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B—E

NF bR (HD) 3HE R A REMRIRIC &5 BOEIEOMREMNRETH 5,
HEBNCRIAE L, AREEIEENCAFR S 2 EE S RE IR 05 R, LERKBESE, A
AL I S Z SH, FMMRFAREIR & LT, MR D ZEE & it aiia o Bl %,
FREEHIAANIC 31T D BEEIRDTE MBI S %, HD OIRBFIN B ST REAEMIT T
YFr HTT) 22" 7HTHY, ZOBEBFIEIRNOTY VN2 CAG DOff b i LA
5] (CAG YV ¥—h) >, ZOCAGUVE— R 36 ERFEMET DL, BEHTT
TR LAY 7 I U8 (polyQ) ZIZEL L, X—% v — MIE A TEREHENE ORI
MEHERZ T T 5 (Perutz et al, 1994; Scherzinger et al., 1997), R~V 7 /L% I g
BRI Z OMEERIFREN S, FIREE X VB Fo vy ~uy, 2 EXFF UG H
VRIBED XD 12 % ODMBEARR KIS o8 R A, MIOMRER 2
9% (Cummings et al., 1998; Jana et al, 2000; Dunah et al, 2002; Nagaoka et al,
2004; Doi et al, 2004) . ZORY 75 I VEEEORBRICL T, avxFr -7
077 V=AY AT MMEREDEE (Jana et al, 2000; Bence et al, 2001) °3I kv
RUTIWCRT DIy ARZOREHE (Panov et al, 2002) , Bk OREE RS L O
EREEIC L DR OBEN S SR Z SN D 2 ENRB I TS (Landles and
Bates, 2004; Di Prospero and Fischbeck, 2005; Dompierre et al, 2007; Orr and
Zoghbi, 2007; Saudou and Humbert, 2008; Crook and Housman, 2011; Labbadia and
Morimoto, 2013; An et al., 2012), RIZIRARMIIGFE T EIT v, LavL, 28 HTT @
O TR ORI 2 50 S F S ERENTON, IBRICADRIERHRE SN TVD,
FlzIE, ara—Ly NIRY 72 IVENBRT S B > — MEEIZHE L, BEE
BHZ=9" % (Sanchez etal,2003) , kLo —RZHX L U BEOREEEEDDH LI

XV EEEAPAE L (Tanaka et al, 2004), fFARICEENLI T T4 L— M
1



PR LA X o Tt & il LIGRAIR %7~ 7 (Ehrnhoefer et al, 2006), + A% X
YIE NI UATNE I FT—BENREILE T S 2 LIS KD BEEIERE I TS

(Dedeoglu et al, 2002), SAHA (suberoylanilide hydroxamic acid) ® X 572t & k
VIRT B F AR EANY, 28 HTT 28 - THl & Z SN EEHRT 2D 3¢
% (Steffan et al, 2001, Hockly et al., 2003),

IO D& D RIGRBIRD IR SN DWHEIIER HTT Bla 7 OB FEYMTH S
HTT #2786 LFEERFITHER T2 6D TH L0, Bln 5 E 0T %
Z LT KV BIETIEBLAZIEA S 5 RNA interference (RNAD) HfffILFERs S 72 fu i
BOS7e LICNRMEOBR T RBLZ DRI E CX 5720, BREBRFIZL - TH &
fl 2 D MIRREMER B OGO EREN 7 7 u—F L LTHIfF S/ (Elbashir et
al, 2001), i ZHE e R ELIE (ALS) B E{x  CTdH 5 SOD1 (superoxide
dismutase 1) Z#%Ef) & L7z shRNA % SOD1 A~ 7 A~ A L7 FBRTlX, FIEE
FELATENRE T O E N AL H 172 (Ralph et al, 2005) , FF#E/NKKFTHE 1 8 OJRKES
+ Ataxinl ZEAY & L7z shRNA SBEA G F72E7 L~ U A/NRITIIT 2R B 7R 5
DUCEERCENE AMEROWA, /IMEFEREEE 2~ L7z Kia et al, 2004) . HD [Z5W1 T
I%, HD &7 /L~ U RZEBT BIEKES T 2512 L7 siRNA (short interfering RNA)
t, L < IZ shRNA (short hairpin RNA) D& A2 L0, JEEHEEE IR BT 55 O %
JE A B AE S, FmA LR SH 72 (Ralph et al, 2005; Wang et al, 2005) ., ZiL5H 0
MFFETIZRNALIGRDVEBE T /L~ U 2 DMRIERIIERT L W 1Tbh TER Y, FBIERD
RNAi BAIZ K DERB BRI OV TIIAHATH 7o, AWFETIE, BRIRIC I Y BEET
bHDHEEZLND, MIRERTIES O RNAL BEDOFNEICSWT, HD £7 /4~ 7 X
Z W TR~ Tz,

HD Ti3ZH HTT ICE ENLMRAY 72 I 23 HIT 2 2”87 BoORg AL

EHEL, RN 7V I RERER LAMIOKERN 25 SR Z T2, Z 7



BEEHEFEN 2R OWEDNEERETER AT T 5 & & bic, EiEREEOUE %~
9 (Davies et al., 1997; DiFiglia et al, 1997; Ordway et al, 1997; Yang et al., 2002;
Tanaka et al, 2004) , L/72L., RV ZL¥ I VEHEROMIBEIEIC W Cligim N
PITERY RY 72 I EEERITHIEENEIZ MR L T, e LAMIRaRGEIC
< Z a2 rRTHELH D (Saudou et al, 1998; Klement et al, 1998; Nagai et al,
2007; Chimon et al, 2007; Arrasate et al, 2004), RV 7 /L% I EEEKRGAKIL HD £
T~ 7 22 HD & OINERIZERO b5 23, RERPWERIZHA, EERIZBIT 5%
i 0o e A AE i oD B 3 S BRIk RE B IC B T & 5 (Vonsattel and DiFiglia, 1998;
Thomas, 2006), Z D X 512, RU T H I L EEERO KM SIS R A2 R,
TOHRANE L TEXOND DN, X7 BOMEDENTH D, NI 72 I ERE
RITT7 I A REMEINDRX—% v — MNIE AT OS2 77795 (Perutz et al,
1994; Scherzinger et al, 1997) , 7 I 2 A RIARZ X7 BT LIXLIE 1 DL Lo
EIZI AT 4=/ N LEBRARBM AR T Z L3, BRSO 7Y A4 A5
WTCEEIH XN T % (Chien et al, 2004; Shorter and Lindquist, 2005) , 7 /LY A
VIHOFRKTHLT I A RR—% 1-40 XTF Fb £, BRRLOIKMHETTRAELT
v MEEIZI AT+ =V FL, 7 v MRBSAHAREMREEICB W TR D%
27" Lz (Petkov etal, 2005) . ARFFETIIZR HTT 387257 I A FHEEIC I
AT F— RUTHRRLMIAEEZ T2 L 25 L, HD E5 4~ 7 2R
SNTARY Tz I BRI ERAL R A 2 RIS 2o U, ISR B A 700 i 7 1
2R ZE LN LT,

HD 138 % & CIFEIPEREREE T I K > TH RO b5 2%, HD ORSHER &
b2 b AT = A LITOWTUIRIEMEH 1T 720y (Craufurd and Snowden,
2002) ., HD & OMEFSER-°> HD &5 /L~ 7 A HdhQI111 knock-in ~ 7 ADKIZI

WTHEAD T2 420273577 /73 1 U Ui (eyclic 3'5-adenosine



monophosphate; cAMP) 1%, ERDOIMIZE DAY 7 F IBREICK T 5 EE 723
KA DOEDTHY (Cramer et al, 1984; Gines et al, 2003) , = cAMP % 45 f#
FTLHRARY AT 77— 4 (PDE4) 77 I U — &, MHEREDIRILWGIPH, FRlcE
REZD XD 7 EMIREEZFHE L T\ % (O’Donnell and Zhang, 2004; Millar et al,
2005; Menniti et al, 2006; Conti and Beavo, 2007; Burgin, et al, 2010; Houslay,
2010) . PDE4 {EMEIIAEFAIC PDE4 OMIINRIERS S > /37 BAREAEM, £ L CHl
ARABRIEARIC L > THlE L CE Y (Conti and Beavo, 2007; Houslay, 2010) , = ®
PDE4 & EHERICHAIEMNTZ2EFICEELR OO 2%, REX VIV HTH D
Disrupted in schizophrenia 1 (DISC1) T& % (Harrison and Weinberger, 2005;
Millar et al, 2005; Murdoch et al, 2007; Kvajo et al, 2011; Niwa et al,, 2016) .
DISC1 1%, WRERHIR S 7 F WRE TOAEB PR ENIEFIICHZE SN TN D D3,
PRI A 22 R RE I 35 1) 5 DISC1-PDE4 MHAMEM O EEMETIT & A LHfiE S T2
V> (Brandon and Sawa, 2011; Johnstone et al, 2011; Narayan et al, 2013) , DISC1
IZ dynactin (p150glued) , nuclear receptor corepressor (N-CoR) , pericentriolar
material-1 protein (PCM1) , Kalirin-7 EfHE/EH L, £ 53 XTH huntingtin-
associated protein 1 (HAP1) & & L<iX HTT LMAE/EMAT L Z ENAMEINTND
(Brandon and Sawa, 2011; Johnstone et al, 2011; Narayan et al, 2013) , *7-,
DISC1 IR DBEEREZEK T 5 Z LR RIN TS A (Leliveld et al, 2008;
Atkin and Kittler, 2012; Hamburg et al, 2016; Trossbach et al, 2016) , DISC1 %4
RO IE R LR BN 2 RIT EEH O NI STV 2Ry, £ 2T, HD (2R1)
L8 HTT & DISC1, PDE4 OAHABILRSC, 2258 HTT & DISC1 $EEICHd 28 %
D Z LT X, HD 2B T DREHEIRFEIE A 1 = X L O 2 ik T,

A ST HD IZR W TER HTT SRR 2R Y 70 52 I RN O E AN

HBLOY 7 BEMHBEERICG A 5B OV TUT ORI MRAZR R LT b DT



H 5,
(1) HDJRNEE TN THLIERHATT NER/e57 I A MEEIZIAT7+— /L R L,
BT B2 R 2 & ORE,
(2) HD ET /N~ AT SNTZAR Y 705 I U BHERA, in vivo [IZBWT, F8L
T DIERNLNE Lo TR B & Xy B 29 2 & OREH,
(3) HD (2517 %5 DISC1-PDE4 #AAD[FEIZ & W HTT #% DISC1-PDE4 #%§% (2 Btk
LT 5% ATREME DRI,
(4) HD 25F % DISC1 O¥EE % L C DISC1-PDE4 1 AR OREEC/THI A 72
AV % B AL EE Ry A T = X LD,

INHOFMAIZ LY HD B X OMMOMRZEMERBIZI 1T 2 In R O BRFE I =k

TLHLZ LM END,



B_E AAV 2/t L7- shRNA ITE BNV FV P URET
V= U A DIFERER DR

R

NeF g (HD) TBEm B R ETEOMBRENEBETHY, N TF T
HTT) # v "7 8%a— N 28BIRTFORENOET V12 CAG RIEEDHEL RS, Z
DEFHATT & > 37 ZIT AN B WD TENEERZTER L, Bix 2 ftho &
YRy B R B EIAS, MIfABSRE R 2 A B & 2§, HD BIhE OB ESER 205 S 5 72
DIZ, RNAFLE (RNAD) Z4 L7z HTT HEHIARE S i1, 2IRDHRE STV D7,
HD E7 /v~ U ZADOHEBIERFIERIZI 1T 5 RNALRE OB ZIMEITREH S v Tunany,
T RIHA TV SIS AT DA o TS E HD £7 /0~ 07 2T, Z5 HTT Wr
T OFEBUT L0 ARHIE O AR 5 AR R0 LV EEN AR R 2 7597203, ARE R
RIERIZEBT DT M7 A 2 U U K 528 HTT ORBPLEIL, EAKRDHERS
EEEEOEMZ 725 Lz (Yamamoto et al, 2000) , L7-73-> T, RNAi 2L 5
HTT HELOWA L, BELFLERHRIERIBIEDOH & TITONTEHAICBNTY,

D (2B 2 AER OMETT 2 8038 S 2 ATRRPEA BV, L72dd o T8 B Cl, A
el ~E AZhZ DV recombinant adeno associated virus (rAAV) Z L. 5 KE S
T%& % —%v K& L7z shRNA %, HD 7 /L~ 7 A DR E O HE R iR A0
AT D LT L0, SR RIS BB T BLA I L, Z OMRp B 20T

WA,



MEHRE L UG E

1. HD £5 /L~ A

HD €75/ & LCHD190QG h 7 v AV x=y 7~ A&MH L, HD190QG k
TUAY z =y I AR AT 190CAG Y ¥— M EET N Kol ks
HTT & 2@ Fiitlc EGFP Z Rl & S RBIA TS AR D, BHE /R B R & ek
FRAMAIC B 1T D EEEMIE R R X OVEFam 7e & O IEIR 2 773 (Kotliarova et al,
2005) , 2D~ U RAEHW T X TOFERIT, B AT R AR v Z—0

W EBREESOERDO FITITo 1=,

2. TAAV OREEE L FEA

EGFPmMRNA %#45( & L7=3 3 — h~7 E'> RNA O 10 OIS 4 pSilencer A
77 A3 F (Ambion ®, ThermoFisherScientific, Waltham, MA) (ZffiA L7z, Eix+
BTN R 27T 572012, ZivZEiD shRNA %5 e pSilencer & EGFP %1
~y X —T& 5 pEGFP-N1 (Clontech, Kusatsu, Shiga, Japan) % [flHf(Z Neuro
blastoma ik Td 5 Neuro2a el (2B A L7z, JEEHAHH L o M akb ik 2 F v C
VITAZ T ay MENTEZITV, GFP B (Roche Diagnostics K.K., Tokyo, Japan) (Z
& 21 IR EE A b L RNAL 2 RIZHOWTEEIE L7z, GFP BixFRBWNHIN RO H %
shRNA (shEGFP) LR D7pvay ha—L b LTORES] (ShEGFPcontrol) % 3R
L, U6 7'mE—4%—%G AT shEGFP 8l % PCR I Xk » TIERL L7, 1Rk
WWHER LT 74 ~—1% Hindlll #|[REEES A %5 H, forward primer: 5'-

CCCAAGCTTGGGATCTTACCGCTGTTGAGA -3, reverse  primer: 5'-

7



CCCAAGCTTGGGCCACACTTCAAGAACTC-3' T %, IWEEEHL % Al {3 2 72 91T,

monomeric Red Fluorescence Protein (mRFP) cDNA % pRSETs (Campbell et al.,

2002) N® mRFP1 X v #E#LL 7=, Zi % pcDNA3 (Invitrogen, Carlsbad, CA) |24
ATHZLIi2LY CMV Fr®—#—ili#floo mRFP 88Ut v F&fFRL, 7o vA
NWAT T A RIZFEA L (Fig. 2-1A) , shEGFP 87+~ bt E72 AAV2 BL W
AAVS R B0 0 R U KHREL S RS 2 FF 27 B U A VAT T A R CThD pAAV2-
shEGFP % L < |X pAAV5-shEGFP [Z ffi A L 7=, rAAV-shEGFP & rAAV-
shEGFPcontrol [ZREH @ three-plasmid transfection protocol |2 X » CTIEH L 7=
(Okada et al, 2002; 2005) , 7 A /L AL 1 X 101° genome copies/ul (27 572D

TIZAIREHWEZ Ry T ay ATV EA Y —2 9 02 X0 lmEE L=,

3. In vitro T® shRNA Zh3 Ok

shRNA D& I BNHI R 2 #EE 3 5 729012, pEGFP-N1, & L <% N-terminal
HTT exon 1 #{5¥ 12 CAG #: VX LS 16, 60,150 U &' — &% EGFP Z @&
XH 7= HTT16QG, HTT60QG I XY HTT150QG ¥ HL 77 A I N&HEH L /-
(Wang et al,, 1999), Zi D77 A K% H T Human Embyonic Kidney cell 293
(HEK 293 #ild) &P EEf L, 7T A3 FEA 4 FEH#&IZ rAAV2-shEGFP & L <
shEGFPcontrol # 1 X 105 genome copies/cell D2 TEEHIZANZ T A L A JkYx
BiToTo, TAIVAREY: 48 FEREITLIC RFP PEMARIC R 5 EGFP 9t %
Cellomics™ Array Scan® V™! System (Beckman Coulter Inc., Fullerton, CA) (Z X~

THRMT L7,

4. <7 APE~D T A LV AFEAN

rAAV2-shEGFP 7 A )V A% A4 A® HD 5 /L~ U AEETFHES ORI )T 0.5mm, /£



FHOMT 2mm O 2 BT, HE 3mm ([ZZf] L, 0.3ul/min OF AHE T 3ul 5L
Teo RED/NY 7 7 —ZRIRHSOHMIORIZIEAL, ERE Lz, v A VAT

B U <IE 12 @ EIZB W TITW, 24 Bl CRENT 21T - 72,

5. HUEA A=V v —ICL D VA NVATREERME & BERR OB H

rAAV2-shEGFP VA LA L ANy 77 —ZFEA LT~ U A% 24 B0
T 4%/ NTHNVLT AT e R L CHEREEZITY, JES 40umDYIF 2 ER L 72,
i L —3—3 (Bio-Rad Laboratories, Hercules, CA) ZfH\W =L —W— 2%y A
A— A7 5 (Molecular Imager FX; Bio-Rad Laboratories) % f#f L, 488nm Jil
gtk LY 530nm N RANRWSET 4 v Z— ) b L<IE 532nm itk LY
640nm /N RANZRWET 4 v Z —Z W, YR IZE1T 5 GFP #td LUV RFP @t

Z R L7z (Kotliarova et al, 2005) .

6. YL L BRRIA T T b

JEE 40pm O A ER L, SOt R S V2, rAAV S GL R 4 [R]E
T 572012, Yl % anti-RFP 74 XK Y 7 o—J/Lhifk (Clontech) & it &, fit
W T AlexaFluor 568- #4517 ¥ F —k$Hifs (Molecular Probes, Eugene, OR) % >
THSESLEE A2 1TV, FV1000-D HAE S EE (Olympus, Tokyo, Japan) Z{#fH L
W Y B DT 21T - 72, 25 HTT ##ERIL EGFP Fifk (Nacalai Tesque
Inc., Kyoto, Japan) , HTT #1{& (Chemicon International, Inc., Temecula, CA) X W
ubiquitin (= £ F>) Hifk (Dako, Glostrup, Denmark) & Z#1iZ#¢< ABC Elite kit
(Vector Laboratories, Inc., Burlingame, CA) (2 X - CTHufa L, o ikmig 2w L
Too MEKOED T T MIBEHDOFTET, ZVFNA A=V Dar F T A MRS S

ZEUEAL L 7-%, MacSCOPE (Mitani, Tokyo, Japan) |2 X > CHH L7- (Tanaka et



al, 2004) .,

7. T4 NE— T v TR

FERRI G~ 7 ADORRIR, RE, WS Z i L, IMAC buffer (20mM HEPES pH 7.4,
140mM Eefg 7 Y 7 A, 1mM Eifg~ 7% 7 A 1mM EGTA, Yo7 7 —€8A1 e v
X —%&1e; Roche) T VX ILRE VTS A Y — (As One, Osaka, Japan) & L,
1000rpm T 7 [RFEVFA AL TREBE I, 10ug DX 7' HhE GBI E 0.2
mL @ 2% SDS IZHNL, Ky 7wy MEEIZEELZ 0.2um BLre—X7 &7
— M (Advantec Toyo Roshi Kaisha Ltd., Tokyo Japan) (2% S, 41 0.6ml
D 2% SDS MW T 21T - 7o, it SN REMED 2 37 BT GFP #ifk
(Roche) <> HTT #i{& (Chemicon) , ¥ X UG —IkPLik-cud e IE & s S,
LAS-1000plus/Image Gauge software (Fujifilm, Tokyo, Japan) {2 X > CTHH L, T&

L7z,

8 Insitu "M 7V HXAE—T 3

BEHO#HAAIZ LY HD190QG ~ 7 AMMIZ B W TR BIK T2 A2 51 5 DARPP-32
(dopamine- and cAMP-regulated phosphoprotein ; 32000 #/V k) . =777 U
NZOWT, JE RI Vaxi = cRNA 7Ye—7 2O FIETHERL, B
40pm DY EHWT in situ A T VXA E— 3 »&{To72 (Kotliarova et al,

2005) .

9. & RT-PCR
190QG RELMRIZE T D RNA oL, TRIZOL®Reagent (Invitrogen) % Fu )T

1T-7=, #H: DNA i RQ1l RNase free DNase (Promega, Madison, WI) TBrZEL,

10



2ug O RNA % Superscript™III First-Strand Synthesis System (Invitrogen) (Z
£ % RT-PCR (M1l L 7z, TagMan PCR UG IIBEH D TagMan 77 A ~—HB L7 1
— 7%y FEHWTITo 7= (Kotliarova et al, 2005) . GAPDH 254577 A ~—%

DY 7V TR CHGIETHEM L TEBRR R AAFE L, FHEE21T o7,

10. #ERHEHT
HAHEOA B ML StatView 5.0 (SAS Institute Inc., Cary, NC) (Z X % Student @ t-

test 2L > THEH L, p<0.05 I[ZTHEIZHERD EHIK LT,

e R

1. AAV-shRNA (T X % &5 T FE B

EGFP @4 HTT-190Q Wif i, HD190QG ~ 7 A B W CTRIFEABEIE - TH D =
ENBHALMTENTWS (Kotliarova et al, 2005) . EGFP @id HTT-polyQ WrF it
T HHEH7 shRNA Z38IRT 5 72012, HMe%E V72 in vitro EBR&1T -7,
EGFP %1212 L7 shRNA fil3l % & de shRNA 7 % —10 fifEZ 214 EGFP &
L < 1% EGFP @it HTT-polyQ Wi 5B~ 7 % — & [AFEIC Neuro2a M2 8 A4 2 =
LRy, BETEBMEEDRLIMLZ, EGFP 2 EMIC L2/ 5-
GCAAGCTGACCCTGAAGTTCAT -3’ (shEGFP) i%, EGFP % L ' EGFP @4 HTT-
polyQ DIEELZ e b B I S ¥, 10 OISO 5 6 3 [#ILE s FIBIHE
MR E RS R oD, D 5B o 1 f » shRNA # 5 5'-
GTTCATCTGCACCACCGGCTT -3 % == > b m — b & L CTH A L 7=
(shEGFPcontrol) , K2, AAV _R—Z D7 & —Z 45 L(Fig. 2-1A), {ERlL7=~2 4

— & LT rAAV ZpEA L7-, rAAV % L7z shEGFP &z +E AN EGFP @ls
11



HTT-polyQ Wik OB FHRELHET L2 N TE 02l 72901, EGFP $ L<
T EGFP fl& HTT-polyQ Wi B~ 2 % — (Zh £ 4 EGFP, HTT16QG,
HTT60QG # X 8 HTT150QG) (2 & » C'E#s#a L 7~ HEK293 HlfiHiZ rAAV5-
shEGFP % L < (% rAAV5-shEGFPcontrol % #kYs S, GFP d0taiE 2 HE Lz,

shEGFP & \lfaft X shEGFPcontrol 3 AFARHEIZ LL~TC, BAFEIZ GFP St %
Wb w7 (Fig. 2-1B) . %72, shEGFP (X HTT-polyQ-EGFP DIF&EL & 2 F a1 4
L7z, shEGFP @ GFP & Dfiiix shEGFPcontrol & E AMN & H~T EGFP,
HTT16QG, HTT60QG # L O HTT150QG DOREIZEBWT L4 0.43 +£0.014, 0.37
+ 0.033, 0.50 £ 0.032, 3L T*0.58 + 0.027 (mean + SEM, n = 5) Th-7= (Fig. 2-

10) .

2. v AMKITEIT 5 shRNA DI

fEHRL L 7= rAAV5-shEGFP % 12 S0 T MIOMERIZIEAL, R CEO/NS Y 77—
H IR FOMEERITEA L, LS~ T AT 24 B CREZL, EX 40um O
EIRZE L, L—HF =2 oA A=V AT LEMH L THEE L=, RFP 4060
BT £ 0 rAAVS-shEGFP {E A3 T rAAV GBI 2 [FE T 5 Z &N T -
(Fig. 2-24) ., 190QG ~ 7 ZMMICFB\TiE, HTT190Q-GFP D¥EEIC L 5 GFP #tix
MERICBWTRENICHR B & (Fig. 2-24) . ZO ¥ 7 F LT rAAVS-
shEGFP %ZiEA L7- RFP BBPEGEIE CIx & ER LTz (Fig. 2-2A) . & 5157
P et L7c O 2 L CHER L — W —BEMBEIC L o TREGER TOMNT 21T\,
RFP G EAREAINEIC 1T 2 GFP OB IATERDY, shEGFP OJEEEA 3 2 H #1236
WTHIH STV E AL Lz (Fig. 2-2B) . *HEAYIZ shRNA 23 A LT
W W ECRHRIOFRSAR T GFP 30k 2 7 D RN 2 EicBlgZ sz (Fig. 2-2B) .
RFP FEHUTMGRIZT Th< BE, R, WBHEZ L TRETHLRIE SR,

12



GFP [BIEEER AR OWA 1T, L0 BRSO RE, WS THF ICBZE S,

3. shGFP |2 & 2 EEMIZ AL DD

GFP, HTT, = &' 3F Ik 250K % IV TR LA IC8IE2 L7z, GFP fiuk
& HTT HFURIIENEERER S MIRE OREERZ, 2 0% F I RE RBNEEERZ
HD190QG B L VHD €7 L~V AR6/2 T U AV 2= 7w AZBWTHRET S
(Davies et al, 1997; Tanaka et al, 2004; Kotliarova et al, 2005) ., RO 1T
HD ~ 7 XA EF LOFRBEROLEDO VDL SOFETH S (Sanchez et al, 2003;
Tanaka et al, 2004; Harper et al, 2005 Wang et al, 2005) , HD190QG ~ 7 A Tl

BRI RN 4 ORGSR CBIZ S, IRk, EEICH, RNHEEED)IT 6 i T
B2t x5 (Kotliarova et al, 2005) , HD OJFEMERFSIER T 1T D RNAL 1RO
REPFRD DI, FRERFIEZ O 12 kO HD190QG ~ 7 A DFRESEIRIZ shRNA
BRH L7z, 24 Bl C~ v AMAEEY L, GFP, HTT, = &% F U Hiik & i L Tk
FHHk Gt 21T > 7= (Fig. 2-3A) . shEGFP E AHRSKIKLD GFP B E AR OB IR IRE
MNRGRITHARTH S22 LTE Y, shEGFP HAMSGAIRD GFP BIEEE RO $k
36 FRVE ARRSRIAR D 19.4% T~ 7= (Figs. 2-3B 1, 2) , shEGFP E A#RSALD HTT (5
MEE R D E I IRIEAD 17.7% CTH Y (Figs. 2-3C 1, 2) , shEGFP HAMGKAR D2 &
X F VB ER OB RIEA D 34.1% TH - 7= (Figs. 2-3D 1, 2)

S b2, shEGFP H AR D EEEAR DK %, shEGFP L ARE & [7] Ui fip O
HD190QG ~ 7 AMHRGAR TR S L 2 BEEE R DEL & bl L 7=, 12 1l C© shEGFP %
BALT~ U A% 24 BISICB W TR AL, rAAV B LUy 7 7 —E AALE
AT TRV 7 A 12 BEOMREM & e Uiz, shEGFP #EAREED GFP itk
BHEAROHIT, RALE D 1280 HD190QG ~ 7 ABSIKDZ 0 26.8% 123 L T

W= (Figs. 2-3B 2, 3) , shEGFP #E ALK HTT BPEEEROE D, T D

13



HD190QG ~ 7 A#ESARD HTT BETEEEER D 41.1% 12080 L TR Y (Figs. 2-3C2, 3),
SshEGFP EAMREIAED 2 v % F IR E RO BT, 12 #iiso HD190QG ~ 7 Afde
RO X F UBEMEEERD 42.9% 2380 LTz (Figs. 2-3D 2,3) , 24 O xR
AN TOEEROEIL, RUEDO 24 Higo HD190QG ~ 7 2 L FAEETH - 7=
(Figs. 2-3B-D 1, 4) , %7-, rAAV-shEGFPcontrol & A~ 7 D 24 WHEHIZ 1T 5 ¥
LAROIT, RLED 24 Hlm0 HD190QG ~ 7 A B Ly 7 7 —EATMLIZ BT 5
BHERE L R CTH -T2, T ORERIE, Z @ shRNA B AGIEDSRRSE TOREKRIEA
WL TWRWZ L Z2FEA L TE Y, shEGFP @33 L v HD190QG DR FiLE
WPERFL D bUGELTZZ L Z2R LTV D,

AAFFETIL S BITN O RENEZ 7 B OFRICKTT 2 shEGFP ORR % fi~7z,
HD190QG ~ U A TIFENE KOS EERIZE U 2N D NEMES X7 -3,
BERAFHZ IS % (Kotliarova et al, 2005) , 7 A /L2 — kT v TFNTIC LD, R
P& X7 B OFERED shEGFP A GHAL TIER AL E SRR OZIZ < B THE(IC
WAL TWDZ Ll IBENEN TH D EE TOREMES 37 B 8D W SRIRIC
BWTIEEALEN RN LD GEH SN, WA IEHREARTIE 3% TH Y, RETIE

5% T o7 (Fig. 2-3E) . FEROFERN HIT HriEZfEH L TH 67,

4. shRNA |2 X % DARPP-32 FELD[RI{E

DARPP-32 X777 Vv XL oY7Ly v I HD €700 X
B LU HD190QG ~ 7 AMEEIZ B W THELNSI T\ 5 (Kotliarova et al, 2005,
Luthi-Carter et al, 2000) . HD &7 /L OGN R 7282 5IEYE~D shEGFP D %)
BEFHRD7-%, RNA 7'u—7 %\ 7= in situ hybridization #17-72, = OFER,
DARPP-32 OB EIEMEAIZH > 7= (Fig. 2-4A) . X 5|2 TagMan 774 ~—% H

Wiz iE & RT-PCR fi##r 2470, DARPP-32 & = 7 7 U ® mRNA 3317 shEGFP

14



ARSI THBIEATA LD bE 2o TWnHZ EEH e Lz (Fig. 2-4B) . L
7235 T shEGFP HAIZ XV 231 6 OBAR FRBLDEIICEIE LT D Z & 7R

Sz,

L5

AWFZEIC LY, HD (B9 5 Ryt # o 37 B o EfE<° DARPP-32 FEH#H| O L
O IR LRSS, IR I 2 RNATEAIC K > TREf S D 2 LR
Sz, shRNA A%, MEERTOZE T UHURIC K o TRIB S L2 ik
AR VIR BRALE ST MRERIR D 43.1%I2) L7z, shEGFP 3 AMREIROEHERD
#5% RNAL IBEEA & RIREOMEERO TN LY bV 7Rnol 2 LITEERER TH
Do

Bz I IBIRERD HD ~ 7 A€ 7 /VORFETFINE L OITEIF KR 2 51 HD B
B Otk#EEZ R LT DA (Chen et al, 2000; Ferrante et al., 2000; 2003; Sanchez et
al, 2003; Karpuj et al,, 2002; Tanaka et al, 2004) , | & A EDOFFEHN HTT O Fiii<e
HTT OFERERS TS X DMEN R EZIRA E L, WROETZEBESED &\
IRERIT IR o TN D, BRBETHRILOY A L 73 HD &EftE~ U 2ET L
ZRAWTIThbTE Y (Yamamoto et al, 2000) , toxic gain of function D FE DL
VR A JLE S D EER I 71k & L TAR B FRBLOMENINRNTH 5 2 LA
5, RNAL (ZEMBE 7O/ v 7 X0 OAmERE LTHfHSRT05, &k
SIRNAJEAD YA Lo N RITHTE~ D AT 14 A LLERfE L, R6/2 DR 412
O, FmoEE L7z (Wang et al, 2005) . =Ll bic, N7 % —|Z X% RNAI (3
A% 2 B 5 AL ERENICHE L, EBEECHRFEN R T o EL R L

(Harper et al, 2005; Rodriguez-Lebron et al,, 2005) . AAV5 (L~ 7 A TOHFEHIE
15



DIFEENZHEATHY (Mastakov et al, 2002; Burger et al., 2004; Harper et al.,
2005), U6 7' mE—% —IZ &L % shRNA BT~ 7 ARFEKIZB W THIRR H D Z L2
WEENTW5 (Harper et al, 2005) , Zi % TRNAi #/ L 7 BB X3ERTIRIE &
LTI ST E 72728, ABFFETIE, RNAL IBIENRKORIES O HD =7 /L OJEE
TERICHERET D00 & 2 M EFIRT, rAAV 2 L7 shRNA #2512 K> T~ U AfHD
HD JRESERIE, FEEANFEIER ST TICRB L 2% TIrbh il b b 67,
FRANZSE LT, RERRBR OV A Lo v ZRIE~ 7 AT Y A )V AFEAR 2
M CEER SN, RT3 1 H LR Uiz, BEEARDOEEIL shRNA B AIZ X - THh
FINCIHE S, BEEOBIIEEEAOEE O & T HEEITHD LT,
Z ORI, ST G T RELHD T L~ U ZTBW T, MRRERRES (O R
BB 25 1E SER 2 g S BEH o s O E5#E R (Yamamoto et al., 2000)
%,AAV %A L7= shRNA EAIZ LY, BRMICHEIE T2/ v/ X705 Licko
TEASHEIEEZRLTWS, ZRHTT OFBLL HD €7 /L~ 7 ATV TSR
R B9 72 mRNA O &0 % &7 532 (Luthi-Carter et al, 2000; Rodriguez-
Lebron et al., 2005; Kotliarova et al, 2005) , FfIZH#RERATIA < F B9 % DARPP-32
I%, HD190QG ~ 7 A BV THAR <~ 7 2T T 8 #HER T 50%REIH S b
(Kotliarova et al, 2005), AL CIFZR HTT OFBLZBHET 5 shRNA HAIZ LY
DARPP-32 &= FHBLDOEIE DR ST, ZORE LY, HD190QG ~ 7 2 @ shRNA
IR ORI 361 D BIRFRBEFH N LE L TVD Z &R I N D, REE
WO EZHERT D 7DICEA AR TOREBEIT o720, TOHDOERIZENT
HD190QG ~ v A Miifllic shEGFP 238 A L7-fER b /ER L, REA % O PR ERER
DIEFAEBIZL Uiz, 4%, HRERIE RS L OHEMIER O 0 shRNA OFEEAD X A
LT DORRDPLETH D,

AWF7ETIX EGFP I2xf7 % shRNA 4 HD190QG ~ 7 A IZHW, ARE{R TRl %

16



BHE L7z, 2@ shEGFP (IAWIEOEME T VTV TASE HTT BER AT 572
DIZTHA SNz b DT, B ho HD OB FIREDBRIKIFZEICITIS A TE 20,

HTT (2xf9 % siRNA <° shRNA |ZZ 1V E TITAFZE ST 528 (Harper et al., 2005;
Wang et al, 2005) , Ziu5H D siRNA BFITZA R HTT 7217 T2 <, AR HTT & H
KR S8 5, BAR HTT IIIRBAEICB W TRAIRTH Y, AR HTT OFER7R
RIGTIRVEESE & 720, F 7=, B4R HTT O 3478220 B Ol k% b
7253 (Van Raamsdonk et al, 2005) , F3, YAC128 ~ v A D B4R HTT O /K %1%
BAER HTT %5819 % YAC128 ~ U AIZH-, TEEMERERE 4 7538 L A fFIEA
(Van Raamsdonk et al, 2005) . ZiALHDOHEENG, BIRAICER HTT 721734 L v
7 LA HTT ORIUITREZ LT S 720 siRNA BHIO T A L3 Th

Stk Z ORIER R 1UE, RNAL 297 U7oB8 B FIRIR AN IIERT, FEIEH OTEHE

W& LT, EHMICAR0E572%9 (Ralph et al, 2005; Okada et al., 2005) .

/N

BRI T EOMREMIEB TH D F o b odi HD) 13, WREETFTH D
NeFrFr HTD ICEENRD CAG KEDOREMEIZL VAR HTT ¥ v 87 BHR
FELL, BHE, THTHZLICLVERIEND, AFEIXHD 7 /0~ U RZEN
T AAV %4 L7z RNAi #AIC L 548 HTT #fs 1 ORBLE 2 A, KRS
BT DRSNS S 5 258 HTT R AR DR A S ¥, £7-, RNALEA %
PEBIEIRFSIER AT 5 Z &2 L 0, RNAL 2% HD (B 2 W BRI S 2 LERs L 0 &
WESEDHZEEPLNIT L, - T, RNAI IC X B Z RGBT OFRBINHENL, #hik
FEARFENE 1 DFRRR MR BB N T HIRROEIT AU E ST L /e r & 5,
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Fig. 2-1. rAAV-shEGFP reduced GFP expression in vitro. (A) AAV-shEGFP viral vector
construct. ITR, inverted terminal repeat. CMV and U6 promoters were used for RFP and
shEGFP. (B) Fluorescence photomicrographs of HEK-293 cells transfected with EGFP,
HTT16QG, HTT60QG, and HTT150QG expression vectors and transduced with rAAV-
shEGFP or rAAV-shEGFPcontrol, respectively. The photograph was taken after 48 h
after viral transduction. Scale bar refers to all panels, 100 pm. (C) The relative level of
GFP fluorescence intensity of rAAV-shEGFP transduced cells was compared to that of
shEGFPcontrol transduced cells. The relative level of GFP fluorescence intensity of
rAAV-shEGFPcontrol transduced cells (black bars); rAAV-shEGFP transduced cells
(white bars). Values are given as means = SEM (n = 5). *p < 0.001.
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Fig. 2-2. rAAV-shEGFP transduction in the mouse brain decreases EGFP-positive
aggregates (direct observation of EGFP fluorescence).
caudal coronal sections illustrates the extent of expression of RFP and EGFP in the brain.
Three microliters of buffer was injected into striatum; sham, and rAAV-shEGFP was
simultaneously injected into the contralateral side; shEGFP. Dark areas show
fluorescent signal. Scale bar is 1 mm and refers to all panels. (B) EGFP fluorescence of
the shEGFP-transduced striatum in high magnification. EGFP fluorescence was directly
observed, while RFP was detected by anti-RFP because of the weak fluorescence after

fixation. Scale bar is 20 pm and refers to all panels.
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Fig. 2-3. shEGFP decreased antibody-positive aggregates and ameliorated aggregation
pathology. (A) Representative images show GFP-, HTT-, and ubiquitin-positive
aggregates in the sham-injected or shEGFP-transduced striatum. Scale bar is 20 um and
refers to all panels. (B-D) Number of aggregates in the striatum is shown. rAAV-shEGFP
was injected into the striatum at 12 weeks old and analyzed at 24 weeks old. The bars
indicate aggregate number in the sham-injected striatum at 24 weeks old (1), shEGFP-
transduced striatum at 24 weeks old (2), non-treated 12 weeks old HD190QG striatum,
at the time point of shRNA transduction (3), and non-treated 24 weeks old HD190QG,
as non-treatment control (4). The graphs show the number of GFP-positive aggregates
(B), HTT-positive aggregates (C), and ubiquitin-positive aggregates (D). Data are shown
as average + SEM (Y axis indicates the number of aggregates/mm2. Sham-injected,
shEGFP-transduced, and 12 weeks old control striatum; n = 3, 24 weeks old control
striatum; n = 4). *p < 0.0001. (E) Quantitative analysis of filter trap assay indicates
relative amount of insoluble protein in the treated striatum. The relative fluorescence
levels of sham-injected side (black) and shEGFP-transduced side (white) are shown as
the average £ SEM (n = 4). *p < 0.0001.
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Fig. 2-4. shRNA restored DARPP-32 and enkephalin expression. (A) In situ hybridization
of DARPP-32 at 24 weeks old after rAAV-shEGFP injection into the striatum at 9-week-
old. Scale bar shows 1 mm. Higher magnification images of striatum are shown in inset,
respectively, and scale bar is 20 pm. (B) DARPP-32 and enkephalin mRNA expression in
striatum was determined by TagMan RT-PCR analysis at 24 weeks after rAAV-shEGFP
injection into the striatum performed at 12 weeks old. The expression levels of mRNA
were normalized by that of GAPDH. DARPP-32 showed a significant increase in the
shEGFP-injected side and enkephalin showed not significant but the tendency to restore.
The values are given as means = SEM (n = 3). *p < 0.05.
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B8 ANUFUFUTIV1IT IS FOBRLBHEE
IZ in vitro B X VVin vivo IZBWTE R A lRFHE 2R

i

FREZEMEIR R D 2 B JRINEE FESINIC CAG DU B — 2 &%, Z O/ K LD
FINEFEMET D2 LK W RBERZ I EEZTIRROBHKEZ, R 7 I 0N
W9, HD Z&LeR Y 7 V2 I U RORBIE, N—F v — MIEATEEERDIERL T
HD, ZOBERITT Ia A NI, MELERY Z7AE I E2E50RRS R0
B HTT [ERT D, LnLaenn, ZORY ITAVE I v E2EGTeT a4 ROBIRHE
BE IR 00 BB 22 SRR 72 O D Bl e ZIREVIRIEIR R DR IEARABECH D, AU Tv
ZIrTInA REDLDICHEERHLINE I DN ARHDOEE TH S, HD 2B\ T,
RYTNEI T InA RERMNSIEEZTRIERT, Mok TR, =
DEALRFRIEE, 7V A IR BT D REBI DR L LT D, BERE L LB O
DT YA AATHDWTOBFERRIC LY, 7V A IFORBBDOLERIEIT T Y A DS
KRS DOBWICER T 2 2 EBFEE T2 (Chien et al, 2004; Shorter and
Lindquist, 2005) . [FEEIZ, FREMRBICBIT AT I uA RERZ 78 LIZL
(E— 2L EOBEICI AT+ — IV KL, ZOX R ENRIRT 508N T I a4
FROMEIC L > TREBHHE L EEENRRD ZERPLNTR->TWD
(Dobson, 2003; Chien et al, 2004; Eisenberg et al, 2006; Haass and Selkoe, 2007;
Kodali and Wetzel, 2007) , 7Y NA <~—JFDJFRINTHDHT I 1A RX—H 1-40
TFROEL, BENQRUTTRRLT7In S PEEICIA T+ — /L FF5 2 LN

TE, 7 v MBI EEERICBWT, 5 E07 I oA RX—% 1-40
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(X872 25 E 7”7 (Petkov et al, 2005) , (6> TH =L, HILBAFE LT Ing
ROMIBEANEZFANT, BRI V¥ I 02T HIT 7IvA4 RRERZRH7 I 0
A RHEEZIERL L, in vitro 38XV in vivo (2B W CTHEBKFR IR E 2 R~ 2 &
R ONCT D2 L L, HD O LWEREIE OB DT DIZHE LD H 57T I v A M

WEOREAT 5 Z L2 AR E LTz,

MEHRE LG

1. Invitro ([ZHIF 27 I v N

FERL & X7 RO 72912, Q10, Q42, Q62 & Ty HTT @ N K%, RV
AFV-GST # 7 % > pGEX6P2 77 2 X K (GE Healthcare, Buckinghamshire,
England) IZfiA L, KIGERELH Y7 A I REME L, 20 Q10,Q42,Q62 = H D
HisGST @ia HTT % > /)7 &% E.coli \Z%8 X4, Ni-NTA agarose (Pro-ChemInc.,
Alpharetta GA) & GST resin (GE Healthcare) W\ CTHEI L=, HTT % v 7 &
X TN ENDOEBRERTIC 540,000Xg T 30 43D L, T TICHFEL TWDE S LLg
WEEER 2 BRE L T Lz, 5uM HisGST-HTT (& GST # 27 Z k4 % =12
prescission protease (GE Healthcare) ZE4 L, 4, 23, 3STCHRMH T TENENDHEER

L7 HEICEVESGL, 7ivA RSt

2. In vitro HTT 7 2 21 KO

HTT 7 I =4 K (10pM) (X 150mM Ok U U 2% ETe 5mM U VA Y 7 4
Ny 77— (pH7.4) (KPi /N 7 7 —) (28 L, JASCO J-720 53 et EERH 24 L T
BELEAMIRDE bk 2~ ~ L (Far-UV CD spectra) % 25C Tatll L7z, A~ hL

X 190nm 75 26nm [T 10nm/min O3 & THAEE 0.1lnm Tl L, 4 B[ A% v L
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TEEIfE A Lz, HTTQ42/62 7 X v A KD 7 — U BRI AT hIU(FT
IR A7 kL)X, Nicolet 6700 FT-IR 43 Yl %% & Nicolet Continuum A&
(Thermo Scientific) ZfEH LT, RIETFITBWTERY A T, oMY
UARBROMIZT IvA REeATHIM L, A7 s Lokl IgorPro
(WaveMetrics, Lake Oswego, OR) Z#H L7z, HD £7 /L~ A R6/2 ~ 7 A5
DURFEARDOHEESENT 23 572012, 5uM @ HTTQ42 K% R0 B % <~ AL D
Rl X 7= HTT SR (0.5pg) & prescission protease & & $|Z 4 CTEHA I T,
ZORFI I NIZT I A R, BLZEMFERLE FTIR 5T EH L7z,

TIiIvnA ME&EICBITLTA T 7 TaoOREE, 126uM 4778 T &
50mM 2’V v >3y 77— (pH 8.0) IZA R L7z 5uM HTT 7 v A1 K ZEAL,
7L — b U —%— (ARVO MX, PerkinElmer, Waltham, MA) % i~ CJih#t 442nm,
WL 483nm IZ K VIE L7z, 7 I mA FEEICHT 2 a3 d—by FIEEIZOW T,
4uM = a—Ly K & 5mM KPi Ny 7 7 —IZ#HR L7z 1.2560)M HTT 7 ImA R
Ze BOG &, UV-al 5 6@ E s (UV-2400, Shimadzu, Atsugi, Japan) % Vil
E LTz, XAMEHERISTEBR D722, HTT 7 I A K% 5mM KPi /Ny 7 7 —% L
T 5uM IZARL 1ImL T I v A N AIT>72, HTT 7 I v A Fi% 20,000 X g,
30 min 3#/0> L THED, 1L.Omm EDO A Y v F AL 12um OB —2 7 ¢ )L A BITEVZ,
Y7L L RHERO BB 706mm T, AU ERROBEEITIC L o TIRIEL, KL
7 HTT 7 2 & A Fi% Spring-8 ® BL4A5XU % T 0.9A X #bic R L=, 7—
ZIA T4 A4 A—TREHER RIGAKU R-AXIS IV++.12 X » T=IRIZT 30 BEUS
L7, HTT 7IvaA K (GuM) OEZEMHIIEEHO FiEIC LY (Perutz et al, 1994;
Thomas, 2006) , 1.6%SDS DAL FT 5 43 ZEIZIREL LIF T 2 & (25°C 7 b
95°C D], 10°C THODA ¥ —/3L) TY InA RERHSE, O THMERY

g3 bR (102) (1:2000) (Chemicon) WA L) T yT 40 T 5LTo
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7= (Scherzinger et al, 1997) . %A 7o b —4fs  (Biorad) (ZL->TENEND
P TNVETHERA LI NV ENREETHDLZ EEMRL, A 5/ 70y hONv
KR % Imaged (NIH) 12X > CTHr L7z, BFHEMEBZEO-OIZ, HIT 7 I a1

RiZ 2% # 7 AT UWeF NI ULTRAT 4 7TRE%EIToTz, HTIT 7 I v A FOE

iy
[mv

I, ETEHEE (LEO) & L <I3R 7R EMSE (Digital Instruments) O U =22
7 u—=7 (RTESP, Veeco Instruments Inc., Painview, NY) ZfifH L7-¥ v & /%

—RNZEosTHRe, 74N E— Ty T RHIE Ry b7 ey hMEE (Biorad) & &
N —AT T — kA7 L2 (0.2um, Advantec) ZfEH L 5uM OFEE CTEA SH
72 HTTQ42 7 v A REZWESE, A7 L% 0.5% triton X-100 & L < 1T 1%
SDS # & 5mM KPi /N 7 7 —C#d L, Kl T 1C2 Fifk (1:2,000) , 3B5SH10 it
& (Davies et al, 1997) (1:2,000) (Sigma, Tokyo, Japan) , #i-HTT Hii& (1:2,000)
(Chemicon) #HWTA L/ TuavT 407, b LLIF I~y —7 VT T —

(CBB) #HWimetaZ i1 -7,

3. HTTQ42 £ X OVHTTQ62 @ in vitro (2T 57 I v A KK

HTT 7 2 vA ROFKIL, 5uM @ HTT #2378 & 125u0M OF 477 T
Z&te 50mM 7V Xy 77— (pH 8.0) ZIRE L, FA4 77 T 4t (i
442nm, WY 483nm) % 96-well DT L — ~ U —F —%fH L TRFFIITRIE L7z
(Spectra Max M2, Molecular device, Sunnyvale, CA) . 7 I 1A REREEEIZOWT
X 5mM KPi /Xy 7 7 —|ZAR L7z 5uM HTT % > X7 &%, 96-well plate 1 C 2 7
I 3 ROIRE S8, OB (turbidity) % O.D. 340 nm ([ZEBWTHIE L7z, FEBRTIX
TNENRENTH X7 E A2 BE WM L (Branson sonifier, 20%, Branson
Ultrasonics, Danbury, CT) , > — F& U TR L7z, fHEREEE LT 2 oA KB

FOSOWMFIE AR (B L2 1 RFHIZAN) BRI LT,
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4. Invitro HTTQ42 7 X &2 A R OMRMERIM: 5341

S5mM KPi /N> 7 7 —IZAH R L7z 1mL @ 2.5uM HTTQ42 % 2mL 7 = — 72437 L,
4 H LT BTCITHFEL T T uA NERSEL, SiEshizzhthoT IuA K
WiRk%ET >y NFy T oo TFa—TNnbMOML, 2% U@y o 7 AT k- T
AAT 4 THREA LT, ST IS FBERDOASTETF 2 — 7 & BlRIR &4
(Labquake, Barnstead Thermolyne, Dubuque, IA) % H L Srpm D X T 3 FEHX
595 L) ICEREE7-%, TNZEhOT IaA RRRE D v vFv 7 TR L, [

PRICHE LT, 7 X rA Nl RRITE 1 BAREE T~ T,

5. R6/12~ T An5H0 HIT 7 2 v A ROFEHE

R6/2 F T v AV =y 7~y A LRGN —T 5 84ER <~ o 2%, ki PBS & MW
TRODIEREVR U, A D H L, SV CRIMEE, BRaE, W5, 2 L TONMEEZ S BEL
T (ZnEin 3, 12, 6, 1HEED~ T A6 OKMEE, #AE, WEZ LTz T
W72) o In vivo HTT EHEROKERIL, T Ok 0.835g %2 RIPA /Nv 7 7 —
(100mM kU &, 150mM ¥ fbF U 7 A, 0.5% triton X-100, 777 —F¥ A1 bt
% —7127 7/ (Roche) , 1mMPMSF) H T, Y ¥/LAKETFHAH— 1000rpm T
REYFA XL, 30 HEZ AN L7~ (Branson sonifier, 20%) ., 2%SDS & iEA L7
E3%1% 30 43 540,000 X g iz L, Z DXL v k& 2%SDS (g L, 30 Ot g
#:L7= (Branson sonifier, 50%) . Z O FlE%A 3 [E#E KL, @i 0% 5 5o
ATV, BRASHNTHER S L le & o™ 7 R IR 2 S Al L, in vivo BEEEIR L L7,
Z @ in vivo EERIZ OV TIE, BSA #fE%E L L7~ Bradford 047112 K- CRE AR H
L7z, ZAVENDRENLD D DEER DRI 72 & H £72, 4 7L —4 @ (Bio-
rad) & turbidity HE GEEHIE : 280 B LY 700nm ([ZH1F 2WEEHRIE) 128 - T

e L7z,
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6. Invitro HTT 7 I = A F® neuro2a Mifd~DE A

HTTQ42/62 (5uM) % 4°C L 3TCTEAL, TOERBRENET I 0l Fa
20,000 Xg30 3D Lyt CED -, RIFEORER, 5SmMKPi Ny 7 7 —|ZIiE L T-
50uM D7 I v A REsHK A 30 T E I L7- (Branson sonifier, 20%) , # & B
W & 7= e & IR - T8 78R %85 (Digital Instruments) (& &> CTBIEE L, BE KRS
NTAHED £ I NRITY—Th D Z & 2 L=, Lipofectamine LTX & Plus #{3E
(Invitrogen) OHGL 71 b a3 — LiZht-> TR L, RKIRE 250M O7 I v A N&
50ul @ DMEM (ZiE4A L, 30 72[R=iE THEE L 721%, 250ul © DMEM (2 TEFRK T 0
HD =7 L4k (HTT16Q-EGFP, HTT60Q-EGFP, HTT150Q-EGFP neuro2a i :
Wang et al,1999) (Zii F L7=, 7 2 vA NEEEAD 3 FF#, 1uM @ PonasteroneA
(Invitrogen) (ZX > C HTTGFP #¥H % #E L, 5mM dibutyrylcyclic AMP (Nacalai

tesque) (2L > THMLFEEIT -T2,

7. PC12 Mila~D7 I mA NEEEA

HTTQ42 7 I v 4 K% PC12 #ifz (a pheochromocytoma of the rat adrenal
medulla) ~D7 I v A NEEEADLEOICHE LT, 7 I v A FERITRE co 7 1 K
T — U2t > T, pEGFPN1-HTTQ60 7 F A X K (1pg) & AHEIEE 1.250M O7 I 1
A K & Lipofectamine LTX and Plus reagents (Invitrogen) % 50ul © DMEM (ZiE
AL, LT 30 FfE LTRSS, 10% 7 < ILiE & HIEME % & DMEM B8R
250ul 1> PC12 M T L 7=, Ml i 248 pk & (K1 nerve growth factor (100ng/mL)
(Sigma) 2 X > Tk &7z, HTTQ60-GFP i (HTTQ60 KEtER) % & eififin %k

X7 e A RIPEEAD 15 K& IHIE LTz,
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8. EEMBLEHI & AR A7 =R E
HTT FE R X OMI LB D 15 B4 IS, SOLBMEE i Lo w4 i
W, HTT $EERD GFP O EERZ FfOfifd g (~200) % F&) THHIL 72, 15 R
BT DMISEITIE & A EBIE S o T, MR AEFHRIE MTT MREGH >~ K
(Nacalai Tesque) (2 X > T HTT B0 4 BEICHRIE Lz, 86 & LS mi#E1X FV1000-
D HESBHSE (Olympus, Tokyo, Japan) |2 & » TH7z, #HEHEN (>3 |

Statview5.0 (SAS) (2L > Tiro7=,

9. AlexaFluor555 D%k & M JF7E R

RV RFPE GST DX T DONWe AT A % CRICEFS HTTQ42 & L< %
Q62 % 37 B % E.coli THREIHE, 10mM D 2-A/LHF hT & ) — LIE(E T TR
L,HTTQ42 5 L1 Q62 ¥ > XV & Uiz, ZmAlIMidizE.00 4 7 & (Pierce, Thermo
Fisher Scientific, Waltham, Massachusetts) (ZX > CTkgEL, BRI L7 HTT # %

'H % 10 55D Alexa Fluor 555C2 <~ L X K (Molecular Probes) & 37°C T 1§
MRS SE 7o, BRIEOGORIIAE LT ATRYERE, F# L7z HTT ¥ >V EH%
37°CT—WrEA S¥ 72, HTTQ150-GFP neuro2a M~ T I v 4 ROBE
B AEITV, HTTQ150-GFP FELFHE S KO Mifass kBt o 2 %I, Milds 4%PFA
TEEL, BE~F A FTYE L, 0t L7z HTTQ42 7 X =1 K& HTTQ150-

GFP OUEEEAR & DL FTEIX FV1000-D HE S (Olympus) 12 K- T,
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e R

1. HERY Z Vs I &2E&Tein vitro HTT O 57 I v A FigiE

10 @&, 42 f&, 62 OV 2 IV E— 2 FATE N KR Y v 2F P, GST ik
HTT % > /37'& (HTTQ10, HTTQ42, HTTQ62) % KIGHIZH W\ TR SR L7,
WO UIWTE, HTTQ10 LSk HTTQ42 & HTTQ62 137 X v A K &IREh 5 il
DORHERE ARINIEKR L, 7InA FEERNART A 7780 T &6 L (Fig. 8-
D, 7IaA RERITY RV ERROBEICL>TEHHIL, 747780 T & T
HHNDHHO LR S Fh#rE R LT (Fig. 3-1) .

INETOMRIZE 5 TT I v A MRS v R 7 B D& ekt D 2 A 7 % A3
ISERT5H Z LRENTEY (Chien et al, 2004) , ZHUIMBR Y V& 2 2 2
D HTT 23k~ 727 I v A FEEIZI A7 4+ —)L KT 5 a[REEZ R LT\ 5, ARif
2 CIE, AN in vitro THTT # > 37 EHZHHIZ 4°CL 3TCTEAIELZ LI K
S>T,HTT 7 2 v A ROBEZEVEICOW TN, X BRHERITTIXm 523 B > — b
ICEATEY, KT I a A M2 R>Z &2 7R L (Fig. 3-2A) . & 1HMK
BEIC L ABIZRTIL, 4C L 3TCHADT S v A FOBEMIER —TETWVD Z LAVR
Ente (Fig. 3-2B) » LM LAnD, S5500ME, 207 I a A FEESHEEDR
WCHRRDHZ R LTz, 4CTIuA RE7IvAs FEEOETHLTF 7 I8
TLarya—Ly RIZXHLT3TCT IS FEDEEWEFAERH L Z &R L
(Fig.3-3), CD /3 HIERRIC LV, 4COT I v A RIFEHER 2 _R—% > — K, 37COT
SoeA NIpRLER—Z 2 — MEED AR MVE/RL, TRIEFNEH 218 &
225cm DRAT 4 7 E— 2 ko T (Fig.3-4A) . & 0 FEMAHEEA0HE % 5
72012, FTIR 206l E 2 5Hl L7z, FT-IR 237 FUZ4CT7T 2 A RIZBWTEY

%L DN—TF 15—  AMEEDFEE T L2 (1655~1680cm ) ,37TCT7 ImA Fixky
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BTNAN—5 — MEEE G ATHY (1615em)  (Ismail and Mantsch, 1992;
Seshadri et al, 1999), WA D7 Iv A Rar 74 A —a Y OKREHPR—F o —
M (1640em) Tho7- (Fig 3-4B) . SHICEADT I 04 ROAERMFEICD
WTHlIRTe, 72 aA NOIREAN & WERRSIRT~D M2 <5729, RPN AL
HL7-HTTQ42 7 2 v A RL A b S 87-E ) ~—HTTQ42 DERIC L W =h =
NO7 oA FOREZEZIT, £ORE, HTTQ42 O SO EDT I uA
RIZE LS BARDEELZENEEZRL,4CT A NI 3TCT I A REVEARLET
Ho7= (Fig. 3-5A, B, C) . IZ, —oD7T 2 uA NOWHEFNZEMEZTHE LT,
HTTQ42 4C& 37CT 2 uA FHliFIEFEEOZRVARIL T TR O R W2 1F 5
2% (Fig. 3-6A) ,4CT7 20 A RIZ3TCT 2 A XV BEHECHBEHMMc > TLY
I S 7z (Fig. 3-6B) , ZORERIL, 4CT7 I a1 MLV s TENWD 2
P72 E NS Ko TR D IS N D Z L2 BIRL T D, S5HI24CT 3Im
A FarT7xri—=—a ZIA—T12 = AEEOFIEIC LY LV &AL, Bz 37TC=
VI A=y a U IHER—Z = FOFWTLVEETHDL Z L2 RBL TN 5D,
W, 1C2 PR Z o T oDREL DT IvA RORY TAEI L DALy T H A—
3 EFNRT, 1C2ITHE LR 2 I LiRE e A ERISET B LI HER
U 7R R IR D (Trottier et al, 1995; Tanaka et al, 2003) , Z®
PR ZE 727 AN F— T T TIE4CT IuA RORY 7% 208 1C2 it
& X0 RIEHERE L, 2RI LT37TCT 2 A RO 1C2 Hrik~O G MRV 2
Enigsnz (Fig. 3-60) , RUY 7z H L HTT HilkE L O'CBB I L »> T
BT DLW D07 InA N2 R EERFBERIELIZZ &6, 1C2 HUEICEB T 5
PURPUASOGIC B % 5 2 DHEEDEV N 4CE 3TCT 2 uA RICHEET D Z LAVR
iz, 77805, 4CTInf Rar 7 A—va Y OfERY Z7L¥ I3 102

PURICHE ST DI+ REICEL LR THY, A2 37TCT7 InAf Far 7+
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A=y a ANIXVHEISNTEAN—F U — FORKIC L RSN, 2z 2 OFHE
CIWFENERUS LW EDRESNTz, BIRRNZ 12, 4CT I Rar 74 A—
va VFEEOEWRIERY 72 I 2L OGS 3HB510 Hik & K0 SUSHED E )
-7- (Fig. 3-6C) , 7 4 /v¥— T v 7fMTIZI17 5 CBB 2 L= & > /7 DY
ENBIL,4Car 7+ A= a0 3TCar 7 A—a KD SDS A
BV ENGEH Sz (Fig. 3-60),

MMZT,4CE3TCTIaA RN 4CL STCTERRDMFHEREZRT 2 LS
72 (Fig. 37) . TNHDOFENSMBERY X v &FS HTT # VR BIx R 5
AR A S OEST-T I8, a7 4 A—va VIZI RT3 — )V RT5HZ &

MILRES Tz,

2. Invitro HTT 7 X = A FORFLIEMIE~D A8 A

HBpnT7Ing Rarryxy A—rva rOfilaEttzs BEERBRT 27001, mfEle~
AraArYxr v ayie LICHILEMINIZ invitro 7 X 24 RZEAT 5, @gh%ET
MBDIENT 1 ks 33— )V OBRJE 2k 7 7o, WM T, ponasterone il 7" = € —
22— T D Q16, Q60, Q150 % &1 HTT—GFP % iEI5 59 % neuro2a HifEik % {5
L7 (Wang et al, 1999) , 8 fTOK, ViR7 =/ v arD7a ba—Lz2gH+5 2
L1 E Y, HTT 7 I = A K% neuro2a MIfIZZR L <EATHZ LTI LT, &)
|2 in vitro ® HTTQ42 7 2 1A K% HTTQ150-GFP iz A L, #Hil > CHNIAM:
HTT150Q-GFP J8L & Hifld D /3t #%E 21T > 7= (Wang et al, 1999) . HTT %8l L 5y
{EFBE D 15 BRI IR HTT150Q -GFP O#EE O IRRE & I E L 7273, in vitro HTT
TIvaA PR EMPBITBASATHIUL, 74 ROANKEMEHTT-GFP % > /37
Bov—FR (f) L7, 2wz HTT-GFP OEEA RS 85 Z LIS,

HEHITR_REZ L1, AL HTTQ42 7 2 24 Rtk HTTQ150-GFP 0#rfE 43 L <
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et S8 72 (Fig. 3-8A) . HTTQ150-GFP D¥EHE DR TH 5 GFP #0t 2 R J BHE
I%, GFP Bittifine 80%LL ETEIZE S, KL Ty 7 7 —D A TR L 7o fifa it
GFP OUEEEMRITMIZD 15—20% DA T, vtk HTTQ150-GFP O % /X7 E3 Bl %
FE LT L EONTEMEORER LA CTH 72 (Fig. 3-9A) . £/ ~—HTT & L< I
BSA EEAROE AL HTTQ150-GFP EBEZ{EHE L e o722 &b, v— RhRIX
HTT 7 2 v A REERATHS Z LvrEise (Fig. 3-9A) . in vitro HTTQ42 7 I 1
A ROEANIZ L HBE HTT-GFP B O(REE, #2772 2 Wikl ©d 5 PC12 Ml
Tb,invitro 7284 N& HTT-GFP 22— K925 77 A REZFRIKHIBEAT S Z &
ok, Blgshiz Fig. 3-9B) , L=~ T, Z2OT7 204 NEEEADZDD ik
(TRF R Z2MARICHIR S, & LAMERIZIE, T bbb, #6731 L7 in vitro
HTT 7 v A K& HTTQ150-GFP O¥EARD L /HIENR~T L 212 (Fig. 3-8B) , in
vitro HTT 7 2 = A FIIMFEMIRIC ) £<EBASH, MlaN T — e LTEH 2
EHENGGEL TV D,

WIZWNTEME HTT-GFP 7 X v A ROa >y 74 A—3 a3 U3, HRICEA SNz in
vitro 7 X B A FOEEZHERF L T A0 E 9 0 &7, invitro HTT42Q-4C%H L
<% HTTQ42-37C7 2 1A K% HTTQ60-GFP neuro2a ffakkIZEA L, = DH%IE
AL S TN R A SDS TRUSAICHE S Z LIC K W ERLL, 25 DR IZxT
BHIHPEZ 54T L7, neuro2a > HTTQ60-GFP 7 I A KOOI v T4 A— 3
I, FAEIZE A L7z in vitro HTTQ42 D2 E LT B Z & B Sz (Figs. 3-10A,
B) . ZHUT HTTQ42-4C7 2 v A Ric k> T — R&hiz HTT60Q-GFP % L v #A
25T, HTTQ42-37CIlZ X - T — R ENZZHUTEIC L Y %58 T, in vitro HTTQ42-
4CTImA FE HTTQ42-37CT 2 a4 RO, TRZFN T TIBREhTnizZ Lt
FIEECh ol TNHDOREENS HIT 7 I 0 A RO 7 4 A—3 3 UIREFEITHE

FEMN TIEl S T D Z D bl Invitro HTTQ42 7 I v A RNIZv— R &
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N7 HTTQ60-GFP 7 2 v A ROy 74 A— a3 VORLZEMORE RN in vitro 7 X
oA RIZBTA/ERIVERNNI o722 EOHEEBIE, HTTQ60-GFP fifaicisif 5
WMHEAERZ o7 B OHEEND L <1X HTTQ60-GFP @ GFP 4% ZIZHE[K L TV 5 Al fE

TERH 5,

3. Invitro TORA2S HTT 2> 7 4 A —3 3 > OFluENE

AWFFET HTT 7 v A RIZBWTHRRD a7 A— 3 B L, WL E M
NA~DBEANREm TER I L6, WABMRICE O TRENRT In g Ray
T A= a OB EERAND Z ERAREE 2o T2, in vitro HTT 7 I a2 A KO
4CL3TCOMar 74 A—arebll, Ny 7y —%fIZEATLE, Ny 77
—DIHTHANTT 2 u A REAHIIZIWT HTT-GFP D ERE AN BEE (SN S -
(Fig. 3-10C) , & 512, HTTQ60 & HTT150Q-GFP neuro2a i 5 ¢, 4°C & 37°C D
AT F A= a7 A RixNEE HTTQ60-GFP ¢ L < iX HTT150Q-GFP @
BEE A A UREE (~80%) i L7z, ®HMIZ, 2h b7 I rA RiE HTTQ16-GFP
DORHEITHE L7 o 72 (Fig. 3-100)

E DI AFRREETH D MTTREIZL Y 2h bR 5 HTT 7 2
4 RoffadErtz23R L7-, HTTQ60/Q150-GFP £ 4°C & 37Car 74 A—va v
DOEAIZ LV R OBE DR E NI S 7= (Fig. 3-100), = D=, HTTQ60-GFP
B L OHTTQ150-GFP @ neuro2a Oli 55T, 4CL 37COT IvA Rar 7 xrA—
2 OB ANI K> TORENTAMRAEFRDOENT, BR2FBHICLDIEOTHLZ L
MAFETE 7 (Fig. 10D) . 77406, 4CTIuA Rary 74 A—3 9 03 k0 #H
NEL, AT 83T Car 73 A— a IR noTz, ZOT I aA ROEMED
BT REANTHY (Fig. 3-10E), = L TE / ~—HTT X° BSA $EERITHINATEIE %

RERMoT-Z LS (Fig. 3-10D) , HTT 7 2 v A RSN OFK TH 5 = & »
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HohE7eole, BERI LI, 4CEITCOTIvA Na 74 A—va X HTT
Q16-GFP Z i3 8l S ¥ 72 neuro2a Mg Tl HTT BEE LMlaE DL E B L
7otz (Figs. 3-10C, D) , fEoC, MBERY V¥ I v kb ov—RERDT Inm
A RZOLOIFAKREEITZ /2L, T LA HTTQ42-4CD X o I By 7ot 2 Ff o
HTT 7 I v A RERT @RS LZ 76 LTS Z 2R LTS, BLED
TS, MERY 7NV I ANMEEN 2R ORR D a0 T 4 A= a3 VAR
HIENWTE, 2Dy T3 A—a VOFEICL Y B REEN L6 S

N5 EMIFES LTz,

4. HD €710~ AD HTT 7 2 v A ROMEEDEMZOWT

&IZ, in vitro HTT 7 2 2 A FOMEEDEVZ in vivo THELTEX 2008 9 A~
7o Y= RLBRZ2HTT 73084 RKIL, HDET LV~ U ATHHRE/I2 hT L AV 2=
7= ADRKMBE, WA, W, T L CTMEE Gk~ 25 SDS % v
THHL L 7= (Mangiarini et al, 1996) , R6/2 ~7 A5 0 SDS (it HTT 7 2 1A K
I% invitro HTTQ42 # > /X7 B OEAIZEHE 2> — RhRZ R L, KIS, [FRIZE A
M~ ZANBECFIRTH O AEEE SITIEEA L — RIRERI R0 T
(Fig.3-11A,B) . ZNHD#ERIL, invivo ® HTT 7 2 A KA R6/2 ~ 7 A7) 530 A

R S, B HTT % > X782 L7 in vitro TO7 X a4 REEIZY— R”
ELTEC Z AR LTV D,

B invivo IZBIFA HTT 7304 RO 7 4 A— 3 »OEFEMEIZ OV T
N7z, R6/2 =7 A Doy LT BER IR A SR RIS RS 5 DIXINEE 2R 72, A I R
HricfE 4 %1 LTWhWweEx7, Ll HIT 7 2 72 A RO in vivo =
VI F A= a N EFig 311 C,DICART LI, U= FRISICE > TRIELED, £
D= OAMZETIT HTTQ42 # /327 B % in vivo BHERICEASEHZ L1k > Tin
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vivo HTT 7 X v A R OR S Z0HE1E 2 3R S, BV e M-S i (I L 7=,
Z DOFER, MAEHRD in vivo BEEARZEESE HTT 7 I v A RS- & HER
ZETHY, HE/NMEdERkO HTT 7 I v A NIZBVLBIC XD snWiittEZ R L7z
(Figs. 3-11C, D) HEMAEHE RO HTT 7 2 v A RIZIZKEY DR—% o — M (1640
em) ICMA T, M—TF% —Hixs (1655~1681em) 2ELEE &AL, MRS/ MM kD
HTT 7 I oo RICiE, & 08ERSFRI<—%>— b (1615em) MBS (Figs.
3-11E, F) . Zh b OMSK, WS, MBSk HTT 7 2 v A RO, G
FEMEIT in vitro (28155 4CE 3TCT I v A ROFMEEEI TV, L DRERNG
HD ~ 7 A DR 2 sk HTT 7 X & A FiZ, in vitro HTT 7 3 2 R CR%

SNFEHC, Bhbar g A—a w2 FEoZ LA RL TNV,

5. HD €7 V~UAD HTT 7InA RORELDLa T4 A= 3 U TORR DM
M

WIZHIR L7727 2 A NEEEAD Y T ha—/LafE- T, in vivo 7 2 2 A RZ&H
M7 HTT 7 2 v A R&E# neuro2a MAIZEATAHZ LI2L Y, 2725 in vivo
TIRA RO T F A= a3 ORI IO HTT G4 & A A FIEIZ OV T,
R6/2~ D AHKD HTT 7 2 2 A Kid neuro2a ffifid T HTTQ150-GFP D4 4 Wiz
W & H7- (Fig. 3-12A) , £7-R6/2~ 7 AN S HEHEL L 722 T OO ERNALH ko HTT
EEERDY HTTQ150-GFP D§E Z (Rt S B 7273, BRI~ 7 2 b EH U 7o RiatE
H Ty — RIRITIZEAEA N> T, ZHHOFERIZ invitro 7 2 24 KO
— REBROME L —Z L (Figs. 3-11A, B) , R6/2 v U A LIFH X7 HTT 7 I 1
A Rzl o NEME: HTTQ150-GFP 23— K4 % (HTTQ150-GFP 3 — K &
m5) TEEHLMNI LT,

X5 R6/2 v~ ZAHkD HIT 73044 RO®RAa L 75 A — 3 )
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HTTQ150-GFP neuro2a HiJdN TR AR EEh R 2R~ E I DEFT, £O
R, &K O HTT 7 v A FREWEEER L, HEC/MNBEEDO T I a1 K
AR B W B R 2R Lz (Fig. 3-12B) , BpAERI~ 7 A0 b O REEVERE 7313
HTTQ150-GFP neuro2a ffaIZ 51T 2 HE B e Bt RIL e o 7o, RIS, BREIRDEL
RZERHTT 7 2 v A FOFMELERIT in vitro D59 72 HTTQ42-4C D Z AUl L

Tuw/= (Fig. 3-10D) .

L5t

FRFKRZ X7 BEDOT IuA RO XD RAREHEEEEOERIT, 2 < OFRRZEM
RO TH Y, HERENLEDOZ VR EOF ) A= =Dy —= FBE I L ORKADK
NTHDHZ LRI TS (Davies et al,, 1997; DiFiglia et al, 1997; Ordway et
al., 1997; Klement et al., 1998; Saudou et al., 1998; Yang et al, 2002; Arrasate et al.,
2004; Chimon et al, 2007; Nagai et al, 2007) ., 7304 RZDLONFLRD), H

LI BEIR O IR 22872 Db L < ITMIBDO B ORGSR 2D E NS T Im A
FOWMEICET 2 2 TOMFERRIZE T 548k, 7 I vA FOMIENZEM
DFERTHY, 7IvA FERKT DX R7EPRLIELIEZLS Dary T A—
VIR TF—IVRL, TRNEND I T 3 A= a UINRRHAFERARE R L
72729 &E %2 515 (Chien et al, 2004; Petkova et al, 2005) . ZiLE TOWEITIE
EOBN)FBRNG NI BET+—NT 47T InA NERS 7 BoO)kE
L, b7 v Rarv I A—varzbiobdT 2 E& R LTS (Chien
et al., 2004; Krishnan and Lindquist, 2005; Mukhopadhyay et al, 2007; Toyama et

al,2007), AFFETIE, ZOFEZFML, BEMIC HTT # /X7 H% 4CL 37TCTH
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AIEDHZ LIS TRZRD HIT 7 I v A REERL, R L, S5IZ, MiFLEm
flo7 T v A RaBH AT Lm0 RRFIELZHIE LIz, Invitro DR Y 712 I 2 O
B A~DOE N TG SN T\ 52 (Yang et al,, 2002; Nagai et al, 2007; Ren et al,
2009) , RBFEICEHIT DRHBT I A REAOFEE HIT 7 I A FORD =
VT F A=V a Y OERE OMBE D, HIT ¥ 0 RV BEORR Dy T4 A—

g OFMEEEREMET S Z & 2 REIC LTz,

ABFFECTIE HTT-4°CE HTT-37CRERICONT, 71 b7 4 7 UL & 1d5E 5 iR
L7 a4 FoEENMIZKRINT- (Fig. 3-2A) , —oO0Oar 73 A— 3 IFEET
EFBUMEEMRNTIC & > CRIZZIEREZ R L, 2 PPN L IR ICKREDN— X
v— FOFEET D (Perutz et al, 1994, Scherzinger et al, 1997; Chen et al, 2002;
Poirier et al, 2002) (Figs. 3-2B, 3-4A, B) . L2 L7235, HREAOR VR4 B C o fif
Frich b o, —on7 I ROary 73 A— g OFENIENBIZE SN
770 BFIZ, ACT I A RIZKESOBH LIZRY IV E I v aETe_X—F— KL L
HBIZWL ENOFIRILN—T 1 H — U WEEERFFON, N—T 12— AEER R LAY
TNEI NG LDh HIT OERD 2ONIAHOEETH D, 4CT7InA
FXvEmOEESIRERL, RANZHE LR I Z I v a5 MEX—%2— b
ZFFO 37CT 2 uA RidEWErtEE2 /R L7z (Fig. 3-12C) , XK THELZARY 7 X
LUVEFMAEER LT K ERIE0 ORI X X BERD IARRLT L, Fhidx
Atz & 72 G rREME EW, — 7, T InA REICHEOIAENTZRY 7 vz I 0%
RY TN I UREPRREICHES LD ¥ o878 L OMRBEERDNHIR S NS 72012,
EHED LEm< AVEELORELAVWEEZOND, AWZEICLY, HTT 731
A KRB ar 7 rA—vaildo> T, HIT 73ivA RidamEd LITEHICRY
552 ERGER SN, ZORRIE, RY Zd I EERP RS T D 2 L 3 EEICE

HLTWRWEW I BEHORE & —E L= (Arrasate et al, 2004) ., 4V I~—F X
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O/ <=0 HTT OHEAERIZBWT, (fRARD 702 I U dfifaattic R 9 H
B EROZ L AR LTV 5 (Tanaka et al, 2003; Nagai et al, 2007) . X 512
RANY ZNVE I DFRENOBEHT D E WD FED, RY T2 I ZfFoR2 N
JENE/)~v—, AV IAv—, bLIET InA FEEE L TNDIE I NThrnb

59, MmO ERRRERFTH L Z LBHLMN ST,

PRI PEIR B O BT 2 b 5 — DO EERF AL, TR TH S (Thomas,
2006) . HD CITMEMITR B IETT T, T L TRMT L v il o K RITHEAF
PEFRIE D IZIR 57TV 5 (Vonsattel and DiFiglia, 1998; Thomas, 2006)
N2 b2 53, HD O REZRET 2 ORMANNIAHOEETH D, AHf
UL DML TO HTT 7 2 v A FOMEOFHEDS, HD OMREMEgs I 728 LD
PR RPEIZBIE L TV D E WO IRE AL T, £ L Cinvivo ® HTT 72 A KD =
VI A A= a VINRIZEHET, FNORREL MRS LD T I BN LT, #i
R0 HTT 7 v A RO X H 72, K0 @V, in vitro TO HTT4CT 2 v A K
THEEBREIN, BEEARZ LI, HTT4CT 2 a4 REREAEO HTT 71w A K
M7 OFREIZIRE U L 2 e Of 2 R Uiz, $7205, HTT-4CT 2 aA R EMHEER
O HIT 7IvA NIN—7 17— UiibEaX—2 v — e L BIZRD, Higilass <
RERZEMEEE D, KA, BE HTT 7 I v A RigX—% v —  oEL b
b5, 37°CD in vitro FEERCMES, /IMMICBW TR S 4L, BHWEE LIRS 2, 2
HOFERE —BEED L, AT HD TR bARMIE 22 et En
9 Z &127% % (Vonsattel and DiFiglia, 1998) ., Thwx, MEAEOHTT 7 I A K
DOWNeFs THEEH L7z F#EiT, HD TOMFEDOTH S OOL DD F LR HHE R b L
Ve ZRHOFREFITHTT 704 K (b LIEFEMORE Lz —R) oar 7
A= a3 VOEWRHD OF R EMEZ RO TND D0 s LRI L ZR LTV D,

BRI DHENLIC BN TIE, BARDEI LN v v o O HTT & AR/
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DY UNTIER, TA—NLNT 4 T ORERLEHEBOFEL T2 (Gladalevitz et al,
2006) . FE, v A7 a7 LA FERTIE, MER) 7y I 275 HTIT ISHEET 5
X tn R BN A O mRNA FBEH L ~ULiL, &) MEMLOR TR > TWnb
(Hodges et al,, 2006) , ZbDEWE F7=, B2 MaEtEs2 L > HTT 7 I A R
AT A= arORELIZLTONE LR, TRETIZT I A RFHIZITA
THEOOSEIERE NN/ SN TEN (Balch et al, 2008) , AMFFED I FLILAR
U ZNE I PRORE LWIRREIE 2 £ Lz, 37005, Mgy THEMEORW 4CT
HA RO T A= a AIFERHD 2 7T 54 =5y MR VGL, EHIT, &
FHTT Ok < IR ATREMED B 2 I AT +— N T 4 V TREOH T, hik_—2 2 — %
EAR HTT #8EH7Z: 37CT7 InA RABO Ay 74 A—2a VIZI AT+ —/L R

T2 Ko thimiF 23A 08, A8 HTT OETE 2 3mE 2 S85 2 LIRET 5,

/N

TIvA MY R7EITLIELIE 1 DU EOREICI A7 +—/L KL, $4k
FHINZ R, AT LV MERY 702 2 Va2 fFOZR HTT K%< ORR L a
TH A= a NIRRT A=V R, TORIEDEZERMENT I v A FOFEEOEN &
ST b D Z LG &z, bbb, ACTEREELT Inf Foar 7 ¢
A=y g AT THRERY Z V2 I UREH L TEY, 3TCIZB 57 Insl RO
OV T A— g VFBETHERY ZLZ I URBEH LARWEEE AR L, A%

17 I A FERICEEMIICEANT 2 HEEZRRE L, 4CT I v A NIzt
W<, 3TCT IuA NEEMENMRNZ EZFEH L7, S HICHD £7 /0~ U ZKICE
T 525 HTT OBEROEEITIMR R AR L, BEERICH T 2EEKRIL 4CTE

RERTInAg Roary 7  A—va r EREEEZ R L, WES/MRIZET 55
39



HEIRIT 3TCTIuAf ROary7xA—3 g v bRIBEOME 2R LT, HD 2B 5%
B OB WO IBIT DU BIED A D = XL ZFEH L, RY ZILZ I FROH L

UNRIERHEIS s L7z,
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Fig. 3-1. Amyloid formation of in vitro HTTQ10, Q42, Q62 proteins. Amyloid formation
was monitored by (A) thioflavine T fluorescence and (B) absorbance (turbidity) at 340
nm at room temperature. Black, red and blue lines show aggregation of 2.5pM HTTQ10,
HTTQ42, and HTTQ62 proteins, respectively. Note, both assays show a very similar lag
time for the aggregation of HTTQ42 and HTTQ62 proteins.
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HTTQ42-4°C amyloid HTTQ42-37°C amvloid

HTTQ62-4°C amvloid HTTQ62-37°C amyloid

HTTQ42-4C HTTQ42-37°C

Fig. 3-2. X-ray fiber diffraction and EM images of HTTQ42 and HTTQ62 amyloids. (A)
X-ray diffraction patterns from HTTQ42-4°C, HTTQ42-37°C, HTTQ62-4°C, HTTQ62-
37°C fibrils are shown. The white and black arrows show the spacing at 4.8A and ~10A,
respectively. (B) EM images of HTTQ42-4°C and HTTQ42-37°C amyloids. Scale bar
shows 100nm.
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Fig. 3-3. HTTQ42-4°C and HTTQ42-37°C amyloids show different affinities for
thioflavine T and Congo red. (A) Relative thioflavine T fluorescent intensities of
HTTQ42-4°C, HTTQ42-37°C, HTTQ62-4°C and HTTQ62-37°C amyloids. Values are
mean + S.D. (B) UV-visible absorption spectra of Congo red bound to HTTQ42-4°C (blue)
or HTTQ42-37°C (red) amyloid. A black line shows a spectrum of Congo red without
amyloid.
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Fig. 3-4. HTT protein with expanded polyglutamines misfolds into distinct amyloid

conformations in vitro. (A) CD spectra of HTTQ42-4°C (thin, blue), HTTQ42-37°C (thin,
red), HTTQ62-4°C (bold, blue) and HTTQ62-37°C (bold, red) amyloids.
of HTTQ42-4°C (thin, blue), HTTQ42-37°C (thin, red), HTTQ62-4°C (bold, blue) and

HTTQ62-37°C (bold, red) amyloids.
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Fig. 3-5. HTT protein with expanded polyglutamines misfolds into distinct amyloid
conformations in vitro. (A) Thermal stability of HTTQ42-4°C, HTTQ42-37°C, HTTQ62-
4°C and HTTQ62-37°C amyloids. The bands indicate monomeric HT'TQ42/62 solubilized
from HTTQ42/62 amyloids by the heat treatment. (B) The band intensity in (A) was
plotted against temperature for HTTQ42-4°C (thin, blue), HTTQ42-37°C (thin, red),
HTTQ62-4°C (thick, blue) and HTTQ62-37°C (thick, red) amyloids. (C) Sypro Ruby dot
stainingof HTT amyloid samples showed protein loading (1.00+0.11) between each
sample.
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Fig. 3-6. HTT42Q-4°C amyloid conformation is more fragile than HTT42Q-37°C
conformation. (A) EM images of (left) HTT42Q-4°C and (right) HTT42Q-37°C amyloids
(top) before and (bottom) after agitation of the amyloid solutions. Scale bar shows
100nm. (B) Dependence of sonication time on lag time of HTTQ42 fibirillization.
Amyloid formation of 5uM HTTQ42 in the presence of 10% (mol/mol) unsonicated or
sonicated seeds was monitored by absorbance (turbidity) at room temperature. Lag
time of HTTQ42 fibrillization was plotted against sonication time of HT'TQ42-4°C
(circle) and HTTQ42-37°C (square) amyloids used as seeds. The decrease in lag time
indicates that a large number of seeds by sonication accelerated the amyloid formation.
Values are mean + S.D. (C) Reactivity of HITQ42-4°C and HTTQ42-37°C amyloids
with various antibodies. A filter trap assay was performed in the presence of 0.5%
triton X-100 (left) or 1% SDS (right) and processed for immunoblotting against a 1C2,
3B5H10 or anti-htt antibody. Coomassie brilliant blue (CBB) staining is also shown

below. Values show intensities of the spots.
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Fig. 3-7. Different growth rates of HTTQ42-4°C and HTTQ42-37°C amyloids suggest
distinct conformations. Fiber growth rates were calculated from initial linear slopes
(generally within 1 hour) of the seeding reactions of HTTQ42 in turbidity assay at (A)
4°C or (B) 37°C. 5, 10 or 20% (mol/mol) of sonicated HTTQ42-4°C or HTTQ42-37°C
amyloids were used as seeds. Values are mean + S.D. The difference in relative fiber
growth rates of the 4°C and 37°C amyloids between the seeding reactions at 4°C and
37°C suggests that the two amyloid conformations are different.
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A

+Buffer alone

+HTTQ42 amyloid

+HTTQ42 amyloid

Fig. 3-8. High magnification images of HTTQ150-GFP neuro2a cells in which HTTQ42
amyloid was introduced and colocalization of HTTQ150-GFP foci with in vitro HTTQ42
amyloids. (A) Fluorescent and DIC images of the HTTQ150-GFP neuro2a cells after 15
hours of HTTQ150-GFP expression and cell differentiation. (B) Fluorescent and DIC
images of HTTQ150-GFP aggregates (green) and in vitro HTTQ42 amyloids labeled by
Alexa Fluor 555 (red) in HTTQ150-GFP neuro2a cells. Nuclei are stained by Hoechst
(blue). Note, the colocalization was not observed in all GFP foci, probably because a
very small size of labeled HTTQ42 seeds introduced into cells could not be easily
visualized due to the coverage of the seeds by large HTTQ150-GFP aggregates. Scale
bar shows 20 pm.
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Fig. 3-9. Significant accerelation of HTTQ150-GFP aggregation by introduction of in
vitro HTT amyloids. (A) Buffer alone, GSTHTTQ42 monomer, HTTQ42 amyloids,
GSTHTTQ62 monomer, HTTQ62 amyloids or BSA aggregates were introduced into
stable HTTQ150-GFP neuro2a cells. The number of cells with HTTQ150-GFP foci was
counted after 15 hours of the HTTQ150-GFP expression and cell differentiation. Values
are mean + S.D. (B) In vitro HTTQ42-4°C or HTTQ42-37°C amyloids together with
HTTQ60-GFP plasmids were introduced into PC12 cells. The number of cells with
HTTQ60-GFP foci was counted after 15 hours of theamyloid transduction. Values are
mean + SD.
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Fig. 3-10. Different conformations of HTT amyloids show distinct cytotoxicity in neuro2a
cells. (A) Thermal stability of the HTTQ60-GFP amyloids formed in the presence of in
vitro HTTQ42-4°C (HTTQ60-GFP[HTTQ42-4°C]) or HTTQ42-37°C amyloid “seeds”
(HTTQ60-GFP[HTTQ42-37°C]). (B) The band intensity of HTTQ60-GFP[HTTQ42-
4°C] (blue) or HTTQ60-GFP[HTTQ42-37°C] (red) amyloids in (A) was plotted against
temperature. (C, D) Buffer alone, in vitro HTTQ42-4°C amyloids, HTTQ42-37°C
amyloids, GSTHTTQ42 monomer or BSA aggregates were introduced into HTTQ16-,
Q60-, or Q150-GFP neuro2a cells under a regulatable promoter. HT'T expression and cell
differentiation started after 3 hours of the in vitro amyloid transduction. The number of
cells with HTT-GFP foci was counted after 15 hours (C) and cell viability was examined
by MTT assay after 4 days of the HTT expression and cell differentiation (D). Asterisk
denotes £<0.01. Values are mean + S.D. (E) Cell viability is dependent on concentration
of in vitro HTT amyloids introduced into neuro2a cells. Buffer alone, in vitro HT'TQ42-
4°C or HTTQ42-37°C amyloids were introduced into stable HTTQ150-GFP neuro2a cells.
Cell viability was examined by MTT assay after 4 days of HTTQ150-GFP expression and
cell differentiation. Values are mean + S.D.
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Fig. 3-11. HTT amyloids in different brain regions from R6/2 mice show distinct
conformations. (A, B) Aggregation profile of in vitro HTTQ42 in the presence of HTT
amyloids from R6/2 mice (A) or corresponding insoluble fractions from wild-type mice (B).
Black, red, blue, yellow and green lines show in vitro HTTQ42 fibrillization in the
presence of in vivo aggregates from cerebral cortex, striatum, hippocampus and
cerebellum, respectively. (C) Thermal stability of in vitro HTTQ42 amyloids formed in
the absence or presence of HTT amyloids from different brain regions of R6/2 mice. (D)
The band intensity of HT'T amyloids in different brain regions of R6/2 mice in (C) was
plotted against temperature. (E, F) Structural analysis of HTT amyloids in different
brain regions of R6/2 mice. (E) FT-IR spectra of in vitro HTTQ42 amyloids formed in the
absence or presence of HTT amyloids from different brain regions of R6/2 mice. (F)
Difference FT'IR spectra by subtraction of a spectrum of spontaneously formed HTTQ42
(without seeds) from those of HTT amyloids in different brain regions of R6/2 mice.
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Fig. 3-12. Distinct conformations of HTT amyloids in different brain regions of R6/2 mice
show distinct cytotoxicity in neuro2a cells. (A, B) Buffer alone or in vitro HTTQ42
amyloids formed in the presence of HTT amyloids from different brain regions of R6/2
or WT mice were introduced into stable HTTQ150-GFP neuro2a cells. The number of
cells with HTTQ150-GFP foci was counted after 15 hours of HTTQ150-GFP expression
and cell differentiation (A) and cell viability was examined after 4 days by MTT assay
(B). Tg, WT, CTX, ST, HP and CBL denote R6/2 mice, wild-type mice, cerebral cortex,
striatum, hippocampus and cerebellum, respectively. Asterisk denotes £<0.05. Values
are mean + S.D. (C) A proposed mechanism of conformation-dependent cytotoxicity of
HTT amyloid.
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BWIE ~UF U PUIRICBIT A DISCL EEBANAVFUF
v DILEFEIZ L B PDE4 OFBRAL

i

Br o0 EEHEHEREEICL > THLREHES T 5528 (Craufurd and
Snowden, 2002) , HD OFEHIEIRIZIIT D07 A D= XA LIZOWTT LS ST
W7, HD BE ORMESER-> HD €7 /v ChH D HdhQ111 ) v 7 A >~ T ADKIZ
WTHEAD I A 27V v 273’577 /v 1 U2 (cyclic 35 adenosine
monophosphate; cAMP) (i 7 F WAREEIZE 1T B EBERHER OO EDTH Y,
Z D cAMP E T HHRAR Y AT T —FE 4 (PDE4) 7 7 I U —(ZMHEREDIEE
M, BFICBOALO LS REMREBELZFHHT L TV DL I LR RBIATND
(O'Donnell and Zhang, 2004; Millar et al, 2005; Menniti et al, 2006; Burgin et al.,
2010; Houslay, 2010) ., Z® PDE4 & OEHEN MM EEATLEGX XV ETH D
DISC1 IMEMEDEEEIELTENT 2 Z L VRSN TV D03, MR ZR 7 REE T O
DISC1-PDE4 fHAEH O BEHEMEITIZ L A CHME LTV (Harrison and
Weinberger, 2005; Millar et al, 2005; Murdoch et al, 2007; Kvajo et al, 2011;
Brandon and Sawa, 2011; Johnstone et al., 2011; Narayan et al., 2013; Niwa et al,
2016) . FHIUFEL, HD (2B1) 5825 HTT O%E2 5] X = 3 DISC1-PDE4 1 A{EH
DEE L ETNRNTFHFET HTEFHNREICBIT D20 F A=A L0 LB E L

7’:,
—o
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¥ L O

1. 77 A REpilk

BRI 2 W= EBR 21T 2 72012, 2K~ 7 ADISC1 cDNAB LUkt b
PDE4B1, 4B2, © L <134B3%, NAKMIZHA & L<ldmyc ¥ 7 % DpRK5 X7 #
—, b L<IZCKREIZmyc/His6 % 7 % & OpcDNA4 ~7 % — (Invitrogen) (ZHfA L,
RHAR 7 B —ZREE LTz, FRRIC, NRIR1-677 2 7 Rl ks L O NoRiR1-518 7 2
JEEBERIZ18E L 1E820 7/ v % 2 ) B — k2 ETHTT cDNA%, CRIflZEGFP%
1, DpCSI-CMVR 7 % — (BULEAIIEITANA 4V VY — R X —X D AF) ITEAL
7z, b hDISC1cDNA, PDE4B2cDNA, HTT513Q18, HTT67Q42(%, pCold-TF
(Takara) , pET29b (Addgene, Cambridge, MA), pMAL (NEB) , pGEX6P2 (GE
Healthcare), 7 # —ZHEA L, Kifly oV EREEEIER L, Ly FIANLRE
ERIG 572012, CRIRICHAY 7% 211 722 EDISC1H L < IENKK 11-3160 5 H
201-2287 3 /% RS W= 4B~ 7 ADISC1 (A 201-228nDISC1) %, pCSII-
CMV-IRES-Venus”'7 A X FEULFIIFEFTAA AV Y =28 Z—L 0 AFNTHT
ra—= 7L, NIL=TTAI REHE LI, £z, rAAVIERD =012, 2R
DISC1% L < X A201-228nDISC1%, pAAV2RY ¥ —F 5 A3 RIZEA LT, LT
T A VAFELICNE g~V R—TF 2 3 R TH HpCAG-HIVgp, pCAG-VSV-G7' 7 %

RIZBYLZETEFTANA A ) V=R X —L D AF LT,

~ U ZDISC1D317-8527 X / BEWT kG & L R BEIZHRI T 2 % FR Y 7 m—F
N~ 7 ADISC1HiA (m317C) &, & KDISC10316-8547 X / Fali kil & o Xy
BTk 209X RY 7 a—F e RDISC1HUA (h316C) 1%, BRALAMFIEA A

wEmEE L 22— —F I VY —2 o X — B W TEREIToT-, YT RE )Y

o —F v~ v ADISC1HUR (M49) 1%, ~ 7 ADISC1M317-8527 X / [l ks il &
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VR EHR E L CER L 72 (MBL, Nagoya, Japan) , ~ 7 ADISC1HUADREFED
72012, DISC1DO EEARERRE100F 2 X)L DT A V7 4 —h & KIS LT-Discli&
¥R~ v A (DiscI LI) %ffif L7= (Seshadri et al, 2015; Shahani et al,
2015) , HUKICHOWTIE, HA¥ 7, myc¥ 7, GFP # 7 I1Zxtd 2~ U A€/ 7 n—F
PR (Nacalai tesque) , 7 ADISC1 (2B3) BLUB-7 7 Ficxtd b~ A€/
7 v —F )VHiR (Abcam, Cambridge, UK) , HA% 7', myc# 7', GFP X 724 2 v
AR 7 a—FaAfiik MBL), =7 ADISC1Hik mEx3 (Ishizuka et al, 2007;
Ishizuka et al, 2011; Seshadri et al, 2015; Shahani et al, 2015; Saito, et al, 2016)
F L OD27 (Brandon et al., 2004; Schurov et al, 2004; Hayashi-Takagi et al, 2010;
Ishizuka et al, 2011) , t FDISC1Hiik 14F2 (Ottis et al, 2011) , HTT #iik EM48
EMAB2144 (Millipore, Burlington, MA) , & 27K U 7 v —7J/Lyi-pan PDE4BHT
& (Huston et al, 1997) #{HH L7-, £7-, IZLEFERO a2 ba—1D=do

~ A, 7YX bV PIgG (Santa Cruz, Dallas, TX) Z{#H L7,

2. R6/2~ 7 A

HTT67 cDNAHTT= 7 ¥ > 1IZFHY) (2140—147TDOCAGY ¥ — F 2 &Te b T U A
Y x = v 7~ AR6/2% Jackson Laboratory (Bar Harbor, ME) X VW AFL, #1130
CAGY v'— M & fjolfi~ 7 A ZPIREBAE T2 Z LI X - TRuMER L, M L7,
R62+T7 AV x=y 7~ ABIOREOEAR~ D XA ZRfEEL, M2 HL,

R8RSR B B LT, PDEIEMEZ IR D 729D1Z, IMIE—80°CTHRE LT,

3. HDHEE OHIFM
37-765% D6 ANOHDHEE & 3ADIEHH L 0 55 FEZ N R PMIL 12-32)

%, Harvard Brain Tissue Resource Center L W AF L7-, Wil L OEEH AT 7
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47y VIR E S RAREE, ok, L& ST,

4. PDEIEMEOHIE
PDE4IE MR E S HIEIC L - TEHAIL 7= (Takimoto et al, 2005) ., b L < i
Mz, 7>a77—8A e & =277/ (Roche) #EHTHKHEM Xy 77— (50
mM KC1, 10 mM EGTA, 1.92mM MgClz, 1 mM DTT, and 50 mM HEPES, pH 7.2)
NTHEYFA XL, miL, £OEEEZPDEAFEMICHVZ, 1 uM cAMPAE 2
BT D cAMPRFRAYER AR Y AT 7 —ViEM %, 406t (Molecular
Devices) #ffifi L, PDE4 (10uM) % 5ERUZRRAICIHEFE T 2 IREN 530> T D
PDE4HEAITH D 1Y 7T AL B L OIEFE F COEMRSEMHE S L ICEI LTz

(Houslay and Adams, 2003) .

5. ULAZ U TavyT 4T

AR & X7 B ORI, 5—20%REAELT 7 VLT 2 K40 (ATTO, Tokyo
Japan) B X OPVDFIEEZ W\ =2 X T v wT > 7 ORI FEEMERL
oo HEYZ R EEPURE Lie—IREUAR & OROGH, BIFEOBEET 5~ A4 ¥
X —E2HEAE Z%PiA (GE Healthcare) % i S, & 5IZSupersignal West picod, L
< (Ifemto b4 3% (Thermo Fisher) & i &#, LAS3000 (GE Healthcare)

(2 & o TG & gt L7z,

6. LR
HRPf 1L, RIPA/Y > 7 7 — (50mM Tris, pH 7.4, 150mM NaCl, 1% NP40, 0.5%
FAXa— BT ) UL 0.1%SDS, a7 7 —Y A b X —%5 77 L; Roche)

IR Uz, BRI R 2 R e U, fARA 2 4°C FC200 X g, 347 im0 L
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A E 2 R PUA S L < IdEA Lica o b — LIgG & #5A S B 7 Dynabeads ™

77 A G (Invitrogen) &b S w7=, frawt¥ 378 (GFP) & L<IX

)~ =Rt s X (mRFP) #fEG/N— N F—DOx AT 47 arhr—pb L
T L7z, ket ph 4 226k T, Crosslink Magnetic IP/Co-IP Kit (Pierce) # fi
EIEDT | b 33— /W o TR L7z, —kds KO RGBIETERRIEZ 11€ anti-
DISC1 (m317C) & HTTHAMAB2166) % vy, T Ziici Liz1gGaE R H T «
Tarvier—E LTHERNLE, BEaMaIERE LT HTT513Q18-GFP & L < iX
HTT513Q82-GFP % i H Xt 7= HEK293THI Y O Ml A iRk 2, DISC1-mycks X
U'PDE4B1-HA % i J5s 8l X 2 7-HEK 293 THI ARV I N %2, = DIRAWK % Hic—mye

PURIZ & D e RS2 BRIE L7,

7. NEWHE DT AL Ty T 4

B AR LOR620~ 7 AMBE S L IFHEEOY 71 (0.1 g 21 mLo
RIPA/N > 7 7 — (50mM Tris, pH 7.4, 150mM NaCl, 1% NP40, 0.5% sodium
deoxycholate, 0.1%SDS, and protease inhibitor cocktail; Roche) H1C7F ¥ ¥ JLiRkE Y
FA B —%&H L1,500rpmiZ T15FEIFE X H7-1%, 10R M8 Z M (Branson
sonifier, H{7715%) 9252 & TRE L7z, Z OREIE#4°C, 200X g T3/ 3 5
Z LR o TREEI Y ERE L, BomEE Lz, BOEO—E% X 51216,000XgT
155 [0 U EiE 220 L7=, #7E (total homogenate) & i /7]
(supernatant) @ % > /37 EJE % BCA assay kit (Thermo Fisher) THIE L, %

neougD L NI EBE 1T VT EIMEHL, A 5T ay T 4 T ERIToT,

8. T AINH— T TN

BB L OR6/20~ 7 A, b MER S L ITHDEE OMEE B X OWRSIRY 7
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N (0.1g) %, ImLOFaT7—¥ A b B4 —h 7 T2 & PBSH TF VX )LKE
T AV =2 EM L1,500rpm|Z TI15MEIEE & H7-1%, 10FHE 5 A (Branson
sonifier, H17715%) § 5 Z & TR L 7=, BBk Z4°C, 200X g T30 WimE LT 5 2 &
WZ L > TR ZFRELRmEE L, & OROE O Z X7 HIRE 2 BCAGHT *
I (Thermo Fisher) TH|E L7=, 50ugDi/lE % N7 Exa Ry b7 w v MNEE
(Bio-Rad) Zi%@E L7-k/ro—A7 &7 — FE (0.2um, Advantec) (21 70T & I12#
B, 2%SDSTHHL, A1/ T7ayT 40 T xR iTo7-, BEICHE - T Lok
NIERBIIY AL T ay T4 v T BRI v —7 VT b7 L— (CBB)

GeilZ Ko CHERE L T2,

9. fRyERLE

~ U ANE 4 Y%/ NTHRVLET VT B RRERIZE > THEEL, 74 v av Tk
(Shirai Kogyo) (2L > T L, “FfbRFET AL > THfESET, 7 VA RAH >
k (Leica CM3050 S) (2 & - CHAEEHE L7225 10umD/E S O 2 ERL L, %
WP E(ToTo, N7 7 ¢ A SNz MME 5pumdE S I2HEE] L, 10mM 27 —
YNy 7 7 =R pH 6.0 T 121°C 35MA— 7 L—7 4252 L2k, gk
B EA TSz, EHIZ, NI 74 VEUIFIZV R 7 AF UL D BFERNEZHERIED
7=®1ZTrueBlack (Biotium) TH L7, ZD%, —RHUEK (100-500574 ) 6 L
Alexa Fluor 488-% L < (2546-1%i% —ZkHifk (300£5AH) (Invitrogen) ZFIHI L, H#O
SRt 1T > 72, &Y 13 Vectorshield mounting medium with DAPI (Vector
Laboratories, Burlingame, CA) %AW TE AZITo7-, EHiEH L IIT 7 4 i
BEO oA EEG I, HES L — Y —BHEETCS SPS (Leica, Wetzlar, Germany)

L < 1% LSM710 (ZEISS, Oberchoen, Germany) (Z & - CTHEMT L 7=,
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10. V=arEF v hE U7 EOREL L BHERTEAL

HisGST# 71y EHTT67Q42D I B LA D IFIEITHE == IR Lz, His-# /&
t NPDE4B2 1% E. coli. (BL21 (DE3) Rosetta) T25°C TH:# L TR SYE, =v 7L
7 Hu—A{E (GE Healthcare) % L CHH L7=, DISC1# > 7 & IpCold
TF (Takara) X7 % —>5 OHisx7-% 73 X Uttrigger factor (TF) & O@he % > /37
B L LT, E coli. (BL21 (DE3) Rosetta) #15CCTH#E L C, = v 77 A —AHHK
(GE Healthcare) #f#if L CIEEMESIETFT1 M NaCl 8L 02mM B- AV 7 b= X
J =& EE50mM TrissHCl N v 7 7 — pH8.0& i L TS L7z, DISC14 > /3
7B #250mMODA I XY — )V EE TNy 77— L, JB#E L, 1000K7 ¢ L4
— (Millipore) Zi# L, § CITAHET DEEEZIY IR e, KU T 27 YT I RS
JVER KB DOCBB 4efaic X Y DISC12390% LA FHERLE T\ D Z L 2B L, & v
X7 B PREE 7 HisTF-DISC1OW AR EL (85,600mM/em) KV B L7z, EEEMEERD
7212, ImLO5uM # > 37 EIEIRIZ X 7 &8T5 728010 = > F Oturbo3C~”
17 7 —% (Accelagen) %%, =5 L FEEED FIET, 2mLTF = — 7N T3TCEHMH:

TTOREESEERAS L2 LICKD 7 Ins REEAG ST,

11. In vitro DISC1¥EERD K-S

DISCUEBERD AFEMRFEIT T S v NEEREHIAFECH LT A7 7T
(Sigma) ZHAWTER L7, 12.5uM OF 4+ 77 £ TE5uMODISCIEERZ G e
50mM D7V Ny 77— (pH 8.0) Z LS H, 477 B ToOwE®R T L
— kU —4%— (ARVO MX, PerkinElmer : [i}iZ£442 nm; W¥483 nm) &R
LTz, B BRI X 5 DISCIOFRE MBI D= D12, 2uMODISC1EEE
K& —Ra— hI72400 A v > 2 D7 Y v R EIZHEYE, 100mM Y gy 7

7 —TCHEE L722% /R TRV LT IVT B REQUTNH—LT LT b RIZIREL, 2%
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VEEY AT TR AT 4 T Yttt Uiz, DISCIEEEROELESMERE M fafk 2~z
v (Far-CD) & 7— U 2B RV R D 27t v (FT-IR) 135 =R
L7715 CHIZE L7- (Ohhashi et al, 2010) . DISCUEEE IR DEEE .08 1K1$4800
plus MALDI-TOF/TOF Analyzer (AB SCIEX) % iV CEEH O 1L TRIE L7
(Suzuki et al, 2012) , DISC1EEKRDOENREIT, 22 =~ ; Dturbo3C protease% il .
725 mMY UEEH U ANy 77— (150mMIE LT b Y U A% ETe) (pH 7.4) IZHR
L7210uM®DDISC1 % L < [ZPDE4B2 % > /7 B OWSEE (B : 0.D.405nm) %, 7
L— kU —%— (SpectraMax M2, Molecular Devices) % L CRIFHICEHHI L
Teo L= MU= =325 T LIRS LTc, BEEIKD T — RiX, 5uM & /3
B ORHERZ 10 E A (Branson sonifier, H7/15%) L THEL, 2> hu
—NELTH T THLTFOEENEIHER L, 74N E =TT T veAIT Ry
N7 m oy R (Bio-Rad) (285 L=k n—27 &5 — ME (0.2um, Advantec)
(2, 20 [BEHE S8 7-10pgWHTT67Q42, DISC1 & L < 1% BSARHEMRZW S SE5 Z
LIk Vit YU ERESEEEL O —AT T — MEIZEmMO U R U
U LNy 77— (pH 7.4) £2% SDSTHed L, EHUARS S L iEH A 7 e e —
Yt (Bio-Rad) (2 & - TREMEmIy Z M L7z, S ihBE BT Y 2 e v Mg
DISC1% > /7 /&g %, 3005 1 # )L k [RAMEIREE (Sartorius, Géttingen, Germany)
koL, BEfFo4 Y I~—%REL T W, Var e FDISClE
BSA% > X7 B ITHA-HTT67Q42 7 2 A R — R (10% mol/mol) /£ F & L< I
I FCEHA ST, B S %, RSN IREERZHAE —X
(Invitrogen) THHHE L, 0.1% triton X-100% & ¥ N v 7 7 — TP L, FLHAFUAE X

U'h316C DISC1fikx W Cv =R & T avT 4 T &H{To77,

12. XRIF K7 LA
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MBP-HTT513Q18% E. coli. BL21 (DE3) Rosetta TN Hisx 74 7 Z @A S8 7=
BRI E L TC20CTRELEH, TR-DISC1REERICHER L7z, CBBYIZ L v L4
N7 HOMBP-HTT513Q18 DAl 7390% LA = Tdb 2 O & 78 L, MBP-HTT513Q18
DWW eARE (37,940mM/em) (k0 Z o 7 BHigELZEH LZ, ~7 2B LUt b
DISC1DO T F K7 LA 1%, lnug®MBPDO A L < [IIMBP-HTT513Q18% > /X7 E %
NXTF KT LA ICHAEPBS T L, #tHl%21T -7 (Bolger et al, 2006; Murdoch et

al, 2007; Hayashi-Takagi et al., 2010) .

18. LY FUANRETT IR A VA (AAV) DFEA L~ T A~DIEA

HEK293T #fifid 2 pCSII-CMV-mouse DISC1% L < {£A201-228-DISC1-IRES-

Venus 77 A X K& pCAG-HIVgp, pCAG-VSV-G 77 A3 R&EHWTIEEGH L,
10pM dforskolin (Sigma, Tokyo, Japan) ZHMifgis&ikicmziz, L>F T A ILAD
F&H41L, Lenti-X Concentrator (Clontech) % i L Ci#Ed 5 LISMIREH O LD
V21T~ 7= (Hayashi-Takagi et al, 2010) , L > F 7 A L AFEHKIL, 10mLOE:HA)
SFEELL, 200 pliZ#HE L 7=~ L > FMIMACS B27 plus (Miltenyi Biotec, Bergisch
Gladbach, Germany) &-X=3U > A RFL 7 k<A > (Nacalai Tesque) % &ie
MACS Neurobasal media (Miltenyi Biotec) |2/ L 7=,

TEN [ TE A AT 238 i O B AR X OR6/2~ 7 A DO+ TG 0 B lifH]2.0mm, A5
W2 -> T O0mm BEWY 1.0mm, EZ2.0mmONEIZI T2, 1pld L FUA LA
AR50 1/ minDH X T~ A 7 v A > = 7 #— (Narishige, Tokyo, Japan) %
THEALZ, =T 2O R &2 A T2 B2 IR 1L, Venus & DISC1OH#RZRA
BT DR LHRT DT DITIT o7z, VA L ARG S W7o RGHIa 2 b 5 72 6
(2~ 7 ADRRSRAR A ELY H L, Papain Dissection System (Worthington, Columbus,

OH) BXUHila%Z = 77 v 27 & (Nacalai Tesque) THLFE L, VenusZ 3881 L
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Mmook e Yy AREOME 7 e —% A A N U — (FACSAria, BD) T#
b, 4°CT1,000 X g 1557 ffiE 0 L THED T,
AAVOREAE, FERLE L OVRMHIEREH O F1EIZE -~ 7= (Seshadri et al, 2015) , ENL

MEAN b _EFERERICAT o 72,

14. AAVIEA~ T ZAOHTTESER & A A= A7 =R DO figet

AAVIEA~ T ZDMEEMAITI T 2 HTTESER 2 & O fifa & AR DX D it I,
BEH 0 J571%TfT - 72 (Tanaka et al, 2004) , AAV-EGFP % L < [%-A201-228-
nDISC1ZEA L7e~ U A DMFEEDOHE Yt TEM48 (Millipore) 3 KU NeuN#HifEk
(Millipore) Z M\ T, #ffEieta t L < IZABC Elite kit (Vector Laboratories) %

AW el K> TYT o T2,

15. ~ 7 ZADATENMENT

HRERIR~DAAVIEANT, 8-9flin DB AR L UOR6/2~ 7 A% W TITEN R 21T -
7z m—4 vy NTERRER: ~ 7 2 &[0 (Muromachi Kikai, Tokyo, Japan)
i, ~ U AO[EERE) T oOEITRIM A G L7z, BlEsA E— RiE, 1H B (Z4rpm ,
2H BH2255H BHiF445 [ T4rpmH> 5 40rpmiZHE L & 51240rpm T & 9 147 [ElERF <
iz, =7 RF1EBIZ2HMO b L—=2 27 %TW, T LTC2HENSLEABIEA v 4
—/NLE20—30Fb & D 2R3 G, — B4R, KRR KR300F E L TEREITTZ, v T A
DOEHAECOEATREITEEICB W TR L., =77 4=V RT AL 4=
Y7 4= KT A MIBEHO®MEIZNE > TIT o 72 (Takashima et al, 2011) , EiLZE
NO~ TR %A —T207 4 —L K (50x50%40 (H) cm) O RICE X, 155 M HHIC
B S/, ITHBEE (cm), Xk (30%) & L < 13£45x5 subdivisions TOHTE

e (%) %2150 2HE L, TimeOFCR4 (O'Hara & Co.) (2 & - TH#MT L7=, BHRERE
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WHRERBR I ZBEHH O FIEICHE > TfT - 72 (Takashima et al, 2011) , ¥~V A&ZZNEH
HDLWHEIZAN, V7 PR TR U X5 S EBICEBHIC hore~D R
TR, ¥V AZLDA v 7 A AN TL0 M B BICTE) &8, I TEhIERE & A% ©
DOWAERFR OFIG &, BIFE & R OMOBENRE L BAIIER~A D £ TORRM %5
WL 7-. F04%1%, Time LD4 (O'Hara, Tokyo, Japan) |2 X - THHT L7z, %7 1o — g
HERER: ~ T A %2205 % DR MANBEKD LIE2% A7 0 —ANRKD 5 L 91T
HEL, Kb LIZAZ o —ADHEEELZ4AMEBF L, 200K MLOBHTIZ2
HRIZAH Lz, A bvd U <IIAEICRRIET R o 7o, R v — RRBLFE D FHA
fEIZDWTIE, 4 A ORBIKEIZE T 2 A7 n—ABREOEIGEZHI L, L
2o E—EHORBR~ T ZEZ15HO E—EZE W — I AN, 200%IC 7 —Y D
BEAEARE L, KOt —E0BEE A T2, X AT 1 71THERBRCIE, v U R
BRI DN T2 — DI A, ASHERIR I C 77—V O EEEHRE L, BIEY 0%y, BE

HOFERBEIZZ 27 1005 512X - Tt L7 (Nollet et al, 2013) .

16. #EatsBIfgEnT

ZOD 7 N—7EStudentDt-test (MAIEE) I[ZXL > TPEAHEM Lz, ~ 7 XADIT
BT 5t 3 H LT E BIZEWT A—T DA, — ol ESEONT (one-way
ANOVA) OH L 512 A7 zu—=f%EEEZ{To7-, PiE%Z<0.05 (¥), <0.01

(**) , <0.001 (***) L L THEELXEILLT,

17. WFZEICBIT DA ST
T RCOEPERIL, FALFIIZETB LI ONY 3 v AR T X0 ARFOEREWMEE
S2OEKEOTF, BHTHEDCNA T4 2 85F L TTo 72, diMiZHarvard

Brain Tissue Resource Center (McLean Hospital, Belmont, MD) X VW AF L 7=,
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e R

1. HD~ 7 A€ 7 /VR6/24ZF1T 5 PDEAEMEDH K

R6/2~ U 27 /21T 2 HTTESEMAIERIT, 3.508 #2350 TRIMECHE, 450 nIC
BWTHEETHE D, Tl CTHIRICKRI S, EITRICHgET 5 (Davies et al,
1997) . ZOETNEMMAL, £TPDE4ENEA4, 8, 12ECTFHMI L, T2 &8l
PREZRN Z & 1Z, 8l D KRAMECE & MRS iAW i CPDE 4 1EMHED D & F LW R B S
iz (Fig. 4-1A) . HDE 7 /L COPDE4 {EMEOEEA R &7z 2 & 1F, R6/21I2F0
CPDE4HIHIFICH LD 1 Y 7T ABNH 2 B2 r LB ot & —89 %
(DeMarch et al, 2008; Giampa et al., 2009) ., PDE4IGHIIHREAY 77L& I &%
BT 22 ER BT VHTT67Q150 (Wang et al, 1999) (28T %, HTT67Q16
M N T3MELL IS B5R- L2 2 &0 5, PDE4IEMED FT T polyQDF S IC 88 % 5%
5 Z LR ENT(Fig. 4-1B) . PDE4IEMEOZ b1 218 £ TR Iz, KK
BB COPDEAEHEDHINMERER & & b2 Lz (Fig. 4-14) . KMREICHIT S Z
DOIREFENE 5 W, BB TOMBEMILE DR R b Ltk Ay, Ziuidie L AR6/2
VU ADBGERTHATL TR D Z ERMBLN TS (Davies et al, 1997) . 7233,
ZOFERTIILTOPDEAY 7 % A 72l 5 Z & 231 541 TV % pan-PDE4S R M
0 ) 77 A&10uMOEE T L7~ (MacKenzie and Houslay, 2000; Houslay and

Adams, 2003; Houslay et al, 2005) ,

2. ZOMABDZ N7 EEAKRIZ X S PDEAEEO
DISC1i%, dynactin (p150glued) , nuclear receptor corepressor (N-CoR) ,
pericentriolar material-1 protein (PCM1) , Kalirin-7E AHEAEA L TE Y, T bH9

~C2%huntingtin-associated protein 1 (HAP1) & & L <IZHTTEAMHAEEHL TS
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(Brandon and Sawa, 2011; Johnstone et al, 2011; Narayan et al, 2013) , DISC1 &
HTTIZ @22k G/ — N —DNEEECTHRET 2 2 L, ZhbD 20X 7 g
EEES L IXMBEMICHAFERT 2 THAH 2L 2B L TBY, Rilfd/ A 4 A
VI FRT AT Tu—F L EREEOREEEZ LTS (Boxall et al, 2011) .
DISC1E:PDE4% o /37 A BRERN RIS BB -2 @ L [AfRIC (Millar et
al., 2005; Murdoch et al, 2007; Carlyle et al, 2011) , A#F5E Tl1ZDISC1-PDEA4,
PDE4-HTT, %= L C HTT-DISC1MHENERT 575 5 &\ 5 R & L Cre,

ZORBERRGES 272, ~ 7 AR A 7o o iR 2 520 L, DISC1-
PDE4, PDE4-HTT, = HTT-DISC1% > 27 EOAMEMEZFE L7~ (Figs. 4-2A,
B) . DISCI-HTT 5 XU DISC1-PDE4fE G 13/ & 0 #REIKRSCKMEE T S 6 12
FEThoiz (Fig. 4-20) .

WIZ, ZNOD=FEDZ R EPEEREIENT D a2 L 25, Hfpry g
ERBEIZ K0 2D L5 e =B DEEIROR R A BT 5 2 LR T& e (Fig. 4-
3A) . PDE4DT A V7 4 — LDV & DT HPDEABIZ KM ECMGIRIC B TH
XHENCEE B L, EHEAICDISCLE M AEMEM T 5 (Murdoch et al, 2007) , &5
\CEE T EERFZEIC L 0, PDE4B 2ADISC1OMREN /e EE /2 \— b —Th 5 =
EMNRIBEENLTWS (Millar et al, 2005; Fatemi et al,, 2008) , PDE4Bi&Efs 113\
SONDOWfERT A Y 7+ —L%wa— KL, £E/ 0L L TPDE4B1 £ PDE4B3 @
F\WERE L PDE4B20 WV EREN & 5 (Huston et al, 1997) , AMFFETIZZFD L H 1
DISC1E ZNHEDENENDT A YV 7 4 —LEDFEBRITOVWTEIHMEIL, £ L TEhE

NODISC1E# L CHTT E OfE & % i+ 5 = L A CTx 7= (Figs. 4-3B, C) .

3. HTTEDISC1D X RV EHESTORY V2 I L AfJE OB B 70750 5

PDE4, HTT, DISCLIZ = 2flAD X L R I EHEEREZ BT D, ZD3DDH X
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7 EOMAMERICH L, HITORY Z Vs IV BEMENED X 5 ICHETLONE,
HTT513Q18, HTT513Q82%DISC13 L 'PDE4 & [FMHCRILE 5 Z L2 L v Mt
L7z, ZOfER, HTT513 L DISCIOMANEMITIARY v 2 I Uil L Tng & &
IR LT- (Fig. 4-3D) . ZOFEEOEINL, MUEESORY FVvZ I v Zateid
WNZKWT R HTT67Q82%DISC1 & i Sz & xio b - s sz (Fig. 4-3E)
L L7235, DISC1 EHTT51304E 4 1%, HTT67TE D X v #@ans- 7= (Fig. 4-

4A) . O OREFITHTTO T X/ BRI H6TE % &1 1 1ZDISCL L G35 DIz
T THL0, MIRT X / #E680L513EM A NS LI AE/EH A RET L Z L %
RLTWD, HELEZARY 7043 0 OF8IIPDE4B L HTT5130 M COM E/EH T
FEZENT (Fig. 4-4B), RU 7% 2 o OfE7HTT-DISCHHA/EMIZ I THr

PRI BT P R B A R o TV D T L 2R LTV D,

4. R6/2~ 7 2 L HDIMIZ I T 5 DISC1 D SDSAYAMEHTTERSE /A~ D= IR 1
HDDORHED —DIIMMEA Y 7V I 2% 5 Lo R S HTTO SD ST SR/ B KD
JERCTd % (Scherzinger et al, 1997) . DISC1H F7/2EHE LT W2 0 E SN T
W5 (Leliveld et al, 2008; Atkin and Kittler, 2012) , & DJFREA: FE 2R B 3L
SNTIHIE-> & W LTV, Z07oDISCIORFE AR6/2E 7 /L7121 T < HDE
H S OO SDSIIHE SN THRIBSNDINE DD, Z4NVE— T v T T vtk
A % FEfE LTz, R6/2~ 7 A D RIGEE M D SDSIHPE RN /3 B2 35 1) 5 DISC1i#
I, EE~ U 2ADZE TS TR o7z (Fig. 4-5A) . RO/, HD
BEBIOVERE N 706 OSDSAREME S E gt s - (Fig. 4-5B) , xR
#9912, PDE4BIL & DY o 7 v O SDSHHPEAREEME BIZ B W T HIT & A SR S 472
o7z (Fig. 4-5C) . BT, VT RAZ T vT 4 7 Tl R6/2~ 7 A5 Ok

R 2 TEN LT 7L D bz 38T, DISC1O M s A Mt L7-72%, PDE4BTlX
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B E 2o 7- (Fig. 4-5C) , 2D Z 05, R6/2MKIZEH W THHE S 7=DISC1ix
SDSARVEMENTUHE LEEEEMED i £ » T 223, PDEABIZHTTEEER D F1EIC B % =
F, BB S TN RN D & R S s,

ANEMDISCINAERHTTESRIK AT 22 LR TE 0 E D DD 20T,
P MO AT VRET LTz, ZOEBRIZ K 0, R6/2~ 7 AD KIMEE & MR
DO 5T, FRHIIZNIZ T 5 @R E O DISC1HUAR G MEEEE RN A HTT O BN EE
FIRLIR[IEL TV D Z e Bl sz (Fig. 4-6A) . DISCLIFHE ST 5 K9
RIS & B 7 12 JRfET 5 (Sawamura et al, 2005; 2008; Malavasi et al, 2012;
Soda et al, 2013) , =iz, DISC1DO&WNRITEIZENHTTERERN~D LY AT
B L T D ATREMEA @V, & 512, DISCL & HTTHEE R & O L {TEIXHD B O K8
RMLROYF TH £-BE S h - (Fig. 4-6B) ., xAIC, HITEERKICEHIT 5

PDE4BO 3L @I T &z - 7= (Figs. 4-6C, D)

5. ZEEEMRDISC1IE R Y Z V2 I U RARHTTE DM DI v Ay —F 4 7
FREORERIL, DISC1EHTT & DM AAEAAHTTOLR R D 722 BT S N,
HTTEAE RN ~DODISC1O AR BV IAHDMEE S LTV D A[EEMEZ R LTz, %
DIz, BRIREETHEEML 2R T 2 B H IR DT 51 TR VWDISCLIZ DWW T,
WBAER IR AL A T = X L OFH R LU RDISC1 D EEEAR DR &Y BR 7R FFIE D
fi#BH 237 7= (Leliveld et al, 2008; Atkin and Kittler, 2012) , ZFEDEWHET
vEAIC LV, DISCUTH#AE /2T I v A RTHLHHTTETQA2 L FARIC, 7 I v A REE
B 0FETHLT A7 7 UTICRIGT DEERZ BRI T 2 Z LBl
A7z (Scherzinger et al, 1997) (Fig. 4-7A) , Z OfHEMEDILRE R & - BAMEIIC X -
THIZ L (Fig. 4-7B), & 51T, DISCIEEEAED HRIE —AarEA~RT MLz il Lz,

MRt A7 MLV OADE—713228nmTH VD, ZIUILZEDOX—H 2 — KT
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BEATHEGEEZRE L RL TS (Fig. 4-7C) . 246 OFEFRITDISC123n vitro THikHENE
DUERETER TEH Z L 2R LT W5, DISCUTEEAREL 2 D /L H I VT A
PRI UREER FAAL 28 ATV, DISCUEESERD = 7 il 2 B 454715
\Z & o Tl ~7z, DISCIEEEIRD # /37 EI1X7 v T A F—EKLE%, MALDI-TOF
mass IHTICE > TRHAIL, ~ 2227 M LZEW1T2012.9 (m/Z) IZ1IAD EF R E
— 7 M Le, ZORRICE Y, DISCIEHERD = 7 fHIAY209-2277% 55 & - THE
RS 2 EnEE Sz (Fig. 4-84)

DX |ZDISCIEE DHEREIZ 1T D HTTOREIR DB SV TR L7z, DISCLi%
BRI EEERZ TR T 5, RIFIIIE FZBR T2\ TR D2 L EEE AR IC L 5
WD EFITR e, & O%EENIE LEOLEN EF3 % (Fig. 4-8B) .
L L Z 02 0 LIL, DISCIEHER A ~— R () & L TR (10% mol/mol) ¥
52 LI X0 IRIFEeICHA L (Harper and Lansbury, 1997; Tessier and
Lindquist, 2009; Eisenberg and Jucker, 2012) , & BHAAE % 7> 5 DISCLERE 23 5
&n7- (Fig. 4-8B) ., DISC1¥H£IIDISC1y — FOHRMNIC L g Sz, EEA
Z Lz, DISCIEHEITHTTETQAERERD o — ROFNIC L » T bIE S - (Fig. 4-
8B), LL, =y bua—Ld LTIT-o7=BSADEEROTRINTITIEHE o T-
(Fig. 4-8B) . %7z, PDE4B2% . /X7 'EHE L UHTT67Q42DTF (h U 7 —[E1) Wil
%, = FERINLTHEEIZIR b2 -7 (Fig. 4-8B, Fig. 4-8C) . bS5
TITHTT67Q421C X » TRt S 7=DISCIEHE TS EIC LA b D TH Y, HIREMA
DISCIEEDOEI G L2 72d T2 2 2R sz (Fig. 4-8D) , HA-
HTT67Q42 7 2 A K — K (10% mol/mol) & & HIZA[IAMEDISCl1 A2 8515 &,
HA-HTTQ42#EE R ADISC1 & F & iAte & W I FERIC A B 43, Z UL AIVEMEDISCLA
HA-HTTQ42>— R & B EAREZ R L2 E2/Rr L5 (Fig.4-8D) , ZhbHd

FERNBISCLEZRHTTIZAVICZ 0 A —F 4 7T 52 ENREALMNERY, Th

70



(Xin vivoOHDMIZ B W T oD X R ERHL M RTET 2 2 L &~ L
(Fig. 4-6B) .

HTT67Q42DEEEARD 2 — RIFINT £ » TR I N 7-DISC1EHERIE, 77—V =&
PRI AR M ZEBNTL620 cm1 TOE—2 O EHZ/R LT, Ziuds— K7L T
TERL S 7z B3R 72 DISCLEFE(RIZ L~ T, HTT67Q423 — K & #k¢4E L 72DISC1 T
X, ZFHNOB T — MEENR LV ZLBHRINTNDZ LERLTNDS (Seshadri et
al, 1999) (Fig. 4-8E) , 7=, H3EMZADISCIEER L W HTT67Q427 2 u A KRiZ X
5Ty — RENZDISCUHEERDIE S 23, 2%SDSIZH3 it itk L= (Fig. 4-
3F) , ThHoFERIT—ELT, BRHTTT I vA N2k 7nRxv—T 407 8-

T, DISCIEHER ORGSR A B ARV RFED AL L T % TREME 2 X FF L7z,

6. R6/2~ 7 2IZEIT 5 AEMEDISC1OHANC & 5 DISC1-PDE4E A RO/

HD DI T, DISC1OA B ZERIZE DS, HTTHEEEIRIZ 31T 2 DISC1OEIRAY
BRI A Ko THEE SN0 E D naii~Te, OIS, KRIMBVE & #REIR DR
KOS 24T o T, BAER O~ 7 2R TRE/2~ 7 AL AIRPEDISC1O # H
DB LT 722y, PDE4ABIEIEAD LT 2o 7= (Fig. 4-9A) . DISC1id rlya sy i
\Z3B W CPDE4B & fHEAE L, PDE4OEEE )G 23+ % Millar et al, 2005;
Carlyle et al, 2011) , FI¥EMEDISC1OK: HI & DA 1%, DISC1-PDE4AE A K DH & D
B> SCPDE4IEMED ERORR & 72 5 FEEMN H 5, FIEEMSEIZIS 1T HDISC1OE
K72 (Fig. 4-9AICBWT Y = 2 Z 71 v ¢ 7 THitt) RPDE4EMEDZKIC
T (Fig. 4-1A) , HTTEER~DODISC1OMAIARIT I W EZ O TH 5 (Figs. 4-
6A, B) . HTTHUNEEEMR &5 G Lo REMEDISCUT LT 5 Z L 3 CT& 72, HTT
EAE G LIEAREMEDISCHII R & 2HTTRER & OILRE L L THRES IO L

RN, ~ 7 ANERETR TlE, DISC1-PDE4® £IZR6/212H\\N T, B4R T
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(28 L= (Fig. 4-9B)

& 512, DISC1-PDE4BE AR D NS RHTTO/F(EIC L 0 BHERICHTE S D H
E I 0EH~7-, HTT513Q18 & L < iZ HTT513Q82% il FIFEH, L 7= Ml D IRk &
DISC1 & PDE4BAMHAAEM L TV % s ik 2z, SMEPEDOHTTS134 7827 B
23DISC1-PDE4ABEAGIRIC ED L 5 1B % 5 2 5 )&~ 7-, HTT513Q82D i
b &b LAAE L TV eDISCI-PDE4BE A RO &4 B ITHD SE2h, ZhIcK LT
HTT513Q181%J8) L2 - 7= (Fig. 4-9C) , & v o, HTTODISC1~D#EA Ok
i%, HTT513Q18 2tk HTT513Q82171E FizBW\ CHlZg iz (Fig. 4-30) .

DISC1 & PDE4 & OF AAEA ORI K IAS, DISCLE R Y ZL4 I i RZ BRHTT
& OB EGORER L LTl Z 2DISCIOHTTEHE K ~DFFEHED, FB 287

Dt LIV,

7. R6/2~ 7 A D RETTHE L 72PDE4IEMEIZ %3 2 HTT-DISC1-PDE44A A.{F H
AL, DISC1OHDEER~D LY iAZ ASDISC1OPDE4IZ &3 % e zh R 2 1
i, TN HDOREIZEE L /-PDEEM D R MR A5 S K Z$Z L 2R L7z, b
LZDOTFTUANRELWRBIE, 22 THRIZHN SN TWSET MIZEIT 5PDE4E
PED EFAIE, BARDISCIOAM MBI SEAIZ LV M S G5, Jilo X 512, muvb
~LONKRMEODISCL%EF B L TV Hneuro2all 1T 2 HTT67Q1500D it 5 HiiL
PDE4iEM: 23— 4f#12#858 L 7= (Fig. 4-1B) . HTT67Q150% 3814 % neuro2afi iz
SANEPED B ARIDISC1 Z B S 5 &, PDE4IEMED R 58I S vz (Fig.
4-10A) , ZH 6 OFERIE, HHEEA R PDEAEME ISR LA # O mm TDISCLIC X
DAIEIRNEDN D D0, TRBRIEFIREICR T Z LT TE Rl 2L, &
AUTAMARNC R BL E N 72DISC1 6 A 72 < & b —EBITHTTERERICI DV IAEN T LE W,

FERICHNKMPDEAEM AT 2 Z L IXTERN SO THDL EBEZBND,
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AHFZETIL, DISCLE # /37 B AKX F, PDE4 & b2 728 — b — 2 87 g
A RAA v~y TICTHDIR LT_TF KT LA ZHWT, HTT & OfEEI
ARA] K 72 DISC1HEI DA€ %1% U 7= (Murdoch et al, 2007; Houslay, 2010) .
WX, RELEZHTTEAEERT 5720 0HK/NED KA A %K% SHE>OPDE4
il B BEILORFF 95 AL RDISC12Y, HTTHEE M @it < I PDE4TE M 2 #4725 2 &
MNTEDLEFHRLIETZOTHD, vT7 AL E FODISCI1OGHTRERIZ—E L=, T
2O THRIFINTEY, 7 /2060 5220% H2S, v~ 7 ALt hdDISCLi#E )7
ICBWTHTT & OFERICIERICHAETHDH Z 2R LTS (Fig. 4-10B) , & 5HI(Z
RTF RTLAIZL-T, 73/ #201-228K K (A201-228) A5t~ w7 ADISC1iZ, ¥
ARDISCLIZ LR THEEMAIZ 3517 2 DISC1-HTT513%5 & DRI 7208 & 7= L7z
(Fig. 4-100) , —J7, ZDORKER Y 37 E1IDISC1-PDE4B2 fAICIX BN /e
<, DISC1—PDE4B1 fHAEEMIZIZBEICHE L (Fig. 4-10C) , ZiUEDISC1 &
PDE47 A V 7 % — 2 & O OREE OBME S ITER L T2 (Murdoch et al., 2007;

Cheung et al, 2007) ,

8. HTTH#E A #EIk KIEDISC1DE A &R

HTTW i %581 L T\ D neuro2all, BAERIDISC1S L < 12A201-228 nDISC1% %
HEH 5 L, A201-228 nDISCLIT5E 4 B wHMPDE4TEE 2 EHAL S ¥, 0
A201-228 nDISC1DO%hH1%, FFAMDISC1L v &~ 7- (Fig.4-10A) . & LDISC1®
EEEE DS HDIMIZ W TR T L 72PDE4ADTEMEZFHET L T\ 272 51, (172 DISC1D
JRFTH 78 A ITHD THA H i 5 B 7 PDEATEMEZ RO T2 00 b LALZRVY,

PDE4ATE M IX8E it ODRE/I2ODMGLIE TR I N TN D Z LR sz (Fig. 4-
1A) , SMAMEDDISC1ARE/20D~ U ATEA LR 2R A7z, $720 5, DISCL & 40,

B R B e —F AZIRESHEH O & S ¢ 7c@ifs - (DISCU/E—FR) #FfoL v F
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TAIWARY H—P ENREEA >V =7 33 1 X5 CREDORE/2~ 7 ARRSK
WCEAL, ZLTC8HD~ T ADMEENL 7 —H A X U —|ZL - TDISC1/
E—F 2 & FBL L T Hiflla A o, PDE4IEMEZRIE Lz, B4R ODISCLIZR6/2~
U A D FE 72 PDEAIG M & B 2 S 72 (Fig. 4-10D) ., A201-228 nDISC1D#E A

FEHICEEISZRE B 726 L, ZhUTMEET VICE T 5818 —E L7 (Fig. 4-

11A) . L7=23- T, HDIFHLIZ I 1T 2 PDE4IEMEO R RO 72 B850 1, PDE4TE 4 & i L
TWADISCIDOHE TR R KIZ L - T, ZERWICHHETI SN TV D et nd 5, 20
DISC1D K A & 2 PDE4IG S 5R 01 f2 1%, HTT-DISC1[H] OFF 5 A THEIEHI 22 A5
BLOEEOR R L LTE Z %, HTT-DISC1-PDE4® = S{ADBEA KN & D

DISC1D[EEfIc L > THI R Z SN 5D,

9. R6/2~ 7 A DIEEFIKAEIC I 1T 5 HTT-DISC1-PDE4FH A F A o0 H Eidk:
in vivolZ B THLE & 172 DISC1-PDE4FH AAEH A 3~ 2 72 9|2, PDE4RS & 5 %
& HHTTHEG N 2 K8 L7z~ 7 ADISCINK1-316 7 2 / i i &2 2— R LCW\W5H T
F ) BEET A V2 B ERL T2 (tAAV-A201-228-nDISC1) (Fig. 4-11B) , # LT, =1
ke —/LEGFP% L < 13A201-228-nDISC1% 21— K L CW 5 AAV %, 3l DR6/2~ ¥
(CEMBNTEA LT, £ L THREFITFIEICLD, SMAR72A201-228-nDISC1D %
BLTHTTEE MR DO AR B L 2w Z L 2L Lz (Figs. 410K, F,
G) . EHITv U RADOEEELIEEEEDOITENZ DWW THI~T, R6/23 LUHDET /v
~ U AL, EEREEE S L OO & O AR EIR 2 7 (Hickey et al.,2002; Tanaka
et al.,2006; Pouladi et al, 2009), R6/20DMEEEREREIX, v—% o v R{TEIENTICE
FOEESA—T T 4V RT A MBI 2BEEEOEREIC L > TH LN TH-
7B, ZHUISMNR)72A201-228-nDISC1O R BLUZ L > T L L7e o 72 (Figs. 4-11A,

B) . WICHAREIEIRT 2 ho b —EHORER, 2 AT ¢ v T8, SHIcAx 7o
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— R FER A T, IEEBWEREEE D7 Ok & 7R TENEER A i L 7o, BRI &
12, A7 B—ZRFRBR T2 b r—/LZ Y, A201-228-nDISC1E2FH L T\ 5
19 23, BEFEICREI20D0) L T @i tE s aliE L (Fig. 4-120) , #iic, v — R
DT A NRLR AT ¢ v TATEEBR T, R6/2~ 7 A TIERMa2 R S 72703, A201-228-
nDISCLIZ Xk A3 s~ 7= (Figs. 4-12D, E) , EE/RZ L2, R6/2~ 7 A
IZARS R EIGERCA — 7 7 — )V RTOHRRETICE R b2 R S o
7= (Figs. 4-12F, G) , 15 O#ERIIDISC1-PDE4-HTTHR K 3R6/2~ 7 A D I E

PEATEN DR R 72— B 5 LTV D AlRetE 2 "2 L T 5,

EE

AWF5EIE, PDE4TIEZ2 <, ARERNTEEEMED & DISC1O A RHTTHESE IR ~DERY
iAZ2S, HTT-DISC1-PDE4® = oD & L 8 7 B O /e A NI A 1 T 5 = &
R Lic, THUADISCUT & 2 AP RY il 2 Z 2 7-PDE4SERE S E 2 AR L, £h
DPDEAEMHDOERE 2 FRAZ 76T 2L 2HLNIT LT, S HIZ, in vivolZ BT H0F
L, T O FRENARE/2Y U AET VOERESE (7~ RF=7) ORIEICH D0
LivanZ &z Le (Fig. 4-13) . AR, ZRHATT L hOBE%ROH D %
NRYE L DIFENEIREEICEXIAEND 2 EETRTEL OB O (Lee et al,
2004; Tyedmers et al, 2010; Pocas et al, 2015) & H72 0 HD O ¥R IZ DWW T
7 L, HTT-DISC1-PDE4AD = S§H5D & o XV BE LSRG A 5 = X 23R EEOSE
B2 REARIEIR D E B2y F RV A A2 Z L A RET 5, HDEERET L~ T X
M 712 BV T AMPORED 1322 S 4L (Cramer et al., 1984; Gines et al., 2003) ,

PDE4IfiIFICTH 2D v U 7T LF5-0R6/2~ 7 AZI51T 5 EHEIERERE F & HTTEESE &
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FRGHI I ZE I 7 DI kR R 5 2 (Davies et al, 1997; DeMarch et al., 2008;
Giampa et al, 2009) , A201-228-nDISC1HIIIZ N HIZOWTITHEN 2o 722 &
NEEL SN = (Figs. 4-10F, G, Fig. 4-11A, B) . 2 b O BRI RIL, v U 7T A
DOVERMEFF &, RTRY72A201-228- nDISC1ERBLORIEIZ 8 5 53 1 A 1 = X KT H72
HEWHZEEBRBEL TS, v Y 7T AREERRPDEAOER ZIEMIZ T& 72
HFHE LI RAYIZ, A201-228-nDISC1IEDISCLIZ B4R L 7-PDE4TEMEIZ ) LT LAy, 4§
RN EF RN R o T,

AL, DISC1OBHENZESHTT Y — RO(FIEIC L W BFIRES NS Z L &R
L7z, BERZ &I\, DISCISHEARDOHESHTIZ L - T, ZRHTT & DISC1D M D%
KR O A —T 4 7 O AP BN L, ZHUIDISCLEERD =2 7 fEisk
(7%#£209-227) IFHTTHR GV A & (5%5£206-220) #5122 & ThHDH, ThENLD
DISC14y FITEHENMED m W\ 2 TR OB TH E/ERA T 2 2 s, S HICAR
HTTHESEAR~DDISCIOM W iAL ZARHET 2 LB X Hivd, MAT, BRHATTE DY
HAY—TF 4 7KL 7-DISCIEEEIR D B o — MEIE-CSDST L, Wt
DISC1DOZERHTTEER~D L ) ZHa Rt L, BEEOSFEL L0 R HET S0
H LiL7auy,

A8 X OV B RS & & oW T ARIFgEI Y, EE G A 1R 5 —
T, FEROMEDTZODBFEHIE L TS, —2HIEL, IATZ+— /L RLIFZ R
By HEPEEE R ~DDISC1DOE W AL, HDRFRA 2B G72 Dy, & LIXL Y —i%
HIZAL DR Y 7V 2 I fids L ORISR 2 R TR AR b ESE T 200 E
IMERLNCT DI ENEETHD, R 7K I ROFEIER % FH19 2 R6/2
< T ANSDOMATH D728, DISCUIMLO R Y 72 I PRI H BEE LTV 5 AlEE
HER®H 5, o HITHDHEDOMEAWEIZH T 2HTTO LTS 12 DI EHTT

YU AETNVOMMANRLEEND, = 2HIE, DX 5 IZMoODISCIHAEHIETFR
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HTT-DISC1-PDE4®D =D & /37 ML IRIZ Lo THitil S 2 PDE4BIH A &
SALIBERENI DNERAOLNITHZ L THD,

BT OMFEIC K0, FeARME, PMEESE, 8, b LIZ0 X 5 kBl H 2
RRBRATOEYE T VB L OEREO/NT N—T03 5O 7V, REitkoDISCL
Rdysbindin, 6 K UMEHERED LM AR T DD 2 LV HE G 2 LRSS h
TW5 (Leliveld et al, 2008; Hamburg et al, 2016; Trossbach et al,, 2016; Ottis et
al, 2011; Nucifora et al, 2016) , AWFFEIL, Z ZITREMEIZ/R D LTV AT 4 —)b
RUTeZ v RO R~ U — 7 03, R 2Rk % ST s iE R 20 £ <

DJREIHET- DB TEAH 2 L2 ET A,

/INFE

NF U bR (HD) ISRV TR ERYE 4 ek & 7§ 2 @B R E S E R I &
NTWD N, FEAER D X 9 2B EEER D53 1 A 1 = X DTHE S LTV E
£ THDH, ZZ Tl HTTADISC1 L PDE4 & = Sflad & L EE AR E K L,
PDE4IEMEZFREIT56 2 L2 Uiz, $£7z, ZRHTTEEER L DISC1 & OFREE 72 -
02y —F ¢ 7T K DRI 2 DISC1OEEEHE 4, HDAEMSHDE T /L~ 7 &
BT LZ, &5Ig, ARMEDISCLOME A 22, 23DISC1-PDE4E A KD
AR 2% 726 L, PDEAIEHEO R R TEZFHET 52 L 26T L, HER
Z L2, PDE4 & OSSN 24 LHTT & OFS AN A K S B 7-ZE R DISC1OAM K
7RFEBLE, FAEITUHE L CW 2 PDE4IEM: A IEF L L, R6/2E 7 /L DOARERER & — % i
SHET, L LEEFIISEINRo T,

ZZlC, ZEHTT & DISCl 7 a2y —F ¢ 70 PDE4 IEHOFE R L LTAL

77



5 IEALDY, HD OREHIER S D Ry B 22— EB DR ER D FEEIZ 72 > T D ATREMEDRN B 5
TEEBRET DL, ZOZEITE R EMR O TREOEE L RN L5 &

NHLEERD,
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Fig. 4-1. PDE4 activity could be regulated by the newly identified HTT-DISC1-PDE4
ternary protein complex. (A) PDE4 activities of the homogenates of cerebral cortex
(left) and striatum (right) in R6/2 mice were increased compared with those in WT at 8
and 12 weeks (w) of age. Data represent mean + SEM. *P < 0.05, **P < 0.01, ***P <
0.001; unpaired 2-tailed t test. Cortex: 4 weeks, n = 4 per group; 8 weeks, n = 5 per
group; 12 weeks, n =9 (WT), 6 (R6/2). Striatum: 4, 8, and 12 weeks, n = 4 per group.
(B) PDE4 activity was augmented in a cell model of HTT with expanded
polyglutamine (polyQ) PDE4 activity of neuro2a cells overexpressing HTT67Q150-
EGFP (Q150) was higher than that of the cells overexpressing HTT67Q16-EGFP (Q16)
at 5 days after the expression of HTT67polyQ-EGFP. Data represent mean + SEM (4
independent sample sets). **P<0.01; Unpaired two tailed t-test.
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Fig. 4-2. Validation of mouse or human DISC1 antibodies used in this study. (A)
Monoclonal or polyclonal anti-mouse DISC1 antibodies were validated by western
blotting in wild-type (WT) and Discl Locus Impairment (LI) mouse cerebral cortex
(Shahani et al,, 2015; Seshadri et al., 2015) (B) A rabbbit polyclonal anti-human DISC1
antibody was used for western blotting in human cerebral cortex. (C) Left: Co-
immuno-precipitation with mouse brains by a mouse DISC1 m317C antibody, followed
by immuno-blotting with a mouse DISC1 M49 antibody. Right: Co-immuno-
precipitation with mouse brains by a mouse DISC1 mEx3 antibody (Ishizuka et al.,
2007; Shahani et al, 2015; Seshadri et al., 2015), followed by immunoblotting with a
mouse DISC1 2B3 antibody (Shahani et al, 2015). (D) Co-immunoprecipitation with
human brains by a human DISC1 h316C antibody, followed by immunoblotting with a
human DISC1 14F2 antibody (Ottis et al,, 2011). Arrowheads indicate full length
DISC1.Representative immunoblots are shown from 2-3 independet sample sets. (E)
Protein complex of HT'T-DISC1-PDE4B in cerebral cortex of WT mice. Brain
homogenates were immunoprecipitated by an anti-PDE4B (pan-PDE4B) or anti-DISC1
(mEx3) antibody or IgG control, followed by immune-blotting with an anti-HTT
(MAB2144) , anti-DISC1 (m317C), or anti-PDE4B (pan-PDE4B) antibody.
Representative immunoblots are shown from 3 independent sample sets. (F) DISC1
binding to HTT and PDE4B was observed in distinct brain regions, and both DISC1
and HTT bind to PDE4B isoforms. Immunoprecipitation with an anti-DISC1 antibody
(m317C) showed that the binding of DISC1 (M49) to HTT (MAB2166) and PDE4B (pan
PDE4B) was observed in distinct brain regions such as striatum, cerebral cortex and
cerebellum. Each interaction was more significant in striatum and cerebral cortex than
cerebellum. *P<0.05.
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Fig.4-3 Formation of HTT-DISC1-PDE4B tertiary protein complex in cerebral cortex of
WT mice. (A) Formation of HTT-DISC1-PDE4B tertiary protein complex was detected
with sequential coimmunoprecipitation. Brain homogenates were immuno-precipitated
by PDE4B antibody (pan-PDE4B) (1st IP), then the immunoprecipitates were
immunoprecipitated by an anti-DISC1 (mEx3) antibody (2nd IP), followed by
immunoblotting with an anti-HTT (MAB2166), anti-DISC1 (m317C), or anti-PDE4B
(pan-PDE4B) antibody. Negative control was immunoprecipitated by IgG.
Representative immunoblots are shown from 3 independent sample sets. (B) Binding of
DISC1 to PDE4B isoforms in HEK293T cells by co-immunoprecipitation. (C) Binding of
HTT to PDE4B isoforms in HEK293T cells by co-immunoprecipitation. Data represent
mean + SEM (3 independent sample sets). P-values were determined by one-way
ANOVA followed by Bonferroni post-hoc corrections. (D) Increased binding of HTT513
and DISC1 with expansion of polyQ (Q18 or Q82) in HEK293T cells by
coimmunoprecipitation. Data represent mean + SEM (5 independent sample sets). *P <
0.05; 1-way ANOVA followed by Bonferroni post hoc corrections. (E) Increased
binding of HTT67 and DISC1 with expansion of polyQ (Q18 or Q82) in HEK293T cells
by coimmunoprecipitation. Data represent mean + SEM (3 independent sample sets).
***P < 0.001; 1-way ANOVA followed by Bonferroni post hoc corrections.
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Fig. 4-4. DISC1 binding to HT'T513 was increased, compared to that to HT'T67, and
polyQ expansion in HTT had no effects on its binding to PDE4B isoforms. (A) Increased
binding of DISC1 with HTT513, compared to that with HTT67, in HEK293T cells by
co-immunoprecipitation. *P<0.05. (B) No change in binding of HTT513 with PDE4B
isoforms by polyQ expansion in HTT in HEK293T cells by co-immunoprecipitation.
Data represent mean + SEM (3 independent sample sets). P-values were determined by
one-way ANOVA followed by Bonferroni post-hoc corrections.
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Fig. 4-5. DISC1, but not PDE4B, is sequestered into insoluble HT'T aggregates in HD.
(A)  TFilter trap assay with homogenates of cerebral cortex or striatum from 12-week-
old R6/2 mice showed significantly increased levels of HTT (EM48) (top) and DISC1
(m317C) (middle) but not PDE4B (pan-PDE4B) (bottom) in the SDS- resistant fraction,
compared with those from WT mice. A negative control with rabbit secondary antibody
alone is also shown (middle). Data represent mean + SEM. *P < 0.05, **P < 0.01;
unpaired 2-tailed t test. n = 3 per group. (B) Filter trap assay with homogenates of
cerebral cortex or striatum showed significantly increased levels of HT'T (EM48) (top)
and DISC1 (h316C) (middle) but not PDE4B (pan-PDE4B) (bottom) in the SDS-
resistant fraction from HD patients (HD), compared with those from controls (Con). A
negative control with rabbit secondary antibody alone is also shown (middle). Data
represent mean + SEM. *P < 0.05, **P < 0.01; unpaired 2-tailed t test. n = 3 per group.
(C) Immunoreactivities of DISC1 (m317C) and HTT (EM48), but not that of PDE4B
(pan PDE4B), in total homogenates (in 2% SDS) from cerebral cortex (upper) or
striatum (lower) in R6/2 mice were observed on the top of the gel. No immunoreactivity
of DISC1, HTT, or PDE4B was detected in wild-type (WT) mice. B-actin is a loading
control. Data represent mean + SEM. **P<0.01; Unpaired two tailed t-test. n=3 per
group. A negative control with rabbit secondary antibody alone was also shown.
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Fig. 4-6. DISC1, but not PDE4B, is sequestered into insoluble HTT aggregates in HD.

(A) Immunostaining of frozen sections of cerebral cortex (left) or striatum (right)
demonstrated that DISC1 was colocalized with intranuclear inclusions of mutant HTT in
12-week-old R6/2 mice. Green, HTT (EM48); red, DISC1 (m317C); blue, DAPI (the nucleus).
Arrowheads show intranuclear inclusions. Scale bar: 10 pm. n = 3 per group. (B)
Immunostaining of paraffin sections of cerebral cortex (left half) or striatum (right half) in
HD patients (HD) and human controls (Con) was performed with anti-HTT (EM48) (green,
left) and anti-DISC1 (h316C) (red) antibodies. Nucleus was stained by DAPI (blue). Merged
images are shown on the right. Arrowheads show intranuclear inclusions. Scale bar: 10 pm.
n = 3 (Con), 6 (HD). (C) Immunostaining of frozen sections of cerebral cortex (left) or
striatum (right) demonstrated that PDE4B was not colocalized with intranuclear inclusions
of mutant HTT in 12-week-old R6/2 mice. Green, HTT (EM48); red, PDE4B (pan PDE4B);
blue, DAPI (the nucleus). Arrowheads show intranuclear inclusions. Scale bar, 10 pm. n=3
per group. (D) Negative controls for immunohistochemistry with no primary antibodies:
upper, corresponding to Fig. 4-6A (n=3 per group); middle, corresponding to Fig. 4-6B [n=3
(Con), 6 (HD)]; bottom, corresponding to Fig. 4-6C (n=3 per group).
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Fig. 4-7. Aggregation of intrinsically aggregation-prone DISC1 is accelerated by cross-
seeding with polyQ-expanded mutant HTT. (A) Thioflavin T (ThT) fluorescent intensities of
spontaneous DISC1 and HTT67Q42 aggregates were significantly higher than those of BSA
aggregates. Data represent mean + SEM (4 independent sample sets). ***P < 0.001; 1-way
ANOVA followed by Bonferroni post hoc corrections. (B) Fibrillar morphology of typical
DISC1 aggregates shown by transmission electron microscopy. Scale bar: 100 nm. A
representative image is shown from 3 independent samples. (C) A Far-UV CD spectrum of
DISC1 aggregates showed a negative peak at 228 nm, indicating the presence of B-sheet-
rich structures. Representative data is shown from 2 independent samples.
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Fig. 4-8. Characterization of in vitro DISC1 aggregates. (A) MALDI-TOF mass
spectrum of DISC1 aggregates digested by proteinase K identified a major mass peak
at 2,012.9 m/z corresponding to residues 209-227 in DISC1 as the core of DISC1
aggregates. Representative data are shown from 3 independent samples. (B)
Aggregation of DISC1, which was monitored by the absorbance (turbidity) at 405 nm,
was significantly accelerated by the HT'T67Q42 aggregate seeds but not by BSA
aggregates. No aggregation of PDE4B2 was observed in the presence of HT'T67Q42
aggregate seeds. Representative data are shown from 3 independent sample sets. (C)
Aggregation of trigger factor (TF) in the absence or presence of Htt67Q42 aggregate
seeds was monitored by the absorbance (turbidity) at 405 nm. No acceleration of TF
aggregation was observed. Representative data is shown from 2 independent sample
sets. (D) Co-aggregation of HTT67Q42 seeds and DISC1 monomer. DISC1 or BSA
monomer was incubated in the presence or absence of HTTQ42-HA seeds (10%
mol/mol). The resulting aggregates were immunoprecipitated with anti-HA beads and
immunoblotted by an anti-DISC1 h316C polyclonal antibody. Representative
immunoblots are shown from 3 independent sample sets. (E) FT-IR spectra revealed
that the DISC1 aggregates formed in the presence of HT'T67Q42 aggregate seeds (gray)
contained more intermolecular B-sheet structures (arrowheads) than did spontaneously
formed DISC1 aggregates (black). Representative data are shown from 4 independent
sample sets. (F) The DISC1 aggregates formed in the presence of HTT67Q42 aggregate
seeds showed higher resistance to 2% SDS than spontaneously formed DISC1
aggregates in the filter trap assay with Sypro Ruby staining. The asterisk indicates
that 10% of the signal intensity of HT'T67Q42 amyloid is subtracted from that of
DISC1-HTTQ42 coaggregates for correction of the signal intensity. Data represent
mean + SEM (4 independent sample sets). One-way ANOVA was used for statistical
analysis.
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Fig. 4-9. The amount of DISC1-PDE4 complex was reduced by decreased soluble DISC1
levels in R6/2 mice. (A) Soluble DISC1 but not soluble PDE4B evels in supernatant
fractions (Sup) were reduced in cerebral cortex (top) and striatum (bottom) from 12-
week-old R6/2 mice, compared with those from WT mice. Total DISC1 and PDE4B
levels in total homogenates (Total) were not changed between WT and R6/2 mice. 8-
Actin is a loading control. An m317C anti-DISC1 antibody was used to detect DISC1,
and a negative control with rabbit secondary antibody alone is also shown. Data
represent mean + SEM. **P < 0.01, ***P < 0.001; unpaired 2-tailed t test. n = 3 per
group. (B) The amount of DISC1-PDE4B complex in 12-week-old R6/2 mouse brains
was decreased compared with that in WT brains. Immunoprecipitation was performed
by an anti-pan-PDE4B antibody, followed by immunoblotting with anti-DISC1
antibody (D27). GAPDH is a loading control and used for normalization of the IP data.
Data represent mean + SEM. **P < 0.01; unpaired 2-tailed t test. n = 5 per group. (C)
Exogenous addition of HTT513Q82, but not HTT513Q18, significantly reduced DISC1-
PDE4B interactions in HEK293T cells. Lysates of the cells overexpressing GFP alone
(), HTT513Q18-GFP (Q18), or HTT513Q82-GFP (Q82) were added to lysates of the
cells overexpressing DISC1-Myc and PDE4B1-HA. Mixtures were processed for
Immunoprecipitation with an anti-c-Myc antibody, followed by immunoblotting. Data
represent mean + SEM (3 independent sample sets). *P < 0.05, **P < 0.01; unpaired 2-
tailed t test.

93



PDE4 activity (A.U.)
(]

T
5
=
(-]
N

HTT513Q18-GFP:
PDE4B1-HA:
DISC1-myc:
IP: myc

a GFP
HA

GFP

=]

g HA
myc

=
<
Z

=

©

o]

<

L

m]

o

*k

1
Q16 Q150 Q150 Q150
+ + +
Control Wt A201-228
-DISC1 -DISC1
Mouse DISC1

Array # 39 40 41 42 43

wor [ |
mep-+TTs1301s [

Array #40 ADIASLPGFQDTFTSSFSFIQLSLG
#41 LPGFQDTFTSSFSFIQLSLGRAAGER

#42 DTFTSSFSFIQLSLGAAGERGEAEG

206 220
+ 4+
+ 4+
Wt A201-228 O wtDISC1
Il 7201-228-DISC1
(kDa) 5
3: % ™
= 14
=
2
o e =100 £ o
——|100 3
[m]
S——|—100 0 -
HTT513 PDE4B1
Striatum
5_
*%k
| _ =
4 %k *
—
3_
2_
1 1
04
WT R62 R62  R62
+ + +
Control WT A201-228
-DISC1 -DISC1

94

Human DISCA
Array # 383940414243444546
MBP

Array #40 PPTPPGSHSAFTSSFSFIRLSLGSA
#41 GSHSAFTSSFSFIRLSLGSACERGE
#42 FTSSFSFIRLSLGSAGERGEAEGCP
| |

206 220
HTT513Q18-GFP: ,
PDE4B2-HA: + +
DISC1-myc: Wt A201-228 [ wtDISC1
1P myc (kDa) W A201-228-DISC1
[£3 -
- 75 3 -
e ]
o 117
£
o[
=]
3 —75 & 051
[m]

HTT513 PDE4B2



E

PDE4B1-HA:
DISC1-flag:
IP: flag
o
- HA
HA
=
o
=
flag
PDE4B2-HA:
DISC1-flag:
IP: flag
= Ha
HA
5
g
- flag
0
o 5 0.5 1
S g
£3
(4]
= @ i
g ||: 0.25
w® T
o<
i E 0
0]
[&]

IP: flag IP: 1gG

+ + + + o+ o+

wt nDISC1 A201-228 Wt nDISC1 A201-228
nDISCA nDISC1

(kDa)
—75 2:
- 1.54
[=)]
€
h=]
=
e i — 75 o] 1-
@
w i
—100 a 05
o
—75 =
_ @ 0-
63 o Wit nDISC1 A201-228
DISCA1 nDISC1
— 48
-
IP: flag IP: 1gG
+ + O+ O+ o+ o+
Wt nDISC1A201-228 Wt nDISC1 A201-228
nDISC1 nDIS!
(kDa)
—75
L2 - -
=
< 1.97
o
=
=]
—75 = -
—— e - £ 1
od
S
. w 051
o — 100 o
—75 =
o Q-
—63 W Wit nDISC1  A201-228
e DISC1 nDISC1
—13
-
G *
*
*k%k
re
g‘ 1.5 7 *edek
©
> 101
E T
[&]
© 051
©
R6/2 R6/2 ¢ O
+EGFP  +A201-228 o s e RER2
i +EGFP +A201-228 +EGFP +A201-228

nDISC1 nDISC1

95



Fig. 4-10. Aberrantly enhanced PDE4 activity was normalized by exogenous DISC1
expression, and deletion mutant DISC1 lacking residues 201-228 showed significantly
reduced binding with HTT513Q18 but maintained interactions with PDE4B. (A)
Aberrant augmentation of PDE4 activity in neuro2a cells at 5 days after the induction
of HTT67Q150 -EGFP was ameliorated with a transient co-expression of wild-type (Wt)
or deletion mutant DISC1 lacking the binding site for HTT (A201-228-DISC1) . Data
represent mean + SEM (5 independent sample sets). *P<0.05, **P<0.01; One-way
ANOVA followed by Bonferroni post-hoc corrections. (B) The 25-mer peptides #40-#42
(residues 194-228 for mouse DISC1 [left], residues 196-230 for human DISC1 [right]) in
DISC1 showed binding to maltose-binding protein (MBP) -HTT513Q18 (bottom) but
not MBP alone (top) on peptide array. A black line corresponds to the core region of
aggregates, which was identified by limited proteolysis and mass spectrometry (see
Fig. 4-8A). Representative data are shown from 3 and 2 independent samples for
mouse and human DISC1, respectively. (C) Deletion mutant DISC1 lacking residues
201-228 showed a decrease in binding with HT'T513Q18, but still maintained
interactions with PDE4B isoforms, PDE4B1 (left) and PDE4B2 (right), in HEK293T
cells. Data represent mean + SEM (3 independent sample sets). *P<0.05, **P<0.01;
Unpaired two tailed t-test. (D) Aberrant augmentation of PDE4 activity in striatum of
R6/2 mice was normalized with WT or A201-228-DISC1. Data represent mean + SEM.
*P <0.05, **P < 0.01; 1-way ANOVA followed by Bonferroni post hoc corrections. n = 6,
3, 3, and 3 for WT, R6/2 + Control, R6/2 + WT-DISC1, and R6/2 + A201-228-DISC1
mice, respectively. (E) N-terminal domain (amino acid residues 1-316) of mouse DISC1
lacking the binding region for HTT (A201-228-nDISC1) maintained interactions with
PDE4B. Co-immunoprecipitation experiments showed that A201-228-nDISC1
maintained interactions with PDE4B isoforms, PDE4B1 (upper) and PDE4B2 (lower),
in HEK293T cells. Data represent mean + SEM (3 independent sample sets).
Statistical analyses were conducted by one-way ANOVA. (F) The number of cells with
EM48-positive HT'T aggregates was not affected by expression of A201-228-nDISC1 in
striatum of mice at 12 weeks. Data represent mean + SEM. Unpaired 2-tailed t test
was used for statistical analysis. n = 3 per group. (G) The number of NeuN-positive
neurons was not affected by expression of A201-228-nDISC1 in striatum of mice at 12
weeks. Data represent mean + SEM. *P < 0.05, ***P < 0.001; 1-way ANOVA followed
by Bonferroni post hoc corrections. n = 4, 4, 6, and 5 for WT + EGFP, WT + A201-228-
nDISC1, R6/2 + EGFP, and R6/2 + A201-228-nDISC1 mice, respectively.
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Fig. 4-11. Aberrantly enhanced PDE4 activity and reduced sucrose preference in R6/2
mice are recovered by exogenous DISC1 expression. (A) The impairment of motor
function of R6/2 mice was not rescued by expression of A201-228-nDISC1. The latency
to fall off the rotarod was examined in mice at 9 weeks. Data represent mean = SEM.
***P < 0.001; 1-way ANOVA followed by Bonferroni post hoc corrections. n =17, 16, 8,
and 8 for WT + EGFP, WT + A201-228-nDISC1, R6/2 + EGFP, and R6/2 + A201-228
nDISC1 mice, respectively. (B) The locomotor activity of R6/2 mice was not affected by
expression of A201-228-nDISC1. Total distance moved in the open field test was
measured in mice at 8 weeks. n=15, 15, 18, 17 for WT+EGFP, WT+A201-228-nDISC1,
R6/2+EGFP, R6/2+A201-228-nDISC1 mice, respectively. **P<0.01, ***P<0.001. (C)
Reduced sucrose preference in R6/2 mice was rescued by expression of A201-228-
nDISC1. The sucrose intake was measured in mice at 9 weeks. Data represent mean +
SEM. ***P < 0.001; 1-way ANOVA followed by Bonferroni post hoc corrections. n = 17,
16, 17, and 20 mice for WT + EGFP, WT + A201-228-nDISC1, R6/2 + EGFP, and R6/2 +
A201-228-nDISC1 mice, respectively. (D) Marble burying defects in R6/2 mice were not
rescued by A201-228-nDISC1lexpression. The marble burying test was performed in
mice at 8 weeks. n=15, 16, 16, 22 for WT+EGFP, WT+A201-228-nDISC1, R6/2+EGFP,
R6/2+A201-228-nDISC1 mice, respectively. ***P<0.001. (E) Deficits of nest building
behaviors in R6/2 mice were not rescued byA201-228-nDISC1 expression. The nesting
behavior was examined in mice at 8 weeks. n=19, 17, 18, 18 for WT+EGFP, WT+A201-
228-nDISC1, R6/2+EGFP, R6/2+A201-228-nDISC1 mice, respectively. ***P<0.001. (F)
The anxiety levels in R6/2 mice were reduced by expression of A201-228-nDISC1. The
time spent in a center region in the open field test was measured in mice at 8 weeks.
n=15, 15, 18, 17 for WT+EGFP, WT+ A201-228-nDISC1, R6/2+EGFP, R6/2+A201-228-
nDISC1 mice, respectively. *P<0.05. (G) The anxiety levels in R6/2 mice were examined
by the dark/light transition test. The time spent in the light box was measured in mice
at 8 weeks. n=18, 24, 19, 25 for WT+EGFP, WT+A201-228-nDISC1, R6/2+EGFP,
R6/2+A201-228-nDISC1 mice, respectively. Data represent mean + SEM. P-values were
determined by one-way ANOVA followed by Bonferroni post-hoc corrections.
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Fig. 4-13. Model for the ternary protein complex consisting of HTT, DISC1 and PDEA4.
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releasing functional PDE4, which increases PDE4 activity and possibly affects non-
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WCREREREZ 72 b3 0 FisEOMRI I X ORI R OIRELFRIFH 21T > 7o, 85
=TI, HD OFFRERFEIEW O K AR 1 O BLRENC X 2168 R4 et Lz, HD
TIFET AU ABIUE MZBWTIKRAEERIZK T 2 EMPEEF RO N D20
(Vonsattel and DiFiglia,1998; Thomas, 2006) , 3" CIZHFIERZFIE L TV DHET L
~ U ADBGARITFITHNAMNRME shRNA 28 AL, %BIZ 755 L7z, shRNA F&BL
A CTIIRIKEAR FHRRD & X7 B RE S 4L, Filo R BEERIRDOTER D EE S
722 Tl < BEFEOBERDOIMD N R STz, £z, HD €74~ 7 A ZH W Tl &
DN DOPOBIEFDRBUZ OV T, shRNAEAIZ LV BB EOSEN R Sz,
MR T2 2 L TR WA ORI B DG, BIERT)N S O
FIIAFRETH D Z &M D, BIERITBIT 285 TR O 21T o 7o A FEILIE R
CHERTHD, ZORELD, BIERIZEIT D RNALEANBREKO—> L LTH
NTHHAREMEZ R R L, % =5 Tk, HD OJFERERICIS T 5 S BrEIcE R
L, BEEROREEDENC KD FIEOENWEZ B LI Uiz, BEROHAEO 7Y 4T
%, R EOEEDSZIN R DZRBUEZRT NN TEY, FrICHERETY
A UTIREBRBE OB L > TEREREROBEDENEFETHZ ENTE, &6
Z OEEDOEVPEEROMEE OEWV LOMEEEOEWES| ZEZ§ 2 &G
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E T 5% (Tanaka et al, 2006) . 7'V A JEEEE HD ORBIERITZZIRIZH72 0,
ZDEINDRB 2 IRT A T = X LD IE T B o T2, AFFRITMOENLIZ L - T
72 % HD OFFIERICOVT, 28 HTT JBUC & 2 BEE G O EIER OZELe
FHELEDOBEWT TEe <, 8 HIT 20O b ODONEKEIEN R D Z & 2 L7z
(Fig. 3-11) ., F7-, BELZAZR HTT i3> — R o T, ZORITEM I N5 mliEtt
ZE HTT % > RV EOREARESELZ L2R LT, £, FilZlZERIND AR
PEZEE HTT & X7 ER, — NFE T TlEy— ROSNIREE 2 #78 & L CRERDSL
T E & D Enn, B8 HTT BTV A VEROME > Z L3 Sz (Fig.
3-11) . ZoOMEZMAL, £8 HTT BEzmtEORO S AHEIEICHES 5 2 & TH
JATEE IR T S5 2 ENARRICAR D Z & 25T 5, BEHOMFIE CITBER OB A &
M, ET DL ES OREN e SN TE 0, FEOIRW TR 2 Fr o REE i
DR EFHET HFEDRINEO—2ITMA 52N TEHZ 2R LTz, BUETIE
HD OFEEBIERD—2>Th 2 FEMER OFIEMMEIZ OV T, £ HTT EEEROR 5%
EOTNT A=A LERH LM L, HTT &M AAEAT % DISCL i34t A &aiE o B
HKA - D—>THY (Brandon and Sawa, 2011; Johnstone et al, 2011; Narayan et
al, 2013), DISC1 (TR tERFIEIZBE 59 % PDE4 L MAEMEMT 25 Z L8355 T
% (Millar et al, 2005; Murdoch et al, 2007; Carlyle et al, 2011) , 785 HTT %K
A U < BN AR5 DISCL & LV < AT 52 &12k 0, DISCL &G LTz
PDE4 7 HTT-DISC1-PDE4 A BN Ot S D Z L AP H T L, Z Ol PDE4
PREHIERZ G EEZ L TWDH T 2R Lz, S 512, SAAME DISC1 OFEBIEAIZ
£V PDE4 OEBEZHET 2 Z L I2 X o T, BHEREZEMNT5 Z LITlkI L,

I b DmMALE, A5 HTT OREMRTERA, HD OFRBIEIRFEIEIZ SARIL A T = X 4
ZNLTHAELTWD ZEEHLMNT LT, £, ENENDOIERBETICEIL L7215 %

Bk 2s, RAER ORE S L Tl S L Rettamme Lz,
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Eif5E

AWIEE R DI HTY, G SCHERRICHARTRY) 72 2 IR 2 W& £ LB RF R
FEREM R ERARTAIIEE  NFER CBERICTR R L ETTE T,

KX OEIE & LT THRENZZE E L, BMNRFRETE i Z280%, Skn
Bz, KEE—WEEER, fi KPR R MEERIRIGEA CRHOEER L ET,

ARG EAT 51272 0, FORIEEOFITES B T O RISV TR b TS
T2 & F L BRI R SR BT 5 v & — & o 8 AR BT SR — 1 Y
— 4 — LR A TR A RS T

R EZTTHICHTE0, THHEW7E & F LB bR SR Aot
B — SR BAFIE T — AV — & —  (BLRE AR 25 BE MR} 252 5 B9 58 2 S TR i 57 P
Hi%) BAEITIR L, BIRER KMz (BA R ER BT T iRk b
R) /MBS L, BIBERR B MRS ST (Bl A ARERIK KRR 2 7R
) [ H % E 1, Johns Hopkins K% (B, AHA T LI LR L ES
e S

A SCAERRAZ 3V T ZBUE TS W2 72 & F L7 LR R AR el e AR
REFIEHHR L BT £

FEBIZOWTTHREIH WS, XA TS o Bk et 7 o 78
IR EWHIET — L DR, B 2T AT S MR BT R T — L O, BIREFRER
F UMLK RRE O EER, B SCAERUIC I W T ZTEME B E W22 & £ LI KR FE T
R FRRRE D ERR IO K VAL L BT £,

BB, W E LBROT TS NTeRE P D, £ U TR E 22 2 P AERRZ X
A TSN BHIEH OB Z R LET,
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