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RN ZEFE{LEE (amyotrophic lateral sclerosis: ALS) & BA7 & L0 Bt ASEERAY
ICHEEINLERRHOMRERRERETH 5, WEEMIITES MLY% & uwiquitin (ub)
V7o REMRR LRI L ) BRAAEE R ORBRREEOB B ARSI REDO O, —
FHCHRZMED ALS (ALS with dementia: ALS-D) OFREICBVTH ALS & FBEOREENTR %
575, MEROEMEBRICOWVCOMBIZES M TRV,

A TIE, ALS & ALS-D KB A2EUHRAOMEEZHLHITTA720IC ALS 56]& ALS-D
S5HIOHMEME KRBTz HWTHRET L. b AP/ v2F L, A ML ARERERTH S
p62 1T AR L BT ub PilE % VW CRIEBABMESARE 21T, $AGRE ) EEH s
LU W - R L7 F72ub & p62 ST APAE B TREEYRA L, MRMTOR
FICOWTHE L, BIEEHMEMENO ub B AK L pe2 HE AKERFEOERELZEL
TBY, HMERTEIED NP o7 ALS HTIE—EBD ub ks Akt pe2 L L Tz,
ALS-D BEOEBIAEME Tld p62 B AEE L ub B AGBBEARE Th -7, 61, W
BEROBFHTIE p62 BHEOH AEIBEIEEBMRHIZA D& T2 { oligodendrocyte IZ b 720D 5
., ALS-D ORI CRIFEICEHEICBE I N, GBE_ELE L RN 5, oligodendrocyte
A pb2 BEEE AKIE ub L ORFEERDO L o7, UL, OESHEMBAOS AMFIE ub
& p62 DRHEEICB VT ALS L ALSD HETIERE R o TV A Z WL R o @ALSD T
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disease | AD) 28T 2 WHEFMHEZE s, r—F
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MSA) W2BI1T% 7 7HREAE AM % WG
ENTVWE, INHOEAFITEITS ub DENER
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t& w9, o-synuclein {2 L TR TH Y2229, 3
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W, TNETITHLARBECIEHRE STV,
L L ALS-D (281 2 /78 - AIEERICERKNEE D
0 - MR EREOMBEMEE % v, ALS-D O
B HR B C RN P\ BRIK F 72 AR B B
BB~ — 5 — & ENTWD ub HHEE AL (ubig-
uitinated inclusions ; ub-Is) A%EE® 5L 51924, ub-Is
&, WARE, AEESE, BR0_LE /NI R
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THZE, TRUAZE, EEK, /NB, BECIIHEL v,
ZD X% ubIs DA FTD & LCOGH & IEIT
—FHLTBY, &, REMRLELHWBEC K
D, AMLVABEUEATHD p62 PEFLTVE
DR ENFAGOEREZRDO—DOTHbLER
ENTWAY, pb2 134407 I VB2 5% Y, C M
ub fEAFE%R b O ubiquitin-binding associated domain
AT 520, ALS-D AEBIZ BT p62 H% ub-Is & 3
LTV Z LIZDWTOSFEWFH R EEIC OV
TIRHL P TRV, HEMIEIC L 205 T p62 4%
atypical protein kinase C, p38, pb6ick, replication pro-
tein A interacting protein, nuclear factor xB @ & 9 %
W OOV T FNVEREMEIWERTAD 2 h
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ELTORBEDEETHLLEIOND, TOLIHIT
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& ALS-D 2B 5 p62 OS2V T OMEEIZES
e o TV, FO0RFZETIE, HFiEE KM
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&0 ALS B & ALS-D # % IBURET L, EUFTROM
BEHEOMPICTHIERHAME Lz, AHZRICLD
ub & p62 OEEMED S ALS #i & ALS-D BEoEgt
BHEOEHITRL S I EASEE SN, EiZ, ALSD
DEMIL, TEREZ SN TWA L0 SIEFIAHIIC
BATHALZEDHLNE R o7,

M e H&E

FHRIL, WKRZBW L L T El Escorial World
Federation of Neurology criteria for the diagnosis of amy-
otrophic lateral sclerosis @ EIFRAIZHIZERE 2 /- L2,
WM L7 ALS 54 CRYSRERER
69.2+4.35%, FHORFEIN ; 31221770 H) & ALS-
D 581 (PHSERAER ; 742458, TIHRRHE ;
25811557 ) (Table 1) OHIMGERE KB TH 2,
ETOREFNL, Bk 3 RHELAICHRE1T o 720

RIS IRE S & ORISR LIRS
WREFOFEE KMITFHHBRED I210% V<
DU RT2EE» S A EROBEZEERT, NI 4V
BELZ: TLEN Tpym BOYHFEHWT
Hematoxylin and Eosin (HE) #%:fs, Kliver-Barrera
(KB) %f, Methenamin-silver %¢fs, Bodian %:fh,
Gallyas-Braak (G-B) ¥ %475 72, HAHREE,
7 F—3¥ A, Bunina/ME (BBs), spheroids D&
IZDWTId, HE $ef12 & hEFii L 72,
TEMAMEEN T EE, Tum B0 74 VYK
ERWT, VL YICLBBIST T 4 IRER,
100% % / =V HIHIZ60% T/ — v RFINLIF
REESE, BEKTHIITHE LERE H i,
Protein Block Serum-Free (DAKO, Carpinteria, CA,
USA) ZZiRIC T4 BRIL S ¥k, —Rik%:
4 CTT—BRIE & E72, —RIAICIEH mouse -
monoclonal ¥/ (mAb) T&H % ub (MAB1510,
Chemicon, Temecula, CA, USA, diluted 1: 20000), )
VEMEZ v (ATS, ENDOGEN, USA, diluted 1: 800) &
a -synuclein (Zymed, South San Francisco, USA, dilut-
ed 1: 800) F7zi%, i rabbit - polyclonal $ifk (pAb)
T& 5 glial fibrillary acidic protein (GFAP) (Zymed,
South San Francisco, USA, diluted 1: 50) % AT
Envision # (DAKO, Carpinteria, CA, USA) 12 & %
BHRE L, Thbb, —R¥EE KIEHIC cold
TBS TLOARITEEHE, mADb I3 L ClE TRHUE
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Labelled polymer-HRP Anti-Mouse (DAKO, Carpinteria,
CA, USA) #ZH\, pAb ixt L CTid, TRINMAEKIC
Labelled polymer-HRP Anti-Rabbit (DAKO, Carpinteria,
CA, USA) ZHWTEIRTIOTHRIE S, BE
cold TBS T104-H#EH L 721 3,3-diaminobenzidine
tetrahydrochloride (DAB) (DAKO, Glostrup, Denmark)
ZHBH E L0.001% D He0s % 01 LIGFEIEMEET T
B8R, Bk, N MY A HY TR
gutt |72, F72, BT Guinea pig - polyclonal $ifKTH
% p62 D CERMIIK T 2 —KIufk (p62-C) (Progen,
Heidelberg, Germany, diluted 1: 2000) & p62 D NFK
Wi d B —XkPifk (p62-N) (Progen, Heidelberg,
Germany, diluted 1: 2000) IZi% peroxidase guinea pig
IgG (PK-400, 7 F 23/, Vectastain) % VT ABC %
THRERBEIT 572, ZRPUARICIE, Biotinylated
antibody % ZiRT 2 FEH RS & €721, cold PBS T
105> RiBEEE L, ABC reagent % SR T305 I Ft & &
7zo BB#, cold PBS T104-f ¥k L, DAB Hufk,
AR IEVY VICTRREE T o7,

REZSG CHRERR

—RPURICHT ub Pk VT4 CT—IRES & &
7:%%, cold PBS TL04BITEY L7z. DIEOHIERE
TRE T, ZXRHFMHIC Alexa Fluor 568
(Molecular Probes, Eugene, OR, diluted 1: 1000) % 2
BT 2 BB ER & cold PBS TL04 BTk L7z, B
\ZHE p62-C Pk F 72134t p62-N Hifk: 4 CT—BK
6 & 8727, cold PBS TL04- k& L, Alexa Fluor
488 (Molecular Probes, Eugene, OR, diluted 1: 1000)
PHWCERTC2HEARG S ¥z, B, cold PBS
T¥eE1% aqua poly/mount % Fl\Vy CTHA LIEHELL —
W —JEMSE (Carl Zeiss) THEIZE L7z,

EENHT

ZEHBE - OB - ERE - AUBEO SR T T e m EOE R
B % W ub, p62-C B X U pb2-N IZH 3 5 5o ds
mERATL, $AGLE ESmEMais 7 7H
Jae —tR &7z 0 TllE L7z,

et AR

ALS #t & ALS-D BEDFRERAERD & BRI IC OV
T unpaired student-t FEE BV CiliiEz LB L
720 TIBBEOKBEE BT AEABRE LD BB
HBasL (p62-C/ub % 7213 p62-N/ub) & 77 7 #llfadk
(p62-C & p62-N) @ 2 B BT Mann-Whitney
U Hsg & v OBEs L7z,

ARICE T BHAGFONT

ALS B & ALS-D BOLERTAMORET (Tpm
&) oEG R R, —E ¥R T KB Rtz
TV, “HH DR TH p62-C Pk, ZHE O
TH p62-N Hifh & A\ TE TN RBEHBILERE
T olo HHFHEMBET (HRL >~ X 1085, WY
VYR 40, FYUFVER 1) TERLER
p62-C & p62-N [ 7l TR L, Wi~ Dy
ZEBVWTEMET Y —2 Lz (—2o0Hs )7
ML, =D =2 % o), &ETHT—7
BTHRICKB st dicaryda—% RICHR
Dird, HigeERGbLELILTHYE, HE, RO
BHAEODH WS I LTz,

)74 &

ALS # & ALS-D BED unpaired student-t BEIZ &
BB B ISR AR & TR (R A
EERROL oz GHERER ; p=0.06, BHIH ;
p=0.62)0 KB ¥t TIIHBEMICHI & 72 BIBIFT R %
OG0T, &FOKMIE Methenamin-silver %efs
& Bodian #falz &Y, #FAHEIE CERAD S TALL
T, MEEMHEZLIE Braak stage 2 LFCTH Y, F
B 7 Alzheimer W IZEIR I N d o7z, ALS 561 &
ALS-D 5 BIDEEE L HES2FTR OIS (i
WRaRi%, 7 U4 —3 A, Bunina /ME, spheroids @
) 12, TableliTR7o

EEN R IR A E A

P ub PURIC & B SRR F e ts CII SRR 0%
BT SLIs & RIs "0 b N, FEBEICBITLEE
FRBERICBEVERD SNk o7z, p62-C BLT
p62-N % F -kt g cd ub L RO
BRI ICE AR (SLIs & RIs) 2%@igES
N7z (Fig. 1) 1 ub FLE L 31 p62 PRI & 5T
Yt TIE, SLIs & Rls it ub & p62 A73EFE L THA
FEBE LTV Z LRSI (Fig. 2), ALS B
T, ub BHSAKT M BRAES MR p62
R AR % ) FBRAF BB & D R RIS
BHBIZE B ENZA, ALS-D BTRABZERR
HoNrol (Fig. 3)o —HT, ALS L ALS-D
HoKRBTI, EAEBMEIRAIC ub F72id p62
s ARIZFR0 SN b o 72,

JU 72N A
p62 MR AL BB LA b B 6
(Fig. 4), HEHFYIAIC L 2EETIE GFAP BHD 7Y
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Table 1. Summary of clinical and pathological data

Case 1 Case 2 Case3 Cased4 Cased Case 6 Case7 Case 8 Case 9 Case 10

Sex ' F F M M M F F M M F
Age at onset (years) 70 67 72 63 74 72 74 72 78 74
Clinical diagnosis ALS ALS ALS ALS ALS ALSD ALS-D ALS-D ALS-D ALS-D
Total duration (months) 41 18 48 42 7 16 12 19 50 32
Respiratory support (months) - - - - - - - 8 37 -
Brain weight (g) 1200 1130 ne. 1250 ne. 1120 1000 1065 1180 950
Spinal lesions
Neuronal loss + + + + + + + + + +
Gliosis + + + + o+ + + + + +
Bunina bodies + + + + + + + + + +
Spheroids + + + + + + + + + +
Neuronal loss in the cortex and subcortical nuclei
Motor cortex + + + + + + + + + +
Amygdala - - - - - + + + + +
CAl to Subiculum - - - - - + + + + +
Ub-Is

Dendate gyrus - - - - - + + + + +
Temporal cortex - - - - - + + + + +

F; female, M; male, ALS; Amyotrophic lateral sclerosis, ALS-D; ALS with dementia. absent (), present (+). Ub-Is;

ubiquitin-positive inclusions. n.e.; not examined.

THEOZBEEIY Bt X 9 ICHEEL, Cap HoH
A4k (Cap-like inclusions: CLIs) & L TR 5Nz,
CLIs 3FICHBERMAOHERABICHFEL, ub L0%R
EERE T ub BB AKRE LCEBEILE
(Fig. 5)o CLIs bIEBRICBIT ATEZNEVIZHS
PTIEZR L, p62-C 1T X Dk &/ CLIs U, W
A CTHKIC pb2-N LD L {FDENL (Fig. 6-
A)o BEEETOMETTIX, p62-C B X U p62-N [FH:
@ CLIs #5312 ALS-D OB CHEIZMICAREICE |
bz (Fig 6-B). HEBOLRMET BT 5 CLIs
DHFFDOENIHESL P TIE LD o7, ALS-D DKM
IZBWTD CLs BEEBIEsh, ELEE,rSHE
2T CHREF IS L 0B AR RO bz (Fig. 7).
—75C, ALS OKIZBIT S CLIs EHFICLAGED 5
Naholz, EEFICBWT G-B %, ) UBbsy
7, a-synuclein BFEOE AKIERD SN r o7,

% =

INFETIZALS & ALS-D OFREICBVT, &
Byt iR MY, Rt ) 4+ — v R, spheroids,
Bunina /MEDTERE, SAICH L R ENERO LN
THBLT, MBEHESL L URERBLEN RS oM
BIFHE SN T, £ 07205 AOEEARN
JaSBIR A \ARBRIEE % 2 1 A 5T ORI R
THTHY, TREAOBSHEMBEEIH— %S

BRICL 0P E)PIZOVWTHLRTEDP o272, F
72, ALS & ALS-D OFBIIFEMICHIET S SLIs &
Ris ZEMBBMEOFIS N L2209 5705, HAK
BEEZL B, AHATH L,

KIFZEDH ub Ptk % AV 7z RERBIM LI X AR
Tl SLIs & RIs REREFITROLN, HRERFIIZ
LA X AL M EVIIR {, B p62 FiikIC
BLThRAHOEETHRIB SN (Fig. ). /2, &
JETEYA T p62 & ub AHFEL TWw A 2 & AR
s (Fig 2), p62 PSEBIHREMIILPAIC BT 23 AK
OBBREZTH A LEZ DN, TOHEIL p62 4% ub
WHARERAT A2 ZELLREINDG, HITAKH
72713, AR (SLIs & Rls) %4E5 BAaEMMILEL
EREEHERFEIC L ) WRER L T L2, ALS #
Tl ub BpiEs AR D #130% A% p62 f ¢, ALS-D #
TIE ub B AEDI1Z13100% 75 p62 HlETH o 7
s, EBMEMEANICBITS ub & p62 DEE
MEWBECTERZLZEEHSMIZL (Fig. 3),
ALS-D DEBMREME TR AKOBMER R ICBW
T pb2 & ub FWHBICHEBEL TWATREEND D,
ALS L X B 2EWBRT - 3BEIEELTYD
LEZLND,

ALS & ALS-D 1338102 RAY 72 BB sl N i 7% &
el T 52810 3%, FRICHBIT A BRI
RETHHE DML, ERRHTH -7, £HFE TR
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Fig. 1. Immunohistochemistry of inclusions in the
remaining motor neurons (ALS; A, B, D and E, ALS-D;
CandF).
Round inclusions (RIs) were shown in the motor neu-
rons with ALS and ALS-D (A-C). Skein-like inclusions
(SLIs) were also shown in the motor neurons in ALS
and ALS-D (D-F). Inclusion with ubiquitin (A and D).
Inclusion with p62-C (B and E). Inclusion with p62-N
(C and F). Inclusions with p62-C or p62-N were shown
as similar appearance as ubiquitinated inclusions in
ALS and ALS-D. Bar, 10 zm (A to F).
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Fig. 3. In the spinal cords with ALS and ALS-D groups,
compared with the numbers of neuron containing
inclusions with ubiquitin (ub), p62-C (C) or p62-N (N).
In ALS group, the numbers of neuron containing ub-Is
were statistical significantly higher than those of inclu-
sions with p62-C or p62-N. In ALS-D group, the num-
bers of neuron containing inclusions were revealed
with almost similar counts among 3 antibodies. The
under lanes represent ALS and ALS-D group, respec-
tively. The solid bars represent mean =SD. *p<0.05,
*¥p<0.01. Mann-Whitney U-testing was used.

Fig. 2. Double-labeling immunohistochemistry, using
confocal laser scanning microscopy.

A: RIs with ubiquitin (ub). B: RIs with p62-C. C:
Merged with ub and p62-C. D: SLIs with ub. E: SLIs
with p62-C. F: Merged with ub and p62-C.
Ubiquitinated inclusions were colocalized with p62-C in
the motor neurons. Bar, 10 z m (A to F).

A B v BON 2 DA
Fig. 4. Light microscopic characteristic of “Cap-like”

inclusions (CLIs).
The p62 immunoreactive glial inclusions were observed

encircling the perinucleus in the glial cells. A: CLIs with
p62-C in ALS. B: CLIs with p62-N in ALS. C: CLIs with
p62-C in ALS-D. D: CLIs with p62-N in ALS-D.

Bar, 5 m (A to D).

Fig. 5. Double-labeling immunohistochemistry of “Cap-
like” inclusion (CLI).

A: CLI with ubiquitin (red). B: CLI with p62-C (green).
C: Merged with ubiquitin and p62-C. CLI was shown
without ubiquitin. Bar, 5« m (A to C).
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Fig. 6. The differential numbers of “Cap-like” inclusions (CLIs) in the spinal cords with ALS and ALS-D.

A: In ALS and ALS-D groups, compared with CLIs between with p62-C (C) and with p62-N (N), the numbers of CLIs
with p62-C (c-CLIs) were about 3 times higher than those of CLIs with p62-N (n-CLIs) in both groups. The under
lanes represent ALS and ALS-D group, respectively. The solid bars represent mean +SD. *#*p<0.01. B: In ALS and
ALS-D groups, the figure represents the numbers of ¢c-CLIs and n-CLIs in the cervical and thoracic segments, respec-

tively. However, Mann-Whitney U-testing revealed statistically significant differences in the cervical segment between
both groups, the numbers of CLIs under the thoracic segment had absence of significant differences between both
groups. ALS-D group had a lot of ¢-CLIs and n-CLIs compared with those in ALS group. The upper under lanes repre-
sent p62-C and p62-N, and the lower under lanes represent cervical and thoracic segment. The solid bars represent

mean £SD. *p<0.05.

Pt p62 Ptk T AV BRI FRFEICL D ALS
& ALS-D OFMICTRAFEBI LA b 3 AR
PR ENTWDLZ LEHELY: (Fig 4o ThH0
HABZEICHE BT A7) THERNTRD bh,
pAb TH 5 GFAP % W7zl OME 5 5 GFAP
Bo 7)) 7THBTHLZEPHHEL, T4bb
F 4%, oligodendrocyte 12 BEH AMA (CLIs) #F
FETAHILEZMOCHEH Lz, T CITEITHR
FMERRE (Progressive supranuclear palsy . PSP)18),
KR L EAG A MIE (Cortico-basal degeneration :
CBD)!1), MSA2 |[2BWTIk G-B %ufs, 1 v Efbs
%, a-synuclein 72 &2 X D E 1D oligodendro-
cyte HOE AEFHEENTVWD, ThEZ7Y TH
RO, TNENDOMREMEE L BEICHERL
TW5BZ &b FRBsny, £%n, #EFra
VORI FThITW5h, —FT, CLIs | G-B %
&, ) VEMLY ¥, a-synuclein BEEOFH AL TH Y,

PSP, CBD ¥ 7:i3 MSA CTEH SN L 7 7HIFLNE
AR EIBTERE b SRR OMEIR S B b, p62 &

ub 2 X BRETEGEDORAS, ST CLIs & ub B
THAEILPHBEL (Fig. 5), ZDOFHN 5 oligoden-
drocyte & BB CIIEMEBRENEL>TVD
LEz2BNS, BT p62-C Bt CLIs & p62-N Mtk
CLIs OHIBEFE OB WIZBWTIE, ALS #L ALS-D
BomEE THIC, p62-C Bk CLIs 7° p62-N Bk
CLIs L 9% EHbN (Fig. 6)o =0 CERHullkL
NERBAEIC X VMBS s H A GO BBEEDEN
i3, accessibility % modification D#EVMZ LB EE 2
b, ZOL9 AR % Hv2 epitope mapping
WX DBEE DR W ¢ -synuclein U VER{L S v
THI/WBENTB D12, conformation N LD L <
ICE B EEBINTWDS,
MEBIZBIT A CLls OBENEVIIHL 2 Thd
o727, BT ALSD BBV T ALS HIN %
CROBMNIz, 20720, KEFFETE, KBREICS
WTHBRET L, ALS-D BETIIERZEZL LN TV
HERAL L 0 SR ICEHEICERDSIRATY S Z LS
e koiz (Fig. T)e ALS-D O RBHREICBIT

% proteolysis
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Fig. 7. A schematic distribution of Cap-like inclusions (CLIs) with p62-C in the brain with ALS or ALS-D.
Upper and lower figures, coronal section schemas, are represented brain with ALS and ALS-D, respectively. A lot of

CLIs were mainly shown in the white matter in the frontal, parietal and temporal lobes, and the corpus callosum. On

the other hand, those inclusions are rarely shown in the occipital lobe and the brain with ALS case. Represented fig-

ure is case 2 and 10, respectively. One dot means a Cap-like inclusion with p62-C.

DU BT R E LTIE, BIfE, RERNBN
A= ENTVEKEEED ub-Is PME ST
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722 THb, 2F Y, CLIs (TR ol ki
OB L, WBEEAENFAEBRIKEIIRET
EHTRIEE N, CLIs 2% Ld FID & LTOSM %
RLTWhho-HEEELIOND,

g & Y, OFBFEMREAOR AKE w &

p62 DREMEIZBWT ALS & ALS-D #TI3EL -
TWBZEREL»EL 572, @DALS-D Tl oligo-
dendrocyte @ p62 Bk ABFESHEO SN S,
®ALS B & ALS-D H Tl p62 D EB RIS ER IR
HHLPA & oligodendrocyte PIT ub & ORI HEMEATE L
%, ZOHE, p62 PEMICHEL Bb o TnAERIR
L Twhb, K2, ALS-D BECIERMEME L 7
U7 M p62 REBREL R LAGVERTH S
LEZ LN, 4%, EFMEREOA TR THE
Jaic B BRI DHREERE DD 1L ETHH L Bb
nas,

il &

WERZDIH0, WiEE, HREEZEBY ELA
L BRFREGRERFERERAENESE BAE
TR, RERSEEER PHEEREER, LR
KESTRESE ZIH B8R, WRERERSE
PRIBEHES 722 & NS ATEOE N BT R ersi i
Wk MHERAE . UNE Y F—Ta vEE Bkt
HELDSEHCILET, 72, REFEOFITICH
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The Study of Abnormal p62-aggregations in Amyotrophic
Lateral Sclerosis (ALS):
The comparative study of ALS with/ without dementia

Masanori HIJI
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(Director: Prof. Masayasu MATSUMOTO)

Amyotrophic lateral sclerosis (ALS) is characterized by selective degeneration of upper and lower
motor neurons. Pathologically, both ALS and ALS with dementia (ALS-D) have common pathological find-
ings, these degenerative mechanisms in the motor neurons have not been yet elucidated.

To clarify the differences of degenerative findings between both groups, we examined the human spinal
cord and the brain (ALS; n=>5, ALS-D; n=>5) by immunchistochemical method detecting ub and p62,
which is stress responsible protein with ub-binding associated domain. Morphologically, ub and p62-positive
intra-motor neuronal inclusions were similar appearances in both groups. We showed, using double-labeling
stain by those antibodies, coexistence with those inclusions. In both groups, the numbers of motor neurons
containing inclusion(s) were also compared. In ALS-D group, those of neurons containing inclusions were
revealed with almost similar counts among 3 antibodies. In addition, we investigated that abnormal p62-posi-
tive inclusions are presented not only in the motor neurons but also in the oligodendrocytes without ub in
the spinal cords with both groups, and those inclusions were widely extending to the brain with ALS-D.
These results suggested that differential p62-aggregations, related to ub, are presented in the motor neurons

and oligodendrocytes, in both groups.





