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Strength of evidence for

Gene Locus Association with Linkage to Biological Altered expression
schizophrenia gene locus plausibility in schizophrenia

DISC 1 1 q42 +++ ++ + 4+ Not known
DTNBP 1 (Dysbindin) 6 q22 +++++ ++++ ++ Yes, ++
Neuregulin 1 (NRG1) 8 pl2-21 +++++ ++++ +++ Yes, +
COMT 22qll ++ 4+ ++++ ++++ Yes, +
G72 13q32-34 +++ ++ ++ Not known
DAAO 12q24 ++ + ++++ Not known
RGS 4 1 q21-22 +++ +++ +++ Yes, ++
mGIluR 3 (GRM 3) 7 q21-22 +++ + ++++ No, ++
PPP3CC 8 p2l + ++++ ++++ Yes, +
PRODH 2 22qll + + 4+ + ++ No, +
Akt 1 14 q 22-32 + + ++ Yes, ++
SRR 17p13 + + +++ Not known

&aE - DISC 1 : Disrupted-in-schizophrenia 1, COMT : Cathechol-O-methyl transferase, DAAOQO : D-amino acid oxidase,
RGS 4 : Regular of G-protein signaling 4, PPP3CC . gamma catalytic subunit, PRODH 2 ' proline dehydrogenase,

SRR : serine racemase



TWALIZERRR L. ORI, TALVT VR,
Aay bI YR, AF) A, hEZLRETIERE SR
EDOBHEIPITRIE SN RSB TNE 00, HRIZ
BOTREEHI MR I LTIV ARV, NRGL 2
A TP 5 56 S AR O 1 5 e 222 > R L2 B -
L, BATIZ, NMDA &K% & iz E =
BEOFEEHL EICEHboTWLEEINTWS,
Stefansson 51X #IZ, NRG1/ v 7 7w b= Rk
NRG 1 % H M4 #EmTCTH 5 Erbd BT D/ v 7T
7 MY ADOANTUEAEKEFNRE 2, HEER)
= DJTLHER, prepulse inhibition (PPI) ®5i % #860,
ORI APKERTEREOITERE L FOZ L &
WELCTWwAY, F72, NRG1OANTFOHEAKTIE
NMDA ZHHEEENI6BIT LT 5 & o72fiis b
ROLNDL. 51k, B bERERT T sns L2
HTH5D.

DTNBP1 [CDWT

Straub 5WiZ, 27007 A VT ¥ FOMELMER
F & IV CEEHNT 21T\, £ fiig CHls % 6 gy
ARFEE24-121288 0 sAA&, TDT %47-7-& 2 A%l
22 . 3D EALIZAFAET 5 dystrobrevin-binding protein 1
(dysbindin ; DTNBP1) @ 3 &8s L 270
5 A THAHBENIZE CHBEICH A LIE & BE L Tw
72, BAANZBW T HBEEREOLNTED,
Numakawa & 3%t & 25 iE & DTNBP1 & O 0 F
E 7 BHE & dysbindin 2% Akt © ) CEEALICBIRT S
CEEHRELTWAY, —FT, Kishimoto 5913,
HARNY > 7V % vy, A KTRE O SSIENRKEEEE T
W2 L KCHWSENLEEWHIFE#H & DTNBT1 &
ONTa Y A TSI THE ThH 722 & b
Wi LCwb. 4% DTNBPL O A HEA, BXNT
DBIZTDOFEBURILR, FHEROOARE, MEATO
EHOBE =2 -0y hy b7 =27 TORE R LFE
M 722 THER DR 72 5.

COMT [CDWT

COMT (cetechol-O-methyl transferase) i& =113,
22F/ROMAO—H (229.11) ARELTBI
Velo-Cardio Facial JEfEHE (VCFS) &\ ) #{nTHE
HEFEHIDIRE, SERICHRARTHELZ IO & T LM
RRICEELRTWVWIELOERSINL L) TR -
720, VCFS ©% {1322 q 11. 258180 1.5~ 3 Mb DK

122

FAZE DRI Y BHEEIEATH4,000 121 A wbi
TWw3 B9, VCFS OFRJIIIL T, HER O,
OAFEORE, ERMEGERZ EOTFREBEI ST
Wh, ORI, BHENICERE RHRESRE O
1 %R LA IFRESEROREN & L TIRE <ITE
WS, KIRREMEL E e FRE LA KRER O
g B2 BRI RICBIET 5 2 A5, #IZT
e B CiEH SN Tw b, 22F Gt /fREhilL, e
fEAT R0 BRI BT h, O A RTE & HEH
PRIBENTWBHEIFTLH D), COMT EZFIEZD
FEICHFIEL T b. ZOEETIE R332 ARHHICE
HLTHEDY, Valls58/108Met ZEITIIIHND K783 »
DR &4z, RRE T 2 S FRMEERE IR
LEEL M SN TV 5,

Serine racemase (SRR) KU D-amino acid oxidase
activator iB{GF (DAOA, G72) [CDULT

19904F, Snyder & 2VHEMAKANTOL -t ) 20 5
NMDA Z&EAED7 T=A b, D-t) ¥ ~DOZEHEH%
ThY, 7)) 7HlE, FRICHIEDZE, WHICE CFET
% Serine racemase (SRR) Z il L7z, D-—t1 &
NMDA ZHEEROHNESEDT7 T=A FTH Y, LED
D-t Y ¥ 2%, o> NMDA AR FICHEE L T
%. NMDA & oteisae (BikT) &, wb
FFEDORABE (NMDA 1) i2BWT, &d
EHENTWEHOD12THY, MEEREEED
BN, BOIMETD ) VIEEMET LT bHIE%
{ OWFZERERE THS SNCw b, 72, NMDA %%
L, FTAETEMOERER (VWb 5758 RRLIE,
ZLTRARE) ITBWTHEELHE H-TVL 2
EXHOENE L) ko7, BEE TIZ, BEEOWIZE
TN — THFEIFE & SRR #Ein T & OMBIRER%E
WELTWDEY, FEESOWEINV—7ThH, HEAA
DY > 7TV & Hvy SRR BEIZT-O 5 LIS HFES %
SNP & ft & RFTAE & O M H =2 HBER % RO
72 S, SAHE, BB\ CHER LSS
SNb.

Chumakov 5%21%, 199247 5 v A% H F 5 ND#E
A IRIRRE21361 & BR24158012 >\ C, 1914E > SNP @
R 2B L, 2 DO % FE L7z, B,
Oy 7 ANDOJER TIHE L, D-amino acid oxidase
activator #H1x 7 (DAOA, G72) kU, GT2EHE &
MEERT 2EAED 7 3/ WL (DAO) @ 2



D% [E L7z, DAO IAVRMED 7 3 7 BB D
LEEFZ O RN D 1), DAOA 1 DAO 2L CD+%
) U ERREL TV AR B, Chumakov 5% 1
W2, DAO EIET D 4 D0 SNPs H3i & iiiE & A
BEoBEYFEOZ L ERL, GR2EETLONA ) R
7 %M & DAO BIET-DNA ) A7 ST % FERZFD
SRR PSHENICE T A EER LT, TOR%
DMAFEIZ BT D G2/ TFERoONTa sy L T L
A IHIE & ORNCEE 2 BEORE ATV D,
Sk, W MEPHIREING.

StEDORE

ik L7z & 902, BAET T, S m R
% EITRE SN LG TREFOMHESICLY, HEKH
JEDTRAEEE DA, Z O EITEFRMEEIC D K& %
WEEHZTEl, UL, BED L ZAERELNH
BRR O ClE, MAKHEOIIGENEREE R, B
3 2 VU CIERE B O M I % [E T &
TIRWRVOPERTH LY, ZoOMELHRL TV
CIZiE, BUEE TORRRERIZS 9 2 MRS 2 F 7%
DHRTIERL, FT V=7 AN—PLELDTH
5. FEZ, SH2O0BMENL, FOREREE
T EIEESH) OTE Vv FHL WA, 1
DO, FEKRE & B, A ¥ TV OHE—ERIZH]
59, BEEROWEBICRE 2B T, LR
BIERERZ L BT IV NA =R/ —F 2 Vi
EOMBEMRBRTL ) Ay 7727 5 — L hEIET
ZEPAHE N, DD SE LWIIROREZ %17
MO THDL, FEZT VY NAY—IHTIE, 1914FE0T
04 FATBRER (APP) #IZ O3, 19934F07
RYVKREHE (APOE) #nFO%R, 1995F 07 L
=1y >»1 (PS1), L t=1 2 (PS2) @EIEZF®D
BRENTHEITICV A2 7775 —BETHHEES
N, TNOOFEAPEEKERY), ZOBEMLTEREYH
W7z, BETOVAMER S, R IREIE T ORRE
fEdT 208 U CORREMITIC R E CEL TV b, FREak
W, MERIETIEILEL TITT IV YN Y —JFIZ
BUF % APOE BT D & 9 Z3IERAMER) R A H 7%
BIETFIIHE S NIV RV, &%, e LTHED
DN FIREMEICBWTY, Bz L7z DISCI,
NRG1, DTNBT1, COMT, DAOA 7 & D &Efn 1%
Bx FHG7-ME, e TV SR S L, EREST
DB AT DN T b L Bbh s, ZhUfE

123

WA RIIED 7 FIREE TR I DWW C L R, 24

W, MATO@ & R, BAEEER ETESE, £1<
DHREENREENLTHA ).

b9 120 E L THRIZFIIROMESR, 7 23
fEOIEEDSZET SN L, &KEFET, & b DNA D97
WL R D 72 WIEFERLH O KT, [V ~ 27 DNA]
IR, MOZIZLT Tz EEZ BN TWiz, &
F, COERTET L WD 2D, HKWTHEE
ENTW A, 19974E 12 Fire SX 5RO E v 72
FERT, D mRNA ISHHI 2 BCY) O K88 D A8
RNA 7%, ¥ 7: gene silencing (& {zT O ZSBIH]
#l) iy /AL, RNA T¥# (RNAD) &40
7. £7z, 20054F, BEWES AR EWIEE L
—HHLE LTI V—=TTE, 7204 ELH
7EID (SHUIRERAM SN TOZ2 B L D EPIIE WD
DTH5), RNAICEEIN TSI EEHREL
7B F e, BHAEAREIT) 3— FEHITH S+
~ A RNA O38L%, EHEAGRZITDRWT YTtk
YARNA XKoo THlIESN TS Z b,
INSDFERIZEY) [V x 27 DNA| ZFEBIZIIHE
BELCWAHZ gD, fEko DNA B8, 7/ L8l
ARECETIEE R o7, BS L, WMNTHEET
DFEM, WBICEHLCERO L) REFEMEHL, &
HOAEMRLHBICE L TRE LB L RIZL TV D
Thr9. Tz, HEIREE D A ORI FERE
EEZEHICENFIZREI ST L) REETIE, b
DEFIEL HAHARBICRE REEL 52 TWHDOT
HHIDS, FETRD O BHEDOR A FHIE O BT WF7E
TlE, 2HIWVoNNTFAL LY T b EMARAATIZE
X, BORE LT ENTIEVRW. 4%, 5T EESF
DIERFM R £ I, TIVoNRTF AL LY T
N &2 HAANTIREFH SRS S, SR EHmER
DIFEMFHICRE CEBT 2 DT %05 ) P
WIS &, A LTED S THREZ RETT 512
&, ZHIN T — 8 ZHERL TW L EDBUEATH D,
Z D7D ELBEWIZE D & BRIRIFZE I e &, £ h A
SO 7% LICIEET LISR v, 20 X9 RRETDS,
SHFEEBL, MALTVED G THREDSHS 1272,
ZNDH 7 R IGHRE O RRERZ W OFEIZE DS

ZEERMIREL 2.
X ik

1) Carlsson A, Lindqvist M, Seeman P, Chau-Wong M,
Tedesco J, Wong K : Effect of Chlorpromazine or



2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

Haloperidol on Formation of 3 methoxytyramine and
Normetanephrine in Mouse Brain. Acta Pharmacol Toxicol
(Copenh) (1963) 20, 140-144.

Seeman P, Chau-Wong M, Tedesco J, Wong K : Brain
receptors for antipsychotic drugs and dopamine : direct
binding assays. Proc Natl Acad Sci USA (1975) 72, 4376~
4380.

Davis KL, Kahn RS, Ko G, Davidson M : Dopamine in
schizophrenia : a review and reconceptualization. Am ]
Psychiatry (1991) 148, 1474-1486.

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

Olney JW, Ikonomidou C, Mosinger JL, Frierdich G : MK
-801 prevents hypobaric-ischemic neuronal degeneration
in infant rat brain. ] Neurosci (1989) 9, 1701-1704.
Olney JW, Labruyere J, Wang G, Wozniak DF, Price MT,
Sesma MA : NMDA antagonist neurotoxicity - mechanism
and prevention. Science (1991) 254, 1515-1518.
Gottesman II . Psychopathology through a life span-
genetic prism. Am Psychol (2001) 56, 867-878.

Harrison PJ, Weinberger DR : Schizophrenia genes, gene
expression, and neuropathology : on the matter of their
convergence. Mol Psychiatry (2005) 10, 40-68.

Millar JK, Wilson-Annan JC, Anderson S, Christie S,
Taylor MS, Semple CA, Devon RS, Clair DM, Muir W],
Blackwood DH, et al. . Disruption of two novel genes by a
translocation co-segregating with schizophrenia. Hum Mol
Genet (2000) 9, 1415-1423.

Sachs NA, Sawa A, Holmes SE, Ross CA, DeLisi LE,
Margolis RL © A frameshift mutation in Disrupted in
Schizophrenia 1 in an American family with schizophrenia
and schizoaffective disorder. Mol Psychiatry (2005) 10,
758-764.

Stefansson H, Sigurdsson E, Steinthorsdottir V,
Bjornsdottir S, Sigmundsson T, Ghosh S, Brynjolfsson J,
Gunnarsdottir S, Ivarsson O, Chou TT, et al. : Neuregulin
1 and susceptibility to schizophrenia. Am ] Hum Genet
(2002) 71, 877-892.

Stefansson H, Thorgeirsson TE, Gulcher JR, Stefansson
K Neuregulin 1 in schizophrenia : out of Iceland. Mol
Psychiatry (2003) 8, 639-640.

Iwata N, Suzuki T, Ikeda M, Kitajima T, Yamanouchi Y,
Inada T, Ozaki N : No association with the neuregulin 1
haplotype to Japanese schizophrenia. Mol Psychiatry
(2004) 9, 126-127.

Straub RE, Jiang Y, MacLean CJ, Ma Y, Webb BT,
Myakishev MV, Harris-Kerr C, Wormley B, Sadek H,
Kadambi B, et al. . Genetic variation in the 6p22.3 gene
DTNBPI, the human ortholog of the mouse dysbindin
gene, is associated with schizophrenia. Am J Hum Genet
(2002) 71, 337-348.

124

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

Numakawa T, Yagasaki Y, Ishimoto T, Okada T, Suzuki
T, Iwata N, Ozaki N, Taguchi T, Tatsumi M, Kamijima K,
et al. . Evidence of novel neuronal functions of dysbindin,
a susceptibility gene for schizophrenia. Hum Mol Genet
(2004) 13, 2699-2708.

Kishimoto M, Ujike H, Motohashi Y, Tanaka Y, Okahisa Y,
Kotaka T, Harano M, Inada T, Yamada M, Komiyama T,
Hori T, Sekine Y, Iwata N, Sora I, Iyo M, Ozeki N, Kuroda
S ! The Dysbindin Gene (DTNBPI) Is Associated with
Methamphetamine Psychosis. Biol Psychiatry (2007)
Publishing.

Shifman S, Bronstein M, Sternfeld M, Pisante-Shalom A,
Lev-Lehman E, Weizman A, Reznik I, Spivak B, Grisaru
N, Karp L, et al. © A highly significant association between
a COMT haplotype and schizophrenia. Am ] Hum Genet
(2002) 71, 1296-1302.

Pulver AE, Karayiorgou M, Wolyniec PS, Lasseter VK,
Kasch L, Nestadt G, Antonarakis S, Housman D, Kazazian
HH, Meyers D, et al. . Sequential strategy to identify a
susceptibility gene for schizophrenia . report of potential
linkage on chromosome 22ql12-ql13.1 : Part 1. Am ] Med
Genet (1994) 54, 36-43.

Coon H, Jensen S, Holik J, Hoff M, Myles-Worsley M,
Reimherr F, Wender P, Waldo M, Freedman R, Leppert
M, et al. ! Genomic scan for genes predisposing to
schizophrenia. Am ] Med Genet (1994) 54, 59-71.
Hashimoto K, Fukushima T, Shimizu E, Komatsu N,
Watanabe H, Shinoda N, Nakazato M, Kumakiri C, Okada
S, Hasegawa H, et al. © Decreased serum levels of D-
serine in patients with schizophrenia : evidence in support
of the N-methyl-D-aspartate receptor hypofunction
hypothesis of schizophrenia. Arch Gen Psychiatry (2003)
60, 572-576.

Morita Y, Ujike H, Tanaka Y, Otani K, Kishimoto M,
Morio A, Kotaka T, Okahisa Y, Matsushita M, Morikawa
A, et al. . A genetic variant of the serine racemase gene is
associated with schizophrenia. Biol Psychiatry (2007)
61, 1200-1203.

Chumakov I, Blumenfeld M, Guerassimenko O, Cavarec L,
Palicio M, Abderrahim H, Bougueleret L, Barry C, Tanaka
H, La Rosa P, et al. . Genetic and physiological data
implicating the new human gene G72 and the gene for D-
amino acid oxidase in schizophrenia. Proc Natl Acad Sci
USA (2002) 99, 13675-13680.

Ujike H : Stimulant-induced psychosis and schizoph-
renia . the role of sensitization. Curr Psychiatry Rep
(2002) 4, 177-184.

Fire A, Xu S, Montgomery MK, Kostas SA, Driver SE,
Mello CC : Potent and specific genetic interference by
double-stranded RNA in Caenorhabditis elegans. Nature
(1998) 391, 806-811.

Carninci P, Kasukawa T, Katayama S, Gough J, Frith MC,



WA RIIE D 7 TR AR FE I DWW C L R, 24

Maeda N, Oyama R, Ravasi T, Lenhard B, Wells C, et
al. - The transcriptional landscape of the mammalian
genome. Science (2005) 309, 1559-1563.

26) Katayama S, Tomaru Y, Kasukawa T, Waki K, Nakanishi

M, Nakamura M, Nishida H, Yap CC, Suzuki M, Kawai ],
et al. . Antisense transcription in the mammalian

transcriptome. Science (2005) 309, 1564-1566.

125



