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24, 27, 29). The present study demonstrated that the pres-
ence or absence of TX was one of the determinants for
tau2 in reacting with its target epitope. Because tau pro-
tein present in normal brain tissue is hardly visualized on
immunohistochemistry on fixed sections [16, 26], patho-
logical modifications of tau, such as phospherylation in
Alzheimer’s disease (AD) and DS brains, have been con-
sidered to be prerequisite for immunohistochemical visu-
alization of tau on fixed histological sections [21]. Bio-
chemical analysis of the present study, however, demon-
strated that tau2-immunoreactive bands were detectable
mainly in the TS-fraction of MSA brains (Fig. 6A, B); it is
reasonably assumed that tau2 IR on GCIs seen on histo-
logical sections corresponds to these tau2-immunoreac-
tive bands in the TS fraction. These findings signify that
modification of tau protein in MSA brains is different
from that of AD, usually associated with a mobility shift
and more resistant to solubulization, which represent
pathological changes probably linked to abnormal phos-
phorylation. In other words, modification of tau in MSA
brains is not related to its phosphorylation, but is suffi-
ciently visualized on fixed brain sections, even though
normal tau similarly detected in TS fraction [9] is indis-
tinguishable on immunoblot from muodified tau in MSA.
This is in accordance with a previous report, which clari-
fied that tau epitopes on GCIs were usually limited to
those detected with phosphorylation-independent antibod-
ies and similar to normal adult tau [8]. Because histologi-
cal sections from normal bovine brain, even containing
tau with an extremely high affinity to tau2 on immunoblot
{37], failed to exhibit apparent immunohistochemical la-
beling with tau2, immunohistochemical visualization of
tau2 epitope requires some pathological modifications of
tau proteins rather than its abundance.

Tau2 was initially raised against bovine tau [22], and
its epitope was mapped to Ala95-Lys119 of bovine tau
[37]. It was reported that Ser101 is crucial for its affinity
to tau2, and its replacement with Pro, as in human tau, is
associated with a significant decrease in its affinity to tau2
[37). Higher affinity of modified tau protein in NFTs to
tau2 is explained if this Pro undergoes some conforma-
tional change mimicking this Ser-like conformation seen
the bovine brain. Because the antigen peptide mimicking
this Ser-like conformation absorbed tau2 IR on GCls
(Fig. 1B), modified tau proteins in GCIs and NFTs share
this conformational state at the tau2 epitope. It indicates,
however, that this conformational change of tau2 epitope
in GCIs of MSA is not necessarily linked to phosphoryla-
tion of tau.

Co-presence of TX with tau?2 abolished these tau2-im-
munoreactive bands in a reversible fashion on brain ho-
mogenates, irrespective of the diagnoses (Fig.7B, C),
while affinity of tau2 to bovine tau was less affected by
TX (Fig. 7B, lane 3), probably because the original con-
formation of Seri01 is retained. This relative resistance to
TX was shared with NFTs only when observed on fixed
histological sections of DS brain, suggesting that organi-
zation of tau protein into PHF confers some stability of
this tau2 epitope. Because this relative resistance to TX

was not observed with either solubilized PHF tau or ex-
tracted tau from MSA brain on SDS-PAGE, it is probably
related to the fibrillary structure remaining as NFIs on
fixed histological sections, which should, however, have
been destroyed during solubilization for SDS-PAGE.

Although this modification of tau2 epitope is shared
between NFTs of DS and GCIs of MSA, immunohisto-
chemical visualization with other anti-tan antibodies, which
uniformly immunolabels NFTs, was unsuccessful on GCIs
[8]. Because the relative intensities of tau-immunoreac-
tive bands, detected either with tau2 or pool2, did not dif-
fer greatly between NFTs and GCls, modification of tau
and its extent, rather than its abundance, probably will ex-
plain this difference in immunohistochemical features be-
tween these conditions. These immunchistochemical and
biochemical features of GCIs, as well as their susceptibil-
ity to TX, are indistinguishable from that observed on mi-
croglial cells around ischemic foci, whereas these mi-
croglia never develop argyrophilia or fibrillary structures
[34].

We have demonstrated with immunocelectron micros-
copy that tau2 epitope is localized to fibrillary structures
typical of MSA, Although the tau2 epitope is represented
on these fibers, it remains to be setfled whether tau protein
is one of the major constituents of these fibrillary struc-
tures in GCIs [1, 15, 24, 271. Most of tau proteins in MSA
brain are extractable with TS, suggesting that they are not
tightly integrated into these fibrillary structures. This does
not, however, exclude the possibility that the tau protein
may play some roles in the formation of fibrillary struc-
tures composed, for example, of a-synuclein, because
colocalization of tau and o-synuclein is rather common in
various types of inclusions {4, 6, 25, 30]. Another feature
that characterizes GClIs is their argyrophilia, also shared
with NFTs. Although the molecular basis for the argy-
rophilia remains to be clarified, argyrophilia in GCls and
in NFTs is considered to be linked to their common fibril-
lary composition [24], because electron microscopic stud-
ies demonstrated that these fibrils are both decorated by
the silver granules [13, 28]. Therefore, GCIs share immu-
nohistochemical features with microglia around ischemic
focus [20, 34, 35] and argyrophilic fibrillary features with
NFTs [21]. This modification of tau2 epitope seen in GCIs
may represent an early event in their formation, as ob-
served with early stage of NFT formation not associated
with fibril formation or with immunohistochemical visu-
alization of other tau epitopes [7]. Phosphorylated tau epi-
topes on GCls has been reported in a case of MSA with an
exceptionally long duration of the disease (19 years) [25].
The shorter disease duration in our series may explain the
observed difference, suggesting that phosphorylation of
tau, possibly in GClIs, is one of the late consequences
rather than a primary event triggering GCI formation.
More importantly, phosphorylation of tau does not lead to
formation of PHF in MSA brains [25], suggesting again
that tau proteins are not one of the principal constituents
of fibrillary structures in GCIs.

Selective immunohistochemical visunalization of tau2
epitope not associated with other tau epitopes has been



described in some cases with degenerative process char-
acterized by ubiquitin-positive neuronal inclusions [10,
14]. We do not yet know whether this selective immuno-
histochemical visualization of the tau2 epitope shared by
these conditions and GClIs is similar to that observed on
microglial cells around ischemic foci [20, 34, 35] or
whether this has some additional relevance to each degen-
erative process [10, 14]. Because tau-positive structures
associated with brain ischemia (Alz-50-positive neurons
[33] or tau2-positive microglia [20, 34, 35]) never de-

velop NFTs, it is expected that further steps or distinct -

cascades of tau modification is associated with fibrillary
structures of GCls, a process probably independent of PHF
formation.

Although simple immunohistochemical visualization
of tau is not sufficient to distinguish different types of tau
deposits, selective modification of tau2 epitope and the
sensitivity of tau2 epitope to TX, as demonstrated in this
study on GClIs, will provide an additional feature distinct
from NFTs. This simple method will potentially provide
information on conformational state of deposited tau pro-
teins and help in distinguishing different pathological
conditions or staging disease progression. Further studies
will clarify the molecular basis to explain possible confor-
mational changes of tau2 epitope during formation of
GCls and its relation to g-synuclein. Distinction from
other degenerative tauopathies will be necessary to dis-
close modifications of tau protein specific for each patho-
logical process.
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LWL, NIZfF-aWilfaicb Rehn
BT Lirb, NIEEOBICRIAELTHE L
DEZFANRSHD ([2) 9, F-EEWEHERD
#AIZIEPML (promylelocytic leukemia protein)
body & IFIEN A5 L ENH H, EAORFE
BEPEERHOEEILE LR >T, LhkE
GAEEVIET A0, ThooEHOLES
RIS T2 L Bbhs, ERE—ID NI MB
{ZPMLEEMETH Y, EH O TR O /R
REEB I I NS DHAROEBII O THET
b, oT, HFRNOZAOEH - EHMRENL
% &b —EME PMLbody I2 X o TRIEE X ATV
LERBEENRDY, —HI1C2ktEO SR
BISODFEL, BFHEMMENIZIE lysosome 125
ET S &) ™, CAGrepeat 75 T ex-polyQ A 5HE H)
\WEZF|EREILTVwAET AL, FOMIaN
TOHEXIBET LI LY, EEREOHREYA
BHILBVREDRBIIATRTHY, %D
DRI TAY (I



4. BADOBRERSE EEMHARE

CAG repeat /i O FAE (2B T 5 REHEZTO
IR B RAPFEP T ubiquitous 2 D DAL, #
EFORBNY — 3T 2 EBORES R
ER—FHL2v, —HTERRERSLRESMII
—EDNY—vEED, RREBIEL LTOR
ERNERNLRESHEHABIEFEEILLED
EHFIERIENZDOPRE(Hs TR
EE o THVY, ex-PolyQ * &t B{ETEWHIR
B {ERA%EEL, 52 ex-polyQ DEBEHMKIIES
RN ThRVWET R L, FhUNOEENF
DFROERORBUAEL TV I L AHEH &
hb,

A TIE DNA 2> & RNANDEE D AT
bhTBh, EEREHICELLIETOEOIE
NIZIEE LTS, &T2E ZOBEERHET
o THFSh TV EEREICEENB D
ZOTRZVRLEVIRAYVD L, ER, &BE
FEIRF D —>Td % TATA binding protein i¥
CAG repeat ¥ H L, ZTDHRMLERASCAIT DFE
FEWBEELTVARIED ML),
TAFII130 i3 DRPLABH ST A EFRTO
— O CHIRIZ ex-polyQ T ZA L TR S L7z NI
\ZHEFE L0354, CREBEFHBEGENEMIET
LA iE s b, ZTho dEF % iak
RET L LMATLASTEZIRD E V) P, ex-
polyQ ILERMICESTHIEHE L TRIE SR
72 PQBP1 i33Ef L 72 ataxin-1 L DFEEE AL T,
RNA - polymerasell DHEFEXFAELHAZ L bR
éﬂtmo

COEHIINIREEREBEOREE 25—
75T, ubiquitin-proteasome ZNIERA DL TL H Y
B5, BIBIMEREE, HEVHRREZIHE,
BEE b polyQizk hERIRTnEET S L,
CAG repeat DML TIZT (L L b 20D
Ris88 MBI -oTWwaILICRD, —TH
GTRREIHELVWEBDLND (H2), F—0fl
DFTERTL2INLDOBROBME LTER
DEREICHELTT A DDCAG repeat 7§ T3 3EET

BEEEZ DR, ROICO:7) 7RO
RIBOZ L &R/MEY Lvio - BEMEHRDL S
DEILRREDLSEZLDLEHB LR TVWDTIE
b bkFELidELTVL,

5. REMEE#ERE & CAG repeati®

HD TR AR EEE A H L 2T
FERDVBIRICSDEEHdH 5 192037, DRPLA,
SCAG, SCA17 % T b Ly FHERM &R
SROHENH Y, BEDHITVTIRLAE
HoBHER L BERMICENIEHELVIEELDH
LI EVERTRETHD, F/-DRPLA TiiH
B O diffuse ZETHEDE{LAMRITR LD
Bihieph, EHBWOTLEDY, Thon
RATRERERLEI, BREERIEELLT
% (anticipation) DA —REHIT, BOMALHRIE
FERICELRWTREC LSS, FRKREL R
TRV, o TIHOHBERIELTH RS
DEBPEFIZBOWTBHIGREED LI LT,
TP L MR DIGEND S,

B IR RERO A THET 2 FHEoNAME
MR (HAHRBE, FHEES D major psy-
choses) Tb, FIEHT, #AZzELHICRE
ERPEELT AEMEFORZMLEIN S M
LEhTWw3, COEKIIIhTFCHESRE
CAG repeatim & 3B L TE D, REGHEMESR
WEIET A BIETFEENH L LT hHiTEn—16
iX CAG repeat DRETII v & v ) HER 2 3%
WLAHESEAERLNTWS, LAL, &
NETOEZAINLDEBICEET HI LN
FESE L7: CAG repeat DRI % {, T HDE]
TR T CAG repeatf®izA b b X 5 & NI FE
Lzt oiEdEy,

6. CAG repeatiRDiAME

CAG repeat iR IBORERF *HT L ET
niE, EBOBRBMEDTEEIC L B I LW HIE
ahb, & CIGBREFREIIC L B2 RIERNZRIA

BERREF8% 152003411043
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Wit o =B, COREH,ILI|ZEIZR
HBBELLTHHILT A 5EEZRBTI &2,
SHELb, I, BETFEALZLIILZET
VEMWAMER E N, ERREORELERL X
VTHBBTADZ LI ko TEERER

PR END P, BRESNIHERFTHETS -

APDEFITEZLNTELD, polyQ \iRHE
REDH % huntingtin DRBEZPTETSH5S
&, mouse Bl —BERINANITLHEHELR
EVHYW, BB ERHBEL VI EL T
MTH2 I LHFPALMIERIbITT, BEE
AENOMFEI—RBEZT - 7mEE 1 5. X/T
(2, EROEEIEFELIERIES ERDED
FELIIFNC, ZALPORTHREANALT
ZEBREAEICEIEEMA LD LT 5RADE
OPERNT %,
1) REREZTFOHGEEY~DITA
EEMRLIZCAG repeat HEE S /-1, &
BEERS L THRNBRLRET S LTI,
EEYTHLRNAZHENICHET S L

T, ZOBORIEBRIIH SRS LA

BNb, LFantisense oligonucleotide %° RNA T
EERVWIEETIR T LI ENEL N,
R Tl rbozyme, DNA enzyme2$, X h/h& 7z
SFT, ToEHERETRLOOHNROFRMIE
HEFNEBERMHICE SRR 2% 3203t
5% B sequence AT AWVIEEh, ER{EEhh
ITIER AT R RAE 2 I8 LIRIBICE oK T
BEMYHL, LPLIALOBBELTESICE
HOMRBOBANTFER AL L, ZOH
BSHRTEMED &2 WIEF allele #°ff10) RNA 2
ERESARVWIE, I S 7 mRNA AR
HER R WBENEEOmREL Y, i
HHNZ SRR TR ERERR I TV 5,
2) Transplantation

B BT fetal tissue 2 S35 M- ML K
MEAICBHEL T, BEL-MROBELHE
IETHRATH D, BIHGOIEREIGZIH
T & 7% T transplant & recipient M ALR 12
synapse JERLA A b, #REERTIC S BRI LAt

44 @ BATHIRIEE 8% 15 20031 A

BHRIhD LOBEFH L, BRNHRIZON
TREHICL DV —FL 2w BIRERONRE
RBHEMOMER ORBEEIPETTAELT
WHBITHLP LW HELH DY, SENE
HHFSEORMHLRIC L VIEEN L VBRI
LAOMHEMEDHFINE, LALIRLDER
32 R EMAREZ 2 OHEEIT, HDIZL T
bEEMB/EIIMAKBEEOSHE LAY ICHE
{, TARRICAERIEZELSACL-TE
7 51630 ZEMEAANTIZIRB L, EROITS
DELLEML RV —F LV VR T—EDH
WeBEHTVBERIEHREL, EHEOHEzL
DILS IZERDZEHLZHDICHLTED LS
WBEIDT 208 RBEHPSERTEZET S,
S BITIREDILH) HK 2 %2 DRPLA ® Z Dt
SCDs T3 f§Fr#Y 7% transplantation D & TiI A G L
FnEWIBRRID B,

3) KERF
HETHAR L KERFOHMHARENS &
Lx, TREHDI L THEHNMAZITI L v
9 FHBIL CAG repeat #5ICFR & 22\ 28, (RMEMIRE
Iwico 5 A6I3Z LV, HDERTIZ
brain-derived neurotrophic factor (BDNF) A& T L
TWLIZEPREBINTEY, HiatkdRoRs
AT I ex-polyQ % &t huntingtin (htt) % trans-
fect &% & BDNFOETIC& b %V, HFIFEH
FEHEINRT L R2ENIN HHVWI LICE
HOhMEEFIZRET S5 E, BDNFO LRI
AFRFEI A HIRI SN B, NHIIIIEE DO h 4
LT ETDE (1), IEEhu DT
TOREFRI o TWLAfeMdH ), T hat
MRATE Y — IR IRET 2 TEEM Y H 5,
4) K ITNE 3 L BAOBEN

Ex-polyQ # &L HEAVREL TNIZERT 2
Y, TDBERTpolyQ % &Y & T3 transglutami-
nase (TG} #R7F FEZ4EL, HiEHEEs
BREN T A REMAEH I N TV D ', cysta-
mine (L in vitro TTGEE Z EBIRWIZHEL T
polyQFERIZE b o TR SN BENTEE L
M5 % o HD mice WIBRRE 3 721320 H S cysta-



mine ¥ %5 ¢ 2 L PHERICR DA TR, B
T L7z cystamine i 300 L, EEHEES
LI ENRD LW 9, LR LRI NN
i3 cystamine 5T & Y EAT D VI Y &
LawEwIHEY 5D, TCHNIEKEH
WY 2LUNORETHOERBRICEELERT
WAHITEEHDH S,
Ex-polyQIZ#&THRTFFE 117 I /B2
%72 % phage display library #* & screen 5 &, €
ORD—> (QBP1, SNWKWWPGIFD) {Z&HK
polyQ D& A # in vitro TIHIF 5723 T2 <,
BRI T b NIFEEK & MIfSE DM & HI%] 3
LV P, ZOMICH ex-hte (Q51) IR
A ) EEAIHIT AHE (Congo red, thoflavine
S, chrysamine G) *#fk (1C2) HHEE S,
Congo red 1335 FEHBAL L~V C b NITERL % #PHl ¥
BEVH O STEONELRGTFEERNDR
BB CRIEEE 2 I A TERIT, NI
BOARENORBRHNAAYFTEIC RS0 LR
Wy,
5) #BRFEE & rescue T3
BEEROFTFRIEIOWTIE, THEF—T
A, I haTEYTHERE, BIEAMVX,
excitotoxicity 2% 4 2 RFH VR ER(EF DR EL.
BiABIRZ bR T aLH, EREBRORRENE
PHCEBL, ot aREEMRIHEEL
72b DIZA v, CAG repeat DFHIER AN
COZRNEEHIVEIHBCEETSATYS
WhetkdtdH 5 A%, MRk, Mg I L A
BETCINLOREFPEZLZONE LRV,
WL LT BB DEE % rescue T A %)
BAMETELEHNOEHPHITORTED,
EFNVEMETORITC—EDRRIALNRT
WhHLDWH 5,
a. Caspases (3 7K b — Y A% A4 L7:#IRFETIE
it &1L 5%, HDA%R HD-transgenic mice 4T
b ZFOEMIZER LTV 5, Caspase-1 (2 mZE5
2BA LT, IEH caspase-1 DIER % M| L 74
mutant 77 A A {ER L, HD—transgenic‘mice &

&b s L HD-mice \CBIRTEERENRESE

LD, BESPCHETHELELALEWI, B
ELo%h T caspase DILEFRITdH % zVAS-fmk *
REMNFEFEAT 2 ETHBLR, ¥TRT
id caspase T D ESHD OIRE RN T 52 &
ATREN=T, Caspase DiEME LMD EHRKRSE
LREMT S ME SR TV 5%, 2O HD-trans-
genic mice 12 & H 3L caspasel & caspase3mRNA O
E5F13 minocycline %5 CTIETF L, BEIRFICEERDE
FRBREFRERLZEWS Y, LYALNIOE
% iX minocycline 12 & % 2% A7 ¢, NITEEIZ
caspase T/ L7cMifgfe L 43 LA B L v
#*, minocycline fHAERFEER & IIEHMAE L %
wEEZObRD,

b ZLT7FVEI Y F) THEOZELSY
VB VT F U BEEROLIEHFENLT
MEFEERVHESRIYETH D, ALs-
transgenic mice DIRHEIL L WET S 2 LHHE
EhTHEhY, I PP TRHGEZETR
L FTOBRFEHRERDLEVWIHBELH S,
HD-transgenic mice DEEFFD 7 L 7 F ¥ 2%
TLRAOZ LT F UV BED LR L, RemiE
MPLOZERE, NIERSHR SN, GERD, 17T
HRELHEINDL LSO, SOADHDEHIC
35D LT FrEEN Ay BIRG LA, BRIK
FEIR S placebo B L W ED 072 E VYo (Karl
Kieburtz www. Huntington-Study-Group.org)

¢. CoQ10 (ubiquinone) X3 b2 MY 7D com-
plex I & I1 O co factor CHBILIERAZH T 54°

" 347 AOHD B E TO CoQl0 300mgx2 F 7213

remacemide 200mg x3/day @ double blind, placebo
controlled study TIEB H IR BB, o F2 b
5 :
d. V¥ I VB X B excitotoxicity DFRFD
Riluzole i3 glutamate @) excitotoxicity = fFEE ¥ 5
FRELTHWALSOGEHREL LTHESR
72> HD-transgenic mice \Zi% 51 5 &, EHFEE
DEREIIIHEEENE, o720, REORLD
M oh, H#EHMERE LA EV ), Riluzolel100
F 7213 200mg/day % double-blind, placebo-controlled
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é-f BRrE R RET ORI DEHE ]

ENCEI R D o7 £ v ), Lamotorigine i3 7 )V
¥ I VBROBBEIHT 2 EH TIHIT VW RAE
ELTHWS RT3, Double-blind, placebo-
controlled study T3 ERRAEATEEES) I3 55
T SN ZERICH o 7208, WIEDOEITILIE
BERLEN LoV 7, Lithium 3358
KL LTHWLRSS, NMDArepeptor ¥ /3 5
RIS E % rescue TAEAV IO R TV B,
NMDA agonist T# % quinolinic acid # 5 v M 34
BIEA LT v b CR/ANEEMI O D
BIYHDDETFNEEZEZLNT VS, 2DF
¥ M Lithium 2 7035 LTEL & I OEMES
mH s hiz w3y,

BhhIC

RIZFREOFREETBIILT, REOHEH
PREALGHFEPLSZAMIIBI bR TWE
T%C, TRZEWERTHIFNIHREL T
WR—ALIEFIZELRD, 20OBRTHT
Z 7z clinical trial ~NDEATERA LT TATW S,
HEREIC I HD ) MU EA R L B <, 4
I EHD 2 & L7ZBAE R ofz, BAET
IFHD DHERE k2 WAER OB, G#E
EII D CAG repeat IHIZO WHI T E 2 HOHH
I ENTFRIh, SEBRERNRIGHE~DORY
HWALHFEEh D,
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HISTORY OF NEUROLOGY

Was the Ataxia of Pierre Marie
Machado-Joseph Disease?

A Reappraisal Based on the Last Autopsy Case From la Salpetriere Hospital

Toshiki Uchihara, MD, PhD; Charles Duyckaerts, MD, PhD; Kiyoshi Iwabuchi, MD, PhD;
Makoto Iwata, MD, PhD; Saburo Yagishita, MD, PhD; Jean-Jacques Hauw, MD, PhD

osological placement of I'hérédo-ataxie cérébelleuse de Pierre Marie (HAC) has never

been established even after several autopsy cases from the original Haudebourg fam-

ily had been reported. To reappraise the clinical and pathological features of HAC in

the current framework of hereditary ataxias, we screened the autopsy records of la
Salpétriere hospital and identified a patient with a diagnosis of HAC who underwent an autopsy in
1943. Clinical features included heredity compatible with autosomal dominant inheritance, spas-
ticity, increased tendon reflexes, mask-like face, visual impairment, nuclear ophthalmoparesis, and
exophthalmos in addition to progressive ataxia. Pathological lesions included the spinal cord (spi-
nocerebellar tracts, anterolateral fascicles, and posterior column), cerebellar dentate nucleus, pon-
tine nucleus, pallidum, motor neurons including the oculomotor nucleus, and substantia nigra.
The cerebellar cortex and inferior olives were preserved. These clinical and pathological features,
similar to those described in patients from the Haudebourg family, a core prototype of HAC, are
indistinguishable from those of Machado-Joseph disease. It would then be possible to conclude
that some of the patients historically considered to have HAC would today be classified as having
Machado-Joseph disease. Arch Neurol. 2004;61:784-790

Pierre Marie, professor and head of the de-
partment of Neurology at Paris Medical
School, proposed the concept of hérédo-
ataxie cérébelleuse (HAC) in 1893.! Its pre-
cise definition, however, remains to be es-
tablished,? because this proposal by Pierre
Marie was mainly based on clinical find-
ings with special reference to retained or
exaggerated tendon reflexes®* and 2 pre-
vious pathological studies,*® both report-
ing lesions distinct from those seen in Frie-
dreich ataxia.” Classification of hereditary
ataxias has thereafter been confronted with
difficulties because the nosological frame-
work could not be established on a firm

basis. The data presented in subsequent au-
topsy reports®!! on the affected members
of the Haudebourg family, clinically de-
scribed by Klippel and Durante,” have been
considered prototypic of HAC. The cur-
rent nosological position of Pierre Marie
hereditary ataxia remains to be deter-
mined; one may wonder how the original
cases should be classified now that the di-
agnosis relies on a firm genetic ground. Af-
ter the last patient from the Haudebourg
family was reported in 1941 by Guillain
et al,'! however, the term HAC has been
rarely mentioned in the literature and in
clinical practice.!*’ Its nosological iden-
tity became more and more obscured and

From the Laboratoire Raymond Escourolle, Service de Neuropathologie, Association
Claude Bernard, Groupe Hospitalier, Pitie-Salpétriere, Paris, France (Drs Uchihara,
Duychaerts, and Hauw); the Department of Neuropathology, Tokyo Metropolitan
Institute for Neuroscience, Tokyo, Japan (Dr Uchihara); the Departments of Neurology
and Psychiatry (Dr Iwabuchi) and Pathology (Dr Yagishita), Kanagawa Rehabilitation
Center, Kanagawa, Japan; and the Department of Neurology, Tokyo Women’s Medical
University, Tokyo (Dr Iwata).

possibly has been confounded with vari-
‘ous hereditary ataxias with retained or ex-
aggerated tendon reflexes (other than Frie-
dreich ataxia).

We have tried to determine to which
present day diagnosis HAC could corre-
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Figure 1. Present-day photographs of original slides. Macroscople and microscopic changes of the spinal cord. A, Lower cervical cord (myelin). Anterior and
posterior spinocerebellar tracts are involved bilaterally. Atrophy In the anterior horn and a slight paller in the posterior column are present. B, Middle thoracic cord
(myelin). Anterior and pasterior spinocerebellar tracts are involved. The lesion extends deeper into anterolateral portion of the spinal cord. C, Anterior horn of the
lumbar cord (Nissl). Massive gliasis and neuronal atraphy are observed in the anterior horn (scale bar, 200 pm}. D, Clarke column (Nissl). No neuronal cefls are

tdentifiable in the Clarke column (scale bar, 100 pm).

spond. We think that this inquiry
might have some utility because de-
scendents of patients with HAC are
probably still alive, receiving diag-
noses and being cared for. This
prompted us to screen the autopsy re-
cords of Ia Salpetriere hospital to look
for patients with the diagnosis of
HAC. After the last report by Guil-
lain et al,"* only a single case was la-
beled with this diagnosis. Retrospec-
tive analysis of the clinicopathological
features of this patient, identical to
those exhibited by patients from the
original Haudebourg family, re-
vealed that the features were also
compatible with those of Machado-
Joseph disease (M]JD).

The autopsy record (autopsy
number 1541, October 15, 1943) was
accompanied by 5 handwritten pages
describing the clinical history and the
neurological examination, This is, ver-
batim, their translation:

His mother presented with similar
neurological features at the age of 38
with gait and speech disturbance. She
died at the age of 58 at the hospice for

patients with incurable diseases at Ivry.
She had a daughter (of her first mar-
riage), who was affected by the same
disease.

Among children of her second mar-
riage, two (were affected), this patient
and his brother, who is 33 years old and
has a difficulty in speaking. His voice is
similar to that of her brother and of her
sister, but he could not be examined.

This patient is admitted for:

 Difficulty in speech. Traceable to
his early childhood. Slowed and slurred
speech, which became progressively
marked.

¢ Gait disturbances. They ap-
peared at the age of 34, he swayed and
hardly went up the stairs. In 1937, had
to use 2 walking sticks. Numbness of the
arms appeared at the same time.

¢ Visual difficulties: His visual acu-
ity declined when motor deficits be-
came apparent. He could not see well,
He had the feeling of looking through a
curtain. In 1938, he left his job.

Examination. Gait: He walks with dif-
ficulty. The legs are rigid and ex-
tended, gait with short steps, wide based.
Movements are spastic. During walk-
ing, the head is unstable with slow sway-

ing in anterior-posterior direction. No
progression after April, 1940, Muscle
tone is alittle increased. Muscle strength
is conserved.

Reflexes: Deep tendon reflexes are
increased. Even markedly exaggerated
bilaterally at patella and Achilles. Con-
tralateral reflexes of adductors are ex-
tensive. Upper extremities: reflexes ex-
aggerated and symmetric. Plantar
reflex in flexion, defensive movement
being triggered by the stimulation.
Cremasteric reflexes normal at the
right side, not regularly obtained at the
left side. Although abdominal cutane-
ous reflexes are conserved only in the
upper abdomen, it is weak. Clonus.
Sensibility: normal.

Cerebellar signs: Marked dysmetria
on four extremities. Adiadochokinesis.
Speech is slowed and slurred. No inten-
sion tremor. No nystagmus. No trophic
changes. No disturbances of sphincters.
Noextrapyramidal signs, except for expres-
sionless face.

Cranial nerves: I: normal, II: Nerve
atrophy on funduscopic examination,
suggesting myopic staphyloma, I11, 1V,
VI: bilateral parests ol the superior rec-
tus. Other extraocular muscles are also
paretic except for probably the inferior
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Figure 2. Present-gay photograghs of original slides. Macroscopic findings
study (A) and patients from the Haudebourg family (B, Amélie Haudabourg,
typical Machado-Joseph disease (D).

rectus. Bilateral exophthalmos. Light re-
flex is detectable and very slight. VII: No
facial weakness. Mask-like face. VIII: Au-
ditory acuity normal, but, on both sides,
central deficit of vestibular nerves with
inexcitability. IX, X, X1, XIL: Normal.

On August 3, 1943, large bilateral
cavities, (on August) 15, died.

Clinical diagnosis. Hérédoataxie de
Pierre Marie.

An autopsy was performed on
the same day. The neuropathologi-
cal report (1571), which was not
signed but was probably written by
Yvan Bertrand, who was in charge
of the laboratory, indicated:

Marked atrophy of the brainstem, mod-
erateatrophy of the cerebellum. Nothing
particular at thelevel of the cerebrum. Spi-
nal cord [Figure 1A and B], Very badly
sampled, damaged by hammer and knife.
Aspect of the spinal cord not very charac-
teristic of héredoataxie; sclerosis of antero-
lateral tracts and marginal tracts, however,
can beidentified [Figure 1A and B]. High

cervical section: spongiosis in the dorsal
column [Figure 1A].

Medulla [Figure 24}, damaged at
autopsy. Not so atrophic relatively. Pyra-
mids intact. Pallor of the fibers around
the olives. Spongiosis of the restiform
body, very atrophied. Atrophy of the soli-
tary fascicle. Acoustic striae untouched.

Mesocephalon {=mesencepha-
lon): Generalized atrophy, but espe-
cially remarkable in the tegmentum,
where demyelination is severely ad-
vanced. On the other hand, stretching
and V-shaped distortion. Medial longi-
tudinal fasciculus: normal. Crus cere-
bri; normal. Sclerosis of the spinocer-
ehellar tract is present but not massive.
This moderate change is in contrast with
diffuse atrophy of the brainstem with-
out system selectivity.

Pons |Figure 34 and B]: equally
very atrophic, pallor of the tegmentum
and of several transverse pontocerebel-
lar bundles (reduction in number rather
than degeneration). Pyramidal tract un-
touched. Near the median line in the base
of the pons, a site of prelacunar, hemor-

in the medulla. The inferior olivary nucleus is preserved [n the case presented in this
citation 10) (C, Frangois Handebourg, citation ). This holds true in patients with

thagic and spongy state. The cerebellar
white matter is compact exceptin its pos-
terior and upper portions, where subcor-
tical rarefaction is present, akind of pre-
lacunar state. The dentate nucleus [Figure
3Al, very atrophic, evident lesion: cell
loss, liquefaction, glial infiliration and pa-
lor of the fibers around the nucleus [Fig-
ure 3C]. This entire region is very frag-
ile. The origin of the superior cerebellar
peduncle is severely rarefied and atro-
phied.

Cerebellum [Figure 3D}: Laminar
atrophy of moderate degree with reduc-
tion in the number of the various con-
stituents: granule cells and Purkinje cells.
As a whole, however, one has the feel-
ing of laminar primary cortical atrophy
with secondary degeneration of the cen-
ters of the brainstem.

in the cerehellum and brainstem, the
atrophy is more severe than the degenera-
tion of selected systems. The sparing of the
pyramidal tract, and the spinocerebellar
tract involvement authorizes the diagno-
sis of “hérédo-ataxie™ despite the absence
of ventral predominance of the lesions.
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Figure 3. Present-day photographs of original slides. Macroscopic and microscopic findings in the cerebellum and basal ganglia. A, Pons and cerebellum. Despite
the atraphy in the pontine base and dentate nucleus, the cerebellar cortex is relatively well preserved {myelin). B, Pantine nuclei. Gliosis and degeneration of
pontine neurons (Niss!; scale bar, 50 pm). C, Dentate nucteus. Neuronal depletion and gliosis (Niss!; scale bar, 200 ym). D, Cerebeliar Purkinje cells are well
preserved {hematoxylin-eosin; scale bar, 200 ym) E, Oculomotor nucleus. Massive gliosis and neuronal depletion (Nissl, scale bar, 50 ym). F, Substantia nigra
{pars compacta). Gliosis and free-melanin pigments (arrows) (Nissl; scale bar, 50 pm). G, Pallidum. A neuronal cell containing nucleolus {arrow) and an additional
round structure {arrowhead) reminiscent of intranuclear inclusion (Nissl; scale bar, 20 pm).
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Table 1. Similarity In Clinical Features Between Patients Fromthe . - ..
Haudebourg Family and Patients With Machado-Joseph Disease (MJD)
Patients From . Patients
Clinical Feature Haudenhourg Family . Autopsy Case With MJD
Heredity AD compatible AD compatible AD
Ataxia Present Present Present -
Pyramidal signs Present Present Present
Rigidity Present Present Present -
Mask-like face absence de mimigue visage sans mimique Present -
(absence of facial {expressionless face)
expression)
Exophthalmos regard étonné Present Stared gaze
{astonished gaze);
yeux grand ouverts
{wide opened eyes)
EOM Diplopia (nystagmus) Nuclear paresis Nuclear paresis
Vestibular Unknown Disturbed Caloric response,
dysfunction absent

Abbreviations: AD, autosomal dominant; EQM, extraocular movements.

MICROSCOPIC
REEXAMINATION OF THE
STAINED PREPARATIONS

Only several specimens embedded
in celloidin are still available for neu-
ropathological examination. In ad-
dition to the original description de-
picted earlier, the following lesions
were identified: anterior horn (Fig-
ure 1C), Clarke column (Figure 1D),
hypoglossal nucleus, oculomotor
nucleus (Figure 3E), pars com-
pacta of substantia nigra (Figure 3F),
and pallidum. The inferior olivary
nucleus was well preserved (Figure
2A). A Nomarski view of a neuron
in the pallidum on a Nissl-stained
section identified a possible nuclear
inclusion (Figure 3G) reminiscent
of those seen in most cytosine-
adenine-guanine {CAG) triplet ex-
pansion diseases including MJD.1*¢

— T —

Clinical features of this patient in-
cluded ataxic gait with spasticity, ap-
pendicular ataxia, and slurred speech,
which are shared with so-called spi-
nocerebellar degenerations. In-
creased muscle tone and increased
deep tendon reflexes, together with
nuclear ophthalmoparesis, exoph-
thalmos, and mask-like face were de-
scribed in patients from the Haude-
bourg family (Table 1),#11° which
reasonably led to the clinical diagno-
sis of HAC. These clinical features,
however, have been described in some
patients with the diagnosis of MJD
(Table 1), although the clinical fea-

tures of MJD are highly variable >
Some of these features other than
ataxia have also been described some-
times in patients with spinocerebel-
lar ataxia type 1,2°% whereas vestibu-
lar disturbance of central origin is a
distinctive feature of MJD.2%% Al-
though stared gaze or bulging eye is
a probable (but not exclusive) indi-
cator of MJD,®# Paspect étonné du fa-
cies (astonished look of the face} or
les yeux grand ouverts (wide, opened
eyes) described in the affected mem-
bers from the Haudebourg family® or
exophthalmos in this autopsy case
may be identical.

An association of pigmentary
retinopathy to autosomal dominant
cerebellar ataxia was considered to be
a hallmark for autosomal dominant
cerebellar ataxia I1,%%% consistently
found in spinocerebellar ataxia type
7.3%32 Visual impairment due to op-
tic atrophy, however, has recently
been found to be not uncommon (13
[22.8%] of 57 cases) in a cohort of
genetically confirmed cases of MJD.>
Indeed, several patients from the
Haudebourg family, as well as the first
autopsied case reported as HAC,*
also developed visual impairment. Al-
though ultimate genetic abnormal-
ity has not yet been confirmed in the
family of the autopsy case, the mode
of inheritance was compatible with
autosomal dominant inheritance,
shared by most of the hereditary atax-
ias linked to CAG triplet expansion
diseases, including MJD. Had trained
clinical neurologists of today had a
chance to examine the clincial find-
ings of this case, they would have sus-

pected that MJD was the most prob-
able diagnosis even before genetic
analysis. :

Pathological description from
this autopsy record stated that the le-
sions included the spinal cord (spi-
nocerebellar tracts, anterolateral fas-
cicles, and posterior column in the
upper cervical segment), pontine nu-
clei, dentate nucleus, and the cer-
ebellum as presented in Table 2. In-
volvement of the spinocerebellar
tracts and anterolateral fascicles de-
scribed in this autopsy case is among
the principal features of HAC as de-
scribed in autopsied patients from the
Haudebourg family.®*! This is remi-
niscent of the morphological changes
of the spinal cord in cases of MJD.*
243536 Severe involvement of the pon-
tine nucleus with relative preserva-
tion of the cerebellar cortex, again
noted in the patients from the Iaude-
bourg family,*'® was recorded in this
autopsy case, which is also charac-
teristic of MJD.202L2 Although this
autopsy record only mentioned that
the medulla oblongata was not atro-
phic, reviewing the slides con-
firmed that inferior olives were well
preserved (Figure 2A), as reported in
the patients from the Haudebourg
family (Figure 2B and C, Table
2).21L19 This is another distinguish-
ing feature of MJD (Figure 2D) not
observed in spinocerebellar ataxia
type 1, type 2,2 or type 7.%! Relative
preservation of the cerebellar cortex
and inferior olives with preferential
involvement of pontocerebellar and
spinocerebellar projections, as seen
in this autopsy case, are also shared
with the autopsy cases from the
Haudebourg family and individuals
with MJD (Table 2). Because cerebel-
lipetal systems wired through mossy
fibers are preferentially affected, this
combination could be grouped un-
der the name mossy-fiber type cer-
ebellipetal degeneration,'? which may
further include an autopsy case™ from
a large family* and spinopontine de-
generation (SPD), initially reported
by Boller and Seggara®* (Table 2).
It is worth mentioning that Boller and
Seggara noted that clinicopathologi-
cal features of SPD were similar to
those described 42 in patients from
the Haudebourg family with HAC 81!
Moreover, the similarity between SPD
and M]D** was corroborated by the
identification of SPD and MJD in the
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Table 2. Pathological Features Shared by Patients From the Haudebourg Family and Patients
With Machado-Joseph Disease {MJD) and Spinopontine Degeneration (SPD)

: Patignts From Patients
Pathological Feature Haudebourg Family Autopsy Case Patients With MJD With SPD
Severity of atrophy* .

Spinocerebellar tracts Moderate Mild _ Moderate Mild
Clarke column Moderate oderate Severs Moderate
Pyramidal tract Nong None None None
Anterolateral fasciele Moderate Mild Severe Mild
Anterior horn Moderata Mild Severs Moderate
Inferior olives - hone None MNone None
Atrophy of pons greater Yes Yes (numeric reduction} Yes Yes

than cerebellum o
Dentate nucleus Moderate Severe Severe None to mild
Oculomotor nuglei Unknown Moderate Severs Unknown
Substantia nigra Mitd Moderate Moderate : Mild
Pallidum Unknown Moderate (internal = external) Moderate {internal > external) Milj
Subthalamic nucleus tnknown Unknown uderate Mit

*In all cases, brainstem and spinal card atrophy were greater than cerebellar atrgphy and ¢erebellar atrophy was greater than cerebral atrophy.

same kindred.** The SPD pheno-
type in some families was finally
found to be linked to the same ge-
netic abnormality as MJD.¥* It is
therefore probable that common
clinicopathological features of SPD
and HAC, lumped as mossy-fiber type
cerebellipetal degeneration,'® could
be applied to MJD, suggesting that
these entities are to be grouped un-
der the same diagnostic flag.

In addition to the involve-
ment of the dentate nucleus, fur-
ther examination of the histologi-
cal preparations verified that the
oculomotor nucleus, pars com-
pacta of substantia nigra, and pall-
idum were also affected, as ob-
served in MJD2%-243% and also in
SPD.3#%% No slides were available
to examine the subthalamic nucleus.
Although unstained sections are not
available for immunochistochemi-
cal examination, a Nissl-stained
section of the internal pallidum
contained a neuron harboring a
spherical structure distinct from the
nucleolus (Figure 3G), which seems
identical to the intranuclear inclu-
sion seen in most CAG triplet ex-
pansion diseases including MJD.1618

The proposal of Pierre Marie to
isolate, from Friedreich ataxia, a
group of hereditary ataxias that could
be identified on the basis of retained
or exaggerated tendon reflexes was
really prescient. It proved to be pre-
mature, in retrospect, because it was
only based on clinical signs that are
known today to be present in a vari-
ety of entities that genetic tools can

now distinguish. Although it is hard
to define HAC in the present noso-
logical framework of hereditary atax-
ias, the clinical and pathological phe-
notype described in patients from the
Haudebourg family is one of the ma-
jor prototypes of HAC. Clinical and
pathological features of this autopsy
case are shared with patients from the
Haudebourg family, which autho-
rized the diagnosis of HAC, as inter-
preted int 1943, On the other hand,
retrospective review of the clinico-
patholegical features confirmed that
the phenotype of this patient is also
indistinguishable from that of indi-
viduals with MJD. It seems, then, very
probable that MJD reported as if it
were a new disease entity might have
been a description of another clini-
copathological aspect of patients from
the Haudebourg family with special
reference to lesions in the brain-
stem and basal ganglia. A series of au-
topsy reports on the patients from the
Haudebourg family mainly dealt with
spinal cord lesions *"'# whereas early
pathological description of M]D paid
more attention to lesions in the basal
ganglia and brainstem.??** It is there-
fore probable that these 2 different as-
pects were considered to represent
different diseases when they were, in
reality, 2 different aspects of a single
disease.

This autopsy case labeled with
the diagnosis of HAC provided us
with an opportunity to see how
French neurologists and neuropa-
thologists defined HAC in 1943 and
to compare the findings with those

of MJD. Although it is still debated
whether HAC should be limited to
a single disease entity, it seems likely
that the HAC of Pierre Marie, and
more specifically the Haudebourg
family, includes clinicopathologi-
cal characteristics indistinguish-
able from MJD.
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Abstract

Triple immunofluorescence method with two mouse moneclonal antibodies and another rabbit polyclonal antibody was established with
catalyzed reporter deposition (CARD) amplification on thick floating sections from the rat cerebellum. One of the menoclonal antibodies
tanti-calbindin), diluted maximally, probed with anti-mouse IgG~horseradish peroxidase (HRP) and amplified with Cy5-conjugated tyra-
mide, immunolabeled cerebellar Purkinje cells and their arborization. Subsequently, a rabbit polyclonal IgG (anti-glial fibrillary acidic
protein (anti-GFAP)), probed with anti-rabbit IgG-HRP, amplified with biotin-tyramide and visualized with fluorescein-isothiccyanate
(FITC)-streptavidin, immunclabeled Bergmann’s glia. Another mouse monoclonal IgG (anti-SNAP25), probed with anti-mouse 1gG-rhoda-
mine without CARD amplification, selectively visualized synaptic sites, because the maximal dilution of the other monoclonal antibody
{anti-calbindin) was below the detection threshold of this anti-mouse IgG-rhodamine. Separation of the two signals (calbindin and SNAP25),
each detected through mouse monoclonal antibody, was then based on the difference of sensitivity either with or without CARD amplification.
Triple immunofluorescence is possible when just one of the three primary antibodies is from different species. Intensification of two of the

three signals provides further advantages to examine immunolocalization of multiple epitopes on histological sections.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Multifluorolabeling immunohistochemistry is an in-
dispensable tool to examine spatial relationship between
epitopes on histological sections. It requires a clear sepa-
ration of signals and sufficient intensity of each signal. Be-
cause the signals obtained with conventional fluorochromes
conjugated with secondary antibodies are not always in-
tense enough, several signal amplification methods have
been developed. Among them, catalyzed reporter depo-
sition (CARD) method is now frequently used as one
of the methods of choice {(Adams, 1992; Bobrow et al.,
1989). Amplification with CARD method is mediated by
horseradish peroxidase (HRP), usually conjugated with
secondary antibodies and reacted with tyramide in the
presence of hydrogen peroxide. This yields amplified sig-
nal represented by a reporter molecule, such as biotin or
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fluorochrome, conjugated in advance with tyramide, that
accumulates around HRP (Adams, 1992; Bobrow et al,
1989). Signal amplification with CARD method allows
further dilution of the primary antibody below the thresh-
old detectable with non-amplified conventional method
using fluorochrome-labeled secondary antibodies (Kumar
et al., 1999; Speel et al., 1997; van Gijlswijk et al., 1997).
Hunyaday et al. (1996) first reported that a combination of
this highly sensitive method with conventional fluorolabel-
ing enabled double immunolabeling based on this difference
in the detection threshold even when the two epitopes were
probed with primary antibodies of the same class from the
same species. This double labeling with antibodies from the
same species can be combined with an additional antibody
from another species without danger of cross-reaction, as we
demonstrated recently (Uchihara et al., 2003). Moreover, by
using tyramide-conjugated fluorochromes, it is possible to
amplify two immunofluorescent signals from two antibod-
ies from different species (Uchihara et al., 2000). Because
this dual amplification allows further dilution of these two
primary antibodies, it can be theoretically combined with



