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There has been increasing evidence that deranged 
superoxide dismutase (SOD) activities might be a risk 
factor for schizophrenia and/or tardive dyskinesia (TD). In 
the present study, we investigated the genetic association 
between a functional polymorphism (Ala

 

2

 

9Val) in the 
human manganese (Mn) SOD gene and schizophrenia or 
TD (192 schizophrenics : 39 with TD and 153 without TD; 
141 controls). No significant differences in the allelic or 
genotypic distribution between schizophrenics and controls 
were observed. However, we did find a significant difference 
in genotypic distribution between schizophrenics with and 

those without TD (

 

p

 

 

 

5

 

 .03). Moreover, decreased 

 

2

 

9Ala 
(mutant) allele was found among patients with TD (

 

p

 

 

 

5

 

 
.02; odds ratio 

 

5

 

 0.29; 95% confidence interval 

 

5

 

 0.10–
0.83). In conjunction with previous findings of increased 
free radicals and decreased SOD activities in TD subjects, 
these results suggest that the

 

2

 

9Ala (high activity) 
MnSOD allele may play a role in protecting against 
susceptibility to TD in schizophrenics.
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There has been increasing evidence that free radical-
mediated CNS neuronal dysfunction is involved in the
pathophysiology of schizophrenia: for example, antiox-
idant enzyme levels have been shown to be altered in
the red blood cells (RBC) of schizophrenic patients
(Reddy et al. 1991; Mukherjee et al. 1996). Lipid peroxi-
dation, which is produced when free radicals damage
membranes or free lipids, is known to be increased in
the cerebrospinal fluid (CSF) and in the plasma of pa-
tients with schizophrenia (Mahadik et al. 1995). Mem-

brane polyunsaturated fatty acids (PUFAs), which are
oxyradical sensitive, are known to be reduced in the
brain and RBC plasma membranes in patients with
schizophrenia (Horrobin et al. 1991).

Several lines of evidence have indicated that free
radicals may play a role in the pathophysiology of tar-
dive dyskinesia (TD). It has been reported that free rad-
icals, especially superoxide radicals, are produced by
the increased dopamine turnover associated with long-
term neuroleptic treatment (Matsumoto et al. 1983). In a
study by Pall et al. (1987), CSF lipid peroxidation was
increased in patients taking phenothiazine. Lohr et al.
(1990) reported that free radical activity was higher in
patients with TD than in those without. These findings
have led to therapeutic trials with 

 

a

 

-tocopherol (vita-
min E), a free radical scavenging agent, in patients with
TD; the anecdotal reports have been confirmed by dou-
ble-blind, placebo-controlled studies with vitamin E
(Egan et al. 1992; Adler et al. 1993; Lohr and Caligiuri
1996).
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Since the metalloprotein superoxide dismutase,
SOD, is the key enzyme involved in the detoxification
of superoxide radicals, it may play a vital role in inter-
individual variation in superoxide radical turnover.
SOD activities in RBC have been found to be altered in
chronic schizophrenic patients (Reddy et al. 1991;
Mukherjee et al. 1996), though it is unclear whether
there is a fundamental deregulation of SOD in schizo-
phrenia or whether these activities reflect effects of
long-term neuroleptic treatment. However, it has re-
cently been reported that SOD activity was significantly
lower in 14 drug-naive patients than in normal controls
(Mukherjee et al. 1996). In addition, patients with TD
have shown to have low SOD activities compared to
those without TD (Yamada et al. 1997; Tsai et al. 1998).
These findings indicate that the compromised antioxi-
dant defense associated with deranged SOD activities
may constitute a risk factor for schizophrenia and/or TD.

There are three isoforms of SOD which contain dif-
ferent prosthetic groups: the manganese (Mn) isoform
(SOD2) is found in mitochondria, and the copper and
zinc (CuZn) isoforms are present in the cytoplasm
(SOD1) as well as in the extracellular space (SOD3).
Among these isoforms of SOD, the manganese (Mn)
isoform (MnSOD or SOD2) scavenges the greatest num-
ber of superoxide anions produced from the electron
transport systems in mitochondria, which account for
more than 95% of all oxygen consumption in aerobic
cells (Guidot et al. 1993).

Recently, Shimoda-Matsubayashi et al. (1996) found
a biallelic polymorphism (Ala

 

2

 

9Val) in the mitochon-
drial targeting sequence (MTS) of human MnSOD in a
Japanese population and reported a significant positive
association between the MnSOD allele and Parkinson’s
disease. The Val substitution at position 

 

2

 

9 of the MTS
of human MnSOD may lead to misdirected intracellular
trafficking, followed by the alteration of MnSOD activ-
ity in human mitochondria (Shimoda-Matsubayashi et
al. 1997).

In this study, we investigated the genetic association
of the MnSOD allele with schizophrenia and TD in a
Japanese sample through case-control studies.

 

SUBJECTS AND METHODS

Subjects

 

One hundred-ninety-two Japanese schizophrenic pa-
tients participated in this study. Assessment for diagno-
sis of schizophrenia using DSM-IV criteria was per-
formed by four psychiatrists with consensus, and based
on cross-sectional interviews and case records. None of
the subjects had significant neurological comorbidity,
epilepsy, mental retardation, or history of substance
abuse. All patients had received neuroleptic treatment
for at least 10 years. Their ages (mean, 55.61 years; SD 

 

5

 

9.06), gender (95 men, 97 women), duration of illness
(mean duration, 28.80 years; SD 

 

5

 

 9.26), and current
neuroleptic dosages, which were calculated into halo-
peridol equivalents according to the conversions pub-
lished by Toru (1983) (mean dose of haloperidal equiva-
lents, 23.34 mg/day; SD 

 

5

 

 24.14), were evaluated from
clinical records.

The neuroleptics most prescribed were haloperidol
(

 

n

 

 

 

5

 

 103; mean dose, 15.93 mg/day; SD 

 

5

 

 13.95),
levomepromazine (

 

n

 

 

 

5

 

 78; mean dose, 106.19 mg/day;
SD 

 

5

 

 64.70), bromperidol (

 

n

 

 

 

5

 

 48; mean dose, 13.96
mg/day; SD 

 

5

 

 9.11), chlorpromazine (

 

n

 

 

 

5

 

 42; mean
dose, 106.19 mg/day; SD 

 

5

 

 154.86), zotepine (

 

n

 

 

 

5

 

 31;
mean dose, 160.65 mg/day; SD 

 

5

 

 108.71), propericia-
zine (

 

n

 

 

 

5

 

 23; mean dose, 74.13 mg/day; SD 

 

5

 

 46.36),
sulpiride (

 

n

 

 

 

5

 

 22; mean dose, 288.18 mg/day; SD 

 

5

 

160.05), and mosapramine (

 

n

 

 

 

5

 

 20; mean dose, 130.00
mg/day; SD 

 

5

 

 41.53). One hundred-fifty-four out of
192 patients received a polypharmacy of neuroleptics.
In addition, 169 patients received one (

 

n

 

 

 

5

 

 115), two (

 

n

 

 

 

5

 

51), or three (

 

n

 

 

 

5

 

 3) of the anti-parkinsonian drugs, bi-
periden (

 

n

 

 

 

5

 

 109; mean dose, 3.27 mg/day; SD 

 

5

 

 1.23),
prometazine (

 

n

 

 

 

5

 

 56; mean dose, 42.06 mg/day; SD 

 

5

 

23.61), trihexyphenidyl (

 

n

 

 

 

5

 

 41; mean dose, 5.41 mg/
day; SD 

 

5

 

 2.61), mazaticol (

 

n

 

 

 

5

 

 10; mean dose, 14.00
mg/day; SD 

 

5

 

 5.73), and profenamine (

 

n

 

 

 

5

 

 10; mean
dose, 160.00 mg/day; SD 

 

5

 

 58.31).
One hundred forty-one healthy volunteers (71 males

and 70 females; mean age, 55.33 years; SD 

 

5

 

 6.81) were
recruited mostly from medical staffs as control subjects.
Only unaffected subjects whose first- and second-
degree relatives had no history of schizophrenia or
other psychiatric disorders were included in this study.
All controls were over 45 years-of-age because of the
relatively low frequency of schizophrenia after age 45.

All patients had been admitted to one of five hospi-
tals within 30 km radius of the University of Occupa-
tional and Environmental Health; the controls also
lived within this area. All subjects in this study were
unrelated Japanese originally from the northern part of
Kyushu Island, Japan. Informed consent was a premise
for participation, and this study was approved by the
Ethics Community of the University of Occupational
and Environmental Health.

 

Symptom Analysis

 

TD was evaluated in all patients using the Abnormal
Involuntary Movement Scale (AIMS) (Guy 1976). We
rated the first seven items to determine a severity of ab-
normal movement score for each of seven respective re-
gions of the body by a cross-sectional evaluation. When
a patient had one or more 3-point, or, two or more
2-point in seven AIMS items mentioned above, he/she
was considered to have TD. The others were assumed
not to have TD (Schooler and Kane 1982). All evalua-
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tions were carried out by the same experienced psychi-
atrist prior to the laboratory procedures.

 

Genetic Analysis

 

Genomic DNA was extracted from 10-ml aliquots of
EDTA-anticoagulated venous blood using standard
procedures. A genomic DNA fragment corresponding
to the MTS in the human MnSOD sequence was ampli-
fied by the polymerase chain reaction (PCR) method,
using specific primers as described by Shimoda-Mat-
subayashi et al. (1996). The PCR products (172 bp) were
digested with 

 

BsaWI

 

 and then electrophoresed on 3%
agarose gels. The polymorphism showed a biallelic sys-
tem, T/C. The 

 

2

 

9Val allele showed DNA fragments of
85 bp and 87 bp, whereas the 

 

2

 

9Ala allele PCR prod-
ucts remained uncut with a DNA fragment of 172 bp.

 

Statistical Analysis

 

The fitness of genotypic distribution to the Hardy-
Weinberg equilibrium was analyzed by the 

 

x

 

2

 

 good-
ness-of-fit test. Differences of genotypic distributions
between patients and controls, as well as between pa-
tients with TD and without TD, were evaluated by
Monte Carlo methods to evaluate the contingency table
with small cell counts (Sham and Curtis 1995). Differ-
ences of allelic distribution between patients and con-
trols, as well as between patients with TD and without
TD, were analyzed using the Fisher’s exact test. Differ-
ences in the demographic characteristics of patients,
age, duration of neuroleptic treatment, current neuro-
leptic dose, and total AIMS scores were assessed among
the three MnSOD genotypes using one-way analyses of
variance (ANOVA). Because the distribution of total
AIMS scores of the three MnSOD genotypes was
skewed, we assessed the scores using the Kruskal-Wal-
lis test. Gender differences were assessed by the Monte
Carlo method.

The genotypic association between the MnSOD gen-
otype and TD was adjusted simultaneously for poten-
tially confounding variables (gender, age, duration of
illness, and neuroleptic dose) using regression analysis.
Occurrence of TD and total AIMS score were suited for
a stepwise logistic and a multiple regression analysis,
respectively. Data analyses were computed with the
SPSS software package throughout.

 

RESULTS

 

Allele and genotype frequencies of samples for the
Ala

 

2

 

9Val polymorphism in the MnSOD gene are given
in Table 1. The genotypic distributions in both patients
and controls were within the Hardy-Weinberg equilib-
rium. There was no significant difference in the distri-

bution of the allele (Fisher’s exact test, 2 tailed, 

 

p

 

 

 

5

 

 1.00,
odds ratio 

 

5

 

 1.07, 95% confidence interval 

 

5

 

 0.66–1.73),
and genotype frequencies (

 

x

 

2

 

 

 

5

 

 0.08, df 

 

5

 

 2, 

 

p

 

 

 

5

 

 .96) be-
tween patients and controls.

Demographic characteristics of patients in the Mn-
SOD genotype group are shown in Table 2. There was
no significant difference in terms of age, gender, dura-
tion of illness, or current neuroleptic dose among the
three genotype groups. Total AIMS scores (mean 

 

6

 

 SD)
in patients with the three MnSOD genotypes were 0.00 

 

6

 

0.00 (Ala/Ala), 1.49 

 

6

 

 2.04 (Ala/Val), and 2.27 

 

6

 

 2.85
(Val/Val). Although patients with the Val/Val geno-
type tended to have higher AIMS scores, this trend did
not reach the level of statistical significance (

 

p

 

 

 

5

 

 .08).
Thirty-nine of the 192 patients (20.3%) were diag-

nosed as having TD (Table 3). There was a significant
difference in genotypic distribution (

 

x

 

2

 

 

 

5

 

 5.86, df 

 

5

 

 2,

 

p

 

 

 

5

 

 .04) between patients with and without TD. The

 

2

 

9Val allele was more common in the patients with TD
than in those without TD (Fisher’s exact test, 2 tailed,

 

p

 

 

 

5

 

 .02, odds ratio 5 0.29, 95% confidence interval 5
0.10–0.83 ).

When the MnSOD genotype, gender, age, duration
of illness, and neuroleptic dose were entered into re-
gression models as independent variables (Table 4), we
found significant associations of the occurrence of TD
with Ala29Val genotype (p 5 .03) and age (p , .001).
The total AIMS score was significantly associated with
age (p , .001) and duration of illness (p , .001). There
was a slight but non significant association between the
total AIMS score and the Ala29Val genotype (p 5 .08).
We next performed a regression analysis using a for-
ward stepwise procedure (p to enter 5 .05; p to remove 5
.1). The results were as follows. In the stepwise logistic
model, age (p 5 .001) was entered first and genotype (p 5
.03) was entered subsequently. The rest of the variables
were removed from the model. In the multiple regres-
sion model, age (p , .001) was entered first and dura-
tion of illness (p , .001) was entered subsequently. The

Table 1. Genotype and Allele Frequencies of the Ala 2 
9Val Polymorphism in Patients and Controls

Genotypesa
Allele 

Frequencyb

Ala/Ala 
n (%)

Ala/Val 
n (%)

Val/Val 
n (%) 29Ala 29Val

Patients (n 5 192) 3 (1.6) 39 (20.3) 150 
(78.1)

0.12 0.89

Controls (n 5 141) 2 (1.4) 27 (19.2) 112 
(79.4)

0.11 0.89

a No significant difference in genotype frequencies between patients
and controls (x2 5 0.08, df 5 2, p 5 .96).

b No significant difference in allele frequencies between patients and
controls (Fisher’s exact test, 2 tailed, p 5 1.00, odds ratio 5 1.07; 95% con-
fidence interval 0.66–1.73).
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rest of the variables, including the MnSOD genotype,
were removed from the model. Therefore, the MnSOD
genotype was forced into the model and was not associ-
ated with the total AIMS score (p 5 .11).

We estimate that the sample has a power of 1.00 to
detect a medium effect size (w 5 0.25) and of 0.44 to de-
tect a small effect size (w 5 0.10) at the p , .05 level for
allelic comparison with the x2 test between patients and
controls using SPSS Sample Power software for Win-
dows. We also estimate that the sample has a power of
0.99 to detect a large effect size (w 5 0.38), of 0.8 to de-
tect a medium effect size, and of 0.20 to detect a small
effect size at the p , .05 level for allelic comparison with
the x2 test between patients with and without TD.

DISCUSSION

In the present study, we assessed the relationship be-
tween schizophrenia and free radicals, focusing on Mn-
SOD, which is involved in the antioxidant defense sys-
tem. We assumed that oxidative injury caused by the
impaired antioxidant enzyme MnSOD, might contrib-
ute to adverse development events in the pathogenic
cascade of schizophrenics. However, no association was
found between the Ala29Val polymorphism of the
MTS in the MnSOD gene and schizophrenia in our sam-

ple. Our present findings thus indicate that the poly-
morphism in the MnSOD gene may not contribute di-
rectly to the susceptibility to schizophrenia.

TD occurs as a side effect of neuroleptic medication.
Several risk factors for TD, such as dosage and potency
of neuroleptic drugs (Casey 1991), duration of neuro-
leptic treatment (Sweet et al. 1995), age (Miller et al.
1995), and female gender (Kane and Smith 1982) have
been pointed out. In addition, genetic predisposition is
thought to confer susceptibility to TD. A recent study
reported the concordance for the presence or absence of
TD in 13 out of 16 relative pairs (Müller et al. 1998).
Moreover, several recent case-control association stud-
ies have demonstrated that the dopamine D3 receptor
gene (Steen et al. 1997) and debrisoquine 4-hydroxylase
(CYP2D6) gene (Armstrong et al. 1997; Ohmori et al.
1998) may be implicated in susceptibility to TD. In addi-
tion to the above mentioned risk factors of TD, we as-
sumed that the derangement of the MnSOD enzyme
may also be involved in susceptibility to TD.

We found significant associations, both genotypic
and allelic, between the Ala29Val polymorphism in the
MnSOD gene and the occurrence of TD. The 29Val al-
lele was more frequent in patients with TD than in
those without. The significance remained when the con-
founding variables (gender, age, duration of illness, and
neuroleptic dose) were adjusted by stepwise logistic

Table 2. Demographic Characteristics of Patients in the MnSOD Genotype Groups

Genotype

Characteristic Ala/Ala (n 5 3) Ala/Val (n 5 39) Val/Val (n 5 150) p*

Gender (F/M) 1/2 16/23 80/70 .38**
Age (years) 50.67 6 2.52 55.28 6 9.17 55.80 6 9.15 .61
Duration of illness (years) 30.67 6 4.16 29.41 6 9.90 28.61 6 9.22 .83
Current neuroleptic dose (HPD-eq; mg/day) 23.20 6 16.62 20.95 6 29.17 23.97 6 22.97 .79
Total AIMS score 0.00 6 0.00 1.49 6 2.04 2.27 6 2.85 .08***

Values are given as mean 6 SD or number.
F: female; M: male.
HPD-eq: haloperidol equivalents.
*p values determined by **Monte Carlo method, ***Kruskal-Wallis test, or, if unmarked, ANOVA.

Table 3. Genotype and Allele Frequencies of the Ala29Val Polymorphism in Subjects with and without TD

Genotypea

Allele frequencyb

Ala/Ala 
n (%)

Ala/Val 
n (%)

Val/Val
n (%) 29Ala 29Val

Diagnostic criteria from AIMS 
(two ‘2s’ or one ‘3’)

With TD (n 5 39) 0 (0) 3 (7.7) 36 (92.3) 0.04 0.96
Without TD (n 5 153) 3 (2.0) 36 (23.5) 114 (74.5) 0.15 0.86

a Significant difference in genotype frequency between patients with and without TD (x2 5 5.86, df 5 2, p 5 .04).
b Significant difference in allele frequency between patients with and without TD (Fisher’s exact test, 2 tailed, p 5 .02; odds ratio 5 0.29; 95% confi-

dence interval 0.10–0.83).
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analysis. These findings suggest that the 29Val allele
may be a risk factor of TD. However, the 29Val allele is
thought to be a wild type allele, while the 29Ala allele
is thought to be a mutant allele. In fact, the 29Val allele
was more common, with an allele frequency of 0.89,
than the 29Ala allele, with a frequency of 0.12, in pa-
tients in the present study. Consequently, it may be dif-
ficult to interpret these findings. One interpretation of
the results might be that another unknown polymor-
phism, which is in linkage disequilibrium with the
Val29Ala polymorphism and contributes susceptibility
to TD, exists in the MnSOD gene. Another functional
polymorphism of the MnSOD gene, Ile58Thr at exon 3,
has been reported by Borgstahl et al. (1996). Because the
58Thr allele, however is extremely rare (Grasbon-Frodl
et al. 1999). Thus, further studies will be needed to de-
tect another functional polymorphism which is more
suitable for use in association studies.

Another interpretation is that the 29Ala allele may
play a role in protecting against TD, based on the rela-
tively lower frequency of this allele in subjects with
than in those without TD. This assumption is consistent
with the finding that the Val/Val genotype tended to
have higher total AIMS scores, although the trend did
not reach the level of statistical significance. Further-
more, the finding, by several authors, of increased free
radicals and decreased SOD activities in patients with
TD (Lohr et al. 1990; Yamada et al. 1997; Tsai et al. 1998)
are also consistent with our assumption through fol-
lowing reports that the 29Ala allele may result in
higher MnSOD activity. It has been reported that the
29Ala allele of MTS of the MnSOD gene has an a-helix
structure, whereas the 29Val allele does not (Shimoda-
Matsubayashi et al. 1996). Because an amphiphilic helix
structure is an essential requirement for efficient mito-
chondrial transport, the MnSOD precursor protein with
the 29Ala-type signal peptide may be more easily
transported into mitochondria than the precursor with
the 29Val-type signal peptide. Therefore, the difference
in the signal peptide sequence may affect the amount of

MnSOD expressed within mitochondria (Shimoda-Mat-
subayashi et al. 1997). It has also been reported that a
Lewy body-negative familial Parkinson’s disease pa-
tient with homozygotes of Ala/Ala had a higher con-
centration of SOD than patients with heterozygotes of
Ala/Val or homozygotes of Val/Val (Shimoda-Matsu-
bayashi et al. 1997). These findings, in conjunction with
the relatively lower frequency of the 29Ala (high activ-
ity) allele in patients with TD in our study, suggest that
patients without TD may show higher MnSOD activity
and may be more capable of detoxifying superoxide
radicals than those with TD. Moreover, SOD has been
found to protect against neuronal degeneration in-
duced by the glutamatergic mechanism (Schwarts et al.
1998), which is thought to be relevant to the pathophys-
iology of TD (Tsai et al. 1998).

In the present study, we have confirmed that the oc-
currence of TD relates to age and duration of illness
(Table 4). However, current neuroleptic dose and gen-
der were not associated with the occurrence of TD. La-
timer (1995) suggested that age is more consistently
identified as a risk factor for TD than are such other risk
factors as current neuroleptic dose and female gender.
In addition, Miller et al. (1995) have shown that only
age, but gender and daily neuroleptic dose, had a sig-
nificant influence on the development of TD in chronic
psychiatric patients. We do not consider our results in-
consistent with these observations, since the aging may
have contributed to the duration of illness in our pa-
tients.

Based on the results of the present study, we believe
that the reason the 29Ala allele was more associated
with a low risk for TD development than the 29Val al-
lele, was that the former may induce higher MnSOD ac-
tivity, thereby leading to an increased capacity for de-
fense against antioxidant. However, the function of
MnSOD seems more complicated; it also has an ability
to produce hydrogen peroxide which in turn may react
with ferrous iron to form more cytotoxic hydroxyl radi-
cals (Gutteridge 1992). Shimoda-Matsubayashi et al.

Table 4. Regression Analysis (before Forward Stepwise Procedure) with Occurrence of TD or Total AIMS Score as 
Dependent Variable

Dependent variables

With versus without TD
(stepwise logistic model)

Total AIMS score
(multiple regression model)

Independent variables Parameter estimate p Parameter estimate p

Ala 2 9Val genotype -14.42 .03 -0.71 .08
Age (years) 0.11 .00 0.15 .00
Duration of illness (years) -0.05 .08 -0.10 .00
Current neuroleptic dose (HPD-eq; mg/day)a 0.00 .92 0.00 .88
Gender -0.59 .20 -0.71 .15

a HPD-eq: haloperidol equivalents.
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(1996, 1997) reported that the 29Ala allele was more
frequent in patients with Parkinson’s disease than in
controls, and also that higher-than-normal activity of
MnSOD induces oxidative stress and may be a genetic
risk factor for Parkinson’s disease. This view is incon-
sistent with our suggestion that the decreased 29Ala
(high activity) allele frequency among patients with TD
may reflect a decreased capacity for defense against an-
tioxidants. On the other hand, our results are compati-
ble with previous reports that patients with TD had a
lower SOD activity than those without TD (Yamada et
al. 1997; Tsai et al. 1998). However, these reports have
not shown the relationship between specific MnSOD
activity and the occurrence of TD. Further studies will
be needed to clarify this relation.

The genetic contribution of the Ala29Val polymor-
phism in the MnSOD gene to TD was relatively weak in
the present study. The frequency of the 29Ala allele
among subjects without TD was only 0.25, and thus the
protective effect of this allele against TD must be small.
Our earlier study (Ohmori et al. 1998) demonstrated a
nominal significant allelic association (p 5 .049, odds
ratio 5 1.98, 95% confidence interval 5 1.01–3.87) be-
tween the CYP2D6 gene polymorphism and TD. A
study by Steen et al. (1997) on the genetic association
between the Ser9Gly polymorphism of the dopamine
D3 receptor gene and TD also showed relatively weak
associations between the Gly allele and TD (p 5 .035,
odds ratio 5 2.20, 95% confidence interval 5 1.05–3.97)
or between homozygosity for the Gly allele and TD (p 5
.018, odds ratio 5 6.46, 95% confidence interval 5 1.28–
62.36). Segman et al. (1999) replicated this study and
found no significant difference in allelic distribution be-
tween schizophrenics with and without TD, although
genotypes containing the Gly allele (Gly/Gly and Gly/
Ser) were significantly associated with TD (p 5 .02,
odds ratio 5 2.62, 95% confidence interval 5 1.18–5.59).
Thus, none of the above-described genetic association
studies of TD have detected any genes having a major
impact on susceptibility to TD. The major complicating
factor in the identification of such genes is that the pri-
mary etiological factor is environmental, namely, expo-
sure to neuroleptics. Compared to this effect, genes
may play a relatively small role in causation (Jeste and
Kelsoe 1997).

Although the case-control association studies em-
ployed here are potentially useful tools for the study of
complex psychiatric diseases, as well as of complex side
effects such as TD (Jeste and Kelsoe 1997), one major
pitfall of such studies is the vulnerability to ethnic strat-
ification between subjects groups (Malhotra and Gold-
man 1999). The present sample, in contrast, considered
exclusively of Japanese subjects who were considered
to be from ethnically homogeneous populations. We
further restricted our sample to subjects from the same
area in the northern part of Kyushu Island, Japan in or-

der to minimize their internal heterogeneity. Nonethe-
less, there may have remained an unexpected sample
stratification which could have led to artifacts in the re-
sults.

We also attempted to investigate the possible associ-
ation between a polymorphism of the CuZnSOD gene
and susceptibility to schizophrenia or TD. We geno-
typed 50 patients with schizophrenia for an A/C poly-
morphism in intron 3 of the CuZnSOD gene, which has
been studied by Esteban et al. (1994). Nonetheless, no
subject with a variant was identified in our samples.
Consequently, we could not carry out the association
study between the CuZnSOD gene polymorphism and
TD in our sample.

In conclusion, we did not find a significant associa-
tion between Ala29Val polymorphism in the MnSOD
gene and schizophrenia; however, we did find one be-
tween the polymorphism and the occurrence of TD.
That is, there was a decrease in the frequency of 29Ala
allele in patients with TD as compared to those without
TD. These results suggested that the 29Ala allele may
help protecting against the occurrence of TD by enhanc-
ing MnSOD activity. At the same time, however, Mn-
SOD has the ability to produce cytotoxic hydroxyl radi-
cals, which can damage brain tissue (Gutteridge 1992).
Other enzymes involved in the antioxidant defense sys-
tem should thus be taken into account, including CuZn-
SOD, glutathione peroxidase, and catalase. In addition,
it is important to remember the limitations of case-con-
trol association studies, especially their vulnerability to
sample stratification, which may provide false positive
results. In view of these limitations in our study, further
studies will be needed to confirm our results.
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