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Functional polymorphism of the NQO?2 gene is associated
with methamphetamine psychosis
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Abstract

Several lines of evidence suggest that genetic factors contribute to the vulnerabiliry of drug abuse such
as methamphetamine (MAP), and that dopamine-quinones produced by administration of MAP
may be involved in the mechanism of MAP-related symptoms. The detoxification of quinones is
caralyzed by a farmly of proteins designated as quinone oxidoreductases (NQOs). We analysed the
polymorphisms of NQOI and NQO2Z genes to elucidare the association with genetic vulnerability to
MAP abuse in Japan. The genovype and allele frequencies for the polymorphism (Pro187Ser) of the
NQOI gene did not differ between each subgroup of patients and controls. In contrast, the genotype
Srequency for the insertiontdeletion (1/D) polymorphism in the promoter region of the NQQ?2 gene was
a significant (p =0.038) difference between patients with prolonged-type MAP psychosis and
controls. This study suggests that the NQO2Z gene polymorphism contributes to the aetiology of MAP-

related psychosis in Japanese.

Introduction

Misuse of methamphetamine (MAP), the most abused drug
in Japan, is a growing problem world-wide. Several lines of
evidence suggest that genetic factors contribute to the
vulnerability of substance abuse (Kendler 2001; Tsuang et
al. 2001; Crabbe 2002; Uhl et al. 2002). Oxidative stress
plays a role in the mechanisms of action of MAP: dopamine
(DA) is released from the vesicular storage to the cytoplasm
by administration of MAP, where DA can auto-oxidize to
produce DA-quinones and additional reactive oxygen spe-
cies, suggesting that DA-quinones might be implicated in the

mechanism of acton of MAP-induced neurotoxicity or
psychosis in humans (Kita et al. 2003; Hashimoto et al.
2004).

The detoxification of quinones is catalyzed by a family of
proteins designated as quinone oxidoreductase (NQOs).
NQOs catalyze two-electron reduction to detoxify quinones
competing with the one-electron reduction for the metabolism
of quinones. In humans, genetic evidence indicates that the
different forms of NQOs are encoded by four gene loci. Two
of these gene loci have been identified as cytosolic NAD(P)H-
quinone oxidoreductase 1 (NQO1) (Ross et al. 2000) and
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NRH-quinone oxidoreductase 2 (NQO2) (Long and Jaiswal
2000). Quinones are highly reactive molecules and readily
generate unstable semiguinones by reduction. Semiquinones
undergo redox cycling in the presence of molecular oxygen
and this leads to formation of highly reactive oxygen species
(ROS). ROS and semiquinones cause oxidative stress. NQOs
catalyze two-electron reduction competing with the one-
electron reduction to detoxify quinones and their derivatives,
and protect cells against damage associated with redox cycling
and oxidative stress (Long and Jaiswal 2000; Ross et al. 2000).
The insertion / deletion (I/D) polymorphism in the promoter
region of the NQO2 gene has shown positive correlation with
idiopathic Parkinson’s disease (Harada et al. 2001), schizo-
phrenia (Harada et al. 2003) and alcohol withdrawal
symptoms (Okubo et al. 2003), although no difference was
detected for the polymorphisms of the NQO1 gene and the
other polymorphic loci of the NQO2 gene. Based on the role
of oxidative stress in MAP-induced neurochemical changes, it
is of great interest to examine association between poly-
morphisms of the NQO genes and MAP abusers. The
purpose of the present study was to elucidate genetic
vulnerability in Japanese MAP- abusers associated with the
polymorphisms of the NQO genes. In this study, we examined
the association between the polymorphisms in the NQO1
gene (Pro187Ser) and the promoter region of the NQO2 gene
and MAP abusers in Japan.

Materials and methods

The research was performed after obtaining approval from the
ethics committees of each institute of Japanese Genetics
Initiative for Drug Abuse (JGIDA), and all subjects provided
written informed consent to the use of their DNA samples for
this research. The subjects were 191 patients with MAP
dependence and psychotic disorder meeting International
Classification of Diseases version 10 (ICD-10)- Diagnostic
Criteria for Research (DCR) criteria (F15.2 and F15.5) who
were out-patients or in-patients of psychiatric hospitals of
JGIDA, and 207 age-, gender- and geographical origin-
matched normal controls were recruited mainly from medical

staffs that had no past and family history of drug dependence
or psychotic disorders (Table 1). All subjects were Japanese.
Genomic DNA was extracted from whole blood obtained
from the subjects. The patients were classified into three
groups by some clinical features: (1) patients with MAP
psychosis; (2) patients experienced or not experienced
spontaneous relapse; and (3) patients with or without
polysubstance abuse. Patients with MAP psychosis were also
divided into two subgroups according to the duration of
psychotic state: patients with prolonged-type MAP psychosis,
whose psychotic state continued for more than 1 month; and
patients with transient-type MAP psychosis, whose psychotic
state improved within 1 month.

The polymorphism of a C to T substitution in exon 3 of
the NQOI gene (Prol87Ser) was identified by polymerase
chain reaction (PCR)-restriction fragment length poly-
morphism (RFLP) using Hinf 1 (New England Biolabs
Inc., Beverly, MA, USA). PCR primers were as follows:
forward primer, 5-TCCTCAGAGTGGCATTCTGC-3
and reverse primer, 5-TTCTCCTCATCCTGTACCTCT-
3'; the annealing temperature was 58°C. The PCR product
[240 base pairs (bp)] were cut by the restriction enzyme of
Hinf 1, producing two fragments of 215 and 25 bp for the
C/C genotype, four fragments of 215, 180, 35 and 25 bp
for the C/T genotype and two fragments of 180 and 35 bp
for the T/T genotype. To genotype the polymorphism of I/
D of 29bp nucleotides in the promoter region of the
NQO2 gene, PCR analysis was performed using the primers
5'-CTGCCTGGAAGTCAGCAGGGTC-3 and 5'-
CTCTTTACGCAGCGCGCCTAC-3; the annealing tem-
perature was 64°C. The PCR product size for homozygous
genotype of insertion (I/I) was 291 bp and that for
homozygous genotype of deletion (D/D) was 262 bp.
Heterozygous genotype of insertion and deletion (I/D)
made 310-bp heteroduplex DNA fragment in additon to
291-bp and 262-bp PCR products (Harada et al. 2001).

Differences in the distribution of genotypes between
patients and controls were analysed using Fisher’s exact
probability test based on a two-sided p value. The
comparison of mean age between the two groups was

Table 1. Characteristics of the study population

Characteristics Controls Abusers p value
Number of subjects (male/female) 207 (161/46) 191 (151/40) 0.808*
Mean age, years (SD) 36.5 (11.9) 36.7 (10.6) 0.852t
MAP psychosis 147

Transient 81

Prolonged 60

Unknown 6
Spontaneous relapse

Positive 61

Negative 106

Unknown 24
Polysubstance abuse

Yes 113

No 52

Unlnown 26

*Comparison of the male/female ratio between the two groups was performed by a Fisher’s exact probability test. TComparison of mean age

berween the two groups was performed by an unpaired r-test.
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performed by an unpaired -test (SPSS ] for Windows
12.0.1], SPSS Japan Inc., Tokyo). Significance for the
results was set at p < 0.05.

Results

The genotype distributions of NQO1 gene and NQO2 gene in
patients and controls were in good agreement with the values
expected from Hardy—-Weinberg equilibrium. The genotype
and allele frequencies for the polymorphism (Pro187Ser) of
the NQO1 gene did not differ significantly between each
subgroup of patients and controls (Table 2). The genotype
and allele frequencies for I/D polymorphism in the promoter
region of the NQOZ2 gene are summarized in Table 3. There
was a significant difference between patients with prolonged-
type MAP psychosis and controls (p=0.038). In additon,
there was a tendency to different genotype distribution of the
NQO?2 gene polymorphism in patients with MAP psychosis
compared to controls (p=0.085). No difference was detected
in the genotype distribution between patients in the other

NQO?2 gene and MAP psychosts 147

subgroups and controls. The allele frequencies for I/D
polymorphism in the promoter region of the NQO2 gene
were not different between each subgroup of patients and
controls. There was no gender difference between patients
and controls (Table 1).

Discussion

We found that the I/D polymorphism in the promoter region
of the NQO2 gene was associated with the prolonged type of
MAP psychosis. It has been shown that the I/D polymerphism
in the promoter region of the NQO2 gene was associated with
genetic vulnerability to idiopathic Parkinson’s disease (Harada
et al. 2001) and schizophrenia (Harada et al. 2003).
Furthermore, it has been reported that the I/D polymorphism
in the promoter region of the NQO2 gene plays a role in the
pathogenesis of alcoholism and alcohol withdrawal symptoms
(Okubo et al.- 2003). Therefore, our finding is of interest as
MAP psychosis is similar to positive symptoms of schizo-
phrenia (Sato et al. 1992),

Table 2. Genotype and ollele frequencies for the polymorphism (Prol87Ser) of the NQO!I gene

Genotype (%)

Allele (%)

p value
n cC CT TT p value C T (OR, 95% CI)

Controls 207 85 (41.1) 95 (45.9) 27 (13.0) 265 (64.0) 149 (36.0)
Patients 191 69 (36.1) 97 (50.8) 25 (13.1) 0.577 235 (61.5) 147 (38.5)  0.510 (1.11, 0.83-1.48)
MAP psychosis 147 55 (37.4) 75 (51.0) 17 (11.6) 0.642 185 (62.9) 109 (37.1)  0.812 (1.05, 0.77-1.43)

Transient 81 36 (44.4) 35 (43.2) 10 (12.3) 0.886 107 (66.0) 55 (34.0)  0.645 (0.91, 0.62-1.34)

Prolonged 60 17 (28.3) 36 (60.0) 7(11.7) 0.139 70 (58.9) 50 (41.1)  0.284 (1.27, 0.84-1.92)
Spontaneous relapse

Positive 61 24 (39.3) 28 (45.9) 9 (14.8) 0.939 76 (62.3) 46 (37.7)  0.749 (1.08, 0.71-1.63)

Negative 106 34 (32.1) 60 (56.6) 12 (11.3) 0.206 128 (60.4) 84 (39.6) 0.383 (1.17, 0.83-1.64)
Polysubstance abuse

Yes 113 41 (36.3) 53 (46.9) 19 (16.8) 0.556 135 (59.7) 91 (40.3)  0.306 (1.20, 0.86-1.67)

No 52 17 (32.7) 31 (59.6) 4 (7.7) 0.221 65 (62.5) 39 (37.5)  0.820 (1.07, 0.68-1.66)

Statistical analysis was performed by a Fisher’s exact probability test (vs. control). OR, odds ratio; 95% CI, 95% confidence interval.

Table 3. Genotype and allele frequencies for the inservion / deletion (I | D) polymorphism in the promoter region of the NQO2 gene

Genotype (%)

Allele (%)

p value
N I/1 1/D D/D p value I D (OR, 95% CI)

Controls 207 123 (59.4) 74 (35.7) 10 (4.8) 320 (77.3) 94 (22.7)
Patients 191 117 (61.3) 59 (30.9) 15 (7.9) 0.336 293 (76.7) 80 (23.3)  0.866 (1.13, 0.74-1.44)
MAP psychosis 147 93 (63.3) 40 (27.2) 14 (9.5) 0.085 226 (76.9) 68 (23.1)  0.928 (1.02, 0.72-1.46)

Transient 81 48 (59.3) 27 (33.3) 6 (7.4) 0.655 123 (75.9) 39 (24.1)  0.742 (1.08, 0.70-1.65)

Prolonged 60 40 (66.7) 13 21.7) 7 (11.7) 0.038* 93 (77.5) 27 (22.5)  1.000 (0.99, 0.61-1.61)
Spontaneous relapse

Positive 61 39 (63.9) 18 (29.5) 4 (6.6) 0.578 96 (78.7) 26 (21.3)  0.805 (0.92, 0.56-1.51)

Negative 106 64 (60.4) 32 (30.2) 10 (9.4) 0.229 160 (75.5) 52 (24.5)  0.619 (1.11, 0.75-1.63)
Polysubstance abuse

Yes 113 68 (60.2) 36 (31.9) 9 (8.0) 0.477 172 (76.1) 54 (23.9)  0.769 (1.07,0.73-1.57)

No 52 35 (67.3) 12 (23.1) 5 (5.6) 0.128 82 (78.8) 22 (21.2)  0.793 (0.91, 0.54-1.54)

Statistical analysis was performed by a Fisher’s exact probability test (vs. control). *p < 0.05 vs. controls. OR, odds ratio; 95% CI, 95% confidence

interval.
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It has been reported that the expression of NQO?2 in the D/
D genotype of the NQO2 gene is lower than that in the I/I
genotype (Harada et al. 2003), suggestng that insufficient
NQO2 upregulation and/or activity might be vulnerable to
Parkinson’s disease (Harada et al. 2001) and schizophrenia
(Harada et al. 2003). MAP is also known to cause oxidative
stress and neurotoxicity, leading to the irreversible damages to
the brain. Insufficient NQO2 activity could not provide
enough neural protection against a large amount of DA-
quinones derived from DA released by MAP. In this study,
the percentage (11.7%) of D/D of the NQO?2 gene in patients
with prolonged-type MAP psychosis was approximately
twofold higher than that (4.8%) of controls (Table 3).
Therefore, it is likely that lower expression of NQO2 may
contribute to the prolongation of MAP psychosis.

The homozygous T genotype of the NQO1 genes is a risk
facror for breast cancer (Menzel et al. 2004), lung cancer (Xu
et al. 2001) and leukemia (Naoe et al. 2000) because NQO1
activity was not detected in the T/T genotype (Traver et al.
1997). On the other hand, our study suggests that the
polymorphism (Pro187Ser) of the NQO1 gene is not
associated with MAP abusers in Japan. Furthermore, it has
been shown that the NQO!1 gene polymorphism (Prol187Ser)
is not associated with Parkinson’s disease (Harada et al. 2001)
and schizophrenia (Hori et al. 2003) in the Japanese samples.
The lack of association of the NQO1 gene in the present study
does not necessarily mean thar an investigation with another
sarnple would give the same negative result. Frequency (1.6-
3.7%) of the T/T genotype in Caucasian populations (Xu et
al. 2001; Sarbia et al. 2003) is lower than that (13-17.2%) of
the Japanese population (Harada et al. 2001; Hori et al. 2003),
suggesting the ethnic difference between Japanese and
Caucasians for the NQOI gene polymorphism (Prol87Scr).

In conclusion, the present findings suggest that NQO2, but
not NQOI, may contribute to the aetiology of prolonged-type
MAP psychosis in the Japanese population. The sample
number in this study was relatively large, but not enough.
Further studies are needed to elucidate genetic vulnerability to
MAP abuse, paying more attention to clinical progress and
state of the disease in a larger sample of Japanese. If
replication studies are confirmed, the U/D polymorphism in
the promoter region of the NQO2 gene would be the known
specific mechanism by which genetic variation leads to 4 risk
for the development of MAP-induced psychosis.
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Several lines of evidence indicate that glycogen
synthase kinase-33 (GSK3p) is one of the candi-
dates for schizophrenia-susceptibility factor.
However, it has not been reported the association
analysis between GSK3§ gene (GSK3B) and Japa-
nese schizophrenia based on linkage disequili-
brium (LD). We provide an association analysis
using relatively large samples (381 schizophrenia,
and 352 controls) after determination of “tag
single nucleotide polymorphisms (SNPs).” In this
LD mapping, we sclected and genotyped for eight
polymorphisms (seven SNPs and one diallelic
(CAA), repeat), which covered the entire region
of GSK3B, and determined two “tag SNPs.” In the
following association analysis using these two
“tag SNPs,” we could not find association with
Japanese schizophrenia. Furthermore, we also
include subgroup analysis considering age-at-
onset and subtypes, neither could we find associa-
tions. Because our samples provided quite high
power, these results indicate that GSK3B may not
play a major role in Japanese schizophrenia.

& 2005 Wiley-Liss, Ine.

KEY WORDS: linkage disequilibrium; tag SNP;
association analysis

INTRODUCTION

Glycogen synthase kinase-3f (GSK3P) is one of the attractive
candidate molecules for schizophrenia-susceptibility factor
based on the following findings. (1) GSK3f is a key component
of many signal transduction cascades including the phospha-
tidylinositol 3-kinase cascade and the Wil cascade. (2) GSK3p
is a critically important regulator of several transeriptional
factors, and can influence the expression of numerous genes
[Grimes and Jope, 2001}, (3) GSK3p levels were decreased in
the prefrontal cortex of schizophrenia [Kozlovsky et al., 2000,
2001], and phosphorylation of GSK3p levels were also dec-
veased in peripheral lymphoceytes and brains of schizophrenia
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[Emamian et al,, 2004]. (4) AKT1, one of the mediators of
GSK3p, was reported to be associated with schizophrenia
[Emamian et al., 2004},

Thus, we provide an association analysis based on linkage
disequilibrium (LD) between the GSK3p gene (GSK3B) and
Japanese schizophrenia.

MATERIALS AND METHODS
Subjects

Subjects for LD mapping consisted of 96 controls. For
associalion analysis, total 381 patienis with schizophrenia
and 352 controls were genotyped. And the patients were
divided into subgroups considering age-at-onset (AAO; eavly-
onset schizophrenia (EOS) with onset younger than age 19
and subtypes of schizophrenia. The general characterization of
these subjects and description of their psychiatric assessment
are in Supplementary on line material. Alter deseription of the
study, written informed consenl was obtained from each
subject. This study was approved by the Ethics Commitlee at
Fujita Health University and Nagoya University Graduate
School of Medicine.

SNP Selection

For LD mapping, we selected seven SNPs and one diallelic
(CAA), repeat to make polymorphisms distributed appropriate
intervals (Fig. 1). Then we determined “tag SNPs,” which were
the highest minor allele frequencies (MAFs) from “LD block,”
or which were independent {rom “LD block.” More details ave
in Supplementary on line material.

Statistical Analysis

A detailed description can be seen in Supplementary on line
material (see the online Supplementary Material at http/
www.interscience.wiley.com/jpages/1552-484 Usuppmat/index.
html.).

RESULTS

For LD mapping, we genotyped eight polymorphisms for
96 controls. First, we evaluated the deviations from IIWE for
all polymorphisms. Each genotype [requency was in IIWE.
Next, we evaluated the pairwise LD matrices and determined
“tag SNPs” {rom the LD blocks. One LD block was detected, and
SNP6 was determined as a “tag SNP” for this block. Another
SNP (SNP8) were in tight LD with this “LD block,” however,
the LD matrices among this “LD block” and SNP8 were not fit
the criteria. Consequently, we determined two SNPs (SNP6
and SNP8) as “lag SNPs” (Fig. 2).

For association analysis, we expanded genotyping of these
two “tag SNPs” for the rest samples. In this step, also genotype
frequencies were in HWE. There were no signilicant associa-
tions between each “tag SNP” and schizophrenia. In the
subgroup analysis considering AAQ (BOS = 81), nor could we
find associations between EOS and controls. And in another
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Fig. 1. Genomicstructure of GSK3B with single nucleotide polymorphisms (SNPsiused in linkage disequilibrium (LD} mapping. Vertical hars represent
exons. Numbers under arrows represent SNP ID. Paventhetic numbers represent minor allele frequencies (MAFS) of 96 conirols.

Fig. 2. LD mapping of GSK3B for control suhjects. Numbers in hox
vepresent, 1) values after decimal point. I vahtes of 1.0 ave not shown. The
other information is described in Taploview's website.

subgroup analysis by subtypes, we did not analyze the assoc-
iation betwsen catatonic type and controls because of small
sample size. Neither could we find associations between each
subtype (paranoid, disorganized, and residual type) and con-
trols (Table ID.

DISCUSSION

In this study, we could not find association of “tag SNPs” in
GSK3B with Japanese schizophrenia in accordance with
common disease-common variant (CD-CV) hypothesis [Reich
and Lander, 2001].

This initial LD mapping using control samples showed
that GSK3B was typical LD pattern. Although SNP8 and
one LD block were in tight LD each other, SNP8 was not
included in this LD block. This might be derived from low MAF
of SNP8,

And P5, which was reported the positive association with
“paranoid type” [Scassellati et al., 2004], was involved in this
LD block. This indicates that P5 was represented hy SNP6,
which was the highest MAF in this LD block with the highest
power for association analysis. Considering these polymovph-
isms in the LD mapping might be just markers [Scassellati
et al., 2004], we did not genotype all of these, therehy avoiding
redundant results.

Aside from this, the LD pattern among SNP2, SNP3, and
P5 were different from the previous reports [Russ et al.,
2001; Scassellati et al., 2004]. These discrepancies might he
derived from the difference of population [Wall and Pritehard,
2003].

The power of our analysis was quite high, more than 80% for
susceptibility gene whose genotype relative risk (GRR) (multi-
plicative model) set 1.34 (8NP6) and 1.73 (SNP8). And the
power of “paranocid type” were more than 80% when GRR set
1.49 (SNP6G).

Two points of caution must be noted in interpreting these
negative results. (1) We must perform a systematic mutation

TABLE L Association Analysis Between GSK3B and Japanese Schizophrenia Using Tag SNPs’

Genotype”
SNP ID Samples Subgroups® NP M/M M/m m/m P-value
SNP§ Control 352 103 180 69
Schizaphrenia 381 160 203 78 0.66
EOS 81 19 45 17 0.58
Paranoid 136 35 73 28 .74
Disorganized 107 30 58 19 0.84
Residual 87 24 48 15 0.78
SNP8 Control 352 311 40 1
Schizophrenia 381 341 38 2 0.69
EOS 81 71 10 0 0.88
Paranoid 136 122 14 0 4.91
Disorganized 107 98 9 b} .60
Residual 87 78 9 2 .16

“EOS, early onset of schizophrenia,
"N, numbers.
“M, major allele; m, minor allele.
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search to detect “true” predisposing polymorphism. (2) Other
candidate genes in this cascade must be studied in considering
locus heterogeneity [Schork et al., 2001], Recently, two contro-
versial replications between AKT1, a mediator of GSK3p, and
Japanese schizophrenia have been reported [Tkeda et al., 2004;
Ohtsuki el al, 2004). This concept might explain the
disevepancy of these resulls, and suggest that combined
analysis of this signaling cascade would be required for more
conerete conclusions.
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A Functional Glutathione S-Transferase P1
Gene Polymorphism Is Associated With
Methamphetamine-Induced Psychosis

in Japanese Population
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Several lines of evidence suggest that oxidative
stress plays a role in the mechanisms of action of
methamphetamine (MAP) in the human brain.
Given the role of glutathione $-transferascs
(GSTs) in the protection against oxidative stress,
genes encoding the G8Ts have been considered as
candidates for association studies of MAP abuse.
This study was undertaken to investigate the role
of the functional polymorphism of GSTPI gene
exon § ([lel05Val) in the pathogenesis of MAP
abuse. Genotyping for GSTPI gene polymorphism
exon § (Hel05Val) in 189 MAP abusers and
199 normal contrels was performed by polymer-
ase chain reaction (PCR)-vestriction fragment
length polymorphism (RFLP). Association be-
tween GSTPI gene polymorphism and clinical
features (prognosis of psychosis (transient-type
and prolonged-type), spontaneous relapse (posi-
tive and negative), and poly-substance abuse) of
MAP abusers was evaluated. Significant differ-
ences in the frequency of both alleles (P = 0.0286,
odds ratio: 1.70, 95% confidence intervals (CI)
1.06-2.72) and genotypes (P = 0.029) beiween MAP
abusers and controls were detected. In particular,
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a significant difference in both genotype fre-
quency (P =0.013) and allele frequency (P = 0.014,
odds ratio: 1.84, 95% CI 1.13-2.97) between MAP
abusers with psychosis (transient-type and pro-
longed-type) and controls was detected. Our find-
ings suggest that the polymorphism (Ile105Val) on
exon 5 of the GSTP1 gene may coniribute to a
vuluerability to psychosis associated with MAP
abuse in Japanese population.

& 2005 Wiley-Liss, Inc.

KEY WORDS: methamphetamine; psychosis;
drug abuse; genetic factor; poly-
morphisin

INTRODUCTION

Ahuse of methamphetamine (MAP) is a growing problem
worldwide. Some lines of evidence suggest that both environ-
mental and genetic factors might contribute to drug abuse
vulnerability [Merikangas et al,, 1998; Kendler el al., 2000;
Rawson et al,, 2002; Uhl et al., 2002; Cami and Farre, 2003]. It
is well known that MAP induces a strong psychological
dependence, and that repealed furiher consumption of MAP
results in psychotic states, the symptoms of which resemble
those of the paranoid type of schizophrenia [Sato et al., 1983,
1992},

Positron emission tomography (PET) imaging studies of the
brains of MAP abusers have demonstrated that the density of
dopamine (DA) transporters is significantly decreased in the
caudate/putamen of MAP abusers [Sekine et al., 2001; Volkow
et al., 2001]. Such findings suggest that the long-term use of
MAP leads to the damage of dopaminergic neurons in the
human brain. It has been shown that MAP-induced neurotoxi-
city in the brain requires the involvement of striatum DA and
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also involves meechanisms associated with oxidative stress,
further suggesting that oxidative stress in dopaminergic
pathways might be implicated in MAP-induced newrotoxicity
[Cadet el al., 2003]. There are a number of papers demonstrat-
ing the neuroprolective effects of glutathione or its related
compounds on MAP- or DA-induced neurotoxicity [Choi et al.,
2002; Shimizu et al., 2002; Fukami et al., 2004; Hashimoto
et al., 2004}, In addition, it is also well known that dopa-
minergic pathways in the mesocorticolimbic systems can play
an important role in drug reward [Kalivas, 2002]. Therefore,
polymorphisms in genes that regulate dopaminergic pathways
may contribute to interindividual differences as regards a
vulnerability to drug abuse [Koob and Le Moal, 19987},

The glutathione S-transferases (G8Ts: EC 2.5.1.18) belong
to a family of multifunctional enzymes that catalyze the

conjugation of reduced glutathione with electrophilic groups of

a wide variety of compounds including carcinogens, environ-
mental contamination, and products of the oxidative process
[Mannervik, 1985; Smythies and Galzigna, 1998; Hayes and
Strange, 2000]. Because of their important role in the cellular
defense against oxidative stress, GSTs are of interest in the
context of association studies of MAP abuse. The genes
encoding three classes of GSTs, i.e., GSTM (mu, chromosome
1p13.3), GSTP (pi, chromosome 11913), and GSTT1 (theta,
chromosome 22¢q11.2), are known to be polymorphic {Watson
et al., 1998; Stucker et al., 2002; De Roos et al., 2003; Kelada
et al., 2003; Wang et al,, 2003]. Recently, we reported an
association between GSTM! gene deletion and female MAP
abusers, suggesting that GSTM 1 gene deletion may contribute
to a vulnerability to MAP abuse in Japanese subjects [Koizumi
et al., 2004]. Furthermore, it has been reported that genetic
polymorphisms of GSTP1 exon 5 (rs947894, Ile105Val (A » G))
and exon 6 (rs$1799811, Alal14Val (C»T) have functional
relevance to the GST gene product resulting in reduced GST
enzyme activity (~30%) [Board et al., 1989; Zimniak et al.,
1994; Ali-Osman et al., 1997; Watson et al., 1998]. Taken
together, such findings appear to suggest that individuals with
these variant GSTP1 genotypes which result in reduced
GSTP1 enzymatic activity may be at greater risk of MAP
abuse. In order to verily the potential role of the GSTPI gene in
the pathogenesis of MAP abuse, we analyzed a polymorphism
of the GSTPI gene in subjects with a diagnosed MAP-related
disorder.

METHODS

This study was performed after obtaining the approval of the
ethics committees of each affiliated institute of the Japanese
Genetics Initiative for Drug Abuse (JGIDA). All subjects
provided written informed consent for the use of their DNA
samples for this study. The subjects were 189 patients

(149 males and 40 females, age: 36.9 = 11.9 years (mean = SD),
age range: 18—69 years) with MAP dependence and a psychotic
disorder meeting the ICD-10-DCR criteria (F15.2 and F15.5)
who were outpatients or inpatients of psychiatric hospitals
of the JGIDA (Table I). The control subjects were 199 age-,
gender-, and geographical origin-matched normal controls
(157 males and 42 females, age: 37.2 + 10.5 years (mean == SD),
age range: 19-73 years), the majority of whom were with no
past history and no family history of drug dependence or
psychotic disorders. Diagnoses were made by two trained
psychiatrists by interview and available information ineluding
hospital records. Patients were excluded if they had a clinical
diagnosis of schizophrenia, another psychotic disorder, or an
organic mental syndrome as reported previously [Ujike et al.,
2003]. All subjects were Japanese, born and living in restricted
areas of Japan including northern Kyushu, Setouchi, Tyu-
kyou, Toukai, and Kantou.

The patients were divided into subgroups by some char-
acteristic clinical features (Table D). The patients weve divided
by poly-substance abuse status, 55 patients abuse MAP only in
their lifetime, and 116 patients abuse some other drugs besides
MAP in present oy past. Organic solvent was most frequently
abused besides MAP, followed by marijuana. Cocaine and
heroine were rarely abused in the present study. Prognosis of
MAP psychosis was various among patients, and some patients
showed continuous psychotic symptoms even after MAP
discontinuance as previously rveported [Sato el al., 1983,
1992}, Therefore, patients were divided into two categories of
prognosis, transient-type and prolonged-type, based on dura-
tion of psychotic state alter MAP discontinuance. Thus,
patients with transient-type whose psychotic symptoms im-
proves within 1 month after discontinuance of MAP consump-
tion and beginning of treatment with antipsychotic drugs, and
those with prolonged-type whose psychosis continues for more
than 1 month even after discontinuance of MAP consumption
and beginning of treatment. In this study, patients with
transient- and prolonged-types of MAP psychosis were 94 and
65, respectively (Table I). It has heen well documented that
once MAP psychosis has developed, patients in remission state
hecomes reliable to spontaneous relapse without re-consump-
tion of MAP [Sato et al.,, 1983, 1992]. It is postulated that
sensitization phenomenon induced by repeated consumption of
MAPF should be developed in the brain of MAP psychosis
patients which vesult in neural basis for enhanced suscept-
ihility to relapse. Therefore, the patients were divided into two
groups according to presence or absence of spontaneous
relapse. The patients with and without spontaneous relapse
were 62 and 111, respectively (Table I).

Two polymorphisms on exon 5 and exon 6 of the GSTP1 gene
have previously heen reported. We analyzed exon 5 (rs047804,
Tle105Val) of the GSTPI gene in this study, sinee no minor

TABLE I. Characteristics of Control Subjects and MAP Abusers

Variable Controls Abusers P-value
Sex, M 157/42 149/40 0.989"
Age, mean + 5D, years 3724 10.5 (19-73) 6.9+ 11.9(18-69) 0.818"
Prognosis of psychosis

Transient type 94

Prolonged type 65
Spontaneous relapse

Positive 62

Negative 111
Poly-substance abuse

No 55

Yes 116

“The comparison between two groups was performed using the 7% test.
BThe comparison between two groups was performed using the f-test.
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allele frequency of the polymorphism of exon 6 (rs1799811,
Alall4Val) was detected among Japanese normal subjects
{Ishii et al., 1999|. Genotyping for this gene was performed by
PCR-RFLP analysis. The polymorphic site in exon 5 (Llel05-
Val) was amplified as veported previously [Wang et al., 2003].
The primers of exon 5 of the QSTPI gene were GSTP1-5F (5'-
GTAGTTTGCCCAAGGTCAAG-3") and GSTP1-5R (5'-AGC-
CACCTGAGGGGTAAG-3'). After performing PCR, a 433 bp
DNA fragment was amplified for GSTP1 exon 5, followed by
2 hr digestion with BsmA I (New England Biolabs, Inc,,
Beverly, MA). The fragments were separated on 2% agarose gel
stained with ethidium bromide. The wild-Lype (A/A), hetero-
zygous genotype (A/G), and mutant genotype (G/G) yielded two
bands (328 and 105 bp), fowr bands (328, 222, 106, and 105 bp),
and three bands (222, 106, and 105 bp), respectively.

The differences between groups were evaluated by Fisher's
exact test. The odds ratio and 95% confidence intervals (C)
hetween two variables were caleulated as an estimate of risk.
Differences were considered significant at P < 0.05.

RESULTS

The [requencies of allele and genotypes in MAP abusers and
controls are shown in Table II. The genotype distribution in
both MAP abusers and controls was in the IHardy—Weinberg
equilibrium. The differences in both genotype frequency

abusers and controls were found to be significant (Table II).
The frequency of carrying the G allele in MAP abusers was

2.72) than that of controls.

Next, we examined the association between the clinical
features of MAP abusers (i.e., prognosis of psychosis, sponta-
neous relapse, and poly-substance abuse) and normal controls.
A significant difference in both genotype frequency (P = 0.013)
and allele {requency (P = 0.014, odds ratio: 1.84, 95% CI 1.13-
2.97) between MAP abusers with psychosis (transient-type and
prolonged-type) and controls was detected (Table II). There
was a significant difference in genotype frequency (P =0.045)
between MAP abusers with transient-type psychosis and
controls, and was a trend toward difference in allele frequency
(P =20.052, odds ratio: 1.75, 95% CI 1.01-3.06) between MAP
abusers with transient-type psychosis and controls. There was
also a significant difference in both genotype frequency
(P:=0.028) and allele frequency (P =0.039, odds ratio: 1.96,
95% CI 1.07-3.59) between MAP abusers with prolonged-type
psychosis and controls. Furthermore, a significant difference
in terms of both genotype [requency (P=0.009) and allele
CI 1.19-3.35)

G8TP1 and Drug Abuse 7

between MAP abusers with negative spontaneous relapse and
controls was detected (Table II). Moreover, there was a trend
toward difference in hoth genotype frequency (P ==0.052) and
allele frequency (P = (.053, odds ratio: 1.70, 95% CI 1.00-2.88)
between MAP abusers with poly-substance abuse and controls
(Table ID.

DISCUSSION

Our findings suggest that a functional polymorphism
(Ile105Val) on exon 5 of the GSTP! gene may contribute to
MAP abuse vulnerability in Japanese subjects. Since a
pelymorphism (Ile105Val) on exon 5 has been shown to be of
functional significance in terms of enzyme activity [Zimniak
et al., 1994; Walson et al., 1998}, individuals with the G allele
(valine) would be expected to have decreased GST detoxifica-
tion. Based on the role of GSTs in the antioxidant system
preventing MAP-induced neurotoxicity, variant GSTPI genes
might lead to an excess of metabolic products (e.g., DA-
quinone) of the oxidative process induced by the administra-
tion of MAP, and may furthermore lead to MAP-induced
neurotoxicily in the brain, including damage of the dopami-
nergic neurons, as compared (o the products associated with
the A allele (isoleucine) of GSTPI gene. We also found that the
frequency of the G allele in MAP abusers with psychosis
(transient-type and prolonged-type) was significantly higher
than that of controls, suggesting that this GSTPI gene
polymorphism may he associated with MAP-induced psychosis
in Japanese subjects. Thus, it appears to be the case that the
GSTP1 polymorphism (Ile105Val) on exon 5 may contribute to
a susceptibility to MAP-induced psychosis among Japanese
subjects. In contrast, we found an association between GSTP1
polymorphism (Tle105Val) and negative spontaneous relapse,
whereas no association between this polymorphism and
positive spontaneous relapse was detected. Taken together, it
seems that GSTP1 polymorphism (Ile105Val) may be impli-
cated in MAP-induced psychosis, but not spontaneous relapse,
although further studies using a large sample ave necessary

It has been suggested that DA-quinones synthesized by
anto-oxidation of DA might play a role in MAP-induced
neuroloxicity in the brain, and that glutathione and GST
might play a role in the detoxification against DA-quinone
induced neurotoxicity [Smythies and Galzigna, 1998; LaVoie
and Hastings, 1999; Whitehead et al., 2001; Shimizu et al,,
2002; Asanuma et al., 2003]. Thus, DA auto-oxidation results
in the formation of DA-quinones, which readily participate
in nucleophilic addition reactions with sulfhydryl groups
on free cysteine, glutathione, or eysteine found in proteins
including DA transporters {Smythies and Galzigna, 1998;

TABLE 11. Genotype and Allele Frequencies of the GSTP1 Exon 5 Gene Polymorphism in Controls and MAP Abusers

Hel06Val (A () Genotype Allele
r$947894 n AA AG GG P A G P
Control 199 167 (83.9%) 32 (16.1%) 0 (0% 366 (92.07%) 32 (8.0%)

Abuser 189 144 (76.29%) 41 (21.9%)
Prognosis of psychosis 159 119 (74.8%) 36 (22.6%)
Transient 94 71 (75.5%) 21 (22.3%)
Prolonged 65 48 (73.8%) 156 (23.19%)
Spontancous relapse
Positive 62 50 (80.6%:) 11 (17.7%)
Negative 111 81(73.09 27 €24.3%)
Poly-substance abuse
No 55 44 (80.0%) 9 (16.4%)
Yes 116 87 (75.0%) 28 (24.19)

4(2.1%) 0.029* 329 (87.0% 0.026*

49 (13.0%)

4(2.5%) 0.013* 274 (86.29% 44 113.8%) 0.014*
2 (2.1%) 0.045 163 (86.7%:) 25 (13.8%) 0.052
2(3.1%) 0.028* 111 (85.4% 19 (14.6%) 0.039*
1(1.6%) 0.255 111 (89.5% 13 (10.5%:) 0.463

3(2.7%) 0.009** 189 (85.1%) 33 (14.9%) 0.009**

2 (3.6%)
1(0.9%)

0.065
0.0562

Q7 (88.2%)
202 (87.1%)

13 (11.8 %)
30 (12.9%)

0.254
0.053

*# < 0.05.
**P < 0.0] as compared to control (Fisher’s exact test),
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Whitehead et al., 2001). Based on the known role of GSTs in the
process of antioxidant defense, we considered the possibility
that MAP abusers with the G allele of GSTP1 polymorphism
were more susceptible to MAP-induced psychosis or to a
spontaneous relapse of MAP abuse. In this study, we found
significant differences in the distribution of genotype and allele
frequencies between MAP abusers with psychosis and controls.
TFurthermore, we found a significant difference hetween MAP
abusers with negative spontaneous relapse and controls.
Taken together, it is likely that the polymorphism (Ile105Val)
on exon 5 of the GSTPI gene could be a risk factor for the
development of MAP-induced psychosis in Japanese subjects.

It is reported that the frequency (18%) of the G allele in
Asians such as Taiwanese is lower than that in African-
American (42%) and PEuropean-American (33%) [Watson
et al., 1998]. The frequency (8%; our study} of the G allele
in Japanese control subjects is significantly (x*=13.3, P=
0.0003) lower than that (18%) of Taiwanese, suggesting the
ethnic difference hetween Asians and European- and African-
Americans for the polymorphism (Ilel05Val) on exon 5 of
GSTP1. Therefore, it may be of interest to examine the
association hetween the GSTPI gene polymorphism and
methamphetamine abusers in European- and African-Amer-
icans. If replication studies are confirmed, the polymorphism
{exon 5 Ile105Val) of GSTP1 would be only the known specific
mechanism by which genetic variation leads to a risk for the
development of MAP-induced psychosis. Interestingly, our
recent PET study demonstrated that the antioxidant N-acetyl-
L-cysteine (a precursor for glutathione synthesis) could atten-
uate significantly the reduction of DA transporter in monkey
striatum after repeated administration of MAP [Hashimoto
et al., 2004]. In addition, we reported that N-acetyl-L-cysteine
attenuated hyperlocomotion, development of sensitization,
and neurotoxicity afier administration of MAP [Fukami et al.,
2004, suggesting that N-acetyl-t-cysteine woudd be a suitable
drug for treatment of MAP abuse. As described in “Introduc-
tion,” it is likely that endogenous antioxidant glutathione plays
a role in the behavioral changes and neurotoxicity associated
with MAP abuse. Taken together, our findings may shed light
on some of the neurobiological mechanisms and pathways that
lead to the development of MAP abuse, and could Lhemby
facilitate the development of novel treatments and prevention
strategies for MAP abuse.

In conelusion, our findings indicate that a polymorphism
(exon 5 1le105Val) of the GSTPI gene may contribute to a
vulnerability to MAP abuse among Japanese suhjects, Fur-
thermore, it is likely that this polymorphism (exon 5 Ile105Val)

of the GSTPI gene could be a risk factor for the development of

MAP-induced psychosis in Japanese subjects.
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Association Analysis of Chromosome 5 GABA
Receptor Cluster in Japanese Schizophrenia Patients

Masashi lkeda, Nakao lwata, Tatsuyo Suzuki, Tsuyoshi Kitajima, Yoshio Yamanouchi, Yoko Kinoshita,

Toshiya Inada, Hiroshi Ujike, and Norio Ozaki

Background: Several investigations suggest that abnovmalities in y-anvino bulyric acid ( GABA) newrotransmission systeins may be

related 1o the pathopbysiology of schizopbrenia. 4 GABA, receptor gene cluster o1 5q31-35 (B2 [GABRE
and y2 [GABRGZ] subunit genes) is one of the nost altvactive candidate regions for scf

2. 06 JGABRAG], & T [GABRALL
sphvenia susceptibility.

Metbods: We performed 1) systematic polymorphism search of GABRB2, GABRAG. and GABRAL, in additior: o our colleagne’s study

()f GABR (I._J,
“selection of baplotype-tagging (bi) SNPs’;

2) epaluaticn of linkage disequilibrivemn (LD) within this cluster with 35 single nuclectide polymorphisms (SNPs): 3)
and <) two-stage association analysis that comprised [firsi-sel screening analysis of all

BISNPs (288 Japanese schizopbrenia patients and 288 control subjecis) and second-set veplication analysis of the positive bISNFs (901

schizopbreriic patients and 806 control subjects).

Results: I 1he first-sel scan, we found a significant association of o hISNPs it GABRAIL but wo association of GABRB2, GABRAG,

and GABRG?Z2

. In the following second-set analysis, bowever, we could not confirm these significant associations.

Conclusions: These resulls indicate that this gene cluster may not play a major vole in fapanese schizophrenia. They also raised an
alert with regard 1o prelinvinary penelic association analysis using a small sample size.

Key Words: Linkage disequilibrium, haplotypes, single nucleotide
polymorphism, multiple testing

amma-amino butyric acid (GABA) is a major inhibik

neurotransmitter in the mammalian central nervous sys-

tem. Recently, abnormalities in the GABA neurotrans-
mission system have been considered to be a possible factor
related to the pathophysiology of schizophrenia, en the basis of
the Following findings: 1) the alternation of GABA neurons in the
prefrontal cortex of schizophrenia patients might contribute to
cwmmw d :umtmn one of Lhc mam feature izgphrum
i erretta 2 i ger et al
% and 2) GABA f as an uupoudm o »lc in noumdevolopmu nt
risson et al 200 20:02), the abnormal-
of which has been hypaothesized in schizophrenia (W
rger 1993).
The formation of GABA, receptor requires co-expression of
o, B. and y subunit ge that also Form «-B-y clusters on the
same chromosomes (Russek 1999): 4p12, 5q31-33, and 15¢11-13.
Among them, a cluster on 5g31-33 composed of B2 (GABRB2)
a0 (GABRAG), al (GABRA1}, and y2 { RG2) subunit genes is
important because the products of genes of this cluster are
abundant in the brain (McKeman and Whiting 1996, W y et .1‘
1999) and play key roles in the mechanism of psy
drugs, including anxiolvtics, anticonvulsants, and hy pnuu 3.
Multiple whele genome lmkqge studles of schizophrenia shm\ ed
a linkage in 5¢31-35 (Delis
Ke ret al 2000; Levin 0G: Lewis ) 4(\0§ Paxlmﬂ
et al ar et al 2004) close to the location of the GABA
gene cluster. Thus, the Sq cluster genes are attractive candidates
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for schizophrenia susceptibility. Recently, more interest has heen
focused on this cluster because a positive association was
mpcuwd between GABRB2 and schizophrenia in Han Chinese
] i)

\\-‘c p.r.e-vmusly performed a systematic polymaorphism search
;md asso mion dnalxs‘" on t‘he hasis (‘)f hnkqﬁe d1wqu1l bnum

(n Ihc prutm qrudv we e\pdnded this strategy to the GABA
recepior subunit gene cluster on 3¢ After ematic p lvmrn—
phism search in this region, we evaluated L D with 35 $
selected 21 “haplotype-tagging (ht) m\P« \uth mldu ely stricl
criteria. We inc Iuded twe with a
>s in the

s rowerful for genetic
on analysis from the viewpoints of “hSNP” selection and

srrection of multiple testing. Thus. the results might be able
to reliably rule out type I and type II errors.

Methods and Materials

Subjects

The subjects for polymorphism search were 96 patients with
various psychiairic disorders (37 schizophrenia, 27 bipolar 1
disorder, 2 major depressive disorder, 10 obsessive-compulsive
disorder. 10 panic disorder, and 10 amphetamine-related disor-
der). For the evaluation of LD, 96 control subjects were used. In
the first-set screening analysis. 288 pau‘enw with schizophrenia
{148 men md 140 women; 39.6 £ 14.0 vears [mean age £ 5D
‘x’lm men and 138 women; 33.0 & 14.0
ynd-set replication analysis, a
hﬁcmnt panel of >amplu> was use d that consisted of 901 patients
{482 men and 419 women; 49.2 = 150 rs) and 806 wntml
subjects (403 men and 11)‘\ Wonen; 40.0 = 14.1 years). A
subjects were unrelated to each other and ethnically japane.%e,

The patients were diggnosed according te DSM-IV criteria
with the consensus of at least two experienced psychiatrists ¢
the hasis of unstructured interviews and review of medical
records. All healthy control subjects, about one-half of whom

BIOL PSYCHIATRY 2005;58:440~ 445
£ 2005 Saciety of Biological Psychiatry

—111—



M. Tkeda et al

were hospital staff or medical students and one-half recruited
from the general population, were also psychiatrically screened
on the basis of unstrucnured interviews. After description of the
study, written informed consent was obiained from each subject.
This study was approved by the Ethics Committee at Fujita

Health University, Okayama University, and Nagova University.

SNP identification

Genomic DNA was extracted from peripheral blood of all
subjects. Primer pairs were designed with information from the
GenBank sequence (accession number: NM-023133.11) and 42
amplified regions that covered all the coding régions, the branch
sites, and 5-flanking regions, which are 500 base pair (bp)
CA. rrom the initial exons of GABRB2, GABRAS, and
ABRAL. For GABRG2, because we had already performed a
polymorphis‘m search in the coding regions. we added only the
5-flanking regions 500 bp upstream from the initial exon. A more
detailed description of methods can be seen in a previc
{Suzuki ef al 2003). Sequences of primer pairs are uvaﬂable on
request.

=

SNP Selection
For the evaluation of LD, we included SNPs from databases
(dbSNP, NCBI, Bethseda, Maryland; and Celera Discovery $
tems. Rockville, Maryland) and other papers (Lo et al 200

("‘3) in dddir.ion 1 the SNPs we detected so that

First, we determined an “LD block” to be a mg,mn in wlmh

all pairwise D* values are not lower than .8, with the
e2LDblock v0.2 software (711-1=1g ;md Jin ")(’i'h) Next,

coted within eac h
fype coverage \’\JLh SNPragger s
This program requires estimated }uplot\ pg& as mpul for whl(h
we used PEASE n 2.1 \KLcr)l Iy 20
Stephens et al 200 I) de [JO,[\'I.T),Olphl..\ 3¢ that
might have functional effec SNPs in exons, untranslated
regions and promoter regions) were selected preferentially,
because they were considered potential candidates for predis-
posing factors.

SNP Genotyping

For rapid genotyping of
(Applied Biosystems, Foster Cit
length polymerphism (RFLP) ass

s, we used TagMan assays
California). restriction fragment
ays, and primer extension meth-

BIOLPSYCHIATRY 2003,58:440—445 441
ods with depaturing high-performance liquid chromatography.
The other SNPs were genotyped by the direct soqunmmg
method. In particular, the genotyping of 20 and

which were posiiive SNPs in the first-set screening analysis. was
done with 192 randomly selected samples (96 cases and 96
control subjects) with direct sequencing 1o check for genotyping
error, TagMan probes and iversal PCR Master Mix were
obtained from Applied Biosystems. A 5-pl total reaction volume
was used and, after PCR, the allelic specific fluore ce was
measured on ABI PRISM 7900 Sequence Detector Systems (Ap-
plied Biosystems). The RFLP assays and primer extension meth-
nda were described in greater detail previously (§ et al
3}, Detailed infomation, inc luding primer sequences, is also
aw1|1ble on request.

Statistlcal Analysis

notype deviation hom the Hardy-Weinberg equilibrium
(HWE) was evaluated by x* test (SAS/Genetics, release 8.2, SAS
Institute. Cary, North Caroling),

In the first-set screening analysis, marker-trait as ation was
evaluated allele/genatype-wise with the Fisher exuct test (SPSS$
10.01, SPSS Japan, Japan) and h dplot\'pc-“ ise with the program
COCAPHASE 2.4’ The COCAPFHASE pro-
gram. performs log- -'I| hood ratio I(‘Sls under a log-linear model
for global p value. To estimate haplotype frequencies of ¢ htﬂ ’
combinations in each LD block, the expectatior 2
algorithm was used. Rare haplotypes found in less than 3% of
s and control subjects were excluded from association
analysis to provide greater sensitivity and accuracy when the
effect is seen in common haplotypes.

In the first-set screening an , we also used a recently
developed software program, $pD, which is able 1o reflect
the correlation of markers (LD) on corre< ted p values, to control
inflation of the type I error rate

in the second-set replication ana I\ is, the association was also
evaluated with identical allele- and genotype-wise methods, as
described in this section.

Power calculation was performed with 4 siatistical program
prepared by Ohashi (Ohashi ef al 20010, We eslimated the power
for our sample size under a multiplicative maodel of inheritance.

The significance level for all statistical tests was .03,

Results

We identified 6
SNPs in GBARA1 (1

s in GABRBZ, 9 SNPs in GABRAS, and 11
sle 1) however, we could not detect any

£ BABRB2 / BGABRAS , GABRA1 GABRG2
(245kh) ; (17.4kb) / {(52.8k0) {88.6kb)
/T
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Figure 1. Overview of y-amino butyric acid, (GABA,) receptor gene cluster on 5¢ and individual gene structures.
GABRB2, 32; GABRA6, a6; GABRAT, «:1; and GABRG2, v2. *shows single nucleotide polymorphism {SNP) D in Table 1.

Verttical bars represent exons.
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Figure 2. Linkage disequilibrium {LD) mapping; LD block are shown both top and left of the diagram. Top right
triangles show 1?, bottom left tiiangles show D'. SNP, single nucleotide polymorphism,

functional $NPs such as non-synonymous SNPs. For GABRG2,
we could not detect any SNPs within 500 bp upstream of the
initial exon.

We genotyped all SNPs for 96 control subjects, because 96
samples were enough to measure LD among SNPs (Reich e
2001). First, we evalualed the deviations from HWE for all
and found the genolype frequencies to be consistent with ¥ .
Next, we evaluated pairwise LD between each SNP with MAF >
1, defined LD blocks™, and sel ation
analyses. Consequently, 21 “htSNPs” were selected (Figure 2
Table 1). We genotyped these “MSNPs” for 288 patients with
schizophrenia and the remaining 192 control subjects (total 288
control subjects) for the first-set screening analysis. In this step.
genotype frequencies were again in HWE.

The SNPs in GABRAG were in alnost perfect LD, and SNP17
was the only “hitSNP” among SNPs in GABRAG; thus, we did not
perform haplotypic analysis,

For genotype- and allele-wise association, only SNP20O and
SNP24 were significantly associated with schizophrenia (geno-
type-wise p values: .0213, .00862 for SNP20 and SNP24,
tively; allele-wise p values: 0249, 00830; Table 1), however, p
values corrected with the SNPSpD software did not reach the
significant level {cluster-wide, the effective number of indepen-
dent loci is 19.25; the experiment-wide significance threshold

recquired that the type I error rate be kept at 05:.002597; Table 1).
Furthermore, haplotype-wise analysis did not show significance
with any haplotypes construcied from the combination of htSNPs
in each 1D block (Table 2). We also confirmed our negative
results for GABRG2.

To obtain a conclusive result of the positive ussociation in
GABRAL, we conducted a second-set replication analysis of
these two hiSNPs with a larger and different panel of samples.
significant association could be confirmed (T 3.

We also included a power caleulation for second-set replica-
tion analysis. We obtained power of more than 80% to detect

Table 2. Global Haplotypic Analysis

Gene Symbol Block Combination of SNPs Global p Values

GABRB2 i SNP1-2 710
1 SNP8-9 447
i SNP10-11 151
Y SNP12-13 633

GABRA1 Vi SNP19-20 0840

Vit SNP22-23-24-25-29-30 0508
GABRG2 IX SNP31-33 298

SNP, single nucleotide polymorphism.

www.sobp.org/journal
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Table 3. Second-Set Association Analysis of Two Positive htSNPs in First-Set Scan

Genotype Distribution p Values Power
Calculation
SNP ID Phenotype Number M/M M/m m/m {Genotype) (Allele) (GRR}
SNP20 SCZ 901 337 429 135 792 503 1.22
CON 806 312 381 113
SNP24 SCZ am 709 179 13 848 703 1.34
CON 806 639 158 9

htSNP, haplotype-tagging single nucleotide polymorphism; M, major allele; m, minor allele; GRR, genotype relative risk to obtain 80% power; SCZ,

schizophrenic patients; CON, control subjects.

assaciations when we set the genotype relative risk at each value
as shown in Table 3.

Discussion

Two-stage association analyses with quite high power re-
vealed no association between chromosome 5 GABA, cluster
and Japanese schizophrenia.

We adopted a reasonable strategy for association analyses
{van den Qord and Neale 2( swerful than ones
with randomly selected \\\P& i). Furthenmore,
we carefully treated the inflation of type 1 error rate due to multiple
testing: the independent panel of samples and the adjustment
considering dependence between SNPs (by ¢ pD). Our results
indicate the clea g e of correcting the inflation of the
type I error rate in genetic ass
the number of markers examined. A recent simulation showed
that mueasm(v Lhc sam plu size Is more p(m mru Lhun continu-

dld not g:noLVpe addlm\nal S WPs in the \101mln ol P20 and
SNP24. Of course, the false po e results in the first-set analysis
might be derived from population stratification. Genomic control
may be required for conclusive results; however, we speculate
that this was not the case, because Japanese population is
believed to be homogeneous.

We found a unique LD structure of GABRAL in initial evalu-
ation of LID, as follows: although the LD matrix
of GABRA1 located farthest from each other
had strong LD, some pairwise LD matrices within GABRA1 hd(.l
low D' values (for example, among SNP20,21 and 3 P28,29).
This structure is unlikely 1o be in accordance with the genetic
madel in which LD blocks are dictated by recombination hot-

t (Goldstein 2001). Thus, we applied this LD pdrrem of
AL to stricter criteria of LD (Wall and Pritcharc !
although no concept [it this LD pattem. In such a case
is necessary o consider the possibility of genotyping error. At
first, we checked the D' valies among thece m urkem with "irst set
samples (288 cases and 288 control sub
were obtained (D' between SNP20 and
[controll; I’ between SNP21 and SNP29
[controll). Next, we re-checked the genotyping of
hiSNPs, SNP20 and SNE with a different method (initial
genotyping was by PCR-RELP). the direct sequencing method
(done for 96 cases and 96 control subjects. not all subjects). The
results were identical to the initial resulis. Hence, we speculate
that it was unlikely that genotyping error had occurred, and that
Ns unique LD pattern was not related to false positive results in
first-set analysis.

We could not replicaie a previously reported positive a
ation of SNPs (8 SNPG and SNPS in Table 1) in (1Abl<k>.l in

1 20(M N

Han Chinese (Lo et al 2604). To avoid redundant results, in this

www.sobp.org/journal

study we did not genotype all positiv s, because our sample
showed tight LD patterns different from those of the Han Chinese
sample and our “hiSNP” might represent these positive SNPs.
Our data support a dl“ rence of LD structure in study popula-
tions \\\\«H and F and for confimmation we

Ppu oJifdl

ns. Unforrunately,
however, the
regions included in these SNPs (between 42 and rs907771)
were strong LD {1’=1} in both populations. We assume that LD
patterns among these SNPs in Chinese might also be complex.
whereas the LD patterns of Japanese were similar 1o those of
HapMap data (when we excluded SNP7, which were not ana-
lyzed by Lo et al {200

The most recently Ié‘p’)ﬂf.d association study between GABRAL
and Caucasian schizophrenia showed a significant association
e 2004). Our results could not support Petryshen’s
. but fusther replication study will be required with other
_ from different populations.

A few poiats of caution should be noted in interpreting our
results. First, the lack of association may be due to biased
samples, especially unmatched age samples and ascertainment
bias of control subjects. Second. we must consider the interaction
of other candidates related to this GABA, recepter gene cluster,
such as other GABA, receptor genes on 4p and 15q, glutamic
acid decarboxylase and others.
1sion, these results, obtained with one of the optimal
o1 genetic association analysis, indicate that this gene
cluster may not play & major role in Japanese schizophrenia.
They also raise an alert with regard to preliminary genetic
association analysis with a small sample size, and indicate that a
replication analysis using large samples is required for reliable
results that avoid type I and type I errors.

region in Idpam*w Lmd in (hmcxc p()PU]dl
these data did not contain the positive §

$25 2
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Abstract

Recent evidence suggests that the AKT1-GSK3f signalling cascade partially mediates dopamine-
dependent behaviours. In relation to the pathophysiology of schizophrenia or methamphetamine (Meth)
use disorder, AKT1 is a good candidate gene for such conditions. For schizophrenia, positive associations
of SNPs and AKT1 haplotypes were reported in US and Japanese samples. To evaluate the association
between AKT1 and Meth-use disorder, we conducted a case-control study of Japanese samples (182
; found, and the

patients and. 437 conirols). A positive association between a SNI and haplotypes w
“signal” SNP was the same SNP found to be associated with US schizophrenia, but not with Japanese
schizophrenia. Our results indicate that AKT1 may play a possible role in the development of Meth-use
disorder. Further investigation of these associations, together with evidence from previous animal studies,
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may open the way to elucidation of the pathophysiology of this condition.
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Introduction

The pathophysiology of methamphetamine (Meth) use
disorder has not been well established, however, one
of the most likely mechanisms is abnormality of the
dopamine (DA) neurotransmission system, The phar-
macological profile of Meth shows that the target
site of Meth is the DA transporter (DAT). Also the
mesolimbic DA system has an important function in
reinforcement and reward mechanisms (Spanagel and
Weiss, 1999).
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Family and twin studies suggested that the genetic
contribution is important in that it may predispose
certain people to this disorder (Tsuang et al., 1996,
1998). Recent studies have suggested that V-akt
murine thymoma viral oncogene homologue 1 (AKT1)
is a good candidate for a Meth-use disorder suscep-
tibility gene, for the following reasons. (1) An animal
study of DAT knock-out (KO) mice and wild-type
mice, treated with lithium salts and amphetamine,
showed that the AKTl-glycogen synthase kinase 3§
(GSK3p4) signalling cascade partially mediated
DA-dependent behaviours (Beaulieu et al., 2004). (2)
AKT1 KO mice treated with amphetamine showed a
reduction in prepulse inhibition (PPT) (Emamian et al.,
2004). PPI disturbances are known to be present
in schizophrenia, which might also be related to
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abnormalities in the DA system. AKT1 haplotypes were
shown to have a significant association with schizo-
phrenia in a transmission disequilibrium test (TDT)
study (Emamian et al, 2004) and in a previous
Japanese case-control replication study by the authors
(Ikeda et al., 2004), although no association was found
in another Japanese replication study (Ohtsuki et al.,
2004).

Here we conducted a case-control study of Japanese
Meth-use disorder samples using the single nucleotide
polymorphisms (SNPs) of our previous study to evalu-
ate the association of AKT1 with Meth-use disorder.

Methods

A total of 182 patients with Japanese Meth-use
disorder {146 male, 36 female; mean age:
deviation (sD), 36.7+12.0 yr] and 437 controls (209
male, 228 female; 34.3+13.6 yr) were analysed. The
namber of patients with Meth-use disorder comprised
of 168 Meth-dependent subjects, and 14 Meth-abuse
subjects. Among the subjects with Meth-use disorder,
153 subjects (127 males, 26 females) have a comorbid
diagnosis of Meth-induced psychosis, three of anor-
exia nervosa, one of obsessive—compulsive disorder,
and one of major depressive disorder. And 120
subjects with Meth-use disorder have abuse or
dependence on drugs other than Meth. Subjects
with Meth-use disorder were excluded if they had
a comorbid diagnosis of any psychotic disorder other
than Meth-induced psychosis. They were diagnosed
according to DSM-IV criteria by the consensus of at
least two experienced psychiatrists on the basis of
unstructured interviews and review of the medical
records. All healthy controls were also psychiatrically
screened based on unstructured interviews. More
details about the characterization of these subjects
have been published elsewhere (Suzuki et al., 2003;
Ujike et al, 2003). After description of the study,
written informed consent was obtained from each
subject. This study was approved by the Ethics
Committee at each participating institute of the
Japanese Genetics Initiative for Drug Abuse (JGIDA).
For SNF genotyping, polymerase chain reaction
(PCR) amplification, restriction
polymorphism (RFLP) assays were developed; Bsal
for SNP1 (rs3803300), Xeml for SNP2 (rs1130214),
Huelll for SNP3 (rs3730358), HpyCH4IV for SNP4
(rs2498799), Pstl for SNP5 (rs2494732), and BsiHKAI
for SNPA (rs2498804). A detailed description may be
found in a previous report (Ikeda et al., 2004) and
information about primer sequences and PCR-REFLP

fragment length.

conditions are available on request.

Hardy-Weinberg equilibrium (HHWE) was eval-
uated by conventional y* test (SPSS 10.0], SPSS Japan
Inc., Tokyo, Japan). For marker-trait association
analyses, we constructed multi-SNP  haplotype
systems (Emamian et al,, 2004) to evaluate the associ-
ation through permutation p values in sliding window
fashion and global p values respectively. In total
sample association analysis (not in explorative associ-
ation analysis), we emphasize the permutationp values
over the respective global p values because the
permutation procedure gives a significance corrected
for the multiple haplotypes and markers tested.
Furthermore, we corrected these permutation p values
by Bonferroni correction to obtain more robust results.
A more detailed description is given in our previous
paper ([keda et al., 2004).

We also include an explorative analysis for gender
effects, because of the following reasons. (1)
Aetiological study suggests that the genetic contri-
bution of substance-related disorder is differentially
heritable by gender (Jang et al,, 1997). (2) Our samples
were unmatched gender ratios of Meth-use disorder
(36 female, 146 male).

Results

Genotype frequencies of all SNPs were in HWE.
Positive permutation p values of 4- and 5-marker
sliding window fashion (p=0.0083 and (L023 respect-
ively) and global p value of 6-marker combinations
(p=0.017) were obtained. One of the 4-marker sliding
window fashion p remained  significant
(p =0.0498) even after Bonferroni correction was per-
formed six times (once for single marker permutation
and five times for haplotype combinations). In the
single marker association analysis (i.e. a conventional
allele-wise association analysis), only SNP3 was associ-
ated with Meth-use disorder (p=0.019) (Table 1).
Individual haplotypic analyses from the positive
global 4-marker p values are shown in Table 2. The
haplotype with the most significant association was

values

more frequent in controls than in cases (SNP1-2-3-4,
G-G-C-G, p=0.0032).

Explorative analysis of gender effects is shown in
Table 3. In female samples, eight of 21 global p values
showed significance. In these significant p values,
SNP3, which was associated with total Meth-use
disorder, showed strong association (p=0.0011). On
the other hand, the positive global p values in male
samples tended to be similar to those in total samples
(positive global p values: SNI'1-2-3-4 =0.036, SNP1-2-
3-4-5-A =0.042), however, SNP3 was not associated
with male Meth-use disorder (p=0.11).
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