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(Abstract)

Mach-ddseph di sease( MJD) I S an aut
pinocerebell ar degeneration charact
taxia and pyramidal signs associated
dy s troingiicd extrapyramidal syndr ome
myotrophyorasnemajol ogi c signs. Uns
rinucleotide repeat expansion in MJD
s the pathologic mutation of MJD. 11t
ol yglutamine tr ae3t sancdaucteh eart apxrint ei 1
ccumul ate and aggregheie. i\ Whetetuearonth

ntranucl ear aggregation of a polyglu

cellul ar pathol ogy remains controver

Il n this study, we established st
neur obl asdM®9hace&alKl s expressing the fu
atax3in withandeqgd pol yglutamine (78C
SKNSHVJ D7 8. Western bl ot anal ysi s an
experiments demonstrated-3 hiag dthaeblexp

xpressed and predominantly present i
o pare+nkiSaH cEN | s expressisngxp8@ssing

I spl ay nor mal mor phol ogy. No i ntran



observedNSHMI®PR 8 cel l s after 11 passa

analysis wil/ apply to t

Further

better understand the role(s)of other

play in the pathogenesis of MJD.



(Introduction)

(trinucl eotides repeat) (Sutherland and Richaeds, 1995)

(trandlated region) CAG

(neurodegeneration
disease) (Huntington® Disease HD) (Andrew et
a., 1993 Duyao et a., 1993 Snell et a., 1993)

(Spinocerebellar ataxiatype 1 SCA1L) (Joiceet a., 1994 Ranum
et a., 1994) (Spinocerebellar ataxia
type2 SCA2) (Pulst et a., 1996 Sanpei et al., 1996 Imbert et al.,
1996) (Spinocerebellar ataxia type 3
SCA3/Machdo-Joseph Disease MJD) (Kawaguchi et a., 1994 Maciel et
a., 1995) (Spinocerebellar ataxia type 6
SCA6) (Zhuchenko et al., 1997)

(Spinocerebellar ataxiatype 7 SCA7)(David et al., 1997a)
(Spinal and bublar muscular atrophy) (La Spada et al., 1992)
(Dentatorubral-Pallidouysian atrophy DRPLA/Haw
River Syndrom HRS) (Koideet al., 1994) ( )

RNA



CAG

200
(neurodegeneration) (untranslated region)
CGG CTG (intron) GAA
X (Fragile X
Syndrome) (Verkerk et al., 1991) (Myotonic Dystrophy

DM) (Mahadevanet et a., 1992) Friedreich’ s ataxia (FA) (Campuzano et
a., 1996) (Spinocerebellar ataxia type

8 SCA8)(Michael et al., 1999)

RNA

Machado-Joseph Disease (MJD)/SCA3

(autosomal dominant) (Nakano et d., 1972) 1972
Willim Machado 1976
Rosenberg Joseph
disease

(Progressive neurodegenerative disease)
(Healton et al., 1980) (Sakai et al.,

1983 Livingstone and ueiros, 1984 MJD
g



(ataxia) (progressive

external ophthalmoplegia) (pyramidal and
extra pyramidal signs) (dystonia with
rigidity) (distal muscular atrophies)

(facial and lingual fasciculation) (Coutinhon et al., 1977 Lima and
Coutinho, 1980) MJID
1993 Takiyama
(linkage analysis) MJD

14 (14924.3-932) (Takiyama et al.,
1993) 1994 K awaguchi 14
MJD 14932.1 MJID1 MJID

3¢ (translated region)
CAG CAG
(polyglutamine)995
CAG repMdab
(age at ompyeCtAGnn

n

CAG
CAG repeat
p( CAG)n
p( CAG)n (Maciel et al ., 17@995; Mar

1995; Takiyama et al ., 1995)



13~44 CAG
MJD 72~85 CAG CAG
(polyglutamine)
(polyglutamine)

HD (Andrew et a., 1993 Duyao et a., 1993 Snell et
a., 1993) DRPLA (Koide et a., 1994) SCA 1 (Jodice et d., 1994
Ranum et al., 1994) SBMA (LaSpadaet a., 1992) MJD (Maruyama et
a. 1995 Maciel etd., 1995) SCA 2 (Pulstetal., 1996 Sanpel et al.,
1996 Imbert et a., 1996) SCA 7(David et al., 1997 )

CAG CAG

(CAG)n MJ D
CAG
(Maruyama et al., 1995)
(homozygotes)
(gene dosage
effect) (Kawakami et a., 1995 Takiyama et al., 1995)
(Kawakami et d., 1995)
MJD
(MJD/ataxin-3) MJID
(Trottier et al., 1995)

MJD



(basal nuclel) (substantia) (pontine nuclei)

(vestibular) Clarker (anterior horn)

MJD (Sachdev et
a., 1982; Yuasa et al., 1986 ; Takiyama et a., 1994) MJD

MJD CAG
MJD
Purkinje
(Ikeda et al., 1996); Purkinje MJD
MJD
MJD/ataxin-3

(Paulson et al., 1997)

MJD (catalyzed)
MJ D
MJ D (Ubi quitin)
CAG
HD Dagsi et al ., Frle9derr)i(c Saudou et

1998CAL(Skinner SCABI/(NMRADDSSd ) £1997)

DRPLAgar ashi et al ., 1998)

(Matthew et al ., 1998)

MJ D -



(Frederic et
al ., 1998) 16 Striatal
HD (huntingtin)
(braderived
neurotrophic factor; BDNF)
(apopst)osi ;

ubi qui tin

(COS 7) (Hanako €29 &aT).(, MOt9t6hew et al

(GSM14. 1) (Bernd et al ., 1999)
MJ D
MJ D
MJ D (SKNSH)
(1) MID
;(2) MJ D
; (1 3) MJ D
MJ D
G418

DNA DNA

-10-



G418 MJ D

G418

MJ D
G418 11

MJ D

(Material and Method)
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(Neuroblastoma cell line;SK-N-SH):

MJD pcDNABID78r . Mat hew
Per ez ( 3
(2).MJID mouse Dr.Ichiro Kanazawa
(b).Hemagglutinin epitope(HA) mouse (12CA5) Boehriger
Mannheim
(c). b- actin mouse Sigma
(a). HA rabbit (Yll) Santa Cruz Biotechnol o

(b). Ubiquitin rabbit DAKO

-12-



25 *cm SK-N-SH 5 ml phosphate bu
saline(PBS; 00029 /g @alO®IB g/ L ONa@lIl®6
g/ L HNPO PBS

0.5 ml 100%(trypEi BCO BRL, USA)

Phase contrast microscope , Ni kon)
(
) 10 ml (Si bata, Japan)
6 wel | (97 vée IcIm) 3

(transfection)
7 0% (transfection)
9.6%cm 2ug pc DNHAMBII D7 8 10 Ql
DMEM ( 1 %
L-Gl ut aml 'oe MEMESBIseant i al Amino Acid So
Dul becco s Modi fied Eagl e Me8y um) (G
Li pofect AMI NE ( GOlico BRL)
DMEM 1 ml
45 DNAi posome form
9.6°cm 2 ml

DME M
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1 ml 1 ml
5% 37 GO 6
MJ D
6 9.6°cm 1 ml
DME M ( 1 %LG| ut anli% eMEM

No-Essenti al Aminol8cpanbno/isutirieopnt o my ci n

1® Fetal boviDud bseecccuom s Modi fi ed Eagl
24 G418 Sulfate (0.5 mg/ ml; GI B
G418 Sul fate
(cl one)
clone cl one (Sibdaapan)
3 ml PBS PBS
cl one cl one
1 Ol 1 Ol
trypsinclone 5% 37 GO 1
DMEM 5 0oul cl one

trypsinl104q

0.5 (@dh wel |)

-14 -
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Sul f aDMEM 0.5 mm
2 ml 1PBS 1 PBS

0.2 ml 100%(trypsin, GIBC

BRL)
(phase contrast, Ni kon)
1 ml ( GI LSON)
9.6%cm
9.6°cm 9.6°cm
9.6°cm 25 *cm
8 25 *cm 5 ml PBS
PBS 0.5 ml 1
DMEM 8 ml 10 ml 4 ml

25 *cm 1: 2
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25 *cm 8

3 ml 1PBS

PBS 0.2 ml 100 %
10 ml
1 5nl 1500 m (HI TACHI 0O8B21,Japan)
1 ml (6 0%DMEM

3 0%F B $0%DMSO)1I ml

-8 0

9 ml 1 5ml
( ) 1ml 1 ml
DMEM
9 ml DMEM 1 5ml

15000 m (HI TACHI 0O&%BP21, Japan)
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4 mil DMEM

25 cInME M DME M

3 ml 1PBS

PBS 0.2 ml 100%
10 ml
1 5nl 1500 m (HI TACHI
O5P21,3dapan) 5 ml PBS
1 Oml 3 1500pm (HI TACHI psaPp2 1, Ja
506(

(10PBSS % glycérmomM sodi uumnmMBVD BA di um
EGTA1 mM dithiothredfgd Imbey derprt)i4n0
nmg / ml aprotinong/ ml pepstatli n mM
phenyl met hyl sul fonyl Of.I5uér T-d8OPRAMIF)
( MI SONI X XL2028, USA)
30 1 3
(Beckman AVANTI 3%, USAO0O0rpm 20

Bi-Rad protein assay

-17-



-2 0

Bi-Rad 1: 4 Bi-Rad
Bi-&ad wo rekaignegn tr 5m
(BSAY 3 0mg 1 5y 2 Om Iml BRaslor ki ng
reagent (Beckman DU64D9VSA)
nm ( &DB)s (Bovine serum al bumin
(mg M)
DS
(l oadi ng

dy)e 95(THERMOLYNE 176980, USA)

(Bio-Rad PAC300)
100 1 (25 mM 1T 2 s®My c iOn. el

% SDS) 10% -SDS

10 % SDS-PAGE

Resolving gel Stacking gel

-18 -



Acrylamide-bisacrylamide (29:1) |2.5 ml 0.562 mi
1.5M TrissHC| pH8.8 2.5ml
0.5M Tris-HCI pH6.8 1.25 ml
10 % SDS 0.1ml 0.05 ml
10 % ammonium persulfate sm 15m
TEMED 15m a4m
d>H>O 5ml 3.188 mi
SDS- nitrocellulose paper (NC
paper,Whatman) (filter paper, ADVANTEC)
transfer cassette mini Trans-Blot Cell (Bio-Rad) transfer

buffer (12 mM Tris pH 8.3, 96 mM Glycine, 20 % Methanol)

(Bio-Rad 200/2.0) 100 1 30
blot TTBS buffer (Tris Buffered Saline; 10 mM Tris-HCI pH
7.8, 150 mM NaCl)( 5% ) blocking 4
(mini-shaker, BOECO) blocking buffer
MJD b-actin (monoclonal

Anti-MJD/1:2000  b-actin/1:300000)(Wang et a., 1997) TTBS

-19-



Buffer (0.5 % ) HA
b-actin (polyclonal Anti-HA/1:500  b-actin/1:300000)
TTBSBuffer ( 0.5% ) 4
TTBSbuffer 5
Anti-mouse 1gG-HRP /1:20000 TTBS Buffer ( 1% )
Anti-mouse 1gG-HRP /1:20000  Anti-rabbit
IgG-HRP/1:20000 TTBSBuffer (1% )
1 TTBS buffer 5
1.1 Working solution (Luminol/Enhancer solution: stable
peroxide solution,Pierce) 5-10 Working

solution bolt X (Bio-Max,Kodak)

Trypan blue exclusion

1 PBS

O.mMil tryp<Riomh 5mtrypan bl ue

0.1 mm 1 ml

-20-
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R=N X 1/4 X*26/Q0 X 10

[ R: N : 0. 2’mm ;
1/:4 '25/:2820/ 25
18 106 ;Q
]
(OLPMEWKS8O0) (125 X)
(OLPMBGS5) ( VX200)
1x1 0- %1 0 1 81 8mm
2 ~3 9.6%cm 1 PBS 5
3 2ml % par afor malalehyde
PBS 5 3 2ml 9% .6
15 1 PBS 5 3 2 ml
1% BSA% T¢li0sO PBS 25 PBS
5 3

200l 1: 50FPBS HA (12CA5, Sant a

-21-



Cruz Bi-abkoQ$)50PBS MJID 1:500

PBS Ubi quitin ( DAKO, USA)
parafilm 4 16 PBS 5 3
200 avi(ddino Genex) parafi |l m
37 15 PBS 5 3 2 00l

Peroxi dase conjugated streptavadin (|
parafil m 37 15 PBS 5 3

200 3;ddi aminobenzidind Bdhor dGmagen

parafil m 15 PBS
5 3
1ml4 Mayer hemat oXhIA)n ( ME
15 10 9 5% 1
9 5% 1 10 1

(St ephens

Scientific)

DAPI

1x1 8- 1 0 181 8mm
2 ~3 3 5mm PBS 5 3
2ml 4% parafor mal deh@e

PBS 5 3

-22-



200 4d6ami-8phenyl i(BAPIlEg/ ml )

parafilm 37 5 PBS 5
3 10 95 % 1
95 % 1 100 % 1

(St ephens Scientifi

DNA
10 ml
1 5ml 150r0p m (HI TACHI 0O&%B21, Japan)
5 0l 1ml
1.5 ml
55 10 5000r poO

-2 0

( Resul t)

-23-



(SKNSH) ATEmerican Type Cul

Coll ection) HT-B1

(OLPMEKSO0)

(400X)1-3 Dr Met hr ew
pc DNAABMI D7 8 (Hemaggl utinin
epitope; HA G418 Sul fate

G418 Sul fate

G418 Sul fate

SKNSH 0
mgil 0.1 img0D. 5 imgly my/ G418
0. 5/iimg SKNSH
50 % 100 % (Neuronal cel l

|l ines, John N. Wood, 1992)
7~10 0.5 mg/ ul
1: 20
SKNSH
7

G418 aStued DME M

-24-



MJ D

G418
HA (Y11)
MJ D MJ D ( 1-1)
HA (Y11) | ane 1
79 (pCMX78PS7
| ane 2 SKNSH
| ane 3 B 1-1
B 78 (polyglutamine) MJD
MJD MJD
( 1-2) MJ D | ane 1
SKNSH | ane |2ane 3
B ( 1-1) ( 1-2) B
pcDNASMI D7 8 MJ D
MJ D MJ D SKNSHVMJI D7 8
A C MJD ( )

SKNSH

-25-



1-3 S KNSH (OLPMEWS0)
400
1-4 SKNSHVWJ D78
(OLPMPUSCK40) 400
1-5  SKNSH (OL PUEP
CK40300
1-6 SKNSHVUJI D7 8

(OLPMEWS 0400

MJ D

MJ D MJ D
SKNSHVJ D7 8

HA (Y11) MJ D
( 1-7) HA (Y11)

(Al phal mager 2000) SKNSHVWJID738

SKNSHMJ D7 8 78
MJD 30% SKNSHMJI D7 8
SKNSHVMJI D7 8 78 MJD

20%

-26 -



MJ D

SKNSH SKNSHMJI D7 8 18X18 mm
MJ D 1-9
SKNSHVUJ D7 8 13 1: 50@BS HA
MJ D 1-1 0 MJ D
1-8

(SKSH) 1: 50PBS HA

(crossactiohl)3 SKNSHVMJI D7 8
1:50PBS MJ D
( 111
1-11 1-12

SKNSH SKNSHMI D7 8 1: 100MBS MJ D

MJ D 1-11 1-1 2 MJ D
1-14 SKNSHVWJI D78
1:50@BS Ubi qui tin
Ubi qui tin
Ubi qui tin

1-15 ( SKSH)

-27-



1:50@BS Ubi qui tin
Ubi qui tin

Ubi quitin

SKNSHVWJI D7 8
15

4 ,-1 ami-8&phenyl indol e( DAPI)

1-1 6 SKNSH DAPI
1-17 SKSHJWJI D78 15 DAPI
DNA
1-18 | anellane 2 SKNSHVWJID738
9
DNA 2 0l 10l | ane

3 100bpDNA | ane 4ane 5

-28-



SKNSHVJI D7 8 15
DNA 201
101

DNA (DNA | adder)

(Di scussi on)

-29-



HA MJ D

MJ D 60 kDa bandMJD cDNA cl one
4 2
k Da
47 kDa SCA3/ MJD (2 6
) (71 ) MJD

50 kD@0 kDat1 1-2)

MJ D (Paul son et
al ., 1997)

(posttransl ation modificati on)
(mehyl ati on) (glycosyl ati on)

(phosphorylation)(disulfide bond f or me

(Beyer et al ., 1997 ; Soulard et al ., 1
MJ D
60 kDa
band MJ D MJ D
M D C (Guanghui et aHA, 1997)
MJ D MIJD N HA ag
MJ D MJ D C
1-2 MJ D

Thorstehn998 MJD1
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MJ D C

(Henry et

al ., 1997) (Matthew etHAal ., 1998)
MJ D
NLS(nuclear |l ocalizati b®aDsignal)
(neur onal I ntranuc|

i nclusions/ NI ISs)hmi dt 1999
( SKKAS) Paulson 1998 MJ D
(MNL)
MJ D MJ D
MJ D
MJ D
MJ D MJ D SKNSHHAMJID7 8
( 1-9) Bernd1999

(6M14. 1) MJ D

MJ D Ber nd MJ D
(1H9) MJ D C

HA MJD N HA ag MJ D
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MJ D

MJ D

(transgluctamiahgsed)
Kahlem et al .,
1996; Il garashi et al ., 1998)
(ami ne)
(Kahl em et al ., 1996y uncated)
DRPLA (CO3)
(1 gar ashi et

al ., 1998)

b-sheet s pol or zipperhomodi meri zati o
(Perutz, M. 1994)
TATA binding protein(TBP)

(Matthew et al ., 1999)
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CAG

HO Di Figlia et al., 1997;SOAVI es

€

(Gi |l man .et 19€B8B/(MJaul son et aSCA7 1997

(Hol mberg, et DRPLAgRY @8 hi et al ., 19
(Paul son et al ., 1997)
MJ D ( 2) MJ D

Caspabbpr otoenaes

(Paul et al ., 2000)

SKNSHMJ D7 8

(Ubi gu-dependent protesome path

MJ D

(Apoptosi s) Swel ling

Dbri s

Wl liedl 1980

Ker et al ., 1972
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Wil ieeal 1980
Shrinkage
( endobean)e
Apopicoxodi es

SKNSHHAMJI D78 DAPI

DNA
SKNSHMJI D7 8
SKNSHVWJ D7 8 Frederic
1998 protease/ caspase CPP32

NacetAstgl-Va-As-Al (-BEVIHO)

MJ D ? MJD
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62KD¥4 - Mutant MJD

% nonspecific
-35-



47 KD% Ub-actin

1 2 3
1-1 HA MJ D
l ane 1 79
(PCMX70OQPS7 | ane 2 SKNSH
|l ane 3 B
78 (polyglutamine) MJD
b-acti n
62 KD% - Mutant MJD

# nongpecific

-36 -



U Normal MJD

47 KD¥,
1 2 3
1-2 MJ D MJ D
| ane 1 SKNSH lane Pane
B 78
MJD 26 MJD
MJ D

200X
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1-3

1-4

SKSHVJ D7 8

4

200X
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1-5 SKSH 9

1-6 SNSHIWJI D78 12

62 KD¥a
= Mutant MJD

#* nonspecific
47 KD%: »

Ub-actin
_39_



1-7 HA MJ D
| a nle 79 (PCMKXAMID79)
COS7 |l ane 2 SKNSH | ane 3
SKNSHMJ D7 8 | ane 4 SKNSHMJ D7 8
| ane 5 SKNSHMJ D7 8
78 MJD b-actin

HA
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1-8 S\KSH 8
(hematoxylin)

(10POX

1-9 SKSHMJI D78 13
(hematoxyl in) MJ D

MJ D (400X)
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1-10 -8SEHMJI D7 8 13
(hematoxyl in) MJ D

MJ D ( )(1200X)

MJ D
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1-11 -BRH 8
(hematoxyl in) MJ D

MJ D (1000X)

1-12 -8SEHMJI D7 8 13
(hematoxyl in) MJ D

MJ D (1000 X)
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1-13 SKNSHMJI D7 8 1: 508BS MJ D

1-1 )

Ubi qui tine
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1-14 -8KH 8
(hemat oxyl i n)
Ubi qui tine Ubi qui tine
(1200 X)

1-15 -8SKHMI D7 8 13
(hemat oxyl i n)
(hemat oxyl i n) Ubi qui ti ne
Ubi qui t i ne (1200 X)

DAPI
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1-16 -8KH 8 DAPI

(400X)

1-17 -8SRHVMJI D7 8 15 DAPI

(400X)
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1-1 8 DNA

SKNSHMJI D7 8 9 15 DNA 3%

-47 -



Lamotrigi nvwdD

Mol ecul ar Studi es of -3t he )
under t he Treat ment o f L

Machado-Joseph

-48-



MJID 14

3¢ (translated region) CAG
MJD
Lamotrigine
Lamotrigine MJID
MJID lamotrigine 2 lamotrigine
300 mM MJD 30%
lamotrigine MJID
(SK-N-SH-MJD78) MJD MJD
lamotrigine 2
MJID lamotrigine
200 mM MJD lamotrigine
MJD
lamotrigine
MJD MJD

MJD
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MJD

MJD

(Abstract)

Mac-Hladeph di seiasearf MAibt)osomal donm

spinocerebell ar degeneration charact

-50-



of clinical manifestations, includin
external opht hal mopl egi a, pyramidal
signs, dystoni a wi t h rigidity, an
atroepshi Unstable CAG trinucleotide r
MIJD gene on | ong arm of chromosome 1

as the pathologic mutation of MJD.

The treatment of MJD has so far ©
Lamotrigine, an antiepileptic dr u
spcifically reli eve S 0me maj or S
patients. Previous results form our |
| ymphobl astoid cell from MJD patient

mut ant -8t ardemM 3 A0 G treat ment for t\

Encouraged by the ohiand alh e brseesruvl attsi
LCLs, we carried out the exp¥ ession
I n cul t uNRHMIBKS8 cell s under the tre
di fferent concentrations of LTG. We
demonstrated that extracelmMMudlTaG appl
decreedast he expression-3fi TMmuduwlnttu raet da »
cell s. This observation i s consi sen

observations.

Further anal ysi s wi | | be perf

-51-



understanding of the role(s) which |

I n the pathogenesis of MJD.
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(l ntroducti on)

MJ D
(earl i er onset):
2030 ( 24. 3
(mi ddl e onset)
40. 5
(Il ater onset) : 4060 (
46. 9
5 73

(Sequeiros and couMdbdno 199

MJ D

MJ D

MJ D CAG (repeats) 1344

-B53-



repeats 7285 r e pHsaitesh et al

1997

(prevcagl efln 53/ 100, 0®0 %MID( Hi rayama et

al ., 1994) CAG

(Huntingtoné Disease HD)

(SCAL) (DRPLA)
SCA1l
(Purkinje) (Burright et a.,
1995) CAG ataxin-3 (Ikeda etal.,
1996) HD (Mangiarin et al., 1996)
1997 HD CAG
(neuronal intranuclear inclusions/NIIs) (Davies et 4.,
1997) CAG

HD (DiFiglia et d., 1997; Davies et al., 1998)
SCA1 (Gilman et d., 1996) SCA3/MJD (Paulson et &., 1997)

SCA7 (Holmberg, etal., 1998) DRPLAgaha et al

(Paulson et al., 1997)

-54-
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MJ D
Sakai 1995

Sul phtahmoex az @k € met h(oBoarcitnm i k) D

Lamotri cpidne 3@ di chl orphenyl

-1 2 4triazine; LAGé atyrli azi ne

MJ D 30 LTG
2 MJ D
30 % ( ,1998)

LamotrigineMJD

MJ D
MJ D
(SKNSHVUJ D7 8)
MJ D ;
MJ D
(
/| Western blIMJtD) | amotrigine

MJ D
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(Material and Method)

1. : MJD
1. (Lymphoblastiod cell line; LCL):
MJD
(
4)( ,1997)
2. Machado-Joseph Disease

(Neuroblastoma cdll line;SK-N-SH):

MJD SK-N-SH-MJD78

( 1D

3. MJD pc DNFAABIJ D7 8

-56 -



Dr . Mat hew Pe(ed

(2).MJID mouse Dr.Ichiro Kanazawa
(b).HA mouse (12CA5) Boehriger Mannheim
(c). b- actin mouse Sigma

HA rabbit (Y1) Santa Cruz Biotechnol og

5 ml PBS

5ml Fi c-Bhg(luPchar maci a Bib5@@ h)
rpm (HI TACHI O5BX21, Japamuffy coat

15 ml 1 PBS1 O0ml 3

150 m 10 500

m (10PBS % gl yc®rnoM
sodi um BDMM sodi &t mmEGdIAt hi ot hrei tol (

40m/ mleuplepti 4a0mg/ ml aprot Romhml

-57-



pepstatinmMenyl met hyl sul fonyl fluor

0.5 % TFrLOOO)N X ( MI SONI X
XL2020, US&) 30 1
3 (Beckman AVANTI 30, USA)
4 1500 0r pm 20

Bi-Rad protein assay

-2 0

( SKKSH; neur obl ast oma ¢«
( SKKSHWJID78) 25¢&m
90% DMEMs FB3I % NEIAA
% PSIN% -l ut amiOn.es5 mg/ ml G4aAI&8B8CcBul f at

BRL) 37 5%

25¢&m 3ml 1

PBS 1 PBS
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3 9C 1
DME M 8 ml
6 wel | (97 WBe Icim)
DMS O LT(G DMSO) :

OmM 50mM 106M 206M 30 M

48

5 ml PBS
1 Oml 3 1 Oml
1 5l 1500
rpm (HI TACHI O5RR1, Japan)
50 (10PBS
5 % glycérowmM sodi umnmMMDBAdI UmnBMGT A
di thiothreitodeég(Dnkedplept idhbyg/ ml
aprotinin;20n/ ml pepstatin mM
phenyl met hyl sul fonyl DL 500 dei¢PMS
X100) ( MI SONI X XL2020, US/
8 30 1 3
(Beckman AVANTI 304 USA)

15000r pm 20 Bi-Rad
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protein assay

-2 0

Bi-Rad 1: 4
Bi-Rad Bi-Rad working reage
5 m ( BSAWS510m 15m 2 Ony
1 ml BRaodor ki ng reagent
(Beckman DU64D9YSAM ( GD)s

(Bovine serum al bumi n; BSA)

(mg M)

SDS

(l oadi nd-neyrec;apt oelttha%iIMdSacki hg d
95(THERMOLYNE 17690, USA)
(Bio-Rad PAC300) 100
1 (25 mM1DOr2i €My c iOn €l %
90

(resoluting gelQO
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10 %SDS

10 % SDS-PAGE
Resolving Stacking
od gd
Acrylamide-bisacrylamide 2.5ml 0.562 ml
(29:1)
1.5M TrissHCl pH8.8 2.5ml
0.5M Tris-HCI pH6.8 1.25 ml
10 % SDS 0.1ml 0.05 ml
10 % ammonium persulfate B 15m
TEMED 15m a4m
D,H,O 5ml 3.188 mli
SDS-

(nitrocellulose paper; NC paper, Whatman)

paper, ADVANTEC)

(filter

transfer cassette

mini Trans-Blot Cell (Bio-Rad)

(transfer




buffer; 12 mM Tris pH 8.3, 96 mM Glycine, 20 % Methanol)
(Bio-Rad 200/2.0) 100 1 30
blot TTBS (Tris Buffered Saline;

10 mM Tris-HCI pH 7.8, 150 mM NaCl,Tween 20)( 5%

) blocking 4 (mini-shaker, BOECO)
blocking buffer MJD
b-actin (monoclonal  Anti-MJD/1:2000
b-actin/1:300000)(Wang et a., 1997) TTBS ( 05%
) HA b-actin

(polyclonal Anti-HA/1:500 b-actin/1:300000) TTBS Buffer (

05% ) 4 TTBS
buffer 5 Anti-mouse
lgG-HRP /1:20000 TTBS ( 1% )

Anti-mouse 1gG-HRP /1:20000 Anti-rabbit
IgG-HRP/1:20000 TTBS ( 1% )
1 TTBS 5
1.1 Working solution (Luminol/Enhancer
solution: stable peroxide solution,Pierce) 5-10

Working solution bolt X (Bio-Max, Kodak)
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( Resul t s)

lamotriging(LTG) MJD

MJD
lamotrigine MJID
(SK-N-SH-MJD78)

DMSO lamotrigine (LTG) dilantin (Phenytoin)

DM SO 1

m/ml DMSO 48

( ) 50mM 100 mM
200 mMM 300 mvi lamotrigine (LTG) 48
lamotrigine (LTG) (
2-1) | ane 516V lamotrigine | ane
2 1 0reM lamotrigine | ahre 200
nvi lamotrigine | a nde 306M
lamotrigine | arbe DMSO | arbe

0 nvi lamotrigine b-actin
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3 lamotrigine
(LTG) M™MJD ( 22 ( 2-2

200 mM  lamotrigine (LTG)

(no treatment) DMSO
200 mM lamotrigine (LTG)
(polyglutamine) MJD 30%

(p<0.05) ( 22
50mM  100mM  300mivi lamotrigine (LTG)
(no treatment) DMSO

(polyglutamine) MJID

(P>0.05) 200mvi lamotrigine (LTG)
MJD
dilantin
(Phenytoin) SK-N-SH-MJD78

dilantin (Phenytoin) -

SK-N-SH-MJD78 DMSO dilantin
5S0mM 100mM 200 mM
300 mM dilantin 48 dilantin

Western blot ( 23 l ane 0IMM

dilantin | ane DPMSO | a8 e
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3 0mM dilantin | ane 2 0o

dilantin | a n5e 10 6M dilantin
| ar6e 50V dilantin b-actin
3
dilantin
MJD ( 24
MJD MJD
MJD lamotrigine
lamotrigine MJID
MJD b-actin (
) MJD
2-5 2-6 2-5 A
CAG 20 78 )
95mg lanel  MJDO002
MJD CAG 26  78(
2 |l ane 2 lamotrigine | ane
lamotrigine | ane MJIDO03
MJD CAG 15

78 2 MJD
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b-actin 2-6 B CAG
18  80( )
150ng |l ane 1 lamotrigine
| ane 2 lamotrigine | ane
3 MJDO003 MJD CAG
15  78( 2)
MJD MJD

b-act i n

MJD MJD
lamotrigine
MJD

MJD
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(Discussion)

lamotriging(LTG)

Voltage-dependent sodium channel

kainic acid (
) LTG
LTG
(Gilman, 1995)

MJD

MJID

SK-N-SH-MJD78
200mM LTG
MJD

MJID

(ataxia)

LTG

LTG
glutamate
glutamate
29.6
LTG MJD
lamotrigine

(SK-N-SH-MJD78)
lamotrigine MJD
LTG
LTG MJID
2 20-30 %
LTG 300mM
10 % LTG

(dizziness) (diplopia)

(somnolence) (Gilman, 1995)
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LTG

LTG MJD
LTG
LTG
) RNA
CAG RNA
huntingtin
al., 1996) RNA
LTG RNA
MRNA
MJID RNA
MJD mRNA
LTG MJD

Voltage-dependent sodium channel

neurotransmitter glutamate

MJID

striatum (HD

(RNA-binding protein)

RNA
(McLaughlin et
MJD mRNA

MRNA

LTG

LTG

L-glutamate

NMDA(N-methyl-D-asparate)
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AMPA (a-amino-3-hydroxy-5-methoxy-4-isoxazole propionic acid)

Kainate(Nakanisht et al.,1998)

glutamate NMDA
(Calmodulin) Calcium/

Camodulin NO (Nitric oxide synthase)

Calcium/ Calmodulin I leukemia

cells(Yabuki et al.,1997) neuronal excitotoxicity  (Leist et
a.,1997) NO donor caspase(cysteinyl aspartate
specific proteinase)(Alnemri et al.,1996) Cysteine proteases
Asp
C.elegans

apoptosis (Salvesen et a.,1997; Nicholson et a.,1997; Cohen
et a.,1997) Caspase

DNase (Enari
et a., 1998) LTG

(Stefani et al.,1997) LTG

CAG HD
(Davies et a., 1997) SCA1 (Skinner et a., 1997) SCA3/MJD
(Paulson et al., 1997) DRPLA (Igarashi et al., 1998)

(transgenic mice)
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(HSP 40)

MJD

(Yamamoto et al.,2000)

MJD

3)

CAG

CAG

LTG

(Ubiquitin-proteasome)

D) (2)
(UPP)

(4)
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(1)

Ubiquitin ligase(E3) SCAl
(Cumming et al.,1999) (UPP)
LTG
(2)

1994  Alan CAG

1C2( Anti-TATA bind
protein) CAG
CAG
SCA1 SCA3 ALS (Cummings

et al.,1998; Bruening et al., 1999; Cha & al.,1999)

(Warrick et al.,1999) (HSP
40)
(3) (apoptosis):
Bcl-2 Cytochrome C Apaf-1  Caspases

; Ligand
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FADD

ROS(reactive oxygen species)

) IETG(Caspase-8

(Brigitte et a.,1999)

MJID

MJID

MJD
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Glutathion

Cytochrome C

LTG

MJID



62 KD—

47 KD—

2-1 -SBLHS HMJ D7 8

€ Mutant MJID

Ub-act

| amortrig#d@Be

MJ D b-actin
| ane 5101 lamotrigine l ane 20nd
lamotrigine | aBe 20m@M lamotrigine
| arde 30MM lamotrigine | arbe DMSO

| arbe O0nM lamotrigine

(polyglutamine) MJD
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b-actin
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N v —
—i

13
S

w101 Py UOISUBAXS J0 JUNOWE BAIBjaY

MJ

|l amdri g4 8e

2-2

(independest )T

T

05

<
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47 KD— * nonspecific
U b-actine
1 2 3 4
2-3 -8t HMJ D 7 8 di |l antid8
MJ D b-act i n
| e 10nM dilantin |l ane PMSO
|l ah e 30rM dilantin | anrte 2 0reM
dilantin | arbe 10mM dilantin | abe
5 OnM dilantin 78

(polyglutamine) MJD b-actin
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1.5

0.5

Relative amount of expansion MJD protein

0

2-4

DMSO No 50uM 300uM

treatment

100uM  200um

Anticonvulsant drug( Dilantin ) concentration

dilantin 48MJD

T (i ndependeenstt )T
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62 KD— € Mutant MJID

47 KD— U Normal MJD
*b-actine
1 2 3
2-5 | amortrigine MJ D
A CAG 20 78(
)
lanel  MJD002 MJD CAG
26 78( 2) | ane 2 lamotrigine | ane
lamotrigine | ane MJID003

MJD CAG 15 78 2
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62KD— € Mutant MJID

47 KD— U Normal MJD
*b-actine

1 2

2-6 l amortrigine MJ D

B CAG 18 80
( )

l ane 1 lamotrigine |l ane 2
lamotrigine | ane NJIDO03

MJD CAG 15 78 2
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MJ D

| mmunoprecipitat iPun a#s sva"
Protein(s) I nteracted-3Wit|
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Machado-Joseph Disease (MJD)
(SCA3)

CAG

(poty

gl ut ami ne)

MJ D/ at3axin

(apotosi s)
MJ D

MJ D MJ D (Ubi qutine)

MJ D
( SKSH) MJ D

MJ D

70k Da

MJ D MJ D

MJ D
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t

(Abstrace)

Mach-ddeeph disease( MJD) I S caused
rinucleotide repeat expansion in the
ene. It I s known that expanded poly

tax3i nand ot her proteins to accumul at
eur onal nucl ei of affected brain r

ntranucl ear aggregation of a polyglu

el l ul ar pat hol ogy remai ns controve
reviously t hat I ntranucl ear I ncl u
ulllengt h -8t axirrmnadtad»>dn ubi quitin, h e
hock proteins and ot her unknown pr

nderstand the functional -3 otlher(oSu)g ho f

ts interacted protein(s), we perform
ssay to search for any putteanawte wirtoh e
he mut an8. aPakyal onal anti s®rwergai n:
sed to preci B tatgetateaxiwnmt h associ at
f any, from the mixture of t-BSEHI prot
el l s andsplaymegmaoabl ast oi d c elolng.r oGomp
xperi ment, however, no clear speci fi
n the assay except one weak signal

mprovement in antibody preparation a
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concentration wi |l be untaken in the
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(Introduction)

(trinucleotides

repeat) (Sutherland and Richaeds, 1995)

SCA1l ataxin-1
(1) (glyceral
-dehyde-3-phosphate) ATP (Beena
et a., 1996) (2 (Leueriinceh aci dic

nucl ear pr dtAeNiPB ANP LRRs LRRs
(1) striatum

(HD ) 63kDa RNA

(RNA-binding protein) CAG
huntingtin RNA
MRNA

(McLaughlin et al., 1996) (2) HD

( Transglutaminase; TGase)
TGase HD TGase
(Lucio et a., 1996) TGase

(Lucia et a.,
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1999)

MJID
(MJD/ataxin-3)
MJD (Trottier et al., 1995)
MJD (Sachdev et al., 1982; Yuasa et a., 1986 ;
Takiyama et al., 1994) MJD
MJD CAG
MJID ?
MJD/ataxin-3 (Paulson
et a., 1997)
? MJD (Paulson
et a., 1997)
MJD
MJID (Ubi qutine)
MJD

MJD
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MJD
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(Material and Method)

(Lymphoblastiod cell line; LCL):

MJD

(Neuroblastoma cell ling;SK-N-SH):

( SKKSH; neur obl ast oma <cel
25T 90 % ONMEM EFB%W NEAA
1 % PISNegLut anBiB€O(BRL)
37 5%
(Lymphoblastiod cell line; LCL) 25 ’cm
90 % -RBMDO % EB% BSEBNCO BRL)

37 5%
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S®-Methionine

(Lymphoblastiod cell line; LCL)

(Lymphoblastiod cell line; LCL) 5x10°
10 ml 15 ml
1500 m (HI TACHI O5P2110, Japan)
10 mMPM640 (methi-bneee
10 ml
15000 TACHI O5P2110, Japan)
modi fi ed ( RP- 640 metfhrieod n e
%FBS %P S NWLI ut anliOnle % sodi unl @GimMuv at e

S:Met hi oni 3ve)5%

(Neuroblastoma cell line; SK-N-SH)

8 10 ml
10 ml DMHEWMet hi-bneeég
10 ml
150000m (HI TACHI O5P2110, Japan)

modi fi ed ( DMEM me-f hie @ %k &S
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1 %PSN %tgl ut ami e sodi um pylronwiait e

S:Met hi oni 3ve)5%

(Lymphoblastiod cell line; LCL) 10 ml
15 ml 150@m (HI TACHI
O5P21, Jalplan)
2 & fn
5 ml PBS 3 1 Oml
buffer 15 ml

15000m (HI TACHI O5P20D, Japan)

50t (10PBS % glycerol
1 mM sodi ulmn EM@TsAodilumMEGT Ahi ot hreitol
40g/ meuplept idnig/Imaproti2ntyhml pepstatin
1 mM phenyl met hyl sul fonyO. 5f 1% oTFrn idteo n(
X100) ( MI SONI X XL2030, USA)
30 1 3
(Beckman AVANTI 30, USA5000rpm 20

-2 0
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Bi-Rad 1: 4 Bi-oRad

Bi-Rad wor king reagkont

(BSAY 3 0mg 15y 2 0y 1ml BRaod
wor king reagent (Beckman DU640, U
5985 m ( GD)s (Bovine serum
al bumi n; BSA) (mg M )
1.5ml (microcentrifugetube)
30 ml protein A agarose (BRL) 60 m anti-rabbit polycolonal
antibody 10 m 1 TBS buffer (20 ml IM TrispH7.4 9.0
g NaCl 1000 ml) 100 4°C
end-over-end 16 TBS
protein A agarose protein A agarose
6000 rpm 5
200 m TTBS (20 ml IM Tris pH7.4 9.0 g NaCl 0.05

%Tween 20 d2H20  1000ml)

60 ny (Lymphoblastiod cell line; LCL)

60 ng 30 ng

-90-



30 ng

16 protein A agarose 4°C end-over-end
2 6000rpm 5
1.5 mi 200 m TTBS
200m TTBS
DS
20m 20m
10 m (l oadin)g dye 95 (THERMOLYNE

17600, US A5
(Bio-Rad PAC300) 80 1 (25

mM Trli9s2 &My ciOn ek SDS)

10% SDS
10 % SDS-PAGE
Resolving gel Stacking ¢
Acrylamide-bisacrylamide 2.5ml 0.562 ml
(29:1)
1.5M TrissHCl pH8.8 2.5 ml
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0.5M Tris-HCI pH6.8 1.25ml
10 % SDS 0.1ml 0.05 mi
10 % ammonium persulfate 75u | 15u |
TEMED 15 | 4 |
d-H,O 5ml 3.188 mi

-92-




31 lane 1

lane 2
lane 3
lane 4
MJ D
( , 1998) A Fc
A agarose
(i nebuat i on)
MJ D
MJ D
3-1
70k Da

MJ D

(1)
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(2)

(3

MJ D
L) MJ D
MJ D MJ D
MJ D MJ D
MJ D MJ D
(bl ocking)
(2) MJ D
MJ D pcDNAMMMID78 ( 3)
Ba mHI (i nsert)
PQE30 BamHI
MJ D DNA 7) PQE30
MJ D PQE3O0
N 6 (Hi stidine)
( N) ( Ni)
Nitril etrrcaaci d

NENTA( NeNcikterli | ot ri acetic aci d)

6 MJ D
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MID ( 9)

MJ D
MJ D Pst IEcoRI
MJ D
PQE31

MJ D DNA 8)

(yeast two hybrid)

MJ D
MJD
31 70 kDa
MJD
MJD

Sam Contr ol

S P S P
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17/5KD—

83 KD—
62 KD—
47 KD—

32 KD—

25 KD—

Sample

Control

(supernaPt anRel;l et

(Appendi xes)
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Mol ecul ar c¢classification of auto
cerebell ar ataxias(ADCA)

Ma c hJaadsoe p h aBies e

pcDNANMJ D 7 8

MJ D

SLST (single | eg stamMdDng test)

QT-G(qualitative tandemMJaDb t t i mi

pQEHAFMJID?7 8

pPQEHATMJID7 8

NNTA
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1

CAG trinucleotide repeat disease

Repeat number Gene product
Disease Sites of neuropathology ~ Normal Disease (intracellular localization)
Huntington’s striatum(medium spiny 6-35 36-121 Huntingtin (c)
disease(HD) neurons)and cortex in
late stage
Spinocerebellar Cerebellar cortex 639  40-81 Ataxin-1(n,c)
ataxia type 1 (SCA (purkinje cells), dentate
1) nucleus and brainstem
Spinocerebellar Cerebellum, pontine 1529  35-64 Ataxin-2 (c)
ataxia type 2 neuclei, substantia nigra
(SCA2)
Spinocerebellar Substantia nigra, globus 1342 61-84 Ataxin-3 (¢)
ataxia type 3(SCA3)  pallidus, pontine nucleus,
or Machado-Joseph cerebellar cortex
disease(MJD)
Spinocerebellar Cerebellar and mild 4-18 2130 Calcium channel
ataxia type 6(SCA6)  brainstem atrophy suburit (oL AXm)
Spinocerebellar Photoreceptors and bipolar 7-17  37-130 Ataxin-7 (n)
ataxia type 7(SCA7)  cells, cerebellar cortex,
- brainstem
Spinobulbar Motor neurons(anterior  11-34  40-62 Androgen
muscular horn cells, bullar neurons) tor (0)
atrophy(SBMA) and dorsal root ganglia receptor (n
Dentatorubral- Globus pallidus, )
Pallidoluysian dentatorubral and 735 49-88 Atrophin (c)

atrophy(DRPLA) subthalamic nucleus

* ¢, cytoplasmic; m,transmembrane; n, nuclear
(adopted from Lunjes A. and Mandel J.L., 1997)
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2 Machado-Joseph Disease

Activation) F e
@ atp B & /7 Nucleus
Ubiquitin ff

(conjugation {IF'I )
3 . E2 | |II I:‘ - |
"l '

.' , Ub-proteasome ‘ |
e " Cell death_|

-
(Ligation)
Protein
= E3 Caspase?
Ub-protein =

|
'J{'{ IH LAF
i ! 7 7 A" Ubiguitnated

Frotzasome | | A
I’ () o Associated profeins i“\:: J.-': taxic?
|:| —
-y L - 5

Michael D. Kaytor 1999
Thomas Klockgether 1998
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3 pcDNA3-HA-MJD 78
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MJ D

RAKE 8 ‘C"‘Eﬁi , EREH
MID001 40 23, 18 36K
MID002 23 26, 78 B
MID003 26 15, 78 B
MID004 30 16, 84 258
MJID00S 6 16, 85 ABR
MID006 46 25, 83 3%

(Hsth T E2HLTRX)
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5 SLST (single |l eg stamMdDng test)
100
90+
S
80+ \A
8 1.
=
L]
L 604 _ - "%
o — - MJD
§ 50 il m
é . [ & I
i 40 P 1 % O caseA
—l m =
(/) i
100 L i
%_ % % % 0 caseB
20 %
fgly @ I
10 | | L | L L | L | D C&C
1 2 3 4 5 6 7 8 9
Time (week)
S Lamortrigine W Lamortrigine
MJD Lamortrigine
Lamortrigine ( :

)
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QTG-D

6

4.0

3.01

2.0+

1.0,

0.0+

-1.0

QTG-D(qualitative tandem gait timing) MJD

OOCOKROOHK

X X

O
O
XX MJD
O  caxeB
.IZI cae A

Duration of medication (month)

50

(QTG-D;qualitative tandem gait timing)

(

, )
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I

pPQEHAFMJDT7S8

MJD1 cDNA o HANICID7NSA 3

MJD cDNA

R | (CAG)®s e | e

|
oxis BamHI Sphi Sacl Kpnl Xmal Sl Pt1 Hind1I

- -GGATCCGCATGCGAGCTCGGTACCCCGGGTCGACCTGCAGCCAAGCTT]

(187)

HI

Promoter/operator| RBSII MCS Stop

Ampicilli

j8d

e
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8 pPpQEHATMJIDTYS8

MJD1 c¢cDNA

ofHAMCDR & 3

MJD cDNA

(‘AU)T!

l — S
l

Pst1
BamHl Sphl Sacl Kpnl Xmal Sall Pst1 HindIl
AC GGATCCGCATGCGAGCTCGGTACCCCGGGTCGACCTGCAGCCAAGCTT|

87)
Xho 1 Eco RI
Promoter/operator| RBSII MCS' stop

Hind T

6X His

Ampicilli

jEd

2
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9

NNTA

P
[‘%f:.} _ia' 1
MNative conditions -* Denaturing conditions

e e
bl o« V5
5"

¥ ¢
® L

&

Elute

rd N
ﬁ-@ '“'\..,?ﬂ? i
., & ;7

Pure 6xHis-tagged protein
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