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MR MR BIILETII S EE SN LTS H L. 72
&L, BEMEMIZEAE LAE (amyotrophic lateral sclerosis;
ALS) T EMBLOTFHES =2 -0 s 2kEESh, /-
¥ v 9% (Parkinson’s disease; PD) TIidfiiiro £ 5 =~
EHEMREIISEEICHET . S0 X )1, MR
1 TREHSERE ] 12X o T ENRTER. —F, TV
VN4 < =% (Alzheimer’s disease; AD) (2 351) 2 fifE E A%
ML E BABIRFEEIN S L 12, £ OMREMREAT
TR O RUEN RN, = 2 — 10 ¥V 2 R ik
EY GERAEEE M) AT 5. E4E, SIS O/RES
LT, Y, BTIUANR, avXILAY, RK)TVE
IV, TDPA3 % E 2 EOELFE SN, MlEAMERED
%13 [EALRK] LAREND L) 2oz FHE =
MEHDFEEIZEY, a ¥ X7 LA Y HERT 2 REILY X
VA NRF—LBREN, S ERT LEERES v 4
IXF—, TDP-43 3 ¥ M § 5 # A 1E TDP-43 proteinopathy
ELTEFEONE L) IThoT.

AT, MREAEREEERYEOB A, 5HL, £
DIFHEIZDWTIRRTHAIV, 512, fEREIIRRPI LR
B, FEZFTTHREMREBE V) WELIR L, 2T
BTz,

HREMRBRIELEER

APREZE P R T I P L R 72 T AR ] 3B
TLIEP IR LSRR SN T W2, ADIZBWT

TR EAHEZAL AT R W E SNz D 1L 1907 £ TH Y, PD Tl
1912 2L E—/MESFER ST b, 2L C, MEEN
RRIZA LD LN L AKIIZNZNOEREE O b1
wEhLARBINTEL LaL, [FRKE] v k%
ENTV R/ E)ICEbA. ks, HAMRITEE
DOAFESHIRZISTERE S, IR % & B3 2 1S B
Bt EbTnwizhbThsb, 728 21, PDORE
Tk L E—/MEZE &G MR ARSI O R — & >~
M ERWwY ZOHEENS, PD B 5 ML %
THIC L E—/MED A BT 2 05, s T UE L E—
MR 2 O & BT OO0 H 5D Tld e\
LI EZ b B o Bbs, T, 48—
X7 LA J3F—, TDP-43 proteinopathy & \» 9 & Bk &
DSHELE L 7284 & € OIRBLA LIS D WO 5.
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530 mE 5 TOBNERAEEATHY), F27) »
KHAELTZOEAZMRIEL, MINEOREIIHETHI L
WHEH N TS B, & ISHESHIE THRAE W
A, BEEMHTFTIETA O A A ) IFY Fay A b
LY UERBLD 5 ENHE STV Y,

) YA S 7 A% AD I I B R AR ZE L o> 1 RS
THDLIENHNEENTZDIZ1986 FEDT L THL Y. 1
FEREZILIEAS PRS0 ¥ - o ¥ o et R YL T
M ORRIZ A & D LN LHEED TH DS, ) YRk
TIHT BHUEE D BV AD A RIEG T B L, R
MEZSARICIN %, ZORBR O (7L 5 v 7)) ik
THRND & 7 DE-BHILHA LD LN, T EI12 [EEKH T
HDHIENEKTEL., ZOM%, AD DS DOL { oz
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Fig. 1 Neuronal inclusions in tauopathy.

Flame-shaped neurofibrillary tangles in the hippocampus of Alzheimer’s disease (a). Globose-shaped neurofibrillary tangle in the

substantia nigra of progressive supranuclear palsy (b). Pick bodies in the dentate gyrus of Pick disease (c). Pretangles in the

oculomotor nucleus of corticobasal degeneration (d). Neuropil threads in the frontal cortex of Alzheimer’s disease (e). Argyrophilic

grains in the entorhinal cortex of argyrophilic grain disease (f). a, b: Bodian’s method, c—e: phosphorylated tau immunostain,

f: Gallyas stain.

FREICBWTY YORFEERIRIN, IO ORERITSY
T INF = ERFRENDL L) ko, FOBRBET, D
HEIMBEAROAZ ST 7Y THIE (7 A A &
F)ITFREHA M) IZEBLATVWEZEDHLNE L
D, feDr7) TEAMPRE SN S 512, 1998 121,
frontotemporal dementia and parkinsonism linked to chromosome
17 (FTDP-17) |25 W T VEETOLERPFRE SN, ¥
BEFORFEZ Db OPWMWRAILA~ND & 7 O EFE & kil
JUFE % A U S 2720 DRI IGEME LD ) B LS
oEhrz?

HAE, 7oA F— 185 2EEILS 7 ORI
£oT, 3VE= I IFINF—, 4V E— Y T FINTF—
B+4) VE— I TANRF—IIHHEINTVDE. ZTDH b,
3NVE— MY oA NRF—IBTHEBIIE Y 7 (Ev 7k
HKELL%)) ORTHL, —F, 4V E— by T 8F—
WAEHEAT RS LR (progressive supranuclear palsy; PSP),
P FEIAG A E  (corticobasal degeneration; CBD), IH&4RH
KIMRRSE (argyrophilic grain disease; AGD) V&3 5. (3 +4)
JE— k8 F—DRFIZAD TH 5. BIETIE) VB
1Ly 7§ AHURICIZ, 3V =Ry Y, 4)E—1 ¥
Y & BT APUEDSTHIEN TV B DT, HINT ot
THIELETERELTCND Y T OMBEIHHTE 5.

MR B 5 ¥ v ERIIA L ZROMITIZA LD S
N5, BEICBIT 28 vEROMREIT AD BB 2 ik
e (7 > 7 V) Tdh b (Fig. 1la). PSP % CBD O3

JEA%, MRS R ERAE AL S A & O 55 (Fig. 1b). € v
Z/MEIZE v 7RIS MBI 2 BIRO MR NE AR TS %
(Fig. 1c). SN HOBETIE, ) VBbEY v RERBE B S
%) LDV FE ARG G 2 R TR A AL O 51,
TLE T NVEFEN TS (Fig. 1d). @7, MR HHEZ
AEDSHB L TV B S0 = 2 — 1 EOU I I3 7 5% < TR
T HEIZL S, neuropil threads & LTV % (Fig. le).
Neuropil threads [$HBHIRZSE & 2 CHK T 505, TDE L
BHRZSETH B, AGD IZAH & o 52 4Rk b SR
CHET 5 (Fig. 1)

2. VXT VLA T —

PD 1% 1817 4F 12 ¥ [E D £ fifi James Parkinson (2 & > TH A
DEFLEES % ENTRETH L. 9R2FIZEFI VD
Lewy |2 & o T PD (ZHFAY 22 AR N Atk (L € —/h
1K) HREHEES I, 7T ¥ AD Tretiakoff 1 1919 4E |2 h i E
B BIEHREE L L —/MEDO B 2 G L. 20
%, PDIZBWT IS YOS A2 EN72D 1 1960
HEDOZLTHA.

PD DI EAEIIMBEETH LA, BMAF ) TICRBEY A
THREEPD OFEKEETE L TCa v X7 LA YRES
NZDOIF 197 FEDOZ L THDH. ZOFRHKRTIHT TIHIBIC
I LE—/MEOMBPHER S N T2 T, RKEET
EWMTHDa v X7 LA VERANLE—/MRIZEREL T
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Fig. 2 Abnormal accumulation of a-synuclein in Parkinson’s disease (a—c) and multiple system atrophy (d—f).

Lewy body in the substantia nigra (a). Intraneuritic Lewy bodies in the sympathetic ganglia (b). Glial inclusions in the substantia

nigra (c). Glial cytoplasmic inclusions in the pontine base (d). Neuronal cytoplasmic inclusion in the pontine nucleus (e). Neuronal

nuclear inclusion in the pontine nucleus (f). a-f: phosphorylated a-synuclein immunostain.

IMERIEESNE (dementia with Lewy bodies; DLB) (ZH3H L
TWVLTRTOLE—/MENa v X7 LA UHLRIZE - T
BB EIC e SN Y7 & 502, BEICIIS REEME
(multiple system atrophy; MSA) 4 MICHIAT 24 T
7 v Fuat A MAOE A (glial cytoplasmic inclusion; GCI)
Nad X7 LA VHETHH I EAHBALY, L E—/MESR
(PDBLUDLB) & MSA 2 ALY X7 LA //8F—Lwn
9 BB A L7z

a YA 7 LA VIZIERKTIRATY T T ACRAELTW S
W, VAT VLA N ZEE LTV Da v XL ViR
) UBLEZTTwEOT, ) YBba Y X7 LA UHUE
ELBLWALEEFED o v X7 LA VIZgE S TR EY
P EBBTE5 %Y PD & DLB Tlil ¥ —/Mk (Fig. 2a)
Wz, sz oZqt (Fig 2b) 270 7HAME (Fig. 2¢)
75, MSA Tlx GCI (Fig. 2d) \2mz, GCl2H$ A7) 7T
HE D% (glial nuclear inclusion), FifEHINL O fa & A (neuronal
cytoplasmic inclusion) (Fig. 2e) & %N (neuronal nuclear
inclusion) (Fig. 2f), ##EZEH#EPY (swollen neurite) |2 o ¥ X
I LA VORFERPEALEDOOND. BB, RN
[ZPD OEBETIE10%DOMFEMIBIZ o ¥ 27 LA v ORE
ERmAEALOON, HFRETIX549%ICB LR, ZoM
FEEAT M XY Y I VU RETHE SN D L E—/ME
GHEMBMBOBEE 125N, X1 H. F
MSA O TIETFIH 9.1%, T4 1) — 7 TIEFIY258%D
F LMK 12 neuronal cytoplasmic inclusion 25 & S, &

b L TERWEIETIE 2w 2,

I ETRIEHILEE O bR LItk LE—
MEIZIZ 90 FELL B, F 72, MSA @ GCLIZd 30 FELL B2
2B WEDEEDHE SNTWDEA WY B AKO EEHE
Wl LTho b dEELODIFTa v X7 LAV ThHA.

3. TDP-43 proteinopathy

RELZMICE AROR & Y BE» S AL L, 5K
ALS (BIFALS L K589 5) 7 =F /MM 27 A >
(skein) &\ 9 OO A ENA LD LENL, T =
F/IMRIZ 1962 4120 2 7 @ Bunina 12 £ > TAWRZ S 72/
B O B R A (Fig. 3a) TH Y, REMRRILEFERIC
VAZFUCHM, b ATY VBN 2 FRFUE
HTH Y, BMIEEL & SHMIE/NNIED B ik LY R
WCHRT2EZ26N5 9% SF 0, 7= F/MREHIEA
NREICHRT 2HEYTHY, REEAVEELZLOT
v, 7= F /MR ALS ISR TH 575, ALSDH b
TZFMEIRE O SN D BNIEED 85~90%TH Y, &
DOFEBNCIZA LD SNV, —F, A7 A v IdEAM
fan v ®F L BEIEOMMEMERE S & LT Leigh 512X 5T
1988 4R IR HE S 72 ™ (Fig. 3b). SR E*XF >~
B P AR I TERESA IS [skein-like] 72 & @ & [dense]
BbOL2MWHENH L LRI LA, WMEDY A TOH
W%\ E72, [dense] 7e#f AMKiL [round inclusion | & L
b2 & bdHbHH, [skein-like inclusion] NHEL-L D&
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Fig. 3 Neuronal and glial inclusions in amyotrophic lateral sclerosis.

Bunina bodies in the anterior horn (a). Skein in the anterior horn (b, ¢). Glial inclusion in the facial

nucleus (d). a: Hematoxylin and eosin stain, b: ubiquitin immunostain, ¢, d: TDP-43 immunostain.

DHFT DY, o OfEWZRIEL [ A7 A > ] LI
END Loz (AT A v Eix[HREFRRZLOJOER).
274y OWMBUHE X7 = F/AMEE D bR, ALS Tid
100% DFEBNZ A EDEND ™. 2B, ALS TIXLEFF VB
TR 3 ARDNE S ERAIE L HARIC b AL D L, [FEROH
SEYEHTSEEI S EE 2 4 (frontotemporal lobar degeneration;
FTLD) I2dHBl$ 5. 2%, A7 v &5 baExF

LI AMKIE ALS 1B TIE v, LA L, A7 A vid
ALS TlEeflicihtdonbZ enb, X Ffbsh
7R OFE L) IR ORI BRORN TH - 72
bz b,

2006 4F, ALS B X O'FTLD ICHBl$ 2 2% v F v Btk
HAGOMBK S & LT TDP-43 A5 5%E &7z % TDP-43
G EEFCTH D, U TDP43 Prffiz & ) EH N Cldph
R 7)) 7B OAAERCR IC R S s, —,
ALS TIBM 2 SHIRIEE 21T, AT A VAR S .
L2 @ round inclusion & TDP-43 B TH 5 2. # L T,
TDP-43 B3 Ak & 3 2 Mg TRt s E L
Tw3 (Fig.3c). 512, 77V THIFLIZ Y TDP43 Bt odt
ANEDHZEDBENS (Fig. 3d). N6 OPEIFIE, TDP43
proteinopathy & #FE SIS & 9127 -7z,

TDP-43 13 414 D 7 3/ B CHERL S 115 RNA #5 & A
TH Y, RNA O, HHEd L O5ER SICEG L Tw5,
F 72, nuclear localization signal 3 & U¥ nuclear export signal

Evo 28 - M MR IS0 DY B o Tw b,
ALS % FTLD Ti3, TDP-43 13312 C KIiE h 0 Eh THIlT
SN LE NS, SHIZ X - T, - M R A
LAY %I, BEDONT AR, ¥ OWIEN TDP-
WL, HRTHEEZLND.

T = FMEO AT AES = 2 — 1V IZIFITRE LT
W5 DIZx L, TDP-43 BgEE AR 557 1d & b TIL #i
Td 4. Nishihira 51%, ALS 35 BIOFEM 25 % B 2 2,
TDP-43 ¥ AL D53 Ai 45 ALS % 2 BEICM4E L 72 2. Type 1
M A S E R = 2 — 1 Y RIS LT b ALS (il
B ALS) IZHHS$ 5%, oy 4 S TLEFH -2 —1 s %R
WZhi A, FEERLHUR, R’ T4 ) — 7112 TDP-43 OF
FERREDLNEL. —F, type 2 (XFBHEEZ & b7 T &M
% {, AISEMITHEE R B B ISR R A L DD, 2
DA TIZBIT S TDPA3 DEFRILEbO CLHTH L.
Bj=a—u RISz, KRERE, KK, SUR, BB, K
¥, WH, T4 — T8, BERERRETC S TDP-43 Mtk A
KhmEd N L, Fiz, ALSITENICHRES BE #H
IRFRICRHEENEEZ LD ) 2D BD, TORMITD
TDP-43 #H A B2 %, 2512, ALHREEDEL |2
Lo TEBICHEAR L7 ALS TR ERMICEMENB LR &
B LA, TOX)RPITIIREL L ORE MO
412 TDP-43 OHERESR R ED LN D P —F, N LI
DAL LICEME (10~2048) 417 L7 ALS Tlt, T
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Fig. 4 Glial inclusions in tauopathy.

Tufted astrocytes in the putamen of progressive supranuclear palsy (a). Astrocytic plaque in the frontal cortex of corticobasal

degeneration (b). Coiled bodies in the frontal white matter of progressive supranuclear palsy (c). a—c: phosphorylated tau

immunostain.

EE) = 2 — 0 VEOEMERR LD S, TDP-43 H AMAD
HYBL S e e TR O BB % I IZIZRB L Tw i . ©
¥, TDP43 ODEFERE L ) T ALS 3L /MR E S
NHEMGEETH Y, TDP-A3 #H Ak D 5346 1% ALS O [ g
EHMLEREE (BRIH) & OWBICHEL TV,
S 512, TDP-A3 OFIEIC LY, EFEMEMZEMLAE (primary
lateral sclerosis) (X FTLD % & & 7% 9 BV EB)j— o — 0 V&
7D ALS LB 5N D L) 12k > 72"

73, ALS X FTLD TH AL L CTHM, &ELTVD
TDP-43 (£ YL s TEB Y, V) »E{L TDP-43 Prik Lo
{37 TDP-43 D& % itk 5 2.

T TR S RN E

[ 2% (neurodegeneration) | &\ 9 SEAIRT L 9 12,
AR T B & TR S AT PV 2 M LR AE LS\ 72 B
RIBREE ZA 5N TEL, Lo L, ZHoEm It
PEITRd, Z)THMIICABIATWS., E512, 77
MU 1 RAYBEEIC & ) WA AT 2 I IZ s % 1) B %
MHBELTAET L L) THDH, MREENREIIBNT, 20
L9 BB oOEREE b 725 L20IE MSA 12815 GCL D%
HTh5s.

MSA (£, Y — 7H/NZEE CNEEIRE FRE 5 2),
ARG ENE (S—F = Xn%ThE$5), Shy-
Drager SEMRE (MR T FhE+5) @ 3EEZAE
T AWAE L LTI969 FFEITIBEN®. Lal, ThbH 3%
BICISERRERRIC KRS BB R EOLNLZ L LD,
FNSFURT 2EZTIZEEMOF b H o7z 20X %
Hi, 1989 4F 2 #E[E @ Papp 5 *, 1990 4F 12 A F @ Nakazato
52k, MSA TIRERRENZBIMRZ < 100% DBITH )
Ty RaA A MR AGTH 5 GCL o WD HE
EN7z. MSA BT GCI D3 RIE, MSA % 15 EHA &
LT L7272 C% <, 7)) THIBAEROEN & 2 ) 5
HTERRLEFIZBWTZOERITIEDOTREN

S5, MSAWLBITA b oL b RloZ bzt ) 7
FO 7y T7icBFbas 27 LA ryOEMR BETHY,
Z DI &iE, preclinical MSA OFFHEFGRE» S5 LS TH
23 AARAAER T GCI AT BL L 2 WAL I v & v o
TEWLHVTHY, MSADERMERL ) B2 L34
IFy Ru s 7 OR#Hi % EE (oligodendrogliopathy) (2 &
HEEZDEHMBLRT V. RIETIE, BF227 &) LE
WAGCLIHEET A L2 FMAL, AFMIIBVTER o
PXIVA VOERBEFMT AT IOA A A= Y T
FENTWDE Y.

S5, A NF—THHADT) TEHAKRDEARE DS
N5, ZORTHLBHIEE A5 5 D%, tufted astrocyte
(Fig. 4a) & astrocytic plaque (Fig. 4b) TH 5. & {2, astrocytic
plaque 1% CBD IZHF#1YTH 1), —77, tufted astrocyte (& PSP
TEHEETE2ERIEHALOLN, ZOWHEN 1HIOHT
HHETLI LBV S5, TRETEIF)IF YR
T4 MZH ¥ OB AL D 5L coiled body & M-IX AL
Twb (Fig. 4c). N7 ) THIICBI 25 v EROE
FTIIAHTH -7z, LaL, 7)) THRISERWICY 7 %58
FIHEPSHL N T VAT 22y I ADMER SN, ZOE
=N Y N Rolo¥ PRl

F)THRECB TS5 IR a7 LAY, TDP43 O
MIZ 1R BZAETH Y, Mgl b g8 e B Lz e¥
Z5N%. /NS IE PSP & CBD #ff, 7)) 745 ¥ 7 )VEl
FHGE L % LTWw5 Y. X528, [gliodegeneration |
LV BEELIRIBER TN Y,

REHERD S A 1R EMRE

AR RO 1K E A P REERTH S, Lo
L, & 2MEOMREMRBRTIE [0 OEMI IR MRS
2 BLATVE®, ZOREFIIPD TH 5.

PD ORI RIS L ¥ —/MEDSI BT 22 139 T
12 1928 4 ITHRHH S N T W 7228, AE D FK A FAEHRRIZ B
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T 2 A O AAIRER O 1L 1960 40 den Hartog Jager ©
2& %% 513 PD 6 Bl 5 BRI L ©—/ME
AL, B2 BITIIEIE AR D LY —/MEE &
L. Zotk, PD ONIEMRERICL € —/MEASHBIT S
CL AEICHE L7 01% 1984 4F O Qualman 5 Th 2 V.
Mo 3 e FIRNEER 2 L7 PD 2 flog bk Q1 sk
HWE, Mo 1BITIkHEE) L7V TEE2HOREICL
U —/ME% B2 L7z, 3% 513 PD B 30 Bl IS 1
FRH 2 BT HER L, 28 B L ¥ —/ME &R A & o 7 9,
HALEMRE T L —/MEO REB /LRSS 1 &
N, BELH2LERE CIL <ML, & T H Auerbach
MR Lo b T LY. AET IV T EELLPD
Tl A8 Auerbach i #E OB EN AL D LI, PD D
TATREB T RS v 22— a U HPEEICHEL T L0
MELARLOONDL., CNLOFTRIIPDIZAED LD
fli 2 OWLEEIRICHET 2D E2 6N 5.

PD ORI OIHIZ D B X ATV S, LI AR
(SHEBACEANHERT) & WIS R CHERE O 2R HRETS 1A%
XA EYEEZIT TS PDBLIUDLBTIR /LT
KL F1)»o7F a7 Thb “lmetaiodobenzyl-guanidine
(MIBG) % 3d bWz Uiy v FI2B\WT, MIBG £REOMT
PRI HE L TWE, ZORERT OHIEHEE S 0 —#
OWHRIZEBBDTHE Y™ 5%, PDHLUDLBIC
AL D BN D LMED MIBG SRR (3Ll 52 & A o B %
ERBELFTRTH Y, GIESEAMEOBLEIZET L Ca
VX VA v OERDIELTWAS,. F LT, MIBG OHERIET
7 6 NS BN DI TR 1L L —/IMEIR I Ry Th 5.

&5 IR, PD ORIE Y, MR T, BRE Y, e
KBTS a v X7 LA Y OERPRESN TS, PDIE4
IHTH 5.

—77, MSA TIE R AIEAMREE 12 b DB o
X VLA VOERPEAREDLNDD, 7)) TEHAKITAL
WHHENZRWY T, AT OERMGE b Bz
FARALZ2DOMRET 12 35T MSA 6 Bl 1 51 D LA fiiekss 1
a Y RT LAY OERYHE SN MSA TR OB
A OBE DS B I 9 505, MREHIIC L E—/h
RO BB A &b %) B Cld LSS AT AR HE O I 75 13
ThY?, 20k HEHEIEEATEIZNY. MSA Tt
FAEROXT BRI C S5, L E—/IMERZ I3 B2 R
(22.7%) 1IZAEDLNDL EDHEDLH S ™. MSAIZBIT 5
a VX7 LAY OERESMSA HEICL 2 00, LE—/ME
WOEWLOH), FEEIFLETHD.

ERZE E BME DI AERER

1950 “EMRICEBEIC BT 2 i & L e — /Mo
BAPD OEEIRETH B 2 & 257 LTSk, PD OIR%
BEEICHELEE 25N T L L, 2003412 K1
7 @ Braak 51X PD 2B 5 L UV —/MEWZE O R & 3t
L2 H5IE, PD T a P X2 LA v oERFITEEM

BRPRM#Z% 53787 (2013:8)

AL L MERIIRICB ), 20k, HETIERE? S
A& AT L, KT MISBEEE o s IS 2> & HISEZE L)
B, Bl ARIRIE, RUSHRETEPNE LA T L 2 B S
ML, PDRZEZ 6 BRI HH L 72, Stage 1 Tlda ¥ X 7

LA ¥ OBRUTEEMRE TS, Stage 2 TIXHHE,
Stage 3 CIZ B 2B &L U, Stage 4 TIlxH I E, Stage 5
TIEE RIEE AT, Stage 6 TIX 1K E HEBHIEEND.
Z A Braak i CTdH 5.

Braak {53813 PD I 51F % L ©—/MESRZ 0B %
WO, LIzE s TR, 22T, WUS oA, 2F 1,
BT KM HHEMERICBIT D LY —/IMERIRED 572720
HHEND L) IZhoT. ZOHREHL IR >0, PD
DH 753 PD OB & £ 2 5115 incidental Lewy body
disease |2 BV ThH, BEIIHNZ, BRE, SCRRAIERED, BETUR,
LSRR, O BT, EEICa X7 LA OER
BHREDENDLZETHD. D, EHFEEDIEHIZ 1L
DR ST, B KHARMRERICIba X2 LA
Y OEEDE L CWwWA. Fumimura 5 S Clx, PD Tl
EFITRIEIZL E—/MREEDR A E o b, BB RN A
M RERETIRBETH DL EMBESITONE Y. F7,
OERLEITIED B, FHRMRERIZE 572 L E—/MEDS
REDLNLZVIZE LT, AIEHEICa Y X7 LA
VBRI A A LD 5N T WA, Miki S51d, BIRFN LA
LA BRI IRE LT L ¥ —/MED A LD 57 1 E
Bl (FEToHE35 mBE) ZHE L. PD Tk L ¥ —/ME
ORI AL & A FEFIZ (L) BE2000
L7z,

oYX T LA Y OFERDPRIR & FREMREE AR RSB
Z 5 ZEDS, Braak 53T S A ONEWE D 0 Ok %
BCMICE B & # 272 (dualhit I30) . —2 38,
W, BEAE AL TR VIRETHY, b —2I1kE
234 LT B iR 4 AT LIEREICRI 2 R CHh B, FE
%, Braak O Stage 2 IZBWTHOMKEHICa > X7 LA VD
BERAAREDOENTVE Y EHITHRE, a Y X7 LA YD
HERBIIEMEIC L B2 EH LI SN, a v Xy
LA Y OEREE D B TWEIIINREICOFEET 20 TH A
I ? LE—/MERZEOERBEEIC OV TIES BRI 542 51K
HPLETH 5.

SiEiC & % O HREMRENEIL

T & b R W R BORREL L LTw . &
CCIEHB R IR 2 5 IS OB EEEICB VT
1962 4E 7> 5 2000 4E |2 FI# S L7z ALS 102 Bl OFT R I2oWnwT
AL,

102 B DIFEE RGO F-31% 59.8 F T, BHILHK 0 F35i3 A
TR R (28 BI) A53.5 7 B, JEEEAGEHE (74 61) 7S
25 HCTHAH. #40 FE DI ALS O ISIEERT LA =I5
b LT\ b, fISAEIRIC & Y 261 % bulbar-onset (30 1)
& limb-onset (72 B) 124715 % &, B OFSIEFHiILA IS
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v, RERER I, BB X ER = -1 o8
fEE SN ALS (59 Bl), THER) =2 —a > D%
HEAZHRE (23 61), MBHIERAE & b2 HHE (18 H)), WKE
k- BE - VA RoOLEE b RO QB 4TI
END. HMAYALS 12 5, FAER = = — 7 > SV
PrE & MIBHEERZ 2 & b 72 ) fECII S EFEHR A I E .
T 72, NLERZRIEEEE 7213 TH D &, dig ALS (12 <
B, MIEEHIERZE 2 & b 7 ) BECIX TR 2 & A2 fHwe,
Dibopr 26, ALS kg e LT ®mliiET, T#H
L DEL, BRRBERICCIRIE, TALER = 2 — 0 AL
O, LIELITRRAER L b)) L) Chd e FlENS

BEhH)IC

2008 4E, b MRIBEE D /83 AL & AR 10 %
EREE L7 PD BEOHBRONIBNT, BEMHNO N —
DML o ¥ X 7 LA Y BlEo L ¥ — /IMEDSTE
BENTE V) EEPEHO 7V —Th L sz O,
ZOHAELIFE, PD 2 5 WO OMBREEREIZB W
TR A DN & 53 LR ALK T 5 & v ) IREL e
ENEHZEDTHE P,

WERZELRFEETHY, HSEVCHLTHEDY I 20
TH5b.

MORFTCICIE L, IR E COLKAEICH 5 03, ik, HIfE
BOFRbHEY A,

X "

1) den Hartog Jager WA, Bethlem J. The distribution of Lewy
bodies in the central and autonomic nervous systems in
idiopathic paralysis agitans. J Neurol Neurosurg Psychiatry
1960;23:283-290.

2) Couchie D, Charriere-Bertrand C, Nunez J. Expression of the
mRNA for tau proteins during brain development and in
cultured neurons and astroglial cells. J Neurochem 1988;
50:1894-1899.

3) Muler R, Heinrich M, Heck S, et al. Expression of microtubule-
associated protein MAP2 and tau in cultured rat brain oligo-
dendrocytes. Cell Tissue Res 1997;288:239-249.

4) Thara Y, Nukina N, Miura R, et al. Phosphorylated tau protein is
integrated into paired helical filaments in Alzheimer’s disease.
J Biochem (Tokyo) 1986;99:1807-1810.

5) Poorkaj P, Bird TD, Wijsman E, et al. Tau is a candidate gene

for chromosome 17 frontotemporal dementia. Ann Neurol 1998;

43:815-825.

Spillantini MG, Schmidt ML, Lee VM-Y, et al. a-Synuclein in

Lewy bodies. Nature 1997;388:839-840.

7) Baba M, Nakajo S, Tu PH, et al. Aggregation of a-synuclein in

6

g

Lewy bodies of sporadic Parkinson’s disease and dementia with
Lewy bodies. Am J Pathol 1998;152:879-884.

8) Wakabayashi K, Yoshimoto M, Tsuji S, et al. a-Synuclein
immunoreactivity in glial cytoplasmic inclusions in multiple
system atrophy. Neurosci Lett 1998;249:180-182.

53 : 615

9) Fujiwara H, Hasegawa M, Dohmae N, et al. a-Synuclein is
phosphorylated in synucleinopathy lesions. Nature Cell Biol
2002;4:160-164.

10) Nishie M, Mori E Fujiwara H, et al. Accumulation of
phosphorylated a-synuclein in the brain and peripheral ganglia
of patients with multiple system atrophy. Acta Neuropathol
2004;107:292-298.

11) Mori E Nishie M, Kakita A, et al. Relationship among
alpha-synuclein accumulation, dopamine synthesis, and neuro-
degeneration in Parkinson disease substantia nigra. ] Neuropathol
Exp Neurol 2006;65:808-815.

12) Nishie M, Mori E Yoshimoto M, et al. A quantitative
investigation of neuronal cytoplasmic and intranuclear
inclusions in the pontine and inferior olivary nuclei in multiple
system atrophy. Neuropathol Appl Neurobiol 2004;30:546-554.

13) Wakabayashi K, Tanji K, Odagiri S, et al. The Lewy body in
Parkinson’s disease and related neurodegenerative disorders.
Mol Neurobiol 2012 May 24. [Epub ahead of print]

14) Wakabayashi K, Takahashi H. Cellular pathology in multiple
system atrophy. Neuropathology 2006;26:338-345.

15) Takahashi H, Ohama E, Ikuta E Are Bunina bodies of
endoplasmic reticulum origin? An ultrastructural study of
subthalamic eosinophilic inclusions in a case of atypical motor
neuron disease. Acta Pathol Jpn 1991;41:889-894.

16) Okamoto K, Mizuno Y, Fujita Y. Bunina bodies in amyotrophic
lateral sclerosis. Neuropathology 2008;28:109-115.

17) Piao YS, Wakabayashi K, Kakita A, et al. Neuropathology with
clinical correlations of sporadic amyotrophic lateral sclerosis:
102 autopsy cases examined between 1962 and 2000. Brain
Pathol 2003;13:10-22.

18) Leigh PN, Anderton BH, Dodson A, et al. Ubiquitin deposits in
anterior horn cells in motor neurone disease. Neurosci Lett
1988;93:197-203.

19) Neumann M, Sampathu DM, Kwong LK, et al. Ubiquitinated
TDP-43 in frontotemporal lobar degeneration and amyotrophic
lateral sclerosis. Science 2006;314:130-133.

20) Arai T, Hasegawa M, Akiyama H, et al. TDP-43 is a component
of ubiquitin-positive tau-negative inclusions in frontotemporal
lobar degeneration and amyotrophic lateral sclerosis. Biochem
Biophys Res Commun 2006;351:602-611.

21) Mori E Tanji K, Zhang HX, et al. Maturation process of TDP-43-
positive neuronal cytoplasmic inclusions in amyotrophic lateral
sclerosis with and without dementia. Acta Neuropathol 2008;
116:193-203.

22) Nishihira Y, Tan CE Onodera O, et al. Sporadic amyotrophic
lateral sclerosis: two pathological patterns shown by analysis
of distribution of TDP-43-immunoreactive neuronal and glial
cytoplasmic inclusions. Acta Neuropathol 2008;116:169-182.

23) Miki Y, Mori E Nunomura J, et al. Sporadic amyotrophic lateral
sclerosis with pallido-nigro-luysian degeneration: a TDP-43
immunohistochemical study. Neuropathology 2010;30:149-153.

24) Nishihira Y, Tan CE, Toyoshima Y, et al. Sporadic amyotrophic
lateral sclerosis: Widespread multisystem degeneration with
TDP-43 pathology in a patient after long-term survival on a
respirator. Neuropathology 2009;29:689-696.

25) Nishihira Y, Tan CE Hoshi Y, et al. Sporadic amyotrophic lateral



g

~

N

=

=

~

~

=

fud

N3

g

~

N

=

=

1616 BRARMHES 5348% (2013:8)

sclerosis of long duration is associated with relatively mild
TDP-43 pathology. Acta Neuropathol 2009;117:45-53.

Kosaka T, Fu Y], Shiga A, et al. Primary lateral sclerosis:
upper-motor-predominant amyotrophic lateral sclerosis with
frontotemporal lobar degeneration—immunohistochemical and
biochemical analyses of TDP-43. Neuropathology 2012;32:373-
384.

Hasegawa M, Arai T, Nonaka T, et al. Phosphorylated TDP-43
in frontotemporal lobar degeneration and amyotrophic lateral
sclerosis. Ann Neurol 2008;64:60-70.

Graham ]G, Oppenheimer DR. Orthostatic hypotension and
nicotine sensitivity in a case of multiple system atrophy. J
Neurol Neurosurg Psychiatry 1969;32:28-34.

Papp MI, Kahn JE, Lantos PL. Glial cytoplasmic inclusions in
the CNS of patients with multiple system atrophy (striatonigral
degeneration, olivopontocerebellar atrophy and Shy-Drager
syndrome). ] Neurol Sci 1989;94:79-100.

Nakazato Y, Yamazaki H, Hirato ], et al. Oligodendroglial
microtubular tangles in multiple system atrophy. J Neuropathol
Exp Neurol 1990;49:521-530.

Fujishiro H, Ahn TB, Frigerio R, et al. Glial cytoplasmic
inclusions in neurologically normal elderly: prodromal multiple
system atrophy? Acta Neuropathol 2008;116:269-275.

Kikuchi A, Takeda A, Okamura N, et al. In vivo visualization
of a-synuclein deposition by carbon-11-labelled 2-[2-(2-
dimethylaminothiazol-5-yl)ethenyl]-6-[2-(fluoro)ethoxy]
benzoxazole positron emission tomography in multiple system
atrophy. Brain 2010;133:1772-1778.

Komori T, Arai N, Oda M, et al. Astrocytic plaques and tufts
of abnormal fibers do not coexist in corticobasal degeneration
and progressive supranuclear palsy. Acta Neuropathol 1998;
96:401-408.

Higuchi M, Zhang B, Forman MS, et al. Axonal degeneration
induced by targeted expression of mutant human tau in oligo-
dendrocytes of transgenic mice that model glial tauopathies.
J Neuroscience 2005;25:9434-9443.

Dabir DV, Robinson MB, Swanson E, et al. Impaired glutamate
transport in a mouse model of tau pathology in astrocytes. J
Neuroscience 2006;26:644-654.

Kosaka K, Iseki E. Recent advances in dementia research in
Japan: Non-Alzheimer-type degenerative dementias. Psychiatry
Clin Neurosci 1998;52:367-373.

Croisier E, Graeber MB. Glial degeneration and reactive gliosis
in alpha-synucleinopathies: the emerging concept of primary
gliodegeneration. Acta Neuropathol 2006;112:517-530.
Wakabayashi K, Mori E Tanji K, et al. Involvement of the
peripheral nervous system in synucleinopathies, tauopathies
and other neurodegenerative proteinopathies of the brain. Acta
Neuropathol 2010;120:1-12.

den Hartog Jager WA, Bethlem ]J. The distribution of Lewy
bodies in the central and autonomic nervous systems in
idiopathic paralysis agitans. J Neurol Neurosurg Psychiatry
1960;23:283-290.

Qualman SJ, Haupt HM, Yang P, et al. Esophageal Lewy bodies
associated with ganglion cell loss in achalasia. Similarity to
Parkinson’s disease. Gastroenterology 1984;87:848-856.

=

~

~

=

g

g

~

41) Wakabayashi K, Takahashi H, Takeda S, et al. Parkinson’s

disease: the presence of Lewy bodies in Auerbach’s and
Meissner’s plexuses. Acta Neuropathol 1988;76:217-221.
Wakabayashi K, Takahashi H. Neuropathology of autonomic
nervous system in Parkinson’s disease. Eur Neurol 1997;
38(suppl 2):2-7.

Orimo S, Takahashi A, Uchihara T, et al. Degeneration of cardiac
sympathetic nerve begins in the early disease process of
Parkinson’s disease. Brain Pathol 2007;17:24-30.

Rz, N=F v YRB L UL E—/MERIFEAE O 5
HIFWri OMESL & 2 OIREERE T IZBE 3 A WF g8, R R A
2008;48:11-24.

Orimo S, Uchihara T, Nakamura A, et al. Axonal a-synuclein
aggregates herald centripetal degeneration of cardiac sympathetic
nerve in Parkinson’s disease. Brain 2008;131:642-650.
Fumimura Y, Ikemura M, Saito Y, et al. Analysis of the adrenal
gland is useful for evaluating pathology of the peripheral
autonomic nervous system in Lewy body disease. ] Neuropathol
Exp Neurol 2007;66:354-362.

Del Tredici K, Hawkes CH, Ghebremedhin E, et al. Lewy
pathology in the submandibular gland of individuals with
incidental Lewy body disease and sporadic Parkinson’s disease.
Acta Neuropathol 2010;119:703-707.

Tkemura M, Saito Y, Sengoku R, et al. Lewy body pathology
involves cutaneous nerves. ] Neuropathol Exp Neurol 2008;
67:945-953.

Miki Y, Tomiyama M, Ueno T, et al. Clinical availability of skin
biopsy in the diagnosis of Parkinson’s disease. Neurosci Lett
2010;469:357-359.

Braak H, Sastre M, Bohl JRE, et al. Parkinson’s disease: lesions
in dorsal horn layer I, involvement of parasympathetic and
sympathetic pre- and postganglionic neurons. Acta Neuropathol
2007;113:421-429.

Pouclet H, Lebouvier T, Coron E, et al. Analysis of
colonic alpha-synuclein pathology in multiple system atrophy.
Parkinsonism Relat Disord 2012;18:893-895.

Orimo S, Kanazawa T, Nakamura A, et al. Degeneration of
cardiac sympathetic nerve can occur in multiple system atrophy.
Acta Neuropathol 2007;113:81-86.

Sone M, Yoshida M, Hashizume Y, et al. a-Synuclein-immuno-
reactive structure formation is enhanced in sympathetic ganglia
of patients with multiple system atrophy. Acta Neuropathol
2005;110:19-26.

Jellinger KA. More frequent Lewy bodies but less frequent
Alzheimer-type lesions in multiple system atrophy as compared
to age-matched control brains. Acta Neuropathol 2007;114:299-
303.

Braak H, Del Tredici K, Riib U, et al. Staging of brain pathology
related to sporadic Parkinson’s disease. Neurobiol Aging 2003;
24:197-211.

Miki Y, Mori E Wakabayashi K, et al. Incidental Lewy body
disease restricted to the heart and stellate ganglia. Mov Disord
2009;24:2299-2301.

Braak H, Riib U, Gai WP, et al. Idiopathic Parkinson’s disease:
possible routes by which vulnerable neuronal types may be
subject to neuroinvasion by an unknown pathogen. J Neural



58)

59)

60)

MBS BT B WEGEOR)T, E2T7

Transm 2003;110:517-536.

Braak H, de Vos RAIL, Bohl ], et al. Gastric a-synuclein immuno-
reactive inclusions in Meissner’s and Auerbach’s plexuses in
cases staged for Parkinson’s disease-related brain pathology.
Neurosci Lett 2006;396:67-72.

Funabe S, Takao M, Saito Y, et al. Neuropathologic analysis
of Lewy-related a-synucleinopathy
Neuropathology 2013;33:47-58.

Li JY, Englund E, Holton JL, et al. Lewy bodies in grafted

in olfactory mucosa.

61)

62)

Abstract

53 : 617

neurons in subjects with Parkinson’s disease suggest host-to-
graft disease propagation. Nat Med 2008;14:501-503.

Kordower JH, Chu Y, Hauser RA, et al. Lewy body-like
pathology in long-term embryonic nigral transplants in
Parkinson’s disease. Nat Med 2008;14:504-506.

Lee S, Desplats P, Sigurdson C, et al. Cell-to-cell transmission
of non-prion protein aggregates. Nat Rev Neurol 2010;6:702-
706.

Cellular pathology of neurodegenerative disorders

Koichi Wakabayashi, M.D., Ph.D."”

PDepartment of Neuropathology, Hirosaki University Graduate School of Medicine

Common cellular and molecular mechanisms including protein aggregation and inclusion body formation are involved

in many neurodegenerative diseases. o-Synuclein is a major component of Lewy bodies in Parkinson’s disease (PD) as
well as in glial cytoplasmic inclusions in multiple system atrophy (MSA). Tau is a principal component of neurofibrillary
and glial tangles in tauopathies. Recently, TDP-43 was identified as a component of ubiquitinated inclusions in
amyotrophic lateral sclerosis and frontotemporal lobar degeneration. PD is traditionally considered a movement disorder

with hallmark lesions in the brainstem pigmented nuclei. However, pathological changes occur in widespread regions of

the central and peripheral nervous systems in this disease. Furthermore, primary glial involvement (“gliodegeneration”)
can be observed in PD and MSA as well as in tauopathy. The present article reviews abnormal protein accumulation and
inclusion body formation inside and outside the central nervous system.

(Clin Neurol 2013;53:609-617)
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