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Wi E REE : H 2 E o

B A IE

=Y €Y
1 S—

JE

D b F & 4o vk Y E ] g

g ok %
+

SRR EER D FH D &

B &, G REIHE D BERCIEEERICI L, & ITUER (R,

WES), FHOBREE (B, #PRE), LMEEE, S4MUEEEES IR AEEEORD T X
NTn5, SFEHE mirror neuron ¥ A F L ZRER T 5 Sylvius EIEE L 20Hhicg sh, K8
(RO T IS ALY, HARFEDOEHFIER TR, BOEROMENHRUNTHE, 20H

CEMBMOEEE 1T mirror neuron ¥ X 7 A &G H 5 0 b EINL 2\,

G, % OFREFEHEZED

L EYHIT, MOBEENELZ IR LE2 B OMAY, HAEXMEMEOEELEETH 3,

F—T—K  HEAKFE (schizophrenia),
Sylvius Ji:3%%3%E (peri-Sylvian structures)

H OO (disturbance of the self), mirror neuron,

U ®ic

B RINE O SR BIREIE KA DD 120 Al
szmﬁwézmﬁmmwfﬁﬁﬁﬁwﬁ—7ﬁ%
o MEKRIECIIEBNZBMEE B2 2IERLHN
Z) 7b>, ZOREW LD, THE, BT sEE

(disturbance of the self) TH 2, BHEZICE > Ti
HODEZ, BAOEBHREYOERICEIE, A%
L) ARz Zottic 1 AT, AL IZ—IEHOEE
THB, LI ZEFIEEALHHADI LMo THD,
L2L, ZOBHCOBIBHAERBETIIEEI NS,
Z D HOAE R (self-awareness) 1, B LT # 0w
Ff&z@%iﬁ@ﬂ%@ EEFEoTwA, L, WEE
BERAMEMNZEOFEEE L TORY FiFens &k
Iz 726 D (Decety & Sommervile, 2003), #&E£IEDH
CEBROBEIC DLW T O MEGZ VT, BHEOFED
OB/ OENDODOH B, EHEREIT LIE LIRS
ZHEUTHRHEAIND I L2, MALTERRIL, &

HEEOHD L HSMOMANME OB bR E (Bt
T5EEbONS,

ZITR, ZOXIBEELS, REREECHD
BloEE, MoREENE(L, BRRER L oEE,
2 BRIEFRIERS, BIUEEHFOHANEMEEACH
HNZ DWW TR B T LIz L2z,

. MEKBEOEDEHOES

A RIE TRk 4 B EIRA34E U % 23, Schneider
(1976) 13 He& JEREE O B W o EE R 2 —E R
ELTHYHL, TS HOZEEETLERIN
TV %, Schneider D —fFAERIFR 1 DT LT, %
NZNDMEOIERD S IFEFH XN R WIER & LT
EEINTw3, ThsRAsro8cHE, BT
LBEETH D, Schneider H & b "' H & (Ichhaftigkeit),
H 53 ECHTEY (Meinhaftigkeit, sense of mine) O
BE, T4abb, HEOLERADIRED, B0
DELTERINTIL, A sXHEINFEINS

2006 £ 1 H 6 B

* Schizophrenia : disturbance of the self and sociality-related circuits.
Y BILREEE B REEEE (F30-0194 HILTE A 2630) Masayoshi KURACH Department of Neuropsychia-
try, Faculty of Medicine, Toyama University, 2630 Sugitani, Toyama 930-0194, Japan.

0001-8724/06/ ¥ 500/33C/JCLS
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% 1 Kurt Schneider (1976) O —#AEIR

— Rk

Schneider D ad (Wing et al, 1974 OFH)

Eprtiag

KEEAD LI

B DfT R 3§ 2 O LI
BB B R

BEEW, Z20E»EE~OTH

Wi L OWE

TASOEZBMIZTSAI L)
(BHDZEx3AHTIDLEIELTVS L AFRIIEBOFENHIZS)
Bz, 1720, STV VAERE K

IR R i R
WD T LD,

r 2 3 EMoNg,  BETHOHE LT, THYOB A Re Il &Py

ETHBDD LI ITELLND MENREEHE

T EEEZTIIZVSIIRY,

EZAB{EHE (Gedankenausbreitung) r%’ ADED

1TADLD TR, AR ZFNICHEE L T2 (AUEER

ECHDDEZIDELOTLED ),

ZAHRE

é:&

FIK@%

W, OERA F P AR e T AT RE e A LI

«««« TS U

CHEBEZ kfé*glfﬁipo‘?)%i’)tt BEZSNTHEEZ ),

B, BEMOESOMESICBY b5 Tk, B
DEZ (FH5N) PHPHEDOTT

HHGIRKEN, s dEon, BEIN, XELIND.

Lok L THRBZ NS &) RE) DA RIEIC
b&)‘f’% W TH B LT, x_@mDE‘mJ«@[
EphT, {FEHLLDE, TXE6 g & TEM
=3 Léb'éo
T o By &, TRADERED, AEoMb
@#Kiofﬁa(ﬂb%hfméﬁwmﬁ< T, 8
EZi, TAS EE TR RO i k> T, Bodssdi
éﬂfw6bri6f%ﬁ%%ﬁQME$/Fb&
BT L B,
EMGRE L, TH 252 LPET - ADDLD TR
g, THRO#E AL, AUMEBIRWEWLAILETEDS
TwaEWIER, THhH, EEE, B, BHOTO
£z AR PRERPIED > T3 LN,
Jaspers (1959) SBT3 £ 9 12 T2 D ERBROEREC
i, B EREOMREDERB bl EICH D
CE A, JHUMLORER, Bl EEREE (B
”w%zﬁ%bwﬁt&ofﬁ:21<5_&)#b
KENCE PN B DTS, BEOEENLERT

%6 LOEELRETH DB, ) THRITNA, EIEO)
BEHEOEE L WA EZFIIHTI Ry, ERIL, ER
DR VEENERGR LT TILLMT iﬁw
gy, BHOEIBMFPIEbo TR LWV E
o, ok, SEOMEREI RO ? ) LRI L
B LU, T2 LI E TR VAR L) D
ETHHT,

2o k3 ICACOBMEE O B O EER Kb S
T, EEESO 3OS RAEOHRED

KEREMTH B, HORFRED IS, BB,
THHOLEHTDGDTHEAEWEZDPFITFLATL 2
LOIFERSEL B LMD DL, IORKETHE, HE
Bk bhTuTy, BEEEHUTLEIAHET

X 1 ekivEiE (19 ), M) O MRI
EOMIKE LT, BEOE 3 NEICEEDOINRD A
Hid

T LTz,

. BARBEOCMOIZEFANRL

2Ok B ORERE BT A A RFHETE, K
IR - BBV R 2L L TW 5 DT itﬁblﬁ)
g 2 i BOBIERSicE EEo T, LL,
Johnstone & (1976) %3 CT a:FHW“C ﬁ/ﬁ?ﬁnﬁ fE B
DG FRA % HE U TEK, %% DT REER F
DI EN, B Jhmffﬂr‘%%ﬁ &grhﬂ'ﬁyﬁé‘.l«t
~C, [J.ﬁ&wﬁﬁﬂ%%QM®%%> &S DS
7o 7o, 1988 4E4> 5 2000 4F F TD 193 W, HEk
SE O i R SENE TG (MRD) BFZE (BLLSEIRE) % #E)
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Schizotypal disorder
(N=25,mean age 25.0 years)

Schizophrenia
(N=25,mean age 25.8)

B 2 e RS RE () CMARIMEERY (6) KBV 2 MK A B O (Kawasaki &, 2004)
flhE R L L, SIS B O TREEDOWMA DTS 5 N8 7 2L % MR IR TR T (height p<0.0001,

uncorrected) ,

L 7z Shenton & (2001) DT, HiA%LINERE
BETIE, (RENIEEE L LT, JNE 0K (80% :
HEEZZDT-WMED%), % 3 MEBILK (73%) Db,
NI SERS S (RARE, Y8, YEIEEEED) (74%),
EHISEE (100%), ATHHIE (59%) % & CTHBEOEE LR
WAIREIN T, 11, 19 BEATFDBE DM
MRI TH 5, Z DML, HAHREENKOES%E X
(RLTWB L5 IclbNng, Thbh, EOMHMES
DS PICIERL, TABIERLTWS, 83 MED
B2 T, BEICIERLTW S,

MRI 2 W T DO TB BN E L2 e § 3 5k &
LCid, BY O & i iitr ik ssd 5, B
BIE S, SEFEEES M= RIT (3-D) MRI 2\
WEZ & DEHIDTHN, HESHELTETH S,
H R FTARATIE DRI % b DI, statistical para-
metric mapping (SPM) T %, Z 3 I3 fFRH i
LE W) IBD A B3, FREDEIL voxel & & DI
(density) D 22122548 X 11, voxel-based morphometry
ELMEEN S,

Suzuki & (2002) &, FEAFRTERE 45 B & {@H 5
42 Bz NI, 3-D MRI & SPM-96 1% FI V> CI@HT
L7z, ZORER, MESEBHC IR T, RIS
HRECIE, AEko LONSEE & b o TRIEEE, A58k
O T HIBHETRICK AEFEE WA DH Y, AFET
W, TIIAEER WG & RTEHRIRIE] % & T P AT EE I A
BOKAHELEDRAHHD &1t Zis DRI,

Shenton & (2001) 25 & & Ty 2 B0 EIE 2 AV 7:
WG LATIFE—FL TS, AIRTEER E D2 {hhs &
DEHBICR S, 2 D%, SPM-99 % W Tiask
LY & S LT & L U 2 RS 5o, EIED
ZAGIE MR LRI L T/ ds, A KINE T
HIHEE D LA b > T 5 DIV TH - 7= (¥
2 ; Kawasaki et al, 2004), M{&FEOHIE & LCix, B
DIEBESERNEOE S, K hiEETH %, 3-D
MRI @ 1 mm JEDTEREHEREA 7 4 Al22w»T, Bl
TEIBE THE L7 RoMEE2E 2 IR L, 20X
TR GBS, FHkER), BUBRESR Y (|IR
M, BE), LMEER, E - TRTER O &R
DB Y, EEMEEROEH Ao 7=, Wernicke 1%
U EUBEEROZEE, ThETHEINTHLE LR
D T & % (Hirayasuetal, 1998), CT CHIZ I N 5%
Sylvius O BRI LT, TRIEEM], EA0EER & 3
AT, BRIOFERA bW S 5> Tdh o (Takahashi et
al, 2005), %8, DX BIKEEOEREKE, B
FRELEEEROFIEOELE LTROONEHDT
HbY, MEEHIEZDIIKE,

DFWHEEE L IO, T LS mm B O
DAL b 72 o TR ELoETh 5, =
I F CREA RINE O MRIR I N LIC DL TR EE
7 Bz b DEMRB S ok dhs, Zhiddiiinyge
BRI K ZEFE ORI RIcE T wkh st L
DD, 2005 LEIRD 7 A ) A OREREN i FE R AR
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® 2 MAKRTENESE LEARIEOREEOLL | BLSRIEIC X 2 MERHR

SEI, HAarFATEE A R FE =E ()
=E7 2% l (—15.7/—15.0%) l (—12.4/-8.7%) Suzuki et al (2005h)
o) } (—6.9/—65%) l (—4.9/—4.6%) Suzuki et al (2005b)
B EER - - Suzuki et al (2005b)
LEER - b (=17.3/—14.7%) Takahashi et al (1FE+)
BRE
BIER - L (—81/—7.1%) Takahashi et al (2005)
B - L (—6.1/—4.9%) Takahashi et al (2005)
IR E]
B - I (=/—13.7%) Takahashi et al (2004), Zhou et al (2005),

%I b (—7.8/—13.1%)
V (=73/=7.7%)
I (—5.3%/-)

} (—9.3/-6.5%)
J (—12.7/—-11.8%)

LATEER -

PR RIS IE T (+74/472%)
TRIEE —

=X } (=/—8.8%)

Zhou et al (2005)

Suzuki et al (2005)
Suzuki et al (2005)
Suzuki et al (2005)
Suzuki et al (2005)

SZE L LB TEIM, WL EEER L O, BIRoRFIEREEOTED, s 0E (E/R)

BT, HARTEOMEFEES L L T (Roberts &
Tamminga, 2005), S LERNRELR EICXD, |
ERE R E L E oG El, Thbb, BIY S
TADv—H—"TdH % synaptophysin ® 30~50% DIk
2, GABA MERUEKED v — A —TdH % GAT (GABA
transporter) $a & G O #EA = 2 — 0 Bl 5 initial
segment T D 40% DA, # > F 7 A D microtu-
bule-associated protein (MAP2) ® 31~42% D4, #f
BFEFEICHET S5 v TH B reelin D 50% D,
Golgi Fe a1z X 2 BHIRZE#E spine O WA, B LV
palvalbumin THREINEZNTE= 2 —R1 Y DEDRE,
D D ABELZFFRSBR SN T3, 58 2 AT
FREO—EIT i, THREG LoZ(LoETEE CIEA
DB EDREZN TV %58 (Lieberman, 2005), 4
Bz, B0 & kigEE 02265 LS 5 A
DEBLHELEDLND,

. BRAREEIR & RMODAZHE - 1RE & DRER

HERAEIR & IR DT BE2E M 22 AL & DO XFIERIZ DT
E, VbW s EEREIR & RTEE & OBE (Chua et al,
1997) 72Tk <, % E AOriE _EEEER] (Barta et
al, 1990), BEEE L £OHE _LAIEEE] (Shenton et al,
1992), BBMEAEIR L ¥EE - RkiE 044 (Bogerts
etal, 1993) BWE I N T W5, Z D%, Schneider D
—IREEIR & A EER B X OE B IRRR R O FiER
EOBIES B\ 7 & 7 (Suzuki et al, 2005a) . FUREH
RETKE LR T LREREROBEREED, MOBES
(L LB T 2 2 2 ED L I IcEZ 0B
B0, s OEBOMEEENENIZBIEERDOH

BLRTERHDICCE, HDVIEHFHEDRERE LB
ET L0007,

> ¥|Z Schneider M —HAEIR & HEREHIR & DBIEIC
OWTDELBEL FLOHDOW, 3 TH5, LI
ERAEEBOREOEREATH S LV IHRELEDH 5,
EWiL, v N7+ by Iviay CT (SPECT)
TRFMLRZRET 2 &, BRELOEOH 5 BET
ik, £o HEFEE (S3EE) & —XIEEE (Heschl R
DEHEAL L T T, IBESHEEAT S L, ZOWEENLD
WET B 2 LHRE XT3 (Suzuki et al, 1993 5 &7
Ao, 1999), DI X, BEERFICEST, B
DEBTHZEETLTWS, LdL, MAKFE
DYIREIZIE, BEOFEVPEED I LI 2T 525EHA
I EORMMH Y, EEHLToEE TSI
TELZ0EIPEMNIES, BENMRIZAHV
Shergill & (2000) DFEERTIF, LEERICIE, BFEHFIC
MATAER - EIBRRBEELL Tl v,

X5 NEBRICOWTIE, FOTHIENED@EE)
LOBESREIN TV S, I¥ 5 EBRORBIMEE
DEENEFNE LT, Frith(1992) RECZE=S Y~
7" (self-monitoring) EERFZIREL T2, I¥H
NEBD S HETHIE, Frith 0 X ) REZE=F Y~
MREMEFTNTL B2 Lk, 2O Frith D€
FAZ DT, Gallagher (2004) DREHDIH 5,

V. 2 ERPEFERER

1. #RFERERER
RARTE X, YMIEEFEIICHET 2 ETHEOE
BrEZonTWwH, LL, Weinberger (1987), &
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Ft 3 Schueider D—fRAEIR & F 2 HEBEE R PT R

REAR pakes MRI At &,

wEE (RRE)

AL SPECT ZE LHIsEE D iEMEAL
SPECT Broca B iEHAL
fMRI Heschl [E D &AL

MEG = FRIGEE D Theta rhythm D30
fMRI Mo LRIGEE, ZRiEE, £ THEZEOFEEL

Suzuki et al (1993)
McGuire et al (1993)
Dirks et al (1999)
Ishii et al (2000)
Lennox et al (2000)

fMRI Mo T RIS/ B8], AUERAPIRIE, UERBZHE, GARPK, AHEE L Shergill et al (2000)

BEROEEL

fMRI FIBEICSEAT U C, AT RIEE & A7 aiiEE, KB ic A TAEERE, Shergill et al (2004)
W LA IR & &R o Sl

{th 3 {LAE (R SPECT HHHIEZE & THIEHED &
35 NFER PET AT EEEOEMRA

Schneider —#&iER  PET

H EBEEREDOEE, EORBERE & FREOEEE

Yuasa et al (1995)
Spence et al (1997)
Franck et al (2002)

& U Murray & Lewis (1987) 12 & o TR ERER
BOMRIEI N, BRI ANLGNT W3S, MREFERE
ERFOBUME LT3, OWEENELBZDROKE
RIMERETHROON S, ORIMEDILKIZER
MEHEBAL v, ORE, H5WIZHETHEICHE
FE (MR OME) BE L2 R T 2 MIEHEENE
BErxaon, @03, JVA—v 2 (BEEERE L
TDT ) THRMEDHETE) 2> T, R EDBEIT S
ns,
HRFERBERDIICOWTIE, AR (48 - B
ER) OBELBE T 2 0MREREERD L, FE
HIOMORAEE L BT 2 B MR ERERD DS
H5B, METIE, WHLBHOMRKEBRERN S
H 7z 2 BFE{REL (two-hit model) %521 AN B 5%
ED% o,

2. BISE-305E 2 BRPERIEIRER

{AVER - AUBH 2 BRPEFEME RS (& %15, 2001, 2005 ;
Kurachi, 2003a, b) &%, BHS 27 fi&KINEER 2T
TICREE> TR WBRERAR (A8 BEL, Hid
REEE D BT RED i h & Eds it b ¢, TMAlFEZE D
I ERFBE~NOHETFMEICBIEL, ZhIcaigEE
DEALDIMND 5 &, BITHEREEEEDERRL I BEEL
L, MARMEDERPRET 2, L nwHIEITH S,
Siever (2002), Siever & Davis (2004) b &5E, Hid
N EFERICHARTE BT 2HEECEZERL
TWw3, 5, MRERERFET, HAEROETHE
DEFERD bHE I N T3 DT (Kasai et al, 2003a,
b), LRAIBEEOE(IIMEIEICEET 2L TH, 7
DBROETT HAREELH B,

FRFZ I ORFELCIERS & (K 3), HEEHE
BETIE, BZo(FEH»oFEETSEE L CHIGEE

DEAIC & o T, BHMOPHEA (frame) 1247 D H3E L,
ZNDERIDITERF M E > THENADTH A ) L#E
EIND, D& aNEAMITEEREDELHE %
FHE~NDOMEFFEZER L, BT 7L (Uehara et al,
2000, 2003 ; Sumiyoshi et al 2004, 2005) %> & b K X
NB &I, TBERDOF =33 v (DA)BREHEEZ £ L
PFTLLTCBLITHB,

BEOWRIMOITEIREE LT, AALSTALADY
B EDTERP oI b, FIED S TNFEERMRIC,
KRIED D HEERE TR EWoTwa L Eilz, YU hig
TNRILEE2TCHALNTBEIENH 7, LR
SNDBDIE, BHAOHHEHADR Y OF LR EINE I,
FREEORELIZ, BEWICEOREMAEDEHER
(frame of reference) ZTRL, H 2 WIIEREITX 2h &
WHZEILEBERbNS, BAIOHHADRD »5H
58, NEIELADLEBIENTET, AL A%
BTz tBbns,

BEMBIHLRATBIC»IT, 20k HA+L
ADEFE WA - FIHIRTEEOEISNb 2 Z &
£, bkl £0%B% D DA BEIREREL 2, 2
ik b, e MEEER R (sociality-related circuits)
DRz E- L, JHECECEROEEL L ofidsk
FHEDIERDBENT 2D TIRBEVLREVIELTH
%,

Wb B EEERICOWTIE, INE TOEBFRE
613, FELUTHEEOME EZLBET2 L1
RIEHL 2 TH 5 (AR L &%, 1993), BITHIEDE/L
R EAERCT, HEEOEIBEELMBICEL
% &, BMARARIE (GHEERBET, BIEER
AT E A ER I CRERERD 122 3 O bRz,
ERRIZ, Suzuki & (2005¢c) DIFFE TIZ, BMEHASL
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Behavioral
characteristics in
the premorbid state

Schneiderian
symptoms in the active

Aspontaneity and
social/occupational
dysfunction

T

phase
T

Deviation of
cognitive frames

Aberrant activity of
sociality circuits

N

Morphological
changes in the brain
(e.g., temporal lobe)

Glu

——

!

Impairment in
volitional and
executive functions

!

&c‘ress T
Excessive

dopaminergic
neurotransmission in
the limbic system

Morphological

Glu | changes in the

brain (e.g., frontal
lobe)

147

/ N\

Gene

Environment

(First hit)

/ \

Gene

Environment

(Second hit)

3 ISH-BIHE 2 ERPE R RER
Kurachi (2003b) & b —#Fe&E].

FETI, BEETMEICHART, EEORMBES
WCZBATH o Tz, T DEZLFIZ, FEEDRE L, Crow
(1980) DK SR 72 Bk T O EMEER (EFEHEED
ETF : BEERI, FEOBR, BHRIER) 2R
5L kb, MEEEOBENREE BEER (BE
I LIERREAE (I, B4, BEEE) & U THEEL
X% &) ETIE, Jackson (1884) DIEFRDMEE
HIER D & DEMERER (LR o MFERRE D BE) & v
FBEL BT LI (M3 DhA), InBIELA

YOS %EEE T Crow D 9 BHEREIR & BIEIE RS
EHICEET 2 EE» ML,

3. BAORMEHDER

AN OME A (frame) & 13, B4 B2 BEHEE
L, O3 (ACMBLT2) BRICREL R DD
FY) RO ERELTWS, MEzhozdho
HUHELTWED, 2o 2BRT2EHAZEL
T\, 2RI E > T, BEPBHLT B EEZ NS,
HOLTETIE, T ORMORMALDOHRL, EHEE
BEEICTNE, RBoTWw3E)ITH5,

& SR THE BB O FRAIR DI IR O R E 3,
SoiE, WEETHEE, BIUEBOEELELDLE
LTEL, ZOFTHLRL—ELTVWEDIR, BE
DEBEETH D Z EEHIN TV 2 (B LES,
1999 ; Matsui et al, 2004), R3S (1988) 23, Wechsler
sUEREED AAZERZ /R L, M 1Q) 90 ML
DFSEHEREZICHTLBRTY, TOEEHT

i, BEHEETEINIBEMBERIRLNTH5D
WX LT, & CICERERRE (WEORR) PEEK
EVEZ T L, MIKEDHRERE, S EFHATER
WELBEERH B Z LRI NI,
GAEFERBCBIIZI0L ) REREEOEL
R E, BB (FHlL ¢ organization), § &b
L, EMEELO TR LORBEXICHEIITH
%, EOMBMGI, BMEIET A (LTS5, 2000)
THEIET A EMWTE D, %D unblocked list T, 16
BMOBENSZNFNA2OAHT TV —Ilghn T
28, AUATF ) —OHEEIERLZWL ) IKER
XnB, IN5DOHEOEEICEL T, #EHETE,
ALAFIY— BT 2HEL £ Lo THET HHER
DH o, BETRINANZLY, JOFEREOME
i, EOTEEEEROBRE L EET 5 LT
2 X 414> 5 (Fletcher et al, 1998 ; Nohara et al, 2000) .
HEEOMBIE, BYWLDTIED X D RETRIGIER
FECHFND I LHTE S, Sumiyoshi C & (2001) 23
B F ) —DEHREEICOWT, BLEDFIEDIEF
% % RITREECIRN LR, BEETE, 2200
RIS L, 20 1 DDEIEREBENEFE & FRS
ni, LoL, HarFHEETE, 0L R2RILD
FIERBES LTI d o7, %H, serotonin (5-HT)
1A partial agonist DB/ (Sumiyoshi T et al, 2001) %28
TR OFEMEEIC X 353 (Sumiyoshi et al, 2005
Epub ; Araki et al, in press) (2 & D, 2D &%) REED
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BHLHEES NG EDPRESNTH D,

D &) REHRO B OB, BISES0REAN R
BEDOLITH2, MR SFHEF~) L) EEIL,
BEZ o BEHRTREERTCORITONTLT, ACE
HE IO B OB & o TERI NSRRI E
ER2OhbHENE Y, Z LT, HEAKRFEHECIER
DB CHEBLOBEDORKRE, Hi—NWikBCoERE
EINDZDhH AN,

4, BibOMROMREKIR (representation) & LT

D1t &S ER K

TEADEZ X DRICEENEIATE T, AR EH
T, ZOBEMADOAEZIZATHSE L)
B9 1. IhE, DEMARAERE 27 ], &)
DEETHL, TNERBIICHATS -0, &
DEIBRETADBEZLLENDIES ) D,

& EERER I (sociality-related circuits) & &, #k
BRIEDOZ D LI RTHD I OBEE» S Eh /e EZ
THD (BRI, 1998, 2003b), FAKRFEICE T 51t
EEoO I %, Frith @ & ) B EABEDOTRICHED
BEORSLFHHLVIRATL DB S, 29Tl
2 CEBNRESAEE L LERE BESRRTY
EZITEBIEDTES, L, ERWERE &
i, AMDOBAICIE, HC LBENEE ORI DE
B (representation) 23% O, Z OEERIEE OISEIDTT
EL, BERLICTREDMHEL VI TELELTE
DB, MERFEDHOEBROBETH 2 LFHIN
%, OEMOMEROMARE % 8 9 R E R E Tt
MRS SR LT LT, I OMRER OB
i, 826, BELARICIHICERFRIERS (nnate
mechanisms ; Chomsky, 1965) & L T4 - T\ ¢,
TFRERZRI LD ET AN aIazr—va v i@
UTHEREN, ZDE76FIckoT, EED AR
BWERHIND EEZ5ND,

V. BEEOHRIERMN L B2

HAHEERBIEKICERT 2 L Bbn 30k, HER
HENAIF—=2—BVIRATFLATHS, BEDT
Bk BT 50, BHOMZOTE2 T2 EAL
Za-urDry FPEELL, O TalL—va
VICK D Z2oEEMECTEEEMET S, £ FTO
Y —za—nry AT Ay, THEENE THiZER
FEE (Broca B) & Z DB OFNEBEED % v +
7 — 7 B ZN T % (Gallese et al, 2004), b
DEEL (BE) OBBICOWTYH, ¥Ial—3va
VRIS NTWAE I ERRENT Y B (Carr et al,
2003), Ruby & Decety (2004) D72 HFFIC X 41T,

AR (M, BD, B, F A 747480
W I N5 XELZFROHEE TR, BHkiEdmh RER
n, 20 1 ABROBRETHL 3 AWK (BE) ofsT
bRBETH-7, T/, WEIEAZEL 2E5EHE%
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REINZFy b7 —02hh, 22838 M
Xalicid, GORIE-EEDO XY 7 —27 OEE)E
BTHs LT3, HODWE 76 i3, AMUETH
LDTRE & B 2 Al A % b (Matsui et al, 2002),
H D ESE R (self-referential stimuli) & KB IE S
EEOBROERI T % (Northoff et al, 2004),

i

MEARTIE T, HRO I EESRE L ERDE D
50, ZIWAMBFEOMERSLELVZ B, i
RFMED BER CIREFEFICHRL T, g
R (RtktE, BE), 5082 EE (BE, #IRE),
BAgEE], kb e TETEERZ: i KAEREO R
PROOND, BEEHLITF—o 20V AFL%
W % Sylvius FAME b Z20hicad T h, EEM
FEROFICEE Y, FARTEDIRER 34
ThHHY, EIHDEROBENEENTH S, &

—226—



RS - 50% 15 - 2006 FE 2 H 149

O BEDERDEED 5 I SEEER RO FEIHE
T, FRREERWSEENZE 7 —Za—0 T A
FALBEENEVERbNS, 518, TORERREL
DB E LYo, MOWEENWELZIGE LG 23
DEEFDS, HEKFAEMROEELZFETDH 5.
723, Jaspers (1959) &, FEHHREERGE T, TBR
PWHDEZE#HT %% (der Weise wie das Ich sich
seiner selbst bewusst ist) % HREFHR L ERE L. 2D
%o P4 YL HADBHEZDEFIE (Huber, 1999 ;
KHE, 2005) TbH, BREH (Ichbewusstsein) % B
B2 (Ichstorung) & ) HEES AV LTV 5, 77,
Jaspers DEBZBDOERTIX, BHRERIIEIER (self-
awareness) & SRE 41, F A VD5 EEICHE > 7 Mayer-
Gross DFHEIE (1969) T, HODDEE (disturbance of
the self) LRI N T35, AF{TIE, BCDRILZE
YN L TS S, BEDA MV,

Wk

1) Araki T, Yamasue H, Sumiyoshi T, Kuwabara H, Suga M,
Iwanami A, Kato N, Kasai K : Perospirone in the treat-
ment of schizophrenia : effect on verbal memory
organization. Prog Neuro—-Psychopharmacol Biol Psychiatry
(in press) .

2) Barta PE, Pearlson GD, Powers RE, Richards SS, Tune
LE : Auditory hallucinations and smaller superior
temporal gyral volume in schizophrenia. Am ] Psychiatry
147 : 1457-1462, 1990

3) Bogerts B, Lieberman JA, Ashtari M, Bilder RM,
Degreef G, Lerner G, Johns Cm, Masiar S : Hippocam-
pus—amygdala volumes and psychopathology in chronic
schizophrenia. Biol Psychiatry 33 : 236-246, 1993

4) Carr L, Iacoboni M, Dubeau M-C, Mazziotta JC, Lenzi
GL : Neural mechanisms of empathy in humans : a relay
from neural systems for imitation to limbic areas. Proc
Natl Acad Sci U S A 100 : 5497-5502, 2003

5) Chomsky N : Aspects of the Theory of Syntax. MIT
press, Cambridge, 1965 (&Z# & - R EEROHE
M, BRguA, IR, 1970, pp54-70)

6) Chua SE, Wright IC, Poline JB, Liddle PE Murray RM,
Frackowiak RS]J, Friston KJ, McGuire PK : Grey matter
correlates of syndromes in schizophrenia. A semi-auto-
mated analysis of structural magnetic resonance images.
Br J Psychiatry 170 : 406-410, 1997

7) Crow TJ : Molecular pathology of schizophrenia : more
than one disease process? Br Med ] 280 : 66-68, 1980

8) Decety J, Sommerville JA ! Shared representations
between self and other : a social cognitive neuroscience
view. Trends Cog Neurosci 7 * 527-533, 2003

9) Dierks T, Linden DE, Jandl M, Formisanc E, Goebel R,
Lanfermann H, Singer W  Activation of Heschl's gyrus
during auditory hallucinations. Neuron 22 @ 615~621,
1999

10) Farrer C, Frith CD : Experiencing oneself vs anther
person as being the cause of an action : the neural corre-
lates of the experience of agency. Neurolmage 15 : 596~
603, 2002

11) Farrer C, Franck N, Georgieff N, Frith CD, Decety ],
Jeannerod M : Modulating the experience of agency - a
positron emission tomography study. Neurolmage 18 :
324-333, 2003

12) Fletcher PC, Shallice T, Dolan R] : The functional roles
of prefrontal cortex in episodic memory. [ . Encoding.
Brain 121 : 1239-1248, 1998

13) Franck N, O’Leary DS, Flaum M, Hichwa RD, Andreasen
NC : Cerebral blood flow changes associated with
Schneiderian first-rank symptoms in schizophrenia. J
Neuropsychiatry Clin Neurosci 14 : 277-282, 2002

14) Frith CD:The Cognitive Neuropsychology of
Schizophrenia. Erlbaum (UK) Taylor & Francis, UK, 1992
(FAPE— - EHEE - BN 2R oBHmELHE
¥, EEER, RE, 1995)

15) Gallagher S : Neurocognitive models of schizophrenia :
a neurophenomenological critique. Psychopathology 37 *
8-19, 2004

16) Gallese-V, Keysers C, Rizzolatti G : A unifying view of
the basis of social cognition. Trends Cog Sci 8 : 396-
403, 2004

17) Hirayasu Y, Shenton ME, Salisbury DEF Dickey CC,
Fischier IA, Mazzoni P, Kisler T, Arakakai H, Kwon JS,
Anderson JE, Yurgelum-Todd D, Tohen M, McCarley
RW : Lower left temporal lobe MRI volumes in patients
with first-episode schizophrenia compared with
psychotic patients with first-episode affective disorder
and normal subjects. Am J Psychiatry 155 @ 1384-1391,
1998

18) Huber G : Psychiatrie. 6te Aufl, Schattauer, Stuttgart,
1999 pp286, (#k  #H— - 3 : KEMR & (32, HTiEdt,
BH, 2005, ppl0s)

19) Ishii R, Shinosaki K, Ikejiri Y, Ukai S, Yamashita K,
Iwase M, Mizuno-Matsumoto Y, Inouye T, Yoshimine T,
Hirabuki N, Robinson SE, Takeda M : Theta rhythm
increases in left superior temporal cortex during auditory
halucinataions in schizophrenia : a case report. NeuroRe-
port 11 © 3283-3287, 2000

20) Jackson JH : Evolution and dissolution of the nervous
system. Croonian Lectures, 1884, —%5 1 5—BiE — I,
i B, BEAE—RB, A @ () BeEF 18
993-1001, 1976

21) Jackson PL, Decety J: Motor cognition : a new para-
digm to study self-other interactions. Current Opinion
Neurobiol 14 : 259-263, 2004

22) Jackson PL, Meltzoff AN, Decety J:How do we
perceive the pain of others? A window into the neural
processes involved in empathy. Neurolmage 24 : 771~
779, 2005

23) Jaspers K : Allgemeine Psychopathologie. Springer
Verlag, Berlin, 1959, pp101 (M #hz, BRIATS, SiE
R, MESGR - R BEEERR (D). SRS,

—227—



150

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

3R 7, 1953, ppl85, ppl4 ; General Psychopathology.
Vol 1, translated by Hoenig ] and Hamilton MW, Johns
Hopkins University Press, Baltimore, 1997, ppl21)
Johnstone EC, Crow TJ, Frith CD, Husband J, Kreel L :
Cerebral ventricular size and cognitive impairment in
chronic schizophrenia. Lancet ii : 924-926, 1976

Kasai K, Shenton ME, Salisbury DF, Hirayasu Y, Lee CU,
Ciszewski AA, Yurgelun-Todd D, Kikinis R, Jolesz FA,
McCarley RW : Progressive decrease of left superior
temporal gyrus gray matter volume in patients with first—
episode schizophrenia. Am J Psychiatry 160 : 156-164,
2003a

Kasai K, Shenton ME, Salisbury DF, Hirayasu Y, Onit-
suka T, Spencer MH, Yurgelum-Todd DA, Kikinis R,
Jolesz FA, McCarley RW : Progressive decrease of left
Heschl gyrus and planum temporale gray matter volume
in first-episode schizophrenia : a longitudinal magnetic
resonance imaging study. Arch Gen Psychiatry 60 : 766~
775, 2003b

Kawasaki Y, Suzuki M, Nohara S, Hagino H, Takahashi
T, Matsui M, Yamashita I, Chitnis XA, McGuire PK, Seto
H, Kurachi M : Structural brain differences in patients
with schizophrenia and schizotypal disorder demon-
strated by voxel-based morphometry. Eur Arch
Psychiatry Clin Neurosci 254 : 406-414, 2004

RGBT, PNEEF, T & LORE, B2AF
F: V2727 —ERREDBAREBRIE DR E
& EIERE L O —, FEMES 30 © 635-642, 1988
BHRIIELE - BaORR OB - R - NESE & BET
BE~DA 7Y —, BRRIEHHIE 19 : 3-18, 1998
BANIERE, EHAE: BHORR L OEEE BTE
PHRSHREE, MRIRRSHIESEEE, 2% EOERK, b
WEE, A, 1999, pp394-412

BAIERE, RNER, BE K, KRR, $AET
IMER I & 2 MoK O RS, BREMES
30 : 955-959, 2001

Kurachi M : Pathogenesis of schizophrenia : part [ .
Symptomatology, cognitive characteristics and brain
morphology. Psychiatry Clin Neurosci 57 : 3-8, 2003a
Kurachi M : Pathogenesis of schizophrenia : partil.
Temporo—frontal two-step hypothesis. Psychiatry Clin
Neurosci 57 : 9-15, 2003b

BRI BIAKEDRERR « MITE-805E 2 B
FAEIRE. FRARREFHSEEE 8 1 1309-1323, 2005
Lennox, BR, Park SBG, Medley I, Morris PG, Jones
PB : The functional anatomy of auditory hallucinations in
schizophrenia. Psychaitry Res : Neuroimging 100 : 13-
20, 2000

Lieberman JA, Tollefson GD, Charles C, Gur RE,
McEvoy ], Perkins D, Hamer RM, Gu H, Tohen M :
Antipsychotic drug effects on brain morphology in first-
episode psychosis. Arch Gen Psychiatry 62 : 361370,
2005

McGuire PK, Shah GMS, Murray RM : Increased blood
flow in Broca's area during auditory hallucinations in
schizophrenia. Lancet 342 @ 703~-706, 1993

o

38)

39)

40)
41)

42)

43)
44)

45)

46)

47)

48)

49)

50)

51)

52)

—228—

Matsui M, Yoneyama E, Sumiyoshi T, Noguchi K,
Nohara S, Suzuki M, Kawasaki Y, Seto H, Kurachi M :
Lack of self-control as assessed by a personality inven-
tory is related to reduced volume of supplementary
motor area. Psychiatry Res 116 : 53-61, 2002

Matsui M, Sumiyoshi T, Kato K, Yoneyama E, Kurachi
M : Neuropsychological profile in patients with schizo-
typal personality disorder or schizophrenia. Psychol
Reports 94 ! 387-397, 2004

Mayer-Gross W, Slater E, Roth M : Clinical Psychiatry,
3" ed., Williams & Wilkins, Baltimore, 1969, pp270
Murray RM, Lewis SW : Is schizophrenia a neurodevel-
opmental disorder? Br Med J 295 : 681-682, 1987
Nohara S, Suzuki M, Kurachi M, Yamashita I, Matsui M,
Seto H, Saitoh O : Neural correlates of memory organiza-
tion deficits in schizophrenia. A single photon emission
computed tomography study with 99 mTc-ethyl-cyste-
inate dimer during a verbal learning task. Schizophrenia
Research 42  209-222, 2000

Northoff G, Bermpoh! F : Cortical midline structures
and the self. Trends Cog Sci 8 : 102-107, 2004

RRREEME - BRAERRRSE . BETSE 10 iR, £ HIAR,
BRI, 2005, pp75-76, pp341-342

Roberts RC, Tamminga CA :Schizophrenia:
Neuropathology. In Kaplan & Sadock’s Comprehensive
Textbook of Psychiatry, Vol 1, eds by Sadock BJ, Sadock
VA, Lippincott Williams & Wilkins, Philadelphia, 2005,
ppl408-1416

Ruby B Decety ] : Effect of subjective perspective
taking during simulation of action : a PET investigation
of agency. Nature Neurosci 4 : 546-550, 2001

Ruby F Decety ] : What you believe versus what you
think they believe : a neuroimaging study of conceptual
perspective—taking. Eur ] Neurosci 17 : 2475-2480, 2003
Ruby P Decety J : How would you feel versus how do
you think she would feel? A neurcimaging study of
perspective-taking with social emotions. J Cog Neurosci
16 : 988-999, 2004

Schneider K : Klinische Psychopathologie. 11te Aufl.,
George Thieme Verlag, Stuttgart, 1976 (EH:E#h, FiTF
AW - 5R, %5 R, SO, HE, 1965, pl12-113,
p134-135, p148 ; Clinical Psychopathology, 5% ed, trans-
lated by Hamilton MW, Grune & Stratton, New York,
1959)

Shenton ME, Kikinis R, Jolesz FA, Pollak SD, LeMay M,
Wible CG, Hokama H, Martin ], Metcalf D, Coleman M,
McCarley RW : Abnormalities of the left temporal lobe
and thought disorder in schizophrenia ; A quantitative
magnetic resonance imaging study. N Engl ] Med 327 :
604-612, 1992

Shenton ME, Dickey CC, Frumin M, McCarley RW : A
review of MRI findings in schizophrenia. Schizophr Res
49 1 1-52, 2001

Shergill SS, Brammer MJ, Williams CR, Murray RM,
McGuire PK @ Mapping auditory hallucinations in schizo-
phrenia using functional magnetic resonance imaging.



53)

54)

55)

56)

57)

58)

59)

60)

61)

62)

63)

64)

65)

ERES - 502 1 5 - 2006 £ 2 H 151

Arch Gen Psychiatry 57 + 1033-1038, 2000

Shergill SS, Brammer M], Amaro E, Wilhams SCR,
Murray RM, McGuire PK @ Temporal course of auditory
hallucinations. Br J Psychiatry 185 : 516-517, 2004
Siever L], Koenigsberg HW, Harvey P, Mitropoulou V,
Laruelle M, Abi-Dargham A, Goodman M, Buchsbaum
M : Cognitive and brain function in schizotypal person-
ality disorder. Schizophr Res 54 : 157-167, 2002

Siever LJ, Davis KL : The pathophysiology of schizo-
phrenia disorders : perspectives from the spectrum. Am
J Psychiatry 161 : 398-413, 2004

Spence SA, Brooks DJ, Hirsch SR, Liddle PE Meehan ],
Grasby PM : A PET study of voluntary movement in
schizophrenic patients experiencing passivity phenomena
(delusions of alien control). Brain 120 : 1997-2011, 1997
Sumiyoshi T, Matsui M, Yamashita I, Nohara S, Kurachi
M, Uehara T, Sumiyoshi S, Sumiyoshi C, Meltzer HY :
The effect of tandospirone, a serotonin (1A) agonist, on
memory function in schizophrenia. Biol Psychaitry 49 :
861-868, 2001

Sumiyoshi C, Matsui M, Sumiyoshi T, Yamashita I, Sumi-
yoshi S, Kurachi M : Semantic structure in schizo-
phrenia as assessed by the category fluency test : effect
of verbal intelligence and age of onset. Psychiatry Res
105 : 187-199, 2001

Sumiyoshi T, Tsunoda M, Uehara T, Tanaka K, Itoh H,
Sumiyoshi C, Kurachi M : Enhanced locomotor activity
in rats with excitotoxic lesions of the entorhinal cortex, a
neurodevelopmental animal model of schizophrenia :
behavioral and in vivo microdialysis studies. Neurosci
Lett 364 : 124-129, 2004

Sumiyoshi T, Seeman P, Uehara T, Itoh H, Tsunoda M,
Kurachi M ! Increased proportion of high-affinity dopa-
mine D2 receptors in rats with excitotoxic damage of the
entorhinal cortex, an animal model of schizophrenia. Mol
Brain Res 140 : 116-119, 2005

Sumiyoshi C, Sumiyoshi T, Roy A, Jayathilake K,
Meltzer HY : Atypical antipsychotic drugs and organiza-
tion of long-term semantic memory @ multidimensional
scaling and cluster analyses of category fluency perform-
ance in schizophrenia. Int J Neuropsychopharmacol 2005
[Epub ahead of print]

SRAHEE, AAIEME  BHoORRE L BTEHE, WRGES
37 1 155-166, 1993

Suzuki M, Yuasa S, Minabe Y, Murata M, Kurachi M :
Left superior temporal blood flow increases in schizo-
phrenic and schizophreniform patients with auditory
hallucination : a longitudinal case study using 123I-IMP
SPECT. Eur Arch Psychiatry Clin Neurosci 242 ' 257~
261, 1993

AR BERINER o RS B —
SPECT. AT IEBAHAIREE « BRI W R £ REEE, 58 21 %,
% & 178, "I, B, 1999, ppd2-52

Suzuki M, Nohara S, Hagino H, Kurokawa K, Yotsutsuji
T, Kawasaki Y, Takahashi T, Matsui M, Watanabe N,
Seto H, Kurachi M : Regional changes in brain gray and

66)

67)

68)

69)

70)

71)

72)

white matter in patients with schizophrenia demon-
strated with voxel-based analysis of MRI. Schizophr Res
55 1 41-54, 2002

Suzuki M, Zhou S-Y, Hagino H, Takahashi T, Kawasaki
Y, Matsui M, Seto H, Ono T, Kurachi M : Morphological
brain changes associated with Schneider’s first-rank
symptoms in schizophrenia : an MRI study. Psychol
Med 35 : 549-560, 2005a

Suzuki M, Zhou S~Y, Takahashi T, Hagino H, Kawasaki
Y, Niu L, Matsui M, Seto H, Kurachi M : Differential
contributions of prefrontal and temporolimbic pathology
to mechanisms of psychosis. Brain 128 :2109-2122,
2005b

Suzuki M, Nohara S, Hagino H, Takahashi T, Kawasaki
Y, Yamashita I, Watanabe N, Seto H, Kurachi M:
Prefrontal abnormalities in patients with simple schizo-
phrenia @ structural and functional brain-imaging studies
in five cases. Psychiatry Res 140 @ 157-171, 2005¢
Takahashi T, Suzuki M, Zhou S-Y, Hagino H, Kawasaki
Y, Yamashita I, Nohara S, Nakamura K, Seto H, Kurachi
M : Lack of normal gender differences of the perigenual
cingulated gyrus in schizophrenia spectrum disorders.
Eur Arch Psychiatry Clin Neurosci 254 : 273-280, 2004
Takahashi T, Suzuki M, Zhou S-Y, Hagino H, Tanino R,
Kawasaki Y, Nohara S, Yamashita I, Seto H, Kurachi M :
Volumetirc MRI study of the short and long insular
cortices in schizophrenia spectrum disorders. Psychiatry
Res 138 : 209-220, 2005

Uehara T, Tanii Y, Sumiyoshi T, Kurachi M : Neonatal
lesions of the left entorhinal cortex affect dopamine
metabolism in the rat brain. Brain Research 860 : 77-86,
2000

Uehara T, Sumiyoshi T, Itoh H, Kurachi M : Modulation

~of stress-induced dopamine release by excitotoxic

73)

74)

75)

76)

77)

—229—

damage of the entorhinal cortex in the rat. Brain Res
989 @ 112-116, 2003

Weinberger D : Implications of normal brain develop-
ment for the pathogenesis of schizophrenia. Arch Gen
Psychiatry 44 : 660-669, 1987

Wing JK, Cooper JE, Sartorius N : The Measurement
and Classification of Psychiatric Symptoms. Cambridge
University Press, Cambridge, 1974 (Ff& B, F4RC -
R BEEROWE & 948, BEFEBR, R, 1981,
ppl91, ppl98)

IWT AT, WA=, SEE  TEOFESM LR
EY 5 HEEERAOMER, RS 42 1 1279-1283,
2000

Yuasa S, Kurachi M, Suzuki M, Kadono Y, Matsui M,
Saitoh O, Seto H : Clinical symptoms and regional cere-
bral blood flow in schizophrenia. Eur Arch Psychiatry
Clin Neurosci 246 : 7-12, 1995

Zhou SY, Suzuki M, Hagino H, Takahashi T, Kawasaki Y,
Matsui M, Seto H, Kurachi M : Volumetric analysis of
sulci/gyri-defined in vivo frontal lobe regions in schizo-
phrenia ! precentral gyrus, cingulate gyrus, and prefrontal
region. Psychiatry Res 139 : 127-139, 2005

il



152 RS 50% 18 - 2006 £ 2 B
Abstract

Schizophrenia : disturbance of the self and sociality-related circuits
Masayosht Kurachi
from
Department of Neuropsychiatry, Faculty of Medicine, Toyama University, 2630 Sugitani, Toyama 930-0194, Japan.

Magnetic resonance imaging studies on schizophrenia patients have revealed significant grey matter volume re-
duction in the limbic systems (amygdala, hippocampus), paralimbic cortices (insula, cingulated gyrus), superior
temporal gyri, and dorsolateral frontal lobes in the left hemisphere predominantly. It should be noted that Peri-
Sylvian structures including the speech area and mirror neuron systems are often involved. Clinical symptoms in
schizophrenia are characterized by disturbance of the self, and these symptoms may become understandable, if we
assume the dysfunctional state of the mirror neuron systems.
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Common abnormalities within the schizophrenia spectrum may be essential for the pathogenesis of schizo-
phrenia, but additional pathological changes may be required for the development of full-blown schizophrenia.
Clarifying the neurobiological similarities and differences between established schizophrenia and a milder
form of schizophrenia spectrum disorder would potentially discriminate the pathophysiological mechanisms
underlying the core features of the schizophrenia spectrum from those associated with overt psychosis.
High-resolution MRIs were acquired from 25 patients with schizotypal disorder, 53 patients with schizophrenia
and 59 healthy volunteers matched for age, gender, handedness and parental education. Volumetric meas-
urements of the medial temporal structures and the prefrontal cortex subcomponents were performed using
consecutive |-mm thick coronal slices. Parcellation of the prefrontal cortex into subcomponents was per-
formed according to the intrinsic anatomical landmarks of the frontal sulci/gyri. Compared with the controls,
the bilateral volumes of the amygdala and the hippocampus were reduced comparably in the schizotypal and
schizophrenia patients. The parahippocampal gyrus volume did not differ significantly between diagnostic
groups. Total prefrontal grey matter volumes were smaller bilaterally in the schizophrenia patients than in
the controls and the schizotypal patients, whereas the schizotypal patients had larger prefrontal grey matter
than the controls in the right hemisphere. In the schizophrenia patients, grey matter volumes of the bilateral
superior frontal gyrus, left middle frontal gyrus, bilateral inferior frontal gyrus and bilateral straight gyrus
were smaller than those in the controls. The schizophrenia patients also had reduced grey matter volumes
in the right superior frontal gyrus, bilateral middle frontal gyrus and right inferior frontal gyrus relative to the
schizotypal patients. Compared with the controls, the schizotypal patients had larger volumes of the bilateral
middle frontal gyrus and smaller volumes of the right straight gyrus. There were no significant between-group
differences in volumes of the ventral medial prefrontal cortex or the orbitofrontal cortex. These findings
suggest that volume reductions in the amygdala and hippocampus are the common morphological substrates
for the schizophrenia spectrum, which presumably represent the vulnerability. Additional widespread involve-
ment of the prefrontal cortex in schizophrenia may lead to the loss of inhibitory control in other brain regions
and suggests (although it is not specifically be related to) its critical role in the manifestation of overt psychosis.

Keywords: schizotypal disorder; schizophrenia; MRI; medial temporal lobe; prefrontal cortex

Abbreviations: BA = Brodmann area; DSM-1V = Diagnostic and Statistical Manual of Mental Disorders, fourth edition;
[CD-10 = International Classification of Diseases, 10th edition; ICV = intracranial volume; MANCOVA = multivariate analysis
of covariance; ROI = region of interest; SANS = Scale for the Assessment of Negative Symptoms; SAPS = Scale for the
Assessment of Positive Symptoms; VBM = voxel-based morphometry
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Introduction

Pathological deviations genetically and phenomenologically
related to schizophrenia are grouped under the schizophrenia
spectrum. This concept reflects the assumption that schizo-
phrenia has a multifactorial aetiology in which multiple sus-
ceptibility genes interact with environmental insults to yield
a range of phenotypes (Siever and Davis, 2004). Common
neurobiological abnormalities in the schizophrenia spectrum
may be essential for the pathogenesis of schizophrenia.
However, some additional pathological changes may also
be required for the development of full-blown schizophrenia.
Schizotypal (personality) disorder is thought to be a proto-
typic disorder within the schizophrenia spectrum (Siever
et al.,, 2002). It is genetically related to schizophrenia (Siever
et al, 1990; Kendler et al, 1993) and characterized by odd
behaviour and attenuated forms of the features seen in
schizophrenia without manifestation of overt and sustained
psychosis (World Health Organization, 1993; American
Psychiatric Association, 1994). Clarifying the neurobiological
similarities and differences between established schizophrenia
and schizotypal (personality) disorder would potentially
discriminate the pathophysiological mechanisms uriderlying
the core features of the schizophrenia spectrum from those
associated with overt psychosis. Thus, this strategy may pro-
vide a clue to the mechanisms underlying the development of
schizophrenic psychosis.

Convergent evidence suggests that the pathological
process in schizophrenia predominantly affects the fronto-
temporolimbic-paralimbic regions (Shenton et al, 2001;
Suzuki et al, 2002). The hippocampal formation and the
prefrontal cortex are two of the major structures that have
received the most attention in the search for the neural
substrate of schizophrenia. Slight but significant volume
reductions in the hippocampus, amygdala and frontal
lobe have been reported in a number of volumetric
MRI studies of schizophrenia (see reviews: Lawrie and
Abukmeil, 1998; Harrison, 1999; Shenton et al, 2001). Dys-
function of these regions has been implicated in the cardinal
characteristics of schizophrenia. Involvement of the hippo-
campal formation has been suggested to play a role in mani-
festing psychotic symptoms and verbal memory deficits in
schizophrenia patients (Friston et al, 1992; Liddle et al,
1992; Goldberg et al, 1994), while prefrontal abnormalities
have been related to negative symptoms and cognitive im-
pairments, such as deficits in working memory, executive
and problem solving functions (Goldman-Rakic and
Selemon, 1997).

There is increasing evidence of alterations in the brain
structures of schizotypal subjects (see reviews: Dickey et al.,
2002a; Siever and Davis, 2004). Our previous study using
voxel-based morphometry (VBM) demonstrated that grey
matter reduction in the medial temporal region was common
to patients with schizophrenia and schizotypal disorder, but
schizophrenia patients showed more widespread involvement
of the frontal lobe than schizotypal subjects (Kawasaki et al.,
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2004). These findings need to be confirmed by detailed
volumetric region of interest (ROI) analyses. However,
only a single volumetric study, by Dickey and colleagues
(Dickey et al, 1999), has examined the medial temporal
lobe structures in schizotypal subjects and found no abnor-
mality in the amygdala or hippocampus volume. Previous
MRI studies have provided evidence of preserved volume
of the brain structures densely interconnected with the pre-
frontal cortex in schizotypal subjects relative to schizophrenia
(Byne et al., 2001; Takahashi et al., 20025, 2004; Suzuki et al.,
2004). These findings suggest that the prefrontal cortex may
be structurally spared in schizotypal subjects. As to the pre-
frontal cortex per se, however, only preliminary data referring
to preserved frontal lobe volume in schizotypal patients have
been reported (Siever and Davis, 2004). Siever and Davis
(2004) have made an extensive review of neurobiological
findings in subjects with schizotypal personality disorder
and proposed a model regarding the pathophysiology of
the schizophrenia spectrum disorders. Their model also pre-
dicted that temporal volume reductions would be common
across the schizophrenia spectrum disorders, whereas frontal
volumes would be more preserved in schizotypal subjects than
in schizophrenia patients. More data on the volume changes
of both the medial temporal lobe and the prefrontal cortex in
schizotypal subjects are needed for comparison with those in
schizophrenia patients. Detailed volumetric analyses of both
structures in the same subjects would allow more compelling
conclusions to be drawn. In addition, the great multiplicity of
structural and functional organization within the prefrontal
cortex necessitates examination of the structural alterations
in each subcomponent of the prefrontal cortex. This has
been conducted in several studies of schizophrenia patients
(Wible et al,, 1997; Buchanan et al, 1998, 2004; Goldstein
et al., 1999; Crespo-Facorro et al., 2000; Convit et al., 2001;
Yamasue et al, 2004) but has never been reported for
schizotypal subjects.

The present study aimed to elucidate the implications of
structural abnormalities of the medial temporal structures
and the prefrontal cortex in the manifestation of psychosis
in schizophrenia. We employed high-resolution MRI and
performed volumetric assessments of the amygdala, hippo-
campus, parahippocampal gyrus and prefrontal cortex in
patients with schizotypal disorder, comparable patients
with established schizophrenia and healthy control subjects.
The prefrontal cortex was subdivided into subcomponents
according to the intrinsic anatomical landmarks. We hypo-
thesized, from our previous VBM findings (Kurachi, 20034, b;
Kawasaki et al., 2004) and the model by Siever and Davis
(2004) that patients with schizotypal disorder would have
volume deficits in the medial te aporal lobe but limited
abnormalities in the prefrontal cortex, whereas patients
with schizophrenia would show volume reductions in the
medial temporal lobe as well as in widespread regions of
the prefrontal cortex.
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Methods
Subjects

Twenty-five patients (15 males, 10 females) with schizotypal
disorder, 53 patients with schizophrenia (32 males, 21 females)
and 59 control subjects (35 males, 24 females) were included in
this study. All subjects were right-handed. Demographic and clinical
data of the subjects are presented in Table 1.

The patients with schizotypal disorder were recruited from
among the subjects who visited the clinics of the Department of
Neuropsychiatry, Toyama Medical and Pharmaceutical University
Hospital manifesting schizotypal features with distress or asso-
ciated problems in their lives. Structured clinical interviews were
performed using the Comprehensive Assessment of Symptoms
and History (CASH) (Andreasen et al., 1992) and Structured Clinical
Interview for DSM-1V axis 11 disorders (SCID-II) (First et al., 1997).
They all met the criteria for schizotypal disorder in the International
Classification of Diseases, 10th edition (ICD-10) (World Health
Organization, 1993) as-well as the criteria for schizotypal personality
disorder in the Diagnostic and Statistical Manual of Mental
Disorders, fourth edition (DSM-1V) (American Psychiatric
Association, 1994). Based on the data from the CASH and
SCID-I1, subjects were diagnosed by a consensus of at least two
experienced psychiatrists, and when necessary the propriety of
including cases in the study was discussed among clinical staff mem-
bers involved. None of the subjects was judged to meet the criteria
for schizophrenia of ICD-10 or of DSM-IV currently or previously.
At the time of MRI scanning, six patients were neuroleptic-naive and
19 patients were being treated with low doses of antipsychotics; six
patients were being treated with typical neuroleptics and 13 patients
were receiving atypical neuroleptics. All subjects have received con-
sistent clinical follow-up and none of them has developed overt
schizophrenia to date (mean follow-up period after MRI scanning
= 2.5 years, SD = 1.9). Four of the 25 patients with schizotypal
disorder were relatives of individuals with schizophrenia. Since
schizotypal subjects rarely present themselves for clinical care, our
clinic-based sample was considered to be somewhat more severely ill

Brain (2005), 128, 21092122 2111
than may be expected of schizotypal individuals among the general
population.

The patients with schizophrenia were diagnosed based on the
CASH and Structured Clinical Interview for DSM-IV axis I dis-
orders (SCID-1) (First et al, 1996). They fulfilled both ICD-10
and DSM-1IV criteria for schizophrenia. All schizophrenia patients
apart from one female patient were receiving neuroleptic medication;
25 patients were being treated with typical neuroleptics and 27
patients were receiving atypical neuroleptics. The clinical status of
the schizophrenia patients was variable; some of them were in an
active psychotic episode and others were in partial remission or in a
residual phase. All patients with schizotypal disorder and schizophre-
nia were physically healthy and none had a history of head trauma,
neurological illness, serious medical or surgical illness, or substance
abuse disorder. Clinical symptoms were rated by well-trained psy-
chiatrists or psychologist within 1 month of scanning using the
Scale for the Assessment of Negative Symptoms (SANS; Andreasen,
1983) and the Scale for the Assessment of Positive Symptoms (SAPS;
Andreasen, 1984). Inter-rater intraclass correlation coefficients were
over 0.92 for all the subscale scores and the total scores of the SANS
and the SAPS.

The control subjects consisted of healthy volunteers recruited
from among the community and hospital staff or were medical
and pharmaceutical students. They were interviewed by psychiatrists
using the questionnaire concerning their family and past histories,
and present illness. Subjects were excluded if they had a history
of psychiatric illness, head trauma, neurological illness, serious
medical or surgical illness, or substance abuse disorder. They were
also screened for a history of psychiatric disorders in their first-
degree relatives. All control subjects were given the Minnesota Mul-
tiphasic Personality Inventory, and subjects were excluded if they had
abnormal profiles with any T-score exceeding 70. The three groups
were matched for age, sex, handedness, height and parental educa-
tion (Table 1).

After complete description of the study to the subjects, written
informed consent was obtained. This study was approved by the’

Table | Demographic and clinical characteristics of patients with schizotypal disorder, patients with schizophrenia and

healthy comparison subjects

Schizotypal disorder patients

Schizophrenia patients Healthy comparison subjects

(n = 25) (n=53) (n=259)
Male/female 15/10 32721 35124
Handedness 25 right 53 right 59 right
Age (years) 255 £ 57 253 £ 50 243 £ 53
Height (cm) 164.6 = 8.7 166.1 £ 7.3 1670 = 7.3
Weight (kg) 60.3 = 9.7 61.7 127 58.1 =94
Education (years) 13.5 + |.8f 132 = 1.9 16.0 = 2.5
Parental education (years) 121 £ 1.9 122 + 2.1 128 + 2.4
Age at onset (years) - 21.7 = 45 -
Duration of iliness (years) - 3.7 = 38 -
Total SAPS score 16.0 = 85 241 = 205 -
Total SANS score 46.8 = 245 457 = 225 -
Drug dose (mg/day, 39+ 47 1.6 + 9.4% -
haloperidol equivalent)*
Duration of medication (years) 03 =04 2.7 * 3.4 -

Values represent mean * SD. *Neuroleptic dosages of different classes of antipsychotic drugs were converted |nto haloperidol equivalents
using the gmdelme by Toru (2001). Post hoc comparisons following analysis of variance (ANOVA) revealed: P < 0.01, smaller than in
controls; *P < 0,01, larger than in schizotypal disorder patients. SAPS = Scale for the Assessment of Positive Symptoms; SANS = Scale for the

Assessment of Negative Symptoms.
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Committee on Medical Ethics of Toyama Medical and Pharmaceut-
ical University.

There are considerable overlaps between the subjects in the pre-
sent study and those in previous MRI studies from our group. Of the
25 patients with schizotypal disorder, 15 and 17 patients overlapped
with those in the volumetric MRI studies of the anterior cingulate
gyrus (Takahashi et al, 2002b, 2004) and of the internal capsule
(Suzuki et al,, 2004), respectively. Of the 53 patients with schizo-
phrenia, 34 overlapped with those in the volumetric MRI studies
(Takahashi et al, 2002a; Zhou et al.,, 2003; Niu et al., 2004). In the
VBM study by Kawasaki et al. (2004), 17 schizotypal patients and
20 schizophrenia patients were the same as those in the present
study. In these previous studies, 37-54 of the control subjects also
overlapped with those in the present study according to the stages of
our research.

MRI acquisition and processing

MRI scans were acquired with a 1.5 T scanner (Vision; Siemens
Medical System, Erlangen, Germany). A three-dimensional TI-
weighted gradient-echo sequence FLASH (fast low-angle shots)
with 1 X 1 X 1 mm voxels was used. Imaging parameters were: TE
(echo time) = 5 ms; TR (repetition time) = 24 ms; flip angle = 40°;
field of view = 256 mm; matrix size = 256 X 256.

Image processing for volumetric ROT analysis has been described
in detail previously (Takahashi et al, 2002a). Briefly, on a Unix
workstation (Silicon Graphics, Mountain View, CA, USA), the
image data were processed with the software package Dr View 5.0
(Asahi Kasei Joho System, Tokyo, Japan). Brain images were
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realigned in three dimensions and reconstructed into entire contigu-
ous coronal slices of 1 mm thickness perpendicular to the anterior
commissure—posterior commissure line. The whole cerebrum was
separated from the brainstem and cerebellum. The signal intensity
histogram distributions across the whole cerebrum were used to
segment the voxels semiautomatically into grey matter, white
matter and cerebrospinal fluid (CSF). Using the thresholds between
the tissue compartments, volumes of whole hemispheric grey matter
and white matter were calculated. These whole hemispheric grey
matter and white matter volumes summed to the whole cerebral
hemisphere volume, which did not include CSF or ventricles. Intra-
cranial volume (ICV) was measured by manual tracing of the intra-
cranial cavity on reformatted 5 mm thick sagittal slices as described
previously (Zhou et al., 2003).

Volumetric analysis of ROIs

The ROIs for volumetric measurements were placed on the medial
temporal structures and prefrontal cortex, as presented in Figs 1
and 2, respectively.

Medial temporal lobe

The amygdala, hippocampus and parahippocampal gyrus were
manually outlined on consecutive coronal 1 mm slices with the
corresponding sagittal and axial planes simultaneously presented
for reference. Volumes of grey and white matter in each of these
structures were measured together, The detailed procedures for
delineation of these structures were described previously (Niu

Fig. I Delineations of medial temporal regions of interest taken from mutually orthogonal transaxial (&), sagittal (B) and coronal
(C) planes. A three-dimensional reconstructed image of the three regions is also shown (D). Each of the regions is differentially coloured:
amygdala (green), hippocampus (red) and parahippocampal gyrus (blue). a, anterior; i, inferior; |, left; p, posterior; r, right; s, superior.
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Fig. 2 Three-dimensional reconstructed images of prefrontal regions of interest presenting right lateral (A), right medial (B), dorsal (C),
ventral (D) and anterior (E) views of the brain. Panel F demonstrates subdivisions of superior frontal gyrus. |, superior frontal gyrus;

2, middle frontal gyrus; 3, inferior frontal gyrus; 4, ventral medial prefrontal cortex; 5, orbitofrontal cortex; 6, straight gyrus; 7, dorsolateral
part of superior frontal gyrus; 8, dorsal medial prefrontal cortex; 9, supplementary motor cortex.

et al., 2004; Suzuki et al., 2005a). The inferior border of the amygdala
in contact with the hippocampal head was determined by reference
to the sagittal plane since the boundary between the hippocampus
and the amygdala is more readily identified on the sagittal plane
(Convit et al., 1999). Anatomical boundaries for these structures are
presented in Table 2.

Prefrontal cortex

Delineation of the prefrontal cortex was partially based on the
works of Rademacher et al. (1992) and Crespo-Facorro et al
(19994a). Parcellation of the frontal lobe into subcomponents was

performed according to the anatomical landmarks that were, in
principle, intrinsic to the brain (sulci/gyri). With the availability
of synchronous—orthogonal views in three dimensions in conjunc-
tion with the context of gyri/sulci on successive slices, decisions
about the landmarks could be made readily. First, the whole frontal
Jobe was separated from the rest of the brain by the central sulcus.
The prefrontal area was demarcated by subtracting the precentral
gyrus and the cingulate gyrus from the whole frontal lobe. By this
definition of the prefrontal area, it inevitably includes the premotor

" cortex [Brodmann area (BA) 6 and part of BA 8]. The paracingulate

gyrus (approximately corresponding to BA 32), when present, was
included in the prefrontal area. After the extraction of the prefrontal
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Table 2 Anatomical landmarks demarcating the regions of interest

Region

Anatomical landmark

Medial temporal region

Amygdala
Anterior border
Posterior border
Superior border
Inferior border
Lateral border
Medial border

Hippocampus
Anterior border
Posterior border
Superior border
Inferior border
Lateral border
Medial border

Parahippocampal gyrus
Anterior border
Posterior border
Superior border
Lateral border

Prefrontal area

Appearance of oval-shaped grey matter of the amygdala

Thin strip of grey matter of the hippocampal-amygdala transitional area
Cerebrospinal fluid overlying the semilunar gyrus and its medial extension
Alveus

Temporal lobe white matter and extension of the temporal horn

Thin strip of parahippocampal white matter (angular bundle)

Alveus

Level of the last appearance of fibres of the fornix
Alveus

White matter of parahippocampal gyrus

Inferior horn of lateral ventricle

Mesial edge of temporal lobe

Level of the first appearance of the temporal stem
Level of the last appearance of fibres of the fornix
Inferior grey border of the hippocampal formation
A line drawn from the most lateral border of the hippocampal flexure to the collateral suicus

Superior frontal gyrus (includes the paracingulate

gyrus when it exists)
Lateral inferior border
Medial inferior border
Anterior border
Posterior border
Dorsolateral part
Medial part
Dorsal medial prefrontal cortex

Supplementary motor area
Middle frontal gyrus
Superior border
Inferior border
Anterior border
Posterior border
Inferior frontal gyrus
Superior border
Inferior border

Anterior border
Posterior border
Ventral medial prefrontal cortex
Superior border
Inferior border
Anterior border
Posterior border

Orbitofrontal cortex
Anterior/lateral border

Medial border

Posterior border
Straight gyrus
Lateral border
Medial border
Anterior border
Posterior border

Superior frontal sulcus

Cingulate sulcus and, in the most anterior part, superior rostral sulcus
Frontomarginal sulcus, which extends from superior frontal sulcus

Precentral sulcus on the lateral surface and paracentral sulcus on the medial surface
Medially separated by the superior margin of the hemisphere

Dorsolaterally separated by the superior margin of the hemisphere

Posteriorly demarcated by the coronal plane through the most anterior tip of the
inner surface of the genu of the corpus callosum

Anteriorly demarcated by the same coronal plane as above

Superior frontal sulcus

Inferior frontal sulcus

Frontomarginal sulcus, which extends from superior frontal sulcus
Precentral sulcus

Inferior frontal sulcus

Frontomargina! sulcus or lateral orbital sulcus in the anterior part and superior
circular sulcus in the operculum

Frontomarginal sulcus, which extends from inferior frontal sulcus

Precentral sulcus

Superior rostral sulcus in the anterior part and cingulate sulcus in the posterior part
Inferior rostral sulcus (the lowest visible sulcus in the medial surface of the hemisphere)
Frontomarginal sulcus, which extends from superior rostral sulcus

More posterior coronal plane through either of posterior extreme of cingulate

sulcus or superior rostral sulcus

Frontomarginal sulcus in the anterior part, lateral

orbital sulcus in the intermediate part and inferior circular sulcus in the posterior part
Superior rostral sulcus, which anteriorly merges into frontomarginal sulcus in the rostral part
and olfactory sulcus on the ventral surface of the hemisphere

The most posterior coronal plane containing medial orbital gyrus

Olfactory sulcus

Inferior rostral sulcus (the lowest visible sulcus in the medial surface of the hemisphere)
Anterior extreme of olfactory sulcus

Olfactory trigone
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area, it was subdivided into six subregions: the superior frontal gyrus,
which was further subdivided into three parts (dorsolateral part,
dorsal medial prefrontal cortex and supplementary motor cortex);
middle frontal gyrus; inferior frontal gyrus; ventral medial prefrontal
cortex; orbitofrontal cortex; and straight gyrus. Anatomical bound-
aries for each region are described in Table 2. All the volumetric
measurements were performed on reformatted consecutive 1 mm
coronal slices by manual outlining. Grey matter volumes of the
regional cortices were calculated by applying the segmentation
procedure described previously.

Three trained raters (S.Z., H.H. and L.N.), who were blinded to
the subjects’ identities, measured the volumes of the prefrontal
regions, the amygdala, and the hippocampus and parahippocampal
gyrus, respectively. Inter- and intra-rater intraclass correlation
coefficients in five randomly selected brains were over 0.92 for the
prefrontal ROIs and over 0.93 for the medial temporal ROIs.

Statistical analysis

Statistical differences in the regional volume measures were analysed
by repeated measures multivariate analysis of covariance
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(MANCOVA) with ICV and age as covariates for each region,
with diagnosis group (schizophrenia patients, schizotypal disorder
patients, control subjects) and gender (male, female) as between-
subject factors and hemisphere (right, left) as a within-subject factor.
For the comparison of ICV, only age was treated as a covariate. Post
hoc Tukey’s tests were employed to follow up the significant main
effects or interactions yielded by MANCOVAs. Pearson’s partial
correlation coefficients, controlling for ICV and age, were calculated
to examine relationships between the ROI volumes and the clinical
variables. Statistical significance was defined as P < 0.05 (two-tailed).
To prevent a possible type I error due to multiple tests, a Bonferroni
correction was applied for correlation analyses.

Results

Volumes of measured ROIs and results of MANCOVAs for
the main effect of diagnosis are presented in Tables 3, 4 and 5.
We report below the results concerning main effects of
diagnosis or interactions involving diagnosis only when

Table 3 Volumes of intracranial cavity, cerebral hemisphere and cerebral grey and white matter in patients with
schizotypal disorder, patients with schizophrenia and healthy comparison subjects

Regions of Schizotypal Schizophrenia Healthy comparison Diagnosis effect
interest disorder patients patients subjects
F df P
Intracranial volume 1526 = 150 1496 + |55 1509 + 128 0.71 2,130 0.492
Whole cerebral hemisphere |.84 2,129 0.162
Lefd 559.0 + 56.6 538.6 + 59.5 553.8 + 48.8
Right 566.1 = 57.2 545.8 = 60.4 5613 £ 492
Whole cerebral grey matter 4.89 2,129 0.008
Left” 362.1 + 40.5 339.8 + 39.3" 356.4 * 36.2
Right 353.6 + 40.3 329.9 + 3757 347.6 *+ 356
Whole cerebral white matter 1.69 2,129 0.187
Lefd 197.0 = 26.3 198.8 = 33.1 197.3 = 31.5
Right 2125 =293 2159 *= 394 213.7 £ 360

Values represent mean * SD of measured volume (cm?). Post hoc comparisons following multivariate analysis of variance with age and
intracranial volume as covariates (MANCOVA) revealed: TP <0.0 I, smaller than in controls; < 0.0 I, smaller than in schizotypal disorder
patients; 5P < 0.01, smaller than on right hemisphere; #P < 0.0, larger than on right hemisphere.

Table 4 Volumes of medial temporal lobe structures in patients with schizotypal disorder, patients with schizophrenia and

healthy comparison subjects

Regions of Schizotypal disorder Schizophrenia Healthy comparison Diagnosis effect
interest patients patients subjects
F df P
Amygdala 19.08 2,129 <0.001
Lefct 0.96 = 0.13" 0.99 = 0.1 113 = 0.14
Right 0.97 = 0.15 1.05 =+ 0.1 .15+ 0.14
Hippocampus 3.24 2,129 0.042
Left® 2.83 = 0.37% 2.89 = 0.427 3.04 + 0.40
Right 3.03 = 0.39* 3.09 = 0.56 324 = 035
Parahippocampal gyrus 0.34 2,129 0.706
Left 722 * 0.73 701 = 113 7.15 * 0.90
Right 7.22 * 0.57 7.09 = 1.08 7.31 £ 0.76

Values represent mean = SD of measured volume (cm®). Post hoc comparisons following muitivariate analysis of variance with age and
intracranial volume as covariates (MANCOVA) revealed: TP < 0.01, < 0.05, smaller than in controls; Sp < 0.01, smaller than on right

hemisphere.
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Table 5 Volumes of whole prefrontal grey and white matter and prefrontal cortex subcomponents in patients with
schizotypal disorder, patients with schizophrenia and healthy comparison subjects

Regions of Schizotypal disorder Schizophrenia Healthy comparison Diagnosis effect
interest patients patients subjects
F df p

Prefrontal grey matter 3.51 2,129 0.032
LefcH 97.18 * 13.65 91.05 + 2.327§ 96.38 + 9.88
Right 94.99 * 13.33'f 88.16 = 11.827% 9238 + 9,54

Prefrontal white matter |.34 2,129 0.264
LeftS 46.72 '+ 7.07 4454 + 869 47.13 = 7.66
Right 4973 + 7.26 49.14 + 10.05 50.28 + 9.05

Superior frontal gyrus 3.49 2,129 0.033
LefcH 2891 =+ 53] 27.49 * 4217 29.64 + 4.05
Right 27.65 *+ 529 25.63 + 4371# 27.76 * 3.95

Dorsolateral part 0.53 2,129 0.589
LefcH 1242 + 3.19 12.34 % 2.33 13.02 + 2.8
Right {227 + 3.46 [1.76 = 2.83 1234 + 233

Dorsal medial prefrontal cortex 4.84 2,129 0.009
LefcH 10.19 = 2.35 9.16 = 1.99™* 10.16 = 1.8I
Right 939 = .92 872 = 177t 973 + 1.79

Supplementary motor cortex 3.48 2,129 0.033
LefcH 630 = 1.09 6.00 = 1.00% 647 = 1.19
Right 5.99 + 1.56 5.4 x |.07F* 569 + 1.23

Middle frontal gyrus 2.90 2,129 0.058
LefcH 29.34 + 567t 25.87 *+ 49518 27.31 + 4.62
Right 28.44 = 5.66' 25.50 = 4.418 2653 + 4.78

Inferior frontal gyrus 4.92 2,129 0.008
LefeH 13.02 = 2.65 12.58 + 2.14t 13.87 = 2.10
Right 13.18 + 2.22 [2.05 = 2.19%$ 12.89 = 1.83

Ventral medial prefrontal cortex 0.92 2,129 0.397
Left 561 = 1.22 551 + 1.21 584 + [.12
Right 556 + 1.03 548 = [.17 569 + 1.23

Orbitofrontal cortex 0.47 2,129 0.622
Left 15.69 = 1.91 1511 + 2,03 [5.44 = 1.57
Right 15.58 + 1.87 15.07 + 2.07 [5.47 + 1.45

Straight gyrus 15.45 2,129 <0.001
Left 3.06 + 0.49 2.89 + 0457 331 + 049
Right 3.02 + 0.51% 2.92 = 0.43% 3.31 + 0.50

Values represent mean = SD of measured volume (cm?). Post hoc comparisons following multivariate analysis of variance with age and
intracranial volume as covariates (MANCOVA) revealed: TP < 0.01; *P < 0.05, smaller than in controls; P < 0.01, #P < 0.05, smaller than in
schizotypal disorder patients; TP < 0.05, larger than in controls; ¥P < 0.01, larger than on right hemisphere; ¥P < 0.01, smaller than on right

hemisphere.

they were significant or had a nearly significant trend, and
subsequent post hoc analyses.

Volumes of global brain structures

There were no significant differences in the volumes of
intracranial cavity, whole cerebral hemisphere or whole
cerebral white matter among diagnostic groups (Table 3).
MANCOVAs revealed a significant main effect of diagnosis
for the whole cerebral grey matter (Table 3). The volumes of
whole cerebral grey matter were significantly smaller in the
schizophrenia patients compared with the controls (post hoc
tests, P < 0.001 for both hemispheres) and the schizotypal
patients (P < 0.001 for both hemispheres).

Volumes of medial temporal lobe

A significant main effect of diagnosis in MANCOVA was
revealed in the amygdala and the hippocampus (Table 4).

Post hoc analyses demonstrated that, compared with the con-
trols, the volume of the amygdala was significantly smaller in
the patients with schizotypal disorder (P < 0.001 for both
hemispheres) and schizophrenia (P < 0.001 for both hemi-
spheres). The volume of the hippocampus was also signific-
antly smaller in the patients with schizotypal disorder
(P = 0.039 for the left and P = 0.020 for the right) and
schizophrenia (P = 0.009 for the left and P = 0.005 for the
right) than in the controls. There was no significant difference
in the amygdala or hippocampus volume between schizotypal
disorder and schizophrenia. The parahippocampal gyrus
measures did not differ among diagnostic groups (Table 4).

Volumes of prefrontal cortex

A significant main effect of diagnosis in MANCOVA was
observed in the total prefrontal grey matter but not in the
total prefrontal white matter (Table 5). Post hoc analyses
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