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IR BR A TE R B & (R MER B FBORMIE#3€)
BBV RR OEFKEE, BH QOL O LIZET 0988 MEHF e S &

/NP BR D,
HHR R EE I FE AR P R

5 ARNEL: DR

ZEMERE P\ K 2 BB RFRE & < ISHBE/ MK
BEMEE « ZRMBEMIE « IUER~NEDT Y
EBEIEIZDOWT, AL P ¥ R UARHIC
O/NRBI % & 8 7= ZRERE ., OFIERTZHT.
BHZW S AT AOREL, QRFARMKE X
OYR B OERFHM T IEOMESL, ORRKDF
FeRER & DEETRIL L. ERIERHEE DR
BIEY . OBEFOERMEE, Vv T—
va VIRE, EBITHREREGTEOER(L. ®
BHZW D LIXEEEOHEICET 5
A F~—h —FROHELE, OEMEFEIZ
DOEBElE QBEFL VA N OILFREME .
RS D, O, QDEIT, BAMERED
g, BaTIRFICINT 5. FIERTZ K%
O ERRMAESC, RFCrE SR RE IS %
WM B EToTa hxA TR BEY
BATBUC, IRFAHIEE R, KRR 7 U —
=V 7IRH, BRI O oY T
72 SIZBVWTREE 525, 0,0, @,
®. @, @DRLHIL, IR Z T D
FNRNLEEND, £F-OOMEIE. Fd
ERBIZKT DU AT —va o T
VAERICE T 5, BEfFL U A R KT
2R, EEREREES L 5 2 DRH D
fif S, HERHER A2 PEICIRD D T e R
AT L7055, INENORAE TE XS
ET B0, IR OBITHIE RSN
OWNWTHMEDIEFRANHFF NG, b
DT 2 U C, ERR O L K
e 5 ONCHE QOL i Ed+252 %A
Be&Ed 5,

MHoEfa R OB
O /WNEBIZE DT FRERE

/NN FEAE S 2 i/ NI A PERE D T
H AN HLE R 2 ORI R R BR L A 1
ZiiE (DRPLA) 2o\ T, R P#% %MK
A L7 M5IT 14 61 0 | FLIRBISEAER] 2
Bl ShIRBILARETRIERT 12 I TH o7, T

WILVATRIEAEln B RFEAPRIRRBIZ 72 o T2 4
lnlX, CAG VY v'— MR EHBEZFR D=, /h
IRHIE DRPLA ISR MICERE T, T#%
NENT L A2 fEER LTz,

Tl MM A FIE 1 R(SCADIZ X9 5 il s
FIRDOEM FEIRRIT, M EETHD
ZEMNOLXGEMAANDNETH D 48
EIND, BRHBREZ R SED72012,
FOIEMEEE & 70D SCAL HAREEZ BT S M
2R BRI 2 Bt LTz, 7 4 CEY
Fl 516 ) BER L, 241336 » AR E
TaMfiz 52 L, 3 41X 30 » A B £ CTakfi
EATo Tz, BEEENDS 30 » A B £ Tl
SARA 1 11.6 1.1 7°5 12.8+1.4, 6 4
HATIEREIY 344.6+57.5 m 7°5H 256.2+
133.2 m, 6 43 [ TIEHERF O 245 R g
1% 0.0414+0.0091 m 7>5 0.0576+0.027
m, 9-hole peg test {% 37.1829.21 5
46.59+17.58 iz ENEHE LT,

IR N O Z TR NN EMEER R &
HEHEL, 20oBRFHIERZHLNI L,
2012 4E 4 A 75 2020 4E 9 A& s fRbT
L72 160 ZR&Ex5 b Uiz, HRRFHA L
AIENCB T HHEEZE LTI ETqbD
FERIBA R A2/ D | WA D AR i A i ER
Fi 3k DNA #k 2 FIVWC PCR #EB L OWAEE
BEdr o o — k& N 2 TR R oA 1%
R LT,

mEl bt IR D SCD DR <2
BRI A BT 52 L2 LS L
7o JHHBUKRT T 1998 4 4 H ~2018 4D 20
HE TR &7z SCD D434 iE 20 4ERiT D
7 L FREIC SCAG DBEE N i b < SCA3
OB MR, SEURFEE 72 fiz% T D SCD
DHFHEL X OHBBIEE O BT TH
ADSCA OERBBIBEE X SCA6 ik %
<, SCA31 BENITHEE . Z DM I 1998
HEARETHY, mlnbz L TR0
MLTWBEEZ LN, OHEEDE
fiEe ML SCD  (SCA6 + SCA31 - CCA)



O, FEEBER G F D T BRI IR O R A
iR T 5 7ol M IR SCD B 738
B LTV o RN D FEE R FRE~T 7 — |k
REEITo7, FlaoFORETERER
BEsfEzx TR Y LR ENL TV D,
8 BIDOMizk > b [RIE #1572,

TS RICB T 2 TR/ NS MEE D F2Re %
N T D700, RO /NS KFIE D
B 275 4128V T, SCA1, SCA2, SCAS,
SCA6. SCA7, SCA8, SCA12, SCA1l4,
SCA15, SCA16, SCA17, SCA31, SCA36.
DRPLA DA 7 V) —=> T &1{T>7,

FA LN HIE L Z 381 2 (B A M B 5 iE e
VNI O R R R [R] 8 31 & k522 FXTAS -
SCA1T DEHEA 7 ) —= T %47V, EfIR
i) - BIFHIRET 21T o 7o, BiatEiES)L
FRIEBEV VIERT 1395 i >\ T SCAL, 2, 3,
6,7,8,12,31, DRPLA 3 L O GSS (PRNP,
P102L 22 5%) D48 SARAT 24T\ B PER] 340
il Z bRt LT, B2l Z st 212, FXTAS

(FMR1 #f51® CGG Y v'— h: 55-200
7] premutation expansion ) L O
SCA17(TBP i#{51-® CAG/CAA V &— k
., 41 [BILL 1) D% BLfighT 2 PCR-# Uk
BEIC T T2 72, U B — MiRBFIZ SN T
U B — MR FIEFE, KBV E{GET R
EL BRRBEEIRET 21T o 72,

FS N FEIE O /NI ME T B AR E A 1
L HARNDORZWIEFEIZR LT, RFC1
BT O B — MEREREZRIE L,
Cerebellar ataxia with neuropathy and
vestibular areflexia syndrome (CANVAS)
DA, BRIRPIRFEZH LM Lo, A
FEIE O/ E B R IE 2 E e 35 AR
ANDKZKEER (SCAL2,6,7,8,12,17,
31, 36, MJD (SCA3), DRPLA , FXTAS %
BROMF) 298 B (FEIED Y 70 B, FIEE
7L 228 f) A x4z LT, RFC1 &1
DY v— MELF]D repeat-primed PCR,
WNZ flanking PCR %17 > T, RFC1 #&{x 1
DR Y B — MIRZERAZHR LT,

BRI BUBE A IEERE (CBS) & &2
Wr ST ~T VT U LB REER] OMHRIR

PR EACIZ OW TR L7z, 70 BEIZHSIE.

CBS DMk &k, BRRAIC CBS &
BT, T8 BT LI IR 51 T
BRI 2 ATV FERRAIR KIS SV TR
L7, CBS &@HI L 9 B AL~

VT U URER L OEIUCHE S BN R
OANEVT U UILEEIC L D CBS &l
Uiz, BEsE TIERBROES 2 1 o4

(Judit Bihari et al. J Neuropsychiatry
Clin Neurosci; 2016) 8 573, CBS Oy
FIRELE L TAE DT U UIAEE b AFAEIC
ESBEND D,

© RIERT2ET. FHIRZWS 2T AORESL

BRI/ MK JSFRIE (1diopathic cerebellar
ataxia ; IDCA) ZWrki#ED FHIFHIZE F
D FRIEF# (30 LA L) 22\ T, 2D
M PE 2 WEE LT-, 2018 4F 6 A L 0 A K
$E A BAAG L. 2020 4F 11 HW T 55 4 (BB
% 832 44, &tk 23 44) @ probable IDCA &
BN S T2, 55 4 DXSERFFE R IT 67.2
+ 13.27% (mean + SD).ZJEFH#IE 53.4
+ 12.4 5%, BRI 13.8 £ T.046TH
STz, —J7. J-CAT T84k S 7= stk
FRAEDH 5 30 sAm CHAE L, ol s
FHIRRA CRBASMERMIED BRI S 7 B3
12434 THHo72, ZOHIBHLTFHEIEATHH

Mg b mErE o/ RZERES R 55 |
IZREY L WEBEZRS & 29 4 (67.4%)
Lo, 29 A DORIEFEIL 159 £ 9.6
W Ch ol (20 AN « 17 44, 20 %Lk
1244), 29 4 DEKREZ 2.5 & probable
IDCA 55 4 &l LT, 3B4E (BF5<
PSR A o te) (41.83 % vs 14.5 %,
p=0.014), TFHEFEME (31.0% vs 1.8 %, p
=0.000), CTAMNA (188%vs0%, p=
0.012) OHEENGEITEN-T-, 12, &
B RN 34 (10.3%) IR 54 (17.2%) .
HAEE 34 (10.3%) ([ZRLZ, 294
% 20 miA . 20 LA B2 T TG a
R L 7o MREE O R CH BB ZEN RS
NDLOE -T2, Fio, 30 AR TR
JiE L, 2> DB 7RI A Tl a2 e 23
PRS- BE 434D 9 H 14 4 (32.6%)
X FETRE OJIWHC TG o/ NMZERE A R
Y AWAYIEEY

FRARMIC IDCA & 2WF LTI & %5 &
L C. B CPUER (FUIMRHUE) ORRE ATV,
T O KRB = mE L7z, IDCA 47 #

(probable 5 i, possible 42 f5i]) % x5 &
L7z, IDCA . H1 VGCC fuik, Rt
PR S A P BE I LA 2 R U RGP 31) & Fmi
ZBRAN LT, 2252 MEE (MSA-C) 20 #i



(Gilman %7%8 C probable 17 3, possible
3 4. EARMERFRIE 12 5] (SCA2 2 fi,
MJD/SCAS 4 151, SCA6 2 1], SCA31 3 #il.
DRPRA2 i) il 1762t & L7z,
INBHOMIGEEHWT, 7 v MNEARBE
HOE O R 2 D 7o sk gl L v | $t
MR Z R LTz, 72, BEEOHUIMK
Ptk & LT, mGluR1, Neurochondrin,
GluD2. Caspr2. IgLON5 % . cell-based
assay ([Z X DR L7z,

@ KM L OYEBaE DR FE 7ik
DHESL

EDENC L WHFR/MMEMEEIZ DWW T,
Z O B IRIE & BIEE 2 IR A K O TR R &
1T > T BR DY FRIEAZ T D Bl CREAT 217
DT EERAME L, ThE/NMEMIED A
SRIEE & BEFE OfFATIZ X, rating scale & L
T Scale for the Assessment and Rating of
Ataxia (SARA)Z V>, FEREREAM A & — L
LT 3 A— /v Timed up and go
(3mTUG), Barthel Index TiFffi. 9 hole
peg test(OHPT) % 5 Z & 2N EREA 72 3L
END Y sz, ZOEEH
WCRBRAOIC 6 44 D BRI TR 2 F2hE L .
HH OO PN T B IRESCHF AL,
HIEERMI AT 9 2 3 TE 5 Rl LANSE
7,

VR (Virtual Reality) % F\ 7=5HHIF14
W2 X0 EEUCH A EEIIZEHE TS ik
HWMENLTHZ EHRBAME Lo, BEKRTE
SFHR B R IR BT AR N AR L 7o fRid A
PIRED 5B /NEPEEE) JCHE GBIRME -
PR BE/ K PEE & 26 R ZEMEIE) 3
FOR—F o V=X D TR E T HEA

(R=F Vil &) xtRE Liz, %
ToB & 937 B O EEEE 2580 RV BE
HxREEE LT 3 BEM CHMF 21T - 72,
EAEREIISAHEE S 306 TH S, Bk
EEN AT 5720, ~y R~ b
T 4 A7 LA TH5DH Oculus Rift® & /N> K
N7 X 7T A4 RXAThHD Leap
Motion® % i A& o 7o 2 2 W T
SARA IZBT HiHiEEE TH 5 HRiBWR
BRI & TR —falBR) 20 Lz, W7 /3o
RERBEDED Z LT VR ERICE TS
ek & ARABRRE DRSO E) X & mE A
DOEBINCHNT A Z EEFRRIC L, £

7~ PSR 34 A TH % Hib VR Glove %
HWT TFREOEIN - B4 8kR | 27 L 7=,
TNA RN S NT=' o —I2 L0 22/
FOFEROAELZWET H LT, FO
B - BISMEEYO U X LB O BRI A
TEENICHAI Lz, ERROT A 2% HWn
TRV s BTREEN G E CBE)
R/ BETH - THy KA K TR
NABETH DT OIKR FAH & 27,
SCD BFHEOHEETEIEZ E&NT 5 Z
& T, ZOREAFESCHR I IOV TO
et AT o 70, BEERHIREERICHEDIP T
Mg D ERMAEEZ 2 L-oloxt L,
SCD #£i3 1 BHPAEB) S IRFH AY - 22T
AHHITH Y | SCD #ETH DAV SR 72 %
FEEEBI O —RHE RN, FEEEOMIEMEE B R
) —KTH D AREMERIE S iz, EE) K
FAPERE S R E CA LN D FEERFH OIE K13,
B2 EER K FIc L2 b oTidi <,
FEEEE OEB N ZEMAY « FEAIC A BRI
WD ZEDFERDO—>THDHEEZLN
7o ZOX D IREEIZ ORE N, A
EORMTH D T T EEEE” OREIC
DIEMoTNDEBZBILTE,

@ BICRWFZEMRR & DEE 2RI L, B
RBRHEE D EMAEY

DRAPLA, MR RPEFHE/MMZETEE, (2

DOWNTIE, % & [EERBFTEHEE (2 SV TR

L7ce £eAA3—2 )=y 7 LOEEIL

[FFZE T, SCA3 DA A~ —H—IZFHT

% LFbFE 2 HedE LTz,

® BFEORYEE, VLY TF—vay
E, EITHIRR T IEDOIEREL
SCA42 DOIRIKIZKIT 2 Y =% I FOIE
Rt 5720, Z28A CaVa.l @
BARAFEDO RE T 5 =% I RO
BA B EREICT LT, Y= IR
2k v, ZBEA CaVa.l OFEMALHHRITIE
FERAFHEIZIB AR T > 7 R L, 50%{E
PALEALIT A B2 L, B4R CaVa.1 &
50% G ML EENL & il U TR EZEIT 72 < 72
STz, £, BIEEITEAME LOER
A CaV3.1 & HICHERBAITAR S, BE
RV = NEREOFEIZE 5T CaVa.l
OIEMLE OB = b2 LieooTz, LA
oz s, BEONRAEICHY TS



V=% FiX T # VDCC OIHEEHZ N
SPEEA CaVa.1 OIEME(L dhfR % 18 45
FHENZPATIC Y 7 b SE AR Cava.l o
IEMEAL ARSI S TF v RV DO BAMEAF
PeA B SED LR ENT,
SCD-MSA (Zxl3 2 5HEF U e ) 7
—varEERIELDIC, BETa T
T L (T —FNE, FE, TR, BIH)
BT XA LARET 4 —% B 7o T,
Z O BRI IIBIENREHA L LT,
U NTIE, EEVCHROBE HEREE O R
EE|\Zk 27 7 r—FZdc, ADL I
%95 BEEFRMAE . BN SR AT T
D DRI L - THERR SN D LI Y
NEVTFT—TaryPNEBINTWEZ,
5~6 M. f#H 3K OMNAETH -7,
MSA #3125\ T TPPV 5% D 1%
BELOFERNZ DWW TR L7=, MSA @ BX
JBE & i3 % & R IR IET TR L O TPPV
EICID PREEDORFEMENE Z LD,
KE YB3 L OV TPPV 514 | Uk YuiE T
W T HEIENED, RIS E AT
DEGITEL 72y, TPPV 2335 L TH %
RIED IV AT 1Id D, AIFFEIZL » TRE
GIBA TN TR 282575 74 D 2 Rkt 2k
JiE BBE DRGECIEIRNZ OV TERERLFIEIC
Ty IR AR AN A RE & 2R o T2,

® B2, b LIREEECHEICE

T BNA e — T —FF R DOHEHE

T/ NI ZE MEE BB O SEENHEBE A TR T
NA ALY EENCFEE L, & OEIEE
B OIS T D ERRE N A A~ — T — %
BA%E L7, BRI/ IMA M B - G SR
B OBEBRGEREZATV, BRE R - FrlT A
A RZEL DT —F 2 NEE LT 21T > 7=,
D KA &0 S RO S JIE 1A
ORI ZITV, BEOT —X et L, &%
BRI 22 AL TE 8 B D IMENT 24T - 7=,

We R A E N A2 W = 2 E A T o
SCD.MSA DJFREZEFE LT 5 & &
BT, PEKR T2 5N TH EFEBIT 28
72 iR 2 R5Z L=, MSA & SCD @
JRAEE IOV T, 2021 4F 3 HIZEA ST
BE LY T — 2 ORMEEZIT I Lk,
BE, T—4 7 ) —= T 5EiPTH 5D,
MSA ([ZoW T, RHIRZENC BT 52 WiHE
HELTEDHEHE & OREEMENFER WD, A

THBEZ WAL v FUA X =T IEIC
X BT 25 AT,

MSA 2B\ T, #i#E 5-HIAA & KX v

NG UAR—=H—A A=V T HRIGH LT
Yo h= A A= T OT%EORHE A
Rt U7, E 7z, (B BUMENT BT HE 7 B 25 A58 1]
B v, 2 RMEMIE O R W2 W ks 1)
LAMEZHFETHREI LT, v b= F
7V AR—=FZ =Dz OW T, 24
2B W TR H D AR T THER
EHERCXARMEENAREE -T2, &
7o, BEZER b=V TV AR—F—0
ERMET LT DIER & MR LT, {#5]
MM FE IR S 25 & GVAC) 12 L 5
FHCI%, MSA 53 5+ 52 1] (98.1%) TH&/
HUINIRIE & U < IR IS 38\ TR R 7R 2
ZRERTE, T2 aiE&IZI 1T 5 MSA 2
R 70 B T L O I BUSEE 69.8%I2 k0 L
T 28.3%DKE DH) E2tE: iz, MSA-P
& PD ORI TIFERE 95.0%. K52 96.2%
ThHoT-,
MSA-C O FHIRZWric /N sT1w/T2w
ratio HENHH THLI N E > v EBaT LTz,
e L UL /NN sT1w/T2w ratio 1%
MSA-C THEIZEETH Y  FIE 2 FLAN
D MSA-C(MSA-CE)IC[R > T b A BRI
THot-, T/ sT1lw/T2w ratio @
MSA-CE & f/3E OBz 5 AUC IX
0.990 L BETH Y Y72l v MATEE
WD Z & TRUE 94.1%., HFERE 100% &
W) EWERBIEER R Lz, £72. MSA-CE
IZBWTH /NN sT1w/T2w ratio fi &
ICARS R a7 ICHERADHENA LI,
d N sT1w/T2w ratio fEIZA U — 715
IR DB A SRS B RN A A~ —H
—DFER &R0 9D LR ENT,

@ AT ZE D E R E

B TUE 2 RS L LT BB R AT
2 J-CAT(Japan Consortium of ATaxias) %
ME L, BRRBHMONE, BETREICK
BRI E . JRILBI ORI & B SRR,
BHURKE S THRBE 21T - 70, 2021 42 3 A
IRE A C 1868 15l D& Ek 035 541, DNA 1544
fR{AR - Cell line 333 fRfA - M4 125 fFfE D
IWEEZ R L, 1096 fl Cilfn ffd (—k
AV —=27) BET L., 513 $1(46.8%)
TIRBIZREE LTz, BASTRRHT ORE 1,



SCA31: 157 #1(14.3%). SCA6: 155 #i
(14.1%) . MJD/SCA3: 108 4l (9.9%) .
DRPLA:3941(3.6%), SCA2: 17 #1(1.6%).
SCA1: 17 #1(1.6%), SCAS: 12 #1(1.1%).
HD4 #1(0.4%). SCA36: 4 $1(0.4%) Td >
7o WRIRMEERRFEEOEF D H B, FhE
JEERG B« A FRAER] 200 BlZBWTIER
T — NENTE AT Uz, IR 233 f
D> 6 B GFIE A 15 L C IDCA OB ER]
16 & fiiH LU, Al & B SRIEAFIEICTE A L
7o IMAEDINEMSIZ /ST L, B Ozt
/NI IFRAE D F2 W SR DR 2 HEEE L 7=,

BEfFE L U R b Y —OILFEAE

AEEN O ERHEES ., B3 RO W10
H L. MSA o #Hilk L ¥ =2 KV
(HokkaidoRare-disease Consortium for
MSA: HoRC-MSA) Z# A% L 7=, 2020 4 10
ARFE CTITHRET 215 4 DEEZ B L,
201 4 C MSA Wi EO MR 72 EHEEH
BEH#{To 1=, ZIRD 54%75 MSA-C T MSA-
PlX28% T o7z, FFHUIIHITHRETH
ZE D EHERR :

O /NREBIEE DT FREFAE

/NEHIZESE DRPLA (ZOW T H VT D%
FHRRGE 21T 5 1=,

SCA1 HREEWFZEIL. AL LT 6 2l
TR RERBLEFENICHEZN S LT
SCA1 BEZEXKGL L, 12 » HEDM MRI -
it SPECT, 6 » H4? SARA, =kt
TR B 2 F T2 B TEMT . 9-hole peg test
#{T o7,

#9 BIDNE SR O EEFERE D & ORIk
T, FHEME 11T 1 (B0 74%) . 34
42 14(26%) Th -T2, 2160 F2D 5 B

SCA6 3% (19%) . D\ T SCA31(13%) .

SCA3 (12%) . SCA1 (8%) . = L T DRPLA

(4%) DIAETH T,

MEEE F CORIERNDO T v 7 — Ml
TERIETO SCD OA¥WFRE L OV
BEEEBA L MZ L TETWDH A, SFEEIX
B & BEE O @MY KD SCD & x5 &
LT, BRI 2EFEZA NI T D200
BREEEIR A r— VICBT oiEL B 272 o>
Too XBUIMEEERE CORIEE L & ITH
Fu il SCD BE &2 LT\ 5 8 Jitigk
L., 31 ANZHoWTHZENELNTWS
T lr— MERE LT TH D,

o7z, FEEFIIZ Probable MSA (30 L
Bk D 5 AR L7 IERFI Tk 100% & 72
> 72, F#) UMSARS part 4 ® 5 fEDZAL,
1% MSA-P T 3.7 775 4.7, MSA-C T 2.9
D 4.2 ~EBEL LT, LR RoSEEE
BEPEIT 5 45T 40%00 D T3%IZEEM L, FJE
FIOERBE S 25%0°5 47%~H L7z,
ZHE TOBIZEMIF I 11 o MSA-C 23
MSA-P ~JERIZE{L L7223, MSA-P 76
MSA-C ~DOZEAbIZA bR 5Tz,

Japan Spastic Paraplegia Research
Consortium(JASPAC) Z7EH L T, AFD
TASPERME ST HSP [ E O 352,
77 2 DNA AR, TRIFESCHR Aflkige L 7=,
021 #EJE F Tl JASPAC Xékhtat %k 321,
index patients 872 F TEEMFIEL A HE° L
TV D, BEHEFNZ DU TNRERARHT 24TV,
221 FIZHOWTITEE 2 e T LT,
FERAE RIS LTz, £l
L. JERE R LR BIZOWTITiR I #E
Z1T-o72,

RO/ NN ITRIE D B 275 4, 70
HIZBWTHRFEZED ., £ORNRIL
SCA1(3 44). SCA2(1 4). SCA3(17 Z.)\
SCA6(33 44), SCA14(1 4), SCA15(3 4),
SCA31(1 44). SCA36(3 4). DRPLA(S 44)
ThoT-,

A LN i35k (2 33 1) B i An M i i A R E B
W oE Bl o 5 b FXTAS(FMR1
premutation)%ﬁ 3B 2, L DRIEL., &

REBROAWHEIT 0.2 A/10 H A ET/E/E é
m_o 3 il & b/ KRR L FHEIRER, 7%
MEEEIR N 27872, Bt FXTAS @ 2 il
S MRI I TR 722 /NI IR A
(MCP sign)i L OFEH 72 AEINIE 2 78D 7=,
ZeME FXTAS 1%, MCP sign <° B MAE 1158
BHF . MSA-C HEElOFBA A 2L LU=,
TBP AT OV E— MitgEix 19 $51(2.4%)

TiRD7=, U E— N 49 [FILL B Bk

1% 3 1) B AU R (41-48)1% 16 (2 DN,
1 $511% biallelic repeat expansion) C&H - 7=,
FEAEAEMR I 17~79 RO 54.7 1%, FPfz
FESR I/ MM ISTR 2N 19 1], FREE 6 #, ~3—
XY=L 5 5], ki 36, B ARk
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erebellar ataxia type 36 GGCCTG repeat exp
ansion-mediated cytotoxicity. Neurosci Res. in
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SCA6 57 B 135 1158 (3R) 18%->168 1008
SCA6 545+ 5 124 185/ (6/) 58F>508) 904
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B A M/ NIM S FRIE & Ot o0 R M S E o 8
BlA& & 52D, IDCA OREMIEICEHBKT 5, %
R IEREIE B S T DWW TIB A I &
MSA FHIEGR G200 61T 5, Eaﬁ%m%%
FIEDBWI SR Y AT L& dEH L, 2R R
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J-CAT | TIEB) JFHE O 2= ERERE A 72 B B o
wIERL LTz, GEBCHRIE ORI E M E - 55T
PR & AL O FiTA & B SREERESE O T
ENLICER LTz, 5% J-CAT 215 L CEE2
I ORI & HIRIBESC A HERES 2 & & i,
AR E BN X D MR 7 ) DRITIZ X %
BFHBR T REEZITO, 61T, /NRHIFAED
EENICHE O EREESC, AR O
- ZWICE T 2RO 2D 5,
Flo, DEELZMIEZIER LT, B Ot
MM ITRIE D2 W 38 - B OPUAIRER, N1 A~
— B —iFREIT D,
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AT BB A e R B & ERAIER B BORITE S (R IR B BORITJE 5 2%)
EEENRTIE O EERR AR IC B 2 AN 7EEE 7R

H AN CANVAS JEBI D5y F1BIRZFHT « BRIRRVRFEIZ SV T OGS

FHES, TLvrA—L - THEh,

OIEGE, =00, A, 8k

MAEE

12, 17, 31, 36, MJD (SCA3),

ZDOFER, RFCI i
SR R A B 5 Mz LTz,
Wree B RED 2.3% (7/298) I

DRPLA ,
fFD Y v¥'— MECHID repeat—primed PCR, W NIZ
TR Y B — MIRERZRR L.
BIETOHRMY E— MIEERZ 2T LIVIZET D THZRD, 0
HEE)VRIEZ M E T 5 ARANDOKRE
RFCL A= 7O ) B — MR ZEREZ 2 7 LIVIZAET %
i) e 588D T2 . BRNFEAE O/ N BN R FHE 2 B e 55 B ARANORZWHBFEIZB W
TH—EMED CANVAS JEFI AN D Z L 2B BN LT,

% NFEAE O /NP E BN G FRIE 2 B E T 5 HARANDERZ
FXTAS IZBR4ME) 298 #il & %52 LT, RFCI &
flanking PCR #47-> T, RFCIl i&{s

RN FEIE O /) i P

WA HE (SCAL, 2, 6, 7, 8,

WFSE A #Y
ARWFFENE, BN FEAE O /s L T Bl
FAE A B E T 5 HARNDRZ WA
FRECXE LT, RFCL BIE T ORH Y &
— MhIRARZHMRTDZ LT,
Cerebellar ataxia with neuropathy
and vestibular areflexia syndrome
(CANVAS) DL, FiIR IR A B & 2>
522 A L.

W95 15

RN FEE O /)N I PE T ) 2% FE & 3
ML+ 2 HARANDKRZMIBHERE (SCAL,
2,6, 7,8, 12, 17, 31, 36, MJD (SCA3),
DRPLA , FXTAS [FERAM#E) 298 fi] (5
RIEED Y 70 1, FHRIEZ: L 228 1)
%X LT, RFCL BT 0 U B — b
2% D repeat—primed PCR, Iff TNIZ
flanking PCR #1T-> T, RFCl Bfs 1
DY B — M RAR 2R L7z,
(ff BR i~ D il )

WFFEIE, B RFE R B B L
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IR L, ) 62.5 5 (47~70
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FSCNFEE O /) b o 1 )y 2K R 2 32
MET2RARNDORZHBERD
2.3% (7/298) |2 RFC1 Bfn+ DI Y
v— MiELRZ 2T LVICET S
CANVAS JiE ] &2 58 7=

(AAGGG) U B — M & (ACAGG)
JE— MIEDOEAE~T n e L
HAWHTRFEL, (ACAG) U E— b
HEOFFEMEN LRI,

1 51 CARAH PR B AN FE G S 72 e
ST, BIRHIFA 5 FE L mn &N
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SN FEIE O /)N o 1 Bl R FE &
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BT BRI e e HHATERBEBORNIE R CEAIEIR BBORIITEH3E)

B O ERKUE, BHEQOLDIA LIZE T HHMIEHE
SriaptseEm s &

ARB/INISHEREL 3507 2 M BV IE OB
BRICA IS MR SRR BRSO - T

A. HFEREY

F /KA VEESCD) CIESN LIRS 2 295 Z L0 b T 5, BBV S EE I, —EME
b2 OWEES - FHEORERCES, REKRREDORNY I EOREST ORGSR, BiFEEDK TR XL -
MEOENREDT v YT 4 RENFHETH Y . Wikt SEE (scanning speech), &% S i (explosive
speech) 72 EOHFE LM B TWD A, ZOREEIIZOWTIE RSN Z VY, £ Z TH 4L, motion
capture £1iT & HV SCD FBF O FEEZ EREiHMh 5 2 & T, ZOREBABSMBRIVEIC OV TORGE %
1To7,

B. gt 51k

SCD 16 il (B4 8 i, 46~82 %) &F LA 19 1 (B 94, 2 10 f5], 45~82 %) A XxI% L L1,

I T ME, AR p A ETEER (3, 2 HHEEE ) TSR] 20, HRD R
MR UHEEZ S, ETFTOBERE, £A0MAEH, BEPWEFH AL, BXOLV 77X
AL UTERRE., MK~ ——%Mf L, E—YarFy I Fr— 27524 (Oqus. Qualisys f)
ERHWTHE~—I— D8 E O =RICELERE T o 12, 7 — X fENTIZIX Matlab &2 H\\ 2, &5EE 710
5 T O NEO L FEAEE COBADNE & 3 E AR, F73E 20mm/s A2 7T0ms LR
LGB O —ROEL L ER L, oM ERD T, S HICOEMAEHFEDROMEE TE 1 A
ELT, AL 27 i Lz, MitE~rhA v b=—URKREZHV, p<0.052HEL L1,

(fiy BRI~ DB fE)
B LY CEIC L DREZ G T E 21T > 1o,

C. WFFuhE R

(VA ] 1Z2OWT, EFEECR T 2 NERKBERKIEOIE S DX OHFRAEIX 1.48mm, EEHE E[EEROF
JUEIE 0 BT, BRI CTHIBREEER A2 2 LT, BERETIE. RREREDIZS S X o Riix
2.38mm, JEEHME EEHOPRAEIX 26.5 M TH Y . EFEFICH L THEICEZ oo, BERECOESE
1E[EED 55, DA ORI EIE 15 [\, BHKINIE 1 BT, BRI X 0 & BASICEEE LR Z
KT Dotz FOIES DX IEERE 8.22%., BER 13.7% L RV AELENMILZ I N, IOk
BRI OFFERE T R OB Th > 7=,

D. &%

(R BRI EERF IR THIE 2 D IEBIPHEEY 2 2 L7= 012kt L, SCD REiX 1 IEBH PHEEh 2SR « 28
I AHLRITH U . SCD #ECTA LIV SR 72 eEEB O —KRE 12, HEEOMEMHEL#ELR > —~KThHh
5 A REMENRIE S Tz, EEVRTRMAE SRR E CA LN D REERFM O R 1T, A EESE LTI L D
HO TR EERE OEEDZEMA - RIS AHANC 25 Z ENFHEERO—2>Th 5 L &E 2 bz,
ZDX ) IEE Y L DOREN, AARZTEORE TH B4t — T EIHE DRGFEIC DN > TN D EEZ BN
776

E. #&im

SCD18 #il & x4:lZ motion capture system % FV 7= FGEMENT % i/ T L 7=, SCD BRIZfEHFHEICHL LT,
NS EE) O ZENLE - BB E W OIX 5 - X | EE) - FHE LRI AEREICRE VW2 LRSIz, SCD Tl
WEaE OIER) S Z SRR « ZZFACRHANS 72 0 [EMEE ROTERER, HiE) A LAOREHE D
BHDBELDEEZ DN, %I DICEAMBITZINAZ 5 2 LT, £ OREBAFCHRREM A 5 2
IZL T,
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AT BB ARG ERA IR BRI TR S 26)
EBVRFEDERKEE, HE QOL O LIZE T 24788 b sEdHEF

SRMEMEDREHZMHERAED TR AT LR

FgesrEsE - N
AT BRFRFGEES SRR RNET
W AE - BR 2V, Ke BE D, G D, BB A D, B S0V
D, shl 7z 2) 0 IiF #AE 3) . R4 R 4) . R —VE 5) . JIE Fod
5). 5P fEe 5) . tHAQIT T 6)
1) FEHEERRFERRAE, 2) RIRERE, 3) EFERKT, ERERAEIFENT. 4 K

HRFWrrENEL, B) 4l BRI EL, 6) BIERKT
MHREE

L RREAEIE MSAIZBWT RARI VUV R T UV AR—F —A A= U T xRISH LTH
NSRBIz BIT At b= T UV AR—F —ORPYEIZAE) LT, MSA FEF D H-ClA)
N7 U AR—=Z —=DBEEIET L TWDIEF bR CTE |, 4k, £ DORIKRIE R 2 R
LT, Fiz, EBIARNT rTRE 2 A FEEE (1VAC) Z VN, ZRMZEMAAE D R 2 W
**féﬁ%é%@%bke*% MSA 53 59 52 5] (98. 1%) ~CHa/ /MR ¢ L < 1%
PRI W TH B ZEM A M T, T2 sEFHEEIZIS 1T 2 MSA TR 72 B s fLod
mﬁﬁg69%_%LT2&%@@&@@L#%%htomkPkPD@%%Tﬁ@E
95. 0%, HFEFL 96.2% Th o7z, 4%, FFIEOZHHRIZE T 2 H AL KT 5,

A FEER
RIMEMIE MSA) OFRMZWITLT L
KL TR E o, ZERIED TR D T
WHETH 5, Ferid, FHIZMTIL, MRI &
BB OB L B R EZEDD L LD
ZEIRBEIZ DN TIE, T DRZ M MSA IZH
T DR PEBR RIS B A KT T 2 & B HEE
SNTWD DiK#gotr b= a i {birst
EHEOHHZ EEHME LT,

-
—

B. W& E
MRI |26t 35 189 f51 & FH W T 7 — & X
— 2 & AERK L, ERAFZEE O (L T A3BE%E L7z

individual voxel—-based morphometry

2BV THE
W MER CHEANRE A A E L UTERIRL .,
TG OB AEERE L BN G A
Et U7z, %f 4203, MSA 53 14l & 4 h . MERI,

adjusting covariates (iVAC)
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BT DRI OB & g - Et L7e, &
v b= OABRBIZ DWW TIE, —RZIE 1T
PILTND RRI VR T U AR—HF — i
IZBWT, % IFHTlRGE T2 8. ¥
ENE 2 FHHE L CoffExmo b 2 & Ik
BHEOR#ELEERD Z R EICLV R
ELlEr b= b7 AKR—F—D A
fbailA s L & B, MSA IZRBT D FlHH
MEITo T,

(REE~DELE)

AT ERIRAF TR BT 2 fm B FE 1, ~ /1
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ZEFHEEICOWTHEHER K772 b NIC4
HERFPEFSHMmAEELZBESDOEEL X
7o, E I ARBFFEIC B TN T 5 & MR IR
2a7T | BAFEEERAE e EOBRKRER, B X
OV MRT 72 &0, AT 72 EYEARC K 0 ST
BEEREONTBMAEO LR RNRE S
5.

C. MR

iVAC IZ X D METTld, MSA 53 fFilH 52 #i
(98.1%) THE/H /& L < i3z
CTHERZEMEMRRTE, T2 MHmEIcs
7% MSA I RFAY 70 BOE FT R o H BLAE
69. 8%IZ . LT 28. 3%DEE DM LR EH
72 MSA-P & PD D#5I] TILRLEE 95. 0%, FF %
FE96.2% Cdho7-, T h=r h T AKR—
Z— DAL O W T, 2B W THIR
B H M DB IS M) CHEMERR TE S
SAFRENTREL 2o T-, F72. MSA TR W
TEEIZEe b= TV AR—Z—D4E
FENME T LTV B ER 2 il LT,

D. %%

iVAC 13X, 1BF TR TIT O I FE
BaE B CHRFTT A EEAREICT D L &
S EBEANT 2 35 ECRIE & 72 D M FE
DOENZE, PRI, Flin7e & A28 E L L TH
DD LT ZNDDOEEL F/INRIZH K
5 RAIZHBWT VSRAD KW R THD &H
R HIDFIETH D, RN TRE RAIF 72 4E
EnfEonZ s, Sk, EFMEE 72
S TV 5 & TEIE MSA2) DA 25 6. % i
AR~ BB L TV F-kr b=
YA A= IO T, MRT 278 4
LU CT =2 2G5 2 & TRLL
O HENRRE 72 D U E =T IR R~ &
BAZ X0 | MSA (Z351F % 288R%E & DAtk % Al
FHRHHZTHX TV FETH S,
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Wb, Er b= TV AR—F—OA{H
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BATBR M e EHeVREFBORVIEEE A TEIR BECRITFE S 28)
) G AE DRI B 2 AT IEEE o e &

Tt/ NMZEVEIEZ F8 1 5 L IBGEE) S o iE BRI B D78

e

WHIEsHE K [ ES S

%
TR : 4 RIS R ER MR R

MARE

~DOISHBHRFTE L EEABND,

BFHE/ 2SR B O B A U RS D ERIRI AN A A~ — I — 2R T L2 L %
HIZ, Fx i EEGEEERERTAT D72 O DT /31 2% Hvy,  EHGEB) IO & &FEAGT 217 -
Teo FHlT NA AZIE, 8 WoLfE/ IR A v 2 —T 2 A4 AT A A TH % Geomagic
Touch® (3D Systems Corporation) & F LEFli L7=, AREREEIX, B g 2 88k1 5
EEblT, EMLIET =X ZT L. WThOEBENEEMIZ T2 ETHEY THLINER
#f L7z, Geomagic Touch®|Z L 2iHiiiL, SARA 72 & OEEFED ML TIIMH TX 200K
N A KD SIS Z E R ATRETH U . BREEDfESL, TRERIZIS 1T D i FEin %

A HHEEEH

B/ NIZE M LR ST S U T2 IR AR IE R D
18 LR WRIREI T E O R D IRBRECTH D,
TEDOWIEIT L0 557 L~V DR REfR A 23
ATEY | FEREE BT D BB & R E
L. &E - REL 3R % E BT
DN, HEBEMRRRIE OB AT CE
Lo TETND V2, LaL, HERFoE
DE AT D 2R EME & bR & . /N
BEVED A A~ — 1 — BIRIEIC B3 5 38 A
IRRRE AT o ToRFFEIE D 72 99

AT O Fcfs BB, FhE/ M2 MEE B
DIEBEARE 2 E BANCEHE L, Z O EEE &
YN BT B BRI S A A~ — B — % B %
THILTHD, REEIIHTZ 2 RE & %
Bt oL Ebic, BECEE LT —F 2 fif
Bri. WENORENERK AL A~ —H—
L LGS TH D0 AT LT,
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B2 4 Aoa 343 HE TlTYbt
MR N 2232 Uiz, BARPEERE M ZTE
JEWMEEB - I1XZ DR\ OB HBE L
PERE ARG L LT,

T SA 21X, 8 IRoT TR/ 1A &
— 7 = A AT N A AT % Geomagic
Touch®(3D Systems Corporation) % fif ff L .
BN RFFH T DAL E 2 BAE LTz, EE) I
OFHIIZIE, FRIZ 11.0cm OFEREA G E L |
ACPIFIAIE 18.0em BfAL 72 2 )UFIC 7 & 8.0cm
DOREF AT AR o 2wxi@E L, KEHM
(2 12.3cm B 72 2 RN IR TN R 5 1AL
IRy o2 E L7 (X 1), Geomagic
Touch® Tl 10m FfEDX 50D 3 R
ENRERRETH D=0, EHORZ W%
R T 20028, FFf, A, @l
B d N A (RMSE : root mean squared



1 (R O EEHE - RFfHE -
Baoohr Lz,
BRI 1 IR T EASDE T, BN
oM EREFLIEFIEFET, TNLENR 95
HEETOFRR T L OITHER Lz, HIER
DENDORESLT T — DB L K/ NMRIZT 5
72, 9.5 D 5 HLIE 11EE, itk 0.5 1E
B, B ZE L 1 1H1E 2T 540 &
. AR T FEEEA TSR E LT, E o iEE
KOG ZDEBELR R T, /it 8 # X
7 DB Z TS & LT,

W DI ENR

error) .

X 1. Geomagic Touch®% i\ \ 7= L FH I E o5

9-hole peg test OFHHli & FIRFIZAT > 70, K

ATREZR PR 1T13 12 o AR b [RIER DR &

1ToTe. FTMEOEHEMEMR B,

DIF NI DI DWIRE 2 R RIT . 1~5 W [H
R A2 1T > 72,

(i B ~ DO BLRE)

AWFIEIT AL o R AR R R P L2 3
iR B2 OAGE 2 32 £ L7z, #ERHE
(ZIESCETHMA L CEHIC L D REZ S,

C. WFEERER
FEAMG AT ST, TR/ MEE R 42
(SCA2 1 5], MJD/SCAS3 9 f5i], SCA6 10 f].
SCA31 10 5, BinF AR Ik O s fE
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INRZEMESE 12 1) . R OMEEE#ERE 33 1T
b5, ZO 9 BLER/NKEMERBE 30 6 & fat
FERRERE 16 Blickf L, 12 » ABIC B REEED
PG A I L 7,

BRBRE OFEENL, IR/ NN MERE 60.6
+10.7 ik SRR 59.6 116 i CTh o7,
/N ZEPESE O HER I 1T 9.21+4.8 T
SARA 22713 14.4+58 S Th -7,

KAARELRC L DT A —% (K - I
M- B - BE)%RE - RMSE) 29 bl
WHEL B LU ORI FRIICHERELR DT
(&1,
F 1. HENRTA—FOBRERE L BER O
SCD (n=42) HC 0 =33) P
HHR (mm) 3764 + 294 3478 + 182 <0.001
R (sec) 13.7+5.6 7.1+1.1 <0.001
HE (mm/sec) 311+93 510 + 80 <0.001
PR eI 0.065+0.016 0.045 = 0.009 <0.001
R EBHRE 0.097 + 0.032 0.060 + 0.20 <0.001
BE EBEMRE 0.081 +0.021 0.053 +0.012 <0.001
RMSE 1.07 £0.33 0.55+0.11 <0.001
P IR - BEAF ORI FERE & WL b FE B
ffu»p &57):_. \ H?—]‘:Fﬁﬁ . E\EE * RMSE ‘/63%)‘/) 7:
(X 2),

SARA & ErfijAHBS TP & R D FEES

0 5 10 15 20 25 30
SARA
r=0.695, p < 0.001

5 10 15 20 25
e 1N (4F)
r = 0.454, p = 0.003

SARA LEEDIRE TSR & EE DFRS
3t 600 500
JA£ 500 JE500|
£ 400
2 300
B 200

1005 10 520233 Y %5 0 15 2 =

SARA HER I (4F)

r=-0.792, p < 0.001 r=-0.471, p = 0.002




SARA & RMSE DHHES

r=0.636, p < 0.001

R HIH & RMSE D4HES

r = 0.428, p = 0.005

B 2. %37 A—5& L EAEE DAHE

TNOHERE T 11

B H% 70> 5 5 M8 &I R

2TV, WA TORNHEBIRE A KD
7o BEMEELUAND/NT A= TN TN

JEH A E WS M A 2R
ICC=0.963 . & J&

ICC=0.967 . M [

O 7z (ELBF R

ICC=0.972. RMSE ICC=0.984).
B 2228 RIC B L T30 &4 D ERERET 12

r ARICEKRLIZE Z A,

SARA. 9-hole peg

test TIXAELRZ(LZROH T, ICARS, 4.6m
HBIT7 A N RMSE THE 722287 (X

3)s
SARA R =27 DEfL ICARS 2 a7 DZEA{L
 —
30 n.s Sp= 0 029
“ 60)
<
= 20 & 10 +
= O
%10 = 20
0 P S T 77 0
WITREAIRE 124 J] 4% f)JIT'l,;HﬂhH\r 125 H 14
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> 9 p=0013
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2.5 p= Tp=0004

m 240

w0

S 15

2 -

YIWTGEAEG 12 J 1%
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3. WIERERORERFEAL

12 » H ORFEnE S &1z
& B0% DRI R & WMEdd 9~ 2 DI LB 7S %
B U7, fE5 . SARA A 27 TlX 715 4. ICARS

80%DIEH I Db

TIX 35944, 4.6m #{T7 A FTIL 1184 Th
5 721Z%F L C.RMSE TiX 193 4 TH - 7= (K
4), ZD5H A4.6mATT A NI 304 DEHE
B 15 Bl D A FEf v HE Td o 72,

1000 1 1 L] \

300 A

Sample size estimates
(n per trial arm)
w
o
o

Expected reduction of natural progression rate with intervention

X 4. 12 7 AR IBEDREHRTHD
WL IRRERIEL

D. B

BUEAF /NI ZE PEE 0 EE JE % 3Pl 9 5 B
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PRI L LT, FHlE M -« FHmE NRR N AT
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DELZGBICH X D Z ENTERNI LR
BN TW5b, AEIFx 23BR% L7 KiHRE
7 /34 202 X BRIl T, #8HIC X 5FF
TH D72 OFHii# R - FHlENRRAEITAEL D
ATREMEIE R < ETEMAOBEM S RIFCTH
o 7c, ARKFPERRZ AV TRl rTEE72 3 Z
A—=ZDH L, BEIEE - BHHEE X <HHE
L. MEOCEEMEGE, £7212 » H TOZE
2SI X 2 FN AR /N T A —F & L
T, RMSE 2% oz, 28 OREH7eHE
i3 I fE72 ICARS T 12 » A TOE{LE
Z 5T AHETH - 7225, RMSE Tl ICARS
LR LT, WRIEZNR AR T D DITHE R
JEREEZB O T Z ENAEETH 72, T
4.6m #4477 A h TIZICARS X° RMSE & b
LT, 12 » HTOZEME XV U2 5 2
EWNHRETCTH o 72Dy, M I FTHE e N
RO LFE, BFEHTH 127 HTRA2TO
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