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Association of Dopamine D4 Receptor(DRD4) Gene Polymorphism with
Korean Schizophrenic Patients

Hong Seock Lee, M.D.,* Min Soo Lee, M.D., Ph.D.,"‘T Deock-Jeong Han, M.D.,** Heon-Jeong Lee, M.D.***

ABSTRACT

Despite these results, it is premature to exclude the association. It has been suggested that the susceptibility to develop

schizophrenia could result from variation at a number loci which may interact or coact with each other. Therefore, we
investigated a possible association of combinations of exon O 48bp polymorphism[D4E3] and exond 12bp polymorphism
of the DRD4 gene [D4E1] with schizophrenia.

Methods[] 207 unrelated Korean schizophrenic patients and 191 healthy controls were recruited. DRD4 genotype was
established using the polymerase chain reaction. Statistical analysis consisted of x ? tests for Hardy—Weinberg proportions
and genotypic and allelic frequencies in the patients and control groups.

Results[] There were no statistically significant differences in the each polymorphisms between schizophrenics and controls.
And all genotype frequencies were within Hardy—Weinberg expectations. When the combinations of the polymorphism in
schizophrenia and controls were compared, however, there were significant differences at A1A2°2/4 in the distributions of
the combinations of D4E1 and D4E3(p<0.01).

Conclusions[] These findings suggest that the certain combination of D4E1 and D4E3(A1A22/4) has the protective role
to a susceptibility for schizophrenia.

B ackground(] No association between schizophrenia and dopamine D, receptor polymorphisms have been reported.
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D2-00 OO0 (D2-like receptors)d O OO0 (Van TolO
1991). OO0 OO 000 0000 0000 0000 00
0,00 000 000 000 DRD4D OOOOOO OOO
000 0000 00 000 0boo oo.

0000 000 0000 000000 brRb2O OO OO
00 000, DbRD2 OO0O0O OOOOOO OO0 0O0OO O
0O OO0 OO OOoOoOoOO(Seemant 1976), OO0 OO
00000 clozapinel DRD20 0 DRD40 00O 1000 O
0 0000 000(Vvan TolO 1991). 00O clozapined OO
0 0000 0000 00O 000 0000 boooo ooo
O clozapinel 00000 OO0O0O0OO 00O OO0 OO
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3000 0000000 0O000O(Stefanisd 1998). 00O
0000 OO0 DRD4 OO0O0O OOOOODO OO0 O OO
0000 00 0 000 bo0boo oooo oo.

DRD4 OO0OO0O tandem repeatd OO OO0 OO0O O
0O 000 D0O00@olymorphism)O OO0 0OOO0O OO0
00.0 0 000 exonDO OOOO, 48-0000 tandem
repeatl] 0O OO0 OO 000100 0O0O)O OO0 O
000 000. 00 DRD40O 300 cytoplasmic loopd OO
0 0000 160 00000 0OO0O0 OoO0O0O0(van Tol O
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D4-305 —GCGACTACGTGGTCTACTCG- 3’

D4-4205 —AGGACCCTCATGGCCTTG- 3

DRD4 exond 12-000 OO0 OO0 Catalanod (1993)
0 000 000 0000 0000 ooooo.

sense primerd] 5 —CGCCATGGGGACCGCAG -3

antisense primer 5 —CGGCTCACCTCGGAGTAGA -3'.

0000 DOooooooo(PCR)O  100ngd OO0 (ge—
nomic) DNAO 000 25u 10 000 10 pmold OOOO O
0, 50mM KCI, 10mM Tris—HCI(pH 8.3), 1.5mM MgCl,,
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00000. 0000000 (Q000M Perkin—Elmer, USA)O
0000 0D0OO0pooOo, 0 5000 95000 OO0 oo O,
95000 300, 55000 300, 72000 3000 3000 35
00 O00000. DoO000 (allele)d agarose geldl OO0
000 000 0000 0000 00000. 0000 (geno—
type)J OO0 OO0 OO0 O OO0 OOOO OO OO0
oag.
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dows 000000, 000 00000 p<0.050 OOO.
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000 000 0O00.48-000 00000 OO OoO0OO0O
00 000000 000 00 00 000 2000 7000
DAE3 O0O0O0O OO0 600 000000 00000, 80 O
0,100 OO0 000 OO OO000OOO0 DOoOoO Ooooo, 7
0 00 000000 100 00000 ooooo. 40 00
000 000 000000 000000 ooooo ooo
0 00 000 00000,0 000 0000 000 oo
000.00 000000 30 00 DooOooo oooo o
0000 000ooo 3000 O000. ooo ooooo
000 000 oooo.

DAE1 0000 U0 200 OO0 000000 OOOO.O
0 00 0000 200 12-0000 000 000 A10, O
00 00 100 12-0000 0000 A200. 00000
000 000000 OO0 00000 ooooo oo oo

Table 1. Distribution of D4E3 and D4E1 alleles in schizophrenics and controls

D4E3 alleles@ D4E1 allelesP
2(%) 3(%) 4(%) 5(%) 6(%) 7(%) Al(%) A2(%)
Schizophrenics 65(16) 3(0.7) 324(78) 19(4) 2(0.5) 1(0.2) 362(87.4) 52(12.6)
Controls 64(17) 0(0) 298(78) 17(4) 3N 0(0) 328(85.9) 54(14.1)
al Chi-square 4.126, df0] 5,NS b0 Chi-square 0.427, df0 1,NS
Table 2. Distribution of D4E3 and D4E1 genotypes in schizophrenics and confrols
D4E3 genotypesa D4E1 genotypesP
2/2 2/4 2/5 3/4 4/ 4 4/5 4/6 477 ATAl ATA2 A2A2
Schizophrenics(nO 207) 15 30 5 3 137 14 2 1 159 44 4
Conftrols(nO 191) 11 40 2 0 120 15 3 0 141 46 4
ald Chi-square 8.058, dfJ 7, NS b0 Chi-square 0.482, df0) 2, NS
Table 3. Combinations of the D4E1 and D4E3 polymorphisms in the schizophrenia and control
Combinations of the D4E1 and D4E3 Polymorphisms@
ATAl ATAT* ATAT* ATAT* ATAT* ATAT* ATAT* ATAT* ATA2* ATA2* ATA2* ATA2*
*2/2 2/4 2/5 3/4 4/4 4/5 4/6 4/7 2/2 2/4b 2/5 3/4
SPR 14 25 4 3 100 11 1 1 1 3 1 0
Confrols 9 25 2 0 93 10 2 0 2 16 0 0
ATA2*  ATA2* ATA2* ATA2* A2A2* A2A2* A2A2* A2A2* A2A2* A2A2* A2A2* A2A2*
4/4 4/5 4/6 4/7 2/2 2/4 2/5 3/4 4/4 4/5 4/6 4/7
SPR 34 3 1 0 0 0 0 0 4 0 0 0
Controls 23 5 1 0 0 1 0 0 3 0 0 0

A1AT*2/2 means the combination of genotypes D4E1 ATA1 and D4E3 2/2
al Chi-square 17.241, df0J 15, NS b0 Chi-square 6.368, df0 1, p<0.01
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000 (x 0%.368, dfd1, p<0.01)(d 3).
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00 0,DRD4 00O0O0O0O OO0 O0O0OO OO,000 O
00 000 00 0000, 0000 000 00 ooooo
0000 000 00 0000 000 0000 00 0o O
0o0. 00 00,0000 000 00 ooo ooo oo,
0000 0000 0O 00000 D4E30 20 OO OOOO
00 000 17%(Moisesl) 1993)0 27.4%(Shaikhl 1995)
0O 000ooo, 000000 15%(lnoue O 1993), OO0
00 0000 O OoooO 8.6%(Petronist 1995)0 17.
6%(Shaikh(] 1995)001 OO, 0000 OO OO OO0 OO
00 000,00 000 0000 O 00000 D4E30 20
00 000000 0000 0000 00000 (Adamsond
1995). 0 00000 D4E30D 20 OO0 OO0OOOO OO0
6.5%000, 000 OO(SommerD 1993)0 OOOOO, 4
0 00 000000 O00oOo0O oo0o0o oo ooo o
000 00 00 0000.00 D0o0ooo 30 00 oo
0000 0000 00000 00OoO00o0o 3000 oooo
0O 0000 000 000 000.00 000 O 00(Ta-
nakad 1995)00 OO0O0O OOO0O, 00 OO0 OOO O
00 0 0 0000 000 00 U0 000 0oo oo
000 oooo.

000 00000 D4E3 48-0000 70 OOOOCO O
0 000000 000 000 o.oo00 07800 OOOO
O(Paterson 1997). 00 000000 70 OO O0O0OOO
000 000 00 000000 wmO 19940 Lichterd
19930 Sommerd 19930 PetronisC 1995), 0000 OO
00 0 0 00000 00 10025%)0 ooooo. ooo
00000 00000 0000 70 OO0 OOOOOoO oo
000 0000 (Moisesd 19930 Inouell 1993). OO0 O
0O 000 (Lichterd 19930 Petronisd 1995)00 0000
000 80 OO, 100 OO OOO OO ODOOOOO O O
0000 0000 o000, 00 O 000 oooo ooo

00 000 oooo oood.

00 0ooooo 0ooo oo oooo oo ooo, ooo,
000 000 0000 000 0000 0g oooo oo
0 O0OC 000 00 000 ooo 0o o oooo ooo
0000 000 000 000 00 00 0oO0.00 oooo
00 00 000 00O 000 oobo Oooo oooo oo
ooo oooo.

OO0 OO0 0000 O00OO0CO DRD4O D4E1, D4E3
0000 000 OD000 000 o000 ooo@Barrd
19930 Shaikhl 19940 Cichon 19930 Nanko[ 19930
ShaikhD) 19930 HongO 1998), 0 0000 OO OOOO
gooo.

000 0000 0000 00 0O 00 000 000 DRD4
0 OOo0O0o00d 000 OO0 OooO Ooo.o00 goooo
O 000 00O 000 (false—positive), 00O (false—nega—
tive) 000 OO0OO OO O OOC OOOO. 0000 o
000000 00 000 000 000 OO0 oo,00 oo
0 0000 00 00O 00 0000 oooo, 00 oooo
00 000 000 0 0000 0000 oooo oooogd,
00 0000 O0OO00 ooOo0o0, 0004 (false negative)O
00 0 oo ooa.

0O 000 D4E3 O0ODOO0O, 1900 0OOO 48-000 O
0 0000 000 1800 00O 0000 000 ODOoOo
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00 00 000 000 DRD4AO OO0 OOO O0OO O
O OO 00000 ODOO Ooooo, od brRb4ao OO0OO
0 000000 0000 000 0 000 ooo.oo0
0 0000 00 O0O0D0O oo ooo oooooo ooo
00 0000 0O0.000 O 00000 ooooo oo
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00 0O ooo.

0000 OO0 OO0 OO0 (penetrance) OO0 OO O
000 00 00 00O 000 OO ooooo oo, oooo
00 00 0000 000 00 0000 00 ooooo o
00 00 00 0000 oooooo oog ooo ooo
0O 000 0000 000 0000 (Karayiorgoull Gogos
1997). O0O0O0OOO OO0 OO0 OOOO OOOoOo oo
00000 00 OO000 000 00 ooooo oooo
00 0000 00 000 00,0 00 000 oo oooo
O O0O(association)d OO000 OO OOO O O0O(Berr—
ettini 1997).

Ohara] (1996)00 D4E1O0O OOOO0OOO OO OOOO
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0O 000 00000 (heterozygote)l OO0 OO0OO OO0
00 0O 00 00000 oo0o00. 00 D4El A1A10 O
00000 OO0 00000 000 D4El A1A20 OOOO
00 00 Oo0O0 ooob0 00 Oobo 0 00 000 oo
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0000 000 00000 00 000 oooo.
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0 00 000000 000 000 0 0000 000 oo
00 000 00 00 000.000 000 b ooooo o
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00000 0000 00 000 O 0O0(van TolO 1992).
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00 00000 0000 000 00 000 00 b4e3 00
0000 00O 00 000 OO0 OoO0b oooo oo
(Shaikhd 19950 Raoll 1994). Shaikh( (1995)0 48-0
00 00000 OO0 0000 clozapined 00000 OO
000 0000 0OO0O0 8400 D4E3 2/4 D0O0OOO OO
000 O0O000 000 0 4000 OO0 ODoOooo oo O
000 000 clozapine OO0 OO0 OO O OO0 OO
0 0000 b0O00O00 oOo0b oooo ooo.
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udd goooooo ooob oo guoo ooooo.
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OU.000 0boooo oob oo oooo 00 00 ogo
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A1A2'2/40 000000 D000 00 000 00 000
U gooo ood oooo. oo oo oo oo oog o
00 0ooo 0o ooo ooooob ooo.

(@] OF
I =

000000 DRD4 O0O0O0O OO0 OO0 0OOOO OO
O00.000 00000 00000 000000 brRb4d O
00 000 00 000 00 OO0 00 OO0 oo.o000
000 000 0000 00 0000decus)0i OO OO
OO (interaction) OO 000 (coaction)d OO OO OOO
0O 00.0000 DRD4 OO0 exond 48-000 00O
[D4E3]0 exond 12-000 OOO[D4EL]D OO0 OO0
000 0000 000 00000. 20700 OO0 OO O
00 00000 000 19100 00O CoOO0OO OO0 oo
00.DRD4 00000 OO00O0ODDOOOO OO0 0000
00,00000 O0O00 00O ODO0O0 o0boo oooo
00 0000 OO0 00000.0 000 oooo 0o o
00 000 000 000 0000, 00 o0ooo 0ooo
Hardy—Weinberg equilibriumO0 0000 OO0 OO0
000 0O00.00000 0000 00 00000 DRD4 O
000 0000 0000, D410 DAE3 OOODO OO0 O
00 00 00000 O, A1A22/40 000 00 O 000
000 000 000(@e<0.01). OO0 OOO D4ELO D4E3
0000 000 000 A1A22/40 000000 0000

— 156 —



Ut oooo oob 0 0000 oogo ooo.

EM O : 000 D4 000 OO0 OO0 0OO- DOOOa.

s228
olal4 - 71| - o]53(1995) : AARAZH =uul D4 5
SA FAA Variantse] AB/A. A GG A8k A 38

A FAEUE] 254, A, BB S pp202

o] & - AFH=IT D4 F&A FAA Varians2t HALDF
o] AR, BEAALIE 2 57-62

Adamson MD, Kenedy J, Petronis A, Dean M, Virkkunen M,
Linnoila M, Goldman D(1995) : DRD4 dopamine receptor
genotype and CSF monoamine metabolites in Finnish alcoholics
and controls. Am J Med Genet 60 : 199-205

American Psychiatric Association(1994) Diagnostic and
Statistical Manual of Mental Disorders, 4th ed. Washington, DC,
American Psychiatric Association

Barr CL, Kennedy JL, Lichter JB, Van Tol HH, Wetterberg L,
Livak KJ, Kidd KK(1993) : Alleles at the dopamine D4
receptor locus do not contribute to the genetic susceptibility to
schizophrenia in a large Swedish kindred. Am J Med Genet 48 :
218-222

Barr CF, Kidd KK(1993) : Population frequencies of the Al allele
at the dopamine D2 receptor gene Taql A RELP in Japanese.
Biol Psychiatry 33 : 108-114

Berrettini W(1997) : On the interpretation of association studies in
behavioral disorders. Mol Psychiatry 2 : 274-281

Catalano M, Maria N, Emanuela N, Markus M, Nothen MM,
Smeraldi E(1993) : Distribution of novel mutation in the first
exon of the human dopamine D4 receptor gene in psychotic pa-
tients. Biol Psychiatry 34 © 459-464

Cichon S, Nothen MM, Lanczik M, Rietschel M, Korner J, Erd-
mann J(1993) : Association study of the repeat polymorphism
in exon 3 of the dopamine receptor gene in schizophrenia. Psy-
chiatr Genet 3 : 162-163

Coon H, Byerley W, Holik J, Hoff M, Myles Worsley M, Lannfelt
L, Sokoloff P, Schwartz JC, Waldo M, Freedman R(1993) :
Linkage analysis of schizophrenia with five dopamine receptor
genes in nine pedigrees. Am J Hum Genet 52 : 327-334

Gelernter J, Kennedy JL, Van Tol HHM, Civelli O, Kidd KK
(1992) : The D4 dopamine receptor (DRD4) maps to distal 11p
close to HRAS. Genomics 13 : 208-210

Gill M, McGuffin P, Parfitt E, Mant R, Asherson P, Collier D, Va-
llada H, Powell J, Shaikh S, Taylor C(1993) : A4 linkage study
of schizophrenia with DNA markers from the long arm of chro-
mosome 11. Psychol Med 23 * 27-44

Hong CJ, Chiu HJ, Chang YS, Sim CB(1998) : Tivelvenucleotide
repeat polymorphism of D4 dopamine receptor gene in Chinese
familial schizophrenic patients. Biol Psychiatry 43 @ 432-435

Hong CJ, Lee YL, Sim CB, Hwu HG(1997) : Dopamine D4 receptor
variants in Chinese sporadic and familial schizophrenics. Am J
Med Genet 74 : 412-415

Inoue A, Thra H, Kon T, Nakamura M, Suzuki J, Aoki T, Hemmi

H, Shimatake H(1993) : Polymorphism in the human dopamine
D4 receptor gene(DRD4) in Japanese detected by PCR. Hum
Mol Genet 2 : 2197

Karayiorgou M, Gogos JA(1997) : Dissecting the genetic complexity
of schizophrenia. Mol Psychiatry 2 : 211-223

Kennedy JL, Petronis A, Macciardi F, Van Tol HHM, Seeman P
(1994) : The dopamine D4 receptor and schizophrenia. Schizo-
phrenia Res 11 : 145

Lim L, Nothen M, Korner J, Reitschel M, Castle D, Hunt N, Prop-
ping P, Murray R, Gill M(1994) : No evidence of association
between dopamine D4 receptor variants and bipolar affective
disorder. Am J Med Genet 54 : 259-263

Litchter JB, Barr CL, Kennedy JL, Van Tol HH, Kidd KK, Livak
KJ(1993) : 4 hypervariable segment in the human dopamine re-
ceptor D4(DRD4) gene. Hum Mol Genet 2 : 767-773

Macciardi F, Petronic A, Van Tol HHM, Marino C, Cavallini MC,
Smeraldi E, Kennedy JL(1994) : Analysis of the D4 dopamine
receptor gene variant in an Italian schizophrenia kindred. Arch
Gen Psychiatry 51 : 288-293

Moises HW, Gelernter J, Giuffra LA, Zarcone V, Wetterberg L,
Civelli O, Kidd KK, Cavalli Sforza LL, Grandy DK, Ken-
nedy JL(1991) : No linkage between D2 dopamine receptor gene
region and schizophrenia. Arch Gen Psychiatry 48 : 643-647

Moises HW, Kristbjarnarson H, Wiese K, Yang L, Zoega T, Ivars-
son O, et al(1993) : Linkage analyses in schizophrenia pedigrees
from Iceland. Oral presentation at the 1993 World Congress on
Psychiatric Genetics, New Orleans, USA, 2-5 October 1993

Nanko S, Hattori M, Ikeda K, Sasaki T, Kazamatsuri H(1993) :
Dopamine D4 receptor polymorphism in schizophrenia. Lancet
343 : 689-690

O'Rourke DH, Gottesman II, Suarfz BK, Rice J, Reich T(1982) :
Refutation to the general singlelocus model for the etiology of
schizophrenia. Am J Hum Genet 34 * 630-649

Ohara K, Nakamura y, Xie DW, Ishigaki T, Deng ZI, Tani K,
Zhang HY, Kondo N, Liu JC, Miyasato K, Ohara K(1996) :
Polymorphisms of dopamine D2-like(D2, D3, and D4) receptors
in schizophrenia. Biol Psychiatry 40 : 1209-1217

Owen MJ, McGuffin P(1993) : Association and linkage @ Com-
plementary strategies for complex disorders. J Med Genet 30 :
638-639

Paterson AD(1997) : Case-control association studies in complex
traits-the end of an era? Mol Psychiatry 2 : 277-278

Petronis A, Macciardi F, Athanassiades A, Paterson AD, Verga M,
Meltzer HY, Cola P, Buchanan JA, Van Tol HH, Kennedy
JL(1995) : Association study between the dopamine D4 rece-
ptor gene and schizophrenia. Am J Med Genet 60 @ 452-455

Rao P, Pickar D, Gejman PV, Ram A, Gershon ES, Gelernter J
(1994) : Allelic variation in the D4 dopamine receptor(DRD4)
gene does not predict response to clozapine. Arch Gen Psychiatry
51 :912-917

Seeman P, Guan HC, Van Tol HHM(1993) : Dopamine D4 rece-
ptors elevated in schizophrenia. Nature 365 @ 441-445

Seeman P, Lee T, Chan-Wong M, Wong K(1976) : Antipsychotic
drug doses and neuroleptic/dopamine receptors. Nature 261 :
717-719

Shaikh S, Collier D, Kerwin RW, Pilovsky LS, Gill M, Xu WM,

— 157 —



Thornton A(1993) : Dopamine D4 receptor subtypes and res-
ponse to clozapine. Lancet 341 : 116

Shaikh S, Collier DA, Sham P, Pilowsky L, Sharma T, Lin LK,
Crocq MA, Gill M, Kerwin R(1995) : Analysis of clozapine
response and polymorphisms of the dopamine D4 receptor
gene(DR-D4) in schizophrenic patients. Am J Med Genet 60 :
541-545

Shaikh S, Gill M, Owen M, Asherson P, McGuffin P, Nanko S,
Murray RM, Collier DA(1994) : Failure to find linkage bet-
ween a functional polymorphism in the dopamine receptor gene
and schizophrenia. Am J Med Genet 54 : 8-11

Sommer S, Lind T, Heston L, Sobell J(1993) : Dopamine D4 re-
ceptor variants in unrelated schizophrenic cases and controls.
Am J Med Genet 48 : 90-93

Stefanis NC, Bresnick JN, Kerwin RW, Schofield WN, McAllister
G(1998) : Elevation of D4 dopamine receptor mRNA in post-
mortem schizophrenic brain. Brain Res Mol Brain Res 53 :
112-119

Su Y, Burke J, O’Neill A, Murphy B, Nie L, Kipps B, Bray J, Sh-
inkwin R, Ni Nuallain M, MacLean CJ(1993) : Exclusion of
linkage between schizophrenia and the D2 receptor gene region
of chromosome 11q in 112 Irish multiplex families. Arch Gen
Psychiatry 50 : 205-211

Tanaka T, Igarashi S, Onodera O, Tanaka H, Kameda K, Taka-
hashi K, Tsuji S, Thda S(1995) : Lack of association between
dopamine D4 receptor gene and schizophrenia. Am J Med Genet
60 : 580-582

Van Tol HHM, Bunzow JR, Guan HC, Sunahara RK, Seeman P,
Niznik HB, Civelli O0(1991) : Cloning of a human dopamine
D4 receptor gene with high affinity for the antipsychotic clozapine.
Nature 350  614-619

Van Tol HHM, Wu CM, Guan HC, Ohara K, Bunzow JR, Civelli
O, Kennedy J, Seeman P, Niznik HB, Jovanovic V(1992) :
Multiple dopamine D4 receptor variants in the human population.
Nature 358 © 149-152

— 158 —



