Zr#t, PBD®CBD THH&MZENRT WS, LhL, KB
EEOWEFRSEBC LD HIERE L > ThhiE, &
HECRET 2R, o RBGREEETE 2RV
ahi, BRT 2 BIOKZNIE Pick i/, WE2ITW»
Th i HBEE CBD TH 2., —7 ik non-fluent O trans-
cortical motor aphasia #2L, giEFELULE LR
b5 (EA B fusiiETEROBEED S sensory
aphasia IZE 5 10, AEAZEET A EHE»HR G D),
KERBELZREICUTERLZY, 23 L TH D L, E1TH
SEORU»SEHTE 2R AMEEREDSMEITRS
h, TORBCHREBH RS L 28 EMET 3
DIFVEQLILABRLL, Lrl, BEOESHRE
(CBD with aphasia), E#=2—0rEBROESH (motor
neuron disease with aphasia), ARg#EAEDEL (Pick
% - frontal lobe dementia with aphasia}iz ¥, &L
OEE (PPA-plus syndrome) iZfFEH > b BT 287
ZHNCRII DB H DY

| xnearzons 1

BHEiiEB L T proton magnetic resonance spectro-
scopy (1 H-MRS) #1753 &, N-acetylaspartate {§4° PPA
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B AR D %
—HEAE DRBREIRNA & FiE - Bk L oBIR—*

e

N R &

Ca

RS R OB RERIRHIE, BEROMMILT « B AGBR & oS - 240 2 >OHE K
FHIND, WO DOMEFREENIOHEL2ERT 22 EBMONATLEY, ZhThofl
BrmEOMERIRET LIS » T, HAGOBRESOWSAREL2 Y Y EASMIZ, £t
BT IHAGOMIT % CAG ) ¥ — MIDOBAR AL (ND) 2FicRT, F-ohoold
RO S EREE, SRR, BRaic o ouTLlET 2, Y VBbicfioTy v iE
BEPRET 22U S v A F— LR 2D, U VEEEIZ & 572\ conformational change 1ZfEV),
MG E RS 27 OWBABE IO B2 2 L%, KEE L glial cytoplasmic inclusion 2@l L
feo LY b— 7D conformation iYL AWEBEIC X D HGEMICELL, ZOBOWIRERD
HEREEROMNNCHIGT 2 B2 2 AR ERM L T A2 TN T3, EELER
VALY I VEADORBUL, NIERLAREROHELERT 25, NI 2451 2 Mo
WHEEIRAES RO DI L TERICKE W £33, CAG VY E— MEMRIKCIRIGE L 22 8%T
HHT LA LI, BADTHNE « HARTEERE & JINEE - ZHERIEEBEEL Ty
50, BT LHLEOHMER DL RBS v, MBER2OoRAMIILEbO L LTHEFLE LT,
ZOMFREEDTRETIET, EMYTEI > TWAKEELZRET I LMT22,

F—T = ZH - 254k - WIBESE, conformation, Z=EEfs, ZRICEHHIR

L ARERRNE I SRR % 5O 300 BFHOM

BU&SIK

TSR R, ST oEERERV LTI
BEFEZ MO E 3550 HA - REREHOT S 1%
HIEHEWERETH S, FEREERXT 2 HIEARY
i, (1) FREEADRAZENE - MBSO AT - LRIy —
v, (2) SHLEDE (Rpca) LTasNS, AL
BYPHABOEE, K REPICFITBILBTES,

FEE O %, apoptosis SO ERIRY L MRS
N =R L F B CIRTEER R IR 2 AR IR D
RERENALY, RAL2MBHERBICAL NS IBIEE
e« MAISEDRRICh 2 ) OIGETE 235 B DD, T

BEG, THICNL, SEHAEOBRIZKERER
IEEZGNDITONE DS L, ZE ORI
EEINTVBGALELY, MBESEESERLED
FIRBEREL TV AT L LHS TR,
ARTRET, ¥ UEANEORERNTE LI,
WHEE DRIz D>V TE L0 B, 208, FHANE
HEIL A SN AHMARAEZEIC 5, BEigok
TR L TE L TH,

2004 ¢ 2 A 3 0%

* Disease-specific patterns of protein deposition and their relation to neurodegeneration.
ORI R L S TR AT AR T A T FE I (T183-8526 BHIISAT R AL A 2-6) Toshiki UcHHARa : Depart-
ment of Neuropathology, Tokyo Metropolitan Institute for Neuroscience, 2-6 Musashidai, Fuchu, Tokyo 183-8526, Japan.
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AD infarct normal
\ '\ %\
%
kDa 2 %Q Y"QQ» ff"é’ %QQ ‘f’e‘é‘be
64 .‘ ".‘ e -
50m- . Q_ E’:/?
64 oy = .
som ot
Tx(—) 0.1%Tx Tx—->wash
S

01%

03% *

tau2

E 2 BEEESLO tau2 REBEEIERIEER K &
hREEmERITS

Tau2 GEEME I REENFIEFET Tx(-) TR AD D
HRIFREEL (A), WEZSo i 7us Y7 (B) LR
BicEssh s, REGEROBEXERTSIIo0
2ru ) ToBRERREXEICEBEL (D), 0.03%DE
BETiilET 2 (F), RROBETE, MEEEEEL
D tau2 REEMEREE NS (C, E) (bar=100um (A,
C, E), bar=50um (B, D, F), 3CHR54 X b)),

1. 97EBORELSHABFERET

1. ¥9EHDNE & AHRILOERICH ZRINSH
TAYN4T—IE (AD) © ¥ 2 ERIL, V rELE
DT BRI 22T L, HREREE (NFT)
LOHERSENFTERHERT S L3 h, BEEL0R
L ENREBRERTH B, —K, FUERAR

H1 HEZE0FIERRY VEMLEZT, R
HEEERAA L TrBRbINn s

=B O kSR & HIZ Tris-buffered saline (TS),

1%sarcosyl/TS (sarcosyl), 2% SDS/TS (SDS),

i (FA) AIAEME S 2 BRE L, FlIcREL = PHF

@4y (PHF) & ¥kEh L 72, Alzheimer f§fi% (AD) T
tau2 & SDS FEAMEESICERT 3 tau2 FRME/ SV B
BHFEZE (infarct) CHIEH (normal) & Bk TS °[iE
MEZICH D, STFROBEMbLLY, ZhodiE
MRS 5 tan2 ORGSR REEEFOFE
T(0.1%Tx) THEET 203, RESHRIRERTS
T3 (Tx-—>wash) &, BUEEINDE, $hitD
i & 74tk (pool 2) 133 2 KIOHE 13 RS ]
HETOI1%T) TLRENT w3 (U 54 K hik

Zg:)o

pool2

E# B4z b F7E L immunoblot TR TIREAZ S, IEH
RO EIEEA E A W 7 S iR LA T ot I,
AETH 5, EERICIFET 3 & 7 HEA L immuno-
blot kT Tris- Al¥EYEE 47y Ic FiC R0 S h, SDS A
HEFICEICA LGNS AD L7 OE(LEHEEMNR
72 293, immunoblot CREHEIZEITNEFVERDR
RizkEB0LERZWEIIRAL, RBRIVEHOEH
oz TREAMLART R, BE23mT
ZORBLVWEIICEDNS (MDY, ol tizk
LHSALERIC Y Y2 F— 7L ENE B I
i, #OEHE I RE~OBRAMORTREETER
WEENS D Z L EWE ST B AD Dy v HE
Hix) ML ORISR 2 R TREMEL, i
o TREHBILENICAIEETE R X itk b 3
nTw3, ETHITERMCEET 2y v EASRE
A LRI TR LE Lo, @S 0REHit
REZEEBPEL TWATEENEZ 6B,

—7, BEZERNC 8T, RN Alz5o BtESY,
FEEHEAEDI 702 7k taw2 BHESD L 25, I
FEZEH % immunoblot THET 3 L (K 1), ¥ 7iatER
Y FREERMERL Tis AEEESDICA LGN, TOT
FROLEEEXFTEIT ADRICO L) &Y VEELIZ
ZiFTwizy, A0S 7 ERQ OIS L, multiple
system atrophy (MSA) icfI E S5 glial cyto-
plasmic inclusion (GCI) I & tau2 Hifk % Av-TH S »
ILTEBY, '

2. Reversible conformational change

FNCRNEERO I 72 /Y7L GCLICHKEL
THLNS ta2 T ¥+ —7DAEILIC, ED LA
BHBEL TV 3723 9 &, Tau2 Hifh & FEEERITT
ETTRESE3 L, 7 OREEMED immunoblot £
TREELTLE) CEERBLEZ(M 1 FK), BE
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PR ETHETZ L, 2hED glia @ tau2 BiEGULE @ 5

RICHREEFEET CRKCHRT 245 (2D,

AT 48532 - 2004 E6 B

F), AD @ NFT CREEHAICERELRL, —% [

DEEE TR tau2 BIEEE RS T 2 AT, BiFZE0 3

7uﬁ07¢ca3&ﬁiaéuﬂﬂ;Ewmoik-ff7’f
REBEHBEICED, Vot AMKLZ (K 3B)tan2 gpridd
REFEE, REGFEEENLE OB cR JoRei

B3k, HURDONBE XI5 (F3C, D),
Ta2 € F—7i, EFYOEHOT I EEESIT
12 101 EH proline fHEI2H b, Z & proline H7EEY
&8 1 £ > T serine # @ conformation®® % & 3 Z &
T, ta2 U RT 2 BMEERE LTV,
EFTI00EE Dprotine id, V¥ vEHTIL
Serine IZH b, VDI TEAERFEL LTHERS
7= tau2 HiFEDIZ O Serine DL D, £ 713 Serine
R D conformation IZFRWEMEEXH T3 2 & LR
TE5, ZOEMIZAD T vEAD) YEbictEo
TR S EINTV 328, UFEIEREO D MSA
2, VYBLALIKELCAEMENELRELED
immunoblot THZT3MbEED SNV DT, 27 E
HOEHRY vEBLEENEITRta2 ¥ =7 D
conformation 2L ¥ 2 LRI B, Ths) v
Bz b w I o BEROWLIEE, Y7 ERA»ERS
RREEEEZTER L ThRuRREP b ok, oty
vk & 2 R EESEEHEEEA TR RV
THHELTED, FOEARSE, BEERICES
MOWHOBRBEZRL T2 HERS 3 (K 4),

FoEAR, ThEaNMGEELAAENELHSE {E
HREINTWIGTFD1LD2THE, ZOLE b —FiH
T3 RIEHICE-DV T Carmel 5712, ¥ 0 HEEZMT
D 3RV HEL T 3,

1) F7EAOESGDT7 I/ B—REFlick>TD

B 4 Tau2 XY b—7® conformational
change
Tauw2 HifEHBMEE2 o — 712 101 HEH
D7uYy»(P101) ks b, AD TIRY 7 EH
) rELEhsEEbIL, TOT7E B
serine D conformation 2 & H, VL ¥LEHD
AR (Serl0l) M T E L 2T w3, ¥
FEREERELA Lo "EFARBAED
conformation % & 2 T\ 3%, AEGHEFIOFEE
T (Tx+) T} conformation P3Z{L L, tau2 ¥iff
~OFEMMEEET, THhiCH LT AD OofEER
HEZA{V T2 conformation DZEDMEZ b iz ¢ (,
REEEROEFEET T tau2 ~DEMEHE
NHHTHEL L,

infarct

0% Bk
0.1%Tx 1h

0%Tx 0.1%Tx 1h wash 3h
tau2 in 0% Tx
B3 FREEEATHEL tau2 BB IREREETT
3

ESERO I 70/ ) Pic Ao n S tau2 BB (4) 13, 5
ETETER T preincubate T3 ¢ #% T2 (B: 0.1%Tx) 75,
TORRMERFE & R OBHET 1 BREIEE (C: 1h)
%, RERtT 3 LBUTRLTE, 3HMOKESE (D! 3h)
THRHEZSICEARC A 35 (Bar=50um, Xt 54 & b)),

H, X OBAOESHES T 2H0E,

2) yEAD) VEMEIC Xk 5T, 2oHEMEsE
LWL x 2 24,

3) ¥ 2EBED conformation (V YRz X 3 (L%
BRI »T, 2oEMEIE LRy
5 Hifd, _

EEVC &z, BEZESS MSA D glia 2613
tau2 PRAEZEO MM Z fea T 3 Alz50 12, With
bEED I IEEN TS, FELEERTHE
HEL R Y DB EEET 2841, V3
B ERIZED LI LR EZFO»2ERICED S T
ET, WRLTI2LE F—7DOREZEIICHIET 3
TEBAHIC B & H bR B, Josephsen & i,
vimentin it N ¥ 5%/ 7uo—+Hfido1on
vimentin & fEEL% , HFEHER S amelogenin

unmodified
human tan

)
Tx(+)

fibril(+)

C

(P) )

C. 3 P} %
fibril(-)

TS

unmodified
bovine tau
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E 5 ZHENRFIARF-DF T isoform IThD Thiazin o

4 L et oRBII X 58y = - Red ;
4N ¥ —F ¥y HFEIHEET S corticobasal 1 . f
degeneration (CBD), progressive supranuclear palys l Bodian st == = =
(PSP), argyrophilic grains & & 7 BEMEY Ik 3repeat |  3repeat . .

t
Gallyas Jefeic & b BAREIC et € 1.2 2%, Bodian % ! + ! predorminan
i X BBEMIZZ L1, ) B b & o AEICH | Arepeat . drepeat
ET 3y 7/ME (Pick body) i Bodian Hiflck == === : Gallyas
HEBR B fa X LB H8, Gallyas HEIz & 2 REM ! AD
3 ! CBD/PSP
i Z LV, @A D isoform ¥RE T 5 AD, Pick bodies DNTC = i
argyrophilic grains

diffuse neurofibrillary tangles with calcification
{DNTC), Down syndrome TIZA DREEIZL

|
]
1
" Down syndrome !
| |
!

: ATS8

DEtC Rt hd, CORRHBLESTOM
MBI AEE T, chicENEEE EEA
F thiazin red 2T ML LEETH 5,

ZEERBEBRRE T oL :, REQGHMB LT
Western blot TR L 72, fith»FBHRTE/L AL
v+ — 7@ conformation 43, 7 I /EEECFIDL{ ik
% 20047 THEEL, RERNDORBEFILL-T
BIRE LT BRI LERBL TS, T/ Ju—F1H
HEHRBLAEZY F — 7 conformation % g8k L T
WABEA, *O conformation PE{LEMISEMIZ Lo
TEEKL, T 2RO ELLES DR tau
* vimentin 2R 5§, conditional epitope & FELEZED
& %65)0

3. XEDSRBREREA

GBI E NS kY iz h Ty
THEARKET S EELONZY, ZOmFHAEER
BizkhBELh, UERBTHREEICL>THLRY
319 EEHBBEAZS7ICL—7EAELEILET
ZRAIFEVELTONRTERLY, B—OLtE =7
RT3 RE L OARTY VEHOE L RE L
TAREREERENIIOFHL A EL{RED o
HEEld, 40 ZABIEINT R, HEOHER
BET L0, LD S #EHF (thioflavin, Congo
red, thiazin red) 23 S T & 7z, HEEFEO—IRI,
TERR X #17- B -sheet B IC 2T { BB B WE
MEEA L, BHEEEL L 2 A0 NFT %2 Haye
WHC BT 5 2 25T E 3%, REEGGICRMEL
BT 58E0ETH B thiazinred (TR) £ 51 PHF ¥ 77
ik (AT8) VA ZERER{TI &, YV VELS Y
OYE L MR OBERICERBE D L oRERL 20 E
S DR ERANCEETE 25, KRKHILASND
Y Ry ISR I: AD B, diffuse neurofib-
rillary tangles with calcification (DNTC) @ K H ¢
It TR FBtE CHAB R SRMEREE S & 208, ARBEREE
FEIEMESE (corticobasal degeneration : CBD) Tl TR B3

HERERARZIETR T, U VERL S T OREMIE B IZ NFT
RN EEBoAwIEEZRLTWES,
Bancher & i3, AD MiEHicA OGN B I DL S LikHE
# pretangle neurons & L CRAdH L, NFT R DHEIERFS
L#z7Y, UL CBD MM CRREEIRAO Y 7itE
DHRMEIERICE S BV E R, EEoTLEEINS
WELRRTE, SBEMFALCNZ I VERENED
DTEMOEVE, BHERCEZLEPEVIER
MHORABETZEEFBLT, FVEHOULEMNFT
Bt E2RB%2 e METHL I T2 2 LHEIFFE N
%,

4, BREHSHY IBEEEDORE

MR IEARSLER, WRETEXIE—72BRE
THIERE>TZORERZBERL TR, MR
IV F—T7ORITHELRRSE, TN 0ERE
Lokt AL THEATAAERLEVWIZELTES, —
H, SBRERREORDOEROE, WMot 3k
FRAY ¥ —FThh, RESHEEDS LT
Rzt b —70lREROA2IIFTLEE %
BhuElEHBMeE i, B3R bhalLER
N BTV, RREIC X BBEGII iR
RIE L WIHIBETV L HIZEIND Z EBE 0D,
ZORABITFICOWTHRBEINTW A ETIIR 6T
V32 7 ZENFT #8E T 50EREND
Gallyas 242013, Bodian itk L T—RE 0%
OREZHBLTWL EHICRL, BRERSEDE
REABBERIDHVELIHRESEA B Z LM%
WA Lil, VrEMEky RS Yy 2/0ME (Pick
body : PB) i3 IZ Bodian 2t CRFICHBE S 1,
Gallyas Hefalc i 3Lz (W, L33 L0
BURBEOEZICLEEST, HRLTIHMEVOMH®
HrHoBERMLTWREELLILHTES, @
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franl?

ey
i 'L
Ehsbt Xz

LA 73

B 6 =MHaXRHARLIZEy 2/MERORLRE I LE F—7 007 L ZRTHENHK
IMMORL 2SI VB THEZDRELRTY, HESL —F—TEEcHEL - (13
ATS8, # :pool2, 77 :Alz50), V> {tE 17 PHF-tau o B+ H$2 ATS 3, Ev ¥
MEDFBIIZRRTL Tv 2, SMPEARMS (merged image) % ZBIZR-T 01 I 70y
TEIBHEL, 183 REA TR RITIIENE L7, 18862 L 12Bh 2450 (X i, Y i)

o OIEROMELAEETH S,

5137 7ERtEREEY L 4 2B O MEMALE, Bodian
HhE Gallyas = fatkic ko T RHMLEbDTH
3, AAWZ &I, 4 V- DDHRGENTELEL
5T 2 CBD, MEFTYER EYERRE] (progressive su-
pranuclear palsy : PSP), argyrophilic grains T3 Gallyas
el E 22 D, Bodian Hfalc i D iz i3t
L, 3YE—+FIDMBDEMEEL LN TS
oy 7MKL, Gallyas #2f5 & b & Bodian Be(aiz ik
ERDRTBELIReASEZY, 3UE—F, 4
E— b &7 OMAHERTT LT3 AD, &7 SRR,
DNTC T3, i H O ettt & %2 3,4 Y E—
k&0 % BT Gallyas FEtEIRAS, 3 Y E—F
F 76 % HIFTYIC Bodian BAtE{RASK & Sz G
LTwa edhil, cnsofafetdsinLeyt
Wi S KOS REEOHE % INAL T I Ol
ZIoICHEITAE LD, ¥ isoform o AT
HEEAGTY, S20RREOF* HRTFO%E
LA E MIEZE 5 2 LT aENIE, Toddha)
CUWBRALRA 2 AL L kYD 3,

H, SRR LESERE
1. ZRAEHEHAKEZRZD

CNETORMBEZDS (IE, TRl .

EELEICHFOHBELZIELLII ET2L0TH
5, HALHPEEHOWT, HRLEEBE5ETH 304
TS L, BRI TS L R ST ¥ 25150

RSB L 28I ET 2, BENTRGRE2ES
EDTEDL, BENRETIHEOSEICHEST
CONFENTIR G2 —EOMRTERE T Z LT
T, =RITITEBRICEG 3 2 L OTE 2 ZRITH
RO —XEBBIBIENTES, K6 Eldil
BOPBERYIEHORLAIY =7 %AH%T 2 3
EHONS vHiEEZAVWCEERAL AL 0TH 5,
vk XY P & Ll R 2, 0P
EfT3 3 ZHiCiR-> T 0.1 = 2 v T 183 Hihfe
LT ERTMCENR L b 0H 6 FTH 2, XY
FHOBEESL 01 S 70rthoTEY, XYZHE
FNFNQL 2720 O ER voxel Bifrt T 2=
RICEDHER SN2 Lok b, Wiy ) — 22k
@ voxel $i 512X512x183=47,972,352 & %z h, 2
ZFhD voxel 3 RBG & 8bit @ 24 bit color D% H
T390, 20774034 X150 MB &4 5,
VolkAav¥ai—¥ LicESERSBRENS L,
EEONE» 6 NREZEHE, UKL THET3 Lo
AlRg L%, ZHLTHETELE, PBHTOY 7L
Y -7ORER—BTERL, fiPHF ¥ Y HETH
% AT8 ¥ F—7k, PB ORAMEICHETAI N T8
LT3 I tabd3®, Bodian RETHET 2
PB 13 Z ORI CHEIEEIE L, ZoWmIIcid Mgk
OHEEYBERL TV L LIRELH Y, BED
FOIEr—TIEEERIET Y OEAOE B
GO, BRESEE L Tw B I LB RBIN 3,
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Rhodamine

PN
kabb.t.ga ka.ge

Aj40 Ap42 PHF tau

0’;’{ OHRP tyramide 42X bictin

tyramide-tabeled fluorochrome  streptavidin @I Cys

B 7 tyramide ZFlva7y, ST E ek L 2B E~DIEHA

ZRPE I 3 <L X 11T horseradish peroxidase (HRP) F B iz
tyramide D3RRI TR Z ERFHL T, AL T ERET S,

1) tyramide k=3 & 45U & biotin Z#5& S+, streptavidin L& X
SRR aELTHAET 22 (AL42-Cy5), 2) tyramide K EHEH
HEFEL{ES R TEVTHRP 29 LT 2 45E1NH 3, 1), 2)
DHERZRIE I COREN LT NITHAFEI LB I LNTE, 2
DORLEDZIE L —TERALE L THRRUETSH S, HMREIE
h—ZHUFEEWAHED 10 fFUEFNTELZOT, HAEFRL7
L Zkbifd 2 v 2 B0 B ClERL Wil o 5RIRE
wal{ET 3, ConEEZFHATLERCSYEBRRD 2 [
D —RFf (P21 2 FED rabhit polyclonal Fifk) TH-Th =

MRELSTETH 5.

2, TSWBFMHRR

PB @ & 5 I thBAYh S etiEWE, RO LI
HEHAE OIS vk 2 lAag b THARD
T20E, BEASfIcbloTHROLEES 71T
ZOEEYT, ZRILEHRICHELERGZES
EbENIZEEEETCIRZY, UL, WRET G
BREWESER, FVEZOHBUFEZALEWLEN
faetkeBmTaivn, EAOHBRERZMOFITC
DI e Mk S8 AR 2 B 2 0B H 5
Bae, A —XHkofinz iz S v
&, YT NOBBEIT) L TREZARTE S
E&HH 5, Tyramide 13BN AKFEDFELET T horse-
radish peroxidase FIBHICEM T3 LW ) EH»H 27,
H 6B Lo tyramide ICHAEAEPLES F 2 BE S
HhbORHEL, ZXEuEIic 70 L7 HRP L X
BEEB L, L7 FNERBICHETE Y, £72 tyra-
mide T 7 FNVEIET 2 L —XiEEZ S 610 6%
PLERRTE 259, ZofRRIN—RIHEHEE
@FEE2 I AN LR E el BEOREHEH
HETIR, ZOBRHERIEE TE> Tw 5 AHMT
v, ZTOBRHBEMEOEENET S L, AEHYT

B8 7Avysng=-—-RliciEirad AB40,
%, neuropil threads O =XITHI
%
ffi von Willebrand factor T f& (¥ rabbit poly-
clonal, biotinylated tyramide (2 THEEL, Cy5
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intranuclear hyaline inclusion disease)®®TH RKT
Hot, LoLaxF o BHEHEELLT NLZE
T2 ER IR VRHICA T TR OMENt L BT 5
L, IROOEBRETTNI 2ET ARG KL R
F AL oWmEiE, B0l (MoEKkELA
F 25 L) i LTAERIC RS (¥ NIHID TRRIEHR
HWER% b B - T, EROFRI: DRPLA BT
LEEAINTE D, Huntington FHATH NI & 2
OBEEMBE L AL LA TwBE, b L
T - SRR IC fRIERYICE CARHE & NI FERIOSETE L
Twhd, Nl 25T 2B EEN L DRI LA
#xnz, b MNETORRIRET, NI 287 20
BEOBRERCLABLI EERILSTIHELT
w3 (F10), FrohsERTIE, MMETLFY
TR A H B A THHBLTWD, £ I T
TNd v LR TOMREAROREREZ 2 X+,
BYFNF 3w (102) DRBREEERE IV THREN
WL, TiS T kD, SCAlL, SCA2, SCA3,
DRPLA QW INOEETH /M 7L ¥ » LHifgIiX
NI 2227, FHIRZEM - MlasE NI SRS e
THEoHED EEZLNSED, b L NIl OBEIE
WEBIRT A AERERT AHF LEEER LTS
L9190 NI BEEL & iz P F v T, 2 -
THNIEXSWRTAIND LOMRLAE 25, &
EL7 CAG Y ¥—r2H7T 5 huntingtin 2HAT 2
Z LT, NI 2R XM, NI &
BB OMRIc 5 2 LT 2 BEYSER LA D

L, NITER & #BEER - MRsEo B, BofaR
clTETELWIERS 5 Z LIREASHT, Mg
F, BTt P RERBOHEBEDREDO LD
FEEEREEL T2 0% BiED L) 2T, REGH
HhEOTSREBRLEDIHENDS ),

2. ESFOREICDWT (promyelocytic leuke-

mia protein Z i)

NI O & REEsaE - MIBasEi, & FIETReT L
LAFLCRIBVETZE, MEOBREHAEL
T EFRMA»BHEEL L %, Promyelocytic
leukemia protein (PML) {2 % DI AHEIAFE 2 B L
B2IEhh RS, NIItbRETZOIE»S,
NI R ZEL TR 2B TREVIED
I N T B, ERNTREMLERROGANE
T& 5 PML body 25 CAG Y ¥ — MRTIE, BEDIZR
ok QL Nl o—IcRET 59, Bilox
vx+rBERALT, REOGEHRIIALND
Marinesco /MEICEEH LT PML O&ELZ 2 X F
oS TERMCEREITLTAD L, XS v it
REMORTREIARES 2 TICo0, PML XK
FloAZ DD LHHES Mo, Marinesco
AMEDOTEE IZED, FFHEREY, SHRERESA LD
74— g AL BN, FIGEEEL R RIZERE
OBEETHEBFEL T3, L7di>T PML OZLE NI
DRI >R 2RKTH Y, H3L MERLP
HBEEMIc EEL 2 WA b e FiiTRR AL S,
N ¥ v T TWE PML OS5 GRMERRE X, E
#L L TLERELREMNR VLI LIE SCAL, SCAZ,
SCA3, DRPLA ICHF I 2R TH L Z L HHLHRIT
Lz, THHOLMETERE L 598, NI RFRENL
WLk v il PML OF{bb Aok, &
i, PML ©Z{ki3 NI OERICEREL, Miaye
ik oBEIc oW TIR—E LW E, b HEIERD
P SREAIEIBLEZITH S,

HEHOIC

EAOXE, BHiEETOITHREL, HAEIH
RENDAR, BECI)—RTRVIER tau
HOWwBEEFcH T TRLE, BELLYVEHDR
v r BB 2 FiEIE, Lewy MEPEIZ HICHA TR
ThHh, SHEROEMELAL THREDLRARZ
HAELTw{ Lk, dREAOSEHEROKE
M LELMICTELZLEDNRS,

CAG V¥ — MR AT 2 MMaE L BB H
L 253, wEFCEH—2b 0%, FiZ
T ORE k7 2 PHEMIaEsE, RN & HAG



342 FhiZER: - 48 #

PENERRT AT LOMEE NN T 2841, &
BT YRR & MRS, HERETE & OBE R B
TEILICRBY, ZOBEBEOREAICLoT, B
NDIERIIRESERBBENH 22 L OB T
RELEbLND, HH - B TR & ARy
FYA v ANSEE, KREPBMTAERNENE
Lmautanaoug%@ LThHBh, b FEIC
HOENBFAE O ZOEIAMVHHELB 25 E S i,
RIEOELZMEELE2 3, HAKOHEAR &4
ZE THERBSEBICEELTwWAZ L idt s
fevadt, X b AHIAZBE, BREEELTE o
WHERIET 21013, HEZ v AL THIFL
kT, ZOBFEEH SO TRVETOL—2D%
Boizwinrk Bbh 3,

2

AR E LD IS, HRERBRAFIDEE
BERIESE (FREPIRD B2 KBS dt, WMIRBR
ERRE LoRES, HETERESR AR EER
f FFEHAL, BAFIAE, #MEINRYA ALY F—
¥avery— AREREE RILFHRLHA), HERE
Fod, T ZRIRE, RESAENEREMRRNE B
BRESRSICHALRIBRE AR EE L, J0GE S

hTHRHPeRLET,

FETHW ﬁ&ﬂa%?zii@j(“ﬂﬁj'li HRIEMRER A
FIART A R FEMBI L bR EhboT
T FMARO—MIL ML EFEM AR &L (B)
DEB|ERIFTVET,

X B

1) Adams JC : Biotin amplification of biotin and horseradish
peroxidase signals in histochemical stains, J Histochem
Cytochem 40 : 1457-1463, 1992

2) Alzheimer A :Uber eigenartige Krankheitsfille des
spiteren Alters. Zeitschr Ges Neurol Psychiatrie 4 :
356-385, 1911

3) Bancher C, Brunner C, Lassman H, Budka H, Jellinger
K, Wiche G, Seiterberger F, Grundke-Igbal I, Wisniewski
HM : Accumulation of abnormally phosphorylated tau
precedes the formation of neurofibrillary tangles in
Alzheimer's disease. Brain Res 477 © 90-99, 1989

4) Bobrow MN, Harris TD, Shaughnessy KJ, Litt GJ : Cata-
lyzed reporter deposition, a novel method of signal ampli-
fication. Application to immunoassays. ] Immunol
Methods 125 : 279-285, 1939

5} Bruchez Jr. M, Moromne M, Gin B Weiss S, Alvisatos
AP : Semiconductor nanocrystals as fluorescent biolo-
gical labels, Science 281 : 2013-2016, 1998

6) Buée L, Bussitre T, Buee-Scherrer V| Delacourte A,
Hof PR : Tau protein tsoforms, phosphorylation and role
in neurodegenerative disorders. Brain Res Rev 33 : 95-
130, 2000

23520044 6 H

7) Carmel G, Mager EM, Binder LI, Kuret ] : The struc-
tural basis of monoclonal antibody Alz50's selectivity for
Alzheimer's disease pathology. J Biel Chem 51 : 32789-
32795, 1996

8) Chan WCW, Nie S : Quantum dot bioconjugates for ultra-
sensitive nonisotopic detection. Science 281 : 2016-
2018, 1998

9) Cummings CJ, Mancini MA, Antalffy B, DeFranco DB,
Orr HT, Zoghbi HY : Chaperone suppression of aggrega-
tion and altered subcellular proteasome localization
imply protein misfolding in SCAL. Nature Genetics 19 :
148-154, 1998

10) Cummings CJ, Reinstein E, Sun Y, Antalffy B, Jiang Y-
H, Ciechanover A, Orr HT, Beaudet AL, Zoghbi HY :
Mutation of the E6-AP ubiquitin ligase reduces nuclear
inclusion frequency while accelerating polyglutamine-
induced pathology in SCA1 mice. Cell 24 : 879-892, 1099

11) de Silva R, Lashley T, Gibb G, Hanger D, Hope A, Reid
A, Bandopadhyay R, Utton M, Strand C, Jowett T, Khan
N, Anderton B, Wood N, Holton J, Revesz T, Lee A :
Pathological inclusion bodies in tauopathies contain
distinct complements of tau with three or four microtu-
bule-binding repeat domains as demonstrated by new
sepcific monoclonal antibodies. Neurcpathol Appl Neuro-
biol 29 : 288-302, 2003

12) Fujigasaki H, Uchihara T, Koyano S, Iwabuchi K,
Yagishita S, Makifuchi T, Nakamura A, Ishida K, Toru S,
Hirai S, Ishikawa K, Tanabe T, Mizusawa H : Ataxin-3
is translocated into the nucleus for the formation of
intranuclear inclusions in normal and Machado-Joseph
disease brains. Exp Neurol 165 : 248-256, 2000

13) Fujigasaki H, Uchihara T, Takahashi J, Matsushita H,
Nakamura A, Koyano S, Iwabuchi K, Hirai S, Mizusawa
H ! Preferential recruitment of ataxin-3 independent of
expanded polyglutamine : an immunohistochemical
study on Marinesco bodies, J Neurol Neurosurg
Psychiatry 71 : 518-520, 2001

14) Gallyas F : Silver staining of Alzheimer’s neurofibrillary
changes by means of physical development. Acta
Morphol Acad Scient Hung 19 : 1-8, 1971

15} Gambetti B Autilio-Gambetti L, Papasozomenos SC :
Bodian's silver method stains neurcfilament polypep-
tides. Science 213 : 1521-1522, 1981

16) Ghoshal N, Garcfa-Sierra F, Wuu J, Leurgans S, Bennett
DA, Berry RW, Binder LI : Tau conformational changes
correspond fo impairments of episodic memory in mild
cognitive impairment and Alzheimer’s disease. Exp
Neurol 177 : 475-493, 2002

17) Goedert M, Spillantini MG, Davies SW : Filamentous
nerve cell inclusions in neurodegenerative diseases.
Current Opinion in Neurcobiclogy 8 : 619-632, 1998

18) FHHHE  EAMBBRTEMOHBILE—BHOEWL
2L ELT—, WS 12 1 845-849, 1968

19} Hunyaday B, Krempels K, Harta G, Mezey E ! Immuno-
histochemical signal amplification by catalyzed reporter
deposition and its amplification in double immu-



WELES - 43835 20046 A . 343

nostaining. ] Histochem Cytochem 44 : 1353-1362, 1996

20) Tkeda H, Yamaguchi M, Sugai S, Aze Y, Narumiya S,
Kakizuka A : Expanded polyglutamine in teh Machado-
Joseph disease protein induces cell death iz vitro and n
vivo. Nature Gen 13 : 196-202, 1996

21) Igbal K, Braak E, Braak H, Zaidi T, Grundke-Igbal I * A
silver impregnation method for labeling both Alzheimer
paired helical filaments and their polypeptides separated
by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis. Neurobiol Aging 12 : 357-361, 1991

22) Irving EA, Yatsushiro K, McCulloch J, Dewar D : Rapid
alteration of tau in oligodendrocytes after focal ischemic
injury in the rat ; involvement of free radicals. J Cereb
Blood Flow Metab 17 : 612-622, 1997

23) Jaiswal JK, Mattoussi H, Mauro JM, Simon SM : Long-
term multiple color imaging of live cells using quantum
dot bioconjugates. Nat Biotech 21 : 47-51, 2003

24) Josephsen K, Smith CE, Nanci A * Selective but nonspe-
cific immunolabeling of enamel protein—associated com-
partments by a monoclonal antibody against vimentin. J
Histochem Cytochem 47 : 1237-1245, 1999

25) Koyano S, Iwabuchi K, Yagishita S, Kuroiwa Y, Uchihara
‘' : Paradoxical absence of nuclear inclusion in cerebellar
Purkinje cells of hereditary ataxias linked to CAG expan-
sion. J Neurol Neurosurg Psychiatry 73 : 450-452, 2002

26) Kuemmerle S, Gutekunst C-A, Kiein AM, Li X-J, Li 5-
H, Beal MF, Hersche SM, Ferrante RJ: Huntingtin
aggregates may not predict neuronal death in Hunting-
ton's disease. Ann Neurol 46 : 842-849, 1999

27) Kumada S, Uchihara T, Hayashi M, Nakamura A, Kikuchi
E, Mizutani T, Oda M : Promyelocytic leukemia protein
is redistributed during the formation of intranuclear inclu-
sions independent of polyglutamine expansion : an immu-
nohistochemical study on Marinesco bodies. ] Neuropa-
thol Exp Neurol 61 : 984-991, 2002

28) Lamy C, Duyckaerts C, Delaére B, Payan C, Fermanian
], Poulain V Hauw JJ : Comparison of seven staining
methods for senile plaques and neurofibrillary tangles in
a prospective series of 15 elderly patients. Neuropathol
Appl Neurobiol 15 * 563-578, 1989

29) Lang E, Otvos L:A serine->proline change in
Alzheimer's disease-associated epitope tau2 results in
altered secondary structure, but phosphorylation over-
comes the conformational gap. Biochem Biophys Res
Comm 188 : 162-169, 1992

30) Lieberman AP, Trojanowski JQ, Leonard DGB, Chen K-
L, Bird TD, Robitaille Y, Malandrini A, Fischbeck XH :
Ataxin 1 and ataxin 3 in neuronal intranuclear inclusion
disease. Ann Neurol 46 : 271-273, 1999

31} Matsuo ES, Shin R-W, Billingsley ML, Van deVoorde A,
O'Comor M, Trojanowski JQ, Lee VM-Y : Biopsy-
derived adult human brain tau is phosphorylated at many
of the same sites as Alzheimer's disease paired helical
filament tau. Neuron 13 : 989-1002, 1994

32) Menz R, Edwards P Perez-Olvera O, Wischik CM :
Monitoring pathological assembly of tau and 8 —amyloid

33)

34)

35)

36)

37

38)

39)

40)

41)

42)

43)

44)

45)

proteins in Alzheimer’s disease. Acta Neuropathol (Ber!)
89 : 50-56, 1995

Nagaoka U, Uchihara T, Iwabuchi K, Konno H, Tobita M,
Funata N, Yagishita S, Kato T @ Attenuated nuclear
shrinkage in neurones with nuclear inclusions of SCAl
brains. J Neurol Neurosurg Psychiatry 74 : 597-601,
2003

Nakamura A, Uchihara T : Dual enhancement of triple
immunofluorescence using two antibodies from the same
species. ] Neurosci Methods 135 : 67-70, 2004

Odawara T, Iseki E, Kosaka K, Akiyama H, Ikeda K,
Yamamoto T ¢ Investigation of tau-2 positive microglia-
like cells in the subcortical nucled of human neurodegen-
erative disorders. Neurosci Lett 192 : 145-148, 1995
Ordway JM, Tallaksen-Greene S, Gutekunst C-A, Bern-
stein EM, Cearley JA, Wiener HW, Dure IV LS, Lindsey
R, Hersch SM, Jope RS, Albin RL, Detloff PJ ¢ Ectopi-
cally expressed CAG repeats cause intranuclear inclu-
sions and a progressive late onset neurological pheno-
type in the mouse. Cell 91 : 753-763, 1997

AN EFEREC L A EREREFOTTY, B
B, R, 1992 ‘

Paulson HL, Perez MK, Trottier Y, Trojanowski JQ,
Subramony SH, Das $S, Vig F Mandel JL, Fischbeck
KH, Pittman RN : Intranuclear inclusions of expanded
polyglutamine protein in spinocerebellar ataxia type 3.
Neuron 19 : 333-344, 1997

Perez MK, Paulson HIL, Pendse SJ, Salonz SJ, Bonini
NM, Pittman RN : Recruitment and the role of nuclear
localization in polyglutamine-mediated aggregation. ]
Cell Biol 143 : 1457-1470, 1998

Pollock NJ, Wood JG * Differential sensitivity of the
microtubule associated protein, tau, in Alzheimer’s
disease tissue to formalin fixation. J Histochem Cyto-
chem 36 : 1117-1121, 1988

Quignon E De Bels E, Koken M, Feunteun ], Amiesen J-
C, de ThéH:PML induces a novel caspase-inde-
pendent death process. Nature Gen 20 : 259-265, 1998
Sakamoto M, Uchihara T, Hayashi M, Nakamura A,
Kikuchi E, Mizutani T, Mizusawa H, Hirai S : Heteroge-
neity of nigral and cortical Lewy bodies differentiated by
amplified triple-labeling for alpha-synuclein, ubiquitin,
and thiazin red. Exp Neurol 177 : 83-94, 2002

Saudou F Finkbeiner S, Devys D, Greenberg ME :
Huntingtin acts in the nucleus to induce apoptosis but
death does not correlate with the formation of intranu-
clear inclusions. Cell 95 : 55-66, 1998

Shibuya K, Uchihara T, Nakamura A, Ishiyama M,
Yamacka K, Yagishita S, Iwabuchi K, Kosaka K:
Reversible conformational change of tau-2 epitope
exposed to detergent in glial cytoplasmic inclusions in
multiple system atrophy. Acta Neuropathol {Berl) 105 :
508-514, 2003

Takahashi H, Egawa S, Piao Y-S, Hayashi S, Yamada M,
Oyanagi K, Touji S : Neuronal nuclear alterations in
dentatorubral-pallidoluysian atrophy : ultrastructural



344

46)

47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

and morphometric studies of cerebellar granule cells.
Brain Res 919 : 12-19, 2001

Takahashi ], Fujigasaki H, Twabuchi K, Bruni AC, Uchi-
hara T, E1 Hachimi KH, Stevanin G, Diirt A, Lebre A-S,
Trottier Y, de Thé H, Tanaka J, Hauw J-J, Duyckaerts C,
Brice A : PML nuclear bodies and neuronal intranuclear
inclusion in polyglutamine diseases. Neurobiol Dis 13 :
230-237, 2003

Takahashi J, Tanaka J, Arai K, Funata N, Hattori T,
Fukuda T, Fujigasaki H, Uchihara T : Recruitment of
non-expanded polyglutamine proteins in intranuclear
aggreagates of neuronal intranuclear hyaline inclusion
disease. ] Neuropathol Exp Neurol 60 : 369-376, 2001
Uchihara T, Fujigasaki H; Koyano S, Nakamura A,
Yagishita S, Iwabuchi K : Non-expanded polyglutamine
proteins in intranuclear inclusions of hereditary ataxias-
triple-labeling immunofluorescence study. Acta Neuropa-
thol (Berl) 102 : 149-152, 2001

Uchihara T, Ikeda K, Tsuchiya K : Pick body disease and
Pick syndrome. Neuropathology 23 : 318-326, 2003
Uchthara T, Iwabuchi K, Funata N, Yagishita 5 © Attenu-
ated nuclear shrinkage in neurons with nuclear aggre-
gates-a morphometric study on pontine neurons of
Machado-Joseph disease brains-. Exp Neurol 178 © 124~
128, 2002

Uchihara T, Kondo H, Akiyama H, Ikeda X : Single-
laser three-color immunolabeling of a histological
section by laser scanning microscopy : Application to
senile-plaque refated structures in post-mortem human
brain tissue. ] Histochem Cytochem 43 @ 103-1086, 1995
Uchihara T, Kondo H, Akiyama H, Tkeda K @ White
matter amyloid in Alzheimer’s disease brain. Acta Neuro-
pathol {Berl) 90 : 51-56, 1985

Uchihara T, Mizusawa H, Tsuchiya K, Kondo H, Oda T,
Tkeda K : Discrepancy between tau immunoreactivity
and argyrophilia by the Bodian method in neocortical
neurons of corticobasal degeneration. Acta Neuropathol
(Berl) 96 : 553-557, 1998

Uchihara T, Nakamura A, Arai T, Ikeda K, Tsuchiya K :
Microghial tau undergoes phosphorylation-independent
modification after ischemia. Glia 45 : 180-187, 2004
Uchihara T, Nakamura A, Nagaoka U, Yamazaki M, Mori
O : Dual enhancement of double immunofluorescent
signals by CARD : participation of ubiquitin during
formation of neurofibrillary tangles. Histochem Cell Biol
114 : 447-451, 2000

Uchihara T, Nakamura A, Nakayama H, Arima K, Ishi-

57)

58)

59)

60)

61)

62)

63)

64)

65)

66)

MEDEL - 48 ¥ 38 - 2004 4E6 H

zuka N, Mori H, Mizushima S ! Triple immunofluorola-
beling with two rabbit polyclonal antibodies and a mouse
monoclonal antibody allowing three-dimensional
analysis of cotton wool plaques in Alzheimer disease. ]
Histochem Cytochem 51 : 1201-1206, 2003

Uchihara T, Nakamura A, Yamazaki M, Mori O : Tau-
positive neurons in corticobasal degeneration and
Alzheimer disease-distinction by thiazin red and silver
impregnation—-, Acta Neuropatho! (Berl) 100 : 385-389,
2000

Uchihara T, Nakamura A, Yamazaki M, Mori O ! Evolu-
tion from pretangle neurons to neurofibrillary tangles
monitored by thiazin red combined with Gallyas method
and double immunofluorescence. Acta Neuropathol (Berl)
101 : 535-539, 2001

Uchihara T, Nakamura A, Yamazaki M, Mori O, Ikeda K,
Tsuchiya K : Different conformation of neuronal tau
deposits distinguished by double immunofluorescence
with AT8 and thiazin red combined with Gallyas method.
Acta Neuropathol (Berl} 102 : 462-466, 2001

Uchihara T, Tanaka ], Funata N, Arai K, Hattori T * Influ-
ences of intranuclear inclusion on nuclear size-
morphometric study on pontine neurons of neuronal
intranuclear inclusion disease cases-. Acta Neuropathol
(Ber]) 105 : 103-108, 2003

Uchihara T, Tsuchiya K, Kondo H, Hayama T, Tkeda K :
Widespread appearance of Alz-50 immunoreactive
neurons in the human brain with cerebral infarction.
Stroke 26 © 2145-2148, 1995

Uchihara T, Tsuchiya K, Nakamura A, Ikeda K @ Appear-
ance of tau-2 immunoreactivity in glial cells in human
brain with cerebral infarction. Neurosci Lett 286 : 99~
102, 2000

Wang Z-G, Ruggero D, Ronchetti S, Zhong S, Gaboli M,
Rivi R, Randlfi PP : PML is essential for multiple apop-
totic pathways. Nature Gen 20 : 266-272, 1998
Watanabe N, Takio K, Hasegawa M, Arai T, Titani K,
Thara Y : Tau 2 : a probe for a Ser conformation in the
amino terminus of tau. J Neurochem 58 : 960-966, 1992
Willingham MC : Conditional epitopes : Is your antibody
always specific? J Histochem Cytochem 47 : 1233-1235,
1999

Yamada M, Sato T, Shimohata T, Hayashi S, Igarashi S,
Tsuji S, Takahashi H @ Interaction between neuronal
intranuclear inclusions and promyelocytic leukema
protein nuclear and coiled bodies in CAG repeat
diseases. Am J Pathol 159 : 1785-1795, 2001



FRAEES 48 535 - 200456 B ' 345

Abstract
Diseasg—speciﬁc patterns of protein deposition and their relation to neurodegeneration
Toshiki Uchihara |
from

Department of Newropathology, Tokye Metropolitan Institute for Neuroscience,
2~6 Musashidai, Fuchu, Tokyo 183-8526, Japan.

Possible relevance of protein deposits, characteristic for some neurodegenerative disorders, were dissected
into 1) how the protein is deposited to form inclusions and 2} how neurodegeneration is related to the deposits.
Some genetic abnormalities linked to neurodegenerative disorder, for example pathological mutations of tau gene
or pathological expansion of CAG repeat, result in these two aspects. Also summarized are technical challenges to
realize enhanced multilabeling, three—dimensional reconstruction and how to interpret silver-staining methods.
Deposition of protein was investigated on tau in ischemic foci or in glial cytoplasmic inclusions in multiple system
atrophy that was found, in both conditions, detectable exclusively with tau2 antibody, whose epitope is not depend-
ent on phosphorylation. This tau2 immunoreactivity was abolished in the presence of detergent ( TritonX-100) but
restored after washing, suggesting that conformational state of tau2 epitope is dependent on physical and chemical
environment and reversible. Difference in the conformational state may distinguish different diseases or different
stages of a disease. How neurodegeneration is related to deposits was investigated on CAG repeat disorders rele-
vant to both formation of nuclear inclusions (NI) and neurodegeneration. Cross sectional area of pontine neurons
with NI was found larger than that of neurons without NI in a series of CAG repeat disorders and neuronal intranu-
clear hyaline inclusion disease, Although protein deposition and neurodegeneration is tightly linked to each other,
their correlation is not necessarily positive. Independent analyses of these two aspects may clarify their relation-
ship to understand what is going on in human brains with neurodegenerative disorders.
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