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An autopsy case of familial amyotrophic lateral
sclerosis with a TARDBP Q343R mutation

Koichi Okamoto,! Yukio Fujita,> Iri Hoshino,* Yuhji Tamura,® Toshio Fukuda,’ Masato Hasegawa®
and Masamitsu Takatama®

P3epartment of Neurolngy, Geriatrics Rescarch Institute and Hospital, Departinent of Neurology, Gunina Liniversity
Graduate School of Medicine, *Department of Histopathology and Cytopathology, Guina University Graduale School
of Heulth Sciences, fepartment of Inlernal Medicine, Grariatrics Rescarch Institute and Hospital, Mashashi,
Tiepartment of Tnternal Medicine, Kiboukan Hospital, Takasaki and *Department of Neyropathology and Cell Biology,
Tokyo Metropofitan Tnstitute of Medical Science, Tokyo, Tapan

We deseribe 2 Japmmese autupsy case of familiol wmyo-
irophic luteral sclevosis (FALS) with o TARDEP Q343H
mifation. This male patient developed dysartheia ai the
age ol 52 yeors, und bulbar sympiming progressed, with
weakness and atrophy in the extremities. His mental siatus
wraz normal, but he beecane bedridden, received ariificial
fespiralory support at 54 vears of age, and pradually
neguired a lacked-in state and ilied al 58 years of age.
Microscopically, marked diffuse oyelin pallor  wos
abserved in the anferolateral colmnns of the spinal cord.
The remaining antevioy horn cells contained Buniona bodies
nod phosphorylation-dependent {ransactivation response
DNA-binding protcin of 43LEDa  (pTDP-43)-positive
nenronal cytoplasmic inclosions (NCEs). Glial cytoplasmic
inchisions (GCIs) were also observed. The number of
whiguitin- and p62-positive inclnsions was makedly lower
than thut of P11 P-43-positive inclusions, NCls ond mony
fine dot-like pTDP-43-positive granules in the neurapil
were mainly seen in the teinporal and motor cortices, and
striatmm, NCIs were rure in hippocampal pranolar cells,
Tumunobloiting of samples from the cerehral cortex using
an anti-pTDP-43 antibady was slightly ditferent Irom pre-
vions THT-43 pathological suldypes.

Key words: amyotrophic lateral sclerosis, pA2, pathology,
TA B3 Q345 mutalion, TDP-43,
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INTRODUCTION

Amyotrophic lateral sclerosis (A1) s a fatal and
incurable adull-unsel neurodegenerative dizease! Jrans-
gctivation response DMA-Linding protein of 43kDa
(TDP-43) has heen identified as o major component of
the pathological inclusions in most [omns of fronto-
temporal lobar degeneration with ubiguitin-positive and
tal-nepative inclusions, as well 48 in ALS? TDP-43 15 an
RMNA-hinding and DNA-binding multifunctional protein
that iz encoded by the TAR DNA-binding protein pene
{1ARDEP) located vn chwomosome 1 TDP-43 apgre-
pates have been detected in newronal and ghial cells in
ATS, in [rontotemporal lobar degeneration (FTLD-
TDP), and in several other diseases FTLD-TIIP and ALS
are comaidered 1o form a spectrum of dizorders that are
lirked by a eommon molecular pathology called TDE-43
proteinopathy® Even though most TARDEP mutations
have been reported in autosomal dominant ALS, reporls
of the FTLD-TDP type are very rarc.’ Moreover, autop-
gied cases with pathogenic TARDEF mulalions are
Lew, ™™ qud the contribution ol any one mutation to &
particular phenolype remaing uneerlain,

Tagawa ¢f al." reported an autopsy case of Tamilial ALS
{FALSY), the clinical wmnd pathological findings of that
woman were indistinguizshable from those of sporadic ATS
{SALS), Morcover, Yokoseki e al!! described a missense
A RDEE 05451 mutalion in that family, ncluding in our
palicnl, We abserved a paticnl [rom this family throwghoul
the cowrse of (he illness, and auwtopsied him, Tnduced
pluripotent stem [1FS) cells were also produced from
paticnis with 4 8128 F mutations, including our paticn.™
Heve, we reporl (he neuropathological findings of this case
and review the provious auiopsy-confirmed FALS cases
with several A RIPEFP mutations.
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CLINICAL SUMMARY

A lapaoese mmn developed dysarthria at the age of 52
yeurs und noticed dysphagia within u Lew months. These
synptoms progressed, and he visited our hospital 3 months
after (he onsct of the condition, [lis past medical history
was unremarkable, Several ATS cuses were abrerved in his
tamily; the clinical history and malecular penetics ol this
tamily were reported previously (Fig, 1. The present
putient also had a £ARDEP Q343K mutation

O nenrologival cxsmination, his tongne  exhibifed
atrophy with fasciculation. Muscle weakness and atrophy
were not ohserved in the nodk und extremities “Ihe jaw
reflex and tendon rellexcs on the extremities were hyper-
aetive, xtrapyranidal signs, cognitive dyslunclion, cor
chellar ataxia and Habinski dign were ahsent. Cleular
movements, sensation, and the autonomic mervos sysicm
were also normal. Motor and sensory neree conduction
studics were normal, but  eleciiomyography  showed
dunervation in the upper and lower cxtremities, MR of the
brain and spinal cord was normal, and serum and OSF
studies were unremarkable, Bulbat symploms progressed,
with weakness and atrophy in the cxtremities. The patient
received a gastroslomy wl 52 and larynpeal diversion at 53
vears o ape, Lis moental status was normal, bl he hecame
bedridden; Teceived artificial respiratory support at age 54,
and gradually became locked-in and died of bronchopneu-
menia at 55 vears of agc, & years and 5 manths after the
ansel af The symptoms.

PATHOLOGICAL FINDINGS

Antopsy was performed in sccordance with established
procedures, and the samples were used in this study afler
obdaining informed consent from the palicnl's Camily.
Autopsy was performed 2h alier death. The general
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Fig.1 Family pedipee. The closcd spmbols indicate patients
with ALS and the arew indicaces the present patient: This family
wis repoied elsewhers "™ Squares, males; circles, females
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altopsy lndings showed bronchopneumoniy and winary
valculi. Tissues were fixed with 4% paraformaldehyds i
FBS (pH 74} and smbedded in paraffing Brain and spinsl
cordl seclions (5 pmin thickness) were stained with HE and
KB stains.

Ihe brain weighed 1100 hefore fixation amd showed
no vxlernal abnormalities. Microscopicaily, diffuse myelin
pallor was obvious in lhe anterolateral columng of the
spinal cord (Tig 2a). Newronal [oss and gliosis were
marked inthe anterior horns, and & few remmaining anterior
hom cells contained Buning bodics (Fig. 2h). In the beain,
spongs sialos were mainly observed in the second and third
layers of the motar and temporal corlives, and gliosis was
detected in those corfices. Focal degencration was nod
ohaerved in the CAl-subicolum transitional area ™

Immunohistochemicl anslysis

Deparaliinieed scelions of the brain, brain siem and spinal
cord woere incubated with 1% L1.0O; in methunol for 30 min,
to eliminate endogenous peroxidase activity in the tissue,
Ihe sections were blocked with normal sefim und
incubated overnight at 4°C with the lollewing sotibodies:
polyclonal  anti-phosphorylalion-dependent 1121243
(pTDI-43) antibody {gencraled in owr lahoratory™,
podyclongl anli-pTDP-43 antibody (psd410) (Cosmo
Do, Tokyo, Japan), anti-phosphorylalion-independent
TDP-43 {TDP-43) antihady (Proleinteeh, Chicago, TISA),
palyclonal anti-ubiguilin  antibody  (Dala, (Hostrap,
Denmark), polyelonal ani-trans Golpl network (10 N-46)
antibedy  (penerated in ow laboratory®), monoclonal
GTUAP anlibody (Dalo), puimea pig polvclonal ant-N-
termoinal  of pi2  (Progen  Biolechnik, Heidelberg,
Grermany), monoclonal snii-phosphorylated tan antibody
[ATE) {Innogenetics, Ghent, Belgium), manaclanal anli-
beta-amyloid 17-24 (4GE) antibody (Covance, Mew Jersoy,
LSA), and polyclonal anti-alpha-synuclein (phozpho 5129)
antibody (Abcam, Cambridge, UK), For enhancement,
samples were quioclaved lor 5 min before reaction with the
amtibodies, with the exception of the anti-ubiguilin anli-
by, Seclions were blocked using an endogenous avidin-
biotin blocking kit (Michirei, Tohyo, Japan) at room
temperature, Iabeled with the primary antibodies at 40
owernighl, washed in PBS for 30 min, and incubaied with
Histofine simple stain MAX-POE (Nichirei) or Veotori
VIP (Vector, Burlingame, CA, USA) for pS2 and TOyN-46,
Donble immunostaining was performed; accarding 1o the
abuove-mentioned methods, deparaffinized sectionyg of the
spinal cord were labeled with auli-pTDP-43 autibody at £°C
avarnight, washod in FES for 30 min, and incubated with
Ilistofine simple stain MAX-POR, washed in plyeine-HCT
buffer for 2 h, then anti- 'GMN-46 anlibody at 4°C overnight,
washed in PIS lor 20 min, and incubated with VIE
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Fig. 2  {2) Thoracic spimal covd segment showing markad myuelin palloc in the antecolateral eolumns (b} Spinal cord atterior o colls
showine Brnina bodics {arrows) (8); skeindike melusions {g); vound inclusion (01 and fine granulur recronal eytoplasmic inelusiony
(MCT2) (=) (1) A lefr npper newron shiowing 2 normal-looking Clelyd appasatos, with the arrow indicaling a neuncoen with {3olgi fragmen-
Lativn and fine pranular NCTs, () Glial cyloplasmic fnclusion n the whits matter of the spinal cord, (h) NCT ohserved in the dorsal oot
panglion. (a) Elitver-Kamrers; (h) hemalozglin cosin, sand (e=:, h} pTRP43 nunnostaining; {f) pTRP-43 and TON 40 donble

immunostaining: and (g) pe? fmmunoslaining, Seale bars: 20 um,

The two antibodies apainst pTDP-43 showed almost
simiilur Immunoreactivity, In the spinal cord, plmPr-43-
positive neuronal inclusions (NOEs) and glial eyloplasiiic
inclusinng  (G070s) were  found, Skein-like inclusions
(Fig 2¢) and roune inclusions (Fig, 2d) were observed The
majority wf (he remaining anterior hurn ¢ells contained
many fine pTDP-43-positive granules (Fig 2c), and these
netrong with NCTs showed Dagmentation of the Golg
apparalis (Fig. 26). 'The number of utiguitin-positive and
pi2-positive inclusions was markedly lewer than that of
pTDT-43-positive inclusions, and skeindike and round
inchisions and sorme GCls were positive for ublguilin a
pi2 (Fig 2z); however, nouronal fing pTIE-43 positive
pranules were pegative for ubtquitin and piZ, p'DP-45-
positive NCTs were also found in the doersal rool ganglia
([ig, 2h), brain stem, cerebeum and basal panglis, GCTS
were also present, mainly in the white matter of the bruin
stem, corebiriin and basal ganplia,

Wlany NCTs and fne dot-like PP 43-posilive grantles
in the neuraptl were observed mmainfy in the femporal
{Fig, 3a) and rmator cortices, as well as in the striatum, Some
fing dot-like pTDP-13-positive granules wore arranged lin-
early. However, NCIs woers rave in hippocampal granular
colls. The number of uhiquiin-posilive and pe2-positive
NI and GCTs was markedly lower than that of LT P-43-
pusitivestroctures, and fine dol-like (712 P-43 granules vere
negative for ubiguitin and p62 (Fg, 3k),

Lewy palhology was nbserved in the pons, medulla
ohlonzata and olfactory bulb; however, it was not delecled

in the midbrain and cerebrum, Neorolbeillary tangles were
omly ohserved in the parahippocampal gyrus, but amylkoid
plagues were absenl,

Immunoblol analysis of phosphorylated
T -43 (pS409/410)

Sarkosvl-inzoluble TDP-43 of this case (cercbellumm, the-
raciccord, frontal lobe and temporal lahe) were analyzed by
immunetlotting and compared wih olher FILD-TDP
cases (typosd, B and £ from ShizuokaInstilule o Mpilepsy
and Neurolosical THsorders (Shizaoka, Tapan), aond Tokoyo
Metrapolitan Tnstitute of Gerontolopy (Tokyo, Tapund.
Erain tssues (15 g) were humogenized and incubated in
10 ml of buller eontaining 10 mmolT Tris-LEC] (pH 73],
(Aamolil NaCl 10% sucrose, 1 mmoll EGTA, 2%
Sarkosyl for 30min af 3770 After centrifugation al
20000 g for 10min at 25°C, {he supernatants were
ultraccntrifuged at 100000 < g for 20 min ar 257 'Ine
pellets were solubilized in S1¥5-sample buffor und subjected
o 12% polyacrylamide gl SDE-PAGH, transferted Lo
poly{vinvlidenes diftunride) membrane snd incubated over:
night with (he anti-p' D43 (pS400/410) aplibods” 'The
labeting was developed wilh diaminobenzidine and nickel
chloride, Iu the temporal lobe, phosphoerylated tull-length
LI0L43 at -45 kDva and C-terminal fragments (CTTs) with
sofne major and minor bands at 1927 kida were detecled
(Fig. 4, lane4).  he handing paliern of CTTs (major doublet
bands at 26 EDa and a gingle band at 24 kDa) 1s similar to
that of A1 8 {tvpe B, bul dilferent from those of types A-C

i@ 2005 lapanese Socicty of Neuropathalogy
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Tig, 3 (&) Tewporal lip covies, Many small nenrons contais fine granular neuronal eyroplasmic incusions (NCTs), and miany fine dot-like
gramules ave obsecved in the neuropil, some of vwhich are linearly mvanged, {6) Adjacent area of {a). The majority of the NCls and fine
granules in the seuvopil are nogatve for piZ. (a) pTDF-43 immunowtaining; (b) pi? immunestaining, Seals hars; 20

1 2 3 4 5 6 7
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Fig. 4 lwmmunobkol wnalysiz of sarkosylinsoluble fracliong of
samplos from the cevehellum, thoracic cord, froneal lobe and (em-
piral lobe using a phusphorylation-dependent anti-TT-43 anli-
hady that iz specific for p340%E10L Tn the temporal lobe, the
EEA0RALD antiledy delecled phosphorslased fmll-lenath TDT-42
#l 4% kD and C-lermingl fragmenty [C1Fs) with some majol
and minor bands at 18-27 KDu (lane 4), The banding pattern of
CTTy {major doublet bonds al 26 kT2 and 2 singls band at
24 ki ¥a) is stmilar (o that of ATS Tyepe B, but different trom theae
of Types A, O {lanes 5-7). The same p3d941{-positive bands
wors alsg detected In the thovacic cord {lans 2) and frontal cortex
(lame 3], but not in the celebellum (Jane 13, Tane 1, corebellnm
lane: 2, thoracic cond; lane 3, feontal cotles; lans 4, ternporal covtes:
lame 5, vpe Aglane 6, Tipe T lune 7, Type C Schema of Types A-C
arc shown in the vight corner.

(Fig. 4, lancs 5-7). The same 4094 D-pogitive bands were
detecied in the thovacic cord (Fig 4, lane 2) and frontal
cortex (Fip. 4, lang 3) but nol in the cerebellum {Hig, 4,
lane 1),

& 2015 Japanese Society of Neuropulhology

DISCUSSION

Although mast ALS cases are sporadic, approximately
T of eages are familial, among which 20% ¢atry Cu/Zn
superoside dismutase (SO} pene mulations and about
2%—0% have TARDAF gene mulslions! More than 30
mutations of the YARDDP penc have been identified;
however, anly a [ew cases with nenropathological findings
are available, us shown in Table 1, inchuding out vase.™" In
the [amilial ATS with an M337V mulalion reported by
Tamacka ef al,% the aunt of the proband was antopsied
Although the case of Tamaoks erall® and our familiey
showed bulbar-onsel-lype ALS, the sites of the onget were
vatlable, and mosl cases exhibited both upper motor
neuron (UMM} and lower motor nesron (LMN) sipns
during the course of the disease, The cascs exhibited
soweral common neuropathologival features: depenera-
tion of hoth the UMN and TMN systems, presence of
Bunina bodies, and widcspread TTWP-43-nositive MCIs and
GCTs "™ However, precise descriptions of pTDE-43 tn the
brain were searce among those cases, Our case showed the
above-mentioned pathology, which was quite similar 10
that of SA LS, Runiina bodics,™ which are small eosinophlic
intpaneuronal  inclusions present in  the  remaining
lower motor newrons, are generally considered o be 2
specific pathological hallinark of SALS, these bodies were
ohserved [requenlly in the reported cases with TARDEP
LS INUTAEonE.

However, thers are somewhul different findings in oy
case, Fitsl, the pumber of ubiquitine and pe2-positive
inclisions was markedly lower than (hat of pTDT-43-
pusilive inclusions pA2 is ons of the components of
ubiquitin-containing indusions, and pS2 immunoreactivily
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Table 1 Clinicopathelagics] data of autepsied ALS patients with TARDEF mutations
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is nhserved in ubiguiin-conlaining intraneuronal or
inlraglial inclusions, including skein-like or round inchi-
sions and inclusions in FILD-TDEY Similar discropuan-
cies were observed in this case’s mother’s brain, namely,
TDF-13-immunoreactive MCls and GCLs were observed
in warious vepions of the CNS™ however, small neurons
in the pulamen rarely contained ubiquitin-positive NCIs"
Tn general, it is said hat 1THP-43 consistently colocalized
with nbiquitinated inclusions in ALS or FTLLWTDE
however, It has bheen reported that the percentage
of spinal molor neurons with cytoplasmic TDP-43
immunoreactivity s higher Lhan that of ubiquitin.
immunoreactive ones® In our expericnee, similar discrep-
ancies  beiween  pTDP-43  and  ubiguilin or pé2
immunoreactivity were frequently observed m the brains
of patients with widesproad lypes of SALY {data
not shown). Similar observations wore described, and
dash-like pTDE-43 wgpropales reportedly merged into
more: compact net-like aggregales that were ph2. and
ubiitin-positive™ "Ihe fine granular pTDP-43-positive
inclusions withuul ubiguitin and pi2 Immunorcaclivily
may represent an earlicr dyslunction in the cascade
of the events that lead to newonal degeneration.® Fine
dotdike pTDP-43 granules mway be proseni in the
neuronal processes and may be earlier stages of pTDP-13
apgrepation

Secotid, this was the first autopsy case that became
totally locked-in aller 4 vears of artificial respirabory
support. It has been reporled that widespread multisyslem
depenaration can oveur in palients with sporadic ALS who
have survived for long periods with artificial respiratory
support, who often clinieally cxhibil a totally locked-in
state™ However, thers was no significant difference in the
distribution pattern of NCTs between SALS cascs wilh
ar withowt artficial respiratory support®™® In generdl,
PTDP-43 agprepates in FTLD-TDP are observed fre-
guenily in nentons of the hippocampal granilac ¢ell layers
and frontal and lemporal ¢ortices, and thesc aperegdics are
uhiguitinated ** The topographic patterns of the prescaot
cage were similar to those of his mother ™8 NCIs were
misinly present in the motor, patictal and femporal enrtices
and in the vaudule and putamen; however, a fow NCIs were
ohserved in the frontal snd entorhinal cortices and in the
hippocampus, Our case was severely affected in the same
Tegions, probably because of the prolonged course ol arti-
fictal respiratory support.Thus, the distribution paticoos in
this family were different from those of the usual FTLD-
TDFE The case described by Honma efal™ exhibited a
widespread distribution of MCls and (3CTs: however, The
brain (inchiding the frontal and lemporal cortices and the
limbic syalem) was preserved.

Third, the FTLD-TDF pathology s divided inte Loy
subtypes: '|ype A, many NMCL: and many short dystrophic

D 2015 lapanese Society of Neuropatholopy
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neurites (DNs); Type B, moderate NCTs and few 13N Type
CC, many long TNs and few NULs; and Type D, many short
DMy and many lentiform neuronal intrannclear inclisions
{N15)* The majorily of ALS cases are Iyvpe B Althoygh
1his case was similar to lvpe B, (here wore many Ane dot-
like granules in the neurepil of the severely affected corti-
ces and putamen, These fine dot-like granules wore wlso
observed in our FILID-TDP cascs, but their density was
greater in this case (dala not shown). |he reasons for this
firdling s obscure, but a few possibililies vome (o mind,
such as TARLIEN pene mulalion snd well fixation.

Fourth, the bunding patterns of abnormally  plos-
Phorylated C-terminal fragments (CTEs) of TDP-43 can
bi classified into at least (bree lypes, sccording to the
FTLIZ-TIFP  hisiopulhological  subtypes®#  Immuno-
Plotting of samples from the cerebral corfex taing pS40%
AL0 antibody showed that the bunding pattern was similar
but different Do that of ATS with doublet bands at
20 ke, g single band at 24 KDa, and g single band i
LikTu, The different banding pallerns obscrved in
TDT-43 proteinopathies may reprosent different confor-
mations of abnormal TDE-43 or their aggregates® In this
casg, lhe morphology of PIDP-43 stiruclures wus some-
what difterent from the TIP-43 sublypes; thevefore, it is
rcasonable to think thal differences can be detected via
biochemical characlerization wsing the banding pattery ol
CTHs Additional studies are needed o clanly these
rsuls,

Lewy pathology and NETs were observed, albeit 1o a
mild degrees, We supposce that they ocourred cnincidentally
becanse of the aring process,
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Bilateral Involvement in Three Patients with Hirayama Disease
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Abstract

We repor thres patients with Hiravama disease with bllatoral Involvament. Case 1 develcped woakness and
wastng of bllateral hands &l lhe ags of 15 yeurs. Case 2 developed unilateral weakness and wasting of ihe hand at
tha age of 18 years, and gradually exhibited progression to the ather slde within 1 vear. Case 3 was a female who
developed weakness and wasting of ona hansd at the ago af 17 years, and showad dysesihesie and weaknass in tha
ulher side, with pyramidai trac? sigrns 31 years after ibe pnaet of the dissase; she was diagnosed with complication of
cenvical disc hernia, We nodics that bilateral invalvement reprosenls a savare form of s disaass, Wa also nead o
diffaronliala incidanta! complicelions whan the patienta show worsening after a long stationany petiod.

Keywords: Iivayama discase, Cervical dise hernia, MR

Introduction

Hirayama disease is a benipn focal amyolrophy of the distal upper
limbs. This discasc was first reported in 1959 as “juvenile muscular
atrophy of the wnilalees! upper extremity” [1]. Since then, simdlar
cascs have been described wnder a wardety of names not anly In Tapan,
but wlso in uther Asian countrics, as well as in Farope a2nd Narth
Ameriea [2-4], The disease ls characlerized by the insddious onset of
unilatersl or asymmetric accophy of the hand and forcarm, with sparing
af the beachlocadialis muscle. Aller a period of deterioration ol 3.5
yeurs, a stable stage @5 veached, ‘The pathophysiology of this disease is
cansidersd o be dyowmic cond compression during neck flexion [2-
4]. A bilaterally smetric form of the dlseass L5 @eported rarely [3.8].
Recently, we experienced Uee patients with Ilirayame disease and
hilateral invnlvement, one of whom recelved anterlor decompresslon
al fusion for o cervical dise hernia 31 yeavs after the initial onsct of
the condition,

Case Reports
Casze 1

A Japanzsc AT-year-old male developed weakness and wastlng
of bilateral hands at the age of 15 years, He was diagnosed as having
Hirayama discase at the lncal oniversity hospital. ‘The wealkness and
wasting of the hands coased within a fow vears, He wigited our hospiral

Flgura 18: Muscular atrophies af bilaterel foresrma and Iniinsic hend muscizs In
Sase 1. The brachiorsdisls museios wers spared end showed oblicues strophias,
and tho it Fngess wor slighy easd,

JLtiln ase Hap
=5k 21E5-T220 MOCR, &n aoen afoess joumal

Figure 1b: In Casa 3, biaieral wesknsss and alraphias wara cosersed in the
farearms ard lanels, precdarminanty sl fhe rightl sede, and 2005 Tngers pxhitited
a flexed pasiton.

for consultation 22 years after the onsct of the condition, His past
medical history veas unremarkzable, e played volleyball duving junior
high school. On nevrological cxaminativn, weakness and albvophics of
the bilaleral upper exlremilies wers confined, Ulnov-side domineot
wealness alrophles were apparent 1o the loeearms sad o the intelnsle
land muscles (Flenre 1n), Handgeip power was 6,1 kg an the rlght slde
and 0 log an the left side, Fosteal hand tremor was obzerved, Sensatlon
was intact. 'lendon refleses om the upper and Toseer cxpromities were
almost normal, and Babinski sign was shsent, Hootine lahnratory
data were mastly novmal. Cervieal T2-weighted Magnetic Resonance
Tmuging [MERI) in sagittal and axial planes disclosed cevvical conl
alropliy, with & maximum at the C6 level aml & lyperintense sipnal in
the parenclyma (Figure 22 and 20).
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Flgure 2: MRifindrgs of Case 1 (4, B, Ciese 2 (0, 0, and Cags 242 F, G, and
myelcgrashy findings of Case 3 (H), T2-welghtes M3 shawed localized voreizal
zord atrooty, wilh-a maimune il GO jamawe) (A, G, E} and intremncinllany
myparintensiticy arows) 4y, ). Asxdal T2=aelghted MR dizclosesl hypeiniense
signals n fhe anlerios homs (8, FL T1-waighted MR (G and migelogrzsn (H)
siigokainl wdisn hemla at tha CHICE lee! [armnes),

Case 2

A Japunese 22-vear-ald male developed weakness and wasting of
the rlght hand at fhe age of 15 years and wxhibited gradnal prograasion
ol the eendlticn. He noticed weakness amd wislisng of the left hand at
Ui age of 19 years, He visited our huspatal 4 yvears afrer the nnact of
the dlzense. His past medical history wag unremarkable. He plaved
foortall during juniar high school and high schaal, On neurolopical
examination, weakness and atcophies were confined tn the bilateral
upper cxtremities, Ulnat-side dominant atrophics in the loeeirms
and in the iotrinsic muzcles of both hands, Postural hand leemer was
chserved, bul sensatlon was intact, Tendon reflexes on the upper and
lower extremities were almost normal, and Bebinskl slge was ahsent.
Bouilne laborarary data were mastly nucmal, Mator nerve conduction
studies of the median and ulnar nevees showed no delay, Cervical T2-
weiglited MR disclosed atrophy ol Uhe cervical cord, with @ maximum
at the U607 level, withoul dizc heenfation (Figure Zc and 2d). The wse
of a cervical collar was reconmended.

Case 3

A Japanese 47 year-ald female develaped weakness and wasting of
the right hund st the age of 17 years and exhibiled pradual progression
ol Lhe condllion, $he was diagnosed as having Hivapama disease at the
local neusological chinic, 'the pragression ol Uie disease ceased within
a few years, She plaved baskelball during funlar high schaal. Her past
medical history was unvemarkable. Recently, sha noticed dyscsthesia
and weakness of the lelt hanad, wod was refecred to our hospital 31 years
afver the onsct of woalness in e dght hand, Bilareral weakness and
atrnphics were ubserved i the forearms and hands, predominantly oo
the right side (Figuee L) aod she conld not cxtend the lingers of the
right hand. She shuwed dyzesthesia on the left hand. Tendon reflexes on
the upper snd lower extremities were hyperactive, with both Babinski
signs. Cramial nerves and bladder function were inlect, Tasetcalation
waz not observed, Preoperative lahoratory data were mostly narmal.
Ti-weiglled MET showed localized cervical cord atmophy, with a
maximum al CE-C7 (Figure 2e), and disclosed e presence of a
symmeirical hyperintense signal i the anlerior born (Psnake eyes”
appearance} in Lhe axlal plane (Higure 2f). Tl-weighted MBI (Figure
2 sl myelogeaphy (Fipure 2h) disclosed a dise heenia at the 3108 lavel,
She recetved wnterior decomprression and lusion al the CRO0E Fewel,

J Cln Gr=ma Bey
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Discussion

Hirayama disease is 2 benign lower motar neuran dizsorder of the
young, with male predominance, nsldions dnsce of weakness and
atvaphy, and slow progeession over 3-5 vears, followed by a stationzry
course The patbiolugical and MBI findings suggest that repeated or
snarained neck flexion cause an anterlor shift in the covvical doval
sac, which is compressed ugalnst the pesterint margin of the vertebeal
body [2,3,7]. The compressed cepvleal cord at the Co verechral level,
which corresponds to the CF and C8 cord scgments, rosults in
micrpcivouelation disturbances in the anterlor horn. There are many
repovts of the MBI lindings of thls disease, incleding localized lower
corvical atrophy, asymmelrie cozed Qattening lass of corvical lordaosis,
anteriar displacement ol the dogzal dura on fleyion, and intramedullary
hyperintensily [8,%]. Based on this hypothesis, the ust of a cervical
callar iz recommencded [3,9],

fidging fram the onsel ol age, clinical conrse, pattern of atrophy
(marncly, ohligque alzophy) ad nevrologleal and MBI Andings, the
three patients were disprvsed as having Hivapamna discase. Criginally,
the discase was lhouphl e allect wallatera] distal upper cxtremities,
but hilateral involvemenl lias been reparted, ranging from 13% Lo
GLA%, and asymunelele bvalvement is a consistenl feature in Lhe
reported sludles [3.4]. According ra the long-teem folluowe-up ol 44
paticnts with brachinl monomelic amwoteaphy, cighl patients {18.2%)
showed minloal Involvement of the contralaleral upper b, with
pross wevinmetry [1], The hilateral symmetic Jorm of this disease
Liws been reparted rarely [5,6]. Pradhan [5] reported that 11 patlents
[approximately 10%) among UG palients with Hirayama disease
liad bilakzrally aymmetric involvement, and that nine of them had a
Tvistory of anilateral onset. The most nportant characteristics of thia
rrpe of prosentation see severe wealiess and wasting: thus, the author
concluded thal bilatecdlly symietric Hitayama disease is 2 sewvere
form of the clussic disease, Tain et al [6] reporvted a voung male with
syenmetrical bilateral weaknass of the hands and forearm over L Lasl
2 years, and emphasized the pivotal vole of MBI in e dlagnosls of this
condltion, Cases 1 and 2 have this furm of Ue disease, Case 2 showed a
Tutstary of unilateral onset, but exhibited o almost stollare invvolvement
In hath upper limbs after & years. The progression of weakneas and
wasting abserved in Case 2 did nob cease at the cxamination, and the
use ofa corvical callar vias recammended, "The condition of this patieni
wearrants a carefil foflow-up,

Case 3was [emale, and [t has been reported that femeales are allecled
ahout 34— 13% In Uhls disesse [3]. Afror attaining a stationary courss,
none ol Lhesepatients developed fresh symptoms ar signs during Uie lung
Lollowe-p, and there was no evidence of the imvulvemnent ul pyreamidal
teacls or cranial perves during the Ellow-up assessment [4]. Howeser,
Case 3 showed dysesthesia, weakness, and wasling in the contralareral
side alter & long stationary period. She also exbibited pyramidal feact
dgns, and ME] and myelography disclused complisation with corvical
disc hernia Cervical spinul canal stencsis and cervical dise hernia
are popular in middle-aged people and the elderly; thns, we need to
differentiace these incidental complications when the paticnts show
worsening after 4 long stuliomiey peviod,
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Hypersialylation 1s a common feature of
neurofibrillary tangles and granulovacuolar
degenerations in Alzheimer’s disease and
tanopathy brains

Shun Nagamine,' Tsmieo Yamazaki,” Kouki Maldoka,! Yukie Fujiiml Musaki Tkeda,'
Masamiisu Takatama,” Koichi Okamoto,” Hideaki Yokoo® and Yoshiv Tkeda'
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Glyeosylalion is eme of the major post-translational
modifications of proteins, The status of sialylation of the
nenropathological hulbnadks of vaviows newrodegencrative
disorders was imvestigated in this stady, ere, we report
the novel Limfings (hal iwa phosphovylated tau {p-fao)-
containing strucfures sssoctated with Alzheimer’s disease
{ A 13), that is, nevrofibrillury tungles (NF15} and granulo-
viwcnolar degencrations (GYEDs), were hypecsialylaicd.
The NFTs, GVDs and dysivophic neurites of senile plagues
{5P%) in AD hippocampi were clearly visnalized by inunu-
nohistachemisfry wsing an anti-sialic achl (5A) miéhody.
Io confeast, the amyleid cove of 5P wius ool sialylated al
all. Tntevestingly, other p-ia-coniaining structirces, that is,
glahose-fype NFTs in progressive supranuclear palsy and
Pick bodies and ballooned newrons io frordetemporal Inhar
degencration with Pick bodies, were alsu Iiypersialylated.
Unlike ihe p-lav-oontaiming stroctoves  obseeved o
tawopathies, the hallmacks of oiber newrodegencrative
disorders, such us Lewy bodies in Parkinson’s disease, plial
evtoplasmic mclosions in multiple system afvophy, Hamina
bodizs, skeindike inclusions aud rvound inclosions in
amyotrophic lateral selerosis, iniranoclear indusions in nen-
ronal mirinuclear indusion disease and physiological bod-
ivs or gravmles (lipofoscin granules, corpova amylacea aud
melanin gramles), were not immunoelabeled by the
anti-3A antibody. Becnose this antibody specifically iden-
iiffed NF15 and GVDs, immunosiaining for sialylation
represents A nsefnl tool to sceeen these struclurcs i a
dingnostic setting, These vesulis clearly indicate that the
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paihinlogical hinllmarks of vavives taoopatiies are eom-
monly hypersialylated, and that sialylation plays an impor-
tant role in the process of p-tan accomulation in ATY and
other tauepathics,

Key words: Alduimer’s diseass, granulovacuolar degeners-
tinn, hyperaialylation, newrofibrillury (angle, tanopathy,

INTRODUCTION

Talis g major componant of neurofibrillycy langles (M7,
which are une ol the neuropathological hallmarks ol
Alzheimer’s disease (AD) hrains. Hvperphosphoryladon
of tan promotes its sell-gsembly into paired helical lila-
menis (R0 In A1 hrains, taw is abermunily glycusylared
wilh varions oligosaccharides, incloding N-aeelylncoraminic:
acid (MeuAd), which 38 a major member of the sialic acid
{8A) family™ In conirast, deglycusylation by glycosidases
depresses the phosphorylation of lau® Thess fodings sug-
sl (hul abetrant glyeosylation in AD brains Geilitates e
hyperphosphorylation ol tau, resulting in the formalion of
NFIE? In supporl o this hypothesis, some hiological
changes of SAx and sialylranslerises have been reported
in AD patients.” "

Wilh rogard to the relationship between sialvlation and
amylaid [ (AR pathology ol AD, it has been reported that
the p-site amylnid precursor protoin { APP) deaving ensyme
1 {BACE-1) can clesve not only APT hut the. sialvlivdns-
ferase  ST0GalT, thus  downrogulsting  its fransferase
activity,”! I addition, a penomewide assodislion stidy of
AD idenlificd thul the common wariant of D33, also koown
as Siglecd and 4 member of the sialic acid-binding
dmmnnoglobulindike lecting, 15 o genelic oisk Lacror for
AD™ The uptake and clearance of Al due to microglias

11



12

are found tobe inhibited by & bansmembraoe mioroglial
pratein C133, o that CD33 could be 4 poleniial tareel o
develop an ani-ATY therapy.

Ciranulovacuolar depenerations (GVDE) are nol always
pathogenic; bul are reparded as an additional pathological
hallmark of ATXM As G133 contain phosphorylated tan
fp-tan) and several fau kinuses, such s cascin kinase 18,
OWDy are considered (o be the site of tan phosphorya-
tion Considering that aberrant gheensylation facilitates
the hyperphosphorylation ol 11w, 1 can be hypothesieed that
the p-tau prosenl in GVDs is alsa hypersialylated ™ Howe-
ever, an associalion between (3815 and sinkylation has not
heen reported 50 lan The prosent sludy reports the novel
findings thal Both NFTs and GVDs were hypersialylated in
AD brains, Tn addition, hypersialylation of tan was also con-
lirmed in other pathologival struclures from lavopaihics,
such s progressive  supranuclear  palsy (PRF)  and
[ronlotemporyl  lobar degeneration  with  Pick  bodies
{Fickl2), although other weldl-known charscleristic patholog-
ical strustures of Parkinson’s discase (PDV), mulliple syalem
alruphy (MSA)Y, amyotrophic lateral sclerosis (ALS) and
neuronal intranuclear inchision disease (NI} were nof

Tuble 1  Awtopsy and Diopsy cases and ieie desnographic dndings

& Ngremine et oal,

hypersialylated, These findings suggest the existence of a
commmon mechanizm in which p-tan is fyperstalylated not
anly e AR, b glso in other tauopetbies, leading w ils
agerropalion and sebsequent neurodegencration.

MATERIALS AND METHODS

Subjects

A lotal ul 28 autopsicd brain and spinal cord lssues {from
15 males and 15 fermales) and one binpsied skin tissue weres
collected from the Chunma University Heospital and ihe
Gerulrics Rescarch Institute and Hospital, These samples
mcluded six cases of ALY, three cazes of 12, five cazes of
MEA, six cases of ALS, one case of PEP, one case of PickD
andl one cige ol NIIDY, as well as osix conlrol elderdy cases
who did not have any newrodegenerative diseases. 'T'hese
autopsy and hiopsy materials and their demogeaphic Tnd-
ings are described in Table 1. ATl aulopsies and Lhe biopsy
wete perlormed in gecordance with cstablished procedures,
and the specimens were processed after obtaining written
infowrmed consent fom e patien or the patisnt’s Lnmaly,

Cese d Apeatdeath (yearms)  Sex IMagnesis Hrsin weight (g) Final camse of death Trost morten delay (1)
1 05 I MDD 1080 Trieumonia i
2 Bl I Al 117s Pulmtonary thromboemlolism 1
3 ™ F AT 1030 Digrulle caneer (oolom and overian) ¥
4 i3 F AD Lles AT 2
L i3 F AD L1120 Do 1
[} b F AD 1080 Phlegmuon 2
7 71 M ED 1430 Foelunama 4
& T4 K D 1260 Fractuwe of the el enur =
L Hi F P 1LeE Heaut failnge caused by ONIT b
Tit i | el na, n.a. 11
11 ity i | Il .4, DA =
12 fizt F helSA 110 Poenmonia 1
13 Al F hél 54 na, na, na,
14 a7 F bSA na. A, na,
15 18] M Al 17232 Prenmonia 4
16 fist b Als 12400 Pacnmonis 1
17 fil i AlLS 1300 Prenmania .
18 fil M AlS 1370 Pronmania <l
1 it M Al 10 Poenmonia ol
20 =T I Ak 1510 1A 3
| il B PSP 120K} Ioennionia 3
22 74 M Pickid 1070 Paenmaonia z
23 il F ML n.a, na, na,
24 B3 o Control 1330 Renal failure b
25 uiy E Coantrol 915 Carebral smboaliso ..
1l A1 F Cantrol 1110 Cerebral infarction 3
27 T F Conerol Liis Tnewmciua 23
28 B3 M Contral B0 Tiewmania AL
9 A1 M Conieol 1335 ARTIS 1

i, male; F, fomalz; ATy Alzhcimer’s disesse; PT, Packinson®s diszaze; MSA, mulliple sysiean atcophy; ALS, ayolrophic lalers] sclerass; PSE
progressive upramsclear palsy; PickT?, frantetempenal lobar dagoncraticn with Tiek bodies; WL weoroual micmucksae nclosion disease; Control,
non-nenrlogicsl comal; n.a., 0ot available; AWM, amite mvocardizl infaceiion;, TV, Jead oo arival; ORI, obd imeocardial infarc@on; ARDS, adull
1espiralory disiiess svodioge;, #, ape al Liopsy,
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Hypersialylaron of NFT and GVE)

Palicols with AD (average age at death, 758 years, Lwo
males and four lemmales) were diagnosed as having cimeally
probable AlY according to the clinical dizgnostic criteria
published by (he Consictinm to Hstablish a Bopisicy lor
AL, and fuliilled the quantilalive neuropathological eriteria
for diwgmosing AT according to the Nativaul Inslilute on
Aging — Alzheimer's Assodution puidelines for the neure-
paihulogic assessment of ADY; thal is, AD Nenropathologic
Change scores ol A3, B2 and (310

Patients with P} {averape age al death, 790vaars; vo
males and one [emake) were clinically disgnosed using the
[T PD Sccely Brain Bank clinical diagnoslic crileria, and
(ke dingnosis was confirmed using hislopathologic criteria 245

Puiivnls wilh MSA (aversse age al dealh, 7ol vears; o
males and theee fomales) were clinically diagnoscd using the
criteria for delinite MEA of the secon] consensus statement
on il disgnosis of MSAZ Patenls with ALS (average age
at dialh, 62.2ycan; five males and one female} dlinically
fullilled the diagneslic crileria [or clinically delinile ALS,
clivieally probable ALS, or dinjeally probable labaratory-
supporied ALS sceurding to the revised El Escorial crileria,
and were proven by aulopsy cxamination® One male paticnl
with PSP (71wears at death) showed padkinsonism, and
[uldlledd the neuropatholopic oritera for PSP of (he Mational
Institute of Neorological Disorders and Stroke (NINDS)™
e male patient with PiekD (73 yeurs af death) was clinically
diagnoscd o8 baving dementia and persenslily change, and
fultilied the neuropatholugis disgnostic and nosologic crilea
for frontatemporal lobar degeneration.™

e female patient with NIID (aped 6% years at the time
of skin biopsy) who showed diffuze leukocnoephalopatayan
carebral MEI wilh chatacteristic high intensilivs ol subcorti-
cal Ll-ibers on diffusion-weighled imaging was pathobog-
catly disgnosed via confirmation of the skin biopsy findings
al ubiguitinfpaz-positive intranucesr melusions 1 sweat
gland cells und adiposytes.

Immunohistochemiziry

Five micromclor-thisk sectioms from formalin-fixed, paratiin-
ernbedded tssues woere deparaflinized and immmunosiaing)
with primary  antibodics using the streptavidin
bislin-perosidase complex (ABC) melhod  {Histoline
SAB-PO kily Nichired, Tokwvo, Japan). The sedlions were
immersed in 0.3% hydrogen perakide {1 2oujin Laboratonics,
Kumarnolo, Japan) it methanol for 30min, o Wock endoge-
nous poroxddase wolivity, and  autoclaved [or 10miin i
1 mmol!| . sodium citrate bullee (pELS), for antigen Telmeval,
Moreover, [or staining with the antd A[ sotibaocly, he fissnes
were treated with T0% lornic acid for 3 min. All seclions
were blocked in a solution supplisd by the manulaclurer
[or Mmin af room temperature, incubaed with the
primary antibodies overnight at 45C, and lhen incubaled
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with secondury antibodics raised against the animals thal
were usad to produce the primary anlibodies, Tmmuanoreac-
Hvity weus visualized using 115 mghmT. of 3,3 -diaminobensidios
retrachlovide (DAB) conlaining 0.03% hydropen peraxide.

Te examing the colocalization belween 5A amd o-
synuclein in MSA awd P13 beains, double mmunohislo-
chemistry was performed.™ The snli-SA antibody was
visualioed via the & BC method vsing DAB sy 4 cheonagen,
and the anti-rgynuelein salibody was visualized via the ABC
method wsing the WIT Substrate Bil (Veclor §aboratories,
Burlingame, CA, LISA).

Because Buniny bodics, which are o neuropatholopgesl
hallmurk of A15, can he easily recognizcd by LLE staining,
this mcthed was ioitiafly used to identify the lovaiion of the
spinal anterior hom cells conlaining Bunina hodies. Adler
the 110 sections were photographed, cuver slips were
removed from e slides in xyiene, and the speoimens wer
cecolorized in aleohol, then restained using the respeclive
mmritimolabeling.

To vonfinn specificity of the anti-5A anlibody, (he anti-
bady was absorbed by sialyllactose sndium salt (30883, Tokyo
Chernical Inchustry, Toloyo, Tapa) thal conlains an epitope of
the Mewdea?-3 bond recopnized by the SA aolibody, An
aliquot of the SA anlibody (U4l was preincubaled s
45 for 24 h with 38my ol (he salyllactose sodium salt in o
lola] volume of 200 ). solution containming 1% bovine semm
albumin, Another alicuot of the anti-34 anbbody was also
preincubated without sialyllactose sodinm salt in the samc
way, and served as a conlrol. The preincubated 5.4 antibodies
were used for immmnohistochemistey as described above,

Al seelions wers connterstained with hemstoxyliv, The
stained slides were evalualed under an Ofpmpus D72 micno-
seope using the DI2-BSO sollware (Olvmpas, Tokya, Tapan).

Double immunofluoorescence

Hor immunatiuorescence (10}, deparaflinization, antigen re-
tricval, blocking and labeling with the primary antibodies
were performed as deseribed above, Subscquently, the stides
were incubatcd witll & mistore of secondary wnlibuodies
i Alexa Fluor 488-conjugated] goat anti-rabbit 1g0 (Molecu-
lar Probes-Invitroger, BEugene, OF, USA Y and Alexa Fluor
SE8-comjugaled gnat antib-mouse TeG (Molecular Probes-
Invitrogen)} Tor 21, To avoid antofluorescence signals lrunl
the gpecimens, sections were immersed o Sudan Black
(Wako Pure Chemical Industries, Osaka, Japun) Lor 5 min,
then winsed m 7% ethanol, Vhe stained shdos were
monnted with Vectashicld (Veclor Laborataries) and cvalu-
ated under an 1V IGO0 confocal microseope {(Olympis),

Primary antibodies

The primurty unlibudies used in this study wers as [ollows: rab-
bit podyelonal auti-a-synuclein snfibody raisad apainst aminag
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acids (aa) 111-131 {1:500, ABS03EP; Milkipore, Billerica, MA,
UISAY rabbil polyclonal ant asymuclein antihody raized
agennsl g TT0-131 (L2000, prepaied j_L1-11n;_:-|_|5|.'.);;ﬁ':)"q| rabbit
polvelanal anti-Ap aotibody miscd against the O terminal of
AR 142 {1200, ABSOYRP Millipoe); mouse monocloms]
yali-Afl anr:ihnrl}r felone AGE)Y ruiscd against sa 1724
(1000, SIC-39220, Simel, Dedham, MA, LSAYR monse
rneclondl un i PHE tau (efone ATR) radsed against purificd
human FHE-tau phosphorylaied sl Sec202 and Tha2035 (ATA
antibody) (11000, MINI020, Thermo  Hisher Sclentilic,
Wallbam, A TISAY rabbit pelvclons] ant- phosphorylated
prulein kinase-like KR kinass (anti-pPERK) anlibody raized
arainst g ragmenl of pPERRK phosphorylated at Theogl,
(1800, £c-32377) Santa Ciar Hiotechnolngy, Dallas, T,
LsA); rabbit polyelonal anti-p-tan anibody tatsed agsinst a
svnthasized peptide phosphorndated at Sec214 (ptan Ser214
anfibody) (1400, 44 200 tavitrogen, Camarilln, CA,
LISA ), rabbil polyelonal ansi-phnsphorylated Irums-activalion
response IDMNA-Dinding protein £3 (pTTI43) raized againsta
peptide qonlaining esiducs 404414 with  Serd(i95er410)
double phosphorylation, which we named “2A% (13000 for
thee ABC method and 1600 Lor IT, prepaved in-house )™
mouse moposdons] soli-5A antibody (elone HY B4) raised
apainst 1%3MNewAcnledCear, which recopirizes A structure of
MeuAced 3Galil-4ieN Ach-30alp 1 -401:p1-1" Cor (1500
[or ABC the meathned and 1100 for IF, §11-25171; Wako Tare
Chemical Indusitics)™  rabbil polyclonal anti-lysnsome-
assouizied membrane protein-1 (LARMIP) antibody caised
againsl @ 131161 (1500, AMTRZ3a; ABRGENT, San Disw,
LA, TISA) rabhit polvclonal anli-cathepsn D anlibody
(110, PU205-UIP;, BioGenex, San Bamon, CA, TISAY: rabhbit
potdyclonal anti-cysialin-C antibody (12300, A4S 120A 10,
Cilustrup, Denmarlc); rabbit polyelonal anli-pe? anlibody
radsed apainst an 120440 (L1000, PMO4S; MBL, Ajchi,
Tapan); and  rabhit. polyclonal  sol-ubiguiin  snlibody
{12000, /0435, AR

RESULTS

MNETS, GYDs pud DNs in hoth AT and condral
brains were hypersialylated

Staining with rhe aofi-54 antibody, which rocognires supar
chains vonlaining o NeoAen23 hond, [ed to the cleaar -
slalisaiion ol pranular ov filamestons stactiies in balh
AD and contral brains. o the hippocampos of AT brains,

Fig. 1 Anli-sialic add (5A) antihody deteeecd nencofibrillary tangles (2TT:Y, and pranulovscualar degenerations [CVDs), and dysiriphic
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lame-shapoed malerials (Fip. 1A, TH) and pranule-con lyining
vuuuoles in the neuronal evmoplasm (Fig, 107, a8 well as clus
tered awnllen straciires localed oulside of newrons (Fie. 117
were slained wilh his antibody. | 'he staining paltern was ob
served as METs, G5 and dystroplic noudles (DMNz) of se-
nile plagnes (5Ps), respeetively™ These structires labeled by
this walibody were also found in the lrontal (Fir 1E-G3) and
oeeipital (Fig. TH-1} corfices, the pedagueductal gray matrer
af the midbeain (PAG) (Fie. 111, pontine nucled {Tig 10,
M), and the medulla (Mg, 100 Inmuoohislochemistry
showed that positive Jaboling by the and-SA antibody was
myat prominenl e commo ammoniz 1 00A1) ares of Lhe
hippocampus i ALY heaing. The AT and p-lau Ser?14 anti-
bodics raised against p-tan delecied NFTs and DN, bt not
iV I8, in AL brains (duly nol shown). With regard 1o spee-
iicily ol the anli-5A  antibody, preircubation wilhout
sidlyllactose sodinm salt did not reduce the reactivity of the
antibody (Fig. R However, the ant SA antibody prein-
wubaled with sialvlzclose sodhom sale totafly lost (b peacliv
ity [or GVIs, NETR and [DNs (Fig, 15T, indicaling this
antibody specifically recognized the Newden2:3 bond.

To exanine whether these hypersialylated struciurnes
weere aolually the same as VIR, NE TS o TNy, double IR
analyiiy was performad. ' Uhe amyloid core of 3Py, which con-
taing AR, was not inunuoosiained by lhe antd $A antibody
(Mg, 2A-F), In conlrast, the TNs surrounding the 5P gor
siemed 1o be lubeled by this antibody {Tig, 2A-F) The p
lau-positive 13N (Fip. 205-1) and NOTs (Fig, 2I-L) were hoth
stained by the anri-5A antibody, The GVDs, which were
negative fnr p-fuy {(Tig, 2G-L, circle), but positive Tur
PPERK (T, 2W-0, circle) ar pTI3%45 (Fig. 2P-R, vircle),
weertt also stained by an anti-5A antibudy, ™™ To casmine
whether the geanular steociorey That were pesitve for the
anti-5A antibndy were ysosomes, u double TH analysis vaing
lyansome markers (LAMPI and cathepsin 13} was also per-
formed (Fie, 253, These lvsosome markers were puriially
colocalized with the anti-SA antibody, bul ool lo the cxtont
obaerved for MF 15 ar GY s (Fig 25-30, 550

Characteristic pathological hallmarks of tanopathics,
hut not those of ather nevrodegencrative disorders,
were also hvpersinlylyted

The slalus of sialvlalion of the characierislic neuropaiholog
wal hallmarks of nearodegenerative disorders other than
Al was also investigaled, Lowy bodics (LEs}, which are 2

pzites (DNS) in nearons fram various' parts of AL beains, Lo e cotnu ammonds T (CAT) aven of A lrhelmes’s disease (AD) braing, NFTy
were inmunustained by the anti-SA antibody (A), 'Lhe iaser showed Qame-shaped NTTs (R G328 (0] and DING of senile plagues {T1) wore
alsu immunostaine by the anni-SA antibody, NFTs, OV and T were wlso positive for 34 in acuvonss of e frootal (T-0i) and ool pital
(FIT) corlices, the prrtaquendizeeal gray matter of the midbezie (ELY pontine nocle (M0 and the nredulla (0P The snii-S4 snibories
were preincnbated withor (0 and foset ) or with {5 and insel T) the sialylinetoss sodinm saln and vsed for iresmnunuhistachemisery of the
subiculum of an AR Begig. O and R are compacable o8 and T of the seme A1 subjeer, tospeetively, Scale Dars: A, 0 and &, 100 umz; H-12,

T amd T, Wi,
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TFig, @ Double immuneluoresceoue  anales
using the anli-salic acid (S4) anliludy o the
hippecampus o Aldeiners  dissass (AT
Irains. The Af-positive amyloid core of senile
plagues (80, sectanple in A, and TV was owl
stainsd by the anli-5A antbody {reclangles in
B, C,and E, F] in the hippocumpus ol AT rains,
Conversely, the dystiophic neurites (DMs) ol 50
wele not stainsd By AR (AL, bot were stained
v 8A (BACEF) The oxed arsas i A, B oand
are enlareed in D, E and F rezpactively. The
p-tan-positive 1Nz {03} and nevrohnllaoy -
glea (ME1E, arrowbeads in J) wers also labeled
b the anti-sA antibody (HLICL, reapectively],
Cranmlovacuelar desenscations (Y Ds, circles
n Cr-1.) werz naaative for p-oan, ot positive for
s, The phosplorylated protein kinaze-like ER
kinase (pPERE)-pesitive and phosphorylated
trang-activation response DNA-binding protein
A3 (p1DFd3)-positive (VD3 weors colocalized
with 54 (cireles n MO and 114 respectively),
In contrast, SA-positive WFT: (avrowhends i ™
and O wers not positive [or pPERK or pTD-43
(MOLER, respectively). Two lyscsome markers,
lhe Deosomal-assocated membrane  proein-
(LAMTID) and  cathepsin T were  prarully
colocalived with SA (517 end WX, respectively),
Dot el 1oy the ealenl observed Tor NETs or (W s
Scale bans A-C wnd AT, S0 ey T-T 1200, WX
25 prm; 3-17, 18 prm.
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Hypersialylation of NFT and GVD
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Fig, 3 Sialicacid (5A) loununoreactivity in the pathelogical hallimarles of verious newrodegenersdive disordor. & and B are serial sections of
the snbstantia nigra of the saewe Parkinson’s disease (TD) boain, A and T ars entarged n O end T2, respectively, The anti-g-ssmuclzin ansdbaody
Led o the viswalization of Taewy bindies (LTs, A ) howeeer, the soma T8 seere et laboiod by che anti- 54 antiborsy (8,01, However, (e
smaller punctuie siractures were Tahelad by the anti-34 antibody (T,12], Donble maonohistochemisty showed tliat the ponctats strocives
stained Ly the anti-5A anlibecy (hrowen) appearcd around THs wers also stained by the anti-e-symrclain antibody (pogple) (B amd enlargsd
in F). Some of the brown punetare: strustmres deteetod i the vacmales were similar to the appeasance of pranulovacuslar degeneralioms
[GVTs, T Double immmpohistechernistey of the pentine noclsi of mnltiple svstem atrophy (A5A) Trains using ant-5A (brown) anl
rili-e-synuclein (pomple} antibodics shoved that glial eyroplasmie Inciusions (GCls, purple) were nol pusilive for e anl-B4 antihody (G
TTorwover, the smaller ponerare stiemres wers Jabeled by Both the ant-5A (brown) and anti-u-syuuclein {purple anlibodies (G IT) ITE stain-
ing showed the presence of Dusina bodies i e anteder Born cells (arrows in T) in Uhe Tumbar spinal ciord of amyotraphic lateral scleresis
[Alsy The specimen shown in T was decolorized ard eestained with the andi-3A anlibowy, amd ne pesiive sioocturss were confirmed in the
semie gnterion lorn cell {1 Serial sections of e Jumbar vord of 4 paliznd with ATS showed thal the skefn-fike inelosions (K and rovnd incl-
stoms [T wers labeled Ly the anli-phosphorylated lans-activation vespeomss T A-binding prestein A3 antibody (p U0P-13%, but nor by the aari-
St antibody (FLL and MM, respectively ). Astensks # and =5 in B and 1., and = in M and N indicats the reforenen vessels that were used o
comfivm the positiog of the respeetve enedior hom cells The sni-54 andbody Fahelod the globoss-tpe aemcefibrillace sanples (NFEeT in e
substantia nipra (3N} neurons of u progresiive sepramucleat palsy (PSP brain (O3, Pick hodies in nenvons from the cornn amunenis 1 (CA)
Arza (L and enlarged in Q) Pick hodies from the dentate pyros (R and enlarged in 8 ) and hallooned nevrons oo Pick cells from the tenporal
correx (T) ef a Treain with frombslemnporal [ubar degeneration with Pick bodics (Pick13). A skin biopsy specimen of a patient with newronal
intranuclesr inclusion disgase (MITTY showed thar the anb-ph2 and anti-nbiguitin aptibodics labelad intranicless inclusions insweal clund cells
and adipocyles (TLV and enlsmped insels]. The ant-5A antihady did not stain these inelnsions associared with M1LD (W), o the conleol Trains,
lipoluscin granuies (2 and corpora amylaces (Y] intha CAL areg of the hippocampus, aod melanin granales (Z) in e 5N 0f the midhrain

were Tl laheled barcheanti-5 A antibacly, Scale bars: A BB, 30 pme C-0 000082, 10y -3, 20 e,

Aalimark of M2 and eontain a-synncleiy, were nof obviously
positive foe 54 (Fig, 3A-T0), However, sorne punelale male-
rigls were lubeled by the anti-34 antibody in the same
neurons of the substantia nipra (35) that contained LB and
melanin gramales {Fig. 30} Thess findings were reproduc-
ihl¥ confirme] moother SN nourons of three PO bruins.
Duble imnuwnchistochemisoy showed that the amall
punctiate structires were stained witl) the anti-54 aufibody
(hrow), and that LBs were mdependently sluined Lor o-
synuclein (purpls) in the ssme cell (Fig 3EF). Morcover
some ol the small pranular struetures were localized within
thi vacuole, which were similar o the appearance of (v IS
(Fig. 3E.H).

I MSHA Brains, lypivsl glisl cvloplasmic inclusions
(3CIs), which are s pathological hallmark of M5A and con-
lain e-synuclein, were not obviously lzheled by the anti-5A
antibody (browm) (Hip. 3¢5, However, smaller panctate
structures were posidively labeled by Doth e anti-5a
{hrown) and anli-o-synuclein (purple) anlibodics (Fig. 3G,
I}, Some of e smaller punctate structures were [ocalizad
by the (b= (Hig, 305, whereas others were indepenclent
of G0N (Fig. 3H).

The presence ol Buniny bodies, which arc a palhologeal
hallmark of ALS, was confirmed by HE staining in the lum-
bar anteriar norn cells of patients with ALS (Figo 30 The
HE-stained slide shown i Fignre 31 was decolorized and
subsequently teslained with the ant-S5A antihody, Bunina
bodics n the same slide shown in Figere 31 were not faheled
b the anti-SA amibody (Fig. 313, Moreover, ollier hall-
murks of ATS, thal s, skein-lile inclusions (Fie, 3K) and
roand inclusions (Hip, 30 that were positiee for pr1120-434
were trtally negative for the anti-24. antibocy (e, 3000,

Globose-iype NFTE, which are a ballmark of PRT, were
detected by the anti-5A antibody in the 5N neurons of o

P3P midbrain (Fig, 30), NFTs in the nourons of the puta-
men, eculomotor tuclei, and PAG were also labeled hy the
anti-SA antibody in the same PSP subject (dala nol showa),

Hick hodies, wlich ane s hallmark of PickDy, were pozilive
[er 3A in the neurvos of the TAT area of the hippocampus
tFig. AP0 and of the dentate pyrus {Fig. 314,50 The smaller
aramzlar materials observad within vacuoles, which wery
sirndlar Lo thee GV, were wlso labeled by the anli-SA anti-
body (Fig, 300, Moreover, staining with this antibody lecd
Lo the clear visualization of Tick bodies in the neurons of
other broad areas, inchuding the temporal cortes, thalamus,
putamen, and pallidun {data nol showo), In the lemporal
voriex und putamen, the sni-3A anlibody also stained the
somala of larger cells, which were reminiscent of ballnone
neurons {alsn known as swollen cells or Pick cells) (Tie, 3T
I'hese hallooned neurons were clearly distinguishabils [Tom
Pick bodies based on their siee and appedranes; that is, the
bullocned peurons were lager and showed perinuclear
staining, and Pick bodies weare smaller and roand- or oval-
shaped [Fig 305,17,

The pé2abiguilinposilive neeronal inirsoociesr inelu
sipng observed inothe swesd gland cells snd adipocytes of
thee skin biopsy tissue from a patient with NI were not
clearty laheled by the anti-3A antibody [ Fig, 3U-W), Physt-
ological or nonpstholegical structures were also analyeed in
the control braims, The lpofuscin granules ohzerved in nen-
rong and the corpora amylacea in astrocytes of the CAL
area, and the melanin graniles observed in SN nourons werc
uel Jabeled by (he unli-5A anlibody (Fig. 330Z).

Double TF anatysas revealed that the L1s detected v pa-
tients with P13 were pactially colocaliced wilh g-synuclein
and 3A al the owler edge of LBs; however, the cores of
LBs were negative for SA (Fig. 4A-C0 1he (301 observed
in MEA suhjects that were stained wilh o-svooclein, were

8 2015 Japunese Society of Neurnpathology
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Fig, 4 Double imemanofueoreseence analyses
aof he patholagicsl hallmarks of vacious renmo-
degrenerative disorders wsing e aoti-sialic acid
(5A) antbody, 1o theo subsbmliz oigra of 4
Purkinsons discase (1Y) brain, Lewy body
cores hat wers posifive for esvnicein woro
not imrmlsostained by the anii-30 antbody,
TTerwoever, w-synuclain-posilive smallsr poacrate
siructares lacated at the ouler edee of the core
were colocalized with 54 [A-C) T the pontine
nuelei of & mmltple systemn ateoply (BSAY
hruin, alial crtoplasmic inclusions (GC1s) that
were positive for ghsynucluin were 0ot cleatly
colocalived with 5 4; hiwever, sinaller puanetats
wiruelures located noarhy or indspendentiy of
Ty were colocalizod with 5A (D-L arrow-
hewds) Tn the humbar anterive o cells of an
arnyoLeophis lateral solorosts (ALS) spinal cord,
shein-dilee inctvsions snd round incluzions that
wore pumitive tor the phosphorylaed trans-
activelion jesponss LINA-protein 43 (pTDI
A3 (T wnd M, respeerively), and Tunma bodiss
positive for eystatin-C (1) were not cilocalized
with 5A (I and L, 15 aad © (3 and B, respec
rivedy), 1he globose-tppe negrotibrillary tneles
acotmabated in e sobstantis piars noeuron: ofa
oropressive supraneisan pelsy (PSP Drain
were colocalized wilth p-low anod 55 (5-10). Fick
bedies i genrens From the coron ammands 1
aren of a froaroterporsl Iobar depeperston
wilh Pick bodies [ Pick]7) brain were colocalized
wilh p-law and B8 (V-3 Seale bars: L0 L.
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dable 2 Summary af the stams of sialylation of the pathological hatlnacks of varous nenrode penerative dissases

Dilsense | Al (n=1) 'l r=3) MSA (=5

Alsina6) PEP (pe=1) | PLEI p=1) | NUD (u=1)
(1w, o cases ) :
Hulbmarks VT e | s5P Ly oy | (G001 ghein-liks | momud | Bymima | MNIT Pizk hindy il raoglsar
inclozion | inchision | Liody inclusion
Marker ATTHP-A Pl [ AR (zore) | aesyonclcin [ eosvmiclein | pIDP=3 | TIP3 svslaiin- | pereu THtau | ubeuitin
redeing PEERTC cn: p-Lou { D) L it
Status of LR Lo+ | Corc - I+ I - -tk e
sialylathen 0¥z +++ HES R {uudial}
|
Reginns M ey and brainstem Aulwtaniig | Ponlins Antcring Tore valls ol lurmbar Subarantia | Mencartes mkin
exained it nugleus il ol | migra
Thie stuius ol siglylation was seaved Ly semmiguantitative swaluation perficimed ol 200% magmification, +  severs, o moderale, + nuld, - none; AL,

Alalieiimer's disessy; P13, Parkinaoa's dissuse; MSA, mullipls sysem alroply; ALS, amyatraphic fatcral sclerosis: FETY progressive supramclear palsy;
ik, ronlolemporal lnhar degencialion with Pick kadies; N1, nenrooal tcanuclear inctusinn discase GV, prinlovacuotar degoneration, NI,
uedrulibriliary tangle; 5P senile plagus; GO glial eyropiasmis incision; pTLY, paasphorylated TATR DNA-bindine protsin pPERE, phasphorsdilel
protsmn kinase-lke ER kinasey potau, phosphorylatzed tang TN dystioplhic neurdles.

wol obviously colecalized wilh SA (Fig. 413-17. 'The simaller
punctate steictices thal wers independent. ol Lvpical GCls
were qolocalived wilh o-synuclein and SA; morcover, some
wl hese souctures were localed in the proximity of GCls
(Fig. 413-1, arrowheads), Skein-like inclusions (Tig, 47-L)
and ronnd inclusions (Fig 48-003, which were both positive
for TDP-43 und Bunina bodies (Fig, 4P, which were pos-
ilive for cystatin-U2, were nol obviously colocalized with 54 in
patients with ALS, The globose-type NF s, which were posi

tive for pelau m & PSP brain, were codocalized with SA
{Tiz. 45-10), Pick bodies, which were positive for p-tan i a
PickDD brain, were alao colocalized with SA (Fip, 4v-X), The
dssociation hetwesn the aboveanentioned characlestic neu-
ropathologival hallmarks of various cemodegenerilive disor-
ders and the status of siabylation ks semmearized in Tahle 2.

DISCTISSION

The present study cleady showed that  prominent
hyperstalylation of NI'Ts, GVDs and 1MNs of 5P is 2 vom-
mon pathological Gature in ALY and other uopahics !
Hypersislylation of these structures was confirmed in broad
arcds, including the A1 area of the hippocanipus, the fron-
tal, temiporal and occipital lobes, e PAGH of the inidbeadn,
the pons and fhe medulla of AD brains (Vg 1), Double TR
analyses revealed that, in A1D and other tanopathies, p-tan
wits colocalized with 8A (Figs 26-L and 45-3). In eontrast,
the amyloid cores of SPs, which are another important hall-
reack ol AD palhology, did aof show colovalivalion of A
and 84 (Fie. 2A-F), ‘Ihess resulis indicate that p-rai, bt
not AR was hypersialylaled in AD brains, As physiologicul
ur nunpzlhological structures, such as lpolusein granules,
corpora amylacea and melanin pranules, and the character-
istic pathological hallmacks of other neurndesenerulive dis-
orhers, such ws PO MSA, ALS and NIID. were not

sialylated a1 a level delocted in A brains (Uigs 3 and 4),
hypersialylation of WETs, (318 ang 13%s seems o he o
highly spucific finding of AID palhopenosis. Tatarestingly,
the disease-specilic  paihwlogical ballmarls ol olher
taunpathics were also hypersialylated. The plobose trpe
Mg ina PSE brain and the Mick bodies snd ballooned neu-
runs o d PickDd brain weve also cearly hvpersialylated at
level comparahle to AD bruing (Figs 30-1" and 45-X), As
these patholugival hallmarles contained p-tau, p-law prasent
in the lauvpathies may also be hyperdalylated?™* I'hese
fndings indicate that hypersiabdation of p-taw is involved
in the common pathologicdl processes of Al3 and wiher
tauopathies. Previous studies have showin thal nonphos-
Phorylated o petav in AL braios, bul ool zommal kuman
lau, arc atlached by warious sugars, such as palactose,
glucose, mannose, N-weclylglueosamine (Cile™MAc) and
NewAc, via N-linleed glyeosylation ™ 1n addition, it has been
reprorted thal aberranl glycosylation Facililales hyperphios-
phorylation of taw, resalting in the [ormation of NE g5
Therclore, our results rdghi suppori the association between
hypersialylation and promoton of tau phosphorylation,
cansing subssquent seeunmdation of NFTs in AD and other
tauupalbics ™

The LB cores detectad in PD brains were not stained wilh
the anti-5A anfibody (Figs. 3A-F and 4A-00), Previous
reports have shown that a subsst of LB cores wis stained
wilh an anli-law antibody in PD and dementia with 1.3
Aceording to these findings, it is speculated that tuw is ool
hypersialylaled in LB cores, and thal b mechanism of tan
accunllation in LEs is different rom thal involved in ATD
and other taunpafhies. e-synuclein may be cragial as o mides
ara seed for fau accamulation at the ouler cdae of LRs

In FI¥ and MSA brains, hypersislylated small punctate
siruclures were also confirmed adjacent to the L1s or GCTs
{Fips 3A-H and 4A4-T). In PD beaing, similar struclures were
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previously  reported  to contain ETL  slress-rospunsive
pruleing or unfolded protein response {[TPR) proteins, such
as pIFERE and pelFZo, which are involved in the apprega-
tion and acenmulation of wsynucdein® Similarly, in MSA
brains, small siruelunss were foid 1o contain LR proing
in edipndendroplia, wiich were activaled al ancarly stags ol
MSA nevrodepeneration, ™ Mareover, the (3 Ds were also
reporled Lo conluin UPE profeins, Inclading plERIL
pel2g and pIRETa™ The smaller hypersialylaled sioi-
lures deiected n PI3 and MS5A braing (Figs 34 H and
dA-Tp suggest thal he provess ol stalylation is closely asso-
ciated with an activation of he UPR rosponse, begause
glyrosylativn pathways can influence KR stress.

Leelin i a colleclive femn fur the protein family that can
hind to sugar chains. The Maaelkia annrrensis (WA A) lectin
wits reporied m detect PHE-ta1 nn Westarn blot, and sluins
NFT: in the AD brain®* Ilewever, it has not been
repovted that the GV could be dulecied by Iecting*
These findings sugpest that the anki-5A antibody is able 1o
deleot the status of siabylation more sensitively than lectin
proteins. Actually the anii-SA antibody was veported 10
recnpnize ore diverse glycoprolcing  conlaining SA
residues than the MAA lectin, ™

In summary, we reporl the navel findings that the NFTs,
(3% D5 and DNs in AD brains and Lhe charscleristic stric-
tares in other tauopathies, bt not other pathological hull-
marks i PI), MSA, ALS and NI, were hypersialylatcd.
These findings suggest Thal hypersialylation of taa s
commonly azsocidled wilh (he pathupenesis of tauopathies.
‘Ihe LiIPH-associated smaller structures deteeled o PTY and
MSA brains wers alsn hypersialylated, indicaling u crucial
role ol sialylalion for the aviivation of the LI response.
Although previously reporbed anti-tau anlibodies can also
detect MEIs, immunoreactivity for GVDs wus nol always
ohasrved by thess antibadies. =" Because (he anli-SA anii-
Lody  specifically identified  NFIE, GGVDs and DNy,
mmunosisining for sialylalion may represent a nseful tool
to screen these struclurcs in g Jdiagoosiic seiling. Clarilica-
fieer and 2 better understanding of the mechanizm thal leads
Lo the hypersialylation aod accummlation of tan will help to
develop eleclive therapies for ALY and other tauopathies.
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Anti-MuSK Antibody-positive Myasthenia Gravis
Mimicking Amyotrophic Lateral Sclerosis

Matsumni Furuta', Kunihike Ishizawa', Makoto Shibata®, Setsuki Tsukagoshi',
Shun Nagamine', Konki Makicka', Yukin Fojita’, Masaki Tkeda', Shunsuke Yoshimura
Masakatsu Motomura™, Koichi Olamoto! and Yoshio Tkeda!

Abstract

We herein investipated the clinical feafures of lhree pativnts with anti-muscle-specific tymsine kinase
iMuSK) uantibody-positive myasthenia gravis (MO), which was inidally Jifcull o dislinguish fom
amyotrophic lateral selerosis (ALS), The paticnts exbibited dropped head syndrome or dysphagia as initial
symptoms, Although their clinical findings were compatible with the revised B Escorial Criteria for ALS,
their progression appeared to be more rapid than that of AR, Doth the edrophondum and repelidve nerv:
stimulation tests yiefded pegative resulis, and diurnal Ouctuation was not confirmed. The patients were wlti-
mately diagnosed with anti-MuSIK antibody-positive MO, We therelore recomnnend he mensurement of anti-

MusSK antibodies when encountenng such cases.

Eey words: muscle-specific tyrosine kinase (MuSK), anti-0MuSK antibody, amyvolrophic lalersl sclerosis
(ALSY nyasthendy gravis (MMG), plasmapheresis

{Iotern Med 5d4: 2497-2501, 2015)
(DOT: 1216 nternahnedicine 54.4645)

Intmdu:_:iiun

Amyotrophic aternl solerosis (ATS) 15 characterized by
signs and symptams caused by the degeneration of 1he up-
per and lower motor nevrens, which leads to the progressive
weakness of the ulbar, limly, thoracic, and abdominal mus-
cles {1, 2). Almost half of all ALS patients will die within 3
vems ol symplom onsel, mimurily bueagse of respiratory
failure (3, 43, A misdiagnosis of ALS, instead of other neu-
rological disorders which cun be ireated, shoold be avoided.

Approximately 3-H% of the toral monber of patients with
myasthenia graviz (MG) has antibodies apainst the muscle-
spuecific lyrosing kinase (MoSK) receptor (53, The paticnts
with anti-MuSK  antibody-positive myastbenia  gravis
(MuSEMG) cxhibit a distinct clinical phenotype and may
differ from “lypical” MG associaled with antibodics against
the acetylcholine receptor (ACHR) {5, 6). The diagnosis of

Mo3K-MG is ollen chillenging because of its alyvpical pres-
entaticn, with little or no dinmal fluchation of the myas-
hende symploms, poor esponse to the edrophonium test,
and nepative results in the electrodiagnostic sindies, inclod-
ing repelitive nerve sdmulation (ENSY. Bulbar weakness or
dropped head syndvome, which 15 vormnonly [ound in bolh
the paticnts with WuSE-MG and motor newron  cisease
(AN, may Bamper e Jilferenlial disgnosis of this condi-
tioa (6.

Wi hercin repurl three cases ultimatcly diagnosed as
MuSk-MO and whose clinical fndings were conpatible
with the revized El Bscorial Criteria for ALS {71

Case Reports

Case 1

A Td-yew-old Fapancse woman presented with dropped
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Figure, A histological anaiysis of a muscle biopsy rpecimen
from case 1 (A} Tlematoxylin amd Eosin staining showed mild
varinbility of the fiber diameter and infrequent small ungolal-
wil fibers (arvow). (B) Nicotinpmide adenine dinucleotide te't!'a-
zolivm rveductase staining showed u mosaie distribution of
types 1 oond 2 moscle fibers and no fiber-type gronping. ()
Chalinesterase staining using thincholine revealed an almost
novmal disteibution and amount of mator end-plates {arrow-
heads), (I Acetvleholine receptor (AChR) staining using
peroyidaze-labeled  alpha-bungarotoxin  revealed  that  the
ACHhE density was not visibly decreased {arrows) (T) Crmple-
ment component 3 (C3) staining using peroxidase-labeled anti-
€3 antibodies and (F) bumunoglobulin G (Tg) staining uxing
peroaidase-labeled Protein & showed uo immome complex de-
positions (C3 and IzG) at the motor end-plates. Bar, 10 pm.

head syndroeme in March 2005, Two months later, she was
admitted to our hospital because of the progressive weak-
ness of neck extensor nmscles, dysarthria, and dysphagia.
She had a history of cervical spondvlosis, hypuriension, and
hypercholesterolemdn, A neurological examination: disclosed

wedkness in the neck extensor, orbicularis oculi, orbiculans
oris, and deltoid muscles, with grade 4 manval moscly lesl-
ing (MMT), Faseivolalivns were observed o the facial, hi-
lateral hiceps Teachii, ticeps hrachii, and guadriceps femoris
muscles. Thers was no evidence of musele alrophy, Her ten-
don peflexes were all normal, The Balbanski veflex was pre-
senl bilaterally, Her neurolopical findings were compatible
with the revised Bl Fscorial Critevia for possible ALS (7),
althongh her pyramidal tract sizns could huave resulted [oim
cervicnl spondylosis, She did not report o dinroal thucmation
ol the motor symptoms. The edrophonium test did not im-
prove her muscle weakness, and RINS at 3 He in the nighl
abductor digil minimi and lrapezivs muscles Qid not sho
decremental tesponses. The results of the nerve conduction
smudies (NCS) performed ac the bilatoral median, olnar, lib-
ial, prroncal, and sural nerves were all normal, Meedle elec-
romyosiaphy (EMOG) disclosed fascicnlation potentials at
rest in the bilateral biceps brachii, first dorsal interessel, and
gquadrceps femoris museles, Her andi-AChE antibody  titer
wag within the normal range. Chest computed tomography
{CT) rovealed a normal appearance of the anterior mediasti-
tunn, withoul. either any abwious thymoma or thymic hyper-
plasia.

Seven moenths later, she developed diplopia, bilateral hie-
pharaprosis, and dyspnea, Repeated RNS at 3 Hz revealed a
1% decrement in the left trapezivs museles. The ani-
MuSK anlibudy liler, as evaluated by a radisimmunoassay,
showerl a pathological elevation to 10.53 nmolT {nommal
lewel, <0.05 nmolT). Her forced vital capagity (TV0D) was
28,65, and her quantitative myasthenia aravis {QM(E) score
was 19, A muscle biopsy was perfommed al he left biceps
brachii muscles, Hematoxylin and Hesin staining showed a
mild variahility of the fiber dismeter and infeguent small
angulated Obers (Fizore A). Nicotinanide adenine dinicleo-
tide tetrazolium reductase staining showed mossic distdbu-
Hon of Lypes 1 and 2 muscle Ghbers and no fiher-type group-
ing {Figure ). Cholinesterase staining using thiocholine re-
vealed an almost normal distnbution and ameun. of end-
plates (Figure €3, and ACHR staining u:_:.ing peroxidasze-
labeled alpha-bungarotexin (Figure I showed that (he
AChE density was nol obviously decreased. Complement
component 3 (C3) staining using peroxidase-labeled ant-C3
antibodics (Figure E) und ftmmunoglobulin € (10 staining
using peroxidase-labeled Protein A (Figure F) revealed an
ahsence of immune complex deposilions (T3 wnd IgG) al
the motor end-plates, These findings were consistent with
the histopatholegical characteristics of MuSE-MG (8, 20
Agcording to the abovémentionsd [ndings, s diagnosis of
MoSK-MG was establisherl.

T'he patient was meated with oral prednisolone, which was
imercazed up lo 25 my daily [ov 4 weesles, and thergatfier was
taperad 1o 22,5 mg daily, She also received seven courses of
double filoation plasmapheresis. The palicnl showed 8 e
markable improvement aller Leatment, with an BV of
T4.7% and a QMG score of 5.

Mine years after the onsct of the disease, the paliend
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showed no cxacerbation of the symptoms with a mainte-
nance therapy of prednisolone (8 mg daily) and tacrolimus
Livdrate (2 mg daily).

Case 2

A a2-year-old Japanese wornan prosented with dysphagia
in Jamuary 203, She had no rematkable medical ldstory
Six months later, she was admitted to our hospital due o
the development ol dyvsphagia, dysarthria, and dysprea She
bad rapidly lost weighl over (he previous year (6 kg in |
yeary A neurclogical examination disclosed weakness in the
orbiculads ocnli and oris moscles, with prade 4 MMT,
Therg was oo evidence of Umb weskness, Her tendon re-
flexes were generally hyperactive, and her jaw rellex was
brisk. Muscle atrophy and fasciculations were not observed,
The Babinski reflex was sbsent, Her newrological findings
were compatible wilh 1he revised 0l Esvorul Crileda for
possible ALS {7, She did not report a dinenal Tuctuation of
the motor symploms, The cdrophonium test and BNS in the
right abductor digiti miniind showed negaldve resulls, The
NCS and EMG findiﬁgs were normal. Her anti-ACRIR anfi-
body titer was within the normal renge. Furthermore, uo
thymic abnormalities on chegt OT were observed, Although
her I'VC was normal (102.5%), an arterial blood pas (AR
analysis on room air showed hypunemda [partial pressure of
oxyzen (Pall), 63.9 mmHg| and hypercaphia [pactial pres-
gure of cabon dioxide (PaC(k), 51.2 mmHg). Her QMG
seore was 3. The anti-MuSEK anibody liter elevaled to 23,0
mnelT (mormal, <001 omolfl). According to these tind-
ings, the patient wus dingnosed with MuSK-MG.

The patient was treated with oral peednisolone, which was
increased up to 20 mg duly for 4 weeks, and thereafter wag
tapered to 17.5 mg dailv. She also received (hree courses of
simmple plasma cxchange. An ABG analysis on room air re-
vealad an improvement, with a FaQ: of 82,9 mmHg and a
FaCh of 47.5 mmHg, ‘The patient alzo exhilited an im-
proved QWG seore of 3.

One year after the onsel of lhe disease, the pulicnl
showed no exacorbaton of the symptoms with a mainte-
nance therapy of predoisolons: (15 my daily).

Case 3

A G3-year-old Japanese woman presented wilh droppued
hesd syndreme in Apdl 2013, She had medical histories of
autoimmune  hepatilis,  hyperlension, and  hypocheles
terctemia. Two months later, she was admitted o our hospi-
Ll with complunts of weakness of the neck extensor mus-
cles, dvsphagia, dysarffois, sand dyspoca. She had rapidly
lost weight over the previous year (10 kg in T vead A neu-
rologion]  cauminaton  disclosed  bilateral  blepharoptosis,
weakness of the oibicularis oculi and delteid muscles with
arade 4 MKT, atrophy of the tonpoe, and hyperactive len-
don reflexes in the upper cxbremities. There was no evidence
of any muscle alrophy in the lmbs, Fascivilations were ob-
served in the left first dorsal interossel imnscle, The Rabinski
reflex was sbsent. Hor ncurological findings were compat-

ible with the mevised El EBEscorial Criteda for possible
ALE (T) She did not report & diurmel Ductuation of the moe-
tor symptoms. The edrophonium test and NS in e righ
abduclor digii minimi and thenar muscles showed negative
tesnlrs, The NCS Oodings were oomogl. The EMG showed
fasciculation potentials at rest in the left Grst dorsal in-
terossel moscle. Her anti-ACHhK antibody titer was within
the normel range. There was no thymic abnormality on
chest CT, Her IV wus 35,6%, und her QMG scome was 13,
The anti-MuiIK antibady titer elevated to 180 mnolL (por-
mal, <0.00 nmol/T2). According to these findings, the patient
was dingnosed with MoSE-MG,

The patient was (reated with oral predomsolone, which was
imcreased up to 25 mg daily for 4 weeks, and then tapered
e 22,5 g daily. She alse received three courses of simple
plasma exchangs, The pulienl showed s remackable im-
provement after therapy, with an PV of 63.6% and a QMG
suore of 6.

One year after the onset of (he disease, (he palicnl
showed no cxacerbation of the symptoms with a mabite-
nance therapy of predndsolone (15 me daily).

Discussion

In this report, we described three cases of MuSK-MG (hal
wire difficult te distinguish clinically from  bulbar-onset
AlS

All three patients were female and exhihited an onset of
wipkness al over 80 yoas of age. Their neurclogical find-
ings were all compatible with the revised O Dsconial Crile-
1ia for possible ALS; however, the progresaion of their dis-
ease appeared 1o be more rapid then that of ATS, Although
all three patients had weakness in the eyelid closure, facial
wenkness is nol classicully considered to be o characteristic
early symptom of ALS; rather, it is a more common eatore
of WG (L0}, Cases 2 and 3 had sobstandal weight loss,
which was potentially caused by dysphagia associated with
(he discase.

The mild oeorogenic changes observed on a muscle bi-
opsy in case 1 may have heen caused by her complication
ol cervicwl spondylosis or by MuSK-MG itsclf, The lack of
a dinrmal tluctation of the ryasthenic svmploms, o posilive
response to the edrophonium test, and decremental responses
of BMS observed in the theee cuses made i difficelt to pri-
aridze MuSK-MO as the most probable candidate diagnosis.
A combination therapy of plasmapheresis and high-dose
prednigolons was elfective in all thres coses (Table).

In a previous report, decremental responses of KNS in the
orbicularis oculi muscles were more useful than those in the
fimb rmscles of MuSK-MG pulicols (11, Huwever, decrc-
mental responses of RMNS can also ccour in the denervared
mmseles of ALS padents (12 thercfore, anti-MuSE antibod-
ies st be evalugled [or the establishmenl of an accurale
diagnosis.

Thure appear to be throe distinet clinical phenotypes of
huSk-MG: (1) o [ovm with gencrslized muoscle woealnoess;
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Tuble, Clinical Suonary of Thres Patients with Anti-MoSK
Antibody-positive MG Mimicking ALS.

Caze | Cagz 2 Case 3
T Age ul onsel 0z 03
Rex ferminle femnle fermale
Initiol symptum droppest head dyaphagia deaapjed head
Iagiianalaticn skt Tone posilive
ﬂngﬂ-!n-admlss}nﬁ fime 0 2
(monthy)

Kevised i Im::;' Sl pnsaible picagilile poasible
Dizily Aueivahin negarive nopative negative
Fedrnphonimn lest negative e glive Tkl e

Repetitive nerve simuliation clurernin il nmal
Anti=bduSE. anishody Tewel ey Y 230 1 .
CamaliL) FIA (eis) e [ 7.0 (=100
Apheresis (herapy (KRR ME FE
Izl preadnisoleae Dog/day]) 25 20 25
Impraweimeit af the QBG seore 195 53 13—
¢ corvical ouloimmime
Cuormnplication aanG

spomidylesis

bpatifi=.

MuSK: mosele-specitic tyrosine kinuse, MO, myasihania grsis, ALR mmyolrophic
toderal sclevesis. DFPE douhle Binadion plasmapleczsis, TE: plasma exchangs, QG

tmlitative myasthenis gravis

{ii) a more focal form with neck, shoulder, and respiratory
muscle weakness; and {Hi) o severs Torm with prevalent bul-
bir weukness aod frequent respivatory crses (130, T6 is likely
that patient-specific differcnccs egarding the suscepribility
of the muoscles (v, the extent of MuSE expression) ave
cne ol the explanations of the phenolypic vadabilily ob-
served in this disease (13), The preseni cases seem mr coire
spond Lo lype (i) MuSK-MC; whereas bulbar weakness and
deopped  head syndrome are reminiseend of hulbar-onset
ALS,

The MuSK protein, which is localed al the posisynaptic
membrane, anchors the C-lerminal portion of collagen Q
{Colh, which hinds acetylcholinestorase (ACHD) af the N
terminal (14, 15). AChE stabilicalion depends on it hinding
e Col} (16), The anfi-MuSK antibodics interfure wilh he
MuSk-Cal binding and reduce the AChH activity at the
nenroemuseular junclion, resulting in an increasced syoaplic
acetylchnoline concentration (15), As u Tesull, he MusK an-
tibodicy mey produce peripheral nerve hypercxcitability,
which can cause muscular fasciculalion aclivities (171 In
cases 1 and 3 reported in the present study, tasciculations
were constanlly confismed in the widespread areas, The gen-
eralirzed presence of fasciculalions 1o these MuSK-30 pa-
ticats further rudsed the possibility of a diagnosis of ALS.

Az uncharacteristic clinical findings snay be associated
with negative results in the pharacological and electrodiag-
nostic tesling, (he diagnosis of MuSE-MG may be over-
locked or considerably delayed (8). The present cases sng-
pest that MuSE-MG patenls cun be misdiagnosed as having
i bulbar- oo proximal-onset type of ALS. Thus, the evidu-
ation of MuSE antthodies plays an impovlant role in the es-
tablishment of an accurale sod rapid diagnosis. as well as in
the decision of & (herapenutic strategy.
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Letter ta the Editor

Ectopic germinoma involving multiple
midline and paramedian strovtures autside
the pineal gland or hypophyscal region of the
Drain prier to tumor development

Eeywords:
Grrminarma

Interoal vepanie
Mechulla ohlongata
Curpiss eallngiem
Mgy elitis pptice
Hymersnmina

Dear Editor

A previeusly healthy 28-year-old Japanese male presented with a
Lo-mmonth history of hypersaminia, which had gradualy developed
and deteriorated and he could ool continue his job as a system engi-
peer, 0n admission, no other nearological deficits were observed.
There were no symptoms indicative of diahetes insipidus, such as
polyuriafmaocturia or polydipsia, Brain MR showed multiple T1-iso-
ar -hypo-intensities, and 12-hyperintensicy lesions without contrast
enhancementin the dorsal meduolla (Fig. 1A}, g of the right intei-
nal capsule (Fig, 18], and corpus callosum (Fig 1), and no tumnrs
Ineliding the pineal gland (Fig, 1E). CSF analysis shewed normal re-
sults fur Lhe cytalogy, as well as protein and orexin coneenrrarions,
wihile the [g0 index was elevated to .91 and oligoclonal 3G bands
were positive, Anti-nuclear, anki-55-A, and anti-55-B antibadies in
the serum were negative, and whole spinal MRT showed no abnor-
mality. There was no evidence of viral infection, sarcoidosis, malig-
nant lymphoma, anti-phospholipid antibody syndrame, or Beglict
disease, Full overnighl polysomnography revealed central sleep
apnea episodes. Hypersomnia as a presenling sympeom and the le-
sion disteibutions in the brain appeared similar to those reparted in
neuromyelitis oplica (NMO) [1]; however, serum NMO-1gG was Deg-
ative. He was rentatively considered to have inflamimatory brain dis-
case (180, especlally primary progressive multiple sclerosis, and
subjected to high-dose stereid therapy {melhylpred nisolone
1% 3), but wiltino clinical improvement. Brain MR after two cycles
of the thorapy revealed a new lesion in the lefl cerchellar white
matter adjacent o the fourth ventricle (Fig. 17, and nyskagins
and orthostatic hypotension developed, Then, he received 5 caurses
of plasma exchange; however, dysphagia and intractahle hiceups de-
veloped. A third round of high-dose steraid therapy was perfarmed
with ameligration of the intractable hiccups, while the other synip-
toms persisted, Afrer commencing oral prednisolone (PSLY(G0 M,
daily), no additional symptoms were observed. Eighe months alter
the onsel, while taling 15 mg of PSL a day, a pineal Lomor (Fig, 165

htgdellnlarg 09016/, ns 201 505,365
00225 A 2015 Elsevier OV, All fights reservod.

was found incidentally on the follow-op brain MRI, and lesions of
the dorsal medulla appeared enlarged wilh contrast enhancemenc
{Fig. TH). Human charionic gonadotropin-{3 subunit (R-hCG) was
measurable in both the serum (9.9 ng/mL) and CSF (0.6 ng/mL),
aued serum alpha-fetoprolein (AFF) levels were normual. Cryo-
preserved serum samples obtained on admission and twe months
alter admission revealed wmneasurable B-hCC {=0.1 oginl)
(Fig. 1E, F), Ultrasunography of the testis and whole-body FDG-
PET/CT showed no abnormalily, Histologic examination of the
tumor yielded a diagnesis of germinoma wilh lymphocytic and
plasmacytic infiltrations {Fig. 10). Although there was no evidence
of spinal disseminalion, the patient underwent an levadiation of the
cranlospinal axis (40 Gy to the whole beain, 30 Cy to the whole
spine], based on the obscrvation by a radivlogist in our hospital
that be liad Gd-enhancing lesions in the dorsal medulla, close Lo
the spinal cord. Alter radiotherapy, the pineal lumoy disappeared,
while the non-enhanced lesions remained with T1-hype and T2-
hyperintensilies. A clinical follow-up 4 vears later revealed no addi-
Looal symptams,

Extragonadal gerim cell tumars have been decumented o arise in
midlioe lecations, most commonly 1o the anterior mediastintm,
retropertonewm, and the pineal gland or suprasellar regions of the
brain |2}, Intracranial germinomas (1Gs] comprise 1,3% of all prioary in-
tracranial brain lumors in adolescents and young adults, and, among
them, only 5-10% develop in olher brain regions, which are koown as
ectopic germinouas (FGs) [3) ICs may result from rhe mismigration
of ciabwyonic cells into the newral plate area and so the midline of the
embryonic disk bas been reporeed ta be a sile of gorm cell tumar arigin
{4]. Theretore, these tumors way originate fram any midlioe or
paramedian steuctugs of the brain, ECs in the basal ganghia or thalamus
are the most commeoen [3], but so far, there have been only a few EGs
reparted in the corpus callesum [S], medulla eblongata [6], and
cerebellum (7], all of which showed no other |esian locations sinaukta-
neously, Accordingly, our patient is unigue in lecins of the multplidty
of lesions along with midline and paramedian struclures o the
brain outside the pineal or hypophysial area, suggesting a novel
clinicophenotype af ECs,

The initial prescntation of our case was highly suggestive ol
IET), especially multiple sclerosis {MS); however, a pieal tumor
eventually developed, 1G5 mimicking IBD were previously reported
in only two cases, one mimicking chironic progressive M5 8], and
the other, optic neuvitis [3]. The patient mimicking W5 [8] showed
slow progressive numbness of the right extremities, howover,
craniospinal MR had shown no pathology for three years until a
plneal tumaor developed. This observation is in contrast Lo that of
our patient, who had already developed multiple intracranial be-
sions hefore q pineal tumor appearcd. Thus, the clinical profiles
af 10s mimicking [BD may vary, and the [uriler studies are Te-
yuired to delinear such atypical cases. The pachophysiology of 163
masgquerading as [BD remains unclear, but one hypathesis is thal
the leptomeningeal dissemination af germinama cells precedes
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Fig, 1. Muilipte hyperintansity Tesions ave present in'the dorsal portion of e medulla (4, white arms, sl view), genu of the dahe et vagsulz (B, white arrow, axial views, and
coppus eatlusun (G, biack amows, saglhilal view ) on magneeic rasnnanes liisges {MBD (A, O T2-weighted fimawmes, TR, 4400 mes: TE. Y95 mz - CLAIR irmagre, TR, 9200 ms; U5, 107 ms).
Later, 2 hypegin sty lesion developed i e e vereballar white mattarailjacent L e Joucth ventricle % while arov, coronal viese of FLANE lmags ), B=H indicate loaginadingl chismgzes
af FALT (sagi Hal views ol gadolinium-enbanced T1-voeighted images, T8, #3003 mis: 16, 100 ms) and himan chaclonie sosdotropin-g subunit (53 -hee), B On admission, B i mels
alter admission, & F EEL owaths atter admission Wi pinzal lomor was fuad inzidentally, aud a gadaliniom-en hanced Jeskon was soon inthe dorsal medilla [ H,whitz arroew), Heta
hiG weas unmeasirable i Hhe patiencs serum until 1 ploeal loor became cvident (campare & witl Eand F. Each white clvele I B~ depics a gineal reging, Te panel 1shows a his-
Lological appearance of garmlacena, The tumar cells have 3 Licke neslis, promicens nucleall, and cizer cymoplasm {Bald Black arioee) acconspanied by mannneciear cuil isliltratians
{ravn el patlem ) Immunohiseachernlid slaising {not shown? revealed il e lunzor colls were posltive for v-kil, oc—4, and LE2-iy, parttally pusitive for placentalalkallse phosphatase,
and negative for loman chorionic gonadoteaply, 5-100, and glial ARl aciefic prolcin. Most of dia inflvath mononoclear colls wars prsitive o €03 (T calll, and few were C0O20
(B aell)- and CNT38 ( plasena cell)-prsitive, Hemaloaylin and casin staining. 182 dght, Bar - 20 um.

fumor development, and that non-specific infammatary ceactions
in tumor tissues may geoerate intrathecal [a (4], ‘Lo better distin-
guisl such atypical IGs fraom TBD, Tao et al. repartad the tole of MR
and tumar marleers i the CSE, and found thal an increased level of
006 i the C5F preceded MRI abnormalisies [10], Indecd, regard-
ing the serum, pur patient showed na B-hCG clevation until a pi-
neal tumor became recognizable on brain MRI (Tig, 1), Van
Battum et al, [2] pastulaled Lhat in the case of mulliple iotracranial
midline tumors with narmal ar slighlly elevated values of B-hCG
and normal values of AFF in buth the serum and CSF, the ooly pos-
sible diagnosis is a germinoma, and, in such a situadon, oo histo-
lagical confirmation was required to start low-tose radiotherapy,
Since gerilinemas are curable in the majority of cases when freak-
ecl early, these observarions should be examined further

In concluslon, we report a case thal highlights the impoetace
of considering 1Gs when patients show multiple midline or
pravaedian lesion localizations oulside the pineal ar hypophysial
area, and the nurcome doss not agree with the classical clinical
presentation of BY.
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Preparations and Realities Regarding Physical Emergency
Among in-home Amyotrophic Lateral Sclerosis Patients

Taduahire Ohtanit, Mitsuko Ushikubo®, Hiromi Kawajin®, Hiroshi Nukagawa?,
Mitsue lida? and Koichi Okamoto®

Conma DTaivereily TTospilel, 3 38 L5 Shewsoanachi, Masbhasted, Gunma 371-4311, Fapan

Chinma Llaivegsiey Cieadnate School of Elealth Scicnees, 323322 Showa-machi, Machashi, Guwna 371-8514, Tapau
Ciunma Prefesturs] Support Center for Intracinble iseases, 3-20-15 Showa-machi, Machashi, Guanma 3718511, Japan
Gunma Prefeclural College of Health and Svienves, 3211 Kamioki-machi, Maebushi, Gunma 37T1-0052, lanan
Cerielzios Ressarch Institule, 3-26-8 Ohtomo-mecld, Moebushi, Gonme 371-0847, Japun

[T S O

Purpese: The purpose of Lthis study was Lo clarify he preparations and realities teparding emergeney on physical
condition among in-home amyotrophic lateral sclerosis {ALS) patients tor effective countermeasure,

Mcethods: The participants were 72 patients with ALS who were lreated at Universily Haospital A hetween 201 and
213, and & peaple involved with an ALS patient association. A questionnalee suevey was conducted by muil. The
slwly was approved by the Universily Elhics Commitlee.

Results: Out of 77 participants, 42 responded (35%) response rale), of which 41 responses were valid, Seventeen
patients had experienced an emergency sudden chanpge In their conditions, and 24 had no such experience, Nine
patients who had not had such an cxperience sclected either “ Wot necessary™ or “ Not sure” when asked aboul their
advanced direciives. Reasons for these responses were " fTee al the momend™ angd “ My spmpfons are nild®.
First contact at emerpency was listed as “Not decided” by none who hud caperienced physical emergency and 10
patients wha had not, The number of emergency episode was 1 in 11 patients, 2 in 2 patients, and 3 or more cpisodes
in 2 palicnls.

Conclusions: The study findings showed that patients who had notl capericneed an emergency in their ALS were
less aware and Jess prepored for their emerpency than their conaterparts with such an experience. The findings
suggest Lhe need for hetter education om early preparations for emergency in ALS symptoms,

fay ards:
amyocrophic faterad selarnais,
hame cure,
vrnerpency hospitalicaliv,
advanced directive,
interdisciplinary care
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