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Crocq et al. 11992: J Med Genet 29:858-8601 
reported the existence of an association be- 
tween schizophrenia and homozygosity of a 
BUZZ polymorphism in the first exon of the 
dopamine D3 receptor (DRDS) gene. In re- 
sponse to this report, further studies were 
conducted; however, these studies yielded 
conflicting results. In the present study, we 
examined 100 unrelated Japanese schizo- 
phrenics and 100 normal controls to deter- 
mine any association between this polymor- 
phism and schizophrenia. Results suggest 
that neither allele nor genotype frequencies 
of the DRD3 gene in the schizophrenics as a 
whole are significantly different from those 
of the controls. Further, we found no associ- 
ation between any allele or genotype and 
any clinical subtype based on family history 
of schizophrenia and age-at-onset. A signifi- 
cantly high frequency of homozygosity of a 
dopamine D3 receptor gene allele was not 
observed in the schizophrenics as a whole, 
or in clinical subtypes. Our results suggest 
that an association between the dopamine 
D3 receptor gene and schizophrenia is un- 
likely to exist. 0 1996 WiIey-Liss, Inc. 
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INTRODUCTION 
Evidence from family, twin, and adoption studies 

suggests that there is an important genetic contribu- 
tion to the etiology of schizophrenia [Gottesman and 
Shields, 1982; McGuffin, 19881. The exact mode of in- 
heritance, however, remains unknown. 
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Dopamine receptors have been thought to play a ma- 
jor etiological role in schizophrenia. The hypothesis of 
dopamine overactivity in schizophrenia is supported 
mainly by two lines of evidence. First, neuroleptic 
drugs block dopamine receptors in vivo [Anden et al., 
19701 and in vitro [Seeman et al., 19741. The clinical an- 
tipsychotic potencies of various neuroleptic agents are 
directly related to their binding potencies to dopamine 
receptors. Dopamine D3 receptor (DRD3) may play an 
important role in mediating antipsychotic drug action 
[Sokoloff et al., 19921. Second, evidence for a dopamin- 
ergic basis of schizophrenia comes from the observation 
of exacerbating effects of dopamine-mimetic drugs 
in schizophrenics [Janowsky and Davis, 19761; these 
drugs produce schizophrenia-like psychosis in normal 
individuals [Snyder, 19731. An additional hypothesis 
regarding the etiology of schizophrenia involves a lim- 
bic brain system abnormality [Torrey and Peterson, 
19741. This region has been implicated in several emo- 
tional and cognitive behaviors. DRD3 messenger RNA 
is expressed almost exclusively in the limbic system 
[Sokoloff et al., 1990; Bouthenet et al., 19911. Based on 
these findings, the DRD3 gene is an important candi- 
date gene for schizophrenia, since it enters into the 
dopamine receptor hypothesis and limbic system hy- 
pothesis of schizophrenia. 

The DRD3 gene was cloned [Sokoloff et al., 1990; 
Giros et al., 19901 and found to contain a polymorphic 
site in the first exon that gives rise to a glycine (allele 
2) to serine (allele 1) substitution in the N-terminal ex- 
tracellular domain. This results in the creation of a 
BaZI restriction endonuclease recognition site [Lanfelt 
et al., 19921. Crocq et al. [1992] reported that signifi- 
cantly more patients than controls were homozygous 
for the BaZI polymorphism. In response to this report, 
additional studies were conducted. Results of linkage 
studies suggested that there is no major etiologic in- 
volvement of this gene in the pathogenesis of schizo- 
phrenia [Wiese et al., 1993; Sabate et al., 1994; Nanko 
et al., 19941. On the other hand, results of association 
studies were conflicting [Nothen et al., 1993; Jonsson 
et al., 1993; Nanko et al., 1993; Nimgaonkar et al., 1993; 
Yang et al., 1993; Sabate et al., 1994; Mant et al., 1994; 
DiBella et al., 1994; Kennedy et al., 19951. Mant et al. 
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Analysis of the MscI polymorphism of the DRD3 gene 
was performed as described by Crocq et al. [19921. The 
polymorphism corresponding to the point mutation in 
the extracellular N-terminal part of the DRD3 protein 
resulting in the substitution of glycine (allele 2) for 
serine (allele 1) at position 9 was detected. Results of 
the examinations are shown in Table I. Neither allele 
nor genotype frequencies in the schizophrenics as a 
whole were significantly different from those of con- 
trols. The patients were then divided into two sub- 
groups based on familial loading and age-of-onset. Nei- 
ther allele nor genotype frequencies in each clinical 
subtype were significantly different from those of con- 
trols. A significantly high frequency of homozygotes 
was observed neither among the schizophrenics as a 
whole, nor when they were divided into the two sub- 
groups, in comparison with controls. The genotypes of 
the patients and controls were in Hard Weinberg equi- 
librium (schizophrenics as a whole, x = 0.13, df = 1, 
P = 0.72; patients with family history, x2 = 0.32, df = 1, 
P = 0.57; early-onset patients, x2 = 0.51, df = 1, P = 0.48; 
controls, x2 = 1.15, df = 1, P = 0.28). 

Our findings showed a lack of association between 
the DRD3 MscI polymorphism and schizophrenia in the 
Japanese individuals examined. In response to the 
study by Crocq et al. [1992], some studies have been 
conducted, and almost all reports showed no associa- 
tion between schizophrenia as a whole and homozygos- 
ity of the BaZI polymorphism in the first exon of the 
DRD3 gene [Nothen et al., 1993; Jonsson et al., 1993; 
Nanko et al., 1993; Nimgaoukar et al., 1993; Yang et al., 
1993; Sabate et al., 19941. On the other hand, Mant 
et al. [1994] and Kennedy et al. [1995] reported finding 
a positive association between schizophrenia as a whole 
and homozygosity of the DRD3 gene allele. Mant et al. 
[19941 also reported a significant excess of the 1:l geno- 
type in schizophrenics as a whole, in comparison to con- 
trols. The discrepancies between our results and those 
of Crocq et al. [19921 are, however, not likely due to the 
statistical power of our study. To detect an excess ho- 
mozygosity (1:l genotype + 2:2 genotype) in the schiz- 
ophrenics as a whole, our sample size (100 patients and 
100 controls) adequately had a power of 90% [Cohen, 
19881, with (Y set at 0.05 (two-tailed significance, P < 
0.050. This power was estimated using the same 
Cardiff samples used in the study by Crocq et al. 119921. 
To examine the excess homozygosity of the 1:l genotype 
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119941 and Kennedy et al. [1995] reported finding a pos- 
itive association between schizophrenia as a whole and 
homozygosity of the DRD3 gene allele. Mant et al. 
[19941 also reported a significant excess of the 1:l geno- 
type (homozygote of allele 1) in schizophrenics as a 
whole in comparison to  controls. Furthermore, the re- 
sults of some studies suggest that an excess homozy- 
gosity occurs in those patients with a family history of 
schizophrenia [Nimgaonkar et al., 1993; Mant et al., 
19941 or in those who respond well to neuroleptic treat- 
ment [Jonsson et al., 1993; Mant et al., 19941. In the 
Japanese population, Nanko et al. [1993] reported ob- 
taining negative results. Their subjects, however, in- 
cluded only outpatients, and patients with severe 
symptoms might not have been examined. In light of 
these findings, we investigated allele frequencies of the 
MscI (isoschizomer of BaZI; Takara, Kyoto, Japan) poly- 
morphism of the DRD3 gene in Japanese controls and 
schizophrenics, including inpatients, with regard to 
clinical subtypes, based on age-of-onset and family his- 
tory of schizophrenia. 

One hundred in- and outpatients (52 men and 48 
women, 74 inpatients and 26 outpatients), age 15-70 
years, fulfilling the DSM-111-R criteria for schizophre- 
nia [American Psychiatric Association, 19871, were in- 
cluded in this study. Demographic and clinical infor- 
mation was collected by psychiatrists. Diagnostic 
assessment was performed by two psychiatrists and 
based on clinical interviews. Family history of schizo- 
phrenia was defined as follows: a t  least one first-degree 
relative had received treatment for schizophrenia ac- 
cording to hospital records, clinical interviews with 
patients, or information from the hospital staff. The 
early-onset group was defined as patients whose schizo- 
phrenia developed before the average age-of-onset (23 
years) in our data sets. Our control group consisted of 
100 subjects, including 44 university students, 25 hos- 
pital staff, and 31 elderly volunteers (71 men and 29 
women in total), ranging in age from 22-86 years. One 
of our research team members interviewed the controls 
and confirmed that none were under psychiatric treat- 
ment. The mean (?SD) age of the patients was 44.2 
(?12.0) years, and that of the controls was 42.7 (223.7) 
years. All patients and controls were unrelated and 
from the Japanese population. The patients provided 
written informed consent prior to the study, according 
to the research protocol approved by the Ethics Com- 
mittee of the Niigata University School of Medicine. 

TABLE I. Allele Frequencies and Genotype Counts for DRD3 Gene MscI Polymorphism in Patients and Controls* 

Allele 
frequencies Genotype counts 

N 1 2 1-1 1-2 2-2 (1-1) + (2-2) 

Controls 100 0.74 0.26 52 (54.8) 43 (38.5) 5 (6.8) 57 
Schizophrenics 

As a whole 100 0.73 0.27 54 (53.3) 38 (39.4) 8 (7.3) 62 
With family history 43 0.69 0.31 21 (20.5) 17 (18.4) 5 (4.1) 26 
Age-at-onset <23 years 47 0.74 0.26 27 (25.7) 16 (18.1) 4 (3.2) 31 

* Parentheses indicate H-W expected; nos. with each genotype expected according to Hardy-Weinberg equilibrium. 
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in the schizophrenics as a whole, our sample size had a 
power of >SO%, which was also adequate to the exami- 
nation. Other possible reasons for these discrepancies 
include chance variation in allele frequencies, hetero- 
geneity among patient groups, and the effect of racial 
stratification among subjects. Though the causes of 
these discrepancies are unclear, results of the present 
study confirmed a lack of association between the 
DRD3 polymorphism and schizophrenia in the Japa- 
nese individuals examined. 

ACKNOWLEDGMENTS 
The authors thank K. Horiuchi, T. Ogushi, T. Sano, 

S. Kaji, M. Masumura, M. Wakabayashi, T. Kosakai, 
H. Naito, S. Yuki, H. Tochikura, T. Takasu, K. Saito, 
N. Maruyama, R. Horikoshi, T. Inai, M. Nakagaito, 
Y. Kato, T. Oguma, S. Kobayashi, M. Aoyama, K. Suzuki, 
Y. Kawashima, T. Uehara, H. Nakazawa, K. Takahashi, 
T. Hosoki, Y. Suzuki, T. Matsuki, and M. Sakai for their 
support in collecting samples. 

REFERENCES 
Anden NE, Butscher SG, Corrodi H, Fuxe K, Ungerstedt U (1970): Re- 

ceptor activity and turnover of dopamine and noradrenaline after 
neuroleptics. Eur J Pharmacol 11:303-314. 

American Psychiatric Association (1987): “Diagnostic and Statistical 
Manual of Mental Disorders, 3rd Edition, Revised (DSM-111-R).” 
Washington, DC: American Psychiatric Association. 

Bouthenet ML, Souil E, Martres MP, Sokoloff P, Giros B, Schwartz JC 
(1991): Localization of dopamine D3 receptor mRNA in the rat 
brain using in situ hybridization histochemistry: Comparison with 
dopamine D2 receptor mRNA. Brain Res 564:203-219. 

Cohen J (1988): “Statistical Power Analysis for the Behavioral Sciences,” 
2nd ed. Hillsdale: Lawrence Erlbaum Associates, pp 179-213. 

Crocq MA, Mant R, Asherson P, Williams J ,  Hode Y, Mayerova A, 
Collier D, Lanfelt L, Sokoloff P, Schwartz JC, Gill M, Macher JP, 
McGuffin P, Owen MJ (1992): Association between schizophrenia 
and homozygosity at  the dopamine D3 receptor gene. J Med Genet 
29:858-860. 

Di Bella D, Catalan0 M, Strukel A, Nobile M, Novelli E, Smeraldi E 
(1994): Distribution of the MscI polymorphism of the dopamine D3 
receptor in an Italian psychotic population. Psychiatr Genet 4: 
3 9 4 2 .  

Giros B, Martres M-P, Sokoloff P, Schwartz J-C (1990): Clonage du 
gene du recepteur dopaminergique D3 humain et  identification de 
son chromosome. C R Acad Sci [III] 311:501-508. 

Gottesman I, Shields J (1982): “Schizophrenia: The Epigenetic Puzzle.” 
Cambridge: Cambridge University Press, pp 83-148. 

Janowsky DA, Davis JM (1976): Methylphenidate, dextroampheta- 
mine, and levamphetamine: Effects on schizophrenic symptoms. 
Arch Gen Psychiatry 33:304-308. 

Jonsson E, Lanfelt L, Sokoloff P, Schwartz JC, Sedvall G (1993): Lack 
of association between schizophrenia and alleles in the dopamine 
D3 receptor gene. Acta Psychiatr Scand 87:345-349. 

Kennedy JL, Billett EA, Macciardi FM, Verga M, Parsons TJ, Meltzer 
H Y ,  Lieberman J ,  Buchanan JA (1995): Association study of dopa- 
mine D3 receptor gene and schizophrenia. Am J Med Genet 60: 

Lanfelt L, Sokoloff P, Martres MP, Pilon C, Giros B, Jonsson E, Sedvall 
G, Schwartz JC (1992): Amino acid substitution in the dopamine 
D3 receptor as a useful polymorphism for investigating psychiatric 
disorders. Psychiatr Genet 2:249-256. 

Mant R, Williams J ,  Asherson P, Parfitt E, McGuffin P, Owen MJ 
(1994): Relationship between homozygosity at the dopamine D3 re- 
ceptor gene and Schizophrenia. Am J Med Genet 54:21-26. 

McGuffin P (1988): Genetics of schizophrenia. In Bebbington P, 
McGuffin P (eds): “Schizophrenia, The Major Issues.” London: 
Heinemann Medical, pp 107-126. 

Nanko S, Sasaki T, Fukuda R, Hattori M, Dai XY, Kazamatsuri H, 
Kuwata S, Juji T, Gill M (1993): A study ofthe association between 
schizophrenia and the dopamine D3 receptor gene. Hum Genet 92: 
336338. 

Nanko S, Fukuda R, Hattori M, Sasaki T, Dai X Y ,  Yamaguchi K, 
Kazamatsuri H (1994): Further evidence of no linkage between 
schizophrenia and the dopamine D3 receptor gene locus. Am J Med 
Genet 54:264-267. 

Nimgaonkar VL, Zhang XR, Caldwell JG, Ganguli R, Chakravarti A 
(1993): Association study of schizophrenia with dopamine D3 re- 
ceptor gene polymorphisms: Probable effects of family history of 
schizophrenia? Am J Med Genet 48:214-217. 

Nothen MM, Cichon S, Propping P, Fimmers R, Schwab SG, Wildenauer 
DB (1993): Excess of homozygosity at the dopamine D3 receptor 
gene in Schizophrenia not confirmed. J Med Genet 30:708-709. 

Sabate 0, Campion D, d‘Amato T, Martres MP, Sokoloff P, Giros B, 
Leboyer M, Jay M, Guedj F, Thibaut F, Dollfus S, Preterre P, Petit 
M, Babron M-C, Waksman G, Mallet J ,  Schwartz JC (1994): Failure 
to find evidence for linkage or association between the dopamine 
D3 receptor gene and schizophrenia. Am J Psychiatry 151:107-111. 

Seeman P, Wong M, Lee T (1974): Dopamine receptor-block and nigral 
fiber-impulse blockade by major tranquilizers. Fed Proc 33:246. 

Snyder SH (1973): Amphetamine psychosis: A “model” schizophrenia 
mediated by catecholamines. Am J Psychiatry 130:61-66. 

Sokoloff P, Giros B, Martes MP, Bouthenet ML, Schwartz JC (1990): 
Molecular cloning and characterization of a novel dopamine recep- 
tor (D3) as a target for neuroleptics. Nature 47:146-151. 

Sokoloff P, Martres MP, Giros B, Bouthenet ML, Schwartz JC (1992): 
The third dopamine receptor (D3) as a novel target for antipsy- 
chotics. Biochem Pharmacol43:659466. 

Torrey EF, Peterson MR (1974): Schizophrenia and the limbic system. 
Lancet 2:942-946. 

Wiese C, Lanfelt L, Kristbjarnarson H, Yang L, Zoega T, Sokoloff P, 
Ivarsson 0, Schwartz JC, Moises HW, Helgason T (1993): No evi- 
dence of linkage between schizophrenia and D3 dopamine receptor 
gene locus in Icelandic pedigrees. Psychiatry Res 4659-78. 

Yang L, Li T, Wiese C, Lanfelt L, Sokoloff P, Xu CT, Zeng 2, Schwartz 
JC, Liu X, Moises HW (1993): No association between schizophre- 
nia and homozygosity at the D3 dopamine receptor gene. Am J 
Med Genet 48:83-86. 

558-562. 




