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Copy number analyses in monozygotic twins discordant for mental disorders

Akira Imamura®”, Shinji Ono?, Takahiro Tsujita?
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Several researchers have discovered monozygotic twins that are discordant for several phenotypes caused by
genomic differences. Recently, copy number variations (CNVs) have gained attention as common structural vari-
ations in the human genome that strongly affect genomic diversity. CNVs can play a role in the development of sev-
eral diseases including neuropsychiatric disorders, particularly autism spectrum disorder and schizophrenia.
Recent reports have indicated that monozygotic twins can show different CNV profiles.

As a trial to identify susceptible loci for schizophrenia, we searched for CNVs in three pairs of monozygotic twins
discordant for schizophrenia using the Affymetrix Genome-Wide Human SNP Array 6. 0. A paired analysis of copy
number state detected several deleted or amplificated regions in the twins' genomes. However, the differences
between twin pairs could not be confirmed in any of the tested regions using quantitative PCR.

Although we did not find any differences in copy numbers between the twin pairs in this study, CNV analysis of
discordant monozygotic twin is still likely to be a powerful tool for identifying the loci responsible for schizophre-
nia.

(Japanese Journal of Biological Psychiatry 23 (1) : 23-28, 2012)

Presented by Medical*Online

227



84 HALHIERE, 21:84-88, 2012

W3 30 BRFHSBHERESR (RR) | SR#ER

BERFAE—RE - E - RK—
RAER

1. EC®HIC

2011 4£ 13 Eugen Bleuler 7% Schizophrenie & v»
IRAREEZRHBLTHS 1004FEICH-), 202011
FEEINEHHFHEHHEFL THRERTIEDB
E BE - REZOWTHARLZEBZEHEHLH S
ETHHH,

bREOERRROBHREROERE -5
&, 1900 ICEMAEREERE 1919 ICH MR
Bed:, 1950 FICHE AT A 1k (1988 SE S AE R di iR 1
¥, 1995 FICBARERME LYUE) BehTh
BRIEZLTWw5S, FEFTREIE, 193EICEER
EXEFRILL, HAEESEISANEEE, 4
BERLLDICADTEER L) COEEON
Hr3h EE:EHIBHONGELEoE
ThHY, TNEFITT206EICIIBEEERTX
BESEILLTWS, F722003F 12038 L
EEERBBENPRILL, BRITHBCIBVTHM
BEEEOITEREDDH Y FHERIFETTHET
HEltahl, FHREEERLCORKI R
EHIEbbhbhilt o THEDAT 4 Tl
DBVPRAD—DOThH b, ZD7-OICHER
ROEBOVHEEBREL, BEVWERRZEET 5,

EX ¥ 4 b Schizophrenia, the Past, Present and Fu-
ture

FEE%Ek  BFER(FRRYENKE HNESEE
T 634-8522 %= BLIELAREECTT MM 4R BT 840

TEL : 0744-22-3051 FAX : 0744-22-3854

E-mail : toshik@naramed-u.ac.jp

Corresponding author: Toshihumi Kishimoto

Department of Psychiatry, Nara Medical University

840 Shijo-cho, Kashihara, Nara 634-8522, Japan

HERTER A HMESLHED
Toshihumi Kishimoto: Department of Psychiatry, Nara
Medical University

228

2. MAKBEDOREDER?

BEOHBETIE, HEXREORBIL, FHn
HOBERHY, ZOEBIT—-F V72T —
(Working Memory) I2f{FTR S h 5 ZITHERSE
LEZDN, TOEELLDICEFEESLELS
LRbhb, GEBELELRLLZHIIEENE
BV EEBENELLDTHHH, FOEE
BENF - HEE L TRITRERE - FiuE
DREEICHEBLRIZTEVS BRE EFREEII
FHETHEI L TH B,

ZITREREEL I, S5 78, NR02M,
LY, HIBREMIELZ - ERBREEL
HELHEETS [LVERD] BT, ZoFT
BEEOBEEICLY, QFELREERERELR
FChh, 7o —vDELLREVRITEE
M ABREREL SITFMERL w28, HE
EERPHAERBICESTERVEWV) T IR X
T3, 2%y, BOHEZED, stEXEZREDL,
VLELABREPEEA, ARETOEZS8FY
ThMRBFZAEL, BCLAHOBERICER
L, RENZEBEC, FElZE-TC 1T875
CEDELL 2B, BITREBIIE BT L
{, BECIZETI-DH0Za0 Rk, ©
BREHE K2 BRT L5420 LIGERY
EE HOABERHMLERZBETELOEE
RN TREERELV LIRFEBEZ P oRER
BRI, PRELHSLEoTRRNDIDD
ERDHHLEILRTVS,

U—F 7 XEY — i3l fEEREED
Vo, FHRE-RNICRL LS OBMET 2200
BERPBRICHT 2884 THD, HLOEHE
DR OEREFEICE PO T, BOEHSR - Hig%
BIRL, 2oty b (BR) 2#FL, EFsh



BFEHSHMEXAME F20B15 2012428

BIERICH S TER (Y7 b)) LTw L Bk
DEHHEZ V. HEEFOEICEIMERIHE-
TWa BTSN, FHME, HREGRREL, 2
BB U THEELES LS, HLWERELE
5LEDbELBETHD, HELTERETIHE
FREOBENDH Y, KB 45 H 5 H 5
(DLPFC) DiEH#ILEE X T b, DLPFC
DHEEB O FHEBZNORE RS ELRED
FROME L BRICEETH ) Bl 2 BRI
b,

3. BHIRRD SMAKFEIC

AEBHAEZERXR 7 V7 TODTHREL -
REMEZESHEEKRS (2002) D & & D 2002412
[RfSER] LWiRgt [REERE] ITEEL
7o HZA® X I I shizophrenia & W9 R %2 &
E 55 (schizo : 4%, phrenia : ¥f) IR L THE
S>TWBEIIA R %L, FLHEPLERE, A%
T, [HERGERE] L) BEBEOREBESTD
EbhTBYy, ZTORLEEERELLORBERET
ThH5bo

EHEOIBRIL, UROLERABEERESE
& (FADPNA) 6 [BHSRERKE] L) KL
WX L CTREEMSIOREE LD EHIZED
B (1993) 2 e s, FEEEH [HHLEKE] O
MHEmETL, [HEERRAE] KEELL, EF
OBEIE, [FHHSTERE] L HI)RERHTHIZ
DABBEENT, BHENTRBELTOLONERE
RPRIE, WhYLRYUEEIIL - TRENTH L&
WEW) ZETHoke [EAMNA] DERFIC
BATRBERTH Y, ThRUBERLOKMH
HESE*EHLAEHNLHREETIHA ), &
B2, [HMERFE] ~ORBZEBEILHET,
DFFZOBME L HVEREFILH o7 [BEETE
WABITRET A2FROR] LI Eat®D,
(B DS LRk L OBEREHAALE T
hiE, HEERECONREEZE OV ERIIEEDID
BHICEET 5] &) BIEORRRS DR
FThotdNTwa, [HELHAE] L)
HLOWHREIX 2000 FE0BEZHIIRBEORK

-
L

229

85

MTHREFEEHEL L TRASK, hTF
RTOFEBTRHREVPER SN, /=< T4 E—
VarvERGEZORE VbR TV A BREEA
DAT 4 7 DIFE~DO{ED, ZONHEET
Holtlb Wz B THAHH, ERICHEITHEHE
EELXZIBENTVEDESL D Ho EH2AED
EEFHOECHEEZER ORI (200846 A 1
HEE) 24 bL, BEEOERORESICHT
LR (BEEERRER) BV TEREED
HBLINTVE6 A\LERBEOLETER &
NTWHEERL, HEREEBNS 26T A, M8
BEENFATA, BHBEEBPIOTIALLZST
BY, FREERAT4IOBHICEIECERET
Hbo CCTATFAFDRIBELTNVEVE
RERABELZVTI2ATHRI), EEKRTDH
V75 RLEND ECSABODNBEREOH T
AERRE 2V EREREDAR TS THols VT
FIRHTHRRIRLTHEL ol 1953
FIZLHLWFHEEL 75 BEOESTOTERE
ERFTRIESNBEZID B, TOEEHNE
EENDIZBREVERMELERZOH DD HRK
LEIELTWBINTETHo . ZHREEZ
BILRBEREEOBEORICHEI) b LB A
T4 TOBEHEIIRZ o d Lvzwds, &
EDAT 4 7 OBHEICIZEE ., BABRLNT
WHDTHREZECY, HHEENDXTF 17~
DFEHED7-DIZIZEREBHOESFITL DN %
UNEN)TF—Ya VOREPLETHLHDIEHE
2w,

4. BRLER

BEOFHREZALLEIL, TRTOBEIHERE
FLBLLRZVWIE, FLERELELLTHF
BORVWEBEFPLRYDBRETHFETSAZ L%,
FTHRTILENDH LY,

—fx89.2, EH (Remission) & X, ERVBE
BEOTHICEEZ RIZE R WREBICE TR
L, RSN THBREEZ VY, Bl (Heilung,
Recovery) L i, B - UNEYF—Yav - X
BICX ) HERBE, BiLE HKRNHEESELR



86

L, THESA TAZA NVOMELERTIEE S
NTnb, BREVIERZHFELZBEIFEALT
W IEITER L V) AEE T TICHVw T
W, B, BEENEAMEEE (Schub) &
BRLVIHELHVTW A, BERIZTTICR
ErhY, BIERBBRCIVHELLL 2ok
B2 [HBEl LvoTwb, EKRECBVT
BERSBEE FOTEICEELY RIZS LWIRE
ICFTHERL, #BFEShTwrRESE [(BEE
ELBID)BE] L) ZEPBEREORED
ROICRLELRIETHAHIEZZ TS, bh
bhd, BEZERLIPUEITVEOREDX
) LBEHMEHBDIEA ) h. BAREESHICIER
I T ATREED 5 7%, BRBEOCTHN
FESRLShTwhnz E, FLBEEEAOX
ML AOEHERBRO 7O A b H5ICEBES R
TwinZd, EWREEZ®RTT5, PIET 5,
BHETA54 I Y IBBEBELRAN NI LR Y
ST LRBHNEDA ) LBEDIS,

VANY)-DORERE—BEOO LRI
Andresen 52 & i, BIERE: €7 YT A
—&2, Bil, VEZHYRETHBLTNS,
EOBRE RO&E—RWATRVWHSORR, ¥
LEETEBEICROL, E3IRR  BE—HELD
NTwiWHCOMlEZ RBY, HEEFEUR
{, BHRXBROFEL T 5, F4ERFE: BHESE
—F-RBEZRBLT, EEWR—EOHE,
ANEOEEZF|IEFITE, E5BEK  RE—FK
bHOINEEEED, FRIIEHETHTHD, £
72, VANY —OBRB—EMEE LTOXEE,
Brhicrhd, 1 mE2@EL, HET5, 2
BEPRECERE2EL, BEERZRET, 3: 8
BERPRESEZETS, 4 BTCOALERAE
FICLHEEHAPREZEIBIEREL 2\,
5: BEILoTONR—bF—2AHTLENT
w3 6)o

5. DEMKMAE

1996 £ & LR IS 04y THE 2 B MR ZE
BHICLY, MIBWMRENSH - KRKRE,POH

230

BEMSHMESRME £21%15 2012428

FEBICB LA LX), EEZITEBNEL
EED SERD T Y b u— VICEWEROKR
HHBE L7, E1HAIBHRELRLL L
WRDEYRETIZOEMERDO-DICRENH
FEENBELZDbI, SHICERRPIZABELEL
2Tz DA, i) IVl iY, UYNE

V7= aVIilEbAERENELL, HEBERI
TR MAZHENICEDDL LN TEL L
I otz BAITEIRED—DTH SEFHE
2% (SST : social skills training) %1980 4% %
ERSHOYEEICEASK, 194ED 5 FHHEE
Pk e LT [ ARRAEFHREIGRE] 2R\
B S L RAMELE L7 20064 128 E St
LEBHAEBROPRICOVWTOARER X 78
#t T &, SST, #2 41 #& & (cognitive remedia-
tion), FRIRITK T 2 BENLEREOLEMEEH
BN A, i sBHEROBMITEIFRED4
DN, RYREORMBNREL LTHENTHS L
L, SSTIZAFERKELEESE, RAREZE
HHETHAEBEMEMLEL, REAMATERORE
R ABREEZ RS &€, RATHEREIBEER
ERLBERBLTN S,

B4 %@ 13 2004 FE B HARRERBIHLOK
BV Vg rERRL [ ABEER.LD O HIRAER
XgEPOA] OEHR e, HHHERBEEOTAHA
DEoigBiTorFmErHIbH L7z, bAEIC
BWTHBBICIBIT2BEEY - EXEF0ZIF IO
B, ¥ 7RV AVMOERIBEEL LR oTE
TWwhb, T TEEMIBATFEZE (ACT:
Assertive Community Treatment) O & Asii#F
SNBRVICE o7 1 H2405/ - 365 HEHIT
ERAANICDIRDT S, FHl-Br 70505
THbo 2002F 5 6 EMFRMEL Yy —EHF
AX TEBSNIHEEE (ACT-)) T, &
AR ARMBOEELRY, FICAKBEN
ACTICE o THETAHIENFREINe ACT%R
EHTETOTTANEALICLEDHIFONTET
W5A, BENRIEISDEL, ACTHERSH
BIzDDERFTFICERENTY S LITVEE
WIRIRA D B, BIUTIRET CEMLZEMTI R
Shizlvo T, BREOHEICHV L WIERER



HAMSHMESSHE #2018 15 201242A° 87
Genetic
Predisposition
Environmental factors 15t it
e Obstetric complications ‘
Aberrant early brain :
Maturational processes develg};?ménra -1~ Birth
{normal or abnormal)
e Synaptic circuitry 2™ Hit
e Myelination
& Apoptosis
Precipitants Adolescence
® Stress

¢ Critical ‘brain event’
¢ Psychoactive drugs

SCHIZOPHRENIA
Disease progression
Aberrant plasticity
‘Kindling'
1 Neuro Development and Schizophrenia

BHELBREZATHAL), ZL DBHEEENE
DREEZZITAI LI TELRVONERINTH 5,

6. BREARCTH

HYNBEOER L OEMAEANEROER L W)
KELGEALEAONTE 2, AR EERFRENE
Bl kickD, )Rl HAaERE~NOREY
NADIEFE > TETWDE, BREAATIE T VA
ELTEBENTWAOE, BHmHEERRL
{critical period) & #& ## 95 K 16 #% 4 i (DUP :
duration of untreated psychosis) & GBI RAD
BETHL, BEBRAICOVWTIE, HELRE
BB ROBRENZEIZETRE & B Vi BHYE
REOBDTHHICBWTELL, 2~54%1C
BEELTL b0 Lo THREHORIERT
DHEBIZEETDHY, 3SFEUROMAZZDE
HENEL, SHTOEE, L)RWERR, HE
Bt ofE, FESLHEWEBROMR, ARLM
DR EFHFEND, RERBOENERY
BELLT, DUPHLLBwLRTED, Zh
A & A B RER D BEAEA L A & ) 7o 9B (S

231

Wk OfBE TEE#RIN S, DUP & FHIC
B3 AH5ED X AT 205, DUPOSEW & #E
TV - F2ro0RENRBE RS, DUPELF
BOBRIMMOTHREEHFET AEF LI TODL
OTHAH, DIPEERETFRICEELTRITT,
DUP 2 B O BEER L G AR T 2 5B IEE
KB I UREHERE L BB LR, 250
I ol BAEDMPETH RN AL DUPIZD
WCDEAFHEHE ORI REFEL UTHEITL
TWaBY, 29 LR e2F 05 To i<,
WEFENLZEIZLoTRI N I L&
HREOETR, RiE - #&hr b0 E0EE,
SR ORI ST A0, BIIGE
P ANETI T EPEETHDL,

7. EYFIERER CHESRMERORE

A4

o)

s
o«

MERPEOERERRE LT, K83 VBER-IV
73 UEBEETRE MERERERES,
GABAEBEIR TS, AV ITF v FudA M
R TRE 2B D, e b, @ L -~ TH# 4 Of
VR INTETNS, TV OrOERHEE

4



838

FLHEONP ko 2ds, TORIETFIIMERAE
DERBEFTERL, BEETLIRWI LR
L5 ) AR CHOL MR,

BEFERELOEDLYIZOVTIE, BFEHO
KRR L REERZRY LiT5, BEHIZBIT
B5RKMOMEHCTHE - BABOBHEELRERE")
A7BEHICABRKENICEEAZ LR PR3 Y
REODHTIA-NT I VREEFE COMT ORE
FRHEOBEERDLZEBBEShTEY, 7
BREHCOBRIIRALRETCEELRY —F V7
AEY—LREOEAMBEREENLVEREL L5,
REEFVHSEFEOREICEDLSL Z Lidwn(
OhOHEENH LD, HHEREZIT-FHD
DI0EMD T F— MFR THEELRE & BHRE
DRERBBEL LB EPHESIhTVwEY, &
bz, HMREERS BEHOAKREH, HRR
OBEFKIE, ERNREEFEEDY, X HICEEFEH
(16 ER) DAREEN DD L ZOWEFRD
FROBERFEORIERIL, WRFED693IC
ETHIEFHEIRATVSEY, RTICRLAEL
312, ShitHEZWMB LV, ThbH, 1M hitde
LT, EENERCHANMEROASHERED
APVABHoT, ThIKBEHEZERL,
EHIREERFL EOHEROFRED 2B 5
WM hiteoT, DLOLEBRNTEHMBELRE
L, BEHUBEOR P LARSHRI—-Y V7]
BoZzELEL, BEREETFELTOHI
hit#dh o C, DD THERREEZRET S LW
IDDTH5b,

H A4 S EE SRS

232

$£21%1%5 2012428

8. EREOEHERICIE

TYVFRTAT7OEEEE LT, BEOBED
FESL, M/ —<54¥—=Tar - Yyneys
—va vk, REOHELEHTROLER
LIRBOERF, BEOTFE, BE - BEOBFD
BEANEETH 5,

X ®

1) Cutajar, M.C., Mullen, P.E., Ogloff, J.R, et al :
Scizophrenia and other psychotic disorders in
a cohort of sexually abused children. Arch Gen
Psychiatry 67 : 1114-1119, 2010

2) Duan, J., Sanders, AR. Gejman, P.V. : Genome-
wide approachs to schizophrenia. Brain Research
Blletin 83 : 93-102, 2010

3) Houston, E.J.,, Murphy, J.. Adamson, G., et al :
Childhood sexual abuse, early cannabis use, and
psychosis : testing an interaction model based on
the National Comorbidity Survey. Schizophr Bull
34 : 580-585, 2008

4) BAER  FAI VBFRREZRLT(BOES
AL OBRMESE  MBERERROBRREL
#E). 77-88, HAFEHRA, FHE, 2010

5) BRAER : BiAKFE. HHPR 16 : 388-93, 2010

6) B & VAN —BhORIHKEERAEDT
. HHWHEZ 53:169-175. 2011

7) Tiihonen, J., Lonngivist, J., Wahlbeck, K, et al :
11-year follow-up of mortality in patients with
schizophrenia : a population-based cohort study
(FIN11 study). Lancet 22 ; 374 (9690) : 620-627,
2009

8) van Os, J, Kapur, S. : Schizophrenia. Lancet 22 :
374 (9690) : 635-645, 2009



B% 30 B RxuSRHHEZS (FR)

H#LFEEE, 21:89-93, 2012 89

I VRIT LA [RERRRICE T S RERR]

WA RIIE L B
AT, fAdEsD

=492,

AR OBEE TORE L RERE OBE
BEIMFODDRH B, HHIIEDOULIDB
B SNIAR—-ATRL LY Naz B, dig
CAZELEEZRFETREEIII N INE ko
THRVERIT TS, FRARETHIE, —Eid
FOIIRKBREFEICLAEZLEH DA, &
MEHI BV CHBE BN E T LWEFRE LT
BECHBRECODEINTEEENEHY, B
Br i L] LT 2BuRREOMIFDOIILHH
h, BHEHCBTZBENEICOVWTIE, BRI
BWTRITTIEIZHERBICDH [neglected
problem |? CT# o 724

HARRERZOREFRIREFICHRELE
DBERITE (68~88%) P Z L AH TV
5o MARFEREOBREIZOWTIIMIC, B
RN, BEHRHERIMENY, 1HOHBEHK
BEND, LhBHmnyRaRiFE, F8ahb L
DELD=aF Y ERVHTE Lo 22558
bho 7z, HEEREREOIFEEE L BREE
BB L, BEEDIE) PHRERREREDE
BAEWY, ARBEXZw, EEEXEV
(PANSSHE W) ?, HMAREORERL?S
W LS e BES R ER TV B,

#%% 4 + )V : Smoking and Schizophrenia

FEESEL  BEAOR (ZRABVERAE NEHESEE)
T634-8522 #=RIEAEETH AR 840

TEL : 0744-22-3051 FAX :0744-22-3854

E-mail : hkazu@naramed-wacjp

Corresponding author: Kazumichi Hashimoto
Department of Psychiatry, Nara Medical University
840 Shijo-cho, Kashihara-shi, Nara 634-8522, Japan

1) ZRBIEHAY BHESZEE
Kazumichi Hashimoto, Toshihumi Kishimoto: Department
of Psychiatry , Nara Medical University

Avsxmscmaurzr N

-

K1 MEKPHESEOREDORH

PEo & ) icHERFiE & B L ofICIZE:
BENH B LD, TlRES LTHEERER
EIIRETH5DTHA D B

MEXREDERRERETEION?

BEOARRBIX, —aF v KEEEWICE
LIEFIETH S, MERKAERFIIBVTHED
BYBEIZIZ=aF VRENKECEERZ LTV,
LaL, BB E ) %, BEELEHE
KERBOBERLEZEZ 5L, Bl HIRFE
PDACHBREZT2EEANDNE) ThHhb, €2
T, MELTEREFORE¢2HEHAL LT, K
DEHI, maFroEFEomz, LEESH
W, EYWEHRFENLER, HEKFAEICHTS
—OFVOEDHREIBITONE, ChEDER
WZOWTEZTHh b,

1. ZaAF4%F
BMEICX ) = aF Vidd S EELFKIZOY,
B CHEMNEMEER L, BAISET S, £L



90 H AAL SIS 22 A MRS

%

21%&1% 201242 A1

K2

ZOFMRFEORE

B DS SIIREN AL aF v iE, BUCBBBEBA THMMISET %,
BNEETFD a4 f2o0F VSRR aF UBELTHE FAI VEE 2 -0 P X Y JIEIT R

TR END.

RS LTS, JoOPESABRLNA ITORMAETMIEVEL, RFETELPT V.
FEF 4 FLEVRR, ~OA V) 2 VEBEETO GABAFBIGE TG L, WEMICHBRZBET5

HEH, oHh4 VIREAIVOERE BE

T, PR hABEAREFO=aF VT 5V
) LTy AT A & AR T
BARMmAS K3 vt s h, HAMmiaio
F2RI Vb7 — 20 L TRNEER 2SS &
B (B2, CRIZXVMER R R55
5, BIREN, EEiVvoWEEREL, —aF
SNk BRI LT S BT E OREE
LAZLNTE, ZOHBEIEWEEBMEER
Xz LR 3 leh, SO ED RS &L
AR TO R332 Y L e 77 —d5Rd LR
£y, FORRIEERIC = o5 VEERLER
ELTCORE, BRE H)2onbl%4%05, T4
HEHEZROREIC X AUl o BREOHIC= 2
F VBEBICAE O A, B AEIR O ISR O B
FHI&REI L, R BEFEHEC o THE
W DR IF VRFOBBEBRETH 5.

234

2. DEMESHER
RERAERZHRIC LB TR, BEORA
CIERENEREA39%, REEEFM%EES L
TWHEHRED STHBY, BEICIIBEER
bRELCEELTWBE I DI D, MEERE
BE CUEBEE O3 ) HIERER ITHRT, AR
WA RNz W) T D, ARE Vol
WARBETC, ORI/ Saz2lE) Lirhw
twny TR, EHEFHEORTOARBERI LA
LBAMLVAIHLTORERE LTOINID
T &A%, LEMAN, dHVIEEEERLL
T, BETHICRERE5 L ELONE, £
7z, ABELAOEFTH, MAETMEECHE—§
DANZIYME LW THEIT TR RS WY &
D|MEL DY, ATH L WEEZEDBFEE L
T, HARERE LBEZ 00T 2ERIC:
S TWhbEEZbILA,



BARMSEMEERMER

£21%1% 2012428

91

R1 e CXDNHESR

SHl4 1A1/1A2 2C19 2D6 3A4
salzassy ° ®
Nnany k=i ® ® ®
ANTIFIV ®
FAVHED Y ®
Ao ® e ®
YARY K> ® ®
FVETSI- ® L
JIFEY ®

(EXB—B 5 BHiGEE27 (10) © 22, 2008. & b —#B51H)

3. EYBEFNER
FNADPEERBEIZL o TELAERBIREE
ERAKFEIIHFRHFEE TH 5 CYP1IA2/1A]L,
E1 2 FETHIEPAMLNT VWS, ThHDEE
FiIHEARORFICEELZS 2 TEBY (F1),
FzIENTRY F—), 5 Y FEVIZDNTIE
BYEIC L ) MHPREFERITET 5, HIZY A
RYVFRY, 2xFTEY, TYUESFTV—NIZD
WTHINLDOBEEROEBIZIZIEALZTRV,
BEIC L ) BEINLFRFTERE, HNuxYF
—NWRF T Y ORBELRESESL LT,
mMPBEZETIEE, £OER IhoodkH
MREICL ZRIER BRI EAI L LR S,
DFEPHERREBZTORE LRI ERICE -
TWABIENEZOLNS,

>~
L

4. HAEBIHTIEOHR
FAFKRECH L TOEDOTRICOW THRME
1K, Sensory gating, FBIHBEREICHIT TR,
@ BHERNDOLHFE

Smith®? & IHEALEREBRELHRIC=aF ¥
SEEOBVwWINOL, ZaFVDAoTWEWN
FNIERBRELBEOBMERICOWTEHEL
2o FOBR, —aF 2B LN % Ko
2BEDIT) CTEREERSEL o T, Bl
ERDVHERETCOFSI VOBTICE o THl &
BoshTt®waiEbhTsY, Th=aF

235

VIR T M8 ViBER ER K
®207-0, aF IckBREERICHT A%
BiX, COEBICBITS I VBEEDOLERICE
S>THERI&EhBLEZONS (K3),

@ Sensory gating IZ¥ 9 23R

Sensory gating (XERERFTHRD AT 5 KIS
ZHET 5BET, HELXREOTPHERAMTH
D, BREHLUREE I TWw 5, Sensory
gating DIRE L L TR K EL2EZ2HPEBRLL &
DERBFIGYS, BRSNS 2FE2EITSEHLH
FlEhalwHyFL2VARL v ¥y a ¥ (PP
R, BREEBEMD 1D THIEES0ms % OB
DY —2%KT PSOVHwbLNA,

Z3aF 2 & o T Sensory gating B ET 5
LI EHRESNKTEY, ZOPRERIFETHE
L L THEEFREREORETEZRELTHWS
LEZbND,

@ RAKBREICHT AR

BAD=aF Y e Ts—h% L AbNEER
B—F V722 —RER, BEEICERLT
BYP, zhohpmaF itk Y EEESTTY
BELHEERT WA,

MERFESEORAERBIIT T 2=0F D
FEIIOWTRW O»OHENH L, —EBER
ToaFu Ry FRBAVEHEY Tk, EEEE
DYENRALN, T/, BERI=aF Uy F
EHVEHEY IR, -3V AEY—, &



92 HAM SR EESHES

E2%1T

20124 2 1

B3

BHTUENALONZ R MESINL, Ly
U, BIBEFA, BRI ZMAEICELTES
TF UL BUENRIEAD NP oY LS
ENTwh,

NG OUHERRITEETSER S = aF XY
WELLZEINLIAHEDEZONDSD, B
EAWRILET, FEREE S o aFy
w5 L2GE, BERERSY-F AT~
PRELLIHEFD L, 2%, BEBER
DO WIS T FFfOGESA LN L
Mh, =OF VK AHFRMBROWHEERI D
bhBEWI L THB,

BAE® &3 CHA LT B 1 B R AR R,
Sensory gating, PRAEREICHT A= 2F X OIE
DERIE, BAETERE BV OB
LT, EOMEETFERY, BUNZHIT2ERE
o Twnwh,

IOX)RRE, BUE SEKREYEDD
FALOELT, ZaFryE7TEFra) vk
TE—~DHTIATO—DTHbaT=dF %
BAEOBMENRESNTBY, =95 YITLbT
DEFAEOMBAFE LM L CEORRE
BRI LTVALEALN TS, ERIZZD
EEFE L EHAERERTVWD, 722
F o EEFREEETH B 3- [ (2, 4-dimethoxy)

236

ZOFORSEEAORE

i

benzylidene] anabaseine (DMXB-A) 25#i & 5
FEAMNEL LT, BRRABITOITEY, His
SRRV T B BB AL R B I B R e S
Sensory gating DE " P RMEERO%EY 25
Bz eI N,

BERREREORE

Ea U7 & 9 WHELERECH L CoFRR%
Bz aF B bbb, L L, BELLIm
BEEEOY A7 225 L, ieLFAERZFORK
GE%HEDHY, Lo BEER~DOEE
R, 3 OWBETEHICEET 2 KK OBER S,
REFERENEE 22740, EEEICE TREENR
ATEY, MELRRERZIIBWTLBEEIVLE
ThdHEBbhb, FEKRELBEOHFEOME
WESBEICES, —aFroRefiolTo
BRURE L CEE SN A RESLETCHL L
Bbih s,

X B

1) Adler, L.E., Hoffer, L.D., Wiser, A., et al:
Normalization of auditory physiology by
cigarette smoking in schizophrenic patients. Am
] Psychiatry 150 : 1856-1861, 1994

2) Bron, C., Zullino, D., Besson, ]. et al : Smoking



H A SR EE SRS

in psychiatry, a neglected problem. Praxis (Bern
1994) 89 : 1695-1699, 2000

3) Brown, S., Inskip, H., Barraclough, B. : Causes
of the excess mortality of schizophrenia. Br ]
Psychiatry 177 : 212-217, 2000

4) Corrigall, W.A., Coen, K.M. : Selective dopamine
antagonists reduce nicotine self-administration.
Psychopharmacology (Berl) 104 : 171-176, 1991

5) Dalack, G.W., Healy, D.J.. Meador-Woodruff, J.H. :
Nicotine dependence in schizophrenia: clinical
phenomena and laboratory findings. Am J
Psychiatry 155 : 1490-1501, 1998

6) Dépatie, L., O'Driscoll, G.A.. Holahan, AL, et
al ¢ Nicotine and behavioral markers of risk for
schizophrenia : a double-blind, placebo-controlled,
cross-over study. Neuropsychopharmacology 27 :
1056-1070, 2002

7) Foulds, J., Stapleton, J.. Swettenham, J., et al :
Cognitive performance effects of subcutaneous
nicotine in smokers and never-smokers.
Psychopharmacology (Berl) 127 : 31-38, 1996

8) Freedman, R., Olincy, A., Buchanan, RW., et
al : Initial phase 2 trial of a nicotinic agonist in
schizophrenia. Am J Psychiatry 165 : 1040-1047,
2008

9) George, T.P., Vessicchio, ]J.C., Termine, A, et al :
Effects of smoking abstinence on visuospatial
working memory function in schizophrenia.
Neuropsychopharmacology 26 : 75-85, 2002

10) Hennekens, C.H., Hennekens, A.R., Hollar, D,,
et al : Schizophrenia and increased risks of
cardiovascular disease. Am Heart J 150 : 1115~
1121, 2005

11) Jacobsen, LK. D'Souza, D.C, Mencl, WE, et al :
Nicotine effects on brain function and functional
connectivity in schizophrenia. Biol Psychiatry
55 : 850-858, 2004

12) Koopmans, J.R., Slutske, W.S, Heath, A.C, et al :
The genetics of smoking initiation and quantity
smoked in Dutch adolescent and young adult
twins. Behav Genet 29 : 383-393, 1999

13) Kumari, V., Soni, W., Sharma, T. : Influence of
cigarette smoking on prepulse inhibition of the
acoustic startle response in schizophrenia. Hum
Psychopharmacol 16 : 321-326, 2001

14) Lasser, K., Boyd, J.W., Woolhandler, S, et al :
Smoking and mental illness : A population-based
prevalence study. JAMA 284 : 2606-2610, 2000

15) Le Houezec, J., Halliday, R., Benowitz, N.L.,

£2%15 2012428 93

237

et al : A low dose of subcutaneous nicotine
improves information processing in non-smokers.
Psychopharmacology (Berl) 114 : 628-634, 1994

16) Olincy, A. Young, D.A. Freedman, R. : Increased
levels of the nicotine metabolite cotinine in
schizophrenic smokers compared to other
smokers. Biol Psychiatry 42 : 1-5, 1997

17) Olincy, A., Harris, ].G., Johnson, L.L., et al : Proof-
of-concept trial of an alpha7 nicotinic agonist in
schizophrenia. Arch Gen Psychiatry 63 : 630-638,
2006

18) Roick, C., Fritz-Wieacker, A. Matschinger, H., et
al : Health habits of patients with schizophrenia.
Soc Psychiatry Psychiatr Epidemiol 42 : 268-276,
2007

19) Salokangas, RK., Honkonen, T., Stengard, E. et
al : Cigarette smoking in long-term schizophrenia.
Eur Psychiatry 21 : 219-223, 2006

20) Sawaguchi, T., Goldman-Rakic, P.S. : The role
of D1l-dopamine receptor in working memory :
local injections of dopamine antagonists into
the prefrontal cortex of rhesus monkeys
performing an oculomotor delayed-response task.
J Neurophysiol 71 : 515-528, 1994

21) Schwartz, K, Iancu, L, Stryjer, R, et al : Reduced
platelet vesicular monoamine transporter
density in smoking schizophrenia patients. Eur
Neuropsychopharmacol 15 : 557-561, 2005

22) Smith, R.C,, Infante, M., Ali, A, et al : Effects of
cigarette smoking on psychopathology scores in
patients with schizophrenia : An experimental
study. Subst Abus 22 : 175-186, 2001

23) Ucok, A, Polat, A, Bozkurt, O., et al : Cigarette
smoking among patients with schizophrenia and
bipolar disorders. Psychiatry Clin Neurosci 58 :
434-437, 2004

24) Warburuton, D.M. : Nicotine as a cognitive
enhancer, in Yamashita I (Ed) : Clinical
Neuropharmacology. 579-580, Raben Press, New
York, 1990

25) Weinberger, D.R,, Berman, K.F. : Speculation on
the meaning of cerebral metabolic hypofrontality
in schizophrenia. Schizophr Bull 14 : 157-168,
1988

26) Ziedonis, DM., Kosten, TR., Glazer, WM., et
al : Frances, R. J. Nicotine dependence and
schizophrenia. Hosp Community Psychiatry 45 :
204-206, 1994



LETTER TO THE EDITOR

Molecular Psychiatry (2012), 1-2
© 2012 Macmillan Publishers Limited Al rights reserved 1359-4184/12

e

www.nature.com/mp

Genetic evidence for association between NOTCH4 and
schizophrenia supported by a GWAS follow-up study

in a Japanese population

Molecular Psychiatry advance online publication, 29 May 2012;
doi:10.1038/mp.2012.74

Using stringent criteria, we followed-up a genome-wide associa-
tion study (GWAS) finding’ to examine the involvement of the
developmental regulatory gene NOTCH4 in schizophrenia. This is
the first study in a Japanese population that satisfies genome-
wide significance between a particular single-nucleotide poly-
morphism (SNP) and schizophrenia.

The past 5 years have seen significant genetic dlscovenes made
through GWASs. Although in schizophrenia the effect sizes have
been relatively small (odds ratio (OR) of <1.2), these studies
collectively provide strong evidence for association of a number of
susceptibility genes. The major loci identified for schizophrenia
risk are located in the major histocompatibility complex region in
6p21.3—p22.1. The Psychiatric GWAS Consortium, a sample
consisting mainly of Caucasian subgects, reported 136 SNPs with
genome-wide significance (5 x 107°), and among them 129 SNPs
were located from 25 to 33 Mb at chromosome 6. In addition, a
recent Asian GWAS from a Chinese population showed a stringent
level of significance at ZKSCAN4 (chr6: 28.32 Mb),?> even though
another larger Chinese population GWAS* and our prior Japanese
population-based GWAS (total sample size: 1108)' did not detect
any genome-wide significance in this region. In our previous study,'
however, only one signal within these loci maximized at a SNP
(rs2071287: chr6: 32170433 bp on hg19) in NOTCH4 (chr6: 32.16 to
32.19 Mb). To provide a more complete analysis, in the current study,
we expanded the sample size to verify whether this SNP (rs2071287:
C>T) in NOTCH4 shows strong support for genetic association.

Six case—control data sets from Japanese population, including
our screening GWAS (JPN_GWAS), replication set (Rep_JPN) and
the sample of Tochigi et al,' were evaluated. The other three new
data sets consist of REP1, REP2 and REP3, the sample sets being
divided by the collection regions in Japan: REP1 (Mid-east Japan:
case =3173, control =3540), REP2 (Mid-west Japan: case =672,

case = 569, control = 1622) (Supplementary Method). The TagMan
assay (Applied Biosystems, Foster City, CA, USA) was used to
determine the genotypic distribution of rs2071287. A meta-
analysis was performed with a fixed model by ‘rmeta’, an R
package, as we did not apply a principal component analysis,
which is the most common approach to adjust the population
structure. Instead, we conducted a stratified analysis according to
the sample collection site in order to rule out possible population
stratification. A test for heterogeneity did not show significant
devnatlon for combined replication data sets (REP1-REP3,
$* =063, df=2, P= 073) and all data sets, including samples
from our prior study (y*=4.2, df=5, P=052).

Previously, we reported an association based upon three data
sets With Pree at 5.1 x 107° and OR of 0.83 (reference: T allele:
minor allele, 95% confidence intervals: Cls: 0.77~0.91: ‘Summary1’
in Figure 1)." In the current study, in two out of three replication
sets, we detected statistical evidence (P<0.05, two-tailed) for a
consistent association that was similar in magnitude and direction
(T allele in control is more frequent than in case: Figure 1). Further
meta-analysis of the combined samples for the new data sets
(REP1-REP3: case =4414, control = 10483) suggests strong sup-
port for the association of this SNP (P=7.9 x 10™>: OR = 0.89, 95%

=0.84-0.94, ‘Summary2’ in Figure 1). Finally, genome-wide
significance was detected in the meta-analysis combining all of
the data sets (6668 case and 12791 controls) in the Japanese
population (P=3.4x 10~% OR=0.87, 95% Cl=0.83-0.92, ‘ALL
combined’ in Figure 1).

Our results provide stringent support for previous genetic
findings reporting the association of an intronic SNP (rs3131296,
chr6: 32172993 bp on hg19) in NOTCH4 in a European cohort®
However, the pattern of linkage disequilibrium (LD) between the
current (rs2071287) and previous (rs3131296) SNPs, in addition to
the minor allele frequencies (MAFs) of these SNPs vary across
populations (Supplementary Figures 1 and 2): (1) a greater level of
LD is observed in the Caucasian (HapMap CEU, release28, D' =1,
r*=0.13) compared with the Japanese population (HapMap JPT,
release28 D'=049, #=0); and (2) rs3131296, the SGENE-plus

control =5321), and REP3 (South island of Japan (Shikoku): study reported significant association, shows substantially higher
Case Control
N cases N controls Tallele Tallele OR P
Prior study (lkeda et al., 2011)
JPN_GWAS (2011) 542 525 031 037 076 00027 ——s—
Rep_JPN (2011) 1471 1493 031 034 088 0.018 ——
Tochigi et al. (2007) 241 290 032 038 077 0.041
-Summary1 (Ikeda et al., 2011) 2254 2308 031 035 0.83 5.1E-5 s
Current study
REP1 (Mid East JPN) 3173 3540 033 035 091 0.0077 —B—
REP2 (Mid West JPN) 672 5321 0.31 034 086 002 —_—
REP3 (South Island JPN: Shikoku) 569 1622 028 031 0.87 0.057 —_—
~Summary2 (replication:REP1-3) 4414 10483 032 034 089 7.9E-5 <
ALL combined 6668 12791 0.32 034 0.87 3.4E-8 e 3
0.5 06 07 08 09 1.0 1.1
Figure 1. Association of rs2071287 with schizophrenia.
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MAF in Caucasian (8.5% in HapMap CEU, 13% in SGENE-plus) than
in Japanese (1.9% in HapMap JPT). Considering that the major
histocompatibility complex region consists of large blocks with a
very high LD,® it would be difficult to ascribe the difference to
particular SNP(s). Nevertheless, given the evidence for the
association of NOTCH4 with schizophrenia based upon current
and previous genetic and biological support,” we suggest that
NOTCH4 remains one of the strongest candidate susceptibility
genes for schizophrenia, and we propose this SNP is a key to the
identification of causal variant(s).
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Summary

Evaluation the Duration of Untreated Psychosis
Using Medical Records
IT0 Shinya®, Hasecawa Tomonori
Matsumoro Kunichika, Tsujivo Naohisa®
Toncr Nao, Mizuno Masafumi

Objective : An early diagnosis of schizophrenia is
crucial, and various studies have related a longer
duration of untreated psychosis (DUP) to a worse
prognosis. However, only a few studies have
investigated the methodology of assessing DUP. The
objective of this study is to identify interrater
concordance in evaluating DUP.

Methods : In this cross-sectional survey, 25
psychiatrists and 2 clinical psychologists, affiliated
across 8 hospitals, evaluated the DUP of 20 different
cases. The case scenarios were created using
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medical records of actual patients and were pre-
sented to the doctors using slides. There were
allowed to ask questions necessary for assessing the
DUP on the basis of the scenario.

Results : The intra-class correlation among the 8
hospitals was 0.98 (95% confidence interval, 0.97-
0.99). The intraclass correlation among the 27
participants was 0.96 (95% confidence interval, 0.93~
0.98).

Conclusions : Our results of the present study
indicate that, when relatively detailed information is
provided via medical records, psychiatrists and
clinical psychologists can evaluate the DUP with a
high interrater concordance.

1) Department of Social Medicine, Toho University
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Introduction

Schizophrenia usually develops around the adolescence period,
with the whole life risk of about 0.85% [1]. Patients with
schizophrenia suffer from positive symptoms (hallucination,
delusion, thought disturbance, and etc.), negative symptoms
(blunted affect, lack of volition, social withdrawal and etc.), and
impairment in a range of cognitive domains, e.g. several types of
memory, executive function, attention, verbal fluency [2,3,4,5].
Especially, cognitive function is considered to be a major
determinant of outcome, including quality of life and social
function [6]. It is interesting that the classification of cognitive
domains differs across neuropsychological test batteries. For
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example, verbal fluency is categorized as an independent domain
in the Brief Assessment of Cognition in Schizophrenia (BACS)
[7,8], while it is regarded as one of the components of processing
speed (of information) in the Measurement and Treatment
Research to Improve Cognition in Schizophrenia — Consensus
Cognitive Battery [9].

In order to achieve satisfactory long-term outcome, early
detection, intervention and treatment of schizophrenia are needed.
Specifically, a shorter duration of untreated psychosis (DUP) has
been associated with a greater response to antipsychotic drugs in
terms of symptoms and quality of life [10]. Prolonged DUP is also
associated with decreased levels of social functions, for example,
work function and communication skills, as well as longer
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Table 1. Demographic and clinical data and dMMN amplitude.

Mismatch Negativity and At-Risk Mental State

Healthy controls{(n =20}

Age (years) 25.4 (6.9), range 16-45

Duration of iliness (years) - -
SAPS - 13.2 (9.3)
dMMN amplitude[pV]

F4 73 (1.2) 75 (2.1)

Values represent mean (SD).

a) Risperidone equivalent [mg/day].

ARMS, at-risk mental state.

SAPS, Scale for the Assessment of Positive Symptoms;
SANS, Scale for the Assessment of Negative Symptoms.
*p<0.05 and ** p<<0.01, compared to healthy control.
doi:10.1371/journal.pone.0054080.t001

hospitalization [11,12,13,14,15,16,17]. In this context, it was
reasonable that recent efforts have been directed to subjects with
“at-risk mental state (ARMS)” or “ultra-high risk patients.” [18].

For the purpose of early diagnosis, objective biomarkers,
particularly, those based on brain morphology, neurophysiology,
and neuropsychology have been reported to provide useful
information [19,20,21,22,23,24]. Neurophysiological measure-
ments, such as event-related potentials (ERPs), have been
suggested to provide a biological substrate for some aspects of
cognitive disturbances of schizophrenia. Especially, P300, mis-
match negativity (MMN), or N400 etc. are widely used ERPs for
this purpose. For example, schizophrenia patients show smaller
amplitudes of P300 than normal control subjects [25,26,27].
Reduction of P300 amplitudes has been also noted in subjects with
ARMS, part of which develops schizophrenia [28]. P300 has been
shown to be affected by various factors, including medication
[20,29,30] suggesting the utility as a state marker of psychotic
disorders.

MMN is another component of ERPs generated in response to
occasional variations (e.g., duration, frequency, intensity) of
acoustic stimuli, and is suggested to reflect pre-attentive cognitive
operations [31,32]. MMN amplitudes have been shown to be
decreased in patients with schizophrenia, as indicated by a recent
meta-analysis [33] reporting a large effect size. Unlike the case
with P300, MMN amplitudes are generally not affected by
psychotropic drug, for example benzodiazepines [34], dopamine
antagonists [35]. For these reasons, MMN is considered to provide
a trait marker for schizophrenia.

There are several types of MMNs, such as duration MMN
(dMMN) and frequency MMN (fMMN), based on the mode of
presentation of stimuli. Attenuation of the fMMN amplitude,
resulting from changes in the frequency of stimuli, reflects the
progress of the disease, i.e. a function of duration of the illness. On
the other hand, deficits of dMMN deficiency, resulting from
changes in the duration of stimuli, may be more closely linked to
the genetic aspect of schizophrenia [36]. Thus, impairment of
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ARMS(n=17)

First episode
schizophrenia(n=20)

Chronic schizophrenia (n=11)

27.2 (7.3), range 16-38

0.65 (0.51) 7.9 (6.9)

15.7 (13.1) 17.6 {19.1)

56 (1.8)* 5.0 (1.3) **

dMMN is greater than that of fMMN [37], with the latter
emerging only in the chronic, but not early stage of schizophrenia
[38,39].

Recently, AIMMN amplitudes have been shown to be reduced
already in the prodromal stage of schizophrenia. Thus, Jahshan
et al (2011) found dMMN amplitudes in subjects with at-risk for
psychosis patients were reduced compared to normal controls, but
the deficits were milder than those in patients with first episode
schizophrenia [40]. Atkinson et al (2011) report that dMMN
amplitudes were reduced as early as in the ultra-high risk stage
{41]. This finding was extended by Bodatsch et al (2011) [42] and
Shaikh et al (2012) [43], who observed smaller dMMN amplitudes
in drug-naive subjects with ARMS who later converted to overt
psychosis, compared to those in non-converters. Thus, reduced
dMMN amplitudes have been regarded to provide a biomarker to
predict the development of schizophrenia.

Cognitive impairment, a core symptom of schizophrenia, is
present at onset of illness [44], and is closely related to functional
outcome [45]. Carrion et al. (2011) observed that cognitive and
functional impairments are already evident in ultra-high risk
patients before the onset of psychosis. Specifically, attention/
processing speed was found to predict progression to psychosis
[46]. On the other hand, Frommann etal. (2011) report
prodromal patients were impaired in all neurocognitive domains,
such as learning memory, executive control, processing speed, and
working memory. These findings indicate neuropsychological
measures, particularly attention/processing speed, provide anoth-
er cognitive modality to identify high-risk people vulnerable to
developing overt schizophrenia [47].

To date, little information is available about the relationship
between neurophysiological indices, e.g. dMMN, and neuropsy-
chological performance. So far, Lin et al (2012) investigated the
correlation between neuropsychological performance and MMN
amplitudes only in patients with schizophrenia [21]. For example,
demonstration of the ability of some measures of neuropsycho-
logical performance, e.g. attention/information processing and
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Mismatch Negativity and At-Risk Mental State

Table 2. Comparison between converters and non-converters of ARMS subjects.

ARMS (n=17)

Male/female 2/11 2/2

42.9 (15.9)
F3 8.2 (2.0
Fz 8.6 (1.6)

Pz 4.8 (1.8)

Verbal memor!

Motor function 69.3 (12.5)

Attention 74.0 (12.7)

Values represent mean (SD).

a) Risperidone equivalent [mg/dayl.

ARMS, at-risk mental state.

Non-C., ARMS non-converters; Conv., ARMS converters,

SAPS, Scale for the Assessment of Positive Symptoms;

SANS, Scale for the Assessment of Negative Symptoms;

BACS-J, Brief Assessment of Cognition in Schizophrenia, Japanese version.
*p<<0.05 compared to Non-C. (student’s t-test).
doi:10.1371/journal.pone.0054080.t002

verbal fluency, to predict AMMN activity would greatly facilitate
the early intervention practice, as the former indices require only a
limited time constraint. Moreover, such evidence, if obtained,
would help more precisely identify biological features of the
prodromal phase of schizophrenia.

In this study, we measured dMMN amplitudes and cognitive
performance in subjects with ARMS, first episode schizophrenia,
or chronic phase of the illness, and compared them with those of
normal control subjects. Specifically, we compared the results from
ARMS subjects who later developed schizophrenia (converters)
and those who did not (non-converters). The hypotheses tested
were; 1) if correlations exist between the decrease in dMMN
amplitudes and the impairment of neuropsychological perfor-
mance in subjects with ARMS, and 2) if the impairments of
neurophysiological and neuropsychological functions would sim-
ilarly predict progression to overt psychosis in these subjects.

Methods

Ethics Statement

This protocol was approved by the Committee on Medical
Ethics of the University of Toyama. After complete and detail
description of the study to the subjects, written informed consent
was obtained.

Clinical staff explained the nature of the study to the subjects,
the risks and benefits, and the option not to participate in research.
If the mental status of a subject was impaired to the point where s/
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0.5 (0.75

69.0 (18.4) *

57 20)

60.5 (9.0

56.2 (5.8)

Analyze of variance (df =1,16), Group Effect

8.25 0.01

4.74 0.04

0.57 n.s.

1.66 ns.

7.05 0.01

he could not understand these issues, the subject was not
approached to be in the research. In case there was a possibility
that the capacity of a participant to consent was compromised, an
additional consent was obtained from next of kin, care takers, or
guardians of such subject.

Participants

Diagnosis was made based on the Structured Clinical Interview
for DSM-IV (SCID) for schizophrenia and the Comprehensive
Assessment of At-Risk Mental State (CAARMS) for ARMS [48],
by experienced psychiatrists. Most of these subjects were referred
from “Psychiatric Health and Welfare Center of Toyama
(PHWCT). Seventeen ARMS subjects followed at the University
of Toyama Hospital participated in this study. [male/female =4/
13; mean (S.D.) age=19.4(4.4)]. Thirty-one schizophrenia pa-
tients also participated in this study. Patients with duration of
illness less than two vyears were defined as first episode
schizophrenia (FES) [n=20; male/female =9/11; mean (S.D.)
age = 27.2(7.3)], while those with duration of illness 2 years or
longer were defined as chronic schizophrenia (CS) [n=11; male/
female =6/5; mean (S.D.) age =28.1(8.0)]. We recruited normal
control subjects from the community by advertisements. They are
healthy volunteers [n=20; male/female =14/6; mean (S.D.)
age =25.4(6.9)] without any personal history of psychiatric
illnesses, including schizophrenia or other psychotic disorders.

All participants were right-handed. A psychiatric and treatment
history was obtained from the subjects, families, and medical
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