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% AR ZEAE (multiple system atrophy : MSA) 41 —
TG/ ZENEE (olivopontocerebellar atrophy : OPCA), ##
S AR B ZE M E (striatonigral degeneration ; SND), ¥ %
A+ L —#—EMERE (Shy-Drager syndrome ; SDS) % 4 <
TR NFERE D IMFEERRRE MR B TH 5. 44) OPCA, SND,
SDS {37 L7-3 B & L TR S 72D, BRRIE S HEAT
BRIRESAIIZEBESTD L Z L2 5, 1969 4E 12 Graham
& Oppennheimer 51215 DIFEZE TR L T MSA &£
T5Z LRI L, AFFD Takahashi & b (ZITFIKYIZ SDS
& OPCA 233kl L7 &0 ICER SN ) 2HETH S Z
L EZL TWw Y. 1989 4F 20 5 1990 4F |2 Pappe 5,
Nakazato 5 (X MSA 4 ) I7 ¥ Fu 27 7 ORRP I
PMEE AKREREL, OPCA, SND, SDS D% 74 £ 75X
TI24k38 L T glial cytoplasmic inclusion (GCI) 255 =
ERFIMLZYY. SHIZZDOBREBENE N —F 2V Y HO#E
FBE & LT o-synuclein (aSN) ASFE &N, Lewy /MEDS
oSN 2 AT & $5 2 L 12MA T, MSA @ GCI DE%%
2% oSN T 5 Z L AR S N7z, MSA 133/ 8 —
% 'V V9% (Parkinson disease ; PD), L 7 1 —/MATIZRAE
(Dementia with Lewy bodies : DLB) & & % 12 synucleinopa-
thy OREWLHEETH Y, oSN Btko GCI i3 MSA D3F#H
BWRIE L 2> TV 5.

F)IFrruz) 7 ORANIIER S5 GCLIZMEE
AL OZEZ P OREE LTEZENETOEZHITKE R
HEfia 5.2 72. MSA 0% % 2 5 9 2 T GCL B DT
RHIZEDLD TEELETH ), MSA ORI ZE M
GCI DFHIC & ) A 2SR E SRR R TH 5
& W9 “primary oligodendrogliopathy” & 9 fEZERHi1Z &
bOTHEINTHRENIZELY. —J, “primary oligodendro-
gliopathy” T % &3 5% & MSA OHHRHING I HALIZ S50 TH
KLTWEEZoNE0d Lz, L LAKHEOR
AR NI S AR BIL TWw5 Z &id Kato biZ& -
THRAAPHIFEWINTWZY. ATl MSA OfiEr Zh g
TO GCIHLOHIR E & b2, MMl Bk ZIbIiER L

TR LBE L THR .

MSA DERFIRIE

Gilman 512 & % MSA OZWrik#E T, MSA 3 HAMRE
ERE LD ) SRR E L, NMRERDPEME RS 5 4
7 %#MSA-C, (MSA with predominant cerebellar ataxia),
=X VIV ZALDPEBE T 5 4 7% MSA-P, (MSA with
predominant parkinsonian features) & #i% 4348 L, SDS & v
IVEBEHL TN ENTVS LD Z & THRGHED SRR L
T, BEMRRREE, PMRREIR, S—F vy = XA LT
FSWi I % E %, possible MSA, probable MSA (24744 L,
definite MSA 13#4fk - BEDR (SNSR), AV =7 - - /h
5% (OPC ) (SR EME%E & b 7% 9 oSN Btk GCI 2 A &L ®
2HDLHEL TS,

MSA TIZHRIEIIC OPC % & SN R, BAMBRICHE
BEWDARSND. OPCHRTIEA ) — 7H, 8, /M Purk-
inje MNL O 7% & BRGHLHE, S NI, /NN V- o 75 BlRHE D
Bidk, SNRTIIHGE, RBIRE, BEOMIE, LEZEOH
BiRMEDORE D 0, Bk & BB TIRIBGR OB L ) #
MTH Y, Bk & BRI OB IE IS EN T, BE o
Ml & 74 — 2 A B HMAER 2R . RE MM
fi7%13 OPC &, SN ROZLOWFHIZH BT 5. HEA
TR TIIHMP B EIMUE, 5 2 ABE Onuf, HKEMEE R
R EOPRRHAMRERICHEWERE AL DD, BEHIZIE3
FITRTICEMNNB L 1A, 3 RMOBENEF L REICIX
SEBVBEICAERDH 5. T 72 MSA OFZEHORIEZ 5L T
HEHHLHREAIAICDIE0 2R L, HABRLHFHATROE
BHARME D B Tl /MERAE B OBL% 2R TRE D 5. &
TWIMEARIRMED A ) T2 Fu s ) TORENL Y #AL
THIRRLOD, o5 VI/NIARIL R L Y B
ENRTVHRLE DD, I L MSA OJFREL L L
TWAIRMEYD 5.

MSA (L& 5h % aSN BBHEEE

GCIs idA N I7 ¥ FuZ ) 7 ORENIC A S 5 B
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Fig. 1 (A) Glial cytoplasmic inclusions. (B) Glial nuclear inclusion. (C) Diffuse staining of neuronal

nucleus and cytoplasm. (D) Neuronal nuclear inclusions. (E) Neuronal nuclear inclusions attached

to the nuclear membrane. (F) Diffuse staining of neuronal nuclear and cytoplasmic inclusions. (G)
Neuronal cytoplasmic inclusions. (H) Swollen neurites. (A-H) Phosphorylated o-synuclein
immunostain. (A) Cerebellar white matter; (B-H) Pontine base. Bar 10 pm.

A =SND-type
39% OPCA-type
33%

smsa-type
s8OPCA-type
sSND-type
mOPCA =SND-type

Fig. 2 Pathological phenotypes of 102 autopsied MSA.
msa, minimum change of multiple system atrophy; OPC,
olivopontocerebellar; OPCA, olivopontocerebellar atrophy;
SND, striatonigral degeneration.

AT, RERETIEaSN, ZEXFFY, TR T2
Vo0 2 TR EKA RRECREE R R T BB NI
£ 15~30nm @ granule-coated fibril 7> SHERL S, oIS EMH
TEHZIDT 45 A M oSN OREFELRA LD ENS.

GCTs (TN DO IR IR S B § 5. fat%, Bk
A, Bk & 0 BB IRV 2SRRI IMA, S Bk, AT
T - BRI, AEARERRKE, /NI, N, RN TIE— UG
By, HiEER IO EIRE D O BRI TSR

5. GCIs I3 AFEMNB I D & & N e WIEIIC W RS
DHEHLL, GCIs DL AN E L OHFHICH A5
N5, GCIs 3EHIBED T 2Z Lwgfih S mE L, M
N E DS & o IR T O S BIRA L THIE S I, wmik
FYLZIEAT & 2 O UL AR 2 R CIH R T 5.

MSA Tld GCT MR T, oSN Btk oMl fk iy A
{& (Neuronal cytoplasmic inclusions : NCIs), fi#Hl i DA%N
# A4K (neuronal nuclear inclusions : NNIs), + 1 I~ Ko
7)) 7 O A (glial nuclear inclusions : GNIs), & 512
ZEPE R e (dystrophic neurites : DNs) 2% 5115 (Fig.
1).

MSA B1%51 102 Bl DEEHT

T BERE R A5 TN s R B 2= 0T FE BT o0 ) M) 3,163 B (1976
4E~2006 4E) O TIHESEM SRR E B K S Lz MSA 102 51
B BLAERICIRAT L 720, SECHEERE 65574 7% (47~
85 %), Wik 54 1 48, ‘P LIH 6.9+4.0 £ (1~254) T
BHo72. 102 Bk OPC ZHFRZE DRV OPCA-type 25 33%, SN
RIHEDFR SND-type 25 22%, OPC %k & SN RICHEDE
PEAA 515 OPCA =SND-type #°39% TdH 0, OPCR &
SN A& DZEAL DS % b & THEE 7% msa-type 256% fF4£ L
7z (Fig. 2). msa-type {ZEER VI 1 B EAREEE EAHT R T/h
JHRFR S =% Y = XA 7272 TR b R
Wb SDS AN B H55 < Tz OPC R E SN RO
BEREOMAGDEIIZEVARY T APFIEL Tz
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Oligodendroglia: GCIs, GNIs
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Fig. 3 Schema of a-synuclein accumulation in MSA.

In addition of glial cytoplasmic inclusions (GCIs) and glial nuclear inclusion (GNIs), diffuse neuronal

o-synuclein accumulation, neuronal nuclear inclusions (NNIs), neuronal cytoplasmic inclusions (NCIs)

and dystrophic neurties are observed in early stage of MSA. a-synuclein accumulation in neuron

and oligodendroglia might be simultaneously induced under unknown stress. Both the direct

involvement of neurons themselves and the oligodendroglia-myelin-axon mechanism may

synergistically accelerate the degenerative process of MSA.

A%, RIFDOFMBITIZ OPCA-type AL YV ZHA SN2 DIC
LT Ozawa 5 ORkK 100 Bl D #5) Tl SND-type 34% 2%
OPCA-type 17% & WAL TH - 727, Watanabe S DARFED
MSA 230 B D EEHEIAENT T H MSA-C 155 B2k LT, MSA-P
13 75 BITDH O NRREIRBEALBIDE 2o 728, DL E DR 5,
MSA @ phenotype (I3 ERRIYIC b IHBLFIIZ H A 2377
ETAHIEINRBEEIND.

HIEMAD oSN EIR

TG R B8 D E MM N L A3 7272 22 vy MSA o
HEIB % Gallyas-Braak %2 oSN O gy gett CHIZE 5 %
&, PRI DA% N R B AR PU RS SR PERE 35 M R0 oSN B A 5
WHEHH LM%, GCIs I FBFHBNZ S MBIL TV 555, 1§
IR D ZEG P HAE MO B 13 A ST v, bivbiuid sk
B DAL 2 FEFES 5 H 1T MSA OMIBLEL % O R
Bl & 8 BEAEAT L 72 B O oMl %, NNIs, NCIs
RIS L 727 Faiizic b o & b RENCBlgE &
NBDIENNIs Th Y, FDHk NCIs ASIBLT 2 @i % AL
Bz BEREIIE MRS o WA & L H 12 NNIs, NCIs
B IR L7z T 72 oSN ORMEVER AR L & b ITECHE
KICIZ oSN OV F AR PEDSBIZE S 1, BREATE R O
REZ L TV BT REMEASE 2 b7z, BRI o &
JaARIZIZ oSN BEOZAL S RH 2 S IMBILTB D, BT L b
28D GCIs DIHBAEAT L T2 WIREE T b AR E 4R
12 oSN Bt DAL R S I L T B W REME AR &
N7z, MSA ORI % FEEREE 5 oSN DOERLf THI%
¥ 5 LMD NNIs, NCIs 38, BELHHE, #id
FVEAMURL, KIBEE OfERMINE, FHATMAICbBIg s

D F ) FIRHINLIEIE A5 & N 5 FHI% Tl oSN D E R 1 GCls
DA% 5T, MEHREZICOHHELTWwD (Fig.3). £ I
FrraZY TiRGCIs #BE L2220 LIS {EFELTWY
2 A REMEASD 2 DIZxt L, ifEHIBE L oSN OBRATHBL$
NI T CICHERERECHY T R AREL T oR
b LM%\, Nishie S3MEE T4 Y — 7&K L, NNIs
HNCIs & Y Mo RHRETH L 2 & 2HE L T
Z)IU).

MSA DiREE

oSN i3t MEATIZAERMICHIRMZER S F 7 A ST
WA LTV A2, FEEMIC I ARICHEE L THB Y, aSN
DL RAEDZALIZHIFER DAL L IS LT 5.
oSN XHI ¥ F T A EBBICHFAET HAEHAE LT IN:
B, EDOHRWAD oSN OKRIBIEHI > F T AIH 5 & S
NOFAEIZE L CIEBRET 2GRV, L LiiEiE
Wy - OROMRABAZN O oSN OFAEZ R THER
G VB B SR T D oSN DEEBLEERTHMNIZ aSN 23581
THREDPASON, ) AEFF UALRHBALA LAY
DA I VAT TEHAAND oSN OBITHFFEEINS. aSN X
AL DONTE X b YO 7 v F VAL % HE L TRl
I 5.

IR LTHYTFy vu sy 7IdBAEP U IE
oSN Z & /9, MSA TaSN 254 ) IF> Fuaz ) 7
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R E T\,
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TIF Y Fas) T ORI OB THh ) MBP &5 <
f56 L Cwv % p250,/TPPP (tubulin polymerization promoting
protein) (Xt M OEFR CIEBEICILAF LT 525, MSA
JifiTid p25a & MBP D RTEZEALA B & TWb. MSA OF )
Iy Fa 2z 7T p25a O RTED B S Mg AR~
AT UAAA DSBS 5. & 212 oSN D8ED B 2 0 3 ALK
GCIs IR L, [FRFICHEE o MBP 292 L TRk e &2
B IT. p25o DRIEDEALIE MSA OF ) ITF» Fa s
T ORMEAEZ R LT 5HY. & 512 p2ba id NCIs % NNIs
DONEBIZ DRI N TV 5.

BHYIC

oSN B+ ) 7> Fu 7)) 7 o #E AR GCI X MSA @
W, IRRERI Ot & 7 ZREEW TH B, S HIHIBINFERR
SN AREMIBE O & FERN @D oSN By ix, MSA
OIFFEIAREE BRI —RWE(L B L Cnb 2 & x
NS5, REOKEEMBL P I VATV 2= 7T AD
MAOERP LML A ML AT CHEMBENICD
oSN 2SFEEIND T EAVRENTE Y, 77V 7HlL & HiRsH
O EZFEM LT oSN Ol3lE & b 429 B3 L T,
AR OB EZHFEMITMEL TWLHREMEIRIZI NS
(Fig. 3). & 5 » 3 g “primary oligodendrogliopathy”™* &
W) BHEDOMIT D S IV BEBER 2D Ly, ) ITFUF
o) 7 eI E 2 & DICHEEL T oSN ORELY B
ST L7 X N = A LD S HOBETH 5.
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Abstract

Multiple system atrophy—synuclein and neuronal degeneration

Mari Yoshida, M.D.
Institute for Medical Science of Aging, Aichi Medical University

Multiple system atrophy (MSA) is a sporadic neurodegenerative disorder that encompasses olivopontocere-
bellar atrophy (OPCA), striatonigral degeneration (SND) and Shy-Drager syndrome (SDS). The histopathological
hallmarks are o-synuclein (AS) positive glial cytoplasmic inclusions (GCIs) in oligodendroglias. AS aggregation is
also found in glial nuclear inclusions (GNIs), neuronal cytoplasmic inclusions (NCIs), neuronal nuclear inclusions
(NNIs) and dystrophic neurties. Reviewing the pathological features of 102 MSA cases, OPCA-type was relatively
more frequent and SND-type was less frequent in Japanese MSA cases, which suggested different phenotypic
pattern of MSA might exist between races, compared to the relatively high frequency of SND-type in western
countries. In early stage of MSA, NNIs, NCIs and diffuse homogenous stain of AS in neuronal nuclei and cyto-
plasm were observed in various vulnerable lesions including the pontine nuclei, putamen, substantia nigra, locus
ceruleus, inferior olivary nucleus, intermediolateral column of thoracic cord, lower motor neurons and cortical py-
ramidal neurons, in additions to GCIs. These findings indicated that the primary nonfibrillar and fibrillar AS ag-
gregation also occurred in neurons. Therefore both the direct involvement of neurons themselves and the
oligodendroglia-myelin-axon mechanism may synergistically accelerate the degenerative process of MSA.

(Clin Neurol 2011;51:838-842)
Key words: multiple system atrophy, a-synuclein, glial cytoplasmic inclusion, neuronal nuclear inclusion, neuronal cyto-

plasmic inclusion




