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3. Behavioral alterations associated with targeted disruption of exons 2 and 3 of
the Discl gene in the mouse
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DEFR~ T A LB L, WELER), B TEIERT 2179 2 & T, MAEMNICO R
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B SI3HE RKTIERIEMISVER T Th 5 DISC1 OFEEE AE & MRS L.
Kinesin-1, NDEL1 #&1K, Grb2, Girdin, KALRN, VAV3 7z K% &te 122 FFHORES
BHEZFRE L, HillolX DISC1 tHAEHS FOABMERE L ffti 9% Z & T, DISC1
DB DIFHE A /1 = X b ORI & kI 7=,

DISC1 & A fn 5 &l

RPN 3 W CTHER TR R 78
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N Z HMBEIR TH Y . BRBNIC R
BWTH, S HERENZ BV TR :
FEHIRL DB AT, BB
IR EICEE R RE AR T EE X
LI TW5, I, DISCL ik
(5] D 387 A= AR iR e oD 7% 88D 2 ol A1 3
L2 ERHESNZ, Bl - BEAR
%(%ﬁ%jﬁ%ﬁﬂ/—‘j))i‘/y'f (K1) manEs - WRONE
/V{B%.%Akt DY /ﬁaﬂj% (subgranular 20ne) - (51 CA3 fI~)
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Z L7z (Enomoto et al., Dev Cell, 2005; Kitamura et al., Nat Cell Biol., 2008), %= L C.

Eﬁ-%ﬁ%mRNA$%%mMWK;5DBC1/y&ﬁ?yﬁcmmn®%ﬁ%EA@
JfEZBRLE U, S sk E O A s B B8ORS R D B 2ol sl o+ 2 & &
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WD Z ENH ST 5 72(K 1)(Enomoto et al., Neuron, 2009),
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‘9 AIYARIC AL T B Z R 5
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Fhrvua~w NI T 0 —fRATIC
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_ 2 Y e
VRUBEIFA v Yy — VR IP3R1 RN - ?@“ ;
X7 VA7 w7 A (mRNP) & ;(Cik;:}ﬂﬁwf' ﬁ&ﬁ
PR 45D mRNA &AL G5 e el - L
T mRNA Ot - F{E(LEIR e : i o

{Tsubo zt al., Nlture Nzu roscience, in revision)
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FIANZ R > TWA Z ENHM BN TS, = O mRNA OJFELLBEREIEIL, > F 7 28]
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K mRNA #5285 2R L, RHIE TR 72 TIP3 52 AR 2 2 X7 B O Jay i FHaR A3 P &
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AR 513, fE5L L 7= DISC1 Pk Z T, IEMfAIafE o DISC1 BHL 2 ~7- & 2 A,
DISC1 "7 a7 Y THIFIZHRS BB L TWAZ L E2RWE L, 2727 7l
BRx IR R (I A R U A DA L RS RIESEIC L0 MR 815 2 52 1 T2 KR LT
&AL LT BDNF ° NGF 72 EOER 1% 0T 5 2 & T, kil sR#ET 21EH %
ALY, —FT, BEEOCHEEGEZZ MR EZBRIEAICE > TRETLZZ LT, M
Bry b U— 7 BERER R 2B S EI A2 R7- L T\W5,DISC1-Ko vV A RDI 7 a /U7
A TIE, Poly I:C 2 5 &0 86 DO I JRARRHE 3 71T L DTEME(L B HEFE SN TWVWD Z & & H
WZ LTz, EHIHEBIE., VA NVRIRIES 7 FMBEIZBIT 5 DISC1 D4+ A 1 =X A
N D 0, BRI 7 a7 ) Tl % - DISCL Sk b ER a2 1T -7, B RO
Bns, ooy Fik(Rabs and Arfs)B L OVA b L A& ME4# v )7 'E(PERK2,
NPAS4, TRAFs)?s DISC1 MHEA/EM & LCRES N, 2707 ) 7HlzB T
DISC1 [T T/ IR & MIfASICRTE L, UA NVAIRIES 7 F MRS Tdh 5 DDX3
X TRAF % o "IV E EEAERETER LIc, —JF, AR L H~TDISC1-Ko Hikd I 7 1
70 THIIE I, TRAF % > X7 3SR #3500 5 BiRTE L. Poly I:C #IIC X 5 S
YA NIADFEADFD L THDEZERHLNE ST, ZHHOHEENL B 61X,
MNERBE 2 HERF T 5 7 v 7' ) THIIL CTOH7-72 DISC1 BEREAS . Ho & i RIE 125 < AR
B L TV D BIE-REM AR O TR Z AT 2EE R TFTHRHMNVICRDIEEZE LTV,

2. ZDMOBERIWEREMTIHER T O/ EEBEDFRE & BT
Hi 51X DISC1 A O FIEMEFTITER FIZ W TR EAE 2 RET 5 &k, To4LH
FEBEIZ DWW THRNT L=, UPIOMERHE TITE SN TV e o 72, M~ a7 4 2
7 AERT OFEFE S B S 13, DISC1 73 Neuregulin-1 72 & OO & S iE FAEMEFH M N
F L AR A RN E R RIS L Z L R TO LS ITRWE LT,

2.1 Neuregulin-1
Neuregulin-1 |£ EGF 7 7 X U —O KRR+ T, ErbB3/4 &K% I L THfk D1k,
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., T 7 AEAMICESS LT\ 5, KxiTlE, Neuregulin-1 & ErbB4 7% GABA {E#h{:D
Wl = 2 —a O TP AEMRICE G T2 Z LB LN S h, HEAKIE & ORFE N
HFHINTWb, DISC1 & Neuregulin-1 1%, HEIZHA KIIEFIENMETIVE D RIKER T OF
NieEfiBE L LTHBN TS, ZHE TORETIE, MAKRREILIZEFEETH
D, ZNHEBEE RO CBEMEIIRTZIZEAERATH 7=, A5, DISC1 &
Neuregulin-1 OHIFLAN TOMEANEH OAEBERZ M5 2 &2, ME JERIENETS
PED o1 A T = X LD D LB 2 AWFE 4Bl LT,
DISC1-Ko ~ 7 A TiE, k072
R RE S DA X 70 BT B A D DISC1IENRGIEH/NAD#HEEF|HEH T 5D
SR, BEOTBRHC LY, —o (BE3) v
- T AR R TIERE DR BT % L AL A
e RKIERIE gt ET L~ X &
LCEHTEZ LR, £
7=, Neuregulin-1 O ~7 n &£~ &
b, A KIEFSAEMETS M HE KT
D EMR MOBIET V=TI LY #
HENT%, DISC1-Ko ¥ 7 AHIK
@W%}:ﬁ’ilﬂﬂ’ﬂﬂlﬁﬁé Neuregulin-1 ®
DWEEEBELTLEZA, %’Eﬁ”@ﬁa Tk
R & beie U T E O R 3
bivf=, F72. Neuregulin-1 @fﬂiﬂ’jlﬁﬁﬁﬁ REAT D0 T OMENR A7 ) —= 71X
0. MRENEEICEE T 50 FRRE SV, 2R HD% < IE DISCLICHFERT 57 %'C?i?)
STz, BT, MIENFEIEORATIZ XL W, DISC1 (RN D 2L AR EIZ RTEN TR
Y (N Neureguhn 1 7¢ Sk & 2 X 7 ORI X OME IS5 L TnWh Z L EIR Lf:(
3), Neuregulin-1 ORI~ Y 0 & A (ZHPHIL DR E T 7 AR B Tl
ODTEETHD, 512, HBIX Neuregulin- b7 v AV = =v 7 (NRG1-Tg)~ 7 A &
DISC1-Ko v 7 A DAl =4, DISC1 #4aERHE FiZH17 5 NRG1 @ in vivo TOD 4 FHRE
IO 1 ST STANEN %iﬂkwmeBCM%,KE@%TiNmnmﬁ%W%L
BLOGWBHESN TS Z ER o,

2.2 Dysbindin

H#l 51X Dysbindin 78 AP-3 &KL Munc-18 [ZAEBMWICHEE T2 Z 2 AL
(Hikita et al., J. Neurochem., 2009), in vivo {233\ T Dysbindin & DISC1 ®Oi#E{s -[H+H
AAEHIZOWTHRETT 5728, Dysbindin £~ 7 2 & DISC1 v 7 A&l S ¥ 72,

2-3. CRMP-2

Hi 5 1% Tz, CRMP-2 238l Oz i RICEBE B 2 R 2 L 2B 5000
LTW5 (Arlmura&Kaubuchl Nat Rev Neurosci., 2007), CRMP-2 (Z#: A& J<iHIE $%O)
WM CTHADAEIZERT LTS Z ERHMEINTWD, ki, Hil51X CRMP-2 87
— 37 X7 4% —% LT BDNF ZFAK(TrkB)X° NT-3 52 &/ % Kinesin E— & —|ZHEX, =
S ZRAROENZE N 2 Hl 2 = & 2 5202 L7z (Arimura et al., Dev Cell, 2009),

3. ¥ U RAKN T DBEREMRAT
In vitro DFENT T DL IVTZFERN, In vivo TSN D ) E et LTz, BARRICIE, 3
MR TII= LY baRL—y g VXD FENELFEAN, BAEZYEME TIX Gene
Gun L v FUANALDBEFEAEZHWNTHEITL WS, ZETIZ, BHlbiEERE
DA RAIVERIE S F D~ 7 A ARG T OWBERRNT > AT A Z LS 72, T LTHKS
13, 14-3-3eDBIEF /) v I X TR 14°3-3e ) v 7T 7 b~ 7 AZEBWT AL SR
EINDHZEERWELE, £72, DISC1 / v/ 7 v b~vUAHKDOWE AT A4 ATIX
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IP3R1 mRNA OFRRZEEEENILE SN T T RARMENRREE THHZ L2 AW L,

WrgesE H 3) MagtER 1 & & ORE S5 1 Z kB s 1 & L 7= BT
(1 . RIR)CA H & 200

FRIFs 51X, BE& o DISCL #5601, 72 5 ONSHFZEE H (1) TlRE & iuiz DISCL #5 & % >
X7 EORDHIRRRFEEICE 59 5 851 2 B4l (14-3-3¢, Kalirin, Ephrin B1, Vav3,
Pericentrin) & L C, & KIPELRE N OET-F 7 L& W CREMET(GWAS) 21T - 72,
ZORER, 14-3-3e D7 mE—X —FHIKD SNP1 ® G 7 LARHERFAEICB N THEIS
LN LERWELE, 512, ZOSNPL D G 7 LABHEERBERIED Y 227 T L)L
DRREMEAZ AW FHICHEEL . L FOFEELZF S LTS, 1) SNP1 @ G 7 L/
14-3-3¢ Bl OREEMHLZIK T S, mRNA L~UL, EAE LV TREEORAD &
H 7257, 2) 14-3-3¢ hetero Ko v 7 & : {TEIFBRIC L 5 LAFHEGEES & RZOHE KM
b, ZZFTOMAEZH T L7-(Ikeda et al., Hum Mol Genet., 2008), & HlZ., D
HBOKFT, 3 SNP1D G T LADFx U7 — : MRI Tl L 7o RFERIZ BT
S ORI N R 5D (FILRFE DHLFE), 4) 14-3-3e hetero Ko~V A £/ 7 I
R R & SRR PRI LR R, iR v b T — 7 23T 2 BRIRZ2E 0 FfE %
WD LRy T —2 OFBRARPRE STz, LLED D, 14-3-3e © SNP1 @ G 7 L/b
DEAIGHERIED Y A7 T LIV ThDH I & R LT,

UTAE . BIRRO EOEHER B (complex disease) DIE mAYFAR & U THE 1%L FO/Mi72 2
A ABERNFEHEZED TNDLN, ZOX D REREZ—5 Y M LIEHAE RMEDOH
ZRIXIFEAE2V, £EZCTRIKBSIE DISCL O4y %y hU—27 I CBET b iEfs 11
(KALRN. EPHBI % & el B sl FICER LT, M1 a—7 4 V7 ERZ TR
T L., MEKIE L OREZ B FIICHE Liz, RFET ¥4 1 3 -2 phase 7»
LA X5, Discovery phase Tld DNA microarray-based method % T, KALRN
& EPHBI O&x) VDY —rr v v TN 4T > 7=, First sample set(’7— 2 320
VDT T, HEF 1T HOFK(<1%) 72 I 2t U ABANEE SN, F0IFEASITHHOE
HTH-7-(X 4), Second sample set(7r— R 7294, 2> h 1 —/)L 562 4) CTOME|ZHES
& BEOBESS1F (prioritization phase) #1772, third sample set(’7 — % 1511 4.
oy hr—b 1517 &)W THK I A v AL ROBEEBT 21T o 72, S DICEEOL R
Z B ¥ THENTT % combined
association analysis H1T-72,

B KALRNICBWT S 2k (R4) RAESNEZHEEI%UTOIZA L RER

v AEE P2255T WA K KALRN
E&ﬁ%fcﬁﬁ*ﬁ@%%bf: R2049K

(OR=2.09, corrected p=0.048, RA1OH  qyox  T1207M g
one-tailed) . Combined [Mm [ _— |.u6229;:\62<:382\/ Nzgl?as

association analysis (23T | l L
b KALRN ORHO S 20> 0""| timom'e |n
Ser/Thr

A DA RRAE & A B 7 B _
%ZT'\‘ L/ 7,,: (OR:207’ corrected Secl4p Spectrin-like repeats RhoGEF ~ SH3 RhoGEF  SH3 1Gc2 FN3  protein
p=0.006, one-tailed), —J7.

Kinase

oIty MBET29E. BREES2Z)FAVCEROEE

EPHBI1 D I At > A28 83R48 o
. B % EROHE BE>@®E
WL 72ehotn, S5 KALRN il e gt L

In silico T %2 Fh L7=Z &
T, FRLOFI T LT,
OEALRIBRAFIER BN T 2 RN ERZP>T) L TnD &
QP2255T RN & RV EITHEEN B AL 5252 &
@P2255T Z .73 KALRN # > X7 ED U VI LIRREICE L 52 52 &

- 13 -



EIROFERD G RIF 51X, v 7 ABEE R T KALRN OFi72(<1%) I At v AZBBHAE
JTRE D FEIE N LB HBR W2 (OR>2) & MIET Z & 2R L., in silicof#tric L~ T, %
DIEFN KT 2 HERERY B 7% % 3CFF 9 5 7T i % #5372 (Schizophr Bull 38,3 p552-60,2012),
KALRN % Rho guanine nucleotide exchange factor (RhoGEF)?® 1 >, & EIER L%
W35, 72, KALRN /7 > 77 7 b~UATIEANA O, T I VAR R
HEORTEEBIT, V—F 7 AEY | th2METH, 7L/ ULASL e E Y g VOKTEN
BlE S, MRRIEEICBIT D KALRN OEEENEMIT N TS, ZHUHDHAND,
DISC1-KALRN #HEEAZ N Lz R/ U OBEERIEIXME KFEDNFET O X
BMhoTWb I ENEBEZONTz, TITHK. EB 5L KALRN OiEEIZHE 1T HHE/N
A — %I LTz, KALRN [F#HBREZP TRELSDDH o, BEOBREERITENEEN
BHoNT-, F-EBESIX. NDE1 ® Exon ®Da—TF 1 >4 48 (exon3-10) 2T L= & 2
%. exon7 fBELIZ 3 DDZEE(Q1I86E, S214F, R234C) #RE L 1=, in silico fHiM 5.
KALRN & @42 S214F ZEMA KALRN 2 /N0 B D) UEBIREEICEEEXZEZX 52 EN
T Int-,

WFZEIEH 4) R B O T
(2 Ry, (HE, &SGR S S

JBl 5 1% GWAS OfER) 5, DISCL By hU—274FD 12 Th b VAVS BT
(VAVI) D fss B % B U 7= (rs1410403, P=9.3x104, OR=0.8), #tA JAIEDIHIA « 45
RBIZIZA & 2 ORI R E OB 58 E STV 23, VAV3 X RhoGEF 7 7 X U —IZ
BT D8RI B a— RL R A X AT 5, #3E A X 2 A Dilafe T ephrin
& Ephs BSEG T2 & VAVIRIFRIC Y B2 RIZEBEAEEROT Y R A b= ZARFHE S
#U. adhesive interaction 25 repulsive event (ZE D5, VAVILET D 1p13.3 1%, H
AN IARIE O S AT CHESIPER - DAFIED RE SN IR Ch D, LA EDREENS |
VAV I IHEE RIEDEMEBIR L B DH LN TED,

A RFRIE & B U7 VAVS 15725 rs1410403 23 HERBIA T h 2 M 5 2 5
WAL Dlo o TRFTT 2720, B¥F 100 4 Lf@HE#H 264 40 MR EfZ HWT
voxel-based morphometry (VBM)fi##T % 55t L 7=, 2Wr. i#{s 1 (rs1410403), FHAEH
DAERDPIMAEFRIZ G- 2 280K % 2 JulilE B THist L7c, Bin RO LT 5
Sk & LT, A2 BAEAE] & A AR O K A A [FE Lz, 2 OEBUIHE KHRIEERE T
RS CARRRIRD 3 Z Dl s L THE ST, GWAS O R Tl rs1410403 D A
TUVANY AT T LAV TholoZ &b, Litod 2 lRE O E L GRIRL, BET
O EERE LTz, ZOREE, BETICEBW T A/JA BEL G carrier AL D & MGEIK DK H
BHRMEPIABEICHDO LTS Z L2l Lz, 765 T, GWAS THREKMIE & BEHE L7
VAVS O rs1410403 (IANR BN R 70 22 _EANEATR] K OV S uEATE] o0 PR BB AR 12 6
B2 Z L AW LN LTc, ZOFTRIE VAVS A 15D 2 SEllCaEBEe =~ &no e b
TR T — & & b —E LB (Aleksic et al., Schizophr Bull, March 13, 2012),

L & VS RE B R U S IFERERaRR D 7' 1 T A — AT 2 AT o 1o, AR
FHIE BB B L O EHE ORMIMK L 0 U o _ZEEREGIE 2 BN L7z, BRE A L,
fluorescence two-dimensional difference gel electrophoresis(2D-DIGE){:(Z & 5 & FIE D
MRS BLELHGIRAT 21T > 7oy E ORGSR, 20 HD AR > MOV THEA KFVIEFF T 705
BEMRRBD N, & AKR v MIZ DWW T liquid chromatography/tandem mass
spectrometry(LC-MS/MS)i£# L U7 —# X — A (Mascot) EA 12 L V| 22 FEFHDKE G I
JEREE N EA AL, 20 2FOEHEAZENE LT, AL/ 7y MEICLDER
A BLLLI 2 S50 L 7=, Z OfER., BIEE TIC 9FMBEOEHEIZ O W T A EA TR Y |
4 FEFHOEHAEIZ OV T 2D-DIGE £ TR b N7 BB LN R Sz, 728, RIEL
7o 22 FEF DO E FEIZOW T A KRIED~— T —53 1 & U CTHREFHFE 21T - 72 (BIRAL
Feo AKFHR. FHRE, IWHEZGS A RKIE~Y — I — RO ORI, B K FHEANA TR
K% K5 2010-147017 2010.6.29),

- 14 -



7o, WELIFEAZ 722 I 0B MK-801 25 L=~ 7 ADNHA KMIEREDITE
HBEERTZEERNEL TNl s, BYFR5ICEMERFEETT L~ T A (2D
WTHR L7c, ZOET /v~ U A TR IEHRABEBMEOREDNRO b, ZORE
GABAB Z HIRIEEIHKIZ L - T

EET L LV RES L Disc1-Ko< ™ AMiE B TGABAEENE (/XL LSV BBME)
51%.DISC1-Ko ~ ™ A TIT /£ iR AAET il
Fl 2T, WIS i "

GABA fEEhMEAR ML (v
TNT X U B OF B R
NRDOOENDHZEERWE L
(X1 5), —J7. RIEHATE CITH
BIREITIERO b iho T,
DISC1-Ko~ ™7 A GABAA A (B 5)
K7 2= O mRNA &
T AER < X LI L CHE
RECITERO bR T, Zh .
HOEF N T A% AR e

%, IMGEIRIZ 31T D GABA (E#)

PERRRR ORERE R 2N ARIVEDIFRICE G L TWD Z L amg L-, £/, #AKRHIE
DOFIEY A7 L L TEEBERT & &EHICRRERTFORZEN A ML TWS, [HHLITEE
—BRBERFHAERIC OV TRFTT 5720, HiAEFIICAK A RNA 7F+r 7 Thod
polyl:C Z#5 U Tl 4 VA A HE S BT L~ A 2R LiZ, Z O Y
A NVAEGET L~ 7 AT, A KRERD R FITEIR L OV V& I VEBBIEBMAR R
DOHERERENRBOONL Z EEH LN Lz, £ LT, IWHSIX DISC1 2308 58 n— 8
BAAEAERIZOW TG L7, B4R < 7 A Tl polyl:C ALEIZ L Y LB E RO bz
73, DISC1-Ko ~ 7 ATiX polyl:C #FHRMDOFLEREENHL L, O EIL, DISC1 28
BREERTIC X D~ ATEIRFICE G L TW\Wb Z & &R L7172, DISC1-Ko v 7 AHKD I 7
a7 ) 7RI CRIEVES A N A VEANHESN TV Z £ DISC1-Ko v 7 AT,
BRI IR o3t DR ESENE Wb D EE 2 T,

Ffpmingostge ey

(fFZEIEH 5) SEMEAMD T
(1Y . Hif, BFCEHE, BAL L)
ITEOMBREBRIIIEN S, MEEOMER v b U — 7 REITH A KIIEOHIEIZBEMRT
LI ENTREINTNWD, TZTRIFLIX, M TOREFEEBIZESZH THRET LTz,
BB KFVEDIRHE & U TR IZEREESGREIA < LS TV D, MfRREZEDREIC
FEDW TR AE D MESHTE NS FEA ISFIEMMIC B W THIET 2 72 I, Nl x4 5 2803
AR EBNT IV RS BINAAIEEERH S, SRBIFLE HIT, IMHEEARZ VTR
B NN O B LRI D —-2>Td % Heschl [l EAIBAEIO K FHE OWrimf& 2 HIE L, ks
(2 R D MTEREZEAIT DU CIE R R R & Bl R i 21T - 72, %7413 DSM-IV-TR (T FE DWW Tt
BUTRE & ZW ST SE C R, 30-54 i (younger group) & (), 65-84 i (older group)
DI > O VERR S VT IR AR 2 U7z, B8 F BRGIIRE & JSFRAE R & e, MR
B ST RS B OBEE O I WA &2 N e, YRS — R N EZ & 5 bkl oo
KB %:t4, HE LAz Hu T, Z2ld Heschl [B], _EAASARI DK FE O Wi FS % 5
H, FEAR EOMFRICTERL L, NEICE T 22270 - MEt Lz, 20 _ERIsaLE
TITRAE & AE ORI L <6l 21T > 7=, Younger group & older group %t
i U CIR HEWrmfE 23t 2 0ieIc £ 28803, PR E IR LA RRZITR O b -o
722, —HFTIKRAEEAEOWHEELICR LT, s L2 B3R BOMICEEREICSO X
<BinTe, MAEREOHEIZEB W T, E LV IWBRNR A X7 vRHY, Z
DI EE, ZOEEBEOBE DI AE R L TV D EE z BTz, (Torii et al., Schizophr Res.,
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134(2-3), 2012)

(WFFEIEH 6) ET /L~ ADIERL

Disrupted-In-Schizophrenia 1 (DISC)IE5; 1 Yetafk & 55 11 Yeta RO Al x > AX =
v N7V RORSMEBLRERICB T L2BEFHIMITIC LD . 5 1 QRO AR
WZRIESNTBIETFThD, ZOFFRNTIEL, BRI ORKZE (2B W T, Hh KE
T OV OMOIEHRBORIENAEITHML T\ 5, ZoREafizg L, DISCL OEfs 1
JEZEE L TWAH ZEMD, ZORRICBW THEMEBORBIENEIML TWAFAIL, HH
HHREEIZ X - C DISC1 OFHL &M/ L (Haplo-insufficiency). DISC1 OREEENK 35
e LEZON TS, EEOBMIZLY, Biliibid, DISC1 Oz XHE LI~ A
WEERKINE 2 & O T IEMRERORBEN 2R+ LB 2 DISC1-Ko vV A Z{ER LT, v U
2 Discl #InF D exon2 & exond Z H[AMML 2 Thk#ES 2 = & T, DISC1-Ko v 7 A% {E
7=, /R L 7= DISC1-Ko ¥ 7 A|{Z-D5\ T Southern blotting, RT-PCR. Western blotting
BTV v 7T 0 FINTNDZ LR LT, SHICHMOIE, AF L Tz 14-3-3e-Ko
~ 7 A% X O Dysbindin-Ko = 7 A {225\ T, DISC1-Ko ~ 7 A & ® X 0 58 23 LR A8
TE 5L HBEHER%EZ DISC1-Ko vV A EH—T 570D R LB EZIT>T-, RIRFEM
F51%. GFP-Neuregulin-1 TG v 7 ADFIIZRE T L7, & 512 DISCL fi&m+Thd D
Girdin & FEZ1 IZ22WT, Girdin-Ko ¥ 7 X 24 I B KFERKFPLIEF SRR O G207
226, FEZ1-Ko ~ U A Z JUM KFPAARBE AR 50T O LR D FT2 I AF LE LR
BlaiToTc, FEMARIVERIENESIMER 7 TH D CRMP-2 [IZOWTHIT 21T 272, =
YT avaFns v 77U MCKow U X e ER L7z, CRMP2-Cko ~ 7 2 & HW\T
CRMP-2 % KM EMRREF R, v 7 70 hSET2 & 2 A, Mo #E - s5izix
HERAEENBO GNP oTo, BUE, XV FEIZRMRIZREMT 21T > T\ 5,

WH7EHHE 7) 7 V=T ADfEHT

BB I OMHESIX DISC1-Ko ¥V ANHEARIEETT L~ A LR 0EL0E 50T
DUWTHEHNT 24T - 72, DISC1-Ko v 7 A1, MAEBIELHE AR 2ITAR < WG b — RIER
Tholz, LaL, dfMZ B BT 217> 72 & 25, DISC1-Ko = 7 A& & 4 i
B LD R EIC LRI E OBES ER L Tnie, 2o &) 2BRIE Zh
ETHRAT B A FOMBRREBERFIC Lo THERIEND Z &N - THY | Mg n
PEOFIHAME, A 2 RVEME L PRI, RERR L OBENER STV 5, TTEIFRIRIT &
1172 2%, DISC1-Ko ~ 7 A%, A KIEEE RO S DIEIR & Rk, EErED
JUEE, TRV ZIHIORT, A% 7282 I (0o 2 HEEAFK G X HIEE L F—
NI UHWOTTHEE R Lz, Zh b OfRN D DISC1-Ko ~ 7 A % Fiiz & RiE €
FLwT AL LTHRE L, £, —HO~ 7 AFTOTT, ZhETIClilian -
HT DISC1 Hifk7 DISC1-Ko vV AD =2 % 711y M(WBIZE W TEAER &ty
RS — 2 NS, NTEMED DISCL 238k L TV a2 b2 A LT, & 2 THMEH
DHLEZER L. DISC1-Ko

©OAEACTRIEOG S Disc1-Ko W RIZ&YBS ML

ZfTo72& Z A DISC1 DN o
Ke C KEZRZNHF DISCIZERENHE
fL&3 2% 2 MEOHHT - RBEBHFHDHHL. i

. ] —&lx
DISC1 Hitk /R Z pk 2 L ;I;g[#?gﬁfsuf EEODIsCIFRET HTE]
2o T B OHL DISC1 Hitifk + 129%#k, ddY, IRTYRTIFL BOISCLARALTLL.
% I\ DISC1 & FE o A S iy T R
IO THFIZ 1T - 7= _
REEL D LD AR RN E $ ﬁggfﬁDISCI?R{JS%_'-%L\T:Ef%[iﬁaﬂﬂﬁ#’%:%%
517-(X 6), (1) DISC1 34 e
27D 0.0005% & FE BLTWELDT. B IZALNARETEAL.
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WICRBHBEOVRWVEAE THHZ L, (QDISCL A INE THESH TV ZHFOERI b
a2y KU 7 Tlid72 < Trans-Golgi network(TGN)IZJF{EL TWAH Z &, (3) i E TOHIAMN
DISC1 #IELLF@E#HEL T2 &, WINETOERTHEH SN TE7 129Sv <° ICR
~ U ARBIZBWTH / A LD mutation (25 Y DISC1 3B L TWarWnWZ &, Zhbd
FER D, TR0 DISC1 MR OFEHME(LIL, LA EL < DISCL Z3i# L T\ o7 Z
EMFINTH 5 & s L7z (Kuroda et al., Hum Mol Genet., 2011),

A1%1X DISC1 OBEREICEIT 2 T ETOREICONWT O HFHIT 2 4 ERH 5, Bl
£, Hill 5 oft DISC1 fuiR it cIl3IEME— O WNENE DISCL % 1E L < ik T & 2 HuiK
THY, BARENORRSTHRFNS Y 72X MRETWS, 50Tk, Hlb oM
HOBRDMTONEHBEMENER SN SOH D, %L, 2ok EF]IH L7=mses DISC1
DA E—RIIRDHEZEZLND,

Wt H 8) #i o AT D oy 1-IRHE DRI - F2WHREE D B %S

DISC1-Ko ¥ 7 A3 oNDITENRE 2R L7z Z LB R0 E H 1, DISC1-Ko ¥ 7 A M3k
BERMMEET NI RE LTRYTHLHNE I il Lz, PR R 7 o e %
DISC1-Ko ~ 7 A~FEE L2k, ITEIRE OUENBO bz, Zof5IE DISC1-Ko
~ U AN THEER) L2 T ORARIEETT NV~ T ATHD I EERL, Bkx 2Pk
IR DA RN IRET VY AT L ER V2D EER LT,

DT R DA % HFFS D

AW CIE.DISCL 2l & LT FIRREA B = XL DHART 7 u—F 12X v  DISC1
DR IR0y L DFEB 2 LT, IR 7 08 A CLEHAICHEEL TWASF+Th D
ZENghotz, — T, DISCL 7y THS8E & PRI S B A B B EME & T
DISC1-Ko ~ 7 A D /RIAFEAI D i) mild Th o 7=, HARFEITRIFICH -0 D
B ERERTFVPEGT2ZRNFEBRATHDLIEEZON TSI EnD, FAEHIX
DISC1 #& e DM s+ RILEIx(DISCL) — BRELAH A /EH AY L 0 B fega bt 2 ok &
L HHEMEEE %, DISC1 &2 DA TEXMGRE LI TNV v 7T 0 h~ T ADER
BLOWENT. F£721%. DISC1-Ko ~ 7 Z & A= 7 A )b Z G {LURYL T 7 /L D 45 F-J5 BEFRAT %
1T922&T, ZIRNTFEEBLEDOEDY ZHLNZLIEWNWEEZEZ TS, A TR E LI,
DISC1-Ko ¥ 7 A % W THL DISC1 FLAD A 24T - 7= Z & T, BEf & 72 2877058
HMRZHBZ, £ LT, YEZbkomBdbicmd CHE2ED TV 5D, 20~ 7 ZA0HAY
— L, 5% D DISCLHfED A Z v A —REnbbnBbns,

4. 2 [EEEREELERTERT) T r—7
(DAIFZE SR PN AR B OVl

WZRE B 2)2% 7 LTS o B ARAT
(Y EE) (RIS H&0)

51T 5754 O HAR NS IFIEEE 564 4 O H AR NIEH xRS %2 1 T Affymetrix
Genome-Wide Human SNP Array 5.0 # VT GWAS % 3 L 7=, fi#bTI%, Yk L&
B HERTHD copy number variation(CNVIFEHTIZINZ, % > SNP 225\ THTH
SNP-based BIEMEHT D 2 18 W D F k% H\ 72, SNP-based DFEMTIZ DUV TIL, /N E W effect
size DT I, TORHDARRZHM D 7=, S L2 BARAD 7 L1511 4 OHis
FAE, 1517 & D IEHXEFE) 2 HV. GWAS @ kv 7 150 IZOWTiBRE{To 72, HAA
FA RMIE 2 x5 & L7z GWAS/CNV fi#HT I ARWFZE08 T 27 TIIHH TOHE & o7z,
TRCICAE BT ORGSR 2 T,
1) CNV fi##T:

Fi7e CNV 1L, #AEKFEICK L, 52U effect size 7T U A7 THDH Z ERHEINT
W5, Fo, A KRERE DS CNV Offid, EEFEOZN LY H %V (Burden)
EWV O HE HEE I STV S, Burden iFFTICEHB W T, o TAVEREN O A B RER
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IS LNRD TN, TOEAZERET D2 LN TE(P=0.087), Mz T, BE#f THEEC
bz BENHAE ST\ CNV 8%, 1921.1 & NRXNI O/RJ:, 16pl13.1 OFEEEH
ARNFEARFVEY > 7V THER L, 25 DOFEL & BAHT 5855 %217 - 72 (Ikeda et al., Biol
Psychiatry, 2010),
2)SNP-based fi##fr:

GWAS B oO#E B Cix, Ornithine Aminotransferase i&fs 4% SNP, rs12218361
Wi b AR BE AR L72(P=6.2X106), HIAH LI, AXfEfTE LT, SbkdhrT
BN AR U, BEEAFEATED GWAS f5842 Mz 52 & & Lz, SULT6B1 ki
fLiE$ % rs11895771(P=3.7X105)78 A Z ffhrod kv 7 & L CRIE &L, BERERIIC bt A
FRAE & OB#ES T S5, BEROmmifEE S LT, NOTCH4 CH A B2 BN 5 iz,
FOHBEAREEL, 8.4x108 & &7/ AMEHTTHWONL R F~v—7Thd 53108 25D
ThHY, VLT NOTCH4 & HARABA RKMIELOHEZRET IO ThoTz, £/,
NOTCH Bfafi¥. HAANZXIG L LizhOBEEMN CHLEENHRE SN TEY ., BERO
SNP (22T A X ifir & Wiat L7256 e A X it L 0 S FEZEN R E - 72(P=5.1X105),
Z ofEIX. AANEG L L7 GWAS T genome-wide significance 3 STk v, H
ANTH Y RZ L7209 D aletEn R X 7= (Tkeda et al., Biol Psychiatry, 2010), F7-.
BEBARAANY T TEOD OB IIxET 5 A Z BEENT S KO, s
ENESCBEE DR NI MER - & OBIHEIZ ONWT HEOIIRIBET H Z LN TE T,

(2) BFFERR R DA % WIFF S 40 2 B

AFERTIE, AANZXRE L2 GWAS/CNV THAE SN TV D HEKIC S, B AN TR
DD, MPOHARNMBEDOY 27 2t L, RifElE. BR2RETH->THIET LY
A DHEHEETBETLEZHOTHY | 2R THRERKTIEOHFHEN 1%REL—ETHDHZ
EDO—ODHERTHLZ ENHEEINT, AT, BAAFEELRERE 7 2 v
7= GWAS fi#fir 2475 Z & T, Notch4 TRENTZEWHEBEKENGHEESI NS LT, £
ERIENANVIRE T DMEY 7V L0 HEEORmWBEEMRT N CE o, o T, 7/ a—
PEDEDHARNY > 7V W T bk 2 70 i BEEE B2 B 2 CNV M BE iR AT 1 X, fife
EOBRmWHERELNs LD L THRIND,

v

4. 3 TEIIRSE] 7v—"7

(DWFFE RN B OV R
WF7E5E H 4)H R BV OfEHT
(22 - =4E)

G DI, A KIIERT 33 436 K OMEHE XHIRE 29 4 2 %51, EIZ MRI 7 — % OB
OEIEIC X0 15 D i O FES (R B g K OVERE DO R S 72 &) L DR E
AR B S D SNP OB % 5 ~7-(X 1),

T ORER, WA RFTVERE & /T, MR E R 7 (BDNF)E B -2 &S 25
{&f&. BDNF &z £ L R— 33 D3 /R EB LA OMAE D L TUREEDE
SN, ENENHR TR S TEZRT Z &2

A&7z, £7 DISC1 BEin %8 L HIZREDMIC b BT L i3 TR 72 572 genotype
effects 73328 5 #17=(Takahashi et al., Psychiatry Res, 2009), 9725, ¥ #H Tld Ser
homozygotes (% Cys carriers T Y & NRIRTEHES BRI OEERBHD LT\ e, S HITHE
B RKFE B Tl Ser homozygotes O FRTEAEIATE I ZHURG MR IR G- & & IEOMBE L R L
7= 7).
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®7) HERBECEITHEEFSREMAREDRE

BDNF BDNF/DRD3 ZEHVEREAL
gg s (1 x BETFL)
@ . - & & . BDNF
= . El2 Hon. »e
E r i % A é _:-:.:_ -:. x Val66Met SNP ﬁﬁﬁ@l
@ FY Bl g o - .
“ ‘f‘ K| - —— < —  DRD3Ser9Gly
&, o 4 o b~ SNP
i - o1
0
Val/Val Met+ Val/Val Met + nonHR HR nonHR HR  DISC1 & tm
kg HEKRPER fEE e KRR Ser704Cys BIBARIEF
SNP
’?[SCI E & Ser/Ser BER BiIGE
s . & | Rno=0564 . BDNF/DRD3
E |y 2 T I " high-risk (HR) RS
§ g 3 g I R combination*
@0 e : = B ; ;
e | 8 H = BDNF, brain-derived neurotrophic factor;
L3 g DISC1, disrupted-in-Schizophrenia-1; DRD3,
H g dopamine D3 receptor; SNP, single nucleotide
04 s ol Prn Wos 0 10 20 39 polymorphism.
Sgség“ ¥ éﬁiﬁé’; 13 (me/day, HPD cquiv)  * DRD3 Ser/Ser and BDNF Met + genotypes

Il DT IE R B T OMFTTIE D D23, bbbV ONFZEIE B L EIBIEIC L D RE
A7 BB IRAT IO L 0 BB F 2N BEHE SR ICT L CRROEH AR 22 L2 LT,
AL T EE O 23T o T3l 70 B O fE ks & 2N B B AT IXARHIRY 72 FIECTH Y . RIF5E
3D 72 OB SEIBE IS & B P RIERBIAENT COWME Th o1z, A% S IS5 CRYE
MREITOICHIY |, HEKIVECTHALNDLPFTANERBIERIITH D D0, £ & DN
MPFEERBRE LTHE L TWADRZRFTA2MERD D, 2 OTOAEKINIEDFTEEY
% 8O T2 A BRI N 331 2 I REFIT FL GREWT 281 2 5 20) 36 K OVIMTE BB (b oD 56 FE R Sk
BT 2BFT 2 T o 72, AR KRFEE OIRFEMIE & LT, FEHIRRBIE DRI N1 U
A FEZB W THRRERE O L 720 5 2 EFfEE O 21TV EI HiEzE(CSP)
D HBUBHEECH A RIHEF B & 2T Wb DD A U 27 FHEOBRFEIFGAD DMt 5 #E &t
L CHEICEW D &R & 7= (Takahashi et al., Prog Neuropsychopharmacol Biol
Psychiatry, 2008), /~1 U A 7 #E35 X OWIFKEARIREEOREWT 7 — & % I 7= - ARIEE [a] i X
(D DOFHMTIL, BIZHIE LTz A U A7 BB W TRIERTE T 2RI E T T 5K H
BARTER D (R 2-6%) M3 A B AL, F T2 RIER OHETTIEZAL OFREE 3% O B PEIE IR 0 HEAE FE
EHBAT S Z L RE N, Laa L, RAIBEEI O T HEIK FVE D 13k G R R R R
SN O S KFERBE TIER DT, oA U A7 FEHTE W TREEORIAE TN &
SRV LR ENT, TROOLIERREICE T 5 HAUBHEHARX F SRR IS T
HETHEDOHIBEEZ KM L TWD LB b, —F, BRI OB TR IR R IE IS
FENIBHFET HRIETHIR 7 TH Y, S DICHIFATRICHETHEE L Nb D Z &, 2o
TTHEZAL D % OB R I K ORERMEER O FHEAEE & MB35 2 & 23 AL S 472 (Takahashi
et al., Schizophr Res., 2009),

MM RE AL DR B A IC B3 2 At Tl HABARIC IR 0K B E R TS £ &
F IR I R G B R E AR T, MR & 1 © [, SRR R O)oleh
THMERMIEICRFRNTH D Z &, 27 LREECK S O, PHRMRKIE FEE) /S —
TV T 4 —EFEICORERIE & —HELOMEREBENNALND Z LR EZH LU
oo THUHO—HEOMIEIX, EICBOREIRE 2 VTR G JSFRIE O BN RE AT 7L O %5 FBURE
PEA2 TR IT 2T A, S OIS EREOEREE TCED THRF L7
Ml Z R Wb D THDH, THUHDORFTRNG, A KIEOBEIZEIZEE T 5P RHIERE
HE L COMBREOBERERLN VA LNE o7,
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DHFFER R DA 1% HIFF S 5 B

B RAE OBARFIEIC B W TR AEY FRIFT L2 PRRB & LToIT FIERSHR S B
WCHEBNZRD EBZ DD, A RKIE THE S o8k~ 72 EWFRET RO 0500
WA T RERAZFET 200 METH D, SEbhvbiuid, HA KHERBE & x5
2, BRENC T 5 MRI Eifgds L OGBS 2 BRI R TG & OB 2 50 T
FEMCRRAT L=, 25 O—m# O L 0 . MRI Ei{ 0D 725 C b WARMAIEEZERE & O (S FE <
PR R E OFRIE & SN D MIMIEREZ L, - FRBEEBENMN DO/ TH duration MMN 723
FRCPRESRA L UGl LTV D ARtk 278 L7z, FEBRICEER MRI BiEFT Rod <t Zh
O OfER A FRRBIA & LT ic kB VT, BB ToRFHZ b0 53, DISC1 %1%
U8 & T DRBEHBE T O SNP L 2O B R AERZEEFR L, 5%i%, 4
FESHEZADE BN PRHEBRMEZ NS Z LT, SHIFEBAICHES LEZERFD
FEENE e Z LN HFEND,

4. 4 TRKRF) 71—

(DHFZE S hE N e OVl R
WFFEEE H 1)BEF O EMETS IR 1 O s A 8 ' O[R E & BEREMRHT
CEENE VN

FEA D IL, FE A RFERIEMESSER 1T & % Dysbindin 73 AP-3 #H & K3 X O Munc18-1
EDOREEENLTINYE I VIS R— 32 U7 EOMRAREY E Ok & il L T\ 5 Al
REMEZ RNE Lz, & 512, Dysbindin 73 c-Jun N-terminal kinase OJEMELIZEE 535
Z & &R L7z (Kubota et al, 2009, 15), #ZHIZBAT L TG HEFThHDH NF-YB 2/ L T
myristoylated alanine-rich protein kinase CIMARCKS) DR HZHlf L TW\WbH Z L 25
M LTz,

(WFFEE H 3) MaFsthA 1 & OfE &5y 1 Z i a1 & U 7= B fEAT

(Y BA)

BFZEE H (1) THEAR 51X, Dysbindin {2 X % c-Jun N-terminal kinase /&b ~D B 5-%
HW7Z2 L7, c-Jun N-terminal kinase |3 %JEISE S 7 T IVOEE R 7V pFThoT
T Eemn, REREESY T A TE ORI OWTRE L7e, £ L TEARLIX, R
RO EBEIRERBIR AT O O rTEMEIZES 575 NFkB OHRk sy 1 CToh 5 RELA Bix
FERAE L B#E T 5 2 & A L Lo, EITHEARIL TBP En 100 R ORER K1
ThHs CH3LL Bl DM AEKRFELE#ET L Z L2 R L, —FH, MEKRFAEDOY 27
Bl & LTHREShTWwW5 PCM1 = G72, BIK, AKT1, CHI3L1, PACAPKIBRA &+
LA IRIE & OBFEIZ O\ T HRET L7z,

WFFEIE H 4) RSV O T

(Y BARCEE S &N

BARGIX, RO FEREGR - Th Y | MRl 53 5 NFkB Offkr 1 Th
% RELA BIE T OFAKRFED U A 7 2R3 A IRIEIZI T 5 PPl fEE & BET 5 2
ExFAM L7, ¥£7. Dysbindin DR ZHN, BEAMEOT CHLRELHET L Z &
R L7,

(WFFRIEH DET L~ AD T
(Y BmA)

g REIZ 1T D Dysbindin D& EIZH 5023572912, Dysbindin / v 27 7 7 b
(Dysbindin-Ko) ~ 7 A DITENENT 21T > 72, A —F v 7 4 — /L RRBRIZB W TIT,
Dysbindin-Ko = 7 A [ZEiFD 15 3EIZE W TITEIEIME T L TWA M, %R0 15 712k
WTIIITEIEDOEILITRED b o 7272, FiarBREICB T A RBERBBEL T\ D
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LEZ NI, £727 4 —/v FOE AT TOW{ER A Dysbindin-Ko v 7 A Tl L T
D, RENPERL TND BN, MR FERRIZBNTL, =77 —L41CWn
SEEDB DR o TEY, ZTRHBARLERMBL TWDH EEX LT, HErITEIIE T
A hTlE, Dysbindin-Ko ¥ 7 ATl v % 7 FMalEA b LTz, 7 LoLr 2 7 A
MZBWTIE, BEEZRBD 2o, 2 OfERIE, Dysbindin @ Dysbindin-Ko v 7 A
TiX, NEOWRITINZ . BARCHBITEIORERRO ND Z L 2RET 5, A Kl
JEIZRWTIE, ZhDHDIERDRBO HND, EOEHET MITEBN T, BROBHIENFE
HDONDBDOIFXELZRM SN TR, 2O L9 RBLEND 2O~ U AT/ E Kl
JEDOET VI L L CTHIREWNEE X Hi1d, KIT, Dysbindin-Ko ¥ 7 ADRIZIBWNT Y
NEIVERELITIR—=RNI v DELLDY AT MMIELR D D020 THREF LT,
Olfactory Bulb, Frontal Cortex, Cerebral Cortex, Cerebellum, Hippocampus, Striatum,
Midbrain, Lower Brainstem, Thalamus, Hypothalamus @ 10 T2\ C, RK—/33
EonaIvBogEREE L, T OR %, Cerebral Cortex, Hippocampus,
Hypothalamus (281725 F—XI v OE&BBI L TEY, Z7AZ I UBOEGEIZBE LT
FFICEVWRRD N>, TRUOLDORERNDL, F— I U AT LD RER
Dysbindin-Ko ¥ 7 A OEIK T, R, tHSAT8O R IZE G LTV 5 AIREMEN /RIE S 1L
72. Dysbindin-Ko ~ 7 2 DR F AT 217V, R OMRARRIZ I8 1T 2 MMl ~ 43
(LRGN D Z 2R Uiz, 7o, RRAEFIZMEHI LY . S CAS
@ Mossy Fiber Synapse (23175 K— 33 0w b =0Zx0 T 5 e Bi 2 L L7,

Dysbindin-Ko ¥ 7 A Tli&, V—F 7 AE Y —DEESCEMEEORFEOREE R EOFR
FIFSREREE N H D = L & FLH L7=(X 8)(Takao et al, Mol Brain, 1, 2008),

B8 & KFAKEDEIBEEEFTETILIVADREE

DysbindinZ & (& DysbindinZi&E<o X[z
= aafEaeieE & E E1THEEIERESE
130 r e Probe test  Barnes circularmaze test
AREHINTORAT

(7 days after last training)

Pai -test (Target v.s. £30 deg.)

ild type: p=0.0048
y mice: p=0.3437

-

-

(=]
Y
o

w
[=]

|

i B Control

Bl Schizophrenia
50 Il L ']
AlA AlIO O/O

N
o

-h
(=]

=
o
(=]

EHEREIEEE (WMS-R)
w
[=]

Time Spent around Each Hole(sec)

Distance(angle) from Target

WFFERR DA R W S 4L 5 B

AFENT CHEAR 51X, Dysbindin 23R EYE Ok Hli# 4 8 U CTEELESCESRE
R EORMERICED TWAZ EERWE L, B NOJFRRBELEMATIZIS T
Dysbindin #&{& 235008 & B LTV 5 2 & EHAKRIIERNIZ T Dysbindin OFEITAMET
LTWbZ L EADLETEZ DL, Dysbindin-Ko 7 A I# A& KIHED L IEREE O£ T /L
TUREIRD T ENRBEND, FEKIIEDFLIEEE 72 & O AEEREREE IR TR
PHIIRIEFAE LN LD, ZOBBICHETHAREHEEDETT L~ 7 A &ML L
2 EIFIERICEERMATH D L EbN S,
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