176 Current Neuropharmacology, 2011, 9, 176-182

Association Analysis of the Tryptophan Hydroxylase 2 Gene Polymor-

phisms in Patients with Methamphetamine Dependence/Psychosis

Hideaki Kobayashi* Hiroshi Ujike*", Nakao Iwata®"!, Toshiya Inada*", Mitsuhiko Yamada*',

Yoshimoto Sekine*'", Naohisa Uchimura™", Masaomi Iyo*!!, Norio Ozakl9 M
2

Masanari Itokawa'® and Ichiro Sora™'>*

Department of Biological Psychiatry, Tohoku University Graduate School of Medicine, Sendai 980-8574, Japan,
Department of Neuropsychiatry, Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical
Sciences, Okayama 700-8558, Japan, *Department of Psychiatry, Fujita Health University School of Medicine, Aichi
470-1192 Japan, *Department of Psychiatry, Seiwa Hospital, Institute of Neuropsychiatry, Tokyo 162-0851, Japan,
Department of Psychogerzatrtcs National Institute of Mental Health, National Center of Neurology and Psychiatry,
Tokyo 187-8553, Japan, *Division of Medical Treatment & Rehabilitation, Center for Forensic Mental Health, Chiba
University, Chiba 260 8670, Japan, "Department of Neuropsychiatry, Kurume University School of Medicine, Kurume
830-001 1, Japan, *Department of Psychiatry, Graduate School of Medicine, Chiba University, Chiba 260-86 70, Japan,
®Department of Psychiatry, Nagoya University Graduate School of Medlczne Nagoya 466-8550, Japan, '’Schizophrenia
Research Project, Tokyo Institute of Psychiatry, Tokyo 156-8585, Japan, 'Japanese Genetics Initiative for Drug Abuse
(JGIDA), Japan

Abstract: There is a growing evidence that serotoninergic systems modulate dopaminergic neurotransmission. We ana-
lyzed the association between the variations in the brain tryptophan hydroxylase 2 (TPH2) gene, a rate limiting enzyme
for serotonin biosynthesis, and methamphetamine (METH) dependence/psychosis in a Japanese population. We found ten
single nucleotide polymorphisms (SNPs) and two polynucleotide polymorphisms in TPH2 gene exons and exon-intron
boundaries. A total of 162 patients and 243 controls were used for the association analysis between these polymorphisms
and METH dependence/psychosis. No significant differences were observed in either genotypic or allelic frequencies
between METH dependent/psychotic patients and controls. A global test of differentiation among samples based on
haplotype frequencies showed no significant association. With respect to latency of psychosis, prognosis of psychosis,
and spontaneous relapse, we found no significant association with these SNPs. These results suggest that the TPH2 gene

variants may not be a factor in vulnerability to METH dependence/psychosis.

Keywords: Single nucleotide polymorphism, SNP, variation, serotonin, human, Japanese, MAP, abuse.

INTRODUCTION

Methamphetamine (METH) is a psychomotor stimulant
with high liability for abuse, and METH abuse has become a
very serious social problem in Japan [1]. Chronic METH
abusers have been shown to have persistent dopaminergic
deficits [2, 3]. In animals, amphetamine elevates extracellu-
lar dopamine levels in the mesolimbic circuits [4, 5]. There
is growing evidence that serotonergic systems modulate do-
paminergic neurotransmission. For example, the mesocorti-
colimbic dopamine system is under inhibitory control by the
serotonin system, which exerts its actions vig serotonin re-
ceptor subtypes [6, 7].

Acute and chronic administration of METH markedly
decreases the activity of tryptophan hydroxylase (TPH) [8, 9],
the rate-limiting enzyme in the biosynthesis of serotonin
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[10]. TPH2 (or neuronal TPH) was identified as a second
isoform of TPH in 2003 [11, 12]. In contrast to TPH1, which
is expressed predominantly in the pineal gland and the pe-
riphery, TPH2 mRNA is expressed in the raphe nuclei [11].
Since the identification of TPH2, there have been numerous
association analyses between TPH2 gene variants and psy-
chiatric diseases. For example, associations have been ob-
served between TPH2 variants and bipolar disorder [13-18],
suicidal behavior in major depression [19-21], the response
to selective serotonin reuptake inhibitors (fluoxetine and/or
citalopram) [22, 23] and emotional regulation in healthy sub-
jects [24-28]. These reports indicate that polymorphic vari-
ants in the TPH2 gene may have a role in the pathophysiol-
ogy of a wide range of psychiatric disorders and emotional
regulation. A recent study of heroin addiction also showed
an association with TPH2 variants in Hispanics and African-
Americans [29].

The purpose of this study was (1) to identify novel se-
quence variations in all coding exons as well as exon-intron
boundaries of the TPH2 gene in Japanese, and (2) to investi-
gate whether these polymorphisms and/or haplotypes were
associated with METH dependence/psychosis.

©2011 Bentham Science Publishers Ltd.
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MATERIALS AND METHODS
Subjects

One-hundred sixty-two unrelated patients with METH
dependence/psychosis (130 males and 32 females; mean age
37.4+12.0 years) meeting ICD-10-DCR criteria (F15.2 and
F15.5) were used as case subjects; they were outpatients or
inpatients of psychiatric hospitals. The 243 control subjects
(168 males and 75 females; mean age 35.4+11.5 years) 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 Japa-
nese, born and living in the northern Kyushu, Setouchi, Chu-
kyo, Tokai, and Kanto regions. This study was approved by
the ethical committees of each institute of the Japanese Ge-
netics Initiative for Drug Abuse (JGIDA), and all subjects
provided written informed consent for the use of their DNA
samples for this research [30]. After informed consent was
obtained, blood samples were drawn and genomic DNA was
extracted by the phenol/chloroform method.

Defining Variants of the TPH2 Gene

Initially, 16 METH dependent/psychotic patient samples
were used to identify nucleotide variants within the TPH2
gene (GenBank accession no. AC090109). Exons 1 to 11 and
exon-intron boundaries were amplified by polymerase chain
reaction (PCR) using a thermal cycler (Astec, Fukuoka, Japan),
and the products were sequenced in both directions using
BigDye terminators (Applied Biosystems, Foster City, CA)
by an ABI Genetic analyzer 3100 (Applied Biosystems).

Genotyping of each polymorphism except in exon 11 was
performed by PCR amplification using the relevant primers
listed in Table 1 followed by sequencing using the same
primers in both directions. Genotyping of polymorphisms in
exon 11 was performed by PCR amplification using 9F and
11R primers followed by sequencing using 10F, 11F, and
11R primers.
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Patient Subgroups

For the clinical category analysis, the patients were di-
vided into two subgroups by three different clinical features.
(A) Latency of psychosis from first METH intake: less than
3 years or more than 3 years. The course of METH psychosis
varied among patients, with some patients showing psycho-
sis sooner after the first METH intake, as previously reported
[30, 31]. Because the median latency was three years, this
time point was used as the cutoff in defining the two groups.
(B) Duration of psychosis after the last METH intake: tran-
sient (<1 month) or prolonged (21 month). Some patients
showed continuous psychotic symptoms even after METH
discontinuation, as previously reported [30, 31]. Patients
with the transient type showed a reduction of psychotic
symptoms within one month after the discontinuation
of METH consumption and the beginning of treatment with
neuroleptics. Patients with the prolonged type showed a
psychotic symptoms continued for more than one month
even after the discontinuation of METH consumption and
the beginning of neuroleptic treatment. (C) Spontaneous
relapse: present or not. It has been well documented that
once METH psychosis has developed, patients in the remis-
sion phase are liable to spontaneous relapse without recon-
sumption [30, 31].

Statistical Analysis

The Hardy-Weinberg equilibrium of genotypic frequen-
cies in each SNP was tested by the chi-square test. The level
of statistical significance was set at o= 0.05. The allelic and
genotypic frequencies of patients and control groups were
compared using the chi-square test. Locus by locus linkage
disequilibrium (LD) was evaluated by D’ and 1%, which were
calculated by the haplotype frequencies using the appropriate
formula in the Excel program. A global test of differentiation
among samples based on haplotype frequencies was per-
formed using the Arlequin program available from http://
anthropologie.unige.ch/arlequin [32].

Table 1. Primers Used in this Study
Exon Forward Reverse
Exon 1 1F CCT TAT GTA TTG TTC TCC ACC ACC IR GTT GAG CAC GCA GTG ATT GGC ACA
Exon 2 2F CCA CTA GAT GAT GTC TTA GAC CAT 2R CTG ACC TCC TAA CCT GGC AAT AGT
Exon 3,4 3F GTA CTT GGC ACC TTG CTT AAG ATG 3R TGG AAG TCT GCT CTC AGT TAT GGG
Exon 5 4F GCT CAA CTA AGC CAT TCT GCT TAC 4R GTA GCA CTT GGC ATG TGG CTC ACA
Exon 6 5F GAT CCT TTC AGA CGC TCA TGT GCT SR CAT ACT CAT GTA GCC CAG CAC AGC
Exon 7 6F GTG CGG TAA GCATCA CTT TCG ATT 6R CAG ATG AGG AGT CTG ATCCTT CAG
Exon 8 7F GAA GTC CCA GCATTG ATG AAC TGT 7R GGC TAA GCT GAG TAA TTC TGA CAG
Exon 9 8F CAG GAA GCG TAA GAC TCT TAG TAG 8R GTC AGT AGG ATC ACT GCT AGCTCA
Exon 10, 11 9F CCT GCA CAC AGG AGA GTT CCA TAT 9R CAT GCT GGC AAC AAC ATAGTT CCA
10F CAA TCC CTA CAC ACA GAG TAT TGA 10R CAT TCC AAC TGC TGT GTT ACCTCA
11F GAT CTA AGC CTT TCC TCT GTG TTC 11IR GAC ACA GAA ACA CAT GCA AGC ACT
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RESULTS

To identify polymorphisms in the TPH2 gene, all coding
exons (1 to 11) and exon-intron boundaries were analyzed
using genomic DNA from 16 Japanese METH-
dependent/psychotic subjects. Ten single nucleotide poly-
morphisms (SNPs) and two insertion / deletion polymor-
phisms were identified. One polymorphism, Exonl1+(C3)
500(C2), was novel (Table 2). Two SNPs, rs7305115
(Exon7+A131G) and rs4290270 (Exon9+A57T), were syn-
onymous mutations and Eon2+C18A was a non-synonymous
mutation. Three linkage disequilibrium (LD) regions were
found, rs11178998 (Exonl-A42G) to rs41265611 (IVS1+60
(I/D)), rs11179003 (IVS4+C4821T) to rs10879348 (IVS6+
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G144A), and rs4760816 (IVS6+C6106T) to rs7305115
(Exon7+A131G), in the sense that all genotypic patterns in
all 16 samples analyzed were the same. Each one of the
SNPs was chosen and a total of nine SNPs were genotyped
for further analysis. LD mapping was analyzed by using
SNPs having minor allele frequencies of over 10% in both
samples (Table 4). LD was observed from rs17110566
(IVS6+G152A) to rs17110747 (Exonl1+G654A) and from
1s4290270 (Exon9+AS57T) to rs41317114 (IVS11+G128C)
(Fig. 1 and Table 3).

Association analyses were performed on these nine po-
lymorphic positions using 162 METH dependent/psychotic
patients and 243 controls. Genotypic frequencies in these

Table2. TPH2 Gene Variants Found in the Japanese Population
Position” Location rs Number” SNP Name Variation Function
30029 5' side rs11178998 Exonl-A42G A/G
30241 Intron 1 1541265611 IVS1+60(I/D) TCT/del
32694 Exon 2 Exon2+C18A% C/A nonsynonymous (Ser4 1 Tyr)
40601 Intron 4 rs11179003 1VS4+C4821T C/T
63953 Intron 6 rs10879348 IVS6+G144A G/A
63961 Intron 6 rs17110566 IVS6+G152A G/A
69915 Intron 6 rs4760816 IVS6+C6106T C/T
70176 Exon 7 rs7305115 Exon7+A131G AIG synonymous (Pro312Pro)
113549 Exon 9 154290270 Exon9+A57T AT synonymous (Ala375Ala)
123114 Exon 11 Exon11+(C3)500(C2) C3/C2
123268 Exon 11 1s17110747 Exonll+G654A G/A
123663 3'side rs41317114 IVS11+G128C G/IC

Y Position: nucleotide position number in the NCBI nucleotide database under accession number AC090109. ? rs number: NCBI SNP database. ¥ This SNP was reported as C2755A

[14].
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Fig. (1). Location and linkage disequilibrium mapping of the TPH2 gene polymorphisms. All the coding exons and their regions were taken
from the NCBI database under accession number AC090109. Red ovals indicate the polymorphic positions, solid black lines the analyzed

regions, and solid red lines the LD block.
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Table3. Linkage Disequilibrium Mapping of the TPH2 Gene

rs17110566 rs4760816 rs4290270 rs17110747 rs41317114
(IVS6+G152A) (IVS6+C6106T) (Exon9+A57T) (Exon11+G654A) (IVS11+G128C)

rs17110566 \ 0.9392 0.6138 0.8581 0.0348

1s4760816 0.9724 0.7301 0.9253 0.0092

4290270 0.5262 0.5881 0.9284 0.6051 D
1517110747 0.8437 0.7885 0.9774 0.9399

rs41317114 0.0111 0.2179 0.6284 0.9123

r

D' and r* values for Control samples are shown in the upper right and lower left, respectively.

Table4. Genotypic and Allelic Distribution of the TPH2 gene SNPs in the METH Dependent/Psychotic Patients and the Control

Groups
SNP Group Genotype (%) P Allele (%) P
1511178998 AA AG G/G A G
(Exonl-A42G)
METH 130 (80%) 29(18%) | 3(2%) 289 (89%) 35 (11%)
0.102 0.617
Control 197 (81%) 46(19%) | 0(0%) 440 91%) | 46 (9%)
Exon2+C18A cre c/A A/A c A
METH 146 (90%) 16(10%) | 0(0%) 308 (95%) 16 (5%)
0.914 0.807
Control 222 (91%) 21 (9%) 0 (0%) 465(96%) | 21 (4%)
1510879348 G/G GIA AIA G A
(IVS6+G144A)
METH 136 (84%) 26(16%) | 0(0%) 298(92%) | 26 (8%)
0.975 0.920
Control 206 (85%) 37(15%) | 0(0%) 449 (92%) 37 (8%)
1517110566 G/G G/A AIA G A
IVS6+G152A
¢ ) METH 123 (76%) 3522%) | 4Q2%) 281(87%) | 43 (13%)
0.552 0.406
Control 173 (71%) 64(26%) | 6(2%) 410 (84%) 76 (16%)
154760816 cre o T C T
VS6+C6106T
a ) METH 28 (17%) 85(52%) | 49 (30%) 141 (44%) 183 (56%)
0314 0.200
Control 57 23%) 121 (50%) | 6527%) 235 (48%) 251 (52%)
154200270 AA AT T A T
9+ASTT
(Exon ) METH 29 (18%) 80 (49%) | 53 (33%) 138 (43%) 186 (57%)
0.840 0.777
Control 49 (20%) 115@47%) | 79 (33%) 213 (44%) | 273 (56%)
Exon11+(C3)500(C2) C3/C3 c3/c2 c2/c2 c3 2
METH 159 (98%) 3 (2%) 0 (0%) 321 (99%) 3(1%)
0357 0357
Control 242 (100%) | 1(0%) 0 (0%) 485(100%) | 1(0%)
117110747 GG G/A AA G A
Exonl 1+G654A.
(Exon ) METH 92 (57%) 63 (39%) 7 (4%) 247 (76%) 77 (24%)
0.956 0.888
Control 136 (56%) 95 (39%) 12 (5%) 367 (76%) 119 (24%)
rs41317114 GIG GIC c/e G C
(IVS11+G128C)
METH 119 (73%) 3823%) | 56%) 276 85%) | 48 (15%)
0.719 0462
Control 187 (77%) 50 21%) 6 (2%) 424 (87%) 62 (13%)
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TableS. Genotypic Distribution of the TPH2 Gene SNPs in Clinically Subcategorized METH Subjects
SNP Groups Subgroup N Genotype P
1517110566 G G/A A
(VS6+G152A) Control 243 173 64 6
METH Latency of Psychosis <3 years 64 53 10 1 0.172
23 years 67 47 18 2 0.966
Prognosis of Psychosis Transient (<1 month) 87 67 17 3 0.421
Prolonged (21 month) 52 38 13 1 0.951
Spontaneous Relapse Not present 101 78 21 2 0.517
Present 56 42 12 2 0.694
rs4760816 C C/T T
(IVS6+C6106T) Control 243 57 121 65
METH Latency of Psychosis <3 years 64 13 35 16 0.771
23 years 67 9 35 23 0.165
Prognosis of Psychosis Transient (<1 month) 87 15 39 33 0.125
Prolonged (21 month) 52 7 34 11 0.107
Spontaneous Relapse Not present 101 19 51 31 0.577
Present 56 8 30 18 0.306
rs4290270 A AT T
(Exon9+ASTT) Control 243 49 s |79
METH Latency of Psychosis <3 years 64 8 35 21 0.338
23 years 67 13 32 22 0.990
Prognosis of Psychosis Transient (<1 month) 87 16 37 34 0.541
Prolonged (21 month) 52 6 34 12 0.058
Spontaneous Relapse Not present 101 17 52 32 0.712
Present 56 10 27 19 0.923
1517110747 G G/A A
(Exon11+G654A)
Control 243 136 95 12
METH Latency of Psychosis <3 years 64 35 28 1 0438
23 years 67 37 26 4 0.947
Prognosis of Psychosis Transient (<1 month) 87 52 31 4 0.827
Prolonged (21 month) 52 26 25 1 0.366
Spontaneous Relapse Not present 101 57 41 3 0.712
Present 56 32 21 3 0.970
141317114 G G/C C
(IVS11+GI28C) Control 243 187 50 6
METH Latency of Psychosis <3 years 64 49 15 0 0411
23 years 67 48 16 3 0.552
Prognosis of Psychosis Transient (<1 month) 87 65 19 3 0.852
Prolonged (21 month) 52 38 13 1 0.767
Spontaneous Relapse Not present 101 77 21 3 0.966
Present 56 38 17 1 0.282

N: Number of samples.

P: Significance values between the METH subjects and the controls.
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SNPs were within the Hardy-Weinberg expectations. No
significant differences were found in the allelic or genotypic
frequencies of these SNPs between the METH depend-
ent/psychotic patients and the controls (Table 4). Since the
minor allele frequency of the Exonl1+(C3)500(C2) SNP
was less than 1% in controls, this SNP was excluded from
the haplotype analysis. No significant difference (P=0.448)
was observed in a differentiation test between all pairs of
samples based on haplotype frequencies by the Arlequin
program.

Subcategory analyses were conducted on the clinical pa-
rameters (latency of psychosis, prognosis of psychosis, and
spontaneous relapse). SNPs having minor allele frequencies
of over 10% in both samples were used for this analysis:
rs17110566 (IVS6+G152A), rs4760816 (IVS6+C6106T),
rs4290270 (Exon9+A57T), rs17110747 (Exonl1+G654A),
and IVS11+G129C. No significant associations with clinical
parameters were observed (Table 5).

DISCUSSION

We analyzed the TPH2 gene polymorphisms in a Japa-
nese population and found ten SNPs and two inser-
tion/deletion variants, among which one variant was novel.
However, we failed to identify any variants or haplotypes in
the TPH2 gene examined in this study which were associated
with METH dependence/psychosis.

Exon2+CI18A is a nonsynonymous SNP and the corre-
sponding amino acid is changed from Ser to Tyr at peptide
position 41 (S41Y). This SNP was reported as C2755A by
Lin and colleagues in a Han Chinese population [14]. They
transfected plasmids containing full-lengthTPH2 protein—
encoding sequences with two alternative alleles into SH-
SYSY cells and found that the amount of serotonin in SH-
SY5Y cells expressing the 41Y allele was about 36% lower
than in cells expressing the 41S allele. Despite the strong
scientific rationale for studying polymorphisms in the TPH2
gene in METH dependence/psychosis, we could not identify
any variants or haplotypes associated with the phenotype.
These results were comparable to those for cocaine use. Both
cocaine and METH increase extracellular dopamine in the
brain, and increased dopamine in the nucleus accumbens is
thought to underlie the reinforcing effects of drugs of abuse
[5, 33]. The association of cocaine dependence in subjects of
African descent with TPH2 SNPs was analyzed by Dahl and
colleagues, but they failed to identify any SNPs that were
associated with the cocaine-dependent phenotype [34]. The
disparity between these results and the previously reported
results for heroin addiction [29] suggest that the TPH2 gene
has little effect in psychostimulants with the characteristics
of indirect dopaminergic agonists.

Our results indicate that the TPH2 gene variations may
not be vulnerability factors in METH dependence/psychosis,
and indeed that they are likely to make a small or no contri-
bution to the development of METH dependence/psychosis.
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Methamphetamine (MAP) dependence is a highly heritable and aberrant dopaminergic signaling that has
been implicated in the disease. Glial cell line-derived neurotrophic factor (GDNF), which plays an important
role in the survival of dopaminergic neurons, may be involved in this disorder. In this study, we examined the
association between GDNF and MAP dependence using a Japanese population-based sample.

We selected eight single nucleotide polymorphisms (SNPs) in the GDNF locus for the association analysis.
When patients with MAP dependence were divided into two subgroups consisting of multi-substance and
MAP-only users, we detected a significant association between these two groups and the tagging SNP,
152910704 (after Bonferroni's correction; allele P==0.034). Thus, GDNF is likely to be related to the severity of
MAP use in the Japanese population.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Methamphetamine (MAP) dependence is a serious public health
problem that has reached epidemic proportions worldwide (Elkashef
et al, 2008). Repeated use of MAP induces a strong psychological
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factor; DA, dopamine; UTR, untranslated region; SNP, single nucleotide polymorphism;
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dependence and results in the development of psychotic symptoms
such as psychosis, attempted suicide, craving, and depression
(Aoyama et al, 2006; Nakama et al, 2008). Numerous family and
twin epidemiological studies have suggested that MAP dependence
is a highly heritable disorder (the estimated heritability is 30-60%)
(Kendler et al,, 2005; Aoyama et al., 2006; Lichtenstein et al., 2009).
Thus, a number of molecular genetic studies have been conducted
worldwide to elucidate the vulnerable genes associated with this
disorder (Aoyama et al., 2006; Kishi et al., 2010; Okochi et al., 2009).

Aberrant dopaminergic transmission has long been implicated in
the development of MAP dependence (Freedman, 2003, Yui et al,
2000). It is well known that glial cell line-derived neurotrophic factor
(GDNF) is one of the most potent neurotrophic factor influencing the
dopaminergic function. (Carnicella and Ron, 2009). Indeed GDNF
plays an important role in the survival and neurite outgrowth of
midbrain dopaminergic neurons (Krieglstein et al,, 1995; Lin et al,,
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1993). Furthermore, GDNF modulates the activity/excitability of
midbrain dopamine (DA) neurons (Yang et al, 2001; Wang et al.,
2003) as well as DA uptake (Lin et al, 1993). These observations
suggest that GDNF is important for the development and maintenance
of DA signaling.

An animal study has provided direct evidence of the involvement
of GDNF in MAP dependence. Reduction in the expression of GDNF
potentiates MAP self-administration, enhances motivation for mice to
take MAP, increases vulnerability to drug-primed reinstatement, and
prolongs cue-induced reinstatement of MAP-seeking behavior that
had been previously suppressed (Yan et al,, 2007). Of note, GDNF is
implicated not only in the control of MAP intake and seeking but
also in drug abuse in general (Ghitza et al., 2010; Carnicella and Ron,
2009). Manipulations that modulate the amount of GDNF in the brain
decrease cocaine-induced conditioned place preference and reduce
cocaine and ethanol self-administration in rats (Carnicella et al., 2008;
Messer et al., 2000; Green-Sadan et al., 2003, 2005).

Thus, changes in the expression or function of GDNF may affect
dopaminergic signaling, favoring the development of MAP-seeking
behaviors.

MAP-induced psychosis and schizophrenia (the paranoid type
in particular) show very similar symptoms (Sato et al., 1992), and
genetic association between GDNF and schizophrenia have been
repeatedly reported (Lee et al., 2001; Michelato et al.,, 2003). To the
best of our knowledge, however, the association of GDNF with MAP
dependence has not been investigated. Therefore, our current study
aimed to examine the possible association of SNPs in GDNF with
susceptibility for MAP dependence in Japanese population.

2. Materials and methods
2.1, Participants

This study was approved by the ethics committees of each institution
of the Japanese Genetics Initiative for Drug Abuse (JGIDA) including the
Nagoya University Graduate School of Medicine and Fujita Health
University. All patients were unrelated to each other and were ethnically
Japanese. Written informed consent was obtained from each patient.

A total of 219 patients with MAP dependence (178 males, 41
females and mean age 4 standard deviation (S.D.), 37.1 4 11.8 years)
and 383 normal controls (160 males, 223 females and mean age +S.D.,
40.0+14.6 years) were genotyped. Patients with MAP dependence
were diagnosed according to the ICD-10-DCR criteria, with the
consensus of at least two experienced psychiatrists on the basis of
empirical diagnostic interviews and review of medical records. Along
with the case~control comparison, associations of five clinical features
of the patients with MAP dependence were also examined, including

age of first use, latency of psychosis, multi-substance use, prognosis
of psychosis, and spontaneous relapse of psychotic symptoms (Morita
et al,, 2005).

A total of 106 patients (48.4%) consumed MAP before the age of
20 years, and 109 patients (49.8%) first consumed MAP after they
were 20 years old. The latency of psychosis was less than 3 years after
the first MAP consumption in 95 patients (43.4%), and 3 or more years
in 82 patients (37.4%). A total of 60 patients (27.4%) abused only MAP
during their lifetime, and 152 patients (69.4%) abused drugs in
addition to MAP in the past or present. A total of 107 patients (48.9%)
were diagnosed as the transient type, and 81 patients (37.0%) were
diagnosed as the prolonged type. The numbers of patients with and
without a history of spontaneous relapse were 80 (36.5%) and 130
(59.4%), respectively.

2.2. Tagging SNP selection

GDNEF is a trophic factor for dopaminergic neurons. The genomic
structure of the GDNF locus covers a 24-kb interval at 5p12-p13.1.
The locus contains three exons coding for a cDNA of 4.6 kb including
large 5/~ and 3’-UTRs (Grimm et al,, 1998).

We first consulted the HapMap database (release #22/phase II;
population: Japanese in Tokyo) to obtain SNPs throughout the
entire coding region of GDNF as well as in the flanking regions
500 bp upstream and 500 bp downstream of the coding regions.
Twenty-three SNPs were found in the HapMap Japanese sample.

The longest isoform was selected from the three alternately spliced
isoforms of GDNF. We chose representative SNPs with the criteria of
minor allele frequency (MAF) >0.10 and r*>0.80, using Haploview
version 3.32 software (http://www.broadinstitute.org/mpg/haploview)
(Barrett et al,, 2005), and defined these as tagging SNPs.

As a result, eight tagging SNPs were chosen. The gene structure
of GDNF and the position of each SNP are shown in Fig. 1.

2.3. SNP genotyping

Genotyping of tagging SNPs was carried out using TagMan assays
(Applied Biosystems, Foster City, CA). TagMan probes and Universal PCR
Master Mix were obtained from Applied Biosystems. A 5-ul
total reaction volume was used, and allelic-specific fluorescence was
measured using the ABI PRISM 7900 Sequence Detector System
(Applied Biosystems). Sequences of the individual primer pairs
are available upon request. To exclude low-quality DNA samples or
genotyping probes, data sets were filtered on the basis of tSNP genotype
call rates (100% completeness) or deviation from the Hardy-Weinberg
equilibrium (HWE) (P=0.05) in the control sample. Participants whose
percentage of missing genotypes was more than 10% or who had

24Kbp
NM_000514.2
L
NM_199231.1
4 =
NM_199234.1
i =
Exon1 Exon 2 Exon 3
Sl | I3I
1.rs2973033 3.r512518844 5.rs2910704 6.rs884344 | 8.rs2973049 1
2.rs10941370 4.152910702 7.rs1549250

rs1111l

Fig. 1. Genomic structure of GDNF and the SNPs used in our association analysis. Vertical bars represent exons in GDNF, and the number under each arrow is the SNP ID.
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Table 1
Association analysis of tagSNPs in GDNF with MAP dependence.
No. SNP ID M/m Phenotype N Genotype MAF P-value Global
M/M M/m m/m Genotype Allele P-value
1 152973033 A/G MAP Case 205 112 72 21 0.28 0.14 0.67
exonl Control 381 202 155 24 027
2 1510941370 T/C MAP Case 204 78 94 32 0.39 0.82 0.79
intron2 Control 381 145 183 53 038
3 1512518844 G/A MAP Case 205 85 91 29 0.36 0.57 0.79
intron2 Control 381 154 183 44 0.36
4 152910702 A/G MAP Case 206 85 101 20 0.34 0.55 0.93
intron2 Control 382 164 172 46 0.34
5 152910704 G/C MAP Case 206 88 94 24 0.34 047 0.25
intron2 Control 381 143 190 48 0.38 046
6 rs884344 A/C MAP Case 205 128 69 8 0.21 0.40 0.18 .
intron2 Control 381 219 140 22 0.24
7 r$1549250 G/T MAP Case 205 95 90 20 032 0.25 0.10
intron2 Control 381 198 158 25 0.27
8 152973049 G/A MAP Case 205 51 111 43 0.48 024 0.96
intron2 Control 380 109 178 93 048
M: major allele and m: minor allele.
MAF: minor allele frequency.
evidence of possible DNA contamination were excluded from the 3. Results

subsequent analyses. Finally, the clustering performance of the allelic
discrimination assay was visually inspected for all SNPs.

2.4, Statistical analysis

Genotype deviation from HWE was evaluated with the y*-test.
Genotypic association of SNPs that deviated from HWE was analyzed
using Cochran-Armitage trend tests for the multiplicative model of
inheritance (Balding, 2006). Genotypic and allelic associations were
performed with SPSS version 14.0] (Tokyo, Japan) and Haploview
software version 3.32, respectively. The significance level for all
statistical tests was set at 0.05. Bonferroni's corrections were used for
multiple comparisons; MAP P corrected = 0.05/48 [eight SNPsx two
genetic analysesx three phenotypes (age of first use, multiple
substance abuse and prognosis of psychosis)]. The linkage disequi-
librium (LD) block was defined by Haploview 3.32. When the
haplotype frequency in each block was over 5%, haplotypic analysis
was performed with Unphased version 3.1.3 (Dudbridge, 2008),
which was not a tagging SNP as defined by the Tagger program. Power
calculations were performed using the genetic statistical package on a
Genetic Power Calculator (http://pngu.mgh.harvard.edu/~purcell/
gpc/) (Purcell et al., 2003).

The genotypic and allelic frequencies of each SNP in patients with
MAP dependence and normal controls are summarized in Table 1. The
observed genotypic frequencies of all SNPs were within the
distribution expected according to HWE. Neither the genotypic nor
the allelic frequencies of the eight tagging SNPs for GDNF differed
significantly between patients with MAP dependence and controls. As
a result of LD analysis of 383 normal controls, one LD block was
defined. The distribution of haplotypic frequencies at this block did
not differ significantly between patients with MAP dependence and
normal controls (global P value=0.46). More than 80% power in
detecting association was obtained when the prevalence of MAP
dependence was set at 0.3% and the genotype relative risk was set at
1.40-1.45 under a multiplicative model of inheritance.

Next, we analyzed these cohorts based on the five clinical features
of MAP dependence. First, a significant association was observed for
rs2910704 (genotype, P=0.01) between MAP-dependent patients
whose age at first MAP consumption was younger than 20 years
old and those who were older than 20years at their first MAP
consumption (Table 2). When patients with MAP dependence were
divided into two subgroups of multi-substance and MAP-only users, a
significant difference was observed between these two groups for the

Table 2
Genotype and allele frequencies of GDNF in the age of first use.
No. SNP ID M/m Group N Genotype MAF P-value
M/M M/m m/m Genotype Allele

1 152973033 A/G 220 years 97 50 40 7 0.28 0.14 0.91
exonl <20 years 104 59 31 14 0.28

2 rs10941370 T/C 220 years 97 41 42 14 036 0.65 0.44
intron2 <20 years 103 37 50 16 0.40

3 rs12518844 G/A 220 years 97 42 43 12 0.35 0.83 0.60
intron2 <20 years 104 43 45 16 037

4 152910702 A/G 220 years 97 39 49 9 035 0.91 0.96
intron2 <20 years 105 44 50 1 034

5 152910704 G/C 220 years 97 38 53 6 034 0.01 0.64
intron2 <20 years 105 48 39 18 036

6 15884344 A/C 220 years 97 57 37 3 0.22 0.49 0.63
intron2 <20 years 104 67 32 5 0.20

7 151549250 G/T 220 years 97 45 43 9 031 0.90 0.97
intron2 <20 years 104 50 43 11 0.31

8 rs2973049 G/A 220 years 97 28 49 20 046 0.55 0.41
intron2 <20 years 104 23 58 23 0.50

Bold numbers represent significant P-values.
M: major allele and m: minor allele.
MAF: minor allele frequency.
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Table 3
Association analysis of tagSNPs in GDNF in the multi substance use.
No. SNP ID M/m Group N Genotype MAF P-value
M/M M/m m/m Genotype Allele

1 12973033 A/G No 57 26 21 10 0.36 0.09 0.03
exonl Yes 141 82 48 11 0.25

2 rs10941370 T/C No 57 22 23 12 041 0.46 0.53
intron2 Yes 140 54 66 20 0.38

3 rs12518844 G/A No 57 24 23 10 0.38 0.67 0.82
intron2 Yes 141 65 19 0.37

4 152910702 A/G No 57 19 4 0.24 0.007 0.01
intron2 Yes 142 77 15 038

5 152910704 G/C No 57 30 12 047 0.003 0.0007
intron2 Yes 142 60 12 0.30

6 rs884344 A/C No 57 23 4 0.27 0.12 0.04
intron2 Yes 141 43 4 0.18

7 rs1549250 G/T No 57 28 3 0.30 0.38 0.59
intron2 Yes 141 60 16 0.33

8 2973049 G/A No 57 28 11 0.44 048 033
intron2 Yes 141 77 31 0.49

Bold numbers represent significant P-values.
M: major allele and m: minor allele.
MAF: minor allele frequency

tagging SNPs, rs2973033 (allele, P=0.03), rs2910702 (genotype,
P=0.007 and allele, P=0.01), rs2910704 (genotype, P=0.003 and
allele, P=0.0007), and rs884344 (allele, P=0.04) (Table 3). In
addition, there was a significant difference between the transient type
and the prolonged type for rs2973033 (allele, P=0.02) (Table 4). No
significant differences were found in the latency of psychosis or
spontaneous relapse of psychotic symptoms (data not shown). After
Bonferroni's correction, three SNPs were no longer significant, but
rs2910704 remained significant (allele, P=0.034) between multi-
substance and MAP-only users (Table 3).

4. Discussion

Our results of the association analysis of MAP dependence suggest
that GDNF may be related to the severity of MAP dependence in
the Japanese population. There was no significant difference in the
frequency of any of the tagging SNPs between MAP users and normal
controls. However, when patients with MAP dependence were
divided into two subgroups consisting of multi-substance and MAP-
only users, a significant difference was observed between these
two groups in the tagging SNP, rs2910704, even after Bonferroni's
correction (allele, P=10.034), Multi-substance users in our study

primarily used organic solvents and marijuana in addition to MAP,
and the mechanism of action of these drugs is different from that of
MAP (Aoyama et al., 2006). In our current study, we observed that the
MAF of rs2910704 in MAP-only users (0.47) was higher than that
of multi-substance users (0.30), and a similar trend was seen for the
age of first use. In other words, rs2910704 may be associated with
the severity of substance dependency, as we detected association
with earlier age of onset (Table 2) and multiple substance abuse
(Table 3). Interestingly, we found a significant association with this
SNP that differed between MAP-only users and normal controls,
suggesting the involvement of this SNP in MAP dependence. Further,
this SNP was in strong LD with rs11111 (r*=1), which is located
1.6 kb downstream of GDNF in the predicted 3’-UTR (ENCODE
Gencode Manual Gene Annotations (level 1+2) (Feb., 2009)). The
rs11111 SNP is associated with lower expression of GDNF in the brain
but not in peripheral monoclonal blood cells as seen with SNPExpress
(http://people.genome.duke.edu/~dg48/SNPExpress/) (Fig. 2, P=
0.0026). Thus, patients with these SNPs may exhibit lower expression
of GDNF and be more vulnerable to MAP abuse. This hypothesis is
consistent with a report showing that reduction in the expression of
GDNF potentiates MAP self-administration and enhances motivation
for mice to take MAP (Yan et al,, 2007).

Table 4
Genotype and allele frequencies of GDNF in the prognosis of psychosis.
No. SNPID M/m Group N Genotype MAF P value
M/M M/m m/m Genotype Allele

1 1s2973033 A/G Transient 100 61 30 9 0.24 0.08 0.02
exonl Prolonged 75 33 31 11 035

2 1510941370 T/C Transient 99 36 47 16 0.40 0.67 0.38
intron2 Prolonged 75 31 35 9 035

3 rs12518844 G/A Transient 100 42 42 16 0.37 043 0.40
intron2 Prolonged 75 33 35 7 0.33

4 rs2910702 A/G Transient 101 40 48 13 0.37 012 0.30
intron2 Prolonged 75 31 41 3 031

5 rs2910704 G/C Transient 101 50 40 11 0.31 0.10 0.052
intron2 Prolonged 75 25 39 11 041

6 rs884344 A/C Transient 100 66 31 3 0.19 0.37 0.16
intron2 Prolonged 75 42 29 4 0.25

7 rs1549250 G/T Transient 100 47 39 14 034 0.17 0.27
intron2 Prolonged 75 37 34 4 0.28

8 rs2973049 G/A Transient 100 26 50 24 0.49 0.39 0.76
intron2 Prolonged 75 17 45 13 047

Bold numbers represent significant P-values.
M: major allele and m: minor allele.
MAF: minor allele frequency.
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Fig. 2. Relationship between GDNF expression in the frontal cortex of human brain and
the rs11111 genotype.

In addition, other associated SNPs were in strong LD with rs2910704,
and reduced expression of GDNF may therefore be implicated in the
prognosis of MAP use disorder. Recently, Boger et al. (2007) suggested
that long-term consequences of MAP exposure in mice are exacerbated
in GDNF heterozygous mice, which may explain the significant
association of these SNPs with age of onset or prognosis of MAP use
disorder. This group also found elevated dopamine transporter (DAT)
activity in GDNF heterozygous mice, suggesting that examination of DAT
binding in our patients may be of interest.

Our results had several limitations in terms of interpreting positive
associations. A potential concern was population admixture, which
is a known confounding factor for association. The Japanese popu-
lation has rather low genetic diversity (Haga et al., 2002). However,
even in such a genetically homogeneous population, a small amount
of stratification may produce a spurious genetic association signal
(Yamaguchi-Kabata et al., 2008). Another potential concern is the
relatively small sample size and that the gender ratio in the MAP
group was not replicated in the control group. This type of dis-
crepancy may introduce a gender-specific effect that could have
resulted in inflated p values. Thus, larger numbers of gender-matched
samples and genomic controls are required.

5. Conclusion

We suggest that GDNF may be related to the severity of MAP use.
Further studies using independent replication will be required to
clarify the relationship between GDNF and MAP use disorder.
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Cognitive impairment is related to functional outcome (e.g., work skills and community activities) in patients with schizophrenia; therefore,
many researchers view these impairments as important treatment targets for psychopharmacological treatment. To stimulate the development
of new treatments for cognitive impairments, the US National Institute of Mental Health's (NIMH’s) Measurement and Treatment Research to
Improve Cognition in Schizophrenia (MATRICS) initiative developed a standard cognitive battery, i.e., the MATRICS Consensus Cognitive
Battery (MCCB). In Japan, the MCCB has been initially translated as an academic version. This paper describes the process of developing the
Japanese academic version and focuses on pilot studies on subtests of this battery.
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Quality of life and its predictors in people with schizo-
phrenia

Masahito Tomotake

Department of Mental Health, Institute of Health Biosciences, the University of Tokushima Graduate
School, Tokushima, Japan

Abstract : The author reviewed measurement of quality of life (QOL) of schizophrenia pa-
tients and the clinical factors related to their QOL. As schizophrenia patients were thought
to be unable to assess their own QOL because of their cognitive impairment, objective QOL
measures had been frequently used. However, nowadays, there is general agreement that
symptomatically stabilized patients could assess their QOL by themselves. Therefore, re-
searchers gradually have become interested in subjective QOL measure. Although most
researchers often evaluate schizophrenia patients’ QOL using only subjective or objective
QOL measure, considering the fact that there is a discrepancy between the two types of
measures, it is recommended to use both of them as complementary measures. As for clini-
cal factors related to lowered QOL, several studies reported that depressive symptom was
most associated with lowered subjective QOL, negative symptom was strongly related to
lowered objective one and poor life skill was associated with both. Moreover, several
studies found that cognitive dysfunctions in some cognitive domains were related to low-
ered objective QOL but the effects of them were much smaller than those of negative
symptoms. It is suggested that improving depressive and negative symptoms and life
skills may contribute to enhancement of QOL of schizophrenia patients. J. Med. Invest.
58:167-174, Augusﬂ:, 2011

Keywords : schizophrenia, quality of life, life skill, cognitive function

Although there seems to be no unanimous defi-

INTRODUCTION
ObUCTIo nition of QOL at the moment, there is general agree-

Schizophrenia is a disease that can devastate the
lives of people who suffer from it, and people with
it suffer distress, disability, réduced productivity,
and lowered quality of life (QOL). Over the past
two decades, the concept of QOL has become an
important attribute in patient care and research in
psychiatry area (1-3).
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ment that QOL consists of access to resources and
opportunities, fulfillment of life’s roles, level of func-
tioning and a sense of well being or life satisfaction
4, 5). As QOL is today regarded one of the most
important outcome measures, it is important to clar-
ify the clinical factors associated with lowered QOL.
Doing so can lead to more sophisticated treatment
strategies.

In this article, the author reviewed some existing
articles on measurement of QOL of schizophrenia
patients and clinical factors associated with QOL.
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MEASUREMENT OF QUALITY OF LIFE

Recently, there has been increasing interest in
QOL of people with schizophrenia, and now, QOL
measures are included routinely in most studies of
intervention or outcome (5, 6). However, not a few
problems have been identified with the implement
of the instruments. Such problems include the defi-
nition of the concept of QOL and the approach for
measurement of it. Although there is no unanimous
definition of QOL, the World Health Organization
defines QOL as individuals’ perception of their po-
sition in life in the context of culture and value sys-
tems in which they live and in relation to their goals,
expectations, standards, and concerns (7).

QOL of people with schizophrenia has been meas-
ured from two different viewpoints. One is a self-
rated measurement of QOL (subjective QOL) and
the other is an interviewer-rated measurement of
QOL (objective QOL). Although, according the defi-
nition by the World Health Organization, individu-
als’ perception of QOL seems to be vital, QOL of
schizophrenia patients had been frequently assessed
with objective QOL measures. Because of schizo-
phrenia patients’ cognitive impairment, they had
been thought to be unable to evaluate their own
QOL by themselves. However, nowadays, there is
general agreement that stabilized schizophrenia pa-
tients could assess their QOL by themselves (8).

Objective measures of QOL usually include indi-
cators of health and living conditions, sociodemog-
raphic items and role functioning in society, whereas
subjective measures of QOL do indicators of life
satisfaction in general and within different life do-
mains (5). For example, the Quality of Life Scale
(QLS) (9), one of the most frequently used objec-
tive QOL measures, was specifically constructed to
measure QOL of people with schizophrenia. The
QLS is a 21-item scale from a semistructured inter-
view providing information on symptoms and func-
tioning during the preceding 4 weeks. The QLS has
four subscales, Intrapsychic foundations, Interper-
sonal relations, Instrumental role, and Common ob-
jects and activities. Intrapsychic foundations subscale
items elicit judgments about intrapsychic elements

in the dimensions of cognition, conation, and affec-

tivity seen as near the core deficit of schizophrenia.
Interpersonal relations subscale relates to various as-
pects of interpersonal and social experience. Instru-
mental role subscale focuses on the role of worker,
student, or housekeeper/parent. Common objects
and activities subscale is based on the assumption

that a robust participation in the community is re-
flected in the possession of common objects and
the engagement in regular activities (9).

As for subjective QOL instruments, although not
a few subjective QOL instruments exist to assess
health-related QOL, it is said that they can some-
times overlook the QOL concerns of specific patients
groups. Recently, Wilkioson er al. (10) constructed
schizophrenia disease specific subjective QOL in-
strument that is called the Schizophrenia Quality
of Life Scale (SQLS). The SQLS consists of three
scales that are Psychosocial, Motivation and energy,
and Symptoms and side-effect. Lower scores indi-
cate higher QOL. The Japanese version of it is often
used in studies in Japan (11).

RELATION BEWEEN SUBJECTIVE AND
OBJECTIVE QUALITY OF LIFE MEASURES

Researchers have been paying attention to the re-
lation between subjective and objective QOL meas-
ures, Although many studies used only one of them,
if they reflect different aspects of QOL and have
different predictors, doing so is likely to introduce
bias in the results. However, there are only a few
studies investigating the relation between them.

Using the Quality of Life Interview which contains
subjective and objective measures, Dickerson ez al.
(12) studied 72 outpatients with schizophrenia and
demonstrated that there were few significant cor-
relations between subjective and objective QOL in-
dicators of specific life areas. Fitzgerald et al. (5)
found that life satisfaction and objectively rated QOL
are not closely related, and concluded that subjec-
tive and objective QOL had different determinants
in patients with schizophrenia.

To explore the relationship between subjective
and objective QOL measures, we conducted a strict
research using schizophrenia disease specific sub-
jective and objective QOL measures (13). In the
cross-sectional study, 99 symptomatically stabilized
outpatients with a DSM-IV diagnosis of schizophre-
nia were assessed with the SQLS (10, 11) and the
QLS (9). The correlations between the scores on
scales of the SQLS and the QLS total and subscales
in the study are shown in Table 1. The score of the -
Motivation and energy scale correlated significantly
with the QLS total score, Interpersonal relations,
Instrumental role, Intrapsychic foundations, and
Common Objects and activities subscales. More-
over, the score of the Psychosocial scale showed a
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Table 1 Correlation between Schizophrenia Quality of Life Scale and Quality of Life Scale (N=99) (from Ref.13 Tomotake M, et al.

Psychol Rep 99, 477-487, 2006)

SQLS
Psychosocial Motivation and energy  Symptoms and side- effects
QLS Total -20* 40 *** -16
Interpersonal relations -19 42 *** -16
Instrumental role -19 -28 ** -.14
Intrapsychic foundations -19 -39 *** -14
Common objects and activities -10 -25* -14

*p<0.05, ** p<0.01, *** p<0.001,

SQLS=Schizophrenia Quality of Life Scale, QLS=Quality of Life Scale.

significant but weak correlation with the QLS total
score. The score of the Symptoms and side-effects
scale did not correlate significantly with the QLS
scores.

Considering these results indicating that there
were only a few significant correlations between
the SQLS and the QLS scores, researchers should
use both of subjective and objective QOL measures
as complementary outcome measures in order to
avoid introducing bias.

RELATION BETWEEN CLINICAL SYMP-
TOMS AND QUALITY OF LIFE

As for the clinical symptoms associated with sub-
jective QOL, Dickerson er al. (1998) found that
schizophrenia patients’ subjective QOL measured
by the Quality of Life Interview was significantly
related to the depression factor in the Positive and
Negative Syndrome Scale (PANSS). Huppert et al.
(14) also found that more severe depression as
rated on the Brief Psychiatric Rating Scale (BPRS)
was associated with lower subjective QOL measured
by the Quality of Life Interview. Other similar stud-
ies support the significant association of depres-
sive symptom with subjective QOL (5, 15). As for
subjective well-being which is the main component
of subjective QOL, Norman et al. (16) reported that
the General Well-Being Scale score was significantly
related to positive symptom, particularly reality dis-
tortion. These results suggest that depressive and
positive symptoms may be important factors in-
fluencing schizophrenia patients’ subjective QOL.
Moreover, other clinical factors such as anxiety, ex-
trapyramidal adverse effects, and patients’ subjec-
tive responses and attitudes towards antipsychotic
treatment have been found to be significantly asso-
ciated with subjective QOL (1, 14, 15).

Clinical factors related to objective QOL also
have been investigated, and several research groups
reported that negative symptom was much more
closely related to objective QOL than was positive
symptom (5, 16). As the studies used the QLS
which was originally designed to assess deficit
symptoms of schizophrenia, it may stand to reason
that fewer negative symptoms were associated with
better QOL assessed by the QLS. However, some
studies showed the significant associations of posi-
tive symptom and other clinical factors with the QLS
(17-20).

We investigated the relationship between several
clinical factors (duration of illness, number of hos-
pitalization, dose of neuroleptics, positive symptom,
negative symptom, extrapyramidal symptom, and
depressive symptom) and QOL in outpatients with
schizophrenia (13). The results of stepwise regres-
sion analyses on the SQLS and the QLS in the study
are shown in Table 2. Psychosocial scale score was
predicted independently by the Calgary Depression
Scale for Schizophrenia (CDSS) score, the BPRS
positive symptoms score, dose of neuroleptics, and
the BPRS negative symptoms score. The CDSS
score contributed significantly to the prediction of
the Motivation and energy scale score. Symptoms
and side-effects scale score was predicted independ-
ently by the BPRS positive symptoms score, the
CDSS score, and dose of neuroleptics. The QLS to-
tal score was predicted independently by the BPRS
negative symptoms score and the BPRS positive
symptoms score. The BPRS negative symptoms
score and duration of illness contributed independ-
ently to the prediction of the Interpersonal relations
subscale. Instrumental role subscale was predicted
independently by the BPRS negative symptoms
score and the BPRS positive symptoms score. The
Intrapsychic foundations subscale was also predicted
by the BPRS negative symptoms score and the



