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BRI TR/ ZE M EE DERER IC & 1T 5 s DES

EE  BB/NZE MR (spinocerebellar degeneration, BUF SCD &B&EE) &, NINEEERFAEEERE U, /K\—F >V VIER, #
FEERZEDNHRUNA DL RGEESET B ENH2HREMERETH 2. BRRATREBEERIRVW IR TWEL, SCD
DSEDH 37D 1 [FEIEMHE SCD (hSCD) T, &D 397D 2 IFLRMEMEZSOMEMEETH S, AFBTIEhSCD ICDWT,
BRERER, FRBERRRE NAATY—H—RE 7/ LEROZNZNICOWVWT, RREEBRRICATTZBEICD WY 2.
Key words : BIGHB/INE M, N\ AN—H—, FEMZHE, 7/ LAEE

EU&IC

EBE/\BNZHERE (spinocerebellar degeneration, BT SCD &
B&EC) (&, NMEEERIRAZ EFERE L, N—F >V UER
HEABRAEIR, REHRIES, RAEMERE, TADLAREDERR
BERBETEIENH2EREMEERTH D). BRATR
SBEEFRWEINTWRW, SCD IFAFRTIE 18.6 A110AA
BEOERELVWDNTWSD, ZO5E501 390 1 I13EE
T, &D 300D 2 FMAMEICEEL, ZOKRIBAIELRIHE
MEETH 2. AfgTIEZDHRDEEME SCD (hSCD) DWW
T, BRER FHRAEERE NAAY—H—FFK 7/ LE
BOZNZNICOVWT, BREEBRRICHITLEEICDNT
Wt 2.

hSCD DGR

hSCD 55D %< IFEREFREEER (BIEEE) SCD
(AD-SCD) THbh, BREEBMER (HIEER) SCD (AR-
SCD) & X EHMEIR SCD IdFEhEahD. 2023F 9% T
[CIREZT N TS hSCD % Table 1~3 IC/RY. Z DERERRIZN
MEZEENRAD A ZE 2T DIFUNKE &, ZOMORBESS
EHT2ERMESRICKREI NS, BHREATAD-SCD i 1 8
NS S0 METHRESINTWSA, EVHlgic & > TREER
[$8%4%. Ffz, AD-SCD IZDWTIE—HRAIIC spinocerebellar
ataxia (SCA) & LTREIh, EGFENHSHICHE>IE
ICESNEID Y TSNS (BL, SCA24 [ZFIs T, BEEEE
FEEICSCAMERAI N TWS)., HERICEWTIE, Machado-
Joseph /B B8/ < FAAE 3 B (MJD/SCA3), SCA6, MR
TR BEIRIL A AZHEEE  (Dentatorubral-pallidoluysian atrophy,
LUF DRPLA & BEEC), SCA31 DBBEHAE W (Fig. 1A)D, 12
MICEBEBRIEE(T DREEENH D, bEEIC KT DN
RABETEZRHEEER hSCD DEENMET I ZIERAICH S

(Fig. 1B)¥~9. RIREDIRKBRDOFMZ AR THENS Z L IFH
IR, Table 1~3 ICEEH S 11 TL S Online Mendelian
Inheritance in Man (OMIM) B ESENS, ZNZNOERKRERY®
BEEREY, REEFICOVWTEBBLTWEELW
(https://www.omim.org/).

RERESNATBICELBHNSTHFEETShSCD &L T
cerebellar ataxia with neuropathy and vestibular areflexia syndrome
(CANVAS) & SCA27B h'8 2. CANVAS IE AR-SCD TH D,
RFC1 & & F I (AAGGG)n, (ACAGG)n, (AAAGG)10-25
(AAGGG)n, (AAAGG)10-25(AAGGG)N(AAAGG)4-6 & WS 518
HUE-MERDPR SN 297, BRERAICIE, /\BNMEESEh K FAAE
ROEMC, FIEERRERES, EIHELE BOSRzERE
TOREERBERES, BERBEZET 5. B MR TN
NERBDIED, BEROTFHIRERDSD BB, SCA2TB
I3, FGF14 Ef=zFIC 250 B LD GAA U E— MR ZRH S
AD-SCD T% D, HEHALEICHKAEL, BIRETIED/NIEE
BRAZE2T Y. AEGCFOIRAEYRAEEEZICERT 2
SCA27A [FLLBRIVEFERIETH 2N, SCA27B [FEMFAE TH
B2 en% <, BEERRIRY PREFEREEZEHT 59, 250
ELUTOGAA U E—MNMERTHRET 2 AREEN BRI N T
£DHY, SCA27B DY E— hEHFAERMEIC D W TIESERRES
ZEI 5.

28, hSCD (F & DRE TH WA IC T INELZET 2
BEDHEIEE, REENBETEWINEET S &I
BEUTBLKDENHZ. FEENMKAE (idiopathic
cerebellar ataxia, LU IDCA EWEEC) DZBIEMEICIL, MM,
30 A L THRAEDBIREIT I/ BN MEES) KT, TR/ \IXEEHE
HY IDCA B Dz DAEE & SN TLWSNY, FEAFITH >
TH hSCD ZFRA T 2EHEHBENSNTWS, &< T SCAB
IEESHBRIEENEENTE RV LHHDEEEET 29,

Fro, INEEENIRFRADFIRICIZIZ R WIEEEFID hSCD H
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This article is available in Japanese with an abstract in English at www.jstage.jst.go.jp/browse/clinicalneurol.
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Fig. 1 Distribution of disease types in hSCD.
A: Prevalence of autosomal dominant spinocerebellar degeneration in Japan. Modified from reference 1. B: Changes in disease composition of
hereditary spinocerebellar degeneration. The proportion of MJD/SCA3 is gradually decreasing, while that of SCA6 is increasing, and there are
new diagnoses of SCA31, resulting in an increased proportion of pure cerebellar type cases. a; Modified from reference 3 (1982/4-1999/3). b;
Modified from reference 4 (1999/4-2006/12). c; Modified from reference 5 (2007/1-2020/12).

OO RESINTWS, SAVO-XATADNADNEERE
722 EERAE DRPLA 12, SCA2 % MUD/SCA3 T/K\—F> Y
ZALDHIRICIIDENSZ I EEM R THhESMENTW:
HY1919 MID/SCA3 TILAREI N EFEIR TH 572D 19, CANVAS
1° SCA27B [AIHRIC A E MR iR B E T HAE L 7o SCA2 FEBIE
HEINTVD, MID/SCA3 PHEZAFAKR TELREME
RIEEIREEZMS ZENSVT ENRESNTHEDIM~19, K
HHREEDEAZHICIESHRY E— MNRZEDDIDENH .
ZOMDFEINETZEE LT, SCA2 & ALS & DEEENMNSH
3. ATXNZ 5BIEFD CAG U E— MMEREHY 33 ELLEIE SCA2 %
REET 2N, 29~32 BOFRMEE Y E— NMER TIE ALS Z FAE
L, MEEAHULIZEVWSHEDLH DD,

hSCD DR aFERFEDIRIA & RE

RERRZET SCD DBELHHDDIE, FILF LY VKA
YMIORIR, $2WE7OFL Y VBEERIEDHAPRERE/I
BIRPUISE TH 5. DI, SCD DIERETINGEI 8T 3
FRBEEL LT, TNETELDRBEMTONTVWE DT,
ZO—EBELBNT 2.

L-7ZILFZViE, OHAEOHEEICK > THESLUEHYE
FIICEWTRY TILY =V REOMFIHRNER I TW
%70 FTIC SCA6 ZNRICERMEZRER (5 11 1BER) ME
MShTWw3 (AJAD30, jRCT2031200135).

ONRFLYYVIE, ZILFLYYPZOFLYYERUBR

BRRIBURILE Y BRIV EVEEGRTH D, HREEYDEOEF
REERG E TEBMRADOUE PETIHIMERIBFIATY
fe. 2ElIChH=DE #EEE (NCT01970098, NCT02889302)
ZITW, EEEFMIBE T&H S Scale for the Assessment and
Rating of Ataxia (SARA) R A7 TIFEREI OO I >T2HD
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ZA7 DEENMIEIENDE EVWSERNRENE?, ULMLAE
NS, BEARHFEBDIIENTET, BMHBRDOATREMIC
DWTIREHT 2 2 EANRINTWNEDD,

FEEREMAZ (mesenchymal stem cell, LUF MSC & RB&EC)
DREEERER, HERERFGENORRERADOERENE
EIN, HAYLAZET MID/SCA3 LUV SCAG ZRTRICE || 18
HEMMThhfe, EEARSEOMBEIRIKR, —HOBETH
RPTBHSNBIERTH o122,

HNFLYY»MSC DRETIE, EEEQEVWEERHTS
FERBRHNIKREL, RBRBERICKELRFEZS A EHERS
nTns2,

Z Ofth, HARTIFEGZHZEIFIAHER S 1T LVEW Friedreich
KFEICDOWT, DEEEZENE U CEGRTAENTORTL
% (NCT05445323). O & SIBEETFRER E OFRAEA
AL, SHBEHADED THRABRRED SCDICHULTERELT
W ZENFEEINS. BYUHLOABICEEZIT>TW o
ICiE, BLENREZ IBEICERLREZHZiTo/c LT, BYA
INAAR—H—TFHET 2RENHG . i, RENTREDIR
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EEhdlens, BREOBREZLEEL, BRRICBITSN
BTF—5 U THAYT S I EHRBICK W ERERMENZE
BUTHEIRBEDNH S,

NALAT—H—FFDORIREEE (Table 4)

NAAR—A—& i, FROFEECEEEZ R EBIEDOHRIR
TH2 —MBNICHEZZHIY—H— BREZEEEY—H—
HH2WET AT — kY —H—&MT S, hSCD DIHFE, ZEI/N
AAR—N—FEGCENREICEDZ SO RN, —HEEEY—
H—IF, FREFERFELREHSWIcRHOBRKRRICEWT, &
SIEDFHMD 7z IR TEERIBIZE 5.

COEFEENA AR —A—(CERDFI—H—23 B
N — =2~ g ERRR IXER D H B DY, hSCD Z#hed & L
BENRFEICE WTHBRR/NA AT —H—FHEZ L TV,
ZDI=®, BEFRMZEICEWT, International Cooperative Ataxia
Rating Scale (ICARS) 29 4> SARA) 13 & DEGEREFM R 7 — L
MNEBFMEB & L THLWSNTWS,

BAERR TIE, SARA R EDERRFHERA T —I)LZFAWTH
REFHEN RSN TWS, SCAG ICRWTIE, 3EMDBRE
ZBIL, SARA THM 1.33 mEB{LT DI &H?, SCA31IC
BUVWTIE 4 FEDBET, SARA [FFM 0.8 MBI BT &N
WESINTWB®, £z, meta-analysis FFZE Tld SARA X I 7
[ U T SCA1 1& 1.83/4, SCA2 (& 1.40/%, SCA3 & 1.41/%,
SCA6G 1& 0.81/FET B ENRESIN TS,

INSBRET—5 BBRKRRBOERT—YE UTEETH
30, RBICAVWSEHITIEW ONEEN S S, RRDEE
IFEARBENERBEORBEN—EL TWRWI & TH B, RFEIE
DR, HREFRHOSTORGIE, SIHNRAKICHREE RS
R, S SICIESHTATRRE R D BREEFESEERICNEZE
I BEFEHDOZENZNOEBICE T ZERDEL IE—HK TIEARL,
BERICH T 2ERERRIEII NS ORPEZ VW TETEEZ
HEELTWBIY, BRONREE E—RICHERT 5 DR
#HTHD T, BARRBROERT—F & U THWSRHITIE,
ARRRZ ZBEICEFICHES N cAIAESHRICEWT,
Electronic Data Capture (EDC) BET CTEAREZEREL T <
ENH B,

Ffe, H5—DODMEE U THRITRR e & S ICHRREFMR T —
I, T7Z2ERPREZZFPIVNEVNS I ENBIFE NS,
ICBALTeO/NFL U VRERTIE, SARA 156 RAREDERAER IC
BWTT M, REHEHICSARAF 1T ABEL TV
22 FRDOEBEOEBREDT—F EHELT, MEEDIC
1EDOEEFNETCUE > &L D, BENI DHBUGE
FEENAAN—N—ORENDETH DI EZRRET HE
REWRAD. hSCD BT BEER/NA AN —H—DEFERR
|$ Table 4 ICFAN T 2. ZDBHT, DHIEDOHRENSEE
PHNA A =N OVWTERDEBEENHS. SARALBRED
BEPREHE R 7 — )L OBHBEZ LB U e BATHRICEWVWT, &H
DRWEERTETIH ZRE US®REE, 9-hole peg test
THoO, Thld, IRKDEYE IEFADONICIITT, BY
CEIDD - ERREZE2HDTHD, EHREHD SBIER
NEENZ2EDTHS. ZOLSBIEEZRFTAT, 3RThH
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BIHEA V5 —7 x4 X741 2% Bz Geomagic Touch®%
FBWEEHE®Y, INPEEZBW 7Y XLBEGHRE? P, B
BMEZRWY vEV TREY NMNAAY—H—RDE
BEHEMICDVWTRET SN TV, bhbhik, HITEEE
hSCD DFIREKR TH D Z ENE <Y, HhD, FIERD—D
EUTHBERREICRRINP TV EMNS, 3RTINERE
2T hSCD OBITIREEZ BRI Lic. Z DR, 6 2%
TILR T2 BEESTROLEEGTHIRIED SARA L ERICHHE
L, BEFZLICEWVWTSARA KD HHBMTH DI EHEREL
120, ZORRLBEEZT, SCA1 BEENRICHTRTZS
I EEFRIERZRIAE ICFME L, EDC FlcERET & T, ¥
KOBBRORBT—5 L1225 ICEAREENEL TV,
BEENAANY—HN—IE, ZhZ2hBEEELTIEHDH,
FABRERROLOICEETHD, SEHEOMEDERENE < H
FaIns.

7/ LERORRERE

T/ LEROEM
BILEFRARMNOREERT, £ h—AD2T / LABEFICH
MNZARMIREBHICHAD U, chickb, 7/ LBRICE
DEZHT - BE - FHETSY /LEERNEKELTWS, RE
BT/ AETH B OB B FREDHRS T REH
EFIPZRFEGRICOEBINTWS, FHREGFORTEIC
KB REEBORRIFAELIOBARICERELEMLTED,
hSCD B4 TRHRW, Z5IT, EREEBHIFED T W
SHEMHENS, BRES CRIENREZ AV EGFNREI R
INBEESHEMLTWND,

RIERIRE

hSCD IZHREMEBICEEFNDID, ZOHREEREBES
ICEWTIE, BIZISEREBHEMEICH T 2RBEEPERTF
SBREERY, BATEARIN TV S RIEESHEMMEAIZRBLEIC
WNTB7UFYRAERREDEAGEGZL, AETELSEER
MEZXDDHZ. BEEXTSLTREEYVINVEDREED
ZUNHIRT 2 RESPEIERETHSERET DI EHEE
THD, BEROBRRREICEVWTD, REMEFAZNRE L
fedR—hAELEHBIES NS, ZOLSBEENS, HEED
FRICHVWERNAZ BN E LI RENREOEEIENT S
ZENFEING.
LEEGCTEERSIMEESSBHFEREER®R 120 &%
WREUVICAEICLD &, 2014 F 4 B~2019 F 3 X TOH
R IC A RIE DB GIE R EHREOREIREE 312 4 (F
M&HIeh 67.44) TERESN TV, EEJNORRIE, Eis
MATTRZIOA R—Y AN 8 HEREEL, RERMERI
75.2% TdHoTz. hSCD IF 76 FEBEGIHEATTR 7201 R—Y
ZIERWTEL, REEMERIE 371%TH >/, SHEROERE
FEHICDOWTIE, #96 BlOMER CREEFREREEE TOFIEN
HMEICED SN TWEARRICITEVWLH ST, BKTIE,
N FY b UEERLOE LT, HREEREDHKIEIREZ X
TBEDOAA R4 U PHEREEIRESINTNED, —F
ARETIE, “WREEOBEGTERIACRZ0> 2009" lc&k>T
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BERAIRE
ERIEGFMNRE (Preimplantation Genetic Testing for
Monogenic/single gene defects, LT PGT-M &BEEE) (X493
MEBZEEL CHEDESHS. PGT-M I, KiFOEERIF
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ENTED, HERERBARZRICLDBEISOTENEES N
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71—, Leigh iXfE, BILEFHIYANOT ¢ —, BHEEHER
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Recent clinical advances in hereditary spinocerebellar degeneration

Ichiro Yabe, M.D., Ph.D.

Department of Neurology, Faculty of Medicine and Graduate School of Medicine, Hokkaido University

Abstract: Spinocerebellar degeneration (SCD) is a neurodegenerative disorder characterized by cerebellar ataxia and
other multisystem manifestations, such as Parkinsonism and pyramidal tract symptoms. No effective treatment is available
for SCD. Approximately one-third of the cases of SCD are inherited, and the remaining two-third are sporadic, including
multiple system atrophy. This article provides an overview of hereditary SCD, its clinical features, recent treatment
advances, biomarkers, role of genomic medicine, and future treatment prospects.
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