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Junko Fukushima : Neurophysiological Studies in Autism Spectrum Disorders
——Comparison with Those in Schizophrenia—

AL TIE £ HEFEA 2 b 7 A% (Autism Spectrum Disorder : ASD) 1%, #&MoEE &
W ETIFIEL TB Y, Wi L b heterogeneous REETH 5. Lz -> T, EEEOMKSEHIC
B 2RAGIOEE, WEDENZHNHMETH L I End 5, MEEHEWREICE LT,
ASD EBRTMEICIE R RA —N=F v IRBH D20 E D D EFNRD DI, HEEEIIRES IR R
% (MRI) ERERESIOWE 2 S, WE QMM & 2RI O W THEI Lz, RERK D IMRI 1
BT, ASD Tif neutral, sad, happy OFKIE OB fEESFEEL U & IRIEIMET L T 72 E8ALIE
WERIR[EITH - 728, W angry DFEETIZ, ASD TIXEIHEES 7 —= 2 — o VHHEB OB 0850
ZRL, angry OFRBEICHT 2 @EESTRB S, —7F, HERIVERTIX, AIEE, MEEE,
THZE, BRIAZEDIR WP Dz - TRIEDIR IR Sz, MEKRHRER Tk, HEOIEEE L@
HWXREEE D T < ASDEEL D b ERIET L T 2 e s, RIGRMH, il EICED
EESRES D 506N, b5 WIFHREEAICH 3 % motivation % attention, X% EDEED
Zz5n5., ASD RABIOIREGES T, anti-saccade task D=7 —1%, &R TCOEEERZH- 72
S, IEEEFHOFML <, HESEE LT 2SD L EOFIZ 13 FH 581 (38 %) THo7. *
I U CHEE RINERETIE, 99 BT 70 % DB I A 57z, Smooth pursuit (KFEHHED H D
ERBRIE) D7 4 > (IRERGHE /AER) 1%, ASD EFENEICEEER 2h-> DI LT,
A RIIETIL 60~70 BRBEREIET L Tz, SEIOMERIL, WHe LizDss ASD KAHITH
DEBIE L Dy, MERFBED LG & b2 b, RERGEEEE O A 5h 5 BE ORI E, X
SIclbns,

<SREIFEE 1 HHMER <7 b T ARESE, ORI, BRI, RkES) >

I. 13 C & I

HES17% £ OBBOBIEFOMAGDLRICE ST,

BEEA X7 + 7 ABESE (Autism  Spectrum
Disorder : ASD) X, —# N0 T D HEKEN
0.6~0.7% ThHsDIZKL T, —IIHERERT
1X60~90 % Th 5 Z & oBEEOEGENHEE S
nTws, Larl, BEOR—ERBFTIEXRL,
SREAEST, LR, thesrORIRE, [, HaZR

= Aol

FERDIE S D EREEEDE VLTINS EF 2
ENTVBEIENBEART N T AZEKL TS
LEZS5NTWAS, ASD OWFFRIZITER AR
STETWEY, MOFERENEEIN TS
bbb od, ZOMEREREBICOWTIIVE
ST v, S TORMERICODWTD

HETE A AR F B R E R TR RE I {E ) B RE {5 ) #F, Departments of Rehabilitation Sci-

ences and Brain Imaging, Faculty of Health Sciences, Hokkaido University

MW ERERES, S ORI L 2 BERL TH 5.
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At ge T 1%, Casanova 5% 1%, FHifi/e ¥ THT
L7- HFENR &, RS IR o KRB O /EA%
WA R =t L ¢, AERTCE I =237 A
(minicolumn) DA% < /N OHIREDIZ > &
EHELTWwa, ZOFEKE LT, £&BE 200D A
& (pruning) OEENFEZz o TS, Fiz,
MR W [ TH, space 23k <, MME=a—0 ¥
MOEBENF W Z EbIGEINTwE, HEED
1%, hyperspecific brain & 3 Eb LT\ 5723,
Minshew and Williams?® 12 Xk % &, FEDOKHHE
B2 SE A EHEDS, BEER CRERN L W,
IGRR0 K2 & TAT 3 2 I EBFEZE R L O
EWNEVWEFTbhTWwa, —F, RADBEMME
EETE, MEEZE, AEEEICBW T, BERIC
BOWTHliL Lt bcAaoN 2 HEOER, BED
WMWY |ED D 5—1T, KH
BOERIFEFROMER &L T, AisESE
TE (FG), BHIEZFETHE (IPL) T/Hh3wiw
IHmELH BN, ZOLIKE, IS DORHE LD
ZICOWTIE, ERB->ED L LLERO—K
B HCNIR N,

—77, BBEREIERIC DWW T, BERERVREE IS
Eifg (MRID), Bk, BEE, R4 X %
el & OB Th L Tn b, RIGTWHI DR
D fMRI %2 FH W72 BRK D 5 DIRE XL D 5.
Schultz & IFEHOEFERE % Hi- L 12, BEE®RT
VAR IR & SR B ERAL SIS S Tz bR L
TWw 33, Dalton 59 13, ASD TIRREHDFEED
AR &, WAk, HERRE L & RGO BRI
ORENPHBEAL Tl L 2FH{EL TWw 3,
Deeley 57 X HEER T, ERAEEORE T
R i L <, fRRE, FUHESE TOR
HAMET L CWwiz2, neutral 2R E TIEENL
Mol ZEEMEL TS, RAISHADEER
BOEET, BIENEL D, HEERE CIIRTE T
FRIREIDER TR A 5 iz L w930, —7, Dap-
pretto 5% 1, EHORFOFMANIZEFE DL VE
EHASD FRIZ BT, 44, 45 BORIEIE S 7 —
Za—u VEEBOBIEOERT ZHmEL T» 5,

—7, ARTIEILZ OFBHEITIIN U THOD

FHREsE (2012) 114 B4 5

SRR H 5 Z E R ESI N TEB
N 102945 Z DIERERI A 7 = XA HBHS Iz D
DDOBH BV, WA KIEE & ASD I, FEE R
MNHEG -S> TEVERLED D, HEHEOEE L W»
SHTERILET 205D, Lrd, WiFED
heterogeneous Z[EETH 5, LB o T, FEE
DIFARIGHEIC BT, FRABITOWHE ORI KT
X, LECHHETHLZENDH S, BIZIXTEBERE
DS N THRWIEE T, HAERFEDOBEERD
B 72 <, BRI H 2 25 EHEAER D D,
FEIFHRR 2 & D Vb W 2 EREEIRORIE Th 555
BT, MegldEmuwrt ABROREEM: e & Dfe
MDRBEESHIRIZIL> TV AEERETH .

% 7z, Baron-Cohen 5 1%, % DIgIEFIFE
OREXPHEST 2 Z L 2HIIC [HEEAZ b
7 LAFEH] (Autism-Spectrum Quotient : AQ)
s RERBIF L, Wakabayashi 5% 3% O
HAFEREFHEKL T 5, o MDD
I BV TIL, [EFEHES AR + IS EE
(18.5£6.2 f1), HEERFER (21.7£6.4 )
Wxt L ¢, BEAE, 7 ARG —EERHTIX
(37.9£5.355) TholctWwIFERMS 33 L%
Ay A T7EHELTWS, Barneveld ic & % &,
MERFAEARZ P T AL THRZ T
schizotypal HTH AQMEIZE <, ASD# A4 —
N—F L TWIizZ &k, ASD#ETH BIEE
R, BEERCBARER S o 1ol d 5 Z &
EHRELTWBY, 2O X512, ASD LifiakHE
FEDFEIRIC, MISHhDOEBEND S Z LrEEbh s,

BxiE R O TH T, ASD LG RIFHED B FEI R
DOFEME R FNICHRE I DT P TH LD, 4 —
— T TIWNhHDETIIHEDAONSL, ASD I
B F % MRI @ Volumetry (VBM) % F w7
Cheung 5D XY 7F ) Y A TiE, 15MmMOHED
SBLEEND B LT 2EEE, Waiter 50 147
D HD T, MOMWEF, T~ bu—VEFEEEN
BNV bDTHY, —HRERFETIE, 10
ROHRED I B 2BV TIKAEDEERH Y,
B IZEBEENTIPo Iz WY, 6 1F, 660
51 (308 B> ASD, 352 Bl D#fiE 2 iiiE) & 801
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Bloay o —EEo VBM % 3 ~, limbic-
striate-thalamic circuitry 12 8T, Rk,
R, BIEEIERE TIE, MAERFTERH L ASD
FECI@E L CHAE R volume DR T H - 72 £ b
RTW3Y, —7%, IMRI % w7z i 52 T,
Pinkham & 23Wiffic i@ L ¢, LHIBEE,
fRIEl, FTSHFTEF OB R & g L ¢, BT
DIETERLIZEHREL TWBE, FEHS L, £
DEDIA—N=T 9 TBAHSENDL BDPE D
PHER T 57012, TMRI EHREGESI D 2 S0 6,
T OFALUE & Z BRI DWW THRET L 7z,
DSM-IVIiZ & % ASD OZFE#ED K &7k 3D
OfE, O AWHERIEOBENEE, @33 2=
7—varyolEsE, OFTH, B, 1HHOKIER
IERERR O T, T ABIRRIC B T 5 IEHETEA
MHOREE X, ASD 3@ T 2 HEER & LT
Teonsd, QOEE2HWEII a2 =27r—Y gy
BESZMERICE ETN TR VT XA~V G —[E
FWBWTH, FEARTA ~avy 7, KE
PEOFAT 7 £ SHFORBNE 25 A5 O
F, HFOKEBPEZ 28T 5200 WF, HF
OITFNCES LS X wubbbhr sy, B
NORETHEZLZEBTE RN, AT
BIOREICZ Lnig ENEESEOREE & Uk
MThHrEEZONTVS, ZOERICHZD
%, Baron-Cohen &® [LOBE] RS NLT
W3 X3z, hECEL TRMERA R L THED
TEIZHEET 5 2 L OWEHENIER I LT 573,
ZORKD 1> ELTASD DAL, fi DRSS
EHEET 2REORICH S DEENH 5 DT
BhawhEFEZoNTWS, ZI7T, fh#EORE
PHESZ Z L1 ASD EHERFHETCED LS
BEDNDH B DNITONT, fEOREZRMDE
CHEZ MR THW T, BES N2 ERAIICE
Wb 5»ESn%E IMRI CHEMRETT 5 Z & &
L7z,

. ASD o fMRI REKIRE & DB —
KWFRIZELT A D [HRRPITEC B 1T 2 i
a8t HEDWT, JEERFEERREEAER
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DAEARBEF TS,

R, 134/ DN ASDEE (e84 &
L5 40BENRETH 2. ZHOARIE, B
MEELIL 7 AXRVY —EEIL, PDD-
NOS3#4Th 5., HINEZEDH 261374 <, F
#1Q 13 100.3+£14.4, HFEARZ b 7 AfRH
(AQME) &, ASDEETIZF¥H3B.95THDY,
BENIEFEOY 169 5LV b ARICE - 2
(p<0.05). —7, MEKRFEREE, BT 4,
20 8 4TI FE NN 1 29.3+6.1 K D 15 %4 %=Xt
KL/, MBWPRIZ7.824.74, 1IQ X
99.949.1, PUBEMHIRZEL I N CIEE B PURE R
# ¢, chlorpromazine # 8 & T 759.3+411.3
mg, PANSS I, total ® ¥ 2364.6+15.1 C
Hoiz,

JIE, T B R T otk HHEICTHE
7R, GEfH# 25 1.5T scanner
WAMBAML E 72> TH B, BEOFRGOE L Z1HH
Hi x5 2T, ZOMOMEEZHE Lz, HE
FIEIE, MIEEREEREUIERT (ATR) TIEK
L7zHEOEEED T2 5, &Y (angry), &
L & (sad), E0 (happy), #EXE (neutral)
D 4 DD 27 20 BGEH 80 BUEA 72, % DFER
HHE X, ATR oW X D {EFE AD 70 %L1
W—E LU CHBIMRER b D & Lz, REWNX4E
DRIEOFEZK 11T,

BEEEIE, MI1DXSIyhy, Frrir
LTAZA R IaY 7y —TAZ ) —r i
L, "y Raf Mz D0k 7—2f->T
WEE,PORZ2 L5 L, RKESIIHA
X3 Thole., mH, BOEHEIZHWTSFO
FIOEESESHET 5., 20T, 80KDORBED
BEDIHD 12087 v ¥ AKRIEFT 1 BERR
S, LT UPBEOTFRFOHERT 5, #
BRECIEEEZEFL TR TSI D IFAUE
G L7 L &2, AOFE 2 TRY v &2H
LTdH S5 kS5 ll, RAUREIELRT 25E
X 10% & U7z, Bt F 1%, T2% -weighted
gradient echo echo-planar imaging (EPI) T,
FOV=24X24cm ; matrix==64X64 ; slice
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angry (A) sad (S)

neutral (N)

happy (H)

M1 #ERMOF (ATR &) k1l X v 5(H)
feir 6 angry (A), sad (S), happy (H), neutral (N) OREDK 141%RT,

thickness=4 mm ; inter slice gap=1mm ; 22
axial slices, TR=2980 msec ; TE=40 msec ;
flip angle=90°, 100 volumes per a session & L
7z.

Beon-mEix, Tarailach D7 F R cHEHD
WIAEHERGIC M TIE D T, U O 2175 7z,
% 9, O IREE L ASD #12 B \» T happy
vs. neutral, sad vs. neutral, angry vs. neutral ®
X 91z, happy, sad, angry 7 % neutral %z 5| \»
12 B EMETIEANT — 2 O 21TV, BlERE%&
Sk ClEE T IRAE & ASD B o B[ LB © two
sample t-test, p<0.001 (uncorrected), clus-
ter size (k) >10 TfTo7z, DWT, QR
FECRBERBOC & 2 EIEHRTAL 2Kk ®, Mars-
Bar = v CAAHERRE, A£G 7 —=a—01
> (MN) #EE, #eEEE, FrEgariRmE, A28
TS, AR08 OB LEE (ROD % 3E
L7z. p<0.05 (FWE corrected), cluster size
(k) >3 & L7z, @ASD B HENHEED S 5
MRl & F e~ v 78872 13 /O TR EEE)
DEZ, FERBOREERE (81E) 2 Hv,
ROI Hc#E (TD, ASD) X #1# (neutral, sad,
angry, happy) @ ANOVA % v T L 72,
2 FEDHEBIZ 13 t-BEREZ IV T p<0.05 £ LT
AT L7z, @ ASD # T ROIL 12 AQ fE & &%
B BIEDOEEE 2 A Y7 ~ > OIEA AR5 %

FWT p<0.05 & U T L 72,

FUEEMEW L SRy L2 LGS
DIEEFETH 20, FUCREHIFRIEEITED
VT8 EIF8ED -7z, 2EFET TRRAI NI
&I, R UEIEL S HRIEIGIE, B
HchrRfEs @#Hp1) ThooizxtL T,
ASDECIEHRET (HPH4) THY, BRI
ASD BN K 22 - 72 (Mann-Whitney ® U & &
Tp<0.05). —/1, #EE, I bbEURIEF
TRV rrboT, R VEHILTLEST
m#E, ASD FETY 4.46 (BLHE(RZE 5.88) I
xFLC, (EEAEFETIE 241,83 T, WEEEICH
BEEzrol, —7, HEGKRMERTIE, #E
SRR X O ASD Bf & iR U THEWCIEE
Pz, AECREED% L, HEZEHIL SCHE,
ASD B L b EEMIEEE L IR L TAERICE o
7z.

5o NI EROFETLE 21T ISR, QD&
# 1§ » & neutral % subtraction U 7z ¥ & 12,
ASD EENBEIRFEL D D ARCETL TWw
HRALIX, happy TlZHuULAETE], TRIEEEN (IFG)
ETHY, sad TREFIREIHES, R E,
IFG, angry Tl&, REEEEIZLETH->7, @B
8L (Region of Interest : ROI) &, ZF4#f
gtk (37 BF), AAAHIHEEES 7 — =2 —v V40
/o6, 9%), AHIEMME (7T%), £5 (13%),
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2 AFEROBILHEE (ROD B2 8EEICNT 2 gEerd OOk 11 X D 5IH)
WEOTEY DORUIARTHES 7 —= 2 —u Y HETRBICS T 2 ZEEAR A S5z,

7k T ASD R, T © SRS,

e EEE (6 %), AiEfHrkE (24, 328) T
Holz. NS5O ROLIZDWT, WEED BHE%E
HEHRE LR 2 2 ERic D » T, B2 icmd,
FFGSEIRE T X, neutral, sad, happy 2B\ T,

ASD EEDMEEEREL D bR RMIEOET 2
Wiz, Fio, AHTEES 7 —=a2—v VB
BWT, RELOMTZAERANA SN, angry
TlX, ASDHDIZ S TEECHEN 1> 72,

*13, 2HITEREZDA NI DO,

EHERTIE, BEENA S NIELIT o7z,

AQ & & OFHEED B - 72 ROI OERALIE, AH]
BHEE S 7 — = o —u VT, BELADOHEER
bolz. kbbb, neutral TIX, fHEARE r=
0.68 (p=0.04), happy T, r=0.79 (p=
0.01) Thotz., MOBEHICITEEOHBEIZA S
nigmnoiz,

ASD IZ B 2 EHOREDOFHANC DOV T, #F
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SHEEE L B L CIMRIIC L A BEDOE T 2 £
DFENDH > 7z £ I DI B 5B 0°7,
AWFRIC B W T, neutral, sad, happy DFH T,
AR ENC BT, ASD B & fEE S IREED 2
ﬁf"ﬁ@ﬁ%#%m&bf RN DWW T, M

TEHROAI, BEHE JRORM, HEETH, BTFR
A, #g b EOBRERD B EHFZ 5N TV B,
I BERIR I EESEIE, (fusiform face area : FFA)
I, HRRMCBEE T2 b Tw 3,
Schultz & 1%, fMRI % A>T HEAERE %2 M5 L
7o & 22, RO T  EOHBAREIZ B
W, HEERIIETHEECBWTIZa > bo
—VEEL D A ERICEWIEER A SN, AR
EIZBWTIET Y b —FEL D b ERWEB A
SN EERELTE D, KBFFEORER L —
BT 5, REORFEM L2 H T 72912, sad,
happy, angry % & neutral % subtraction L7-7
—FZBWTIE, sad DAICBWT, 2HEOHF
BENSZD N, MIORET, ZOHETHE
EWH SN o T2 HE L, neutral BZRFDE
BIZBWTYH, RIFHN DTz O ORGEENER X
N7z7-%, subtraction #1735 Z LIC X > THZ
TLE-sAREEREZ NS, LIz o T,
ROI % Fv>C neutral % & & 72T %17 - 72558,
FKIFFBNEAL T, Z OO ICEEZED A
shizbDEFz o5,

lacoboni 5® Ik 337 —=a2—1 v R
T AL, B T —= a2 —u e LT
JEEE (IPL), RiEZES S—=—2—uo U E L
T, MEAREHRIE (ventral PMC), HiHHZE TR
(IFG) ¥4 T EEbN TV,
—oriiE, 120FC=a2—arBnEHSOBE
DrEch, HEMTOEFE2AZ L ECH, FH
U L2 KT 2 v Rizolatti 59 ORI
HEOWTEDLNTWARHRTH S, lacoboni &
Dapretto 59 SHEE A7 ~ 7 4 O BELHH
THELI XD 1C, HFORBE A EXIZ,
FORMEZERCEHET 2 2 L cBELTwa
EEZoND,

FLE b DIE

RT7—=a

CBWTHIFG 2L T35

FEARREE (2012) 114 B4 5

HIEEEES 7 — =2 — v VT, ARLREDE
BHSNT T, OHEBOBEREOREE D, KIF
NS T EFzoNS, ST —=—a—0 Y

L, SEO%E, HFOREOE S 2 EER
bunm%]j_z) LB blfﬁgf Zh/ﬁ ASDﬁ

DX NBIFROREENE L BIE L T2 2 EHEE S
N5, 72, angry IZB W, ASD FHo )7 TR
EPEARL T HEIESELICIZH S 2 Tldg vy

M, SERE Lz A ASD F T, angry ©
FRIH W U Clbsl 22 RGBS 4 O L7z ATREME Y B %
ERbhs,

AQE I T 25 EIOWIFE T, ASDETIX
9 35.9 T, [BEIEEON X 16.9 S TH
> 72 h8, ASD (24 57> 5 43 /), {#EEE (955
7530 /8) Ewd EHIERE L TIIERES A
sz, L1zdi> T, SEOVIRONREL, %
neh¥—oEMATE B ol nwd 2 Eick s,
Zhix, ASD DEEM SFH 2 T, TH—EH
EloTLES T &, EMENRE LIHSH -
DIa=r—varREZFANLIRE L TOM
ANEZBFLBROZ L EBbs, RFETE, Th
TOUORBAAEES 7—=—2—o VHEBIcB W T
neutral, happy IZB W THERLMHBENA Sz 2
i, IS OMFEES AQEIC BT 5 S A
Fu, FEEOYIDEZ, MERANOHEE,
r—vayv, fEhnr LEELTWS 2 EER
LTwsEHEzoN5,

—%, WERFERETE, KE2EROIEEICA
WHIFIZ D72 > TERIRZZ 0, HiELE, HEELE,
BHTHZE, BREHIEDILWHIFIZ D7z > TITEOMK
HEESFRE S Nz, s O % ROL £ LT,
TIME Z{To Tz, Z OfER, MERIPERETIX
B D IR AEFIC 72 o T, (B RIREE, ASD #f
E DT, BRGNS L T 5530103
TSNz, (BEIEEE & O TR TS D
TLEERFRD T,

M RFVERE T OEREHEIC B T 2 IE D&
T, RMEDORE & 2 KR T 2 A D
feedback DRUNZ & % b D E DD 515, &
EIOFIE TIE R & OBEIZA & i S

13 2=
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Mol PR F DD &, EEEEASD ©
B AT IE, angry PA4 @ happy, sad, neutral
RMET, HiERE L GREES 7 —=a—u v
FEIE D BRIEAME T L, ¥ angry D FRIE T,
RS STUHE L Tz, 2 IS U T & R FER:
Tlx, ®BREERIICY, BIUELE, [{UEEE, UHESE
DIEWFHBIC B TIEDOE T A4 5, FEO
FERTIE, ASDEEL D b BIEOMET L 723015
%<, KEOBHOEER b E»r o220, KiF
R L D EEREETH 52>, H 5 Iid moti-
vation, attention, PUEHIRIHEDOESELHEE S
5.

., EREKEENDMHEHAE

—77, IRBRESNLEER TR IR OHEA TCH
HThs, zOMAHIE, RBGEENCIZES, HE
ORGP <, 6 x5 O IRAR 23R KM I,
Mg % C LI XD EERY 5720, MOMRRO
KEPEFZ KBS NPT O T, UKD
WU TR EG Th i 5hbhTnd, A
R OHRLEIXRMAK 2 THEB I, 2205
DI DICHBIER VU 7210 THIT I3RS K
T 2%, 207 OHFEIEREZ EMEICHD At/
HIZlE, REGEB 217> CEBENTERD H %
2 O REZMROFLEIHEHR S E, S
Z ONIRBERN 7 Vi TRE S T
5z, IRERESENC X, OFEEhEREKES) (sac-
cadic eye movements, LLF saccade), @&
MEEPIRERER) (smooth pursuit eye move-
ments, AT smooth pursuit), @fikE M IRERE
#f (vestibulo-ocular reflex), @ EENEIRERE
B (opto-kinetic eye movements), GUEE:IR
BREH) (vergence eye movements) 234 %29,
@D saccade 13 LR B 2 #HH 0 R I A3 BRER
EERITY, Th2EET2EBHTH 2. ©
smooth pursuit i, HFULE» 54 L THHEX
ROTVHBHEZ % &2 DEEIRIB L %> T, #
EROMEICIRIRHE 2 o TEird & v D EE)
ThH5. WINbIMRFOIE, tigxr Zznzh
DR OEE = 2 — 1 Y DSEYNIITS 2 L
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Lo THREL k%08, ZOMH#EEI Y fu—LF
LRGBS S5 % 7z, IREREBIFFSEIX
TEZ DFEDOMERE R RS 720100 Tldz <,
A, fTENE SR, R, Tl o
5 W7 £ ORmAREREZ NS TR E LT HIFE
MAwsnsd koickoTns,

KB E DR EHERZE O BE O #®SE T,
Middle Temporal Visual Area (MT, V5) Df&E
ETE, EEINCHREORBIC L TIERIGT
%9, Medial Superior Temporal Visual Area
(MST) @2 Ti%, smooth pursuit »3[E ]~
OFFEOB & 120 U CRHF S 5%, HIEEDRE
ETIW, HREFEEM saccade D ¥ 3 FF 12 O
HICIER T 5 2 EMRE SN T W B, —T5, Hi
SATE D IR ERE B a1 1%, BTEEIRE (fron-
tal eye fields : FEF), ffi&EiR% (supplementa-
ry eye field : SEF), #HIFTEERTEF (dorsolater-
al prefrontal cortex : DLPFC) 2% %. &£ T
D&M e Z DR O REE TI1X, R £ % sac-
cade % anti-saccade ® & %12, FHEIZH T 3
saccade DHIEHFHELIEL  TE 7z & 12 b B
DIEENAH SN SY, 7z, smooth pursuit b [&
EAOHTREIC T 57 4 Y WME T T 5%, SEF
XD EROBRER D > T T FEF A5 L,
Z OEE TR & 2 BESRIREGER) T, LYY
BB EGFRBRIEREICR 5 2 L, FEDFA
ERUCEZ D ED EARIBTERN I L7 EHAI
SN Tw a1y —% 0 DLPFC O &% T,
FHl 2Bk 25 saccade R EHEIC X % saccade
MR EE I 7 5 working memory DEERH S L
TWw32),

IV, RERPBEDIREES)

WA LFEIC B 1T % smooth pursuit OFESE 1
HL s HEI SN, Holzman & MBIERLECRICE <
FAZE D EHH smooth Tl < FEESRIC 2 2 & W
5 ZERREL TR, ZORRIZE S ORI
Lo THERIN TV 219, T DRE DG LFIE
DRIRICH H oD Z £, schizotypal person-
ality disorder £BHE L Tz Z L b EREINT
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Wa S, BT & ORERIZWV EZIAS Tk,

— 77, saccade R O & FE 12 O Ww T I,
dysmetria (HRER(ZE S TEALE IS L TR E T
ElD/NSTERDT D) Baoiizend P
D Z R W T, HEIC T 2 HEFE M sac-
cade TIHEEL A SN WL EW I EVWNKE %
Hw 5, FHOWE, HAKRERZF BT, il
HEHE M saccade I IZEER L VI b S
3, anti-saccade task & EC1E 5 & 1 saccade
task I2B W T, I3 % KEHE saccade D
HIGIERSE, TEL S T 7z & 212 b EEE L,
HEMETT 2 2 Lx2HELY, ZOFRIZZ <
DIFFEIC k> THERS T3, Lpd ZO5EE
ZRLUBECBW THIHEDOE N Ao 2
& &, HISAEREY, WHEAREY, HISHATE % & e aE
D FRE M D BTSASERE 5 12 B\ TRIBR DA B3
BonhTwad &, AEEIRE, #iEREIZHRO
& 5 1z saccade DFEEMFHIEICEE TH % 13,
smooth pursuit IZJGE T 5 = 2 — 1 > & YTER
HEINTWSE Z EnsFH Z T, anti-saccade
& smooth pursuit DHFDOEE N A SN L Z &
X, AT RS OIRBGEREE 121, BIUEEE

DIRBGEFFHBOEE VLT 5 2 &L 2RRT 5.

V. ASD mEREKEE)

ASD D521 & > T OIREREB OF] 1%, ©
Y EERC AR BB COFREFITE 3,
QIEEFREICOVWTDT—IBb 2, ORM%EH
NOMAELD EH T, HEFREVPHFEL LT
v, QFERWBBEFTHATE L L TH B,
ASD 12 B 1J 5 IREEEREE O#E 132 < 13k <,
B EARERER) R (saccade) 1I2DWTIE, HE
FHEM saccade (FERan-HEE2 R %) OFE
IZBWT, saccade OHRNED IEHE S 2 HEFERT
FETLTW3 Z L, anti-saccade D FE TM
BE saccade OHIFIVSNEE T H 5 2 &%, FELIE
IZ X % saccade 12 B\ CEBEE H BIERE T I3,
St saccade O HIHIAEE & Wi D ER 72 £ T
b5, WEENEIREGER O 1L 2D,
REGEE DK T OHREN D 549, 22T, FHS
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1%, ASD 2 DWW T, saccade & & smooth pur-
suit R OWFE % F—ERF 2 DWW THRET L7z, K
WX B A ST EE o TERRIIR I B 1 2 RS
gl wwE OV, JBERFEFBMEZESD
ARE/TV D,

PR &S T ASD BEIE, 20~35 5% (SF¥y 27.5
&) OHIBEET O WEKEEEES 6 £, 7 A
RV —FEBERE T 2 OF 13/ L FlE <y 5 &
Bl EEZFEI13L 2135, FH2T.T) &
R E L, Wb FBFEERICIIZS L.
WHITH 5, ASD OZhriE, /NEEHEIEFE
X o, AFEZFMICHEIRL, i
DSM-IVOEAEZ 7z L Tw a6l L L7z,

FEE, IROMRRICEE 2 F A U 7 IRBkEEh 8%
#E (DC~30 Hz, —30 DB/octave ; 77 H- #2554
TKK 2930) %R, K¥-8 X CEEE T 1A ORI
HEHEFEH»rSHE L, v Ea—F—T 4
A7V A D 63 cm B HIEEES & Tz EE L T
JES Y, MHEEBEDOWeT =V ENTT, T4
ATV A FICEER S B B & $57R e > THAED
REIPSTICRSL XD THERLE.

BEREESEREGES R mEE LT, @
HE 25 M saccade, @ anti-saccade, @ ELIE
M saccade &, F oW ENEARBRGE ) & PR
5 HT, @IEZEAIEL D smooth pursuit &®
step—ramp #l|# 2 & % smooth pursuit O REKIE
BE 1T o 7z, BUEFHEEN saccade T, 0.2°
DAR Y FDHULER S 3~6 BRSTL, %
NWINHEZ % LEIRFICAR 5, 107, 15" DwIian
DRI T 5L, TRER5 X5 RLT.
FNZNOIRIFIZ OV T 10 [\ 30 EfT- 2.
@ anti-saccade Tlx, @ & FEHRICHIEI R &
nan, L THEZ#E» ST, P o
OO AR DS R RS X5 R Lz, I
b &2 ORI DV T 10 [E17DF 30 [H11T - 72,
QFCIE E M saccade T, HLER A 3~6
MREMSITL w3, £45, 100, 15 Owd
Nap D I ALY 250 msec SAT T 208, 255
~NHEHE» S FTICEREZRET, FLEESAE Z
THhoBIEERTLIGmE RS X5 iERrL .
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target position

latency

1S

3 Rashbass ® Step-ramp Hll#ic X %
smooth pursuit OXHEEED 1 4
IRERAIE D N v — X 2 EHREDLY, HEEEZHE L7,

I d FNZTNDOIRIEIC DWW T 10 B9 OF 30 =
1T- 72, IERZ I HIE D smooth pursuit T3,
0.2 DARY b % 0.2 Hz OIEZ R, KF,
FHEICZNZ N 100 OIRIETH < FHIEE 1 5rHE
HEEiz, T4ATVA LCT VAR Y bR
me L THERIRR LGS L —DEROES
D# %47 - 72. Step-ramp smooth pursuit i,
Rashbass D J7EICHEVY, 3° W5 [EIAD step & L
7ot%, 5°/sec D&MW THRIE 10°, 4 F 7z i3/ ~H)
R Z 2 10 [\ OBH S ¥z,
ARERMIIE DB IE 21T > 7242, ZhEFNIZDONT
BHREE AN S FEEOIEF TITo 72, IREk
fiii#, tHAELIE 13 National Instrument #H# 0
NB-MIO-16 x AD board # T AD Z&#1l,
Macintosh Computer T off-line fi##f %17 - 7z.
@ anti-saccade, QECIEFEHE M saccade 12 B \»
T, FEERR W RwOIRTLEY, Z
DB Az BigE%, =7— Lz, Of
HEE M M saccade, @ anti-saccade, Q@ EXIEE
M saccade WBWTIELL TELHDIZDOW
TlE, W, #RIE%ZHEE L7z, saccade DIRIE %
REDIRECH > 72b 0%, EMES (accura-
cy) & U7, ¥7-, IBREkAI{E % (DC~50 Hz,
—24 dB/octave) DOSrEIEE &, low pass filter
(30 Hz, —6 dB/octave) & CT7 > ua 7oL T
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HEERTEREE 23K 72, saccade 12D > T EEH
9 msec TR 12 HRERGHEE & HRIE 2> & HRIE 1256 9
5 I T dH 5 main sequence % Tz,

— %, smooth pursuit &2 DWW TX, @DIF5
WM ¥ © smooth pursuit T i3, #4 HF [ 33
msec CTHREKAHFE W 2k, #=HE, FHL, IE
WD TIZO T, IRBREE/ AR E 2 15
(FAv) LTk, g7z, ETOIEGHRME
IR EHWT, ETARICHEREORE®EE
ZEFHIL, Z DO EEZR® 2. ® Step-ramp
H I X % smooth pursuit FRETIX, 37250
pursuit & FORMENC step L7212, 5°/sec D& T
FENEY &, #ERE X2 2B 5 X O 1R
Shic, K3 WRT X972 OFEORRO ik
&, WD step 12X T 5 KIGKEE O 7z 12,
catch up saccade 2’8 I DI WD T, Rash-
bass IZ & D 1961 FIZUzD 65N TH S B Z KD
B0 EL HbRT w3, £ v A
B, 1ET OB xEmEELFHIIL, 20
SERE R KO T2, HEETRE 1X, Mann- Whitney
U test vy, F7-MBA% 4 57291 linear re-
gression # vy, ZFOEEZEDREICIZt-RE
BREA L7z, B S BLAT2HEEE L.

ZOFREEDL L,

OFREFEM: saccade : B, EHES, REdE
DWBFRIZBWTH ASD B & @E S REE DM
WCEEZEI o7z,

@anti-saccade : FIEDO ARIZRTL W, Z0D
#BIEL WA~ saccade # 3%, £\»wH T
—7%, ASD #ECIF 37.3+128.6 %, (BEHE
13.8+14.1 % BEIWC ASDHTE S Aoz,
L, EFEOVED 2SD % 2 5 6i%
BHIFHSPITH > 7z, WK, IEMES, HxEH
Bz W Tid, ASD #if & f@FE it oMicE
BEEErol,

®@E 18 12 X % saccade : V&K, IEWE X 1213,
ASD B EESSIREEOMICEEZ X ko 2
2, WEEEZRIEICGLT7ay 35k,
ASD HETIHIREN K & WS, MK
TLTwi,
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@IEBG L D smooth pursuit - ARk FE /A4
HEWC LRSI ND 7 A %, AFBEL T,
MEOBICEEZEEZN o7, L, LA
JiEj~® smooth pursuit Tl¥, ASD BEEE
T A Y OETRRLT0Izs, TS FEN
@ smooth pursuit TIXEEDEIX L1 7z,

®Step-ramp F# 2 X % 7K smooth pursuit :

WX ASDFET255.5+9.1ms TH v, f&

HEEOD 181124, 9 ms ICHRTHEBICER L T

Wiz, FA IR TEREE I ko T,

LI EOFESED S, anti-saccade task TREME
saccade DIHIREEN L { A SN B3H Y, Z
DO R 1x Manoach », Goldberg &, Luna & ®
s L —89 2142320 Saccade % TOIRIE D IE
MESIMEEREC XEEEN o1z, BZHLS
B DFEFIDEABIT, HEEbEL LR ED
N H 2RERSN TV, HEREZ 5
CEDRRG ThouBEELNFEZ 5N D,
Smooth pursuit (step-ramp) pursuit O ¥ERFASIE
£L T, THND smooth pursuit O E NET
L CWwiz, AKF¥OD ramp i T Takarae & 13,
closed loop gain 8 ASD Bt CIET L Cwiz L 3
HLTWDH, RFETCOEFTCIRERE T 2,
S 7z. BHE pursuit KB W T, EAEHAD
pursuit B W T ASDEHTEEEL 7 A4 Y DIk
TS SNz, TH & FEAD pursuit, 7K
S (££45) JFE O pursuit T, ASD B & {EE
HEOMICEEZII o7z,

Anti-saccade task T, —ERED SR %’
TLEWw, K hE~saccade Z{T->7 b DD
HETT—E LI, B¥%sI1E, HEOHHEAD
saccade 720 D7 — X, FEZEMEL Tnixl
T, anti-saccade ZDIC b b &7, HEE
M saccade Z1T- I A[REME R BRAF T E vy
5Ths, HIEDHA N saccade #1T->TL %
5 DX, K& saccade DMHINEETH 2, T
N T D saccade 1, EEOHIENZ L DIEB L O
HRHERRIARIC B 58— R b = 2 — v MR O
B = o —o  2KE L GEEZ 5. BIEHIRER S B
bz, "—Ar=a2—0 VICEE L sac
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cade 5| & 2 3. FIEEIREFOREE X, —@EME
O SHARERRREL 2 5| & 2 343, 3 <IiclElfEd
%5, L»L, @EIC X % saccade T E L BES
na®, iz, #ERE & FIEEATE X, anti-sac-
cade & Z1BIC X % saccade I2BA5 T % Z L 3R
HENTWBY, 25 OFTEIENRERE B B A
B, HHEIC & % saccade &V ¥ anti-saccade
REEIC X 3 saccade It BWT, LD EELH
GRLTwsEEZONS, Lizno> T, 5
ASD £ 12 B T, saccade 5% & pursuit 3 12 H
WO b HHNE, WFEICHET 2 EERR & L Thi
SHEERBKEE B EFEE SR b F 2 o b,

VI. ASD o fMRI & & VEREGEFIEE
—IREKIBAE & DB —

UEDOFTNCOR%E L2 &, REFHOD
fMRI 2 38> Tl&, ASD THigIRIE], FIEEEE S
T —=—a—u VHEBIC W T, [EE IR L
L CEIE D EE N A S lz, Neutral, sad, happy
DOFEDBICIRIEE T U T 7 30 1 sk E
Th-Th, W angry DEETIX, ASD T
BTG OB 2/~ U, angry OEREISN I 2 it
DRI Nz, —, MERFERTIE, HiEEE,
ISAZE, FETEZE, BEIEDIAWEIFIC bz > TR
HOE T o iz, FEDIEEER b HERH
FERECIE, EENBEEE2D T3k ASD# X
DLERIUETL T Z o, RIGHHA, #&
Az BERICEES S 5 WM, D25 WIdmER
{RIZ%F 4 % motivation % attention, ¥H|7Z: & D
wELFzZoND,

¥ 7z, HRERIE S TIX, ASD Bk AH# T, anti-
saccade task D=7 — (FHEZETLES) i,
ST EEENIEREL D 2o, IEEHE
%L, BESREEEIERT2SD U ES 2o
T BE 13 B 51 (38 %) Th-ote. Zhicxt
U THERIER T, FHE S0 9 FlomET
HI70 % D B F I A S Tz, Smooth pursuit
(KFTTEO B DIEZ R D74 %, FHHE
S DFEERTIE ASD L{EFSHRERICEREZ TS <,
2SDELEETL T /eflizZe oz, Zhicxt
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U CHERIRETIX, =& o DOWFFETIX 60~70
%, Holzman 12 kX2 X% 7>V YA TH 40~80
% EWE S TnB®, ASD R AFITIE, FEH
oA D 7z WS JSHRIE 12 D W T O S BB DR 5E
Wk BEEICIEND &, IRBKESHREOAONS
BEOHERIIENL S ICBbhs, ZOHEHE,
motivation, attention D& b H 2 3, HHETE
M saccade WITEFE N T W Ehn, F5
DOER LV bMALTERF BT HHEERE
2HULE T B MOMBEN R EEDOREG IR E W X
S bns.

721U, SERE Lz ASD 133 X T AR
THY, NNER1VIRUTOFFEHHIE, Sxh
Twigwy, fMRI 1%, ASD O /NEAFIT I3 HIE K
WThy, HE FEHENICOWTHRETTh 5.
ARERIESE) X, ASD O/NEHITId 157 DS
b2, EFEHEITORFSLE L Bbh s,

Ei i

Mai&2 21l v, REMERERGRTSY  HARR
TEHERER, REOIERIR IR A — RS, 18
KREMH, SBEENHEPBCEHRT 5. APFR, F
J% 18~21 4 B2 SCRHE BHE T F B il B < - R 08 ST 92
[REM 3 & OSRE 21~22 SEEERT AT sE B &
L UG - MR BTIRRI S 22-6 [FEEREF D2 B
L ONRFREPEIFE BT B HIRIISE | 1 & a2 T,
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Neurophysiological Studies in Autism Spectrum Disorders
——Comparison with Those in Schizophrenia——

Junko FUKUSHIMA

Departments of Rehabilitation Sciences and Brain Imaging, Faculty of Health Sciences, Hokkaido University

There have been reports that autism spectrum disorders (ASD) share common symp-
toms with schizophrenia. Several imaging studies showed the overlap of the impaired brain
circuit in ASD and schizophrenia. Accordingly, differential diagnoses between adult ASD and
schizophrenia without positive symptoms are sometimes difficult. We examined whether they
show common results in functional MRI studies involving viewing photos of different facial
expressions, such as angry, happy, sad, and neutral faces. We also examined oculomotor
tasks that consist of saccadic and smooth pursuit eye movements in the two groups of
patients.

In fMRI studies, 15 schizophrenia patients (8 females) and 15 ASD patients (9 females)
who met the criteria for DSM-IV participated. For the typically developed (TD) control
group, 15 subjects (6 females) with no history of neurological or psychiatric disorders were
recruited from the community. There was no significant difference in ages and sex ratios
ANOVA comparison indicated that the ASD group showed
significantly reduced activity in the right fusiform gyrus (FG) on viewing sad, happy, and

among these three groups.

neutral expressions but higher activity in the right mirror neuron system in the frontal cortex
during viewing an angry expression. These results suggest a disturbance of the FG for face
On the other hand,
schizophrenics showed significantly reduced activation in widespread cortical areas, including

recognition and an excessive reaction to angry faces in ASD subjects.

the frontal, parietal, temporal, and occipital cortex, in comparison with TD and ASD individ-
uals.
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We also examined voluntary control of saccadic and smooth pursuit eye movements in
13 adult subjects aged 20-35 with ASD (5 females) and compared the results with the
performance of 13 TDs. Saccadic and smooth pursuit eye movements were recorded using an
infrared system. Compared with TDs, 389 of the ASD subjects showed higher error rates in
the anti-saccade task. However, in horizontal sinusoidal smooth pursuit, they showed normal
gains. On the other hand, about 709§ of 99 schizophrenics showed abnormalities in the anti-
saccade tasks. In the smooth pursuit task, 60-7095 of schizophrenics showed a lower gain
than controls.

In this study, although all of the ASD subjects were adults and the number examined was
relatively small, their abnormalities in fMRI and eye movement tasks were milder than those

of schizophrenics.
<Author’s abstract >

<Key words : autism spectrum disorders (ASD), schizophrenia, functional magnetic reso-
nance imaging (fMRI), saccadic and smooth pursuit eye movements_>
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