra-
dation, and may have direct effects on the regulation of the
FAAH proteins [28]. These findings suggest that dysfunction
of FAAH and enhanced endocannabinoid level due to genetic
mutation may constitute a risk factor for problem drug use.
However, our data indicated that dysfunction of FAAH did not
affect the risk of methamphetanine dependence/psychosis
in & Japanese population. We also examined a possible as-
sociation between clinical features of methamphetanune de-
pendence/psychosis, such as age at first methamphetamine
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Table |
Fatty acid amide hydrolase (FAAH) genotype distributions and allele frequency in patients with methamphstamine (METH) dependence/psychosis
Group N Genotype Allele
Pro’Pro (%) Pro/The (%5} TheThr (%) P-value Pro (%) Thr (%) Palue
Control-1 200 139 (69.5) 58{20.0) 3{LM 336184.0% 64 (16.03
METH dependencespsychosis 153 105 (68.6) 43 (28.1} 533 0.57 253 (82.7) S3(17.3) 0.68
Age of first use
<20 ye 76 49 (64.5) 25(32.9 2{(2.6) 123 (81.0) 29419.1)
=20 years 77 56{(12.73 18(23.4) 3{3.9) 0.43 130 (8443 24 (15.6) 043
Multi-substance abuse
No 48 30(62.5) 17(35.3) 1§21} 77(80.23 19(19.8;
Yes 108 75(71.4) 26 {24.8) 4(3.8) 049 176 (83.8) 34(16.2) 0.52
Latency of psychosis
<3 years G0 43(71.7) 16¢26.7) L 102 (85.0) 18 (15.0)
>3 years 81 54 (66.7) 24 (29.6) 337 0.75 132(81.5) 30(18.5) (.52
Prognosis of psychosis
Transient 83 33(624) 29 (34.1) 3 135(794) 35(20.6)
Prolonged 56 43(76.8) 0.19 9%(87.5) 14{12.5) 0.11
Spontaneous relapse of pyschotic symptoms
No 76 47 (61.8) 26(34.2) 120(78.91 3202Lh
Yes 65 30{76.9) 14 {21.5} 0.1é 114 (87.7) 16112.3) 0.06

Numbers in pareniheses indicate percentages. Stalistical analysis was performed by a chi-square test of Fisher’s exact test,

Table 2
FAAH genotype distributions and allele frequency in schizophrenia patients

Group N Genotype Allele
ProPro (%) Pro/Thr (%) Thr/Thr {%3 P-value Pro (%) Thr (%) P-value
Control-2 337 233 (69.13 99 (29.4) 3(1.5) 565 (84.0% 109 (16.0)
Schizophrenia 260 180 (69.2) 75 (28.8) 5(1.9) 0.91 433 (837 85(16.3) 0.94
Paranoid type 127 90 (70.9) 34{26.8) 324) 0.63 214 (84.3) 40(15.7) 0.92
Hebephrenic type 127 $3 (65.4) 42 (33.9) 1(0.0) 0.61 209 (82.3) 45 (1779 0.62

Numbers in parentheses indicate percentages. Statistical analysis was performed by a chi-square test of Fisher’s exact test,

consumption, latency to onset of psychosis, prognosis, spon-
taneous relapse, and nulti-substance abuse status but found
no significant association with any clinical feature. The dis-
crepancy between the previous and present findings may re-
sult from differences of substance class. The present study
analyzed methamphetamine abusers, however, Spine et al.
analyzed “street-drug users”. Although, they did not spec-
ify the kinds of drugs in their paper, marijuana use has been
epidemic in the US, followed by cocaine and morphine. [t is
possible that the majority of patients examined in the previ-
ous study abuse marijuana and that is why the “street-drug
use” of the previous study was associated with a mutant al-
lele ofthe FAAH gene. This hypothesis should be addressed
in future study. Alternatively, the ethnicity of the subjects
must be considered. Our subjects were Japanese, and theirs
were Caucasian. Japanese controls showed the 129Thr allele

mozygosity of the mutant allele was observed in only 1.5%
of Japanese subjects, The rarity of the mutant homozygote in
our Japanese population may result in a lack of genetic risk
of the FAAT gene for Japanese “street-drug users™.

No significantassociation with the Pro129Thr nonsynony-
mous polymorphism of the FAAH gene with schizophrenia
was revealed. This is consistent with Sipe’s study of a Cau-
casian population. Previously, wereported that a triplet repeat
polymorphism of the CNR1 gene, which encodes the human
CB1 cannabinoid receptor, was significantly associated with
patients with schizophrenia, especially the hebephrenic sub-
type [36]. Several clinical studies have shown that exogenous
cannabinoid ligands could precipitate schizophrenia, worsen
prognosis, and induce relapse. Our present and previous ge-
netic findings of the endocannabinoid system indicated that

rariants of cannabinoid receptors, rather than an altered en-
dogenous agonist produced by the FAAH variant, may be
important in the etiology of schizophrenia.

The power analysis showed that the present sample size
hadapower 00.89 and 0,98 to detect a small elfect size (v =
0.12) at an alpha value of 0.05 to detect significant allelic
associations between Control-1 and total methamphetamine
patients and between Conrol-2 and total schizophrenic pa-
tients, respectively. The present total sample size can be there-
fore considered to be large enough statistically. However, the
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statistical power deteriorated in the analysis with regard to
the subgroups of patients, and our results must be verified
with a larger sample to conclude.

In conclusion, the cannabinoid pathway may be impli-
cated in drug abuse, addiction,-and also the pathophysiol-
ogy of schizophrenia, but the Pro129Thr nonsynonymous
polymorphism of the FAAH gene is not significantly associ-
ated with either methamphetamine dependence/psychosis ot
schizophrenia, at least in a Japanese population,
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