394 WL KE R SAFEZ V) = v 7 TORMA A

BEH% VOL28 NO4

~FE) A7 RENOZATHN T 70 —F 2 AR~

EFERETHEADS LRV AAFE- TS
FEECHBNCR Y AL BEIFBO TR TH
D, BHRBROEE & HERFIC D REMICER T %,

F—R T+ —3ab—Yav:  BEOWELIT
Wh R, RA—RE—TEH—AE—REOR
FizT, BHEFMIILAoTHRA L Tw
CEBTHE. BEOERPHEEZEMET NI
BoTHBT LI LT, FROFLBEIN LA,
WA RER R RVBAZITI &
EWMREE 2 5o

) =54 ¥—Yav L a—3 AW TH
ZHRECBVTEER S TwaEEO D ED
Thb, EROBREHICOAFRLTHRZUR
BHCRZTLEVA B 2BHCHLT, #FzE
BIZRTIED A0, BYLERPFHNEY
FRETAILICLY, EERBRE OERNELM
FALTERZIVFERIRIONE X5 ITRTD
DTH5,

MORFEZRT  BERKI, FRPERICD
VTS R E L D ERENLESICEADLR
TLEICENDH B, COBEITE, ThHIE
DEIEIHPBREBEVPRFILOND LK
[XFTHIEL] [REEHFEL] 2O ERZH
WCHOREFZRATILHFTEAL IO A
tro

REFTH~NOMA  BRHRIZEET 5729
OFWEE LTRETHE LA L, FEEE
ERBICARMSIZBWITHROINE, REFTH
2, BEOES2Bvikal EOEREERN BT
FRmEsE, B L s FRCERATAIL D
ZVLONAPBLEE LS, EROR, HRH
DTBERLZEE - ET T4 L CTHEORBRA
RENDBENDH S,

PREBE~OT 7u—F  BARETEEOA
DEENREZOZEZHBESLRELD,
ARMST THHEALE-TVA| [BESRSB
PLe, EboTwa] tnImESsRoh
BIEREV, COFEEDOLOOBENFLTL
LB EREZDIFTELEWY, BEXEOLI R
BEZHEOCV o BEANBRRLEOREKREZ B
FPCAELEBRLTCVW ARREELEATY

5o

BRTE : HEORETIEZ, BRIBICE
ROMAZTIZENEFE L v, BETHW:S
—A - T7F—Ialb—-¥YarveRHnwbsirXLTHE
WEEriRDIEY, BRBEBEORZERERFEN
BUBAONRFEREIZOWTHRT LA &
PEILD,

5 REOER
WRETEAZTHE I TEDS S
EXEF LY, FO—FT, BHEOEMICHD
B REFRETAII LV EETH S, ARMS
O—EHPF AL -V AIBTTHILIHENITD
B0, FOMOEL DREFEET A 22—V RIIHE
FTHIEPEVEVIREELATZTEBL A
KECH5bo

EEEDOEFETIE, PLESICESIL LA ARTT
h$ed, FAFE-TWAHEZRY %S AR
THIORARE R CIERE COMBIRRTS
W, PLEsHHEBL T AL, tA
WHEZPLESICBRETAZ L&, BHTEIE
RPFBELMEZBRTLOOFRELT, &
MITEIN 7 7u—F 2 RKITHEHT5Z L PLE
Thb, 72, EBPRHFOMBEIHFETLIZ &
EEFILZ VD, WERRNEEEZHEWTERA
CHE»TZTICLIDL, LECBUTRIE
PERBBRELOHRZITHICLIDH LN, BE
T A8 & MTIREREROTR N T K E (xR
FTHEILELHDID, COWA~OZELEICE
WmLUTBLLENED S,

6) fEB

10T, 79 2ABATERRBEL - 2H
POE[BFrOMAITEOLNATVE L) HRENT S
ERLIELY, BAEF2»S [BEOZEDIT
W3 | ERMERERLCEIChotz, TOBEE
ROBIZE, #RT (AYOEFRICE S, £
HODZLEE-oTWAEIRBRUNTA] 2k
OEREBEFEEICHIAL, S FERIBHICERE S
NTVWHEESEPEERRIEZRUNOBEIZD
RAY, By hoArSHERALRLRONS
BUR, ELBEDLNABRLYBTEL ) o7
ZRIIKANE LR BH, BEIZWTD [BRL

- 305 -



2010412 A

ZwifisarENns ], [RLEEEENWRLR
AOTIR] L) LEFBENY, KRANLALD,
SELPELEP R LBIEDPE ol &
D72 DEED L OB %2 ZITT, HEEXFERE
EWIZETSAFEZ Y=y 2328 L7

4 F47WECEI Y ARMSE SIS h, 30
HoZZ o ERESBELETLCLELICLS
FMiITERELy Vs YRBRB L,
HHEOMRIZIE, FABHOEBNLHEY X
b EICEEBEL TR [FERICIToTHEL L
BHVWEHICTEIL] 2HELLTHETHIE
L7 AAFERLLTBYE-TWS “HF¥EH
O¥MW" & BANICERY BiF, ¥—R - 743
ab—va YERETELEELRIEL B
BN LR CHEVIEATY O 2MHERT
B0, AADSDT74—FNRy 2 2BEEL
BoEFELED T,
F—R-T74—3alb—¥avE#HDEHH
A [Zh— Ao biibhl-{wn] Evn)
FEESTHBEND LI Ilkol, ZOREE
SlzowThREFR*ERTWL I big, [[Fhds
bitb N 2] E VI AR LWL HBHDT,
Lrol THROLSLILMEEEHL L [HA
L oHbNTB] LARICEYLECES2D
T5]| CEPBRETHoZLICEALBAMN LD
2y, CoOREFHEELTRELETCL LY
2726

BaRBICH LTHORFEZRT I ENTE
2L [FEMICEATAS] [BEREF LA
BRoho 3B ETHN] [LALBRYESS
P Lo TRMBHELEDBEEICLY
“WoOZVER" 2ITVBETCWAZELZEE
FTAHICWIzol2, 72, ThODIA LRI,
BWIGHEBE AFLR 2RI A TN, AERHE
AV a—NEEDHN A%, RANOEKRELRLH
BRECH U TEER D Ah, Bkl -mED
HBTHRKEFNIEE L2, 72, ERICES
o THRBIZ L o THABIHEL TWAEAI
W, ZFRICHFR- T ORMEHERTLIILD
Holze

Z2RADL EBOORAMITE L, TR L1245,

BE-HE-KE-E B0 -BK 395

BIEORAIIEN— FABBVEVI ERICW

D, BREVIBERR L. HILVERTIEH
BOICBRT A LML R, BHERDE
HBDORL holzlcd, T2 652 ATLHE
T EBAANRB o ARELE L. EROBER
2, HEMECoL-HREBEDICHEFTLIZER
AABLUCBEHELE) AT, FHEEICLSH
WAV oltARR L o,

AP OEBEPTIE, ¥y—R - T+—3alb—¥3
VRPEMBERREAVWBREORE, TREERL
TORERICHTHRENIR, FREELDLL
VI BREAOHEITLE, STETLREENR
LT, YOERPBDLO>EEE
TERWV, 7272, WoTWwhAMEZBRT LD
CHEICEET 5, FAORNZFIEHT LS
BT 5 v REEOBRBMR, WHRER
MRRPZZTHCRBEBEEAH I LHFTEL
DTREZZTVE, BAPLD [T L%
MMTEZLEB), FEL2UA T MBI L
EMHTE] LVIBRREOREN L, “H
GOEZFOENT L™ ~ORMNE L ZhICEE
L7-FIEARRIBRSZENTELIL~DHE
HEEERL-DDOLEW S,

BbbIC

BEH»SFEHIII ORI, S0
ARBORAOBEIHIILO IR THE, B
MOBESREOREIC, FMELEX)THIOTE
7L, FHRMERA»OBEAAZHEEL TS
EREBDTRVWEZAONE, REMATHEL
RXBREBET S AT, RATHNT 7e—F
EHVLLOEFMAAGERE LR LRI L
BTEDBLESLI . S, HEOMMRBINT S
BEAANCHTHEBBREBOFEITEITRELT
W ZEITHIfEL v,

X

1) Nishida A, Tanii H, Nishimura Y, Kajiki N, Inoue
K, Okada M, Sasaki T, Okazaki Y : Associations
between psychotic-like experiences and mental
health status and other psychopathologies among

- 306 -



396 Rt KR ERERAESAFE 7 V= v 7 TORMS A B2 VOL28 NO4
~FIEY R 7 RENOBATHI T 70 —F & H o3k~

japanese early teens. Schizophr Res 2008 ; 99 : 125- Wiley & Sons, Ltd, 2004.
133. 5) Miyakoshi T, Matsumoto K, Ito F, Ohmuro N, Mat-
2) Yung AR, Nelson B, Thompson AD, Wood SJ : suoka H : Application of the comprehensive assess-
Should a "Risk syndrome for Psychosis' be includ- ment of at-risk mental states (caarms) to the japan-
ed in the DSMV? Schizophr Res 2010 ; 120 : 7-15 ese population: Reliability and validity of the japan-
3 AR BEBAEoRMA AT R T ese version of the caarms. Early Intervention in
Tu—F -7y MR HHREGEN L PL Psychiatry 2009 ; 3 : 123-130.
12, A ESE 2007 ; 49 : 342-353. .
4) French P, Morrison AP : Early detection and cog- (fF50) MEMHEREBIZL LTE, /RREMICE—PRE
nitive therapy for people at high risk of developing EMAZTvA,

psychosis - a treatment approach. Chichester, John

- 307 -



B3 28 BRAMREHERESR | V2RV TA

B

GH WO PR T

EUSHIC

B N AER (psychoticdike experiences;
PLEs) & ¥, Z8, OHEONELEE R
. BAER ERERSORM (brvES
B) BB T52 280, BAKSORSE
Biclkisl. —~BRAIETO—EDEETH
%né:kﬁmbﬂaw%@oﬁ¢;%$%w
PLESO#EFWSEH, 1 ¥YR, #=A+J3 U7,
%??ﬁ.ﬁ4%rnbﬁ
THETOERNKIZIA L,
BEY - §EMCMO»DPLEs 24 L /-2 &
GEAHFEE, BROREEREREREES. th
mﬂw#WHMKMWQM+¢‘ % B A Rtk
#d 5 ", New Zealand Dk 75— h g
BOWTRILREDOFEIDI B #15% P PLESs
FRRLTEY, THHRFHRLTOEVEE
HARTEH A I O FEBPE L By B
ol ok, o EABOTREGHN%

W&an:tﬁﬁ&éﬂfwém

- =

Za—-P—FF,
< ‘(3% 0 9 K A ‘.9)

5 F e

L & A B A Targe scale survey of psvehoticdike
experiences among junior bigh schaol students in Nagasaki
city
PRENK SN I (RERFLFRIESTER
el
T 8523501 BEPSLRAITHAL TH 71
vE-m:dl: 2@ e nagasaki-acip

Corresponding authorImamurs . Akiri
Departmest uf Neuropsychiatry, Nagasaki University
Graduate School of Biomedical Sciences
1-7-1. Sakameto; Nagasaki-shi, Nagasqkl leen, japan
1} B KA RS R s R PR R s
Neriko Nakazaws, Hirohisa Aif)osh’tq Hircki Ozawa:
Department of Neuropsychiatry, Nagasaki Liniversity
Graduate Schiol of Bioinedival Sciénces
2 RS R S S AR A s F — A
Atsushi Mishidar Department of Schizophreania Rescarch,
Tokyo Institute of Fevehiatxy.
3) AR ARTFRIERE

Yujt Okazaki Tokyo Metropoliran Matsuzawa Hospital

&9

LAt

CIRLESIERE, 18 ©273-277. 2009 27

SRR RIS - ASEESREN S —

AL LR B O E

KEHAY, RIS, N

BRI T, Nishida & 7 EREHIC
BwT 175‘{;75: L1158 ET -Jw:’%; #5200 %% o
BUPLEs® b oFrLhole, MuEMYEE
FTAHARBEESWATERL. 2088 8
15%DFESHPLEs B =20k, FOIHLD
6 HAHER AW ERI TV A EARR A
PLEsE®HMRNTE. HOWHE
15, HTSE. BHBHTORELBE Lvao
7O BEMBTRAEE LSRR S
niz,

ErxdloEfCoOMERREYEMRL.
PLEs* RO+ QBRI E XS ICELH
RHLZEPBECD DL EL, BEiliomngsy
ERRICBETEHAEOEENEEM o B
FEBC >WTHEE T shz ol Jlfn.,
HEHOTHTH - HEo R T REARTET,
BRAKED LB ENTVE DO~ &
Bhhda—2 L7 L#E— b (Youth Self-
Report, YSR) O —# 2 A Lz BT AN—
ZAOBRT. HAXRENEREOFRRT &
LCHHcREL Bbits [IEEoE | 2 Iis
&@ﬁﬁf”%ﬂomﬁr:v —DH R LI,
CofAatomME NEEOME I, BEHLR
EREE (PDD) RER KRR/ SHIERE (AD/HD)
DITHFRO-—~BERBLCwR S ELLR
Z) 3 DT 55)519‘{_

xR Cid, CRAFCBITEPLEsRHOF
LORHGTHERT S LI DPLEs EH &S
REBOMBL OB 2L THRET 5.

fze %72,

HEEHE

ﬂ@d&%ﬁﬁ@“l*“&hkv¢ 24 (12
WM~158) ThDH. YONREI R~ TRICE

Presented by Medical*Online

- 308 -



274 G EFMEE QMG

BT OO AU OPFIRDERR/EIMER
HRIHEE D ERDEXBHEAR AL
DORET Y r— MLk —FTHEKES

[Fol LBIBSOFRERTRESML 22,
AT RS R EMMEE SO AZEH TR
L*"*&O)'Ca‘oz;s fHEMACE X LT, #ERaR
BTl (MAFEERE Z Eidhw;, B
MLt(&“%nkMH&Tﬁm.ﬁﬁmﬁﬁﬁ
B ARTEEN CERMAEV RS Z L RW)
&Lz

BRERGOEKBHLR REBIFESHS
K%Wﬁ%t&ﬁu HEXHT. BB codE
L7z, TO%, RIGTHERASLRE
iV, ERb AR O B O R R IR L 7o,
TH9EINHERBeRNICTY, KERED
RF LR, ?&ﬁkﬂluwﬁwﬂmﬁLt,
REOREEIMRL ST SRRCER
I DWFAE %HJ*%’X:‘?*HW*"C?P: p ’Hﬁ??
HAHRBEPGABSE, IEEICESER S
beblEk L. REF~OMERWXE G
W%%zﬁ%ﬁih.ﬁ%&1%§$%ﬁttf
HEEBMNEH3IBHREL, TORTEY
&@%Aﬁf’ﬁﬁiﬂ%ﬁwx%ﬁm# P
LTh halks
KRHRTOERICH L T B0 FRA SN
ILTARL, ¥, £FROBLERICIBORTLE
fifi L. #METHALETTCb b0/, Lo T
RTNEEFHERMOTICE CHEZ S 72,
#aorer, OBERtERohb mﬂML
f<%u% BRKEOF FHMICARTERL

ut,ﬁiﬁwm%ﬁﬁﬂgfﬁﬁycmf

‘n: L o b1 A A

ARG EToRETEH S b0e s LI
Birc B E 2 A TR L7ze BREERORDK
W TO®BYTHD,
{a) PLEs
(by GHQ-12 {the 12-item General Health

Questionnaire) @ S X B EMSRAMEIE L
S R A
{c) YSR

(dy o 5,

5
+]~
§“¢1
Z‘F
&
hecy
A

BIRE2E

20094 11 H

hE, WCORERFOME, BROMEL L

FAMEMULLEEZEOLAQD - BTHo.
FEREBOADTIIRRS,

PLEs i3 the schizophrenia section of the
Diagnostic Interview Schedute for Children
(DISCOY b 4B A L. M Fizth?
Ato
{1y TREIAZXIZL-ST, BHROLDRE ER

PEERB SRS ENH D E L]

@y TFLERI V4G, HhNHTIA Y E—
VREEIMohTE LIS E LR
g

3) MEhrizgiorehih, ToFhiE%
ALY IRTHRERELZ LD
Lizin? |

(4) rfua))\v iizrfﬁi';hfﬁul PN EN
HhgLihr)

AL 4B HDEEREE "B,
LIy’ .
hd Lhdwn

‘ot
et E L, Thaok”, "Ho
EHERANEE, PLEsHA L &

5z, PLEsftA 1 H}) F‘G‘JJ?’A'PLE&,’# 0
HOBGIEPLESEEE L
GHQ-12 1z, 121'}1@0')5%175‘9 S HTRRAK

DN LR RENDR T -2 Y=
THbda 1] I’Fuabﬂbﬁ b Y T R e v
*ﬂLv o FHTRNY 2 HOOW AR T LR A
BB, SEOHECHEOMEIL0~12T
Hh, Z’-EJF CIZEVTIXCHQ-I2 D A 4 L
EOBFEREA Y VA AREL LM,

YSR (X Achenbach A\ MIBEL A T-26 % 820
R TBHESLEbABENTEDHECEH
AROFzw 7YX bTHH, PRMIZKL
LTRUTEY, FECHEEIER KLTLED
R RERTWA, §oOMHEE, vEld
ORIE, EHFARE T/ R,

SUOMERE. REOBRERNE, RO
B, JETTEINE, BN TERETHL. £
NENOREEEFBIIE CCBER, SR
W, BERCSTLNS. KA EYSRO B A

s 2 o0 TRHRE, HEoEOEE, i
MOMEOMEE, BISHE B L, #H L.

Presented by Medical*Online

- 309 -



H AR R W R Rk

\’t*\ { ,(‘. A1 .{,}.

20091 A 275

EEOHE

HEEDIGRE

B80% 85% 90% 85%
B sty [ SRy BRI

100%.

H1 PLESIIDWTORIEOES
{®-omis DIRHRL TOERA) Hodel LR E
[anoisind Litign] ! J..udvjﬁﬁi‘?l Aot sl fuek
B Beotiipbl ﬂ/i_‘:‘i &ML s
P ATHHA !'(ﬁf-'}ﬁ?ﬁ'ﬂ‘

Py by o -~ A ~
[ Liafel EEL

ek

IRSOREOBEERIL &g
RPERFEELEHTIEESL". "XL
THY, BRT2BE ST S v
M, e F R aEaHTIEES LA
¢ &s"-eti N
FEFOBRBIIRBSo08RIZ0 ~ I38¢HY,
14,&.&%..%:?‘5 ! AR, 12~ 138458 R, 1150
YHREHE S [ ORME IS EOE
HO~16MTEH D, 1AM LEHERE S~10
AR, 3 ETFARENEL S,
&&ﬁ}h¥hmﬁﬁm%ﬁ%%&%%éu
HEFEEERRMLCIT VAT 4 » 2 BRI E
TWote TTOBE A L SPSS ver. 160 for
Windows {SPSS Japan Inc.) & FivTif- 2.

P2 17 o 22 9 DD RIS (53745) & T

TR M Uz, WENE 07D EEARE
(ZDABTLLP T A AR EDREHR) THo it
%ﬁﬁ??g "»?x 08%) THYH, WRHIZ4864
% (9059 BHMATIRE R ofze BF2429
%. 47\ S’ﬁ Sdho fs

*ﬁ"f"
5

B2 YSRO#SMONBLIEOMEOEHN
HE

R SRR, SRR, Sk

PLESHHOBEIiowToOEREE 1 o5
4mdmvt.—mﬁufwmﬁubmm“&c-
P B AR 164% (797 %) TH o, MR
FHT386L, LFABLTH 7.

GHQI2{Z L BfEA ¥ & WA ARIZ2070 A
14.46%) TdHhoie
LEs# M EHE LT oY X7 1 v Y EES
BFFuw, BA 2 F ROl AR OB R T
I3, 73’ » 21298 (95% B IRIK H 253 ~ 3.50)
TEHERERBDERH -7z (p<Gonl), ZORERLD.
B2 2 AALZABEICRT 2 DIPLEs TS
W EAFHE S,
YSRO#“4HOMB L ESOMEOLE %
@QKR1 HRB R E R AbED &

,ciﬁ_ MO EA, 104% 13 EEOMER

ai‘) AHEPEDSR S dudze

K2, YSROB AP OME, EEoOMELR
ZRDEEEIZ ST, GHQI2OHR» ERE
KELTOYAT 4 v 7 MBI T3 25,
HetoMB A v XHT46 (95%E BX 4570
~875), FEOMEIEA » AH::xZB {95045 HHIX.
B 4.20 — 651) & BRI x > & v 2 P
(IR L T,

Presented by Medical*Online

-310 -



276 H AL AR E S S

T YSROASBOMBEONFKENE, X
OMBOBERRL L FLIIB BT, PLEsOH
BEMBERELTCO VAT 4 v 2 RGN %
Frofrb2nh, HetoMBETEA » X245
OS%IRHIKI 195 - 309), EEoEETITy
252 (95%AEHIZI 204 - 3.10) & YSR TR
e LR EEPLESHIIBLSTWI &b
I LES W A

Z K

Hrbitid, BWHEIEBWTHRS0EDRN
S IS8 O e o LAY TE) B9 I (PLEs
2EE) LOWTREE ol TOLIAKRE
BLHEEAR AHUBYTBELOBAELRSE,
RGO L OTH D,

CHQ-1208 R 40% M EAUR R ¥ 7 b XB
CRL TV TRREFENBIORTEA Y
¥ o n ATOTETE LS ol BHOREILS
WTH BEMERFREINT Y D,

PLEs 2 HoT XD DHEERIGANTH Y, &
HTOME TR ENLIE2RICEVER Cho 1.
¥, MBTERAaDBE, TN LSS
DHF oY, T 0ETEMANA DTSN
DHEERAESAS | [TLERZ I IO Ay
- YHHELRD]DETH e RGO
LFlioBEL AL TH 1

SR EH R ESEOR L ORI, BT OMES
BRERFIDGORBUSERL 2, BREHO A
PLEs DT E4E A ¥ ¥ WL ABEOBEED T
FRENo2H, ZRRBEL2ToLHBOR:
GEW T8 H O EKRAN, RGTIEI A3
HE) il & BT R E (Bt
FEACH L CHRERHT LS TE ), AR
LT L) EAWE LTINS B,

YSR HDIFHE (220 T8I AR: &M iElE,
04% B ETOMELH LT AT EREVHZ S
AR A e BEIRBRBEE R TR &K
AVEVARZRIIBITAIENTESER, T4
PLESTRERE L AR REEIRALNAL DI LK

F18%2% 20094 11 H

HEUCEROME Lo pREAR, HANCE
LB LSV ORBREICHY, »OPLEs% ik
BtalebBFolLERELCnE, #HE5E0
ME, EEOHEISEERIEONBERE %
AHRALWEIERN - o oy E % PLES S B
WS B ONNEBBEOF MM & LThET
~EEEbhb,

FAYSROKMHIZ, FAThRERFBEOR
ReFBLTv 5 RETESSSH %, Hoekstra 5°
BYSROTZEOMBADHEIZ L o CTAQ {the
Autism -specirum Quotient) scores % Fli4 5 &
EAH B EHEL Ty b, Doyle 5 EIVSR®D

EEDOEE L AD/HDEEO D OBRER O

RETHEELMAEA D EWMELTVS, 26O
HINROLOMA, BERETEEBNTES
RTREVA, i SFOMBPHMT A2
PRTEBRETHALORS., floT, &
D AEH S F& L OPIZIEIPODOF & HE
FRNTWBLELEZ LN, EEEOMERS
LI AD/ADAE £ N5 W islEAE 5. AR,
REBREOLTZLARMERE IShLho izl
LT, WEOHREMRIIH, TREEE LT
RHEAES R RET I AR sATEDY,
FREBERIAY LT AL T, BaRiE
DFFEEI ALY PN EBUERT
W39, SEHPITEEEIL, BEREOMBEE D
D LB AGRFO RO LY D RE LT W

WO

SEOWET IR WD RREETRE
& BBTHTEHS SEROMEEOH
BLURER FEOEHR~sHRLETET,
(Achenbach System of Empirically Based
Assessinent) IZ X 4) ORI H > T I %
T v 72CAMHA (Child and Adolescent Mental
Health Associates; B BHIPHHREAT RS
DA O~ BI L E T,

Presented by Medical*Online

- 311 -



ESTES P B

X

1} Achenbach, T. Integrative Guide for the 1991
CBCLA418, YSR, & TRF Profifes. University of
Vermont, Departient of Psychiatey. Burlingtlon,
1981

2y WAWSEEGF, WEERIT ., #FEBl « g
A ERE E ZOER KT IRH. AN
JRIVFLY 62 667679, 2003

3) Cannon, TD., Cadenhead, K. Cornblatt, B., et al:
Prediction of psychosis in youth at high clinjcal
risk: a multisile longiiudinal siudy in North
America, Arch Gen Psychiatry 65: 28-37. 2008

4} Costedlo. A, Edetbroek. T, Kalas, R., et al: NIMH
Dizgnostilc Interview Schedule for Children:
Child Version, National Institute of Mental
Heaith, Rockville, M1, 1682

%) Dhossche, D, Ferdinand, R. van der Ende, L. el al:
BDiagnostic outcpme of self-reportad haliveinations
in a community sample of adolescenis. Psychol.
Med 32 619627, 2002

6} Doi. Y. Minowa Mo Factor struchure of the
12-item General Heslth Questionnaire in the
Japanese general adult population. Psychiatry
and clinicat neurosciences 57: 347-156. 2003

7} Dovle, R, Mick, E, Blederman, | Convergence
between the Achenbach yvouth sel-report and
structured diagpostic interview diagnoses in
ADHD and non-ADHIY youth. ] nervous and
mental disease 195; 350-352; 2007

&) Hamer. H., Maurer, K, Rehrmann, S. et al: Early
detection and secondary prevention of psychosis:
facts and visions, Bur Arch Psyehigtry Clin
Neurosci 254: 117-28, 2004

9} Hoekstra, R. A. Bartsls, M. Hudziak. 1. J. et al:
Genedie and Environmental Covariation Batween
Autistic Traits and Behavioral Problems. Twin
Research and Human Genetics 10: 853-860, 2007

10) Kaneita, Y. Ohida, T.. Osaki, Y., et al: Association
Between Mental Health Status and Sieep Status
Among Adolescents in Japan: a sationwide Cross-
Scctional Survey. § Clin Psychiatry 68 1426-1435.
2007 '

11} Kim-Cohen, J.. Caspi, A, Moffits, T. E,, et al:
Prior juvenile diagnoses in adults with mental
disorders: developmental follow-back of a
prospective-longitudinal cohort. Arch. Gen.
Psychiatry 60: 708 -717, 2003

12) SRR BRWET, PHBEIM M Youth
Self Repert (YSR) [ ARFM OB RIL KA YSR
MBHEHFREY SO, BAGREFEEOHEE
HIE 40: 529344, 1986

$18%2% 2009411 H 277

13) Laurens. ¥. R. Hodgins, 8. Maughan. B, et
aliCommuaity screening for psychotichike
experiences and other puiative antecedents
of schizophrenis in children aged 9-12 yveavs,
Schizophr Res 90; 130-146, 2007

14} Laurens, KR, West. SA., Murray. RM, et ak:
Psychotic-ike experiences and nther antecedents
of schizophrenia in children aged %12 years: o
comnparison of éthaic and migrant groups in e
United Kingdom: Pevebhol Med 38; 1103-1111, 2008

15) Lencz, T., Smith, C.W.. Auther, A, 8t al:
MNoaspecific and attenuated pegative symptoms
in padents at clinical high-risk for schizophrenia,
Schizophr Res 68 37-48, 2004

18) Mirsky. AF. Ingrabam. L), Kugelmass, S
Nearopsychological assessment of attention and
its pathology in the lsraeli cohiort: Sthizophr Bull
21 193-204, 1995

17} Nishida. ‘A, Taniy H. Nishimura. Y., et
dl Assedialions between psythotic-iike
experiences and mental heaith status and other
psychopathologies. among Japanése cacly teens.
Sehizophr Res 99.303-318. 2007

18) Poulron, R., Caspi, A. Moffitt, T. E, 2l al
Children's self-reported psychotic symptoms
and- adult schizophreniform disorder: a i5-vear
Iongitudinal study. Arch.-Gen. Psychiatry. 57
1053-1058, 2000

19) Rapeport. . Alex Chavez. BS. Greenstein. D.. et
al: Aotisr Spechrom Disorders and. Childhuoed:
Onset Schizophrenia: Clinical and Biological
Contrilnttions te a Relation Revizited Journal of
thé American Académy of Child & Adolescent
Psychiatry 48 10-18. 2009

20} van Os ]. Linscott. R.J.. Myin-Germeys, I,
Delespaul. P.. Krabbendam, L.: A systematic
review aud mela-analysis of the psychosis
continuum: evidence for a psychosis proneness-
pergistence-impairment ‘medel of payvehotic
disorder. Psychol Med 332) 175-195, 2009

2 FM B KRR BAENE, 65 464:469, 2007

22} Yung, AR, Stanford, C. Cosgrave, E. et al:
Testing the Ulrra High Risk {prodromal) criteria
for the prediction of paychosis in a clipleal sampla
of young people. Schizophr Res 84: 57-66, 2006

23) Yung, AR, Phillips. LJ. Yuaei, HP, et al:
Psychosis prediciion: 1Z-month follow up of a
higherisk (prodroaat’ group. Schizophr Res 60:
21-32, 2003

24} Welham, J., Scott, J., Williams, G., et al:
Emotional and behavioural antecedents f young
adufts who sereen positive for non-affective
psychosis: 2 21-year birth cohort study. Psychel
Med 36: 625-634, 200%

Presented by Medical*Online

-312 -



wand, 17(1)  67-71, 2010

17 167

=EOIC)E
SN

Brain Science @

BEEEED D E —

bOB T4 A

Key Words : copy number variation(CNV), DNA
microarray, neuropsychiatric condi-
tiens, homwologous recombination, non-
homologous end joining

(SOl

2003 T T Lizk b2 LBVE, 1L
WAT O X BN/ ThRbh KL O
HrdhsLl BE, 7/ AaEREzF-y~=
AEENY 2 T4 VA LHT LB AWEET,
ZOEBEFIER AT TR BRIZOE (RAS
NTWE, ITOSHLLHERICLY, BT
BRI D LIV o/ ST LR
RESEHT, INTTEG L edoBE
Ka b 2DERBHIILTETVE,. /0D
TE-HEVIBELEDI LD -DTHY,
HLEHCFEB LGS, BEERIS 107
2350 T 2ONEERZ IV EKoT
BEEXLNTER LAL, FOEMNFEH
LTWhG, RELTWENT2E+hEPh3 T
V(3 L a-pELUE), 18-
(BLLBOIV—) Ay v SR, TOEE
REETHE TR TWANT 258, T0R(E
TOERILPELS X, ARECEBREREIC

w2

FEETBE0IL0NTH S,
20044E1ZSebat 51, Iafrate S2OWB WL L o
¥ ~# % B (copy number variation | CNV) IZ#&%
ADES L, FLT, ARBOBEIGHEERLT
WEZ EAL L Aol FLC20064E, Redon
GIDWEFIZL Y 5" L LO12~15% 3 7 ¥ =
FRIAEDTHES LR, ZRHEEUISNP
(single nucleotide polymorphism ; — & &4 B &
WA TEERCEAMOSHEIESLTHEE
EzohTwa, £ barbkFEoleTz
= E R D7 & ~— R (Database of Genomic.
Variants : http://projects.icag.ca/variation/) 2%
8, FHERTVLY, THEOLBEL MG
TATCIEE S TV,

A~ B OBERFE

A ELBVTH, HEDF I LFRIIBW
TEELEHTH-TVZONDNAYA ZUT
VA Tha, a—HBINICL #0OFRISHEXR
THY, 472074 K, RETERY —
MTHB, T4 7u7 L TSt 0B
HEWH, FAFNEHIREL. LT, RED
FATHLREWY, Ei34 270740
WMELZEB LI,

Affymetrixtt Muminatt» HREZ N TV B

* Brain Science@—Copy nurnber 2nalysis in neurogevelopmental disorders.

** Shinji ONO, M.D. & Akira IMAMURA, M.D, Ph.D): Bl AEREREEESR SR RESNEENERE
RS F 0 AL (96852-8520 EWNIR RIS IR 1-7-1] ; Department of Neuropsychiatry, Nagasaki Uni-
versity Gradhrate School of Biomedical Science, Nagasaki 852-8520, Japan.

»«* Hideyuki NAKANE, M.D, Ph.D.: S A RE RESRZREMANBHBEIR )Y F— v 5 VR
HEEEMTEE Y NE ) 7~ a Y55 | Departmient of Occupationial Therapy, Nagasaki University Gradu-

ate Schoo! of Biomedical Science, Nagasaki, Japan.,

whex o ﬁ'ﬁﬁkﬁfkﬁﬁglﬁﬁfﬂ%ﬁﬁ%ﬂtﬁ%‘]‘ﬁi@ﬁﬂ#ﬁlﬁ AEE5% ; Departiient of Human Genetics.
Nagasaki University Graduate School of Biomedical Science, Nagasaki, Japan.

-313 -



17088

SNP arrayvd, S —¥EMHAD7a—-7+ &
iogenotype T HETE ZSNP7L— 74 #E L
THREDONEDORELEMTHS. SNP/ O~

THLEN) HEh b genotype # 2 LOH (loss of
heterozvgos:ty) TRET ZELTEETHY,

~HIDFER L A4¢TUPD (umparental
dlsomv)fl"ﬁ&nﬁ%&-"‘ TEMTEE, 7

L, BRICHELTEKRLEH B> T Bgeno-
type®D 7 T A5 1) »7/—D % 1 AABBZhomo
e OHABDheterolz DD CHE—IC B TIE,
FOEDPTIEL DY A% S4FEEL, B
ELZ{ ORRTHER, WEFEIhTHWED

D, BEREEHSTHIERTHILVSO
PRIRTH B, BIFCECAHFEEOBIR G I
EREELEZTHY, HapMap projectd & B
BILOEENBEZAFTEIENTCEL L
I 2T 5,

—J, Agilenttl, Rocheft(NimbleGen)#H &%
FEERTVRETA 237 LA ida &—RFIC
FELAEeA 707 LAT, FAMF YT E
V77V RF TR B8 CTHS/ A
TIFAZTEIERLN, 3B LER1ID
b h et L, ELT, BREDEVIERLE
BELENTEL, 1272, TOFELHNEBELBR
KANZF ol Blold—2ilHoTLES.
LY)—DOREREBEELT, 202407
AT HREBICARLWERD AR AR ¥ 4
LET LA % d—F =152 EAHiEL S 2
ETHE, ETREY/ L7414 FTHBEBE
Lizob, oh-EBick &l nio—-7
FRAEAZT A VRERL, fhVHEEEAT
W B ) RRENERETHR D,

REE, DECHMALAEw 207 LA
C-BBRHOERTH LA, FE, R -
IV —PRERPLCRAREATVE, Th
LHOBBERFIIEERD Y~ vy IR

ELIEHBTHAD, Z20TRELTHF /A
PHIRACL, muitro T A 75 FBE, 7L
4 L THIEFMEZ4T ) 0, ALY — ¥
NEI(ER25NE -Ta¥—Fr@lwdaa
EHMETHE, THhETHYS 70T LA L
U*%PLméfpxh A Y VOB RE
ZRERY - x4 -4, B0 -8

BUE BT £15
DXL 845

BHEEBICE U ACNVDES

BUHEREOERZE—TRVI LSS, B
BERDSOLERFHFHES LTI EEbN
3. MELBESIRNEC RZBENRENEE
LTwas i, RAERHECETMEICLY
MoHTHLY, BHELTVLHEEFEVES
RPL BN, BHESITBW(2 ¥~
EOBESMONLT Il oD, vero-
cardio-facial syndrome{°DeGeorge syndrome®
BEEL RO T2 RBERERO—T
T#H5qll.200/K % (deletion), % 22q11:2%
KERBILL-TTHE, TOREEEEII5%
DEETHEMDBELHSERELT SV HRE
R, EREZETAEMAGA, T Ed
SEE L L Tdosage-sensitive2 TBX 1B{EF 1
B LTW3Z edtbivoior,

DT, REMMIOW - ELHERICHE

%?ﬁ:} i) - Ebh;

L7CNVEBRS., —~EF FLDL500F 10
THab.

1. B B iE

T = - —ERERETT Ve

SEIRBOFTHEL TH 2 15q11-3313, #M 24
*#x%L DEhERE, BET LV Glde ;
ﬁ.‘.f."g{ ¥t :C‘?:‘ TETHEL D &Qiiﬂ%ﬂ‘c
Wiz, Bundey 59431994412, H 2 HHFER
TCIDEBEOTFRT ULFEELTVE I L %
BEL, COBKIBRETBFRLTCVWLEE
BL7. #OHRAEEIPELTESEOHRE
PhREATHEY, BRERD1~3 %% T L
NDEEPH LD EvibRTwa, 1, &
DEMITDWTHE, Nakatani 57720094 6 BCell
RIIEFAToRARGELZEERELTY
A. Durand 543, 2007 CEREERDPIC
22q13.3HIESHANKIRIEFREAFEL T WA
ERRELL. FOBL IORETF, HEiko
REGHEBDEED D Y, 20034 01Sehat &Y D
KEAE 2 de novo CNVERET b FHAKAS ‘”‘]?‘é"
Tz, Xp22 3T ANLONSBETFL &
Si&uwwﬁ%#aa.bwﬁm%aaﬁm
DR ATREN IR 3 20701220034 0 Jamain
BNCEoTCTHBHH, ZOBHFE/L—b0 T

-314 -



Psychiatry July 2010

17 7 69

F1 CNVHEEL T2 BREER

EBE BET BIETHE o
=gk SHANKS 22¢13 S
EFEANs FFLEE  NLGM Xp22.33 e
16pll.2 TEEL L CIHER
PCDH10 4g28.3 FERE
NHE9 3q24 RS
~ 15q11-q13 BT
ErEE GSK34 3q13.3 ERE
RettfE (& 2% MECP2 Xq28 L RE
B R ERaE ERBB4 2q34 Tk
SLCIA3 5p13.3 S
RAPGEF4 23312 K&
CIT 12q24 EH
1¢21.1,15911.2 and 15¢13.3 R&EH LG @EE
N oL FiE R 17pll2 BANR S (— B
NLGNg Xp24.33 K (—FR)

b OEMIRETH -7 2008%ELawson-Yuen 58
13, NLGNLGELTDANIFEESERELT—-ADH
BUEIRICR O, CoBEFOI¥-8ZELD
BB EORE NG LT AU EENSL I L
Ao fz. Weiss512%, 20084E122,00045 0
AMESFE R IIHEEHOTL 707 b { %
B TRE LS, 16p11. 2580 B ATE
SRS L TwA 2 L #New England Journal of
Medicineis iz 8 L, 7277 0BEEBILE
EXWhHHL00, BETEEMEO I%BUTIZL
PALNRVLTR2LDTH 72, Morrowh ¥
1, 2008F VIR T 7O —F CHMEDEH
BEFFFELS. ELHIIFROARERERRI
BEENFSERLTWAI LITHFBE LT, Slbd
EROBITE % F 2 BRI L7 DI EER S
FHVTLOHAE b i L, 3R & homozygos-
ity mapping ¥ 1V, TOHPABBHEII LIFEE
U7k T RSP NHEORIF L PCDHIOE
ERIIHERELTVAI E 2R L.

2. e kAE

Walsh &4, 20084 4 BiC185 LI EEAEDE
FI76%, BBFUTREEDEEIRIE, LT
STEREER6844 2T, 1 6 OFEE I Mumina
#t & Roche#tNimbleGen 7 L { 2 W T ¥ —#
PBE LS. FOa-MEi0H B>
CNVIZ X o CHifi s L g8 8, 250,
FREFNOQT LA 2 EA 2 MOBSEFHEAT

(@S Table 1 & s
WAELDOLEB L FDOERHH L. BE
& U CHERRETIZ0%, FEARERIL15%,
MRS B EAITRBERIE(, L,
EERERBIIZILIZISVWEVIERT R L.
Flo, TR T VL 78S b LTHEET 58
BT CHORBEICEE 23 v b7 7 L.
WKHBZEFFLTHA, ABIZIOFLTH,
%% BEHERBB4E SLCIA3ID K %, SHZBE TR
fusioniE R FAERT LRV —s vy
THEEL TV, My TXudb%id, EE152%
DB EFE L EEMIEBEISE & Affymetrixit SNP
arrayE VT2 ¥ SRR £ 47\, BB de
novo DCNVASKIBEEE |- LN Ty 848 b & ik
TAZEEF L, F/I0%BYT, RAPGEFY
BILFDRE L CITEETOEE WS T H L
LR LM o7, BMESEEHEEE UTH
LALT WV /216pl L2BENE, +ORGHEROEE
CRUESHNE £ ORHD20094E11 B Nature Genet-
icsEf b TMcCarthy 5™ & o T/RE L7z,

3. TOHORBBREES
BARME M EBARTO 7 ¥ — @it o
ZLDRLIEHERBE L ELTTDEDOTH
L. WD EZHEARTIIGSKIBO o ¥ —#e &k
VIARIDME—TCH 0, MENEEOREET
HEBUF LGRS L TGSK3pOI§lE
AEEOLS, COMBHEEBREREFEL T

Wi ki,

- 315 -



1770

RettfiF &3 1299.5% A F 10 10,000~ 15,000 A
DL 1 ADSFERELBOEFTHONRERE
T L YR BEBE, ¥RSTE, FL
T, REHFOFLLEEXHRETAL. £0
FERIET & L TMECPZRIZTHEISRTVS
B, ZOBEFIRAFIVEBEFHEEEOS
Bhkhd Il ETmeNnD, Lo T, ZOEEF
PHE L TWATROBEFFFETIELEEL
ZOPRMTHEN, FTHHEELREETIED
BTyl s,

by Ly FEERTIRITPILZY F LTNLGNY
EBETFEOBNREIBEENTVES, Wi
b 1EDHLTHD.

4. CNVRRE DS

ERIEETAEREWIIINTCAER
FHIGRTERY, ZhI TEWESHALTE
TREDEELHMTELh o2l 2B,
I BEOMBAICNVRFE TR TS,
T/, WEERE, TENEE, GBEIRSLE
DEWEHZEEEE - TE I b, YO

MEEFRIVETAL TCOBOTHEWh

BENTWED, fAHBECHDLDD, —HiF
BHEC—HIRRL Lo LHEBORRICH K
HERLH Y, FPORBCRILTEELLA
A AT

CNVO /AR

DRNORABODNAIZ 2 EEETH S LithE
MOBETHHH, 1HREE Y bIBEL T
DIEFBITEFITHE. LA L, 0 2EKHEE
KHESP S TLEI LR I(aa2 LT,
TOBCBERESE I 03, FOEE
BROD LIELAoN T A MA, AEGRL
(homologous recombination ; HR) & FER18 k5%

B4 (non-homologous end joining ; NHEJ) @

20 THhs, HERMARL (HR) & RO IEE
ITHEELTE o (F—-Dbod, LR
L CBLENEFBL TS, LELENS,

e b 2k CB7ZRES IR FE 0 sRIEAE < (low
copy repeats ; LCR), #EZOBICERE, RE,

MG ENRBI NI B2, EBE, ¢ b/ Lkl
HHHEEFLEUL I LRFOMERET
(paralogous gene) {8 &{%F (pseudogene) #5Y

M #178 £15

2B, TORGLERRLIOEMNTEE,
IhOoNEFOEEIEE, ARLLOTHD
B, EECKBIHTO(ERPRETETL
3%, —F%, FEAEERGERS (NHED 0%
DEBYDEFSHABHE DR CLDTHBA,
BEROKESE L2TVR, LR/ L DB
CEDLORBETTRWERTHE2DT, £
DELRBEE LT ERFBnk SRty
A, IDXSLBETONVEELTwWALER
S5hib,

e

BBE & A RFAEL P OCHBHMSER
2V 2 ¥ - H2E (copy number variation ;
CNVRFGRI DWW TS LA, F72, CNVEFZE%
HRBY—NPCNVERLEE L AHEFILOW
Thpahis. EOCNVIHFIRL L, Thbis
HELEBORERET PHREFEL2IIL DD
2Hb. LO2EBRHBEELEFOMSYE
BZHEETOHCNVERER & LTEHELHEFOATE
b, ¥k, -3y T LEERRETIE
BHzZbh ol i) 2 RERFE*BO>0T
BRuALENShTWYa, LALLM, o
ORDWTHEERR 2 EP¥E {, B0
KOPBANLL I A THD.

[BHMNEILERLOTIELRL,
BOROENESETLTH %0,

W—k 2RADE, BATELETHL. ]

FEEERR00EEZ B o F v — X - ¥ =5 4
YOEETHE. bitbNidKE,LOTILEE
TP LBRBICHEN LBEECE-Twa, i
DY 7 LEBFELE, FIIRBEEET MR
BEFERY AR B{EORBLHEbo T
D, SEFEMIZHITCNVL F0~—438-T
WahH, EFT0OLOOEBIEERICNVIZE N ER
5B ELHRBRFO~HFT, DERBIERE
ERAFHAEVIERDS, DRbNLGELS
BN 7 AREEETEH & T Tud R 6,
FORBL LTRBEZBELRCVHDHH L
iz,

X

1) Sebat], Lakshmi B, Troge J, et al. Large-scale copy

-316 -



Psychiatry July 2010

number polymorphism in the human genome. Sci-
ence 2004 ; 305 ; 525-8.

2) Iafrate AJ, Feuk L, Rivera MN, et al. Detection of
large-scale variation in the human genome. Nat
Genet 2004 ; 36 : 949-51.

3) Redon R, Ishikawa S, Fitch KR, et al. Global varia-
tion in copy number in the human genome. Naturc
2006 ; 444 : 444-54.

4) Carelle-Calmels N, Saugier-Veber D, Girard-
Lemaire F, et al. Genetic compensation in 2 human
genomic disorder. N Engl J Med 2009 ; 360 : 1211-
6.

5} Cook EH, Scherer SW. Copy-number variations
assoclated with neuropsychiatric conditions. Nature
2008 ; 455 : 919-23.

6) Bundey S, Hardy C, Vickers S, et al. Duplication of
the 15q11-13 region in a patient with autism, epi-
lepsy and atzxia. Dev Med Child Neurol 1994 ; 36 :
735842,

73 Nakatani ], Tamada K, Hatanaka F, et al. Abnormal
behavior in a chromosome-engineered mouse
model for human 15q11-13 duplication seen in au-
tisrn. Cell 2009 ; 137 : 1235-46.

8) Durand CM, Betancur C, Boeckers TM, et al. Mu-
talions in the gene encoding the synaptic scaffold-
ing protein SHANK3 are associated with autism
spectrum disorders. Nat Genet 2007 ; 39 : 267,

9) Sebat J, Lakshmi B, Malhotra D, et al. Strong asso-
ciation of de novo copy number mutations with au-
tism. Science 2007 ; 316 : 445-9.

10) Jamain S, Quach H, Betanctr C, et al. Mutations of
the X-linked genes encoding neuroligins NLGN3:
and NLGN4 are associated with autisin. Nat Genet
2003 ; 34 : 27-9.

11} Lawson-Yuen A, Saldivar JS, Sommer S, et al. Famil-
ial deletion within NLGN4 associated with autism and
Tourette syndrome. Eur J Hum Genet 2008 ; 16 :
614-8. ’

12) Weiss LA, Shen Y, Korn JM, et al. Association be-
tween microdeletion and microduaplication at
16p11.2 and autism. N Engl J Med 2008 ; 358 : 667-

1771

75.

13} Morrow EM, Yoo SY, Flavell SW, et al. Identifying
autism loci and genes by tracing recent shared an-
cestry. Science 2008 ; 321 : 218-23.

11) Walsh T, McClellan JM, McCarthy SE, et al. Rare
structural variants disrupt multiple genes in
neurodevelopmental pathways in schizophrenia.
Science 2008 ; 320 : 539:43.

15) Xu B, Roos JL, Levy S, van Rensburg EJ, ct al. Swong
association of de novo copy number mutations with
sporadic schizophrenia. Nat Genet 2008 ; 40 : 880-
S.

16} McCarthy SE, Makarov V, Kirov G, et al. Micro-
duplications of 16p11.2 are associated with schizo-
phrenia. Nat Genet 2009 ; 41 : 1223-7.

17) Lachman HM, Pedrosa E, Petruolo QA, et al. In-
crease in GSK3heta gene copy number variation in
bipolar disurder. Am J Med Genet B Neuropsychiatr
Geuet 2007 ; 1448 : 259-65.

18) Shelley BP, Robertson: MM, Turk J. An individual
with Gilles de la Tourette syndrome and Smith-
Magenis microdelction syndrome ¢ is chromosome
17p11.2 a candidate region for Tourette syndrome
putative susceptibility genes? J Intellect Disabil Res
2007 ; 51 : 6204,

19) Lawson-Yuen A, Saldivar JS, Sommer S, et al. Famil-
ial deletion within NLGN4 associated with autism and
Toureite syndrome. Eur J [Tum Genet 2008 ; 16 :
614-8.

20) Burbach |P, van der Zwaag B. Contact in the ge-
nctics of autism and schizoplrenia. Trends
Neurosci 2009 ; 32 69-72.

21) Crespi B, Stead P, Elliot M, et al. Comparative
genomics of autism and schizophrenia. PNAS 2010 ;
107 :1736-41.

22) Tee JA, Lupski JR. Genomic rearrangements and
gene copy-number alterations as a catise of nervous
system disorders. Neuron 2006 ; 52 : 103-21.

23) Stankiewicz P, Lupski JR. Structural variation in the
human genome and iis role in disease. Annu Rev
Med 2010 ; 61 : 437-55.

-317 -



Neurochemistry International 57 (2010) 565-571

Contents lists available at ScienceDirect

Neurochemistry International

journal homepage: www.elsevier.com/locate/neuint

Olanzapine increases cell mitotic activity and oligodendrocyte-lineage cells
in the hypothalamus

Takahira Yamauchi?, Kouko Tatsumi® Manabu Makinodan?2, Sohei Kimoto?, Michihiro Toritsuka?,
Hiroaki Okuda®, Toshifumi Kishimoto 2, Akio Wanaka ®*

2 Department of Psychiatry, Nara Medical University Faculty of Medicine, 840 Shijo-cho, Kashihara City, Nara 634-8521, Japan
®Department of Anatomy and Neuroscience, Nara Medical University Faculty of Medicine, 840 Shijo-cho, Kashihara City, Nara 634-8521, Japan

ARTICLE INFO ABSTRACT

Article history:

Received 6 November 2009

Received in revised form 30 June 2010
Accepted 12 July 2010

Available online 17 July 2010

Weight gain is increasingly recognized as an unwanted side effect of atypical antipsychotic drugs. To
explore the mechanisms underlying this side effect, we examined the effects of olanzapine, an atypical
antipsychotic drug, on cellular proliferation and differentiation in the adult mouse hypothalamus. A 6-
week treatment with olanzapine resulted in a significant increase in body weight. The sizes and numbers
of olanzapine-treated mouse adipocytes were significantly larger than those of control mice. No
significant differences were observed in the levels of blood insulin, cholesterol, triglyceride, leptin, and

g"?'g tz’;d:;mcyte ghrelin among olanzapine-, haloperidol-treated and control mice with an exception that adiponectin
Antipsychotic drug was significantly higher in olanzapine group than control group. Body temperature and the level of
Weight gain uncoupling protein 2 were also comparable between the olanzapine-treated and control groups. We

found that the treatment increased BrdU-incorporating cell numbers in the hypothalamus, while the
same regimen with haloperidol or control had little effect on cellular proliferation. Double-labeling
immunochistochemistry revealed that the majority of the BrdU-positive cells were also Olig2- or APC-
positive, indicating that oligodendrocyte-lineage cells were generated in response to olanzapine
treatment. Enhancement of hypothalamic cellular proliferation after intracerebroventricular infusion of
cytosine arabinoside coincided with elevated food intake and weight gain. These findings suggest a
possible link between gliogenesis in the hypothalamus and weight gain following olanzapine treatment.

Cell proliferation

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Atypical antipsychotic drugs are widely used as a first-line
treatment for schizophrenia due to their efficacy and their fewer
side effects, such as extrapyramidal symptoms, in comparison with
typical antipsychotic drugs. However, unanticipated side effects of
atypical antipsychotic drugs, including weight gain and hyperlip-
idemia, are emerging (Wirshing, 2001; Hedenmalm et al., 2002).
Weight gain induced by atypical antipsychotic drugs correlates
with morbidity, mortality and quality of life (Green et al., 2000).
Moreover, weight gain may interfere with compliance, which
could lead to relapse of psychosis. Of the atypical antipsychotic
drugs, olanzapine induces the greatest weight gain in humans
(Allison et al., 1999; Consensus Statement, 2004; Lieberman et al.,
2005). In rodents, many reports have shown that weight gain is
induced by olanzapine treatment (Cope et al., 2005; Cooper et al.,,
2005). Such weight gain has been attributed to increased body fat

* Corresponding author. Tel.: +81 744 22 3051; fax: +81 744 29 8825.
E-mail address: akiow@naramed-u.ac.jp (A. Wanaka).

0197-0186/S - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.neuint.2010.07.003

(Ederetal., 2001; Graham et al., 2005), and a recent study reported
that antipsychotic treatment of rats with olanzapine interferes
with lipolytic activities and increases fat deposition (Minet-
Ringuet et al,, 2007). However, the mechanisms underlying fat
deposition induced by atypical antipsychotic drugs remain unclear
(Baptista et al., 2004; Consensus Staternent, 2004).

Neurogenesis in the adult brain occurs in well-known regions
such as the subventricular zone of the lateral ventricles and the
subgranular zone of the hippocampus formation (Gage, 2000).
Several recent reports indicate that neuroproliferative potency in
the adult extends to other brain regions including the hypothala-
mus (Magavi et al., 2000; Pencea et al., 2001). Kokoeva et al. (2005)
reported that newborn neurons in the hypothalamus are involved
in controlling body weight and energy metabolism; they also
observed newborn oligodendrocytes in the adult hypothalamus.
We therefore hypothesized that such newborn hypothalamic cells
might also be implicated in olanzapine-induced body weight gain.
To test this hypothesis, we examined the effects of orally
administered olanzapine on the behavior of newborn cells in
the hypothalamus using double-labeling immunohistochemistry
for BrdU and cellular markers.
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2. Materials and methods

2.1. Animals and experimental procedure

Female C57BL/6] mice aged 10 weeks were housed singly with an artificial
12:12-h light-dark cycle (lights on at 8 am). Food and water were available ad
libitum throughout the experiment. After a 1-week adaptation to the laboratory
conditions, mice received either olanzapine or haloperidol for 8 weeks. The drugs
were mixed with normal diet (CE2) (Clea Japan, Tokyo, Japan), and 20% sucrose was
added to the food to enhance appetite, Mice were individually housed and their
body weight was measured at the beginning of the 2nd, 4th, 6th, and 8th weeks.
Food intake was measured for 3 consecutive days at the beginning of 1st, 2nd, 4th,
and 8th week after the beginning of olanzapine or haloperidol treatment.

For the manipulation experiments of hypothalamic cellular proliferation, after a
week adaptation to the laboratory conditions, mice were fed with the diets mixed
with 20% sucrose. For intracerebroventricular (icv) surgery, mice were anesthetized
with pentobarbital and a steel cannula (BRAIN INFUSION KIT 3, Alzet) was
stereotactically inserted into the right lateral ventricle (anterior-0.3 mm, later-
al+1.0 mm to bregma and dorsoventral-2.5 mm below skull). The cannula was
connected to an micro-osmotic pump (model 1002 flow rate 0.25 p.l/h, 14 days, Alzet)
via a 33 mm long vinyl tubing (inner diameter 1.22 mm, Alzet) filled with artificial
cerebrospinal fluid (aCSF). This length was chosen to allow 2 days before the pump
content reaches to the ventricular system. Each pump was filled with aCSF alone
(Control group), or aCSF containing anti-mitotic agent, cytosine arabinoside (Ara-C,
6.6 p.g/pl, Sigma). Mice were housed singly and monitored for body weight and food
intake. Twenty-three cannulated mice were divided into two groups; one group (13
mice) is infused with Ara-C in aCSF for 2 weeks and infusion solution was changed to
aCSF for next 2 weeks. Control group (10 mice) is infused with aCSF for 4 weeks. The
body weight was measured at the beginning of the 1st, 2nd, 3rd and 4th week for both
groups. Food intake was measured daily in the 3rd and 4th week for both groups and
average daily food intake was calculated. To examine the cellular proliferation, both
groups received BrdU in drinking water (1 mg/1 ml) for the last 2 weeks. All animal
protocols for this experiment were approved by the Animal Care Committee of Nara
Medical University in accordance with the policies established in the NIH Guide for the
care and use of laboratory animals.

2.2. Spontaneous motor activity

To evaluate the sedative effects of olanzapine or haloperidol, we measured
spontaneous motor activity using a Supermex (Muromachi Kikai, Tokyo, Japan)
(Masuo et al., 1997), which consists of a sensor monitor mounted above a Plexiglas
cage to detect changes in heat across multiple zones of the cage through an array of
Fresnel lenses. Body heat radiated by the animal was detected by the sensor head of
the monitor, which contains paired infrared pyroelectric detectors. In this manner,
the system allowed the monitoring and counting of all spontaneous movements.
Measurement was done for 30 min, between 20:00 and 8:00 in the sound-
attenuated Plexiglas cage, which was kept under dim light. All counts were
automatically summated and recorded every minute.

2.3. Blood chemistry and energy expenditure examination

The metabolites and hormones related to energy balance were measured as
follows.

Mice were divided into three groups (olanzapine, haloperidol, and control; each
group contains seven mice). After 8-week treatment with drug, the mice were
sacrificed by dislodging the neck vertebrae and blood was collected from the
abdominal aorta.

For insulin and leptin, quantitation of serum hormones was performed with
enzyme-linked immunoassay kits provided by Shibayagi (Gunma, Japan). Enzyme-
linked immunoassay kits for active ghrelin and desacyl ghrelin was obtained from
SCETI K.K., Tokyo, Japan. Serum adiponectin was examined with enzyme-linked
immunoassay provided by Otsuka Pharmaceutical Co. Tokyo, Japan. These assays
were performed according to manufacturers’ instructions. Total cholesterol and
triglycelide were measured with test kits provided by Wako Chemical Industry,
Osaka, Japan. Whole blood glucose was measured with a Medisafe blood glucose
detection kit (Terumo, Tokyo, Japan).

Body temperature of the mice was measured with electric thermometer (BAT-
7001H, Physitemp Instruments Inc., NJ, USA) in the rectus.

The level of mitochondrial uncoupling protein 2 of white adipose tissue was
examined by Western blotting using anti-UCP2 (rabbit polyclonal antibody, 1:1000,
LifeSpan BioSciences Inc., WA, USA). The intensities of the positive bands were
semi-quantitated with NIH Image] software and standardized by dividing with that
of bands detected with anti-Actin (mouse monoclonal antiboby, 1:5000, Millipore,
Tokyo, Japan).

24. Tissue processing and antibodies

After 8 weeks of olanzapine or haloperidol treatment, mice were administered
bromodeoxyuridine (BrdU) (1 mg/ml, p.0.) in their drinking water for the next 10
days, and then sacrificed. After perfusion with 4% paraformaldehyde (PFA) in
phosphate buffer, brains and abdominal white adipose tissues were removed and

postfixed with 4% PFA overnight (~12 h) at 4°C, The tissues were washed in PBS
solution including 30% sucrose and snap-frozen. Frozen sections of 20 pm thickness
were cut and stored at -20°C.

Brain sections were immunostained using the following primary antibodies and
working concentrations: anti-BrdU (rat monoclonal antibody; 1:200, Serotec,
Kidlington, UK), anti-Olig2 (rabbit monoclonal antibody: 1:100, IBL, Gunma, Japan),
anti-NG2 (rat monoclonal antibody; 1:200, Millipore), anti-NeuN (mouse
monoclonal antibody; 1:400, Millipore), anti-APC (mouse monoclonal antibody;
1:500, Calbiochem, Darmstadt, Germany), and anti-GFAP (rabbit polyclonal, DAKO;
1:5000, DAKO, Tokyo, Japan). Single- and double-stained sections were visualized
with Alexa Fluor 488- or Alexa Fluor 546-conjugated secondary antibodies (1:1000,
Invitrogen, Eugene, OR). Sections of adipose tissues were stained with hematoxylin
and eosin and cell size was determined (see below).

2.5. Double-labeling immunohistochemistry

BrdU immunostaining was performed as previously described (Tatsumi et al.,
2008). Briefly, sections were first incubated in sodium citrate buffer for 10 min at
90 °C, washed in distilled water, incubated in 2N HCl at 37 °C for 10 min, and
washed three times in PBS for 10 min. Sections were then incubated with anti-BrdU
antibodies in blocking buffer (5% bovine serum albumin, BSA/PBS) overnight at 4 °C.
Sections were washed and incubated with biotin-conjugated anti-rabbit IgG (1:200,
Vector Laboratories) for 1 h at 37 °C. After washing, the sections were processed
using a standard Vectastain ABC kit (Vector). Staining was visualized with
diaminobenzidine (DAB, Vector) as a chromogenic agent.

For double staining, sections were incubated in sodium citrate buffer for 10 min
at 90 °C, after washing, and incubated overnight at 4 °C with one of the following
primary antibodies: Olig2, NG2, NeuN, APC, GFAP. Sections were washed and
incubated with Streptavidin in 5% BSA/PBS for 1h at room temperature. After
washing, the sections were treated with secondary antibodies for 1h at room
temperature, washed in PBS, incubated in 2N HCI for 10 min at 37 °C, and washed
three times in PBS for 10 min. Sections were then incubated with anti-BrdU
antibodies in 5% BSA/PBS overnight at 4 °C. Sections were washed in PBS, and then
applied secondary antibodies for 1h at room temperature and visualized by
confocal microscopy (Olympus, Tokyo, Japan).

2.6. Quantification and statistical analysis

Total BrdU-positive (BrdU+) cells and BrdU+/cell marker+ double-positive cells
were counted in hypothalamic sections of olanzapine-treated and control mice.
Care was taken to minimize counting bias; serial sections (20 pm thick) that
encompassed the entire hypothalamus (Bregma-1.22 mm to Bregma-2.30 mm)
were cut on a cryostat, and 6 sections at regular intervals (120 pm) were picked up
and double-labeled for BrdU and cell markers. The person who counted the
numbers of BrdU+ and BrdU+/cell marker+ cells was blind to which sections were
olanzapine-treated and which were not. The ratios of BrdU+/cell marker+ to total
BrdU+ cells were calculated.

In the cellular mitosis manipulation using Ara-C, the numbers of BrdU+ cells in
the hypothalamic sections of Ara-C-treated and control aCSF-infused mice were
counted as described above and subjected to statistical analysis.

To address the effects of olanzapine or haloperidol on white adipose tissue, 30
adipose cells were randomly chosen from sections of each olanzapine-treated,
haloperidol-treated and control mouse by an examiner who was blind to the
identities of the sections (see above), and the circumferences of these cells were
measured using FLVFS-LS image processing software (Olympus Co. Ltd., Tokyo,
Japan). To estimate whether adipose cell number is increased or not, 50 mg (wet
weight) white adipose tissue was collected from olanzapine-, haloperidol-treated
and control mice and genomic DNA was extracted with standard molecular biology
procedures. DNA contents were measured with absorbance of ultraviolet at 260 nm
wavelength.

All data in the present study showed normal distribution and no variation by the
Kolmogorov-Smirnov test and the F-test, respectively. The differences between
groups (three brains in each group) were determined with one-way analysis of
variance (ANOVA) followed by the Bonferroni test (p < 0.05 defining significance),
except for two-paired histological data which were analyzed by Student’s t-test
(p < 0.05 defining significance).

3. Results

3.1. Effects of olanzapine or haloperidol treatment on body weight and
food intake

Body weight increase was significantly greater in olanzapine-
treated mice than in both control and haloperidol-treated mice
after the 6th week (Fig. 1A). Food intake was significantly higherin
olanzapine-treated mice than in control mice only at the 1st week,
but was higher than in haloperidol-treated mice at all time points
(Fig. 1B).
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Fig. 1, Effect of antipsychotics treatment on body weight and food intake in mice.
ABW was significantly greater in olanzapine-treated mice compared to control at
the 6th (p < 0.05) and 8th (p < 0.02) weeks, and compared to haloperidol-treated
mice at the 6th week (p<0.03) (A). Food intake was significantly higher in
olanzapine-treated mice than in control mice only at the 1st week (p < 0.01), but
was higher than in haloperidol-treated mice at all time points (p < 0.02) (B). Date
are shown as mean = SE (olanzapine-treated group: n=10; control group: n=10;
haloperidol-treated group: n= 10). ABW = Body weight at 2nd, 4th, 6th and 8th week—
body weight at week 0.

3.2. Effects of olanzapine or haloperidol treatment on voluntary
movement

To assess the sedative effect of antipsychotic drugs, we
measured voluntary movement of mice using the Supermex
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Fig. 2. Effects of antipsychotics treatment on voluntary movement in mice. The
voluntary movements of olanzapine- and haloperidol-treated mice, which were
comparable throughout, were significantly fewer than those of control mice at each
period (p < 0.001). Data are shown as mean + SE (olanzapine-treated group: n = 10;
control group: n = 10; haloperidol-treated group: n=10).

system. The voluntary movements of olanzapine- or haloperidol-
treated mice were significantly fewer than those of control mice
during each period (Fig. 2). It was notable that the voluntary
movements of olanzapine- and haloperidol-treated mice were at
comparable levels throughout the experiment.

3.3. Effects of olanzapine treatment on the size and numbers of
adipocytes

We dissected white adipose tissues from the abdomen of
control, olanzapine-treated and haloperidol-treated mice and
made tissue sections (Fig. 3A-C) to measure the mean circumfer-
ence of adipose cells. We found that the mean circumference of
adipose cells in olanzapine-treated mice was significantly greater
than that of control mice (Fig. 3D, p < 0.05). The mean circumfer-
ence of adipose cells in haloperidol-treated mice was between
olanzapine group and control group and did not show significant
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Fig. 3. Representative photomicrographs showing abdominal white adipose tissues of control mice (A), olanzapine-treated (B) and haloperidol-treated mice (C). The mean
circumference of adipocytes in mice treated with olanzapine was significantly greater than that in control mice (D) (p < 0.05), but that of haloperidol-treated group was not
significantly different from either olanzapine-treated or control groups. Data are shown as mean = SE (olanzapine-treated group: n = 7; control group: n = 7; haloperidol-treated
group: n = 7). Scale bar = 30 .m in (C) is also for (A) and (B). DNA contents of white adipose tissues were measured for these three groups. The DNA content of olanzapine-treated
mice was significantly larger than that of control mice, while the DNA content of haloperidol-treated mice was between olanzapine and control groups and did not show significant
difference to either groups (E). Data are shown as mean + SE (each group contain 7 mice),
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Table 1
Blood chemistry and energy expenditure data.
Control Haloperidol Olanzapine

Glucose (mg/dL) 243.9+26.2 2414+17.2 24411244
Cholesterol (mg/dL) 142.8+2.3 138.6+4.0 139.6+2.9
Triglyceride (mg/dL) 226.7+5.4 207.7+9.7 2140108
Insulin (mg/dL) 285420 255+£25 359472
Leptin (pIU/ml) 96.4+6.6 86.1+83 121.5+245
Adiponectin (ng/ml) 2.74+0.10 3.0+006 3.3+0.10
Active ghrelin (fmol/ml) 128.14+13.2 167.0+242  1354+243
Desacyl ghrelin (fmol/ml) 642.6+£1203 6124+796  647.6+979
Rectal temperature (°C)
0-week 35.6+023 3574023 36.0+0.28
4-week 37.0+0.10 37.1+007 36.84+0.07
8-week 36.5+0.08 363+0.11 36.4+0.21
UCP2 level (arbitrary unit) 0.77 £0.07 0.38 £0.05 0.87+0.15"

The data are expressed as mean +SE (n=7). Other than the adiponectin and UCP2
level, no data showed statistical significance between three groups.

" Statistical significance against to control value, but not to haloperidol value
(p<0.01).

 Statistical significance against to haloperidol value, but not to control value
(p<0.05).

difference to either groups (Fig. 3D). We also checked genomic
DNA contents of white adipose tissue of olanzapine-, haloperidol-
treated and control mice. DNA content per 1g wet tissue in the
olanzapine-treated mice was significantly larger than that of the
control mice (Fig. 3E, p < 0.05). DNA content of haloperidol-treated
mice was between those of olanzapine-treated mice and control
and there was no significant difference to either groups (Fig. 3E).

3.4. Effects of olanzapine treatment on the metabolites and hormones
related energy balance and body temperature

To test whether olanzapine may affect glucose, lipid metabo-
lisms or hormone balance, we measured representative metabo-
lites and hormones in the blood of olanzapine-, haloperidol-
treated, and control mice. The data were summarized in Table 1;
Blood glucose, triglyceride, cholesterol was not significantly
different between three groups. The levels of insulin, leptin,
activated and desacyl ghrelin were also comparable between three

groups. Only adiponectin showed significant increase in the
olanzapine-treated mice as compared to the control group. The
adiponectin level of haloperidol group was between olanzapine
and control groups and did not reach significant difference to
either group (Table 1).

Average rectal temperatures of the three groups were at
comparable level (Table 1).

Mitochondrial UCP2 was examined in the white adipose tissues
of three groups with Western blotting. There was no significant
difference in UCP2 levels standardized by beta-actin between
olanzapine-treated and control groups (Table 1). Haloperidol-
treated group showed significantly lower UCP2 level, suggesting
that the sedative effects of haloperidol may reduce energy
expenditure.

3.5. The number of BrdU-positive cells in the hypothalamus

Colonal sections at the level of the arcuate nucleus showed no
obvious differences in overall structure between olanzapine-treated
and control mice (data not shown). We found BrdU-positive (BrdU+)
cells in the hypothalamus after 10 days administration of BrdU in
drinking water (Fig. 4A). The number of BrdU+ cells in the
hypothalamus was significantly greater in olanzapine-treated mice
than in haloperidol-treated or control mice (Fig. 4B).

3.6. The phenotypes of newborn cells in the hypothalamus of
olanzapine-treated mice

We next explored the phenotype of BrdU+ cells in the
hypothalamus, using double immunofluorescence of BrdU and
cell markers combined with confocal microscopy on hypothalamic
sections. Double labeling with an antibody against Olig2 and NG2,
a marker for oligodendrocyte progenitors, or APC, a marker for
mature oligodendrocytes, indicated that a substantial number of
hypothalamic BrdU+ cells take oligodendrocyte-lineage fate
(Fig. 5A~-C, respectively). In contrast, we detected no hypothalamic
BrdU+ cells expressing NeuN, which is a marker for mature
neurons, or GFAP, a marker for mature astrocytes (Fig. 5D and E,
respectively).

Olanzapine

The number of
BrdU-positive cells

Fig. 4. BrdU-labeled cells in coronal sections of the hypothalamus at the level of the arcuate nucleus (A). The number of BrdU-positive cells in the hypothalamus was
significantly higher in olanzapine-treated mice than in haloperidol-treated mice (p < 0.05), or control mice (B). Data are shown as mean + SE (olanzapine-treated group:
n=11; control group: n = 12; haloperidol-treated group: n=8). Scale bar = 300 pum in (C). 3V: third ventricle; Me: median eminence.
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Fig. 5. Fates of newborn cells in the hypothalamus of olanzapine-treated mice, (A-E) Representative confocal images of cells doubly stained with anti-BrdU/Olig2 (A), anti-
BrdU/NG2 (B), anti-BrdU/APC (C), anti-BrdU/NeuN (D), and anti-BrdU/GFAP antibodies (E). Some BrdU+ cells co-expressed Olig2, NG2, APC (A-C, arrows), but none co-
expressed either NeuN (D) or GFAP (E). Insets show higher magnifications of double-labeled cells (*). Sale bar = 20 wm in (E). 3V: third ventricle.

3.7. Quantitative analysis of oligodendrocyte-lineage cells in the
hypothalamus of mice treated with olanzapine

We next examined the oligodendrocytic differentiation of
newborn cells in the hypothalamus of mice treated with
olanzapine. BrdU dissolved in distilled water (1 mg/ml x 14 days;
from P70 to P84) was administered in drinking water. The mice
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Fig. 6. The number of Olig2+/BrdU+ and APC+/BrdU+ cells in the hypothalamus 21
days after BrdU administration for 14 days increased significantly in olanzapine-
treated mice (A) (p < 0.05). The ratio of APC+BrdU+ to total BrdU+ cells, but not of
Olig2+BrdU+ to total BrdU+ cells, in the hypothalamus increased significantly in
olanzapine-treated mice compared to control mice (p < 0.05). Data are shown as
mean + SE (olanzapine-treated group: n = 5; control group: n=5).

were sacrificed 21 days after BrdU administration, and we then
performed double labeling of brain sections with anti-BrdU and
anti-0Olig2 or anti-APC antibodies. The number of Olig2+BrdU+,
APC+BrdU+ cells in the hypothalamus was significantly higher in
olanzapine-treated than in untreated mice (Fig. 6A). The ratio of
APC+BrdU+/total BrdU+, but not Olig2+BrdU+/total BrdU+ cells, in
the hypothalamus was also significantly higher in the olanzapine-
treated mice (Fig. 6B). These results indicate that olanzapine
treatment enhanced the differentiation of immature glial
progenitors to oligodendrocyte-lineage cells.

3.8. Enhanced cellular proliferation in the hypothalamus coincided
with elevated food intake and weight increase

To test the relationship between hypothalamic cellular
proliferation and body weight increase, we tried to manipulate
cellular mitosis by following the method reported previously
(Doetsch et al., 1999). They showed that progenitors in the adult
subventricular zone quickly regenerate after intracerebroventri-
cular administration of anti-mitotic drug. In the present study, we
infused Ara-Cinto the lateral ventricle for 2 weeks. In the following
2 weeks, we detected quick increase (regeneration) of mitotic cells
in the hypothalamic area of the Ara-C-treated group (Fig. 7A and
A’) compared to the control aCSF-infused group (Fig. 7B and B’).
Although this phenomenon was unexpected, we reproducibly
observed significantly larger number of BrdU-positive cells in 13
mice treated with Ara-C (Fig. 7C). When we measured the food
intake and body weight change of these two groups, the Ara-C
treated mice gained more weight (Fig. 7D) and intook significantly
more food (Fig. 7E) than the control group after cessation of Ara-C
treatment.

4. Discussion
We observed an increase in the numbers of newborn cells

differentiating to the oligodendrocytic lineage but not the neuronal
lineage in the hypothalamus of olanzapine-treated mice. This
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Fig. 7. Ara-C infusion intracerebroventricularly for 2 weeks resulted in significant progenitor proliferation in the following 2 weeks. (A) Representative figure of the
hypothalamic section of Ara-C infused mice. (A") Higher magnification of (A) showing periventricular to lateral hypothalamic regions. (B) Representative figure of the
hypothalamic section of control aCSF-infused mice. (B’) Higher magnification of (B). Note thar the BrdU-labeled nuclei were more in Ara-C treated mice than control. Bar in (B)
is also for (A) and indicates 300 um. Bar in (B') is also for (A') and indicates 100 pm. 3V = the third ventricle. (C) Quantitative analysis of BrdU-positive cells in the
hypothalamus indicated that there was a statistical significance between aCSF-infused and Ara-C-infused mice. (D) ABW is body weight difference between the end of the 2nd
and 4th week. Significant weight gain was observed in the Ara-C-treated mice as compared to the control. (E) Average daily food intake was significantly larger in the Ara-C-

treated mice than in the control aCSF-treated mice,

increase may be associated with body weight gain after olanzapine
treatment. Research on adult neurogenesis has so far mainly
focused on the subventricular zone of the lateral ventricles and
subgranular zone of the hippocampal dentate gyrus. It was
reported that olanzapine treatment increases cell proliferation
in the hippocampus and prefrontal cortex of adult rats, and that the
newborn cells express an oligodendrocyte marker in the prefrontal
cortex (Kodama et al, 2004). Several lines of evidence have
implicated oligodendrocyte abnormalities in schizophrenia (Hof
et al., 2002; Tkachev et al., 2003; Byne et al, 2006). Negative
symptoms and cognitive impairment in schizophrenia are thought
to be associated with oligodendrocyte abnormalities and white
matter abnormalities (Hof et al., 2003; Wexler et al.,, 2009). It is
considered that olanzapine can improve negative symptoms and
cognitive impairments of schizophrenia patients (Sharma et al,,
2003; Leucht et al., 2009). The increase of oligodendrocyte-lineage
cells caused by olanzapine, reported here, may play distinct roles in
different brain regions. In the prefrontal cortex and hippocampus,
it may improve negative symptoms and cognitive impairment,
whereas in the hypothalamus it may influence energy balance
regulation.

One function of the hypothalamus is to regulate energy balance.
We examined the levels of blood triglyceride, cholesterol, and

glucose in the olanzapine-, haloperidol-treated mice and in the
control (non-treatment) mice (Table 1). These metabolites did not
show any significant difference between the groups. In addition,
blood insulin, leptin, ghrelin levels were also comparable among
three groups (Table 1). Only adiponectin in the olanzapine-treated
group showed significant increase as compared to the control, but
not to the haloperidol-treated group. These data suggest that 8-
week olanzapine treatment did not result in abnormal glucose or
lipid metabolism. Consistent with our data, a recent study in
human subjects reported that olanzapine treatment increased food
intake and body weight without significant energy imbalance or
hormone abnormality (Fountaine et al., 2010). Interestingly, this
study showed an increased level of blood adiponectin that is in
accord with our present results. Another study also demonstrated
that olanzapine treatment in schizophrenia patients resulted in
increased level of adiponectin (Oriot et al., 2008).

We next focused on the newborn cells in the hypothalamus. To
assess the mitogenic potency of olanzapine in the hypothalamus,
we administered BrdU for 10 days after 8 weeks’ exposure of mice
to olanzapine. We showed that olanzapine treatment robustly
increased cell proliferation in the hypothalamus, with many of the
newborn cells taking oligodendrocytic fate, while control or
haloperidol treatment did not. Although the present results do
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not directly demonstrate the involvement of newborn hypotha-
lamic cells in the weight gain caused by olanzapine treatment, the
concurrent increase in cell numbers and differentiation with
weight gain suggests a possible link between the two events. To
address this issue, we performed manipulation of cell mitosis by
infusing anti-mitotic drug, Ara-C, intracerebroventricularly. Our
initial aim was to reduce the number of mitotic cells by Ara-C, but
unexpectedly, the hypothalamic cellular mitosis was rather
enhanced after cessation of Ara-C infusion (Fig. 7A-C). Doetsch
et al. (1999) reported that progenitors of the subventricular zone
quickly (in several days) regenerate after anti-mitotic drug
treatment. This was probably through enhancement of cellular
mitosis and the increase of hypothalamic mitotic cells after Ara-C
treatment may also be attributed to similar enhancement. The
increase of hypothalamic mitotic cells coincided with increase of
weight gain and food intake (Fig. 7D and E, respectively),
reinforcing the possible link. It should however be noted that
the concurrent weight increase may not be direct results of
hypothalamic progenitor proliferation. Intracerebroventricular
infusion of Ara-C might affect cells other than hypothalamic
progenitors. To directly prove the link between hypothalamic
cellular proliferation and weight gain, further studies will be
required.

We do not know the molecular link(s), if any, between
oligodendrocyte progenitors and energy metabolism control by
the hypothalamus. One possible candidate for such a link is the
neuropeptide galanin, which is synthesized and secreted by
oligodendrocyte progenitors (Shen et al., 2003). Galanin is known
to positively regulate energy metabolism in the hypothalamus
(Tangetal., 1997). Although, again, we do not currently have direct
evidence that galanin is involved in weight gain, this issue is of
particular interest and could lead to future therapeutic targeting to
cure the side effects of olanzapine treatment.

We seldom found newborn cells taking neuronal fate in the
present study. This finding appears to be inconsistent with a
previous study reporting neurogenic events in the adult hypothal-
amus (Kokoeva et al,, 2005). One possible explanation for this
discrepancy is that the hypothalamic subregions focused on by
Kokoeva et al. might be different from those examined here,
although repeated histological surveys revealed no neuronal
differentiation of BrdU+ cells in either olanzapine-treated or
control groups. More detailed investigation will be required to
clarify this apparent contradiction.

In conclusion, we suggest the possible involvement of
oligodendrocyte-lineage cells in olanzapine-induced weight gain.
These cells may be important targets for future research and drug
development aimed at elucidating the mechanisms underlying
olanzapine side effects.
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