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Iwata Y, Suzuki K, Ide M, Ota M, Fukuchi S, Tsujii M, Mori N, Shinkai Y, Yoshikawa T, Molecular Autism, 5:49,2014

6. Functional characterization of FABP3, 5 and 7 gene variants identified in schizophrenia and autism spectrum disorder
and mouse behavioral studies. Shimamoto C, Ohnishi T, Maekawa M, Watanabe A, Ohba H, Arai R, Iwayama Y, Hisano
Y, Toyota T, Toyoshima M, Suzuki K, Shirayama Y, Nakamura K, Mori N, Owada Y, Kobayashi T, -Yoshikawa T, Hum
Mol Genet.,23:6495-6511,2014

7. Elfnl recruits presynaptic mGIluR7 in trans and its loss results in seizures. Tomioka NH, Yasuda H, Miyamoto H,
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Biotechnol, 2001), A A— 7|2 X #RIEIEEHERE DI FE A 1T > CT& 72 (Muto, Ohkura®, Curr
Biol, 2013%%), 7m—7 OHREHEDT-FER, 45 TIHELx O F 7 20 BRIEE O AL S+ A HE
7R ERPEIC#E L C & 7= (Ohkura, Nakai®, PLoS One, 2012; Muto, Ohkura®, PNAS, 2011) ., F7=HlE
BB L TH, 26 FBMEIZ T HRZE A CCFPREL T » FTIIINER F1.5mmTéd ) 512 x 512
pixelsDHA X TIH/ T CTORFENATREL o> TE T, FHEAIXINETIT, @mEEC" V' r—7%
FAWTEEBH L~V TOA A= 7T, BN OATPIRE & ~N— R Ca® P E ORI XA/ RN &
HZEERM U, Fx Iyt 7 2MERIT X DR ASRE OFRENIC B & R > TE 7223, BUEOHEAT
FIL~LT, Bz, EEGRRETT L~ 7 AZBW CRIBMENBLN D10 DRIEORIK & 72 V152
MG F T ADOIEBVRE A TE D W HetE b A TE 7,

FFERE R

RTEIOTETIZ, T 7T ADRE L Ca* THBYORIFLELE A A—V 0 7V TCRET D Z & &2 HRRIZT S
R T 0 —T DIERA T o7, S BICV T 7 AIRREORBH T & B SN T2 72, RRFRTEE T
TOENA A=V T EAT I IO DRBREM 2T Llc, — 5 Hx BLIRNCER%E LI mkE 7R 77
ZCa* 71 —"7 Tl %G6CalP6-actink ~ 7 AYFH A T A A DCASHFRGHRICFEBL S & THolCa® f A —
VT EAT O T AR, FAKBME T COMBA R L BERZZE A1 BT D Ca® B B L BB A
HoHZ LR LT,

F VT T AFREDORRRFH IR EIT 2 50N T 5720 Hh KFRERREAER OFE % & OB EE
SN TNWD R 22Disc 18 BARFE A AFRRAALIHBEL S, ZOMREENA A=V T THREF LTz, —
FFex DLLBTIZBASE LIk taCa® 7 1 —7 T HR-CallP1. 07 &2 HZ U T, &K E ) e 72
MR E) & M H T & DR HECa” 7 1 — 7 R-CalP2 & B %S L. E3RLL IS ks (Ao Bl & i ¢ &



HZ k&R LT,

B OWIFETIZ, A3 U NCa* TEE) & RBNEB ORI E A A —T 0 FTHET 5 2 & ZFHEIC
THEN T v —T OEMEIT ST, SBICYT T AIFROBRIFNZ2EITZH O NS T 5720, ERFEES
BECOENA A=V TEAT I TEDOEREMEMFT Lic, — . EEL XL TO 20 A A=V
JEIC X DRI KIE B ORI L2 #06Ca® 7 e — 7 O W RF 21T - 7SR Fox 2 LARTIC B3
L7cfktiCa® 70— 7 T H6-CalPT NI TN T 4 —~v UV AT 22 /AM LT, 22 TCTTF T
YA 7 ) VINEBSIOMEFIC LV 6-CalPT 2 FFE DRI T RS EDL LN TEL T AV 2=
v 7= ADVEREIT T2 T LTCID T AY 2=y 7~ ADIEMICL Y . WHESOEMIZE
TH AR L~ TERGE IR Ca” TR BN 2 I TX 5 2 L 2R LTz, E72G-CaMP7 4 BUZE AR HE
faD—EET A hathf MIBBRIBELZENTEDL N T VAV 2=y 7w U ZADIERREITV, KIKE
BOCa*EF# &~ 27 v LV THfT C&E 5 2 L &R LT,

T T AIRBORRF 2T A DT D720, B ZeDisc 1B RKEL Fitowt T n—7 L &
HITHFRRABI R BL S TN A A=V U TR DR 21T o7, £z, Ca¥TEBOEFITHE L KT
THERE D T AR R L. 2 ORI TORNA A —T U 72K VEHE LT,

o)

AWFFE THREAIE O RFTTERE, Ca® 1Bl & OMENEB 2 /g b TE 287 m— 7 MR ST,
R - EPERE ARkttt Ca2+ 7 — 7 1d, B LI K OBIME T oS B 2 i T & DMERE & A T
B FEKBUE T TORBMZE L E & BRI A /A ZI61T % Ca* #OL AL B O BEfFAT ~ DI &
AREIC L7e, FoBmRE S m@S B EOREAECa” 7 m — 703, MBI ks B 7 e B O
HEFBRIC L7, T DHIC XK VA RIVED T 7 2piiE & ORENEE S 1555 FOFRELRIZIHBNT
FRIEHEAE D JRFTIZRE, Ca® VEHE) « RENEE ORI A A — 2 o T 2D 5 Z & A kT,

Flo. SEEANIERINIE Ok GEAR) Bl e, FefiERded:. /INRIE B4, EmeA, n Bk
AL INHETESUEA, ESATRREA, ARGE—RRSEA, BIMIYEA, Joshua Johansenfe/: & D Hk[FAF
J8) Z U T, Hx 2 IEALoANa PR BT OBEREREAT 2 D 5 2 L 3R T2,
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FEPIPRRER BB DO RRIEEAR & L T DONMDAS: 4K oD &Il kA% D fg e
(TR 254F FE ~ 264 )
NFEPEE OB Bt ERKRFRERFEIEITMR R N U — 7 5 Hi%

MR
¢M%ﬁ7@@§ﬁy+71fi\ﬁﬁ@yffzﬁémmm§§%ﬁﬁofméﬁ\v%fzﬁ%
HEJE CIEMAL T B 35A 1T IENMDASZ ﬁmﬁ%ﬁmb\ﬁﬁﬁﬁoﬂwKﬁ%énév+7xﬂ£ﬁﬁ%

%énéo;hﬂﬁ%@ﬁ@@ﬁ%%%@f@%ﬁ%ﬁf%ék%i%f%tﬁ NMDASZ 25 142 7)% 168
%ﬁm#ék%ﬁﬁ@%ﬁﬁzw\%é@@%@%ﬁﬁ%fﬁmm%ﬁ%@%%@%ﬁ@ﬂ%@%@ﬁ
[KI"Cd» 2 ATREMEDNVRIE S AL TN D, ABFFEEHECl, NVMDAS: AR O HHMEE D B3, E o X 5 1Tk
FIRIR R D FEIENZ D72 03 % I B B T 5 7230 O FERERI AT 2 6 7,

HRER

— R AN LT A TIR, A A BB TH HAPAZ FIR ENIDAZ BIA, BLO, R Rk
THDHnGIURNPFEH LT D, mGluRiZ 7 # I VEENEAT 5 2 & THIRNOA{LFBfEE2FHE L, =
a—u rOEEEEHIET S, — 5., AMPAZFEERENDAZERIL, & I —MMOBA 4 2 FERT 5
23, NDASZZBARIZ Al DA A2 THDI AN T LA A bBRT D E VI FEEZE LT D, HilEN
DAY T BA T AATHRAIMNZIE R TE DD TRWVREIZ /2 2 X O ICHRfi TV 572, NMDASZ AR
DEMALT 2 & FIANIC KED AL AA F U BHA L, HIaNOfE 2 O ZiEMLT 5 2 L1
E0. T T RAARBENTHE - BELIND, IR T, ZEOINVT T LA F U BRAT D551
ITHIRRSE RS E i Z &b, 2D X D Z2NDASZ B IROFEREIZES U CIIAFFER 2272 0 #E AL TN 523, NMDA
ZRARD 2 F T AEALT O ED E D X 5 IZHf S, %ﬂ’ﬂﬁﬁt:otﬁAK\E%v&w%@
KL~V TED L D REBIH LD NITONTIEH E D AFESEAL TRV, F72, NDAZFRD
GIluN2H 7 2= M, AEEZITIECIUNBY 7= FOBMREEL LTIV . FEITE - TCluN2AY 7
2=y MIE#HEIN TV D, ZOBERIRENIZOVWTHIZFEAEHLNI R >TWRY, FZT, K
WFFECIE, NMDASZ a%@yf7x%MA®%Lk%n KD T ARGy T OFEIFEAE IS RS A Y T
THFgEZ D T,

ISR

(1) R L~V ToHEE)EFHHTIZ 351 2 NMDAS: BAR Dt OBENZ BT 5 WF5E : IMTK (lemur
tyrosine kinase) 77 X U —0D & D THAIMIKIIMITITITRIRAJICHIA L TWBF v U gk
BETH DN, TOPRMRRICBIT HEEEICONTIHIZEA LD TR, T2 T, Z0hF%
KIETDH /v 777k KO) ~TAEERLIZEZ A, BIEBENEML, WIS & D SR TEI
KFLTWDLZ ERbnote, £z, KOv U ADORMEE I L OVEE TO >+ 7 AEIZI1T 2 NUDAS 2
ROGIUNII L OGIUNZBY 7 = v R OFEUIZL L T WA, MilaNICHFEET 2 b0 7=
v hOEPEML TS Z EERELE, 2T, Zhoo 7=y hOx=> KA F—T AN
L7z, D WE, T T ABEAOFFARIH SN TWDH EEX LNDM, T AR TORB &I
A< A LERREIZBRIZNTWD EB X B, 20O XK 9 72NMDAS: BAR Okt O 2 b3, ik
KO~ 7 ZDERTHONTATE FORFZ5IEEHZ L TWD b O LffimE N7z (Inoueet al., J.
Neurosci., 2014) .

(2) NDAZFEEY 7 o= M C K 5 AMPAS A o 7 2B ST o SitdA |2 BA 9~ 2 iF 9% : NMDASZ A
DGIuNLIS L OGIuNZBY 7' = MINGAEI O Bl E THAICHHEARRICHEILL TV D3, GLuN2AY
Ta=y MIEBERITIZIZEAERA L TE LT, EBRREICHES TCLUNZBY 7= MIfRb o TR
HLTSAHZ ki))binofb\éo LPL, ZOAAL v F U ITREO LI RERPEREZA L TWVDHMNIC




ODWNWTIHIZE A EHLNITR > TR oo, £2T, ABFETIEL, GluN2BY 7 2= FORDVIT
GluN2AY T o=y FERET D/ v A4 (KI) v~V RZERL, ZOWREMIT 21T 72, ZOKI~v v
2, INTEROZENTET, AT IEET D ERNDY ., GIuN2BY 7 2= v NMIEFITY
HATHY, GIuN2AY T 2=y FTIEEOEEELZMITET D2 Z LN TE RN Lo, —J7, ZOKI
~ 7 AT, VT T AENICE T HAMPAZ BROGIuAL Y 7= ORI E L BMT 5 Z & 23K
SvE7R 0 GluN2BY 7= ME, GluAl Y 7 2=y FOak 2T 5 2 EAH LM E o Tz
() o L7285 T, GluN2B-GluN2A A A F > ZIZAMPASZ AR O JRFEFEIC B 535 Z L vb o -
(Hamada et al., Eur. J. Neurosci., 2014) .

(3) HPBIEICEE D TADARIEIZI T HNMDAZ K S F 7 A REDFEENZEI T D HFJE @ Cyclin-
dependent kinase—like 5 (CDKL5) DOEFUIEE D CTAMARIEEZ LD U R MEBFERECH MBI L »
JEGREZ RIS TZEBMLNTNDA, TADAZFIEEIITHEHECONTL, o7 AHTH
o7z, TOMFFETIX, CDKLEDKO~ 7 2 ZERIL | Z DRt 2 D7z, KO~ U XA Tk, WA =
BHIZE VBRI SN TADARIECIIHAR~ T X LZNB LR > 72, MDA G2 LY 5]
TR EIND TANARBIEDRLE KO~ 7 ATILEE L Tz, KO~ 7 ZADWE AT A AEART, CAlY
T T RCBT DT S AREE BRI LT & 2 A, BAER < 7 R ASNMDAS: ARG E )
BEIHEARL, Lrb, Y F 7R TOGIUNZBY 7' 2= AL TWAD Z EBRAL N E e oTz,
F72. NDAIZ X D BRI D TADAFIENRGIUNZBY 7' = v MR T 2 T=2 MZ X ] &
N5 Z Enbnoic, GluN2BY 7 2=y NOREKEOFELEITITEN LN LD, T TR A~OlR
ERTLELTWD 0, HDHWE, BDIARBIIH ST D720, T 7 AL TOCIuN2BY 7. =
Y FOEPEIML TS D EEZ LITZ, L2 -> T, CDKL5IE, GLuN2BOEi%E A HlfE4 2% = LIz X
D, UF T AWM TORBAEZFH L TND EBZ O, KO~ T ATIEZ OFBEOREIZL Y TANA
&

DIERDHIT S b D L iEFm Sz (Okuda et al, Neurobiol. Dis.,2017) .

x&®

THE T, FEER BRI e EICNDAZ BRIRS B 595 L) 2 B STV D
M, Z T, NMDAZBEIRIZA N T DA F Bt 6 572012, AN TO I > o MEFEO A
(LR 2 OIS L CFZE R D BT & 72, UL, NDASZEIRD S 7 AL T ORI & & Fth
IR OB Lo dH £ 0 7o o, AR TIE, NMDASE BAR DOl DFEEIZ L v |
flix DKL~V TOITERE NI SR SN ZERHALNERY 5k, ZOX ) esliciEE L
MEDERL T b EEbhs, £72, GluN2Y 7 2=v NI, 2OV T2=y hOEWNILD
NMDASZ AR D &) 7 AR ORFREIRRIE A AT D Z 13 E DIV TUV A, ﬁﬁ TIXGIUN2BY 7' = v
N SAMPASZ AR D > 7 AL~ Dl 2 FHET L T D 2 LK FOMARE D 12 L W GIuN2B T 7 2= v
N OEEAERANHTE S 4L, ZORFICIVITHRENISEZ S5 2 &ﬂ%%@’@@ H7p %
NMDASZ Z A S 7 R 8 D Ea i B PR IR D3N T2 T < L GLuN2AY 77 = IR W GIuN2B
T o=y MEEALARNIEREOHRIEBEESFET 5 2 EBRH LN E o), ARITZORIZERL
TERFZE RS 5 Z & b RSN D,
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NMDAZZ BARDGIuNZBY 7' = R ZGIuN2AY 7' 2= MI@EW L) v 7 A »~T A (KI) Tk, AHE
B COAMPAZFIRDGIUALY 7=y D F 7 AEAL (PSDAYE) TOEHARBNE LR~ 7 2 (WD)
IZHERTER L (A) | SRR A T OISR 288 EAMBIEI N TWD (B) .

(Hamada et al., EBur. J. Neurosci., 2014)



MERIEDO KRR IZEIT B NTTNT I VGE= 2 —a VRERIKINSSY 7 2= v b ORBEL
(P Rk254F K ~284F )
NEFPER A B S&RKRPETR OBMTERT HEEER

WEBH

A RIVETREBAZ2EMHEER T, ERSELBICAD O 1 %R BETHZ LML TS, i
WE L UIARSZMoMic &%%m%@kmmﬂ%%®ﬁT@@ﬁ%_ﬁm#é LIFREARIT
PURS AP & IR E 0 2 AR e e F%A“éiéV%fXE‘%ﬁ%?é%’iwﬁiﬂﬁ@iﬂ
L, AR TIX. ThiZ T?éﬂ%mﬁiﬂﬁm Einh, BEO BN SEIRE DT DK
DERER>TND, 2 THLIL, RBEBERERES OGN RIGRIEDHFR KL T L7202, ZD4EY
FHIA T = X LD ZT > T D,

HRER

PSRRI = = — 1 U MEIN B L OB TV S AL L D EES LT DR v T — (T
F0HPONTWD, FHEETIE, 2HO=2—a » OIEEEHIC R 5 = & TR HRIEE)
(A= a )AL, AV b—va UBRE#ETLZE THEBEOaI 2 =r—3 g UL, @&
FIRERE D 72 D DE AL M T D,

KIMEERLEWETH L L —y 3 VOBEHS TWD OO0, 2L T T 7 22 (PV) 258819 2 i

DME=a—nry PV=a—n2) ThbH, PV=a—o L, [ CHEEPANCHEAL - th O EIC & 5 #ER
Za—nrnbEENY F T AANNEZT, TEOHHA= 2 — o ORI ST A 2R |
ZORKAAI VT ERPASEDL LT, AV L—va VOEKRSA Y L— 3 v OFEER O RIFIC %
DASNAAVN

Fx LI NET, MAKRETHEPV=2—a 2BV T, PVZED L OCREWEGABAZ A kT % fEk
GADBT DBAR T HBLME T L CNWAD Z L aHE L TEe, b, MAKRETIX, AvL—raro
BELZMEEINTEY, w:;~uy®%%%mﬁ\ﬁvv~yay®%ﬁitm%ﬁ%®ﬁ%ﬁ
DERFEZHT-O L, BaEREFICEST5:E26N1D,

KCNS31Z. ﬁﬁﬂt%khﬁ FOPV= o —n NTRRAYCRBLT 5 2 & 2 A L 8is T EAK
AV LT v XN DYTa=y Nea— N5, KINSSEETeTF v o, BEMES 7 2E
MIZ LV FRLIEH LS THME B Y U LAEBREELIEH 2 LT, BEM ST 7 AEN ORI
ZEILTWDEEZOND, ZOHEWEBENES T T AEBMIZE Y, PV= o —a VX RN O & O SER
Za—arOHEBIZL S TRKLOTWVHEE 2RO, 37205, KONS3IIPV= = — 1 L 3 Eik N At o 8
FKma—m ORI LZIEENC LV AL, S OICEHOH#E= = —r o OIGENE R S8 2 0 2L
L. v b—va YOBMEZOHEBHOFRICERL TWD B b b, A ITETHIZ T, #ih
IR BB O BIEAATE CIZKCNS3 mRNADFEELME T L CWAD Z & T D X 5 22T B & RIERICHURE
MR B G L LTI o2 E LN L,

AR T, HEA KIIEIZI 1T HDKONSSDREUK T3, PV=a—nr » OREEILZ M LT, A3 b—
Ta MR Y B U — 7 OMRERF SIS LT D ATREME A RGE T B 720, MEATERR X
O RB H1G S N FE% M A T (1) PV==2—1 281 HKONSSOREIZE L, (2) RBAHEEE
Z R D R AR RS 2 AR D AR OSEIIC 331 DRONSSO B 2T, (3)PV==—u RIS
KONSSIEL -2 RNEL L=/ v 7 70 b~ ADIEKE1T - 7=,

|

VoI
(1) SBKRIERE 144 & XTIRE 144 ORITEERTE 2> HPerineuronalnetiZiE &9 5 Vicia villosa
agglutinin& FiNeuNFUR C2EYL A SN APV =2 —1 U O L ZBEMEE MW H L7~ (KA) , KCNS3



mRNADFEH L, A RFE T4I%E T LT 2, E£7-. KONS3 & #5A L TF ¥ RV ZTERT HKCNBL
BT 2= FOmRNAHAAWE T LTI Y . KCNS3 L KCNBLIDFEERIZITA B 22BN 3D ST,

(2) BFECHAWIIK TR DN LRBIERE TH H1EERLBICOVWT, ZhEHEIMRR Yy hT—7
RS D T AMARITERATER (A46) . TRHFEHTHZEE (A7), RHLUTEEF (A18) . —IRHLTEEF (A17) DA | 76
SN~ F LT e TR & Feigsst FRAFI 02027 D BFERFIH 515 T. KCNSSDEIE - HH %
cyclophilin—A, beta—actin, GAPDH% PNHRAEHE L 3~ D PCRYE THAT L7=, T OFREE., MAKLIHIE CIX
KCNS3DFEHIAY, A46 (-12.5%) . A7 (=25.1%) . A18 (-25.1%) . AL7 (-18.6%) DAAFEML CHEAIZILT
LCWwWi= (XB) ,

(3) PV==z—n VRERIRBIR T AE LA ML T D728, CreiBin Rl X R 2 5 8l3 5 PV-Cre
~ U A L GABATY Il#FRGAD6T & =1 — N~ % gad LI G123 Cre DFEF T 2 1oxPELH| TR E 7= flox—gadl~
T ARENTE DY, FOME, PV=a2—1a  OR T, GAD67 mRNADIEH 3 gadl (flox/+) ~ 7 AT
50%. %mkﬂmhnm%?WXTBM6_ﬁTixmwé EHERR STz (n=h), BHBRZRWNZ LT, 2o+
U AE, EERRICIIZ L R ST, A RIE & 1372 D PYRPGADBS D FE LAY H- LT v | PV
Za— BT ACADETORBUE TIL, PVoa—a U ZBD FHA = XL TIIRNWZ ENEZ L 2
77

RIZ, ~ 7 AN TKONS3A PV = 2 — 1 ANTIEIRAICHBL L TV D Z L 2572912, C5TBL6~ ¥
A DORTEATERZZF T, PV mRNA & KCNS3 mRNAD [RIRFRR H 21T > 72, £ DOFER, PV==—1 > D90%LL
73KCNS3 mRNA% Z&H1 L. KCNS3 mRNABRE = = — 12 > D60%LL_FASPYmRNAZ FEL % = & AR L7~
(KCckE) ., =D BT, flox—kens3~ T AZAERK L, PV-Cre~v U R LR ESE-L 2 A, REIZBITS
KCNS3DFEELAS . kens3 (Flox/+) = 7 A THHARID83%IZPV (Cre/+) KONS3 (flox/flox) = &7 A TTS%ITAL T
LTWDZENHBI L (=4) (HCH).,

x&®

AW TIE, PVoa—a Al kba v b—a VIEAREH D CHRE STLDHKONS3H U 7 AF ¥ rLHh
Taz=y FORFBLN, PV=a—a BN T, HITTF v RV ZHET HKONBIY 7 2= v ~ EFHBIT 2
ETETFLTWAZ &, {EEREEZ MO MIRE Y U — 7 2T 2O CRKIIK T LTV 5
ZEEHLMNI LI, —H, PVea—u URRRIREE T/ v 77U ML | (EkETEEHINT
UWNVEPV= 2= 21T D GABA S I FEGADET D FEBUE N iE, PV= o —nr VB MDOARE R A T3 = X L
TIXARWATREMEDS RE S 4L72, — 7. KONSBDOHEBUX T, PV=a—ric ko4 v b—3a VB
BTS2 LT, RABERER T OREEAFLICCGADET DRBUL T L 0 b EHEMICEE L TWA Z LR
2N, LT, ZThERIET 72010, PV=a—o VR RAICkens3 B8 &2/ v 777 h Lz~
T ADVERRICHREI L, 2O~ 7 ZZHBW TPV = 2 — 1 o ORI AERE OENT 2 T 5, KONS3
I3t FRBMEVE TPV = 2 — 1 AZIRIEFFRANCHBLDGRO 5D DT, PV= o —w o ORERE R H 4 3
AL EE?éﬁ%%®“%ﬁ%&bf%ﬁmT%é SHIE. A RIEDOHIBAFLICIS 1T HKONS3
OEBEMEZHENL L, BAEREIR T O RN 22 IBHFRIEDBIFITRIL T2V,
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(P Rk254F K ~264R 1)

MERESE AT B AERRFHEZOER

EEENTIEE R AD A EERFEZER GETE @I RTFET)

WEEH

HEE RRIE 75 &R AR R D BRE FER N B ERERE O T LV EMICIB N T, BEM Y7 RI2BIT
DERZEERR (X531 ) OFELHEEORENLZHREINTND, YT T RAEE, T 7T ZEFD
WA (A, VIBRE - (RRE7R &) | 7 H X UER K— 33 Ve EIRMBEWE S RIR - SR 5y
i« BT & OBAHREIIEAER S HET A~ A sy K7 2 ) X4 7 LCOF RS
Do TNODERET ) A= MVORBE TR TEDLA A=V 0 7 FRTEFBEMEEICRON S, KR
HFRTIE T T AR U TIREEETH T 5 R EAE (B 7T 3 KLUCDCA2EP4) & A - ks i
EOBHIZER L, Ba T RE~ T AOMRERREE 255 Lz, BEHEBICE W TALPHTFIESCE -3
P08 3 LIRS (ssTEM) 72 & DI REFHIFIECRIE Lic v T 7 AR A~ A /no v R7 = )
AT EHIR L, PR AHRER. WBE OBREORRZ AT,

HRER

TEA IFE F K ORI O BEFEE M (FAMARTEERTES) ORBUE T 77 4 —AfTIC kY £
BTN LNAERELE LTS Fr « 7 2= NSEPT5. SEPT6. SEPT1IM[EIE Xiv. [RIfE
D KT AT YT — MEHTCIL R (5 7 CDCA2EPA D FE BIHIN AN S 4L7=, AN D 2 b DA,
ZIRRBBMRIC D72 D72 0IiE, FIERICEFEBL L, HEIKRELIEAT D& 7 F L RCDC42EPAD £ BEEE HE
BHAVENG L, REHHIZ, BFSF o - 7= SEPT4 ORI~ 7 2 DREAR MRS F
T ADWHITGHRE & oy FEVRBIC T TR A PRIR L. SR IEOR D B — /3 I Bk (RDAT i & AT E3E
FHIRFE 2592 L, SEPT4 OEMRBRINITEI L V2R FISE5 2 L %R LTc (Neuron
2007) o EHEENFIEAE | XssTEMEEC TR BT L 77 U U RS o0 % dEBATE 22 Bkl L C o7 7" Al iz g L OY
DI T ARG RAE T L CE T,

L5182 S

1) B 7F IIHDACBIZ X BT B F A bz it L THUNE D Z B2 AICHIET 5 Z iz L hikzEiE &
BRORELRET S

MRREE OB R ICIE, Fa—T Vb FF L0 I20DGTPHER Z L R0 BOERAERNBLETH
Lo LnL, ZNHOMIVERRBIHE L CTW2E00, HEIL D ETIEED L I RA D= LIZ
L2 DNTbh > TR, ARFZE TR, EES~ 7 2D KIMEE = 2 —8 T FF U EHARDOSLE
VT 2= FSEPTT% /) v 7 XD WNE/ v 7T U b5 EUNEPNBEIZT B F A b S i, KK
ERF I L OV E AR OB 55T & BRIRZEEE S E SN D Z 2R Lz, I, IR =2 —
2 ZHWein vitro EBRIZE D | SEPTTORZ AR T & F A bz L THUNE OmFEIZ Eb7ev L
RERIEAZ 72 b2 &R LTz, &5HIT, SEPTTRZORBM L o -F 2 —7 U U7 v FLALEESE
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BB LT (Ohkawa et al. J Neurosci 2013; Ohkawa et al. J Neurosci?014), —J5. NMDAS:
BIRITHT 2 B CHUAZ A 2 MR ITHINDAZ A RN & T, £ D% < DIREE RFERR O FEHEIR
TRIET 5, NDAZFRE PRI, v 7 ANDAZ BIR 2 NIE(L S, NMDAZEREZ S LizvF 7=
IRZE AR S 2 (Hugheset al, J Neurosci 2010), FIHIZZW NG RIRIESE ORMIREA Th > 12 BH
DO—H B b, NDAZFRFURNS B SN AREFINH 0 | HEAIFIE & FINDASZ BRI 13 @ L7
JRHEDB G- LT D Z MBS R EN D, Fo, LIIHFURSCAMPAS BARPURIGNEDILfERINA TS |
FEAER 2 R EFIS D7 <oy, Theb b Zb T A E APURITESRE, FBAERIZ o708 5 4k
WO T T AEREZHERT D, SVHRZNIE, VT 7 AEEERDEHER & BT 5 2 L 25
MHFob0eBEZHND (X1,



— 5T, bbb, RA M T AFEER G FCONZ I R FIRD R E FE Tdh HPSD-
9BD YT T RSN L LT, 7SV S A AGIERRERE 2 fi#hT L C £ 72 (Fukata and Fukata, MNat
Rev Neurosci 2010), iz /L b A JLALPSD-95% K BANCGEG T 5 7 v — 7 % # R 4 STEDEA ML
B LAY, AR T TR A b ARG Z AT 5 Z S IcEsh L, RA hiT
TARERREENL T ) RAA &% F, L= (Fukata et al, J CellBiol 2013) (X|1), &5, %7/ KX
A VINENENANPAS F IR DR AL L 7o o> TR Y, /7 RAAL CNAPAS FIROELE, 5 4 Ritd
HZ LW LTe, VT AT RAAL i, VT ARERB LOMERERNAL E LT, v T A BE, v
FIARENE, LT T T RARRBICEREICED D 2 E R TR E L,

ISR

1) RARFTT AT RAL NTBIT BT NE I VS RO ERRZRAR 572012, il
BT D Crispr/CasHEIZ KV | AMPAZS JLONMDASZ AR 63 2 B FEUAR DR M2 EE L, Frpode e
w52 50URE ST (RER) .

2) RARNFTRAF ) RAL O - BEREE L & BHACE G5 B X HALHPSD-95/3L X b A L
(B ATISAE O I RS 2 SRR 3 2 BFE C. RO R %7 (Yokoi, Fukata et a/, J Neurosci.2016

BILOEREEK),
(i) Hpa, #FEFoZEO T T AEAE DV b A BERRIRRE &2 LG D T1EAPEGSTE
R LT,

(i) (1) OFEEZHNT, BT 2FEEAE DSV M bREEEZD X A FI 7 2 (X
VI ML ERBL VI R A UEDZEL) EFARD Z ST LT,

(111) PREGHIRIZFEBLS 2 PSD-951XF D KHE /3 A/ L I A /b I Tz, LinL, ZTD73L I b
JBIRBEIZ 22 E TId e < . BBl S S A U EIT LT Y . K2 TF —r F—n—F 5
2L A MBSV S S A ABREEESFEL TV (K 2)

(iv) ZFD/ UV A ALERBE-E D 5 HPSD-95721 3 FRFiNI72 /UL X M A VR ZZ TR Y | ftho
BAEIXRLER VI M UBIREEZ HERF L Tz,

(v) #ESHIAIZ 31T HPSD-95D /5L X kA b L I R A ABEED 2 ©— RiE, T 7 AFE)
HNZITHR <, BRBICHEWVES R Z g hro7z(®2) |

(vi) 7 b A AR SV S S A SAREIEO RSV X s A WAl BOG 28 9 BESEABHD17 2 %6 AL L 72,

3) U RBRERE, TbbLEEEN L T T AR A 5 AMPASZ R IRBERE D FEE I OV T, LGI -

ADAM22-PSD-95%3 1-#& T X 2 Hill i 2 B 582 L7= (Lovero et al. Proc Natl Acad Sci 2015),

x&®

RA N FTTRF ) RAAL O, BEREZLIZPSD-95D /7L 2 b A A= L 2 kA JUALEEE &
TS A L X S, ABHDITIZPSD-95D i L I R A AkEESR & LT, BEED LI b A Ak
FESEDHHC & & HIC T T T RAJ[JIT T/ hA VYA 7 L ZEE L, Z DK T 52O DEERIEHED /N Z
Y AMPSD-95D /X A MEL SV ERET L, RA RV FT 2T RAL O, PRSIl
HEHEREND, SkIE. T/ RAL L OERITIMAZ T, PSD-957UL I hAVEHZOEE | Kt
BT BT T AEREERBILT D00~ 0T =) B4 T LTEBTILERD D (K1) ,
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9O « REBEETT VBB T 50 REREMEERE OBBBROZIL  CFR26HE~ 264 )

BIER b LR - BRI X 2 o RRRETEAIBEE TR R OMEERIE L CEA2THE ~285FE)
ANEPER M OMESC AWRERYE REEBRERAERE R

FEEE)

D OIRRORLIEE LR D 72D, 19 SRR LIEE 2 AT DMl 2 A L T o L35 23
W, B FEETEREIL, ARRRRECHGATICR W T, £, REXEFELBoTERIC, B HDITH)
Z N LEPIS ST 2Bl Aa@mo 5 2 & THEFLAEERPE L AT 2 E LT, 20X Al Adprg
WA - LS TEREEBEIOND, LEBST, I DHORLEED A = XL EBRT 5729
(ZiE, B AT L L LTOM D D « NEOMREHAE - thRRIKZA M L2 BT, BFHD5 0
BHREE 7 VI I TE OPRREHENS - FRREEEAN E D X D IZZE(L L TW D a5 Z & P E
T D, AWTETIE, JAARIA D S, B, AL 2T 2 s - MRE 2o hC L, &
PR LD DT T VISR L Y RL AR - MR OMRER AL Z O T 5 2 LIk Y
D O LIEEDOMHNA I = X LHHICE 5 Z 2 A ET 5,

HrEE =

FAILZANET, WAL D2ABENVAERICET D D MRS 2 F7E L. TR AR 0 SRR IC 1T 5
T RLF U v N MRS LN vF a e B U EF (CRF) RO E RIS ETLE & LTl
B RAZFH 2 EET D52 2L MNC L TE R, FHTHESOSIZOWTIE, 3R SREL 2 Bkt
OIEB LD, FREIZRT L 9 72 3AROCABARRE Z 1 L 72 AffE[EI BT L 0 IR K3 o (DA) #
25 2 & CHEERL 2 A0 3 5 ARt 2 e 5 (AR RIAFZE R R 2 i LTV D, FERRIZ,
I RGREL D O NEGE R B IS ST D iR OTEB) 2 G BAR PRI B E T 2 2 & CHE SOGB4 SOG &
FETExHZ EMN, KEDDeisseroth=oStuber® 7L — 12 L VG I T\ 5, JERIHEEE K33
PR OMFRIEE) O IHNIBES)S TN T/, T o~ F=7 (P& SCEFRIKT e & o iRiE &
ST D Z LD, S RSRE BRI SRR 2 . RIS 2T A E LTOM D OXrH DN
3D ORRITEI ORI EEREEZ R L TNWDL I ENEZLLND,

TSR

Fx T TNETIT, RGEAREE 2 BRI OTE LS HCERE B A B2 2 & F£72. CREAKIC
£ 0 O RARREE 2 BRI E AL T2 2 E 2B I LTV A28, CREZFRO it oM g #
RIEEICOWTIEH LN Thho Tz, £2 T, BRABPNTIECI Y . S REHEE 2 B iiaiErEAL
D LHMENTERGZEERF LI 2 A, TT=NVERY 7 7 —F-cAMP-PKAR B 542 = L A3
bk Zpore (FRA) o 61T, ITEERBFHIMITIC LV | TR AT K 2 BSOS AR |2 CRF R T
2T LT B OMAI G SRR EZ T OPKATE AL BB L TV D Z &2 BT LTz,

3 FRERIREZ 3 TR AR 25 ORI AMUAEZ I et L. & OTE M T PRAF B A oA 22 1 Bh i
FHZ DN D Z EDNHESNTNWD, —J7, Fex (ZCRFASCABATEENME T b 5 /0 AR KL 2 TR I8N
BNZAER LA RIEEN 2 TS5 2 L 2 WA LT\ 5, £ 2T, CREMFREIREE 2 Bl o o1&
L&A LT REER: 3 R~ OINHINE S T 7 A AT &2 TTE S & 5 alfErE 2 BRAEHEE TEIC LY
Bat Ui, MAMUDRERE A GTMA T A A W Te R — ey F 7 F R KBTI &
V. CREA 3SR 3 BIARRRMIRLIZ 31T 5, B FAVINEINE S F 7" 2%t (spontaneous inhibitory
postsynaptic current, sIPSC) ZM{RKIH2HZ E&EHALMMNILT,

FEARI 55 SRR RZ I C B T, AMPASZ 54K 36 K UNMDASZ AR 2 At U 72 IS B DR A\ K D BRGSO
FEIZEGT 52 & NMDAZERO TSI W TR — Rt 2= R G % F  (neuronal nitric oxide
synthase, nNOS) 2MEMALT 5 Z & BHHEMISERICEZE CHL Z L E2WLNI LT, SbIC, BRAE



HUER) TiEE VT, NOZS Ry AR EEN O 2 BRI 2 i S5 2 & BB SN LTz,
RR2TAEEE/N S 0 MEMEA N LA« BN IZ X 2 03 AR *4@@%%%%%E%®%%%ij
(B D MFTERR R, RHEIFEA & L CERE L QOB AT REIA 75 O EE NI S Tz 7o D e R L
tou%\ﬂﬁ%%%ﬁ%@k®m®m%%§éﬂib\@ﬁX%VX-Eﬁf;ié%ﬁ*f&%E
TR 25 B AR B B OB BER B LIC D W THFFE 2 D 72 & 2 A 1B OO K] (R B MR R E
#% 2 W) Tik. BN D MIAREEN RS2 IR THEN AR SIS A, BV EEE] (R E
PRI FERL 4 M) CIXHREREIC X 2N R XS il THEIIBIE SN e< b Z L2 nWiE L
Too Flz. 4BEMOEBMERE R R L RIZE D 9 DHET VIO TS RENFIFKIC X 2MAN RS
\/@%mLﬂﬁﬂéﬂ@@oto&ﬁF%Tw%iUOOW%Tw@% BWT, HRERIZEDD R
NI UMRBROMBINBREINT-Z LD, ZNHIRIEE T /L CIIATHE KR L7 AR I 3V T
RERUZE(L N E LTV D ATREMEN B 2 bivlz, £ 2T, ISR ICEH 3 2 55 REREZ 3 BRIz 1T
2 IEA T DAL E BRAEB TR FIEC K VR L 2 A, 1BIEREET VB Cldoxf e & i L,
I FGRRRZ 3 BIAIRIZ 31T D sIPSCAM R L T, A3 FRSRIREZ 3 AU OVEEh M Il S5 Z LT &
0 REABEEE B GABARRAR S LA BEAE I K D IEME L L, AR E LT RS USSR Il S d 2 &
D5, AP A RED IR FIC O RN D ATREME N E 2 B b,

X0

I OPFRONRLEED A T = R LIRS 5720120, AR 27 5L LTOM S > « RO
BERE - R 2 DS Lz BT, BE D 5 WIDRET T LIS\ T ORI « tiR I
EDOXIZEAL TV DENENT T2 EBUETHDLEDEZOL &, T, WA L DHEERIGIC
B kg & LT, ATEKIZEICRT 0 R G 2 BIRIEME L 6. 3 AROGABAREZ 41 L CREAI
%%EFNiywﬁ%@mﬂmﬁéwﬁﬁﬁéﬁgﬂmb\%ﬁ%fﬁme%%ﬁm’T?:w@y
7 7 —E-cAMP-PKAREE G L TWA Z EHHLMNC LT, BIIEE TIZE HITHE . EBEEET
VBN D ORE T VEN Tl Tﬁ’ié%ﬁﬁﬁ’%béwﬁ%%;%%wzmﬂibfmé;k
ERONI LT, Tbb, INOWEBET LVEM T, HRICEDD R8I R OTEB) 23 )i S
NTNDZEEHLMNI LT, RAIUARRIEEI O TIX, 2 2WvEMROBRF IO T oK
=7 (B SRBEAMK T2 80 ) DRI S L TV A AEEMENR B X Db, 5T, K834
FISENE TIZ B 25 REKREN OMRERZA(LIZHOWTHE LT- & 2 A, [@MHEET L #mic s\,
HEANRE 25 B L2 403 2 20 SRR 3 BRI~ DOIHIE AT SR LTV D Z E A BN E I oTz, &
. 9OIRET VEMIZI T b RGIREL 3 TR A~OMEIPEA N DK L T D 0ENE T 5
WERD D,
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A b LR ERERR BB IT B R OB BI DM CFA25FE ~ 2645 )
A b L RMEERERBIZEIT B RREIMARE DR RBRAREA  (CTLRk2T4EE ~284E )
NEPE A& F /LR M EILRT - REFEBRESIREMIEE (E%) - o TR

HrZER

FxiE, ARLVAKRILELDOOEDTHDL I VaarF a l FRZEENr3cl, GR)EIEF%. RbkiE
SMANEZ (LA) B IRAYIC KRB SH 7 (LA-GReKO) v 7 AR AMENAFR L7z, ABFETIEX. 2 DLAGRKO~
AL BRI (WD) xf i~ 7 22 WL THER L, A b L ADME D RUh S 1T FE ORI 21T 5. E£72LA
Zuls & U2 IMBRRER (b & 0 TENEZ LA B S0 L, DRSMER A b L A& (PTSD) 2L U &7
DA b L AP ORI B PREIE IR E TR O 1L 2 B BB A B REREE 00 40 1A & BATARREIRI RS O E 2 B
OMNTTHZ EE2MEENET D,

HrEE =

R[REESCARLZEEFE DO A N AL 2 MR EOEER R, TORETIET20%mI<ITZELTE
. EROEFEEALO BT 16 2 A EORFIIBLE D b RERBRTHY | wikT &
HEOO LD TH D, LA b AL, FURTE- T EA-RIE (HPA) #hoiEH bzl EEZ L, &l
BEENLARNLVARLELDOEDTHE /N aalFal ReRWEt 5, Mk CHMNICETh-
JNaanFas L, HFERERECBED 2MNO 702 2 F a1 REE GR) ICHEA L RYHFLIE
O ZIT 5, —J7, WEIZRBGC AR b U ABFK & 72 5 0R0MEE A b L R FEE (PTSD) TiX, #hik
IRFEDIBFNT K HNMDATY 7 /L & 3 L ez 454K (NMDAR) DFEMEAL & GROIBRITEHALSFEHI L TR Z v . 46
FRHEHE D AT ZEIZ X 2 RUAGFEIE OFR W EEDS, JWHIRBWGNIGEHRT D EE 2 b TN D,
RPRIARIT, $e72 DHSRERRHEZ FE D . TERE SR IX R S 405 108ELL E O HiE D R S, £
FCH, RURARIMUEE (LAY 1X, KEMEE MR D D ORERAF WA AT LB L& R T #lil% Th
V. BUREEIBIC RS D MR EIEE O LR E 2 5 TV D, BUR ST R 2 E o 55 T, F
72 EDOFMIE (CS) EERY 3 v 77 LD (US) DIFWMALAIZATT 5 2 & THRRIERE D
AN 7R 2L E U REIZREBMFLIE O TON D B2 b TnD, L Laen s, iR
DR, FEES LOVHEO—#HOMBRO T T, LACET 5501 « Ml « #fEEIRE L~ LT uiz>
WU, ABAZRED DLV, LAITIERGRSZ < REL UIFEIHIEICE DL 5 LB A b, 72, GREAEKT ¥
AR NCEENDFKBPSE G FDERINPISDD U R 7 7 7 X —DUEDTHDHEND, GROBEZMEN
RN TV DY, RIS BT DLAOGREEEIZIAMEIC 72 > TV 7RV, S BT, LAOKSEER LI, E
BEOLIEREIMIIC LR EEE 2 DL E2 LN, TOBEL H0ICH L AT,
INHDOEFRDOS &, FxIILATOCRIZ & 2 B FEIERIE TOXRB ZH LT 572010, LATER
P < FEBLT DGastrinreleasingpeptide (GRP) MR T-JHEIZHAHL X fERCreBn A A LTz~ U A R
(GRP-iCreKI). 72 BHTNMIGR (Nr3cl) AR TFEEIZCreDFEFRACS] (1oxP) ZHF A L7172~ v A %t (GR-floxP)
EENEIVER L, REIC K VIATGREZEIE T/ v 7 7 U b Lic~ 7 A%H (LAGRCKO) Z {EHRL U fighr %
7= (Inoue et al., SNF meeting, 2012) .

TSR

LA-GRcKO~ 7 R & RFRWT~ 7 A R & W fiEATIC L 0 . LT ORFFERER MBS D7z, 1) LA-GRcKO
~ 7 ADLATIX, GRESHIMTSHIREL AW~ 7 AT EEA_RTORFREAS T LTV e (X)) , FRUWCrefEPEA R H
SN T-YEFECASHEI TId. ASKGRIEBAA A D 722 < GR-KOD T D7 & EZ bz, 2) CS(FERD
D ERE) LUS(EXY 3 v 7)) OEG EZ W7o L D8 EREE T, &IEFT
WEE, SCURT A b, FHET A b, TORUGSISIZ L 59 < AITEV A FHI L 7=, LA-GRcKO~ 7 &I, CS
EUS OEAEHENEE TOFEIT, W~ AL EDLRVRERED T UG ERTO, EHAEE)6



FNZ72 5 &, BRI T A MREERAIINT 7 R RTHEIEWT K AN E R L2, 3) LA-GRcKO~
U A TR SN FHET A b OFEEN, LATOGREGFOXRIBIZE D Z L 2HRT D202, HIRE
BERF: ORI E— BRI CRFEBIAAV R 7 X —ZERLL T2 72 & | LA-GRcKO= 7 A DLAIZEA LGROD %S
BlamEsEs &, BRIROES EA- Lz, 4) BERWMETITRNS, ~ T AT A b L A AR EIT
5 & URT A ML DRUWGASGRIE. LA-GRcKO~ 7 A L UWT~ 7 A CRARICAERIC ER L=, —H.
BRI T A2 BTN~ 7 2Tl T < ABOSDIR FABIEE S 47223, LA-GRcKO~ 7 A TILZ DK N3 H
Kliz, Flo. ZOFTL BIEDRTRFRITMAR A b LR 1 RE%ICH ST T 21T - 256 120%
BREINTZ, FRA B L RAEHE24RFEE ORI TIIBE SN2 o T, 5) BRVISE AW
RS BRI A ML AAREIT D &0 BHIIET A M Tl Wi~ 7 AT EITR 6o
723, LA-GReKO~ 7 ATl ZiBUSA IR Lz, £72. ZORMTIE, LA-GRcKO~ 7 AD (fi.H = /v F
azZFa R EE Lz, ULEORIZERER LV . LAOGRIZSEREMED i\ IR TR 72 237 0 LT T
T 5N RGOS OFIENICEE CTh L B2 bz, £z, LABMFaLFarFaro”7 —R
Ny 7 HIENZ B B ATREME bR S ivis GRSCERT)

Flo. RWIZELSMNT, AU F7 2 Fedh A MIRRRIIZFHEILT DBeas EIn FKO~ 7 A & VT il
2L, FEERFOT L VARSI ) VIERBREE L OREMKGEO R E RN L, o
NWHDOFERNG | HERKREARIERIC I = U VTR O RIESG 23 B0 5 ATREME N RIE S 417z,

£&8

AWFFRIZE D . RMESMAZE TO 7 v a a v F a A RZEEN, A b L AREVRILTOm IR 722
ML DOHBENCEE TH D ZE RN E R o7, SEIOFREBEDOHEN S, PISDEDFHFLIED
FEEDOE RIZA b L ARE S ORFERIAEIMUEZ OREER T 2385 Z L WM RB I Lz, -
TINLDOREDIREEE 2D LT, GRYZ T ISORHRIMUEE 2R & LTI O BB R S
77



Floved CR mice LACRKO mice

NeuN

X RHEAIMAEE (LA) SR 7 v aanF a4 REK (GR) 2 v 7 7 7 bk~ A&
GROFEHL % ARG i D S ff LB I K 0 it L. EEER = e — W~ AT, FER
LAGRKO~ 7 A, GRD T 7 F/Vin, FTEOLATEIFIZIK T L TV 5,



B~ — N — & LTDin situ/ NVEFF AL X7 BOBRHIEDRES &
(PR 245 ~ 254 %)
NSNS JFH O ER AR KM EIREPL AR RE R BUREFI R SR S R e [ S

WEBH

R ORBUIEE T2 A M L AT, B(EA P L AAMEZHEL O 2, TOMRL LTED
BRI Z R B OREREREALIE, Rk E T LUV TR IR EER R~ — T — (A 7 1
T RT 2 HA4T) L LTHIET D EFRENDZENE, ThEMLNOFETHRIHTEIUE, K
RO DI 72 5T, IR OFMIREIEOMY] . R OVEFEIROHEICHEF ICHIE B2 b
Do ARBFFETIX, TS S3L72in situ X VX TE T NVE FF AV EEZ BRI T D 2 &
T, ZO XD el 2 X B OMRENZ L2 RN 2 FEOMNLZ BT, fit T FFEE O
OIFRCEDEKAF O ETT M HIGH L, FIRED D5 WVITZEOIFEEOE L b2 N LA O R %
LNIT D, el TOX I RO~ A )L FRB LA b L AR HEREEARIZ & 72 b3 REIZ O T
Bt 2,

EER

% < ORFMIRATIE, BBIEA b L 2B WITTNITHTIT 2 WEMEOHIRRME A P LAV 2T 4 (=
redoxifili#l) DOFFRE~DBEGRFER STV D, FIAIT, A RKMESCIIRIEREE, FEEEH 5V
EDEAFOPRBIIRIE A b LA S L AXZIUTHETTT Dredoxilifl O 3 7T MR A EE L T &
DFHEDFRE, MJSEIITE S RWRED~ A )L FREE LA~ L AARFHBIZE G35 rIREME) i3
SIRBENTWD, Z ™7 BaBAbA bV A K5I IR « DR DIREST D 7V 2 F A 1k
TR RERTH Y | HEORTLERLCHHIRE TN ZTF A AUREER O EN R ST E
Too LLAAORHEBOREBAR L OEIIRIZICHALNTRY, ZOBM L LT, Wo, LD
fir (EIE) . EOMIL T NE FH AR E TODONE MR TR L, MEEICHE 2 2 82
INETHEL RS TZ ENRET D,

L5182 S

DAATZ MOt TS Szin situZ v Z T4 b s X7 Btk (Aesif et al, Am J
Pathology, 2009) % W#HAk CHELTE 2 0RFT & T o7, T NVE FAALE /37 EOHIMAMAIAEZ
TTPRENTWEEMEa D A VEEHRDOT v MMEA%R T RV LT VT e R CHEEREE L, 1B L7
Yl &7 U —oOSHHE A N-ethymaleimide C7 12 > 7 L7z, U = B RGlutaredoxinl (Grx1) T2V
HFF A LT AT 4 VAR L 72 ICN-(3-maleimidylpropinyl) biocytin CF XU 7 L,
steptoavidin-FITCTY 7 /Uit & iA 7z, L L7eis HXFHRERR & b "G E R 7 /L O PRIk
BINRNoTe, —h, WMEITNE T A AEFHET 5T A — VKRR bAldianide DIRINER TH > 7
FTHER S V2o Tz, R E LT, ORERREE DB M CHTEMOGrxDIFHAL RN FE SN 572 8D
BHTHIINEZTF A ADEETLES TS, @in vitro TOGrxEMENR+43 TRV, @F 4 — L5
WAL~ U CHREOFRER S TS-SHEAICERR S 4L, Grx1<°N-(3-maleimidylpropinyl)biocytin

(MPB) . diamideDfEHIINLN DI, 7 ENB 2 Bz, FHIBRVETIEMZFoRL~ U UK
WNFA—NIEDOBL TNV Z F A oAb s, TORRELCTZ 7 ) —DOF A —VIEOS-SHEAL &2 It L,
Grx1X°MPB, diamideDIEAEMI A KON FREMENE W EBE SN, TDO% Y, Hax e T REZERQTL
2, MBI S g inodz, TR M=V AFFE T, MENBMRIZEEES 7 F A B GRSz, [
M T 7 N2 TFFH A HE S TWD Z ™I IR RN 7R FL 7 NV 2 F 4 v 2 AW TRREF L 72
EZA BRI LT, 2, AFEOHILTH Hin situZ/ AV F F A Ak Ry BRHiEICE
LT, ZO®%BROBEN 2, KEWICRBIZMEEZ R b DO ThoTo B2 bILD, FDT



B, AN OUYOHE - BETH LM 2\ 2in situZ V¥ F A Ab & o7 B L OBR%
WX Lo T, —J7, ~ AV RAREBIERREA b L AN MRS b 72 5T B T, i & 0T
U CATERRB A0 it oo 7o, SRELEAIC BRI~ A L KRB LA b L R & 759 2 3842~
cyclohexene-1-one (CHX) Z#2tEdH D WIHEMEE L. BAKOFEE L 72 Dprogressiveratiofcff: T TD
RS FIE Lo, WliREE . R 07 IR MEEREZ RS a A ST ARG, RO
SRRSO B EZRF Lz, Z OSSR, CHXO @M G308 BB 3B E 5. 2 e lpo e, —
75, REIKGK IR R B CHX$ G- CHEBY A INHI S, H19 SO R A~ Lz (K1) . &
T2 1B M CHX B G- HE IR RME = 1 A R T MEATEN A s IR I Le il S 7z, 2o —J7, SMECHXIR 13—
PR 38 B 1% OB L 2 T L7228, 1@PECH R G RE Tl E OV ENEBIE L=, & HICH/1TEH
2 WIIFREFEIE M OAHBARIMRIC DWW CEHEERMTIEZ AWV TR L2 & 2 A BEOFRIRER T2 H:CHX
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Social behavior circuitry and social habituation
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The role of region CA2 in Memory and Disease
(CER24FEE~28FE)
NEE Thomas McHugh RIKEN Brain Science Institute

51 A=)

The hippocampus is a crucial memory structure in both humans and rodents. It has been
suggested that different aspects of memoryprocessing are assigned to the anatomical
subfields (CA1/CA2/CA3 /dentate gyrus (DG); of the structure. The DG is implicated in
distinguishing new and old contexts (pattern separation),owing to its properties of sparse
activity, high cell number, and excitable adult-born neurons, whereas the highly plastic
recurrent connections in CA3 are thought to contribute to rapid storage of new information
in a manner that ensures accurate retrieval even when recall cues are incomplete or noisy
(pattern completion). However a role for the often ignored CA2 region has yet to be determined. CA2,
given its highly convergent spatial and sensory input from the cortex and memory driven
input from CA3, may be well suited to integrate the degree of change in a context and guide
behavior accordingly. Patient data suggests a loss of inhibition in this region is one of
the most profound anatomical changes in the schizophrenic hippocampus. Thus, increases in
CA2 activity may be directly related to both the cognitive dysfunction and the psychosis
observed in patients

MEER

Hippocampal CA2 pyramidal cells project locally into both the neighboring CA1 and CA3
subfields, leaving them well positioned to influence network physiology and information
processing for memory and space. While recent work has suggested unique roles for CA2,
including encoding position during immobility and generating ripple oscillations, an
interventional examination of the integrative functions of these connections has yet to be
reported. Here we demonstrate that CA2 recruits feed—forward inhibition in CA3 and chronic
genetical ly-engineered shutdown of CA2 pyramidal cell synaptic transmission consequently
results in increased excitability of the recurrent CA3 network. In behaving mice this led to
spatial ly-triggered episodes of network-wide hyperexcitability during exploration
accompanied by the emergence of high frequency discharges during rest. These findings reveal
CA2 as a regulator of network processing in hippocampus and suggest CA2 mediated inhibition
in CA3 plays a key role in establishing the dynamic excitatory/inhibitory balance required
for proper network function

MARER

We found that a chronic loss of CA2 output leads to increases in excitability in the
recurrent CA3 network and more surprisingly, a novel pathophysiology that manifests as
hippocampal network hyperexcitability, both during exploration and rest. While our in vitro
ata suggest that the mechanism underlying these phenotypes is a loss of CA2 PCs driven FFI
in CA3, it is important to note that in vitro stimulation protocols do not replicate in vivo
circuit function and may overestimate this process. However, we feel that our ability to
detect FFI even at weak stimulation intensities coupled with our in vivo data implicating
increased CA3 circuit excitability as the driver of the pathophysiology suggest that this
inhibition plays a functional role in controlling hippocampal E/1 balance. Further, we
employed the Gi DREADD system to demonstrate that an acute partial inhibition of CA2 PC
spiking led to an increase in the spatial concentration of pyramidal cell spiking during
locomotion, implicating CA2 in preserving a distributed sparse code for place. These
observations suggest CA2 output is necessary to establish the dynamic excitatory/inhibitory
balance required for proper network function. One intriguing question is why the place-
triggered hyperexcitability events observed in CA2-TeTX mice reflect properties of
individual place cells. In both the CA2-TeTX and CA2-DREADD mice we observed a subtle but
spatially organized shift in pyramidal cell spiking. In the chronic blockade model this
increase directly preceded the onset of the increase in LFP power, suggesting a buildup of
excitation to levels sufficient to trigger a suprathreshold population event as the

under lying cause for the network-wide pathophysiology. Following acute blockade the increase



was less obvious, but also spatial in nature, with neurons with place fields shifting close
to the peak of the ensemble activity increasing their firing while neurons distant from it
decreased. These findings, combined with the increase in excitability we observed in the
recurrent CA3 network, suggest one role of CA2-recruited inhibition in CA3 may be to
modulate the sparsity and/or strength of CA3 recurrent attractor state networks. We
speculate that the location of the build-up of excitation in a given context may be |inked

to a preexisting local maximum in the density of the representation that is reinforced in
the absence of CA2-driven inhibition.

R
Our data demonstrates profound effects of CA2 silencing on both the single neuron and network
level, both ‘downstream’ in CA1 and ‘upstream’” in CA3. Moreover, we find a novel

pathophysiology that manifests as spatially-triggered hyperexcitability. We believe our

findings suggest a key role of CA2 transmission in the dynamic regulation of information flow
in the hippocampal circuit.

The Cacngb-Cre transgenic mouse allows genetic access to the pyramidal cells specifically in the
CAZ2 region of the hippocampus.
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isoformZ | TAMAa B A HIETENE, SRBHIENETEN H DAY, T Dshort isoformDEREITIAR IR TH
%D, Fxld, ESHIfRZ VT, # A4 TAB KXY A TBOBIRFHE~ U AEER LIz, A4 TAT UL
TTREOT A Y T4 —LDOWMEDORBEZKI bDTHY, #A 7B7 Y /ViFFull-length isoformdFE
BlIEE 9 2, short isoformDFEBUIL LAWK T D, LI bDThoT, W7 UL bREHESHE
THEBRBETHDHZ L, ZLTE MERDIZLALIIAT R EGERBIETH L2 b, TxTFAT
AB X UF A TBONT G~ U A% FVWC, {TEIET L7 (%)

TEHHE S) & LD Locomotor activity test Tlk, #A FANT AR A CIHEFHENAKE K TT
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IERF RIS 2 A AT LIZS (RLDOIRT) | £ ORBMIT S A TBTIERD STz,
Elevated Plus Maze Test (EZRA1T73KIE) Tld., ¥ A FALH -~ 7 A TlXOpen arm time, Open arm
entry DM THMATBD SN2y (RLEOET) | Z A TBTIERE DL THMP B bz, —HT
3F v U N UL MATEN ER TIE, ¥ A TATIERER R bR, ¥4 7BTIE
Sociability, Social Novelty? —TH H |5 2338 H 7=, Novel Object Recognition Test ClZ.

B A TA A A TBIITFIE N DIR TGO H 417273, Fear Conditioning Test CILEKAFNEDFLIEA &
A TAEF -~ ZDLHTED HILT-, Prepulse Inhibition TestiX., # A ZBOIIZET 13RO Lz,
o, BB ZOYRRICOWTIE, A TAB IO A TBOME T, MEIREI BlE SNz,
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AAFFENZ BN T, AUTS2IBInFOEEN ST D1 5 “FHDO~ 7 ARM T, 872 2 MHOITEI R H 2 B
ST, AUTS2ITL. 2BIZ B B L SERBEMLR T THY . Lirbde novollZBERBAD T W5 AfElk
ThHHZENMONTND, Z ZITkRA 2MEOZR (R, 5, EE, HEERS) PALZ L

T, BB TRIORE, K, &5 WVIERIAT A V7 4 — LAOFEER ERNEL L, MREIEE AR R
ERL, ZORFEOEAENWEFEBIZL > T, ZRAREEE OSSR ORBMRBENEE SN DO TIERN
MEFZx bz, SEIOWIERERIL, 2 OERGUIKT 2 —DOORMI A TR LT\ 5D, BIfEIEL, & B
DASDELE L O A LIERL D7 ) AEREZFHE LI~ U AZMOERF TH Y . Ik, DR
A o THTEVIENT 3 L UM DT RE - BEREMRAT 21TV oW E B X TV 5D,

AUTS2ZER T ADITENfiRHT
“Behavioral test Behavioral index pre A(PLoSOne2015) Type B (in preparation)
Locomotor activity test Motor function Decreased No change (60 min i )
or decreased (first 15min)
Open field test Anxiety-like behaviors
Time spent in inner sector Increased No change
Distance traveled ratio Increased No change
Total distance traveled Decreased Decreased
Elevated plus maze test Anxiety-like behaviors
% Open arm time Increased (p=0.11) No change
% Open arm entry Increased Increased
Total arm time Decreased (p=0.06) No change
Total arm entry No change No change
Social interaction (3 chamber) Social behaviors
Sociability No change Decreased
Social novelty No change Decreased
Novel object recognition test  Memory
Exploratory index Decreased Decreased
Total exploration time No change No change
Fear conditioning test Memory
Tone-dependent Decreased No change
Context-dependent No change No change
Nociceptive threshold Sensitivity Decreased Decreased
PPI test Sensorimotor gating
PPI No change Decreased

Startle reflex at 120 dB Increased Increased
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(2 SR D DRERE R Z ONBIRBUI G T 2%y NV — 271281 2 BIn FRIUSED L
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regulated cytoskeleton associated protein)(IZ{EH L. Z OIS EMIC L 5> F 7 R 2 4T L
TeeZA T WY FTAZX D7 RIS L o TS SR LIRS T ADANT A E TG
ICHE L CnWD 2 &, REEZRMLEEWZLE L,

ZAVE COBRBERFHIMIEC LV | IEEHKFREE FRBUCRE D S MilaN > 7 BER K% =
— NI o4k RBIRFOERDRERSE - FHBEL S SE T EBHLNIR->TEE L, £72
ITEDORBNELT ) DT A REATIZ LV, AreB X Qdre L EEERETEKR T DT T AX R H e a— R
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IRERDPEELOPFIEE LV HESNTWET,
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WAL, BAR~T A LOEREZHALCT LI LICE T, HRBTZ Y K72 ) 44T L 1L T
DEEETRAT 07 7 ANPHELNDL T EEWFINET,
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Research summary:

We elucidated an amygdala—to—midbrain feedback circui twhich conveys information about
future unpleasant experiences and inhibits aversive processing during learning to calibrate
emotional memory strength (Ozawa et al., 2017). Specifically we found that optogenetically
inhibiting central nucleus of the amygdala projections to the midbrain periaqueductal gray
disinhibited aversive shock responses when they were predicted by other sensory cues (Fig.
1). Furthermore, we found that inhibiting this pathway increased the strength of fear
memories. This suggests a circuit microendophenotype for anxiety disorders in which
dysregulation of this feedback pathway could predispose an individual to exaggerated fear
learning and anxiety disorders. In addition to this project, we also published several other
papers which were partially supported by funding from this grant. First, in
theoretical/experimental work, we found that under ambiguous learning conditions when
sensoryoutcome associations are unclear, animals use an inferential learning strategy and
identified a novel role for the LA in regulating learning under uncertainty (Madarasz et
al., 2016). Second, we discovered that the brainstem locus coeruleus noradrenaline system is
modularly organized and that this allows for the flexible specification of aversive

emotional or flexible learning states (Uematsu et al., in press)
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An amygdala-to-midbrain pathway inhibits expected aversive outcomes




