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AT MERZ BRI BT B iR RAE R LB L O
coiled body ®HEHE
— MR ERRAMEZE L B & U coiled body @
ubiquitin fL1Z B8 5 #eEt—
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B A

IhERFREREEEER AR EER 2T R

TRRBERILER AR R AR B2
(REHE | NERERE)
N FRITEG B4R
ZHEHFERITETBLLA

AT EMERRE (progressive supranuclear palsy: PSP) (ZZEMWRIETR & L CERE, WE,
PR, ANREIREE, BEHEE B A HEMIRE %, BULE gliosis H¥# L T 2 BT HOEME
BTH5b, MEAEH tau PPEEY VEML S, MEHEA THRERMEEIL (neurofibrillary
tangle: NFT) %, oligodendroglia AT coiled body (CB) #FH T 5 Z L2 s iz, —7,
ubiquitin (Ub) ZBHE ITHREHERIZBWT ATP KERICEHEL 2 0BT A EE RS 2 3
72LTWwWb, PSP IZBWT NFT, CB AREDEBRICED & ) 1ZBbo TWwa 2B 6T 57
®IZ, PSP =& % FAVy T NFT 3£ U512 CB % 4 DD stage W3 L, %& stage DHBREZFHIL
721, PSP OZEMIRER & lBHRET L7z, 72, & NFT, CB 131 5 Ub B4 NFT, CB O H3R
B (Ub BiksR) 8% Lz, £OMRHR, NFT IZHEMILBLE & Kotk glosis & BifR% ( HEL T
WAHDS, CB ITHIEEHIRAITE & BHE L CHEASS W Lo - MR E LTV A 00,
HIRLFE % BT 5 stage IV @ NFT, CB 1347 { 3ERFIEH Ub BpHERd #h 2 2.1%, 2.7% L&
DTENE EAbdolz, BLEX Y PSP I2BWT NFT, CB OB IR % & Ktk gliosis
ORLIHRE R TV ARWEEZ bz,
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HEATMAE R (progressive supranuclear palsy:
PSP) AT HEMEETH D, BRI IR IR
WRE, B - BB, BEE, EHEVA Mo, B
FRE, RRMBEZR U0 b 51029, fiEREEEEAY
AT MR A% & RS gliosis DSBE, WEIK,
BRTH, DR, BSEHER SICRons 0
B T H1120)

TR ML (neurofibrillary tangle: NFT) OH
HiZ7 VYA < —3F (Alzheimer’s disease: AD) T
SHRESE L BBICHRI D 5 2 EFMLNTWAD,
NFT 8% ) VB tau BEEHEE L CREMRME
ELTRREND LEZBNTWABIL, ZOBE%
BRICEEB LR L LT, tau BEISK T 2504k

%W T4 L7 Duong 55 & Bancher 52 1% AD
% AT (stage 0-3) L7z, Braak 59 (X AT8 %
Huwi-thygdets & Gallyas-Braak (GB) $H%efns8) %
A&7, AD % 5BICHE (group 1-5) L7z 2
NS OBFFEIC L ) NET i tau ZEEAMHMEEBET 2
BB (Duong, Bancher 5 ? stage 1, Braak 5 ®
group 1 IZ#%) 25, NFT #»EHK S (Duong,
Bancher & @ stage 2, 3, Braak & ® group 2, 3 124
%), HIRAFEASHE U7-% NFT o5 S o fF L7z
ghost NFT (Braak & @ group 4, 5 12482 L, GB %4
TORMAZETEE) FTIALTZ b LRI TY
b, —F PSP TH, BEY VBRILENT tau & EH
BEHE L § 5 RERMESHBEMAIC NFT £ LT
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SR 21350 T {2, oligodendroglia PIIC %

- coiled body (CB) & LCEEHIT 5 LavhbH
HENs22), L L), PSP @ NFT, CB OF
Bk BER L 7Bk 2% v,

AD @ NFT 13 |2 ubiquitin (Ub) /b & Tw 520,
Ub REBEWICEBNICHEETATEO T I By
R H/NEHETH A, BEED Ub {LEHHBE 5
YA ENEHENEESE L, BMLBERIC
Lo TS T3, Fit, AD 21X U0, #4
HIREMERICB T AR ORERR L LT, AE
BB EDEE U7 ARPERAE L - iiia o F o
MIFAEPHPICEE L C0b I EAYMEEICHE ST
Wwp1s2en . LT, FOHAKDSE LI Ub 4%
ETAHI LD, ZOBRARRERIC Ub KEFEHEOE
HESRRTEE L TVWAHMEESESE I TR
Fo12d), TS OFTRIGHINEE L BEICEEL T
tEZbNRTwa2en, LaL, PSP ® NFT i Ub
ILENTVWRWEEDLNTWE DR ZF DM RHENIL S
TV vaises)

AKfgeT8#E 1, PSP \CBIT A NFT, CB DHEE
FEWELPIT LD, BEY VB LEIN tau &
Bl % BT 200k (ATS) %W/ s st
& BUETRME R BER T AR5k (modified GB) O &
Yeto e T, PSP IZBIF A NFT & CB oK% 4
DO stage 25 L7z, NFT & CB O HH & WY
ik Gl O & 0K gliosis) & OBIEM %
K3 L, NFT, CB O% stage DIHBEEZEHI L2, &
512, NFT, CB @ Ub k=4 &% L NFT, CB K&
BV AT LA THAH Ub BFEELTHRINE) I
T L7z,

Vi) &=
I

FRARRELZAYIC PSP L 1T & 17z 3 FEG] O HIM
TRV, FEFORTRER, %5, &Fd, BUR
IREE, BRIREHT, WEERMT, REXMER% Table 1
12T TRIBRWT IS EIERY BRI EEHE & F v /o120,

RIBHR AR SE D L U REER EFAuiRR
BEEIIBEAEBIC10% VY T3 —4
BEEELZ®R, Tum BEDNT 74 @B H
TR B ROET R 2 B9 5 72912 Hematoxylin
and Eosin %¢f5, Kliiver-Barrera 4:fa, Bodian %:fh,
Methenamine %ef8 %47 - 72, SIBHMLEIIRTR I,
0.1%BERALKFEIC L AHNEESV I F T 5 —EHE
 RIR T30S HIT o720 BEARTHITHRE L7,

(2-4), F17- 8 A

Table 1. Summary of the backgrounds of PSP cases
used in this study

Casel Case2 Case3
Age at death (ys) ‘ 68 75 71
Sex Female Female Male
Duration of illness (ys) 5 10 5.5
Bedridden duration (ys) 1 3 2
Clinical diagnosis PSP PSP/CBD PSP
Pathological diagnosis PSP PSP PSP

Weight of unfixed brain (g) 1100 1040 1170
PSP: progressive supranuclear palsy, CBD: corticobasal

degeneration.

Tris-buffered saline (TBS) THEREBEME L7 Protein
Block Serum-Free (DAKO, Carpinteria, CA, USA) %
FIRICTI0H MG S &7z, —R¥ufk% 4 CT—
B S ¥ 72, —%kPifE & LT anti-ubiquitin anti-
body ( mouse, MAB1510, 1:20,000, Chemicon,
Temecula, CA, USA), anti-p-tau (Ser 199/202) anti-
body (mouse, AT8, 1:800, Innogenetics, Ghent,
Belgium) %/ L, cold TBS T104M Bk L 72,
Envision # (DAKO, Carpinteria, CA, USA) 2L o T
RIBGts L7z, bbb, TREifkE LT Labelled
Polymer-HRP Anti-Mouse (DAKO, Carpinteria, CA,
USA) ZHWTERT2BEIG S, bEEY
cold TBS T104-RI#E# L72#12, 38,3'-diaminobenzi-
dine tetrahydrochloride (DAKO, Glostrup, Denmark)
2REEHE L, 0.001%DBEIKELMRAT, 54
R &7, LA 4 ORAEOGRE ML MG
THE L.

AT8 & GB “E#& & AT8 & GB [Bi% NFT &
CB OfijheEiEs

GB Zeft b REGRE O ZELRE LT Oka 526 OF
ErHWw, 9, GB BETHEB 2T 2B, —
RUEIC ATS Hifk % BV 72 Envision HEREYRE 247
2720 AT8 EOBHAREBIIRB SN, GB BET
HREFERME LRI R I NG, BRI
Wi L&z 5N A MR RE e L GB R gt
BOEWVIZE 5T, NFT % stage IV D 4 DIZH3HL
770 FREIZ, CB % stage IV D 4 D25 L 720

EEAH

BRI L, ATS & GB “E#ufs b Ub HEg
BEBITL, KEE (Brodmann area 4, 6,8), BIR
MUERD, Bk, WAk, SURIMUTEMR, HURT,
W, Bk, AMEREO L R B\ T100f%
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REFC 1.74 mm2 B Y O NPT KU CB D% stage $ &
Ub B NFT RIOVCB #% 5 #FHlEL, 20O %
K7z,

HET oA

1.74 mm2 % Y D% stage N NFT, CB OEHE % K
%, Ub Btk NFT, CB OFH8 & OBLERZ 5 242
4 % HAYT Stat View for windows program % F\: T
ARBE B % AT L 720

& g

FRARRELEAYIC PSP & W & M7z 3 R o FhEM
R Bk, Btk gliosis DFEEE % Table 2 1I2F L7z,
AT8 & GB “EHA O R%E Fig. 1 [IRT, AT8 &
GB “ERMBTIE ATS BETHHTGB fefalc L h &
ERHHEEE T o2 CED VRN E stage |
(Fig. 1B), ATS BT GB Jeta THMMELZ ATS %
Bk LR AR O MR % stage T (Fig. 10),
ATS OHIZ GB TS & T, ATS Zefalhic
WL, LU EDLD% stage I (Fig. 1D), ATS &
PT GB R DA THERR S b BEHEREZ stage
IV (Fig. 1B) &3 L7z, RO HET ATS & GB [y
T CB IR L, stage LIV IZHEE L7z (Fig. 1F-1),

P Ub Btk & A\ 2 Rl L T NFT & CB
REELL A, HHO NFT & CB #° Ub BT
o7z (Fig. 2)o PSP ICHBUHEOFE W globose tan-
gle b —% Ub BETH o7z (Fig. 2A), oligoden-
droglia &% 2 &N HFLIZHBVTD Ub Mk CB 78
g7 (Fig. 2B),

KBBREEA11 % FF, KMEE (Brodmann area 4, 6,

8), RBIEKTE, ik, WEIK, BURIMIEMRE,
MR TR, WE, WEE, ARSI BV CER
YA T ATS & GB O _EH M & Ub fefk Fig. 3 1R
To HEMLICHBIT A NFT & CB @ 1.74 mm2 24 ) DF
BHBBEZ/R L7 (Fig. 4)o NET, CB & b IZ stage IV
(ghost tangle) 2$#® TA % o7z, NFT, CB @
stage I-IV OBEITH T 5 Ub oAz HEE L
7= (Fig. 4)o HIRTH, BE&EHEE, MREERET
NFT @ Ub BHEISEHWI L, CB Il L Cldsg
=, MNEERETEBWI &b olze LRLEDD,
3EFIFEY Ub ks, &K T NFT T 2.1 (0-
16.7) % T, CB ¥ 2.7 (0-11.9) % TdH oz, %

‘stage ® NFT & Ub B1E NFT & OMEIRENE, stage

L1, I T#h¥h 0.806, 0.569, 0.497 (p<0.005) T,
CB IZBWT I stage III DAMEERL, 0554 (p<
0.005) TH-72,

P EE#HTAHE, REFFET NFT & CB I2BWT
stage I 705 stage IV ¥ COMMBLBREIBESN
720 NFT, CB & b #If56 % B3 % stage IV iR T
Bz EAVHEE L7z, WML & O
gliosis MFERE & NFT, CB HIEE & OM#ElE, NFT
BHELOBENEL, CBHRAELOBEELFED 2,
F 72 NFT, CB @ Ub BRI CTiRw2 &, Ub @
HiIHE X NFT, CB T/ stage III & MHE % 7R L 72,

% £

PSP 1319644 Steele 529 AR R/S—F TV v
JEBERRTERA L L THRE SNz, ORI
PIZ tangle SHERL TW A Z EATRBEEIN TV 524,
19864E{Z Pollock 528 2% »T#® tangle A% AD &

Table 2. The relationship between neuronal loss and gliosis whith NFTs and CBs

Case 1 Case 2 Case 3

Neuronal Neuronal Neuronal
Regions loss gliosis NFTs  CBs loss gliosis NFTs CBs loss gliosis NFTs CBs
Brodmann areas 4 - + + + — + + + — + + jrny
Brodmann areas 6 — + + ++ - + + + - + + ++
Brodmann areas 8 — + + + - + + + - + + +
Caudate head - + + + * + + - + + +
Putamen + + + + + + + + + + + ++
Globus pallidus ++ + + ++++ ++ + o+ ++ + ++ o+ 4+
LV of the thalamus - + + +++ - + + + - + + ++
Subthalamic nucleus ++ R S S ++ + o+ o+ 4+ =+ + ++
Internal capsule n.d. + n.d. ++ n.d. + nd. + nd B nd. +++
Tegmentum of pons  ++ HH+ ++ +H+ + + + ++ 4+ 4
Dentate nucleus  ++ +++ + + +++ ++  + + ++ + + +

Neuronal loss: — normal; =~ + subtle; ++ moderate; +++ severe, gliosis: — normal; + ~ + subtle; ++ moderate; +++ strong; n.d.

not detected.

Number of NFTs; + 0-7; ++ 8-15; +++ 16-23; ++++ above 24. Number of CBs: + 0-29; ++ 30-69; +++ 60-90; ++++ above 91.



48

B

BREREME, 53 (24), F17- 88

Fig. 1. AT8 (brown) and GB (black) double staining (A). Scale bar=200 xm. Several forms of GB-positive struc-
tures were observed in AT8-positive neurons and oligodendroglia in the tegmentum of pons (case 1). Fine granules
compacted into fuzzy, convoluted bundles were observed in AT8-positive, swollen perikaryon (B). Faint GB-positive
structures in an AT8-positive, swollen perikaryon (C), and intense GB-positive filamentous structures and fine gran-
ules were observed in faintly AT8-positive deformed neurons (D), as were non-nucleated ghost tangles (E) positive
for only GB. Scale bar (B-E)=30 pm. A few well-defined granules were observed in the cytoplasm of oligodendroglia,
while fibril formation was not observed (F). AT8-positive granules were intensively aggregated with GB-positive fib-
rils surrounding the nucleus of oligodendroglia (G). A clearly visible linear structure surrounding the nucleus of oligo-
dendroglia was seen by GB and ATS8 staining (H). An AT8-negative, GB-positive linear and curved fuzzy filamentous
structure with an unclear nucleus, similar to a ghost tangle, was also observed (I). Scale bar (F-) =1 xm.

Fig. 2. The figure shows Ub-positive NF'T and CB. Scale bar=10 xm.
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Fig. 3. The figure shows NFTs and CBs positive for AT8 and GB double staining (A-C) and Ub antibody (D-F) in ser-
ial sections in each case. A and D shows case 1, B and E shows case 2 and C and F shows case 3, respectively. Scale

bar=50 pm.

FIRRIC tau DRHETH A 2 L %, RBEBRLEEEH
WCEERH L 72, 19944F, Tkeda 514 (ZEERHMED A
YT 5 GB R VT, PSP BN IZ A
IZ NFT 283§ 5135 ) T% <, oligodendroglia A
12 BERESHIL CB LA,

PSP CIIHEk OZM4FT R Cd 2 M%&)
it gliosis DIREE & NFT, OB MBI+ A W34
78, 4% C, PSP IZBWT NFT, CB % BB
THHEL, RELOBRELHELZRETE RV,
AHFFECIRD T, NFT, CB % 4 2 DTRREME 24
L, FBREEO NFT, CB O MBS % 1L
IZCREBEFETHE L7zo NFT, CB OREHEE
LT AT8 % AW/ REMik bEd: L GB BEOmHE
%479 Z & T, NFT, CB % & 1) IFFEIC stage I-IV T
WTERIMTAILEWREE L7z, ZOHEEZHVS
Z &C Oka 52, Mao 523 |2X ) NFT & ZDITH
OEHEOHBEOHEBEZHL NI TLIENTE
720 NFT OWMBLEZMFTR & OB EITHRER, AW
BRZICBWTHB LWV, LaL, CB Ol
IZEMERRAL & HERAYREE L CHER L TV B DD
T#H o7 (Table2),

AD TIIHRHAIZIE U T stage IV @ NFT (ghost tan-
gle) FEEICHET LI LML TV A28, ghost
tangle (3R ARG LAINEZEATAE AL BT 2
NFT OAHFRAFL, HBaI 2 o 7zIREETH %, Fig.
4 2R L7 X 91T, stage IV @ NFT, CB X PSP THi
DTHRNWZEFHEL DL 72, PSP TREEL,
BRTH, R, B2 24008 oM

BRREELTWD, T2bb, MEIEELTEY,
NFT, CB 3£ #0212 b b 53 stage IV A5ED T
Bz, OB NFT, CB O HBEEREMETE & &
BRLTWhRWEEZ bz,

Ub SHRAICH BT 6 ERSH I AT AD—D &
LTHOLNTEY, HEEREATIRA-FV Y VR
2B 5 Lewy /MED, Pick JHICB1F % Pick B2 7
Eh A BN REHEEY D Ub BiETH S, AD T
X 19874 Perry 512 & D EABEIED D T { NFT b
Ub fLENTWAE Z SN2, FIZ, AD I
B 5 NFT HBUI SIS & B B L THB D,
Z0 NFT % Ub /L ENTWw 5 2 & ITMiEHifam T
NFT Z Ub Z IVWTHML LD L LTw5, —D2DM
JEERCY AT AL LTHEEERTWS,

AHFFETIE AD LR UEE ) Y EME tau 5 NFT %
BT 2 METHEOENEETH S PSP 8BV THE
Mo, KoM gliosis %528 2 ¥RAL % dulacll
#FHZBWT, NFT, CB @ Ub Bkt R EaicE
E L7

PSP 1281} % NFT, CB @ Ub {LEOIFRILE 5k
VW, AFFFEIZB VT NFT, CB D Ub {bEIid#y 2-3% &
WO TN LA L7z, AD TRRHE EHief
T NFT ®60%%5 Ub {b &N TE YO, NFT & Ub &
DO BFEIE mature 7 NFT (KIFFECTO stage I, I
1Y) TUbftEhseHMEINRTVEY, L)t
TARBZEIZ LY PSP TIEAMIfEAA T NFT, CB 25F1E L
Th U A CIZ W & E 2 bz,

ARFFET stage I & NFT, CB DHEE & Ub it
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Fig. 4. Three cases of Ub-positive NFTs and CBs, expressed as percentages of the total numbers of stage I to stage
IV NF'Ts and CBs. Density of NFTs and CBs was determined with a microscope in 5 fields of 1.74 mm? at a magnifi-
cation of X100 in 11 brain regions. Data are shown as average of three cases (A and B) and as each case (C-H).
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NFT, CB OHBE % 3ER, #nENE—D11 57
THEBEZBIT L7825, NFT TRMEERBRE
0.50, CB Tl 0.55 (p<0.005) LWL %ehiill% 3R
Wiz, Thbbh, PhwiEFELd Ub{fbshTwa
NFT, CB & AD & [RARICHEAE T Ub L BIfR L T
LMD H B, THDT LT 2-3%MBICB VT
AD YA Ub LV A FADPERELTWB EEZ S
N, PSP I2BWVT Ub {LOZELBIEIH 5 LidEZ
12 { vy, Fergusson 59 & PSP 128\ T mutant ubig-
uitin-B 2% NFT I2—F LTI TWAZ LiZEHL
T, Ub b HEESN T VAWM EZRHEL TV,
PSP ik AD & #7742 ) PSP iz U5 BT MR
BRELDLYATLE NFT BFELBV AT AL EDOW
BB L CWAMRENEZ bR b, Ub EHDE
VAT LM PSP O NFT 2L TWihwizrnEH
DIEY AT ADMEEI L TW B DD E ) RS TR
WV, 1O0EREE LT, NFT 2SEL 5 2 & Tk
TR S AN T2 WS H 5, PSP O3
BL L ABOMBEPLETH S, —7, CB ODFK
1% oligodendroglia P2 U TWA LB SN TWAHY,
ARAFFEIC & ) CB 3L o B SIS 3BT
LI ENMRo T, FIREEEIC PSP BN T oligoden-
droglia 2%i¥% LTV BT RIERRO b Tz, CB
TR I MR ST S 0 DOBEE 2B 00,
oligodendroglia D#EREEE % O T\, CB i
IR R ) RIS KD EY O REE D &
%, 41 oligodendroglia ® KGRI T A BFEA%
HETHb,

Pk XY, PSP ic3BiF A NFT, CB DHE PSP 12
B AR L IFHICEEL VW ARY, 3512, M
JFARIZBWTHMEY AT A TH S Ub {L2NE L A LT
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Progressive Supranuclear Palsy
— Study about Ubiquitination of Neurofibrillary Tangles and Coiled Bodies in

Progressive Supranuclear Palsy —

Chenghua JIN

Department of Clinical Neurosciences and Therapeutics, Division of Integrated Medical Science,
Graduate School of Biomedical Sciences, Hiroshima University
(Director: Prof. Masayasu MATSUMOTO)

Progressive supranuclear palsy (PSP) is a degenerative disorder pathologically characterized by neu-
ronal loss with responsive gliosis in the substantia nigra, globus pallidus, thalamus, dentate nucleus of the
cerebellum and tegmentum of pons. It has been reported that abnormally phosphorylated tau in neurons
and oligodendroglia forms neurofibrillary tangles (NFTs) and coiled bodies (CBs). Ubiquitin protein (Ub)
plays an important role in degradation of altered protein in degenerative disorders by an ATP-dependent
pathway. To clarify how the formation of NFTs and CBs in oligodendroglia is related to the formation of
lesions in PSP, we classified NFTs and CBs in three PSP brains into four stages and counted the number of
cells of each stage and the positive rates of Ub in total numbers of NFTs and CBs. The results showed that
the appearance of NFTs was not related to neuronal loss and responsive gliosis, while CBs were closely
related to neuronal loss. Although there was neuronal loss, there were few stage IV NFTs (ghost tangles)
and CBs, which indicate cell death. Moreover, the positive rates of Ub in NFTs and CBs were 2.1% and
2.7%, respectively. These findings suggest that the formation of NFTs and CBs does not have a vital role in

neuronal loss and responsive gliosis in PSP.
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