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“Para mim,

o progresso da medicina depende das seguintes condigdes:
Em primeiro lugar é

preciso que se tenha uma histéria da doenca,
que seja ao mesmo tempo descritiva e natural.
Em segundo lugar é

preciso que se recorra a uma praxis ou método,
que respeite a histéria da doencga,

e que seja exato e consistente.

Descrever uma doenca é facil.

Mais dificil é descrevé-la em

sua historia natural”

Thomas Sydenham
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RESUMO




A ataxia espinocerebelar tipo 3 ou doenca de Machado-Joseph (SCA3/DMJ) é a
ataxia autossd6mica dominante mais freqlente em nosso meio e tem como causa a
expansao anormal do tripleto (CAG) no 10° éxon do gene MJD1 situado no
cromossomo 14q. Trata-se de uma doenca neurolégica crénica e incapacitante
cuja principal manifestagdo € a ataxia cerebelar, usualmente associada a
disfungbes piramidais, extra-piramidais, alteragdes da motilidade ocular extrinseca
e neuropatia periférica (NP). Habitualmente, ocorre o envolvimento de multiplas
populacées neuronais, tanto no sistema nervoso central (SNC) quanto periférico
(SNP). No entanto, o envolvimento dos nervos periféricos na SCA3/DMJ apesar
de frequente e descrito previamente, é ainda pouco estudado. Nesse contexto,
0 objetivo desta pesquisa foi estudar o envolvimento do SNP na SCA3/DMJ,
com o intuito especifico de estimar a relevancia de suas repercussdes clinicas,

determinar seus fatores causais e caracterizar sua histéria natural.

Inicialmente, investigamos manifestacées habituais em enfermidades do SNP mas
pouco exploradas na SCA3/DMJ, como dor, caimbras e fasciculagdes,além de
queixas de disautonomia. Em uma coorte de 70 individuos com SCAS3/DMJ,
encontramos dor crénica em 47% dos pacientes, na maior parte das vezes de
padrdo musculo-esquelético. Entretanto, a disfuncao periférica também foi um
fator associado a esse sintoma ja que dois casos apresentaram dor de padrao
neuropatico em associagdo com neuropatia sensitiva. Em seguida, direcionamos
atencao as caimbras e fasciculagdes. Estas também foram manifestacbes comuns
na doenca, identificadas em 82% e 50% dos pacientes, respectivamente.
As caimbras eram, em muitos casos, uma queixa significativa, dificultando o sono
e o trabalho. A presenca de NP esteve intimamente relacionada com o surgimento
de fasciculagdes, mas aparentemente ndo com as caimbras. Entretanto, ambas
estiveram associadas com anormalidades da excitabilidade dos motoneurdnios,
expressas por alteragbes nos parametros das ondas F e do reflexo H. Tal fato
possivelmente esta relacionado com os bons resultados que obtivemos no
tratamento das cadimbras mediante o uso da carbamazepina, um bloqueador de

canais idnicos.
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Sintomas disautonémicos foram relatados com freqiéncia na SCA3/DMJ,
em particular aqueles relacionados com os sistemas urogenital e sudomotor.
O estudo da resposta simpatica cutdnea mostrou-se um bom instrumento para
identificar pacientes com disautonomia significativa. Nesse grupo em particular,
verificamos uma maior propor¢cdo de pacientes com fendtipo “parkinsoniano”

e “neuropatico”.

O préximo passo foi estabelecer o padrdo de acometimento do SNP e sua
evolucao utilizando estudo de eletroneuromiografia (ENMG). NP foi diagnosticada
em 54% dos pacientes com SCA3/DMJ; alguns com envolvimento exclusivamente
sensitivo, outros  sensitivo-motor e poucos exclusivamente  motor.
As anormalidades neurofisiol6gicas sdo compativeis com uma dupla neuronopatia,
afetando motoneurbnios alfa e células ganglionares. No estudo pospectivo,
verificamos que a neuropatia € um fenémeno idade-dependente na SCA3/DMJ,
mas a progressao € mais rapida naqueles individuos com maior alelo expandido.

De maneira contraria, verificamos que a progressao da ataxia cerebelar ndo esta
associada ao tamanho do alelo expandido, mas a idade de inicio. Isto sugere que

os determinantes da progressao da NP e da ataxia possam ser diferentes.

Em nossa amostra, o tamanho do alelo expandido foi responsavel por quase 70%
da variabilidade na idade de inicio da doenca. Como descrito, ele também
contribuiu para a evolucao da NP, mas seu efeito ficou em torno de 40%. Portanto,
outros fatores possivelmente genéticos também devem modificar o fendtipo na
SCA3/DMJ. Averigiiamos o efeito de dois possiveis candidatos, o alelo normal e a
co-chaperona C-terminal heat shock protein 70-interacting protein (CHIP),
em modelos de regressdao com multiplas variaveis utilizando a idade de inicio
como dependente. Nao observamos efeito que pudesse ser atribuido a proteina
CHIP; entretanto, o alelo normal parece oferecer uma pequena, mas significativa
contribuicdo para a determinacdo da idade de inicio (cerca de 2%). Resta definir
se este efeito estende-se a outros elementos do fenétipo, como a expressao de
NP.
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ABSTRACT




Machado-Joseph disease or spinocerebellar ataxia 3 (SCA3/MJD) is the most
frequent autosomal dominant ataxia in Brazil and caused by an unstable
trinucleotide (CAG) repeat expansion in the 10" exon of the MJD7 gene on
chromosome 14q. It is a chronic and debilitating neurologic disorder characterized
by cerebellar ataxia, pyramidal dysfunction, dystonia, gaze abnormalities and
peripheral neuropathy. Different types of neurons both in the central and peripheral
nervous system are usually damaged in the disease. Although there are previous
reports of peripheral involvement in patients with SCA3/MJD, there are still many
unanswered questions. Therefore, we have designed this study aiming to evaluate
the damage to the peripheral nervous system in SCA3/MJD, with especial

emphasis on its clinical relevance, causative factors and natural history.

We first looked at manifestations typically found in peripheral neuropathies,
such as pain, muscle cramps, fasciculations, and disautonomia, but frequently
overlooked in SCA3/MJD. In a cohort of 70 individuals with SCA3/MJD, we found
chronic pain in 47% of patients, most of them with musculoskeletal characteristics.
Peripheral dysfunction was also a contributing factor since at least two patients
reported neuropathic pain in association with a predominantly sensory
polyneuropathy. We then assessed muscle cramps and fasciculations and found
that these were also common complaints, present in 82% and 50% of patients,
respectively. Cramps were often a major complaint, disturbing sleep or work hours.
We reported positive results with carbamazepine in the treatment of cramps in
patients with SCA3/MJD. Peripheral neuropathy was clearly related to
fasciculations, but not to muscle cramps. However, both manifestations were
associated to abnormal excitability of motor neurons, as expressed by F-wave and

H-reflex responses.

Dysautonomia was another typical feature of patients with SCA3/MJD,
and symptoms related to genitourinary and sudomotor systems were particularly
frequent. Sympathetic skin response proved to be useful in the screening of
patients with severe dysautonomia. We found higher proportions of patients with
either “parkinsonian”or “neuropathic” phenotypes among those with severe

autonomic impairment.
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XXV



In addition, we used nerve conductions studies and electromyography to determine
the pattern of damage to the peripheral nervous system and its course over the
time. We showed that overall 54% of patients with SCA3/MJD had peripheral
neuropathy. Some of those had exclusive sensory impairment, others sensory-
motor, and a few restricted motor involvement. The neurophysiological studies
showed that the peripheral neuropathy in SCA3/MJD resembles a double
neuronopathy, involving alpha motor neurons and dorsal root ganglia. Prospective
data indicate that the peripheral involvement is mostly age-dependent,
but progression is faster in individuals with larger (CAG) expansions. By contrast,
progression of ataxia was mostly driven by age at onset, rather than length of
expanded (CAG) repeat. These findings suggest that the determinants of damage
to peripheral and cerebellar neurons may be different.

The length of the expanded (CAG) allele explained roughly 70% of the variability in
age at onset of the disease. As reported previously, it also contributes to
progression of peripheral neuropathy, but this effect is small (40%). Therefore,
other factors could exist, possibly genetic factors, which could influence the
phenotypic variability in SCA3/MJD. We tested two potential genetic factors as
candidates, the normal allele and the gene for the co-chaperone CHIP. We used
regression models with age at onset as the dependent variable in the statistical
analysis. We failed to show any modulating effect due to the protein CHIP.
Nevertheless, the normal allele had a small, but significant contribution to variability
in age at onset (about 2%). It remains to be determined whether this effect extends

to other aspects of the phenotype, such as the peripheral damage.
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A ataxia espinocerebelar tipo 3 ou doenca de Machado-Joseph
(SCA3/DMJ) é a forma mais comum de ataxia geneticamente definida em
populacdes de origem portuguesa e apresenta prevaléncia em torno de 1:100.000
(Lopes-Cendes et al, 1997; Silveira et al, 2002). No Brasil, corresponde a mais da
metade das ataxias com heranga autossdmica dominante. Trata-se de uma
doenca neurodegenerativa causada pela expansdo de um tripleto (CAG) no
10° exon do gene MJD1 situado no cromossomo 14924.3 — 31 (Kawaguchi et al,
1994). Essa mutacéo leva a expressdao de uma cadeia excessivamente longa de

poliglutaminas na proteina codificada, a ataxina-3 (Kawaguchi et al, 1994).

A doenga € caracterizada por extrema variabilidade fenotipica, com
sinais e sintomas relacionados ao envolvimento de multiplas populacdes
neuronais (Durr et al, 1996; Maciel et al, 1995). Isto é, em grande parte, reflexo da
expressao generalizada da ataxina-3 nos neurénios do SNC e SNP (Rub et al,
2008). Manifestacbes como ataxia cerebelar, anormalidades da movimentacao
ocular, disfuncdo piramidal e distonia foram extensamente caracterizadas nos
pacientes com SCA3/DMJ (Coutinho et al, 1994).

Por outro lado, dispomos de muito menos informacao a respeito do
envolvimento do SNP na SCA3/DMJ (Klockgether et al, 1999; van de Warrenburg
et al, 2004). Aspectos como a relevancia clinica, os fatores causais e a histéria
natural da NP ainda nao estdo bem delineados na SCA3/DMJ.

Introdugéo
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A revisdo da literatura disponivel a respeito da SCA3/DMJ sera
detalhada sob a forma de um artigo cientifico. Trata-se de um manuscrito de
revisdo, que aborda aspectos genéticos, clinicos, neuropatolégicos e terapéuticos
da doenca, escrito a pedido do comité editorial do periédico Parkinsonism and
Related Disorders.
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Abstract

Machado-Joseph disease or spinocerebellar ataxia 3 (MJUD/SCAS3) is a
clinically heterogeneous neurodegenerative disorder characterized by varying
degrees of ataxia, ophthalmoplegia, peripheral neuropathy, pyramidal dysfunction
and movement disorders. MJD is an autosomal dominant condition caused by a
trinucleotide CAG expansion at the 10™ exon of MJD? gene on chromosome
14032.1. Current hypothesis assume that mutated protein, ataxin-3, leads to
protein misfolding and abnormal aggregation. CAG repeat number correlates with
the severity of the clinical manifestations and inversely correlates with the age of
onset of the disease. Classically described to affect the cerebellum, brain stem and
basal ganglia, recent neuropathology and neuroimaging series demonstrated
involvement of other areas such as the thalamus and cerebral cortex.
The description and recognition of non-motor symptoms observed in these
patients, such as pain, cramps, fatigue and depression, has been overlooked.
There is no disease modifying treatment for MJD/SCAS. Presently, standard of
care includes genetic counseling; an exercise/physical therapy program;
speech and swallow evaluation and symptomatic treatment for clinical findings

such as depression, sleep disorders, cramps and pain.

Introduction

Machado-Joseph disease or spinocerebellar ataxia type 3 (MJD/SCA3)
was first described in 1972 in a family of Portuguese immigrants to Massachusetts
with subacute onset of ataxia after age 40, associated with end-gaze nystagmus,
mild dysartria, hyporeflexia and distal muscle atrophy [1]. Although it was not
absolutely clear at that point, the authors believed the disease to be autosomal
dominant. Two other families were later described under a different clinical
syndrome and name [2, 3]. In 1977, Romanul described a fourth family of Azorean
descent with a progressive neurodegenerative disorder and suggested the

previously described families to be different clinical spectra of the same disease
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[4]. This concept of phenotypic heterogeneity was further supported after
Coutinho et al evalauted a large group of affected individuals in a field trip to the
Azorean Islands [5]. In the following years, the disease was described in different
countries and populations without azorean ancestry [6]. The history of the
description of the disease highlights the two fundamental points of the disease:
autosomal dominant inheritance and marked clinical heterogeneity.

Although MJD/SCAZ3 is a relatively rare disease, it is the most frequent
spinocerebellar ataxia with a worldwide distribution [6]. Its prevalence, however,
varies in different populations. It is our objective in this review to address classical
aspects of MUD/SCAS pathophysiology and clinical manifestations with a special
emphasis on the recent developments in the understanding of the disease and
possible therapeutic implications.

Genetics of Machado-Joseph: overview

The locus responsible for MUJD/SCA3 was mapped to chromosome
14932.1 in 1993, and the responsible gene, MJD1, cloned in the next year [7].
In all patients with MJD/SCA3 reported so far, the responsible mutation is a
trinucleotide repeat expansion (CAG) located in the 10" exon of MJD1 [7], which
leads to an elongated polyglutamine (polyQ) tract in the encoded protein, ataxin-3.
MJD genetic basis is thus similar to diseases such as SCA1, 2, 6, 7, 17,
Huntington's disease and spinobulbar muscular atrophy, which are collectively
referred as polyQ disorders.

In polyQ disorders, there is a threshold number of (CAG) repeat
expansions above which disease develops. This threshold varies between different
disorders; in MJD/SCAS, pathogenic alleles have larger than 51 repeats at MJD1
[7]. On the other hand, normal alleles carry a variable number of (CAG) repeats
and are usually polymorphic. In MJD/SCAS, these normal alleles range between
12 and 47 repeats. In rare instances, (CAG) repeat count falls into the 47 and
51 interval (intermediate alleles). These alleles are probably associated with an
increased risk of developing clinical disease, but penetrance is incomplete
(in contrast to the typical alleles with >51 repeats). Homozygosity for (CAG) repeat
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expansions at MJD1 is another rare situation, but the few reported cases do
present phenotypes much more severe than those in heterozygous individuals [8].
This suggests that a dosage effect may be present in MJD/SCAGS.

Mutations responsible for polyQ disorders are unstable, and the number
of repeats at expanded alleles may change during parental transmission.
Overall, there is a tendency towards increase in each successive generation.
Such mutational instability is responsible for the phenomenon of anticipation, ie,
earlier onset and more severe phenotype at each successive generation [7].
The mean change in the number of (CAG) repeats during parent-child transmission
can either increase or decrease, which is variable according to the population
studied [9, 10, 11]. Different populations also demonstrated a parent-of-origin
transmission distortion towards the mutant alleles. In the Japanese population,
the distortion was observed in paternal inheritance, whereas the opposite was
found in German families [12, 13].

In some polyQ disorders, de novo mutations arising from large
intermediate alleles may theoretically cause clinical disease. This has never been
demonstrated in MJD/SCAS3, and in fact, patients usually recall a positive family
history. The origins of the ancestral mutation responsible for MUD/SCA3 have been
recently addressed through haplotype-based studies [14]. It seems that there were
two independent mutational events: the first may have occurred in Asia, whereas
the second took place in Europe. This second lineage dispersion may be explained
mainly by the recent Portuguese emigration.

Gene structure and protein function

Ataxin-3 is a 42 kDa protein that is found both in the nuclei and
cytoplasm of cells. It has widespread expression and has three distinct domains,
the globular N-terminal Josephin domain, two ubiquitin interacting motifs,
and a polyQ tract towards the C-terminus [15] Extensive evidence indicates it is
involved in the ubiquitin-proteasome system, especifically acting as a
deubiquitinating enzyme [16]. Other proposed role for ataxin-3 is transcriptional
regulation [17]. Current hypotheses assume that mutated ataxin-3 leads to protein
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misfolding and abnormal aggregation. MJD-intranuclear aggregates are the
neuropathological expression of these phenomena. Despite this, the precise
sequence of events in the pathogenesis of the disease is still not clarified.

Genotype-phenotype correlation

Several aspects in the phenotype of MUD/SCAS are related to the length
of the expanded (CAG), and most available data describe its relationship with the
age at onset [9, 18]. There is a strong negative correlation between length of
expanded (CAG) and age at onset in MJD. The length of repeat expansion
accounts for 50-60% of the variability of age at onset in the disease. Furthermore,
the larger the expansion the higher the influence on the age at onset. Other factors
certainly contribute to the variability in the age at onset in MJD. A previous study
showed that a familial factor independent of the mutation itself influenced the age
at onset [19]. The length of the normal allele was proposed as one of these factors
[10].

Length of the expanded (CAG) is also associated with a higher
frequency of pyramidal and dystonic manifestations in MJD [18]. Peripheral
neuropathy is mostly related to the duration of disease. However, we were able to
show in a prospective study that in individuals with larger expanded (CAG) nerve
conduction parameters worsened faster (data not yet published). This suggests
that the rate of progression may be linked to the length of the expansion in the
mutated allele.

Neuropathology

Earlier MJD/SCAS3 reports demonstrated neuronal loss in the basal
ganglia, substantia nigra, red nucleus, dentate nuclei, pontine nuclei, cranial nerve
nuclei, Clarke’s column, intermediolateral column and the anterior horns [2, 3, 6,
10]. White matter lesions were present in the cerebellar peduncles, spinocerebellar
tracts, medial longitudinal fasciculus and dorsal column. However, a recently
published paper, systematically evaluated terminal MJD/SCA3 patients with

unconventional thick serial tissue sections in addition to conventional
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neuropathological studies [20]. Their findings demonstrated gray matter
degeneration in multiple areas involved in the cerebellothalamocortical motor loop;
the basal ganglia-thalamocortical motor loop; the visual, auditory, somatosensory,
oculomotor and vestibular system; the ingestion-related and precerebellar
brainstem system; the pontine noradrenergic system and the dopaminergic and
cholinergic midbrain system. White mater degeneration was restricted to the
cerebellum, spinal cord and brainstem. This more comprehensive understanding of
MJD/SCAS neuropathology better explains a variety of its symptoms, specially the

non-motor ones.

Neuroimaging studies

The first large series of MJD/SCAS3 patients with molecular confirmation
studied by magnetic resonance imaging (MRI) included 31 MJD/SCA3 patients,
20 patients with sporadic olivopontocerebellar atrophy, and 26 control subjects
[21]. The authors measured the anteroposterior and transverse diameter of
different structures of the brainstem, cerebellum and globus pallidum, and graded
semi-quantitatively the atrophy in the cerebral hemispheres with a scale from
0-3 (none-severe). The main findings compared to controls were severe atrophy of
the pons, middle and superior cerebellar peduncles, frontal and temporal lobes,
and the globus pallidus, as well as decreased anteroposterior and transverse
diameters of the midbrain and decrease anteroposterior diameter of the medulla
oblongata. The atrophy of the pons or midbrain was age-dependent while duration
of illness correlated with the decrease in the anteroposterior and transverse
diameters of the globus pallidus and with the degree of temporal or occipital lobe
atrophy. A high signal intensity in the transverse pontine fibers was observed in
14 (45.2%) of 31 patients with MUD/SCAS.

The rate of atrophy progression in the cerebellum and brainstem is
probably dependent on CAG repeat size and patient's age [22, 23].
The progression of atrophy however, does not seem to be homogeneous for
different brain regions [24]. For example, the pontine tegmentum atrophy is present
early at the clinical onset of the disease. The quotient of atrophy of the pontine
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tegmentum divided by age correlated well with the CAG repeat number, while the
area of the pontine base correlated negatively with disease duration. Particularly,
the size of the pontine base remained in the range of controls for a relatively long
time after the onset of symptoms. In a longitudinal study of 7 patients, while the
atrophy of the pontine base and cerebellum significantly correlated with age,
the atrophy in the midbrain and pontine tegmentum showed no progression [25].

Recent studies demonstrated that areas other than the cerebellum,
brainstem, spinal cord and basal ganglia are also involved. Brain SPECT
demonstrated perfusion abnormalities in the in the parietal lobes, inferior portion of
the frontal lobes, mesial and lateral portions of the temporal lobes, basal ganglia,
and cerebellar hemispheres and vermis [26]. The 18F-Dopa uptake in MJD/SCA3
was found to be significantly decreased not only in the regions with apparent
pathological involvement such as cerebellum, brainstem and nigro-striatal
dopaminergic system, but also in the cerebral cortex and the striatum where no
pathology could be observed using conventional morphological techniques [27].
Magnetic resonance spectroscopy (MRS) of the deep white matter demonstrated
changes suggestive of axonal dysfunction, even though there was no obvious
anatomical alteration by visual MRI analysis [28]. A voxel-based morphometry
(VBM) study confirms these findings of a more widespread pathology, including
involvement of the thalamus, which had only been previously demonstrated in

neuropathological studies (data not yet published).

A PET with fluorine-18-fluorodeoxyglucose (FDG) study in seven
asymptomatic MJD/SCA3 patients showed subclinical changes of FDG
consumption decreased in the cerebellar hemispheres, brainstem, and occipital,
parietal and temporal cortices of asymptomatic MJD/SCA3 gene -carriers,
suggesting preclinical disease activity [29].
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Clinical features of MJUD/SCA3
Clinical heterogeneity is a hallmark of MJD/SCAS3 and reflects the
widespread neuronal damage found in the disease.

Motor manifestations

Most patients first notice disability in the 3 or 4" decades due to
cerebellar ataxia, which follows a relentlessly progressive course thereafter.
Gait instability generally predominates in the clinical picture, but signs of
appendicular incoordination are common on neurological examination [5].
Intentional tremor may be prominent in some individuals. Scanning speech,
dysphagia and truncal ataxia are also typical of MUD/SCA3, but tend to develop
later.

Oculomotor abnormalities are the second most frequent findings in
clinical practice, but possibly the most useful in the differential diagnosis with other
SCAs. The usual complaints are diplopia and sometimes oscillopsia [10, 30],
which are usually first noticed when patients attempt on reading. On examination,
one can see gaze-evoked nystagmus, abnormal saccades, decrease smooth
pursuit gain, impaired vestibular ocular reflex and supranuclear vertical gaze palsy
[30]. Upward saccades and convergence are first compromised, followed by lateral
movements, and ultimately downward saccades. Another sign, which is common in
MJD patients but not in other SCAs, is the “bulging eyes appearance” due to the
combination of lid retraction and poor blinking [30].

Pyramidal dysfunction is usually found in MJD; individuals with early
onset and large (CAG) repeat expansions are especially prone to develop it [18].
Legs are much more affected than arms, and spasticity rather than true weakness
predominates in most patients [31]. There are occasional reports of spastic
paraplegia as the first or isolated manifestation of MJD [31, 32]. Dysarthria and
dysphagia due to pseudobulbar syndrome are found in around 15% of cases [5].

Two distinctive movement disorders are characteristic of MJD, dystonia
and parkinsonism [6, 18]. Dystonia is mostly found in patients with early onset of
disease, and is sometimes task-specific. It is generally focal or segmentar,
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involving fingers, feet and occasionally neck. However, patients with severe
generalized dystonia (resembling idiopathic torsion dystonia) [33] and with
DOPA-responsive forms [34] have been described as well. Parkinsonism,
expressed by bradykinesia and rigidity, is much less frequent than dystonia,
but may respond dramatically to L-dopa [35]. These patients with
parkinsonian-phenotype often have symmetric manifestations; resting tremor is not
a univesal feature.

Peripheral nerves are involved in around 60% of patients with MJD [36].
In contrast to dystonia and spasticity, peripheral neuropathy is mostly determined
by duration of disease and thus found in older individuals. Sensory fibers are the
most frequently affected; in most cases, there are widespread areas of tactile and
proprioceptive hypoesthesia rather than the usual stocking-and-glove pattern of
dying back neuropathies. Neuropathic pain is occasionally identified. Damage to
motor fibers may cause muscle atrophy, distal weakness with foot drop and
fasciculations, which may further aggravate motor handicap. Autonomic
manifestations are also common; especially those related to the genitourinary
(nocturia, urinary incontinence) and sudomotor (cold intolerance, hypohidrosis)
systems [37]. Although orthostatic hypotension has been reported, it is not often a

major complaint.

Non-motor manifestations of MJD

Previous paragraphs addressed the essential motor aspects of MJD.
However, late reports point to other important non-motor and possibly under
recognized manifestations of the disease.

Sixty percent of patients with MJD have excessive daytime sleepiness,
which is due in most cases to impaired nocturnal sleeping [38]. Older age and long
disease duration are associated with sleep complaints. In addition, two specific
sleep disorders are often found in MJD: restless legs syndrome and REM sleep
behavior disorder. Restless legs syndrome is frequent in MJD (50% of cases),
but not in other SCAs [39]. REM sleep behavior disorder occurs when dreaming is
not accompanied by muscle atonia during REM sleep. This leads to disturbed night
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sleep, and occasionally patients may harm themselves. It's been increasingly
recognized in MJD, and may be a treatable cause of disordered sleep in the
disease. Patients also often complain of insomnia [40].

Although frank dementia is not a feature of MJD, minor cognitive and
behavioral abnormalities are usually identified. Formal neuropsychological studies
are few, and results must be cautiously interpreted since patients have severe
motor disability. Verbal and visual memory deficits, visuospatial dysfunction and
executive dysfuction were all reported in MJD [41, 42]. Depressive symptoms were
also common [43]. Psychotic symptoms are not as frequent, but we recently saw
two patients with delusional thinking and disinhibited behavior, characteristic of
frontal lobe dysfunction.

Chronic pain was found in roughly 50% of patients with MJD,
and lumbar region was the major involved site [43]. Pain is probably multifactorial
in the disease and classified as musculo-skeletal in most patients. Cramps are a
frequent and disabling symptom in patients with MJD/SCAS3 [44,45]. In a recent
series, its frequency was similar to the one present in patients with amyotrophic
lateral sclerosis [44]. In a sample of 50 patients, 15 (830%) considered cramps their
chief complain, frequently disturbing sleep or work [44]. A recent article
demonstrated a high prevalence of fatigue in MJD/SCAS, around 60%, which was
more severe in patients with longer disease duration [46].

Clinical course

Although clinical features of MJD have been extensively reviewed,
there are few data on the natural history of the disorder. Ataxia is the usual first
symptom, beginning in the 3™ or 4" decades, and progresses slowly thereafter.
We recently employed the international cooperative ataxia rating scale to follow
prospectively a large cohort of patients [47]. We found that rate of progression was
4 points/year, and patients with earlier onset progressed faster. In another
cross-sectional study from Brazil, authors estimated mean survival time of 21 years
after disease onset [48]. They also found that earlier age at onset and larger (CAG)

repeat expansion were predictive of shorter survival.
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Clinical subtypes

As described previously, MJD is characterized by remarkable
phenotypic heterogeneity. However, specific clinical features are often clustered in
the same patient. Therefore, patients with MJD may be grouped into four clinically
defined subtypes [5]. This clinical classification is not strict and some patients do
not perfectly fit into one of the subtypes.

1. Patients with axial ataxia associated with prominent dystonia and spasticity.
They generally have early onset and large (CAG) repeat expansions.

2. Patients with prominent axial ataxia and occasional leg spasticity. This is the
most frequent phenotype in the disease.

3. Patients with ataxia and peripheral neuropathy, expressed by distal muscle
atrophy, sensory abnormalities and areflexia. These are usually older individuals
with long standing disease.

4. Patients with parkinsonian phenotype.

Some authors have proposed a 5" subtype characterized by “pure”
progressive spastic paraplegia [31,32]. These are extremely unusual, but share

many features with those in subtype 1 (early onset and large expansions).

Diagnosis

Diagnosis is made on clinical and molecular grounds. A thorough review
of the family history is mandatory. Although some clinical findings may be strongly
suggestive of the diagnosis, there are no pathognomonic clinical or neuroimaging
findings as patients with early disease may have normal MRIs. Further ancillary
testing should be chosen on an individual basis to rule out other treatable systemic
and neurologic disorders. Molecular testing is available and is confirmatory for the
presence of the mutation. Predictive testing programs, following published
international guidelines, are available worldwide [49]. Studies demonstrated that no
adverse events in predictive testing of at risk patients arise when these guidelines
are followed.
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Treatment

MJD/SCAS is a steadily progressive neurodegenerative disease with no
specific treatment. Buspirone failed to improve ataxia in a recently published
randomized trial including SCA patients, although a specific trial for MJD/SCAS
was never performed [50]. The following recommendations are mostly derived from
other neurodegenerative diseases and our personal experience caring for a large

number of patients with this disease.

Initially, it is imperative to provide adequate genetic counseling to the
patient and its immediate family members. Patients should be informed of the
nature of the disease, the risk to other family members, and the lack of preventable
treatment or disease modifying therapies. Family members should be aware of the
availability of predictive testing for those interested.

We believe every patient should be enrolled in an exercise program
after physical therapy evaluation. In Parkinson disease (PD), exercising is
beneficial to physical functioning, health related quality of life, strength, balance
and gait. Even though we cannot affirm exercise may halt disease progression,
we believe it helps patients better cope with their disabilities [51]. In our
experience, exercise also seems to increase self-steem, boost patients mood, and
sense of control over the disease. They should also undergo regular speech
therapy evaluation for dysarthria and dysphagia. Some also benefit from

occupational therapy.

Symptomatic treatment is available for a wide range of symptoms,
even though they were mostly not studied in this specific population, and for that
reason should follow the same guidelines for the general population. Hence,
depression should be treated with antidepressants and/or therapy, and whenever
necessary referral for a psychiatrist may be warranted. Sleep-related symptoms
require polysomnographic studies if available and should be treated accordingly.
Pain is mostly multifactorial and attempts should be made to better identify whether

it is inflammatory, neuropathic, secondary to distonia or due to some other cause.

Revisdo da Literatura
45



This will better guide medication selection and hopefully provide a more
satisfactory clinical response. Cramps may be treated with mexiletine or
carbamazepine [44, 45]. Parkinsonism, distonia and spasticity are managed as in
other neurologic disorders. Ophthalmologic consultation for prims may help with
diplopia.

As the disease progresses, safety measures to avoid fall should be
implemented at home. Patients with recurrent falls should be oriented of the
advantages of an assistive device. A recurrent problem in our outpatient clinic is
the resistance for the use of those. Patients should understand that the use of
walkers and wheelchairs do not mean they are "giving up", but rather, adjusting to
disease progression, maintaining their safety, avoiding fractures and mostly for
some, keeping their independence. Some may not be able to go out unassisted but

may be perfectly able to do so if properly assisted.
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Objetivo Geral

Estudar o envolvimento do SNP na SCA3/DMJ

Objetivos especificos

1.

ldentificar a freqléncia do sintoma dor crénica e verificar se este esta

relacionado com o envolvimento do SNP nos pacientes com SCA3/DMJ

. Estimar a freqUéncia de caimbras musculares e fasciculagbes na SCA3/DMJ,

e investigar sua associagdo com anormalidades da excitabilidade dos nervos
periféricos

. Determinar as queixas disautonédmicas mais comuns na SCA3/DMJ, e avaliar a

contribuicdo da resposta simpatica cutdnea na identificacdo de pacientes com

disautonomia significativa

. Estabelecer o padrao de envolvimento do SNP nos pacientes com SCA3/DMJ
. Determinar a progressao da NP na SCA3/DMJ
. Comparar a progressao da NP e da ataxia cerebelar na SCA3/DMJ

. Estudar potenciais genes modificadores do fenotipo da SCA3/DMJ

Objetivos
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4- MATERIAL E METODOS
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Aspectos éticos

O presente estudo foi aprovado pelo Comité de Etica em Pesquisa da
Faculdade de Ciéncias Médicas da UNICAMP (parecer 666/2004) e oferece riscos
minimos aos pacientes incluidos. Ele se insere em um projeto mais amplo ligado
ao departamento de Geneética Médica da FCM - UNICAMP que visa caracterizar a
histéria natural da doenca empregando recursos de RM, ENMG e genética

molecular.

Antes da inclusdo, todos os participantes foram esclarecidos a respeito
da finalidade e dos procedimentos do estudo através de formulario de

consentimento livre e esclarecido (anexo 1).

Selecao dos pacientes

Foram selecionados individuos com diagnéstico de SCA3/DMJ
confirmado mediante estudo molecular, apresentando evidéncia inequivoca de
sintomas atribuiveis a doenga e em seguimento regular no ambulatério de
Neurogenética do HC-UNICAMP. Conforme descrito adiante, para o estudo de dor
cronica (capitulo 2, resultados) e de potenciais genes modificadores do fenétipo
(capitulo 8, resultados) foram incluidos pacientes da Brown University (USA) e da
Universidade Federal do Rio Grande do Sul (UFRGS), respectivamente. O
diagnéstico molecular de SCA3/DMJ de todos os pacientes incluidos foi realizado
no Laboratério de Genética Molecular do Departamento de Genética Médica da
FCM — UNICAMP segundo protocolos previamente estabelecidos (capitulo 8,
secao resultados).

Critérios de exclusao

Individuos com ataxia de causa hereditaria, mas sem confirmacao
molecular pessoal ou em parente de 1° grau de SCA3/DMJ e portadores
assintomaticos da mutacdo para SCA3/DMJ foram excluidos do estudo.

Material e Métodos
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Além disso, para cada analise especifica, foram empregados critérios adicionais
de exclusao (ver capitulos individuais na secao resultados).

Procedimentos

Para caracterizar o envolvimento ao SNP, cada paciente foi submetido
a avaliacdes clinicas, de ENMG e de RM da coluna cervical. Os individuos foram
acompanhados ao longo do tempo, e os exames repetidos em um intervalo
aproximado de 12 meses.

A avaliacéo clinica foi realizada segundo um protocolo estabelecido
(anexo 2) aplicado em cada consulta ambulatorial. As escalas International
Cooperative Ataxia Rating Scale — ICARS (Trouillas et al, 1997) e revised Total
Neuropathy Score — TNSr (Cornblath et al, 1999; Cavaletti et al, 2006) foram
empregadas para quantificacdo da gravidade da ataxia e da NP, respectivamente.

Os detalhes técnicos do estudo de ENMG, de RM da medula cervical e
do estudo molecular dos genes modificadores estdo explicitados nos capitulos
relacionados da sec¢ao resultados.
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5- RESULTADOS
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Capitulo 1:
"Spinocerebellar ataxias types 2 and 3 segregating simultaneously

in a single family"

Capitulo 1
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Absfract: Spinocerebellar ataxia (SCA) types 2 and 3 are
autosomal-dominant neurodegenerative disorders caused
by mutations in two different genes. We identified muta-
tions for SCA2 and SCAJ segregating simultaneously in a
single Brazilian family. The index patient had SCA2,
whereas her two second-degree cousins had SCA3. Disease
was more rapidly progressive in the SCA2 patient, who
presented severe brainstem and pancerebellar atrophy, as
opposed to the two SCAJ patients, who had only mild
cerebellar vermian atrophy. In such situations, molecular
confirmation of all patients may avoid misdiagnosis of SCA
subtypes and eventual errors in predictive testing of unaf-
fected family members, © 2006 Movement Disorder Society

Key words: SCA2; SCA3. Machado—-Joseph disease: ge-
netic testing

Spinocerebellar ataxia 3 (SCA3) or Machado—Joseph
disease (MJD) is one of the most common forms of
autosomal dominant cerebellar ataxia worldwide.'~
Multiple SCA3 phenotypes, which include combinations
of pvramidal, extrapvramidal, cerebellar, and peripheral
signs, have been identified. In contrast, SCA?2 is consid-
ered an unusual cause of degenerative ataxia.2® SCA2
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usually presents as a pancerebellar syndrome with
marked slowing of saccades, tremor, and hyporeflexia 4
Despite these clinical differences, there is a significant
overlap in the clinical presentation of SCA3 and SCA2
patients. In this report, we describe a family of Portu-
guese descent segregating cerebellar ataxia and disclos-
ing unexpected molecular findings in patients belonging
to different branches of the same family.

PATIENTS AND METHODS
Case Reports

Proband

A 36-year-old white woman presented with progres-
sive gait ataxia and unsteadiness since 13 years of age
(Fig. 1, Patient IV-2). She became wheelchair bound in
the past 5 years. Neurological examination revealed pro-
nounced gait ataxia and mild limb incoordination, par-
ticularly on the left side. Muscle strength was grossly
preserved but no tendinous reflex could be elicited. There
was mild muscle atrophy with decreased painful and
vibration sensation over the legs. Although she did not
report diplopia or oscillopsia, horizontal gaze-evoked
nystagmus and slowing of saccades were recorded. She
had no cognitive deficits or signs of extrapyramidal dys-
function and fasciculations were not found.

Electroneuromyography findings were consistent with
an axonal neuropathy with sensitive and motor involve-
ment. Cranial computed tomography (CT) revealed dif-
fuse cerebellar atrophy and enlargement of fourth ven-
tricle. Routine lab work-up (including thyroid function,
vitamins, autoimmune tests) was normal. She was a late
Portuguese descendant whose family presented several
individuals with similar neurological complainis (Fig. 1).
Her paternal grandfather died in the seventh decade with
progressive ataxia, and two of his sons (patient’s father
and an uncle) also developed ataxia in the second decade.
Unfortunately, both men were deceased at the time of our
initial evaluation, and no medical records were available.
At the time of our assessment only two additional af-
fected family members could be investigated. Thev were
brother and sister (Fig. 1, Patients III-1 and II1-2}), second
degree cousins of the proband, ages 66 and 64 years old,
respectively. Both had ataxia with axial and limb in-
volvement, which began in the third decade. They pre-
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F1G. 1. Family pedigree. Squares, men; circles, women; diagonal line,
an individual who died. An arrow indicates the index case. Patient IV-2
has the SCA2 mutation and Patients I11-1 and II-2 have the SCAZ
mutation.

sented discrete bilateral pyramidal signs but no evidence
of peripheral nerve damage or Parkinsonism. Lid lag and
coarse horizontal nystagmus were found in both. In ad-
dition, the disease had a somewhat slower progression
when compared to the proband. In these patients, CT
identified only discrete cerebellar vermian atrophy. Both
parents of Patients III-1 and III-2 died in their eighties
(heart attack and breast cancer) and presented no signs of
neurological dysfunction during life.

Genetic Analysis

All 3 patients gave informed consent and were tested
for SCA mutations. Because of the Portuguese back-
ground, they were initially tested for the SCAZ mutation,
and only when negative results were obtained in the
proband did we performed a more complete SCA muta-
tion panel. Patients I11-1 and III-2 tested positive for the
SCAZ mutation. Genetic testing revealed CAG repeat
expansion of 70 and 72, respectively. In Patient TV-2,
this abnormality was not found, despite extensive search.
Instead, she presented a SCA2 mutation, with an ex-
panded CAG repeat of 42. Patients III-1 and III-2 tested
negative for the SCA2 mutation.

DISCUSSION

SCA2 and SCA3 are both heredodegenerative diseases
cansed by CAG repeat expansions in different genes.”
Among Brazilian patients with autosomal dominant cer-
ebellar ataxia, relative frequency of SCAZ2 and SCA3
mutations are 9% and 44%, respectively.! Although
ataxia i1s a hallmark of both conditions, subtle clinical
and neuroimaging differences have been identified. Hy-
poreflexia and saccadic slowing can be found in other
SCAs but are more pronounced in SCAZ2 patients ** On

Movement Disorders, Vol. 21, No. 7, 2006
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neuroimaging, olivopontocerebellar atrophy is the usual
SCA2 feature, in striking contrast with SCA3, which
commonly presents only mild cerebellar atrophy.57
These somewhat subtle imaging and clinical differences
were noticed between the index case and Patients I1I-1
and I1I-2.

However, the clinical course of SCA3 patients may be
extremely variable, even within the same family,® and
this is, at least in part, related to the length of CAG repeat
expansion.® After Patients I1I-1 and III-2 tested positive
for SCA3/MID, our inifial explanation for the negative
results of the index case was the presence of a very large
expansion at the SCAZ gene that could not be detected by
polymerase chain reaction (PCR). This hypothesis was
further supported by the early onset of her symptoms
(consistent with a large CAG repeat). However, Southern
blot and repeated PCR analyses (with different prim-
ers)'? conclusively ruled out the possibility of SCAZ3/
MID in the index case, who was latter confirmed to have
the SCA2 mutation.

In this pedigree, the index case’s paternal grandfather
as well as her father probably had SCA2. Genetic testing
of these individuals would have been useful to confirm
this hypothesis, but unfortunately they were all dead at
the time of evaluation (they died of apparently unrelated
causes). However, it is more difficult to determine the
possible origin of the SCA3 mutation in this family, and
two possibilities are a de novo mutation or false pater-
nity. Therefore, it seems that the SCA2 and SCA3 muta-
tions were introduced into different branches of this
family.

Because molecular testing is expensive and SCAs are
rare conditions, one may be tempted to test only 1 patient
from a large family and to assume the same molecular
diagnosis for the remaining affected relatives. This strat-
egy is especially worrisome when molecular confirma-
tion of affected family members is used to guide predic-
tive testing of at risk individuals. Therefore, in situations
such as reported here, it seems wiser to obtain molecular
confirmation of the closest available affected relative of
at risk individuals seeking predictive testing.

This study presents a unique family segregating simul-
taneously SCAZ2 and SCA3 in different branches of the
same large kindred. Clinical distinction between patients
with different mutations was present but not definitive.
Instead, correct diagnosis was only possible through
DNA analysis.
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Chronic Pain in Machado-Joseph Disease

A Frequent and Disabling Symptom

Marcondes C. Franca Jr, MD; Anelyssa D’Abreu, MD; Joseph H. Friedman, MD;

Anamarli Nucci, MD, PhD; Iscia Lopes-Cendes, MD, PhD

Background: Machado-Joseph disease (M]D) is one of
the most common forms of neurodegenerative ataxia char-
acterized by remarkable phenotypic heterogeneity. Al-
though patients frequently report pain, systematic evalu-
ation of this clinical feature is lacking.

Objectives: To compare the frequency of chronic pain
among patients with genetically confirmed MJD, an age-
and sex-matched healthy control group, and a disease con-
trol group of patients with amyotrophic lateral sclerosis
(ALS).

Metheods: We included 70 patients with MJD, 20 pa-
tients with ALS, and 70 control subjects from 2 clinical
centers. All individuals underwent assessment with a stan-
dardized pain questionnaire. In addition, we used a vi-
sual analog scale to quantify pain intensity.

Reswlts: Thirty-three patients with MJD (47%), 3 pa-
tients with ALS (15%), and 6 controls (9%) reported

chrenic pain. Lower back pain preceded ataxia in 6 pa-
tients with MJD. Twenty-nine patients with MJD had daily
pain, which was continuous in 23. The mean visual ana-
log scale score was 6.1 in patients with M]D. Pain was
musculoskeletal in 26 patients with MJD, dystonic in 2,
neuropathic in 2, and mixed in 3. Typically, pain was lum-
bar (n=17) or in the lower limbs (n=15). We did not
find significant differences regarding duration of dis-
ease, sex, o severity of ataxia among patients with MJD
with and without chronic pain. Expanded (CAG), tan-
dem repeats were longer in patients with MJD who ex-
perienced chronic pain (67.3 vs 65.2; P=.04).

Conclusions: In our series, pain was significantly more
frequent in patients with MJD than in controls. Chronic
pain was a frequent and often disabling complaint among
patients with MJD. The lower back was the most fre-
quently reported location of pain in patients with MJD.

Arch Neurol. 2007:64(12):1767-1770
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ACHADO-JOSEPH DIS-

ease (MJD) is the most

frequently occurring

autosomal dominant

spinocerebellar ataxia
worldwide.'? It is characterized by an
adult-onset progressive cerebellar syn-
drome with remarkable phenotypic hetero-
geneity, and features such as dystonia, py-
ramidal abnormalities, rapid eye
meovement sleep behavior disorder, supra-
nuclear ophthalmoplegia, and peripheral
neuropathy are frequently found.? In ad-
dition, sensory complaints and particu-
larly painful sensations have been re-
ported previously. In some families, diffuse
joint pain was the presenting symptom,
even preceding ataxia.”*

Despite these findings, systematic evalu-
ation of pain in patients with MJD is stll
neglected in the literature. Recognition of
pain as an important feature of neurode-
generative diseases such as Parkinson dis-
ease (PD) and multiple system atrophy has
been emphasized lately.®7 In these dis-

eases, pain was one of the most distress-
ing manifestations found in nearly half of
the patients’7 Damage to the basal gan-
glia and cerebellum probably underlies
pain in PD and multiple system atrophy.
In addition, severe painful spasms de-
manding aggressive therapy have been
identified in inherited conditions such as
Friedreich ataxia.®

In this study, we aimed to compare the
prevalence of chronic pain in a large co-
hort of patients with genetically con-
firmed MJD, an age- and sex-matched
healthy control group (controls), and a dis-
ease control group of patients with amyo-
trophic lateral sclerosis (ALS).

oL mmw ]

STUDY DESIGN

Patients with MJD were recruited from the neu-
rogenetics clinics at Campinas State Univer-
sity in Brazil and Brown University Medical
School in the United States. The patients un-
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Table 1. Pain Features Among Patients With MJD, Pafients With ALS, and Control Subjects
Patients With MJD Patienis With ALS Conirols
{n=70) (n=20) (n=70) P Value
Demographic data
Sex, No. M/F 38/32 14/6 36/34 21
Age, mean (50), v 37.5(124) 48.8(9.3) 37.2(13.5) A6
Pain features
Mo. (%) with pain 33 (47) 3(15) 6(9) o
Age &t pain onset, mean (S0, ¥ 389(11.7) 7377 53.2 (4.6) 06
VAS score, mean (S0) 6.1(2.2) 33020 4520 a0
Topographic distribution, No.
Lumbar region 17 0 2 NA
Lower limbs 15 0 1 NA
Upper limbs 1 3 1 NA
Head/neck ] 0 2 NA
Perineal region 1 0 i] NA

Abbreviations: ALS, amyotrophic lateral sclerosis; MJD, Machado-Joseph disease; NA, not applicable; VAS, visual analog scale.

derwent a detailed neuralogical evaluation with emphasis on
painful complaints. Only individuals with genetically con-
firmed disease or symptomatic first-degree relatives of indi-
viduals with genetically confirmed disease were included in the
study. Chronic pain was defined as pain lasting longer than 3
months with episodes on at least 50% of the days.” A standard-
ized questionnaire that addressed pain features such as age at
onset, duration and frequency of episodes, anatomic distribu-
tion, and response to medication was administered to all pa-
tients with M]D. Pain was classified according 10 Goetz et al®
as musculoskeletal, dystonic, neuropathic, mixed, or unclas-
sified. A visual analog scale was used to quantify pain inten-
sity. The International Cooperative Ataxia Rating Scale (ICARS)!®
and Epworth Sleepiness Scale!! were used to determine the se-
verity of ataxia and daytime sleepiness in patients with M]JD.
Depressive symptoms were assessed with the Geriatric Depres-
sion Scale validated for the Portuguese language,'* and pa-
tients with MJD who were taking antidepressants were iden-
tified. The length of expanded (CAG), tandem repeats was
recorded where available. Medical conditions known to pre-
dispose to or cause chronic pain were identified.

Families with autosomal dominant cerebellar ataxia but no
molecular confirmation of MJD were excluded. Muscle cramps
were not considered in this analysis.

A group of age- and sex-matched individuals with no neu-
rological abnormalities was used for comparison. Most indi-
viduals in the control group were spouses or caretakers of pa-
tients with MJD. In addition, we included a disease control group
of 20 patients with ALS in whom severe motor disability was
not accompanied by extrapyramidal or sensory abnormalities.

STATISTICAL ANALYSIS

We used analysis of variance to compare pain among patients
with MJD, patients with ALS, and controls. We tested the dif-
ferences between M]D patients with and without pain regard-
ing quantitative and categorical data with a 2-sample t test and
%7 test, respectively. Statistical analysis was performed on
SYSTAT statistical software, version 10.2 (Systat Software Inc,
Richmond, California).

0 IS

Seventy patients with MJD, 20 patients with ALS, and 70
age- and sex-matched controls were included in the study.

The mean ages were 37.5, 48.8, and 37.2 years, respec-
tively. The proportions of women were similar: 32 of 70
patients with MJD, 6 of 20 patients with ALS, and 34 of
70 controls. In 52 patients with MJD, genetic and clini-
cal data, including ICARS and Epworth Sleepiness Scale
scores, were available for final analysis. In these pa-
tients, the mean ICARS score was 38.6 (range, 4-91), the
mean Epworth Sleepiness Scale score was 8.4 (range,
0-18), and the mean length of expanded (CAG), tan-
dem repeats was 66.3 (range, 59-75 tandem repeats).
Eleven patients with MJD fulfilled major depression cri-
teria and 3 were taking antidepressants on a regular ba-
sis. Among the patients with M]JD, 10 men were farmers
and 15 women were housekeepers.

We found chronic pain in 33 patients with MJD (47%),
3 patients with ALS (15%), and 6 controls (95) (P<.001).
The frequencies of chronic rheumatic and orthopedic con-
ditions causative of pain were similar in patients with MJD
and controls. Among the patients with MJD, the mean
age at pain onset was 38.9 years (Table 1). Pain pre-
ceded ataxiain 5 patients and began concomitantly with
itin another 6. Twenty-nine patients with MJD had daily
episodes of pain, which was continuous during the day
in 23. The mean visual analog scale score was 6.1 (range,
2-10). Pain was classified as musculoskeletal in 26 pa-
tients, dystonic in 2, neuropathic in 2, and mixed in 3.
In most patients it was typically lumbar (17 patients) or
in the lower limbs (15 patients). Nine patients had more
than 1 painful anatomic site. Nonsteroidal anti-
inflammatory drugs or opiates were prescribed for pain
relief in 21 patients with MJD, but only 12 of those re-
ported improvement.

We did not find significant differences between pa-
tients with MJD with or without pain in relation to age
at disease onset or to the proportion of women (Table 2).
In both groups, the ICARS and Epworth Sleepiness Scale
scores were similar, as were the proportion of patients
with dystonia, peripheral neuropathy, and pyramidal
signs. The frequency of associated major depression was
similar in both groups (4 of 22 vs 7 of 30, P=.65), but
all 3 of the patients regularly taking antidepressants had
chrenic pain. Similarly, the proportion of nonambula-
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Table 2. Demographic, Clinical, and Genelic Features of Pafients With MJD With and Without Pain
Patients With MJD With Pain Patients With MJD Without Pain
(n=22) (n=30) P Value
Demographic data
Sex, No. M/F 157 1515 19
Age at disease onset, mean (SD), y 36.6 (10.7) 33.9(12.6) 42
Duration of disease, mean (3D), y 9.0(5.0) 12.4(8.9) .09
Clinical data
ICARS score, mean (SD) 39.3 (22.4) ar7.8014.5) .80
ESE score, mean (SD) 8.3(5.4) 8.4(5.1) 95
Patients with peripheral neuropathy, No. 1 19 .34
Fatients with dystonia, No. 5 8 75
Patients with pyramidal signs, No. (5] 12 k=
WMajor depression, No. (%) 4(18) 7(23) 65
Nonambulatory, No. (%) 17 (77) 23 (77) R}
Genetic data
No. of (GAG), tandem repeats, mean (D) 67.3 (35) 65.2 (3.4) ]

Abbreviations: ESS, Epworth Sleepingss Scale; ICARS, International Cooperative Ataxia Rating Scale; MJD, Machado-Joseph disease.

tory individuals was not different between the 2 groups
(17 of 22 vs 23 of 30; P=.96). There was a trend toward
a shorter disease duration in patients reporting pain that
did not reach statistical significance (P=.09). However,
the length of expanded (CAG), tandem repeats was sig-
nificantly longer in patients with pain (67.3 vs 65.2;
P=.04).

— emmmw

Chronic pain was a significant complaint in our cohort
of patients with MJD. We found a point prevalence of 47%,
which was similar to that reported in previous studies
of pain in PD and multiple system atrophy.*” This com-
parison is especially relevant because patients with PD
and multiple system atrophy are usually older than pa-
tients with MJD and are therefore more prone to painful
associated conditions. Pain was also more frequent among
patients with MJD than among patients with ALS or the
age- and sex-matched healthy controls. Itwas a very dis-
abling symptom as shown by the visual analog scale scores
and the daily occurrence of episodes in 29 patients.

Pain was a late symptom in 22 patients, beginning with
a mean delay from disease onset of 4.7 years. However,
in a significant proportion of patients (11}, it preceded
or began concomitantly with ataxia. These patients had
continuous daily pain that preferentially involved the
lower back region (6 patients) or legs (4 patients) and
was more severe (mean visual analog scale score, 8.2).
This is a clinically relevant issue because this kind of se-
vere and persistent pain can be a preclinical marker of
the disease. Prospective studies of at-risk individuals who
carry and do not carry the MJD1 allele would help to elu-
cidate this point.

The pathogenesis of chronic pain in neurodegenera-
tive motor diseases and specifically MJD is uncertain. Most
data derive from PD studies and suggest that damage to
central pathways involved in sensory processing may be
a key issue.*'*" In particular, dysfunction of striatal®® and
diencephalic* dopaminergic circuits has been impli-

cated. Abnormal postures, dystonia, and peripheral neu-
ropathy are additional etiologic factors in these pa-
tients.” Onee started, pain tends to be persistent, and some
features such as depression'® and sleep disturbances'’ play
important roles in making this process a chronic vi-
cious cycle. Since the first report of MJD in Azorean fami-
lies, lower back pain has been recognized as a feature of
M]D possibly caused by abnormal gait and posture * but
this has not been a widely recognized symptom. How-
ever, our findings of similar ICARS scoresin patients with
and without pain as well as the occurrence of severe pain
in individuals with mild ataxia argue against such a simple
mechanism. Besides, the low frequency of chronic pain
among patients with ALS points to different pain mecha-
nisms in these conditions.

Pain was felt in a stocking-glove distribution, had as-
sociated allodynia, and was worse at night in 2 patients.
It was associated with severe and predominantly sen-
sory peripheral neuropathy in these cases. In 2 addi-
tional patients, discomfort occurred with dystonic spasms
and improved with botulinum toxin injections. Despite
this, most of the patients had musculoskeletal or joint
pain as classified by Goetz et al.® This is also similar to
previous descriptions of patients with PD.

Longer expanded alleles at the MJD1 locus such as
those found in our patients with MJD who experienced
frequent pain are known to be associated with more fre-
quent extrapyramidal manifestations due to basal gan-
glia damage,'” a [inding consistent with the dopaminer-
gic pain hypothesis. Alsoin support of this idea, 2 patients
with pain, mild ataxia, and pronounced parkinsonian fea-
tures started levodopa therapy, but instead of motor im-
provement they had subjective pain relief. Spinal cord
ascending pathways for pain sense are frequently in-
volved in MJD,' which may explain this response. Pain
in PD is not usually responsive to levodopa, suggesting
differences between MJD pain and PD pain.

Our results should be considered tentative, limited
by the small size of our control population. However,
we have found that chronic pain is a frequent and dis-
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abling symptom in patients with MJD that has been
underrecognized. Although multifactorial in nature,
pain may be related to the primary neurodegenerative
process caused by the expanded polyglutamine tract,
as well as by the secondary problems of dystonia, neu-
ropathy, and abnormal postures. Further studies are
soon needed to identify the best therapeutic strategies
for pain in MJD.
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ORIGINAL CONTRIBUTION

Muscle Excitability Abnormalities
in Machado-Joseph Disease

Marcondes C. Franca Jr, MD; Anelyssa D’Abreu, MD;
Anamarli Nucci, MD, PhD; Iscia Lopes-Cendes, MD, PhD

Objectives: To estimate the frequency of and to char-
acterize muscle excitability abnormalities in Machado-
Joseph disease (M]D).

Design: Machado-Joseph disease is a common autoso-
mal dominant cerebellar ataxia caused by an unstable CAG
trinucleotide repeat expansion. Muscle cramps and fas-
ciculations are frequent and sometimes disabling mani-
festations. However, their frequency and pathophysi-
ological mechanisms remain largely unknown.
Symptomatic patients with MJD (hereinafter M]JD pa-
tients) with molecular confirmation were assessed pro-
spectively. A standard questionnaire addressing clinical
features of muscle cramps and fasciculations was used.
The Cramps Disability Scale was used to quantify cramps-
related disability. Patients underwent neurophysiologi-
cal testing with routine techniques. F waves of the right
median nerves were obtained, and persistence indexes
were calculated. Four muscles (deltoid, first dorsal in-
terossei, tibialis anterior, and vastus lateralis) were ex-
amined by needle electromyography. A semiquantita-
tive scale (from 0 [no activity] to 4 [continuous activity])
was used to determine the frequency of rest fascicula-
tions in each muscle.

Resuwlts: Fifty MJD patients (29 men) were included in
the study. Their mean age at examination was 46.3 years,

their mean age at onset of the disease was 35 years, and
the mean duration of disease was 11.2 years. Abnormal
CAG, varied from 59 to 75 repeats. Forty-one patients
presented with muscle cramps; in 10, this was their first
symptom. The frequency of cramps varied between 1 and
90 episodes a week. For 15 patients, cramps were the chief
complaint, frequently disturbing sleep or work (Cramps
Disability Scale score, 2 or 3). Lower limbs were af-
fected in 37 individuals, but unusual regions, such asthe
face and abdominal muscles, were also involved. Fas-
ciculations were found in 25 individuals; in 8 patients,
they included facial muscles. However, fasciculations were
not a significant complaint for any of these patients. The
clinical and neurophysiological profile of MJD patients
with and without cramps was not significantly differ-
ent. However, M]D patients with fasciculations had more
severe damage to their peripheral nerves.

Conclusions: Muscle excitability abnormalities were
found in 41 MJD patients (82%), and they were the pre-
senting complaint in 10 {20%). They are related to al-
tered excitability of peripheral motor axons, but mecha-
nisms underlying cramps and fasciculations are possibly
distinet in MJD patients.

Arch Neurol. 2008;65(4):525-529

Author Affiliations:
Departments of Neurology
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Mucci) and Medical Genetics
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ACHADO-JOSEPH DIS-
ease (M]D) is the most
commaon autosomal
dominant cerebellar
ataxia worldwide and
is caused by an unstable CAG trinucleo-
tide repeat expansion in the coding re-
gion of the MJDI gene (OMIM 60704)."
It is characterized by remarkable pheno-
typic heterogeneity with a wide range of
cerebellar, ocular, pyramidal, and extra-
pyramidal manifestations.* On clinical
grounds, 3 classic types of MJD are rec-
ognized® type 1, with marked pyramidal
and dystonic signs and early onset; type
2, characterized by pure or predominant

cerebellar ataxia; and type 3, with late-
onset, more frequent, peripheral neuropa-
thy (PN) and a more benign course. Pe-
ripheral neuropathy is, thus, frequent in
M]JD and may be an important source of
disability.** In some patients, motor axons
are specifically damaged in a pattern re-
sembling motor neuron disease.”
Muscle excitability abnormalities
(namely, muscle cramps and fascicula-
tions) are typical findings in patients
with motor neuron disease, such as
amyotrophic lateral sclerosis (ALS) and
spinal muscular atrophy.®” This is attrib-
uted to the collateral reinnervation that
develops in these conditions to compen-
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sate for axonal loss.® Although such manifestations
have long been recognized in MJD,*? systematic analy-
sis of these features is still lacking and the few reports
devoted to this issue relied on small series of patients or
case reports.’

We, therefore, aimed to identify the frequency, sever-
ity, clinical profile, and causative factors of muscle cramps
and fasciculations in a large cohort of patients with MJD
(hereinafter MJD patients) through clinical and neureo-
physiological evaluations.

Dm0

SUBJECT SELECTION

A group of symptomatic patients prospectively followed up in
our neurogenetics outpatient clinic with molecular confirma-
tion of MJD were included in the study. Clinical (sex, height,
age at disease onset, duration of disease, and clinical subtype)
and genetic (length of expanded CAG repeat) data were re-
corded. The severity of ataxia was quantified with the Interna-
tional Cooperative Ataxia Rating Scale.!' A standardized ques-
tionnaire specifically addressing the presence and features of
muscle cramps was used. The age at onset of cramps, the fre-
gquency and duration of the episodes, anatomical sites in-
volved, and relief factors were identified. The Cramps Disabil-
ity Scale (CDS) score was used to guantify its severity.”® We
looked for spontaneous fasciculations on upper limb, lower limb,
thoracic, abdominal, and facial muscles during the neurologi-
cal examination.

Families with autosomal dominant cerebellar ataxia but no
molecular confirmation of MJD were excluded. Individuals with
medical conditions or those taking drugs known to predis-
pose to muscle cramps were not included in the final analysis.

A group of age- and sex-matched individuals with no neu-
rological abnormalities and a group of patients with ALS were
used for comparison. Most individuals in the healthy control
group were spouses or unrelated caregivers of MJD patients.
Patients with ALS met the El Escorial World Federation of Neu-
rology criteria for defined disease.!?

This study was approved by our institution’s ethics com-
mittee, and written informed consent was obtained from all par-
ticipants.

NEUROPHYSIOLOGICAL STUDIES

Patients with MJD underwent nerve conduction studies and
needle electromyography (EMG) using an electromyograph
(Neuropack 2 Electromyographer; Mihon Kohden, Tokyo, Ja-
pan). The protocol of the nerve conduction studies included
sensory (median, ulnar, radial, and sural) and motor {median,
ulnar, common peroneal, and tibial) nerves on both sides. Ac-
cording to nerve conduction study findings, patients were clas-
sified into 4 groups: 1, healthy; 2, exclusively sensory PN; 3,
sensory motor PN; and 4, exclusively motor PN,

The H-reflex of the right tibial nerve was searched for ac-
cording to routine techniques.'” H-reflex latency is expressed
in milliseconds, and amplitude is expressed as the ratio of the
amplitude of the maximum H-reflex to that of the maximum
compound muscle action potential of the soleus muscle.” We
used 20 consecutive supramaximal stimuli to study F re-
sponses of the right ulnar nerve through routine stimulation
{wrist) and recording techniques (abductor digiti minimi). We
analyzed F-wave minimal latency and persistence.'*

Four muscles on the right side (deltoid, first dorsal inter-
ossei, tibialis anterior, and vastus lateralis) were examined by

monopolar needle EMG. Rest activity was analyzed for S min-
utes at 4 different points in each muscle. The morphological
features of mator unit action potentials and interference pat-
tern on voluntary muscle activation were recorded.

A semiquantitative scale was used to determine the fre-
quency of fasciculations in each muscle (0 indicates no activ-
ity: 1, fasciculations << 25% of the period: 2, fasciculations be-
tween 25% and 49% of the period; 3, fasciculations between
50% and 75% of the period: and 4, fasciculations = 75% of the
period), and a total fasciculation score represented the sum of
individual scores (range, 0-16).

STATISTICAL ANALYSIS

We compared the prevalence and characteristics of muscle
cramps among M]D patients, patients with ALS, and healthy
controls using analysis of variance and x*. We then compared
the clinical, genetic, and neurophysiological profile of M]D pa-
tients with and without muscle excitability abnormalities
through Mann-Whitney and ¥ tests. Statistical significance was
considered at an a of 5%. Statistical analysis was performed using
computer software (SYSTAT 10.2; Systat Software, Inc, San Jose.
California).

S =

Fifty M]D patients, 20 patients with ALS, and 50 age- and
sex-matched controls were included in the study. Among
M]D patients, the mean age at onset and the duration of
disease were 35.0 and 11.2 years, respectively. The mean
length of expanded CAG, was 66 (range, 59-75). Ac-
cording to nerve conduction studies, there were 20 pa-
tients in group 1, 12 in group 2, 13 in group 3, and 5 in
group 4.

The main clinical data are shown in Table 1. Cramps
began with a mean delay of 9.2 years after the onset of
M]D. However, in a group of 10 patients, they preceded
or began concomitantly with ataxia. The CDS scores in
those patients were slightly higher than in the remain-
ing MJD) patients (1.45 vs 1.38; P=.08). In contrast to
the whole group with MJD, in these patients, upper limbs
were the major site of painful episodes (n=5), followed
by abdominal muscles (n=3) and lower limbs (n=3).

There was a trend toward significant differences be-
tween MJD patients with and without cramps regarding
age (46.9 vs 43.2 years; P=.39), duration of disease (11.9
vs 8.0 years; P=.06), and expanded CAG, (66.1 vs 68.0;
P=.10). Although the proportion of MJD clinical sub-
types was not different among individuals with and with-
out cramps (P=.81), 8 of the 11 patients with type 1 in
the entire group had muscle cramps. The frequency of PN
was not different between MJD patients with and with-
out cramps (26 of 41 vs 4 of 9; P=.45). We analyzed
whether cramps in those with MJD might be related to al-
tered muscle excitability by studying F responses and the
H-reflex of tibial nerves. Ulnar nerve F-wave persistence
and minimal latency were not significantly different (P=.3
and .32, respectively) between M]D patients with and with-
out cramps. In addition, we found higher amplitudes (ra-
tio of the amplitude of the maximum H-reflex to that of
the maximum compound muscle action potential of the
soleus muscle, 0.25 vs 0.17; P=.39) and shorter latencies
(22.1 vs 23.8 milliseconds; P=.82) of H responses among
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Table 1. Demographic and Clinical Data in Patienis With MJD, Patients With ALS, and Healthy Control Subjects?
Patients With MJD Patients With ALS Conirols
Variable (n=50) (n=20) (n=50) P Value
Demographic data
Male to famale ratio 28:1 14:6 26:24 39
Age, mean (range), y 46.3 {10-73) 48,8 (36-70) 475 (29-71) 74
Cramp features
Presence of cramps, No. (%) 41 (82) 11 (55) 2(4) 0zt
Frequency of cramps, episodes/ma 17 37 3 52
CDS score, mean (range) 1.39 (1-2) 1.45(1-3) 1.0(1) 48
Topographic distribution
Lower limbs 37 10 2 NA
Upper limbs 13 3 i}
Head/neck B 2 i}
Abdomen 9 1 0
Abbreviations: ALS, amyotrophic lateral sclerosis; GDS, Cramps Disability Scale; MJD, Machado-Joseph disease; NA, not available.
1 Diata are given as number of individuals in each group unless otherwise indicated.
D This difference was significant.
Table 2. Demographic, Clinical, and Genetic Features of Pafients With MJD With and Without Fasciculafions®
Patients With MJD
IWIIh Fasciculations Without FasciculatiunsI
Variable {n=25) (n=25) P Value
Clinical data
Male to famale ratio 178 12113 15
Height, cm 165 166 83
Age, y 51.3 41.2 006"
Age at onset, v 389 31.2 nar
ICARS score 35.0 304 A
MJD clinical subtype, No. of patients
1 1 10 005"t
2 7 7
3 17 8
No. of expanded CAG repeats (genetic data) 64.7 68.2 < 0010
Neurophysiological data
Patients with peripheral neuropathy, No. (%) 20 (B0) 10 (40) 0040
Sural nerve SNAP amplitude, pV 11.2 141 n4r
Sural nerve CV, mfs 448 454 .0a
Absert H-reflex, No. (%) 15 (60) 8(32) 040
F-wave minimal latency, ms 26.8 22.0 05
F-wave persistence, % HA 63.5 me

Abbreviations: CY, conduction velocity; ICARS, International Cooperative Ataxia Rating Scale; MJD, Machado-Joseph disease; SNAF, sensory nerve action

potential.
1Data are given as mean value unless otherwise indicated.
DThis difference was significant.

M]D patients with cramps; however, these differences did
not reach statistical significance.

Carbamazepine treatment, 200 mg twice a day, was
introduced in 15 patients who had CDS scores higher than
1 following initial evaluation. After 6 months, all 15 pa-
tients had significant improvement (CDS score, 0). One
patient complained of dizziness, but medication was oth-
erwise well tolerated.

Fasciculation was not reported as a spontaneous com-
plaint by any patient. It was clinically evident on neuro-
logical examination in 15 patients, 8 of whom had facial
involvement. Needle EMG identified fasciculations in 25
individuals. In contrast, all patients with ALS had fas-

ciculations on needle EMG, and all but 1 had fascicula-
tions on clinical examination. No healthy control had
clinical fasciculations. The mean total fasciculation score
was 2.5 (range, 1-10). Data on MJD patients with and
without fasciculations are summarized in Table 2. Most
MJD patients with fasciculations were of clinical sub-
type 3. There was a higher frequency of PN among MJD
patients with fasciculations. The H-reflex was not ob-
tained in 60% and 32% of MJD patients with and with-
out fasciculations, respectively (n=15 and 8, respec-
tively). Excluding those patients with abolished H-reflexes,
we also found prelonged latencies (32.8 vs 29.9 milli-
seconds; P=.008) and reduced amplitudes (ratio of the
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amplitude of the maximum H-reflex to that of the maxi-
mum compound muscle action potential of the soleus
muscle, 0.13 vs 0.40; P<<.001) of H-reflex in M]D pa-
tients with fasciculations.

B oo~ [

In this cohort, muscle cramps were found in 41 patients
with MJD (82%) and in some of them they were a major
source of disability, as shown by the high frequency of
episodes (mean, 17 episodes per month) and CDS5 scores
{1.39 vs 1.00 in healthy controls). This high point preva-
lence is particularly noteworthy as we compare it with
that of age- and sex-matched controls (4%) and espe-
cially with that of patients with ALS (55%), who are prone
to frequent muscle cramps.” There was a previous study"”
investigating muscle cramps in M]D that included 20 con-
secutive Japanese patients; the study found pathelogic
cramps in about 80% of them. The remarkably similar
results found in these 2 different ethnic populations of
MJD patients indicate that this estimate probably re-
flects the true frequency of cramps in the disease. In ad-
dition, a recent survey' of clinical findings in a group of
127 patients with spinocerebellar ataxia (SCA) also found
muscle cramps to be more frequent in MJD than in other
forms of SCA.

Muscle cramps were mostly a late complaint but, in a
significant proportion of patients (n=10), they pre-
ceded or began concomitantly with ataxia. In addition,
these early-onset cramps more frequently involved the
upper limbs and were slightly more distressing com-
pared with the most usual types of cramps found in those
with MJD and in healthy controls. This clinical observa-
tion points to the possible value of cramps as a preclini-
cal symptomatic marker of the disease among at-risk in-
dividuals. Similarly, patients with late-onset spinal
muscular atrophy due to homozygous mutations of the
SMN (OMIM 600354) gene may have cramps as the ini-
tial and isolated manifestation.'® This relevant clinical is-
sue could be addressed in a study comparing muscle
cramps among SCA3-positive and 5CA3-negative at-
risk individuals prospectively.

The pathogenesis of muscle cramps is still not com-
pletely understood, but clinical and experimental data
indicate that abnormal excitability of peripheral nerves
is important."” In motor neuron disease, death of motor
neurons leads to degeneration of distal intramuscular ter-
minals and subsequent collateral sprouting of nearby rami.
In these regenerating motor axons, there is overexpres-
sion of ionic channels that leads to spontaneous ectopic
activity and muscle cramps.'® A previous study'® with MJD
patients using the threshold tracking technique found a
correlation between cramps and increased axonal excit-
ability. Late responses and, especially, H-reflexes are neu-
rophysiological techniques that measure the degree of ex-
citability of the motor neuron pool.'® There was a trend
toward earlier onset and longer CAG,, repeats among MJD
patients with cramps, which partly explains why they had
more frequent pyramidal and extrapyramidal signs but
not PN. These data suggest that cramps may occur ear-
lier than PN in the disease course. In addition, we found

shortened latencies and increased amplitudes for H-
reflex potentials among patients with cramps, but dif-
ferences were not statistically significant. Overall, these
findings suggest that altered excitatory inputs from cor-
ticospinal fibers rather than peripheral nerve damage un-
derlie abnormal excitability and muscle cramps in MJD
patients.

In cur patients, carbamazepine effectively relieved
cramps in a 6-month follow-up. We needed low doses
to obtain this effect, thus minimizing the risks for seri-
ous adverse reactions. Carbamazepine has been success-
fully used to treat patients with muscle excitability ab-
normalities, such as myotonic disorders®' and Isaacs
syndrome®?; the effects of the drug at voltage-gated so-
dium channels on axonal membranes probably account
for this clinical response.”** This is a promising result
that needs to be confirmed in better-designed con-
trolled trials.

Fasciculations are typical manifestations in motor neu-
ron disease and have been previously reported in some
families with M]JD.?* However, data on the prevalence
and distribution are scarcely available. In our cohort, clini-
cally visible fasciculations were identified in 15 of 50 MJD
patients and in 19 of 20 patients with ALS. Using needle
EMG, we found fasciculations in half of MJD patients.
Despite this, spontaneous facial fasciculations were present
in 8 MJD patients but in only 1 patient with ALS. The
severe damage to pontine facial nuclei, which is fre-
quent in MJD but not in ALS, probably accounts for this
difference.*** Previous data indicate that fasciculations
are a reliable clinical sign found in SCA1, SCA2, and SCA3
butnot in other SCAs." The frequency of fasciculations
was not significantly different among the 3 subtypes; how-
ever, the number of enrolled patients was few (SCA1,
n=13 SCA2, n=19; and SCA3, n=20). Facial fascicula-
tion seemed to be less frequent in SCA1 than in SCA2
and SCA3, whereas limb fasciculations are relatively com-
mon in all 3 disorders.*® In addition, some patients with
SCAZ present myokymic discharges rather than short-
lived fasciculations typical of SCA3.# These findings raise
a question about the clinical value of fasciculations (es-
pecially facial) as a useful sign of MJD in the appropri-
ate context.

Fasciculations are thought to arise from spontaneous
discharges of a single motor unit caused by altered excit-
ability in peripheral motor axens.!'” This abnormal excit-
ability is closely related to the severity of motor neuron
damage in conditions such as spinal muscular atrophy and
ALS. We hypothesized that fasciculations in MJD also had
a similar pathogenesis. Patients with M]D with fascicula-
tions were older, their disease began later, and they had
smaller CAG repeat expansions than MJD patients with-
out fasciculations. In addition, MJD patients with fascicu-
lations had mostly clinical subtype 3 and had more fre-
quent (20 of 25 patents [80%]) and severe PN. There were
lower persistence indexes, altered latencies of F waves, and
abnormal H-reflexes in MJD patients with fasciculations.
These results suggest altered muscle excitability possibly
secondary to degeneration of the motor neuron pool as
an important factor in the origin of fasciculations. Experi-
mental models of MJD have lately shown that ataxin-3 may
interfere with potassium channel function, leading to a sig-
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nificant recuction of the resting membrane potential of neu-
rons.? Such electrical abnormality, which seems to pre-
cede neuronal death, may help to explain why muscle
excitability abnormalities are frequent and sometimes an
early manifestation in MJD patients.

In conclusion, muscle excitability abnormalities are
frequent and sometimes disabling manifestations of MJD.
They are related to altered excitability of peripheral mo-
tor axons, but mechanisms underlying cramps and fas-
ciculations are possibly distinct in MJD patients. How-
ever, large prospective studies are needed to clarify this
issue and to define the best therapeutic approach.
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Abstract

Autonomic dysfunction is a usual feature of neurological conditions characterized
by either extra-pyramidal and/or peripheral damage, such as Machado-Joseph
disease (MJD). Despite this, there are few studies about dysautonomia in this
disorder. We thus employed clinical evaluation and sympathetic skin responses to
assess autonomic function in a large series of Brazilian patients with molecular
confirmation of MJD. Autonomic complaints were overall more frequent in patients
than controls, especially those related to the genitourinary and sudomotor systems.
Eighteen patients (36%) presented abnormal sympathetic skin responses. Age at
onset, duration of disease and length of expanded (CAG), were not different
between patients with and without dysautonomia. However, severe dysautonomia

was significantly associated with polyneuropathic or parkinsonian phenotypes.
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Introduction

Machado-Joseph disease (MJD) or spinocerebellar ataxia 3 (SCA3) is a
neurodegenerative disorder caused by a trinucleotide (CAG) repeat expansion in
the 10™ exon of the MJD1 gene on chromosome 1432 (1). Although progressive
cerebellar ataxia is the clinical hallmark of MJD, several neurological
manifestations have been reported (2). These reflect the widespread central and
peripheral nervous system damage found in the disease (3). Some manifestations,
such as peripheral neuropathy, are closely related to the duration of disease,
whereas others, such as dystonia, are more influenced by the length of expanded
(CAG),.

Autonomic dysfunction is a usual feature of neurological conditions
characterized by either extra-pyramidal and/or peripheral damage. Despite this,
there are few previous reports attempting to characterize dysautonomia in MJD,
and most addressed small groups of patients (4, 5, 6). We thus employed clinical
and neurophysiological studies to evaluate autonomic function in a large series of
Brazilian patients with MJD. We tried to determine the frequency and profile of

autonomic complaints in those patients.

Methods
Subjects selection and study procedures

A group of consecutive symptomatic patients regularly followed in our
neurogenetics outpatient clinic and with molecular confirmation of MJD were
included in the study. Autonomic symptoms were addressed through a
comprehensive questionnaire applied on the first visit. Two neurologists (MCFJ
and AD), experienced in the care of ataxic patients, performed neurological
examination of all individuals. Clinical evaluation of autonomic function included:
measurement of blood pressure standing and supine, 2. measurement of heart rate

standing and supine, and 3. evaluation of pupillary reaction to light and
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convergence. Orthostatic hypotension was defined by a drop in blood pressure of
20mmHg systolic or 10mmHg diastolic on sitting or standing. Abnormal pupillary
reactions included abolished direct light reflexes, presence of a relative pupillary
afferent defect, or slow-reactive pupils. Severity of ataxia and dysautonomia were
quantified with the international cooperative ataxia rating scale (ICARS) (7) and
autonomic subscale of the Unified multiple system atrophy rating scale (UMSARS)

(8), respectively.

We employed sympathetic skin responses (SSR) as an additional tool to
evaluate autonomic nervous system. SSR were recorded after electrical stimulation
of ipsilateral median nerve at the wrist. Temperature was controlled, so that arms
were heated if necessary. Recordings electrodes were placed over the palm and
dorsum of the right hand. Technical parameters of the procedure were: bandpass
1Hz — 3kHz, intensity of stimuli 15mA, duration of stimuli 0.2 ms, and analysis time
10s. At least 5 responses were obtained, but for each patient latency was derived
from the SSR with highest amplitude. Patients also underwent nerve conduction
studies and needle electromyography (EMG) on a Neuropack 2™

Electromyographer (Nihon Kohden, Japan) as described elsewhere (9).

A review of all medications in use by each patient was performed and
those taking drugs able to interfere with autonomic function were not included in
the final analysis. Asymptomatic patients with the MJD mutation and individuals
with clinical diagnosis of SCA but no molecular confirmation were also excluded.
We recruited a group of 20 healthy unrelated controls with similar age and sex
distribution in order to compare clinical and SSR data. This study was approved by
our institution Ethics Committee and a written informed consent was obtained from

all participants.

Statistical analysis

Basic clinical, demographic, genetic and neurophysiological data were
expressed with descriptive statistics. We used Mann-Whitney and Fisher's exact

tests to compare clinical and neurophysiological data of patients and controls.
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The same tests were employed to compare MJD patients with and without
dysautonomia. Statistical significance was considered at a of 5%. Statistical
analysis was performed on SYSTAT 10.2.

Results

Fifty patients from 24 unrelated families were enrolled in the study, 30 of
which were men. Mean age at examination, age of onset and duration of disease
were 46.5 (range 10 - 73), 35.3 (range 3 - 55) and 11.2 (range 2 - 46) years,
respectively. Mean length of expanded (CAG), was 66 (ranging from 59 to 75).
All but two patients were of Portuguese/Brazilian descent. Mean ICARS score was
37 (range 4 - 80). Thirteen and 6 patients presented dystonia and parkinsonism,
respectively. Twenty-seven patients had peripheral neuropathy identified on nerve

conduction studies (submitted).

The most frequent autonomic symptoms reported by patients with MJD
were nocturia (64%) and urine retention (54%), respectively. Disorders of sweating
and cold intolerance came next as usual complaints. Neither patients nor controls
presented pupillary abnormalities. Overall symptoms were significantly more
common in patients with MJD than in controls (Table1). Mean UMSARS total score
was 34 (range 7 - 86), and mean UMSARS autonomic subscore was 2.3
(range 0 - 10). SSR were absent in 18 patients and 1 control, respectively
(p=0.004). Mean latency of SSR among patients that had obtainable responses

was 1.62 seconds (range 1.29 - 2.18 seconds).

We then looked for clinical features associated with autonomic
dysfunction in MJD. We compared data of patients with UMSARS autonomic
subscore <2 and those 22, but there was no significant difference regarding length
of (CAG)n, age at onset or duration of disease (p=0.303, 0.786 and 0726,
respectively). However, there were significant differences between patients with
and without abnormal SSR regarding frequency and severity of peripheral

neuropathy, and frequency of parkinsonism (table 2).
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Discussion

Autonomic complaints are common in patients with MJD, especially
those related to genitourinary and sudomotor systems. Objective signs on physical
examination, however, are not as usual. These results agree with two previously
published series of Asian individuals with MJD (4, 5). Therefore, we hypothesize
that the frequency of dysautonomia in MJD is not different between Brazilian and
Asian patients, as has been suggested in prior reports (4). In fact, autonomic
symptoms were possibly overlooked in face of the more prominent motor

syndrome.

SSR is a technique classically employed to assess the integrity of
sympathetic sudomotor function that has been validated against other methods
(10, 11). In particular, electrically-stimulated SSR showed highest sensitivity,
specificity and positive predictive value compared to other tests in the autonomic
evaluation of patients with MJD (4). There is general agreement that a loss of SSR
is abnormal, but amplitude and latency changes appear to be less reliable
parameters (12).Therefore, we only considered abnormal SSR in those 18 patients
(36%) with unobtainable responses after at least 5 stimuli. In this group, UMSARS
autonomic subscore proved significantly higher than in the group with preserved
SSR. It seems that SSR discriminates well MJD patients with severe

dysautonomia.

Length of expanded (CAG)n, age at onset and duration of disease were
similar between patients with and without dysautonomia, which is in accordance
with previous studies (4, 5). Instead, we were able to show that patients with
parkinsonian or polyneuropathic phenotypes are especially prone to develop
autonomic dysfunction. This suggests that both central and peripheral autonomic
pathways may be damaged in the disease. However, it remains to be determined

the relative contribution of each one in the origin of dysautonomia in MJD.

In conclusion, autonomic symptoms are common, but possibly under
recognized in MJD. In patients with parkinsonian or polyneuropathic phenotypes,
these complaints should be specifically assessed. SSR is a reliable screening tool

to assess dysautonomia in this population.
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Table 1- Autonomic signs and symptoms in patients with Machado-joseph disease

and healthy controls

Patients with MJD Controls p
(n=50) (n=20)
Demographic data
Age (y) 46.5 (10 - 73) 42 (22 — 65) 0.672
Gender (men:women) 30:20 12:8 1.000
Autonomic symptoms (n)
Syncope 4 0 0.319
Hypo/Hyperhidrosis 24 1 0.001
Cold intolerance 24 0 <0.001
Constipation 15 1 0.028
Diarrhea 4 0 0.319
Dry Mouth 8 3 1.000
Nocturia 32 4 0.001
Urinary incontinence 23 2 0.005
Urine retention 27 3 0.003
Sexual dysfunction 8 2 0.713
Autonomic signs
Orthostatic hypotension 2 0 1.000
SSR
Absent response (%) 36% (18/50) 5%(1/20) 0.004
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Table 2- Clinical profile of Machado-Joseph disease patients with normal and

abnormal sympathetic skin responses

Patients with  Patients with P
absent SSR  normal SSR
(n=18) (n=32)

Length of expanded (CAG)n 65.5+3.9 66.2+2.8 0.369
Age 47.2+15.6 46.1+11.7 0.832
Age at onset 34.2+13.8 355+11.0 0.785
UMSARS autonomic score 3.3+£26 1.8+1.3 0.010
Sural amplitude (uV) 8.2+7.1 15.2+124 0.018
Sural Velocity (m/s) 37.2+17.6 495+ 34 0.001
Patients with peripheral neuropathy (%) 13/18 (72%) 14/32 (43%) 0.050
Patients with dystonia (%) 7/18 (38%) 6/32 (18%) 0.132
Patients with parkinsonism (%) 5/18 (27%) 1/32 (3%) 0.018
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Abstract

Objectives: To study the natural history of peripheral neuropathy (PN) in
Machado-Joseph disease (MJD).

Design/Patients: Fifty patients and 20 controls were assessed prospectively with
nerve conduction (NC) studies and Total Neuropathy Score (TNSr). We used
stepwise linear regression to investigate correlations of NC studies with age,
duration of disease and length of (CAG),.

Results: Thirty men and 20 women were included. Mean age and duration of
disease were 46.5 and 11.2 years, respectively. (CAG), varied from 59 to
75 repeats. Mean TNSr score was 11 (range 2-34). Twenty-three patients had
normal NC studies, 6 sensory-motor distal axonopathy, 12 sensory neuronopathy,
1 motor neuronopathy, and 8 combined sensory-and-motor neuronopathy. Sensory
amplitudes of ulnar (p<0.001), radial (p=0.002)and sural nerves (p<0.001) were
smaller in patients. Motor amplitudes of peroneal nerves were smaller in patients
(p<0.001) but not ulnar (p=0.65) and posterior tibial nerves (p=0.59). In the
multivariate analysis, we found that sural amplitude was age-related (r=-0.574,
p<0.001). Forty patients completed the follow-up study (mean of 401 days).
TNSr did not change in the period (p=0.07), but amplitudes of sural nerves did
(13.2pV x 9.8uV, p <0.001). The multivariate analysis showed that the only variable
significantly associated with progression of PN was the length of (CAG), (r=0.574,
p<0.001). Furthermore, variation of sural amplitudes was inversely associated with
changes in ICARS scores (r=-0.613, p=0.04).

Conclusions: PN is frequent and progressive in MJD. Sensory nerves are
predominantly affected in a pattern resembling dorsal root ganglia damage. PN is
mainly age-related, but progression is faster in individuals with larger (CAG),.
In addition, we found evidence that NC studies may be useful as a biological

marker for disease progression in MJD.
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Introduction

Machado-Joseph disease (MJD) is the most common autosomal
dominant spinocerebellar ataxia (SCA) worldwide " 2. It is caused by an unstable
CAG trinucleotide repeat expansion in the coding region of the MJD1 gene, which
leads to an elongated polyglutamine (polyQ) tract in the encoded protein,
ataxin-3 ®. Although ataxin-3 is widely expressed in the nervous system,
the mechanisms leading to selective neurodegeneration in the disease are still not
clear and an inverse correlation is observed between CAG repeat length and age

at onset in patients with MJD *°.

Clinical and pathological features of MJD are extremely variable and
reflect the widespread distribution of ataxin-3. Although cerebellar ataxia is the
usual chief complaint, there is a wide range of ocular, pyramidal and

5

extra-pyramidal manifestations °. Peripheral neuropathy (PN) has long been

recognized in MJD, and is especially frequent among late onset patients & .
Paradoxically, individuals with MJD and PN have smaller (CAG), ®. Data on the

nature of PN in patients with MJD and its course over time are scarce.

To determine the clinical profile and progression of PN in MJD, a large
cohort was prospectively followed with standardized clinical, nerve conduction (NC)
studies and MRI evaluations for two years. We analyzed the influence of age at
onset and age at examination, duration of disease and length of the expanded
(CAG), on the results of NC studies. We also evaluated the usefulness of NC

studies to monitor disease progression.
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Material and methods
Study design

This study is part of a comprehensive project devoted to investigate the
natural history of MJD. It is a prospective study with a follow-up period of two years
performed in a single center (University of Campinas -UNICAMP). It was approved
by our institution Ethics Committee and a written informed consent was obtained
from all participants. Data acquisition was conducted between March 2005 and
April 2007.

Subjects’ selection

A group of consecutive symptomatic patients regularly followed in our
neurogenetics outpatient clinic and with molecular confirmation of MJD was
included in the study. Individuals with medical conditions known to predispose to
PN, namely diabetes mellitus, chronic alcoholism and toxic exposure, were
excluded. A review of all medications in use by each patient was performed to rule
out toxic exposure. Asymptomatic patients with the MJD mutation and individuals

with clinical diagnosis of SCA but no molecular confirmation were also excluded.

Study procedures
Clinical evaluation

Two neurologists (MCFJ and AD), experienced in the care of patients
with ataxia, evaluated all patients in the cohort. In the first visit, motor and sensory
symptoms suggestive of peripheral nerve involvement were addressed through a
questionnaire. We performed a detailed neurological examination focusing on
peripheral nervous system and cerebellar functions. Severity of ataxia was

quantified with the International Cooperative Ataxia Rating Scale (ICARS) °.
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We used a modified version of the Total Neuropathy Score (TNSr) to estimate
severity of PN "> ', Scores in both ICARS and TNSr were recorded one year apart

for comparative analysis.

Nerve conduction studies and needle electromyography

Patients underwent NC studies and needle electromyography (EMG) on
a Neuropack 2™ Electromyographer (Nihon Kohden, Japan). The procedure for
NC evaluation included sensory (median, ulnar, radial and sural) and motor
(median, ulnar, common peroneal and tibial) nerves on the right side, and was
performed according to standard techniques using supra-maximal stimulation and
surface electrodes for recording '?. Studies for sensory and motor nerves assessed
antidromic and orthodromic conduction, respectively. Surface body temperature

was controlled, and limbs were warmed if necessary.

A group of 20 individuals with similar age and sex distribution
(mean age=54.3 years and 12 men) with no neurological abnormalities underwent
the same protocol. These controls were mostly spouses or unrelated caretakers of
patients from the neurology outpatient clinic (not necessarily patients with MJD).

They were recruited along the study period.

Four muscles on the right side (deltoid, first dorsal interossei, tibialis
anterior and vastus lateralis) were examined by monopolar needle EMG.
We analyzed insertional and rest activity semi-quantitatively for 5 minutes at four
different points in each muscle. Morphology of motor unit action potentials and
interference pattern were recorded during slight, intermediate and maximum

voluntary muscle activation.

Patients with MJD had NC studies and needle EMG at baseline and one
year thereafter. Sensory nerve action potentials (SNAPs), compound muscle action
potentials (CMAPs) and nerve conduction velocities (NCV) were recorded for

comparison at the two moments.
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PN subtypes

According to NCS and needle EMG findings, each patient was classified

into one of 6 groups:

1. normal: motor NC studies - median and ulnar CMAP amplitudes > 6mV and
NCV>50m/s, peroneal CMAP amplitude >4mV and NCV>45m/s, tibial CMAP
amplitude >6mV and NCV>45m/s; sensory NC studies - median, ulnar and
radial SNAP amplitudes >15uV and NCV>50m/s, sural SNAP amplitude >6uV

and NCV>45m/s; normal needle EMG findings (absence of denervation).

2. sensory or sensory-motor distal axonopathy (SMA): reduction of SNAP
amplitude of at least one nerve (if only one nerve, this is sural) with normal
NCVs, sural /radial ratio<0.30 "™ '*. Motor NC studies may be normal or present

reduced CMAP amplitudes of lower limb nerves.

3. motor neuronopathy (MN): normal sensory NC studies, widespread reduction of
CMAP amplitudes (23 nerves) with preserved NCV and needle EMG with
fasciculation potentials and/or signs of acute denervation (positive sharp waves

or fibrillation potentials) in at least 2 muscles.

4. sensory neuronopathy (SN): normal motor NC studies and needle EMG,
widespread reduction of SNAP amplitudes (=2 nerves) with preserved NCV,

sural/radial ratio>0.30

5. sensory and motor neuronopathy (SMN): patients meeting simultaneously

criteria for groups 3 and 4.

6. demyelinating neuropathy: defined according to previously published criteria *°.

Distinction of axonopathy and neuronopathy relied upon the presence of
a worsening gradient toward lower limbs and distal regions. Sural/ radial amplitude

ratio is an index commonly used in the diagnosis of mild peripheral neuropathies .
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In addition, sural/ radial amplitude ratio has been used recently to demonstrate the

absence of proximal to distal gradient in sensory neuronopathies '

; and some
authors reported high predictive values for the absence of dying-back

axonopathies in individuals with ratio values > 0.30 *.

Magnetic resonance imaging

Patients had cervical spinal cord MRI examination using Elscint Prestige
2T scanner (Haifa, Israel). We wused axial T2 (4mm thick, 20% gap,
flip angle= 1600; TR=7500 ms, TE=128 ms, matrix 256X256, FOV=20x20 cm)
images to look for hyperintense lesions involving gracile and cuneatus fasciculi.
When associated to abnormal sensory NC studies, such MRI findings are strongly
suggestive of damage to dorsal root ganglia (DRG) neurons. Fifty MRI scans from
healthy controls were mixed with those of patients. Two neuroradiologists, who
were blind to the clinical status of patients and controls, analyzed scans to estimate

signal abnormalities and longitudinal extent of involvement.

Statistical analysis

Basic clinical, demographic, genetic and neurophysiological data of
patients at baseline and follow-up were expressed with descriptive statistics.
Analysis of results was cross-sectional and prospective in nature. Comparison of
NC studies between patients at baseline and healthy controls was performed using
Mann-Whitney test. We then compared clinical, genetic and neurophysiological
profile of MJD patients with and without PN through Mann-Whitney and ¥ ? tests.
ANOVA was used to compare clinical and genetic features in the groups defined
according to NC studies. Results of NC studies at baseline were correlated with
age at examination, duration of disease and expanded (CAG), by stepwise linear
regression analysis. Wilcoxon signed-rank test was used to assess changes in NC

studies, ICARS and TNSr between baseline and at one year of follow-up.
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Pearson’s coefficient was used to examine correlation between change in NC
studies and the above listed variables. Statistical significance was considered at a
of 5%. Statistical analysis was performed on SYSTAT 10.2

Results

Fifty patients from 24 unrelated families were enrolled in the study,
30 of which were men. Mean age at examination was 46.5 years (range 10 — 73),
age of onset was 35.3 years (range 3 — 55) and duration of disease was 11.2 years
(range 2 — 46). Mean length of expanded (CAG), was 66, ranging from 59 to 75.

All but two patients were of Portuguese/Brazilian descent.

Twenty-two out of the 50 patients complained of distal limb numbness.
Twenty-three patients presented paresthesiae that affected legs (15), hands (8)
and perineum (2). In two of those, neuropathic pain was associated to
paresthesiae. Cramps were the most frequent complaint related to motor nerves
(41/50). Nocturia (30/50) and urinary incontinence (26/50) were the manifestations
of autonomic dysfunction more frequently reported. In 5 patients, symptoms
attributable to PN preceded ataxia: 4 with cramps and one with widespread
paresthesiae. On neurological examination, 7 individuals had severe muscle
atrophy involving distal muscles. We identified two patients with bilateral foot drop.
Hypoesthesia for pain and vibratory sense were found in 20 and 34 patients,
respectively. Mean score on TNSr was 11 (range 0-34) and on ICARS 37
(range 4-80). Scores on TNSr and ICARS presented a positive correlation
(r=0.453, p<0.001).

NC studies at baseline are displayed in table 1. According to
neurophysiologic criteria, there were 6 patients with distal SMA, 12 with SN,
1 with MN and 8 with SMN. Twenty three individuals had normal NC studies, and
none presented demyelinating features. Comparison of patients with normal NC

studies (group 1) and patients with PN (groups 2, 3, 4 and 5) showed a higher
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proportion of men in the second group (9/23 vs 21/27, p=0.005). In addition,
patients with PN had smaller expanded (CAG), (64.4 vs 67.9, p<0.001), were older
(51.4 vs 40.7, p=0.001) and began disease later (39.5 vs 29.8, p=0.003).
Demographic, clinical and genetic features of patients in the different groups are
shown in Table 2. Analysis of variance showed that patients with sensory and
motor neuronopathy were significantly older than patients in other groups
(p=0.002).

Cervical MRI scans were performed in 45 individuals, but 10 were
excluded due to motion artifacts. We did not find any posterior T2-hyperintense in
controls; however, these were present in five patients (three with SN and two,
SMN). These 5 patients were significantly older than those with normal scans
(p=0.03).

Distribution of sural amplitudes was not normal, so we performed a
logarithmic transformation before regression analysis. Two patients were removed
from the analysis because they were considered outliers in the visual inspection of
sural amplitude vs (CAG), plot. In the univariate analysis, duration of disease did
not correlate with sural amplitude (r=-0.109, p=0.460), but length of expanded
(CAG), and age at examination did (r=0.538, p<0.001 and r=-0.574, p<0.001,
respectively). We then used a stepwise backward linear regression to evaluate a
multivariate model with both expanded (CAG), and age at examination. In this
model, age at examination was inversely related to the amplitude of sural nerve
(p=0.032), but not length of the expanded (CAG), (p=0.156). We also found that

sural amplitudes were inversely related to TNSr scores (r=-0.614, p<0.001).

Forty out of the 50 patients completed the follow up and underwent the
second assessment (Table 3). The reasons for non-completion were: 1 death,
1 pregnancy, 6 were lost to follow up and 2 refused to repeat NC studies/EMG.
Mean interval between evaluations was 13.2 + 2.3 months. Scores on TNSr and
ICARS after follow-up were 11 and 41, respectively. ICARS but not TNSr scores
were statistically different from the baseline (p=0.001 and p=0.07, respectively).

Except for sural amplitudes (Table 3), there was no significant difference in other
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parameters between baseline and follow up. We then calculated difference
between amplitudes of sural nerve at baseline and after one year (A sural)
to assess whether length of expanded (CAG), repeat, age or duration of disease
were associated with progression of PN. In the univariate analysis we found
that A sural was positively related to the length of (CAG), (r=0.574, p<0.001),
and inversely related to the age at examination (r=-0.324, p=0.05) and age at onset
(r=-0.374, p=0.025). However, only length of expanded (CAG), was significantly
associated to A sural after the multivariate regression (p<0.001). A sural was

inversely related to the variation in ICARS score (r=-0.613, p=0.04).

Discussion

D78 ' 1 and most

There are few studies devoted to PN in MJ
addressed patients with autosomal dominant SCAs rather than MJD
specifically ® ™. Although polyQ diseases share common features, there are also
significant differences among them, which make it difficult to draw general
conclusions from the observation of patients with different SCAs as if they were a
single a group. Despite these limitations, the prevalence of PN in our patients
(54%) was similar to previous European reports . Some authors suggested that
PN in MJD was mild and often subclinical 8. In contrast, we found elevated TNSr
scores (mean =11), thus suggesting that PN may be an important source of
disability in the disease. For example, foot drop certainly aggravates motor
handicap in these patients. Muscle cramps and neuropathic pain, which are often
under recognized, may be major complaints for some patients with MJD, especially

those with significant PN '+ '8,

d 7,8,14,16

As previously reporte , we found that PN is essentially axonal in

nature; mild slowing of NCV are probably due to the loss of the fastest conducting
fibers rather than a primary demyelinating disease. This is supported by
morphometric analysis of sural specimens, which revealed predominant loss of

7, 19

large myelinated fibers and decreased fiber density . The postulated
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mechanisms for axonal damage in MJD are a neuronopathy or an axonal
dying-back neuropathy. Necropsy studies reported moderate to severe depletion of
cells in the DRG and anterior horns of patients with MJD 2* 2'. Experimental
models also suggest that neurodegeneration is related to the accumulation above
a critical level of a mutant ataxin-3 cleavage fragment in the nuclei of vulnerable
neurons 2. In most of our patients, NC studies and needle EMG support the idea
of a primary affection of cell bodies. Sensory NC studies revealed diffuse reduction
of SNAP amplitudes without distal to proximal worsening gradient, as shown by
sural to radial ratios. In addition, the association of cervical T2-hyperintense lesions
and widespread reduction of SNAP amplitudes, which was identified in 5 patients,
is strongly suggestive of a SN %. In others, motor NC studies and EMG were
remarkable for widespread reduction of CMAP amplitudes, frequent fasciculation
potentials, positive sharp waves and large motor unit action potentials, which are

characteristic of MN.

CMAP and SNAP amplitudes reflect the number of peripheral motor and
sensory axons for each nerve. In neurodegenerative disorders such as MJD,
NCS may assess the extent of damage to the neuronal pool in DRG and anterior
horns in vivo. From our data, one can perceive that some patients present
exclusive SN, while others only have signs of MN. In addition, the comparison with
controls show that sensory neuropathy is overall worse than motor neuropathy in
patients with MJD. Similar electrophysiological findings have been recently

reported in patients with Kennedy disease .

Authors also provided
neuropathological data showing that poly-Q aggregates are found sparsely in the
cytoplasm of DRG neurons, but diffusely in the nuclei of motor neurons. Despite
widespread expression of mutant ataxin-3 > #?, we thus hypothesize that the
mechanisms  underlying  neurodegeneration or the susceptibility to
neurodegeneration in patients with MJD may differ in each subtype of neuron,
possibly due to the different protein interactions that occur with ataxin-3. From this
view, patients with combined sensory and motor involvement would represent a

late stage in the spectrum of PN in MJD, which has been confirmed by our data.
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Genotype-phenotype studies in patients with MJD indicate that
expanded (CAG), is inversely related to some markers of disease severity, such as
age at onset and presence of dystonia * °. Paradoxically, some studies pointed that
PN was more frequent in individuals with smaller (CAG), and later onset > 8.
A previous cross-sectional study showed with a stepwise regression model that
expanded (CAG), was a confounding variable and PN was actually related to the
age of patients . Our data support these assumptions — the significant correlation
of sural SNAP amplitude and expanded (CAG), was lost after adjustment for age
at examination. It seems that the length of expanded (CAG), is the main
determinant of damage in some types of neurons, whereas in others, such as DRG

cells, the time over which mutant ataxin-3 exerts its effects is the major factor.

We were able to show after a period as small as one year that mean
amplitude of sural nerves significantly decreased. Furthermore, length of expanded
(CAG), was the only variable that significantly correlated to A sural in the
multivariate analysis. A possible explanation is that expanded ataxin-3 may
accelerate the onset of an age-related phenotype, but once it begins, progression
is related to aging rather than disease-status. Repetition of NC studies in controls
would have been useful to better evaluate this hypothesis, but unfortunately they
were not available for this type of study. However, the rate of decline of sural
SNAP amplitude (3.4uV/year) among patients was much higher than the annual
rate of age-related decline reported in previous series of healthy individuals 2> %,
We also found that A sural inversely correlated with progression of ICARS scores.
These findings raise the possibility that sural SNAP amplitudes may be markers of
disease progression over time. Prospective studies with larger samples and longer

follow up periods will help to better evaluate this issue.

PN is a relevant clinical problem in patients with MJD, and may present
with different symptoms. It progresses over time, and can be assessed with NC
studies and EMG. These are widely available techniques and easy to perform, thus
making them potentially valuable instruments to investigate the progression of the

disease over time. Amplitude of sural SNAP appears to be the most reliable
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parameter in follow up studies. Prospective data presented here provide insight
into the natural history of MJD and may help in the planning of upcoming clinical
trials since NC studies may be useful as a biological marker for disease

progression.
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Figure 1- Correlation between length of expanded (CAG), repeat expansion

(x-axis) and variation in the amplitude of sural SNAP (y-axis).
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Table 1- Nerve conduction studies in controls and patients with MJD at baseline

examination.
Controls ]
MJD at Baseline (n=50)
(n = 20)
SNAP SNAP
. NCV .
Sensory nerves amplitude (ms) amplitude NCV (m/s) P
m/s
(nV) (nV)
Median 324+46 533134 1781149 48.7+121 <0.001/0.132
Ulnar 38.5+11.5 56.5+4.9 17.0+139 51.0+123 <0.001/0.029
Radial 274+87 571138 174+120 53.7+13.1 0.002/ 0.395
Sural 241+6.3 520+3.0 127+11.2 4511123 <0.001/<0.001
CMAP CMAP
NCV
Motor nerves amplitude (m/s) amplitude NCV (m/s) P
m/s
(mV) (mV)
Median 94+12 542+23 9027 53.9+45 0.432/0.656
Ulnar 84+09 572+33 84+23 55.7+5.7 0.655/0.348
Peroneal 6.8+16 50725 39121 43.6+9.7 <0.001/<0.001
Tibial 9.0+1.7 493123 95+44 44.0x10.1 0.592/ 0.001

CMAP - compound muscle action potential, SNAP - sensory nerve action potential, NCV - Nerve

conduction velocities. p - Mann-Whitney test, amplitudes/NCV.
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Table 2- Clinical and genetic profile of patients with MJD according to nerve

conduction studies.

Normal Sensory Motor Sensory-motor Sensory-
(n=23) neuronopathy neuronopathy neuronopathy = motor distal
(n=12) (n=1) (n=8) axonopathy
(n=6)
Sex 9:14 10:2 0:1 71 4:2
(Men:women)
Length of 67.9 64.9 65 64 63.8
expanded
(CAG),
(mean)
Age (mean) 40.7 50.8 45 60.25 42
Age atonset  29.8 38.4 40 471 31.6
(mean)
Duration of 10.4 12.4 5 13.1 10.3
disease
(mean)
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Table 3- Nerve conduction studies in patients with MJD at baseline and at

follow- up.

MJD at Baseline (n=40)

MJD at Follow - up (n=40)

SNAP SNAP
Sensory . NCV . NCV
amplitude amplitude P
nerves (m/s) (m/s)
(1V) (nV)
Median 18.4+15.5 48.9+ 10.5 18.8+17.0 47.0+16.6 0.806/ 0.993
Ulnar 16.4 £ 12.1 51.2+11.0 16.1+ 154 47.8+18.6 0.276/0.771
Radial 176 +11.8 53.6+145 16.0+11.1 54.3 +10.8 0.188/ 0.467
Sural 13.2+10.6 46.9 £ 8.9 98+7.9 445+ 12.6 <0.001/ 0.169
CMAP CMAP
Motor NCV NCV
amplitude amplitude P
nerves (m/s) (m/s)
(mV) (mV)
Median 93+27 544 +4.3 92+27 53.9+46 0.452/0.423
Ulnar 85+24 55.5+4.8 84+23 55.8 £ 5.1 0.726/ 0.650
Peroneal 41122 446 +8.3 4120 43.9+85 0.381/0.161
Tibial 9.1+3.8 454 + 8.6 8.8+45 43.8+9.0 0.701/0.108

CMAP - compound muscle action potential, SNAP - sensory nerve action potential, NCV - Nerve

conduction velocities. P - Wilcoxon signed-rank test, amplitudes/NCV
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Abstract

Background: Although ataxia is the most distressing manifestation of Machado-

Joseph disease (MJD), little is known about its progression and prognostic markers.

Objective: to characterize the progression of ataxia and identify its contributory

factors by prospectively following for two years a cohort of patients with MJD.

Methods: Symptomatic patients with molecular diagnosis of MJD were
prospectively followed for 2 years. International cooperative ataxia rating scale
(ICARS) was employed to estimate severity of ataxia at baseline and at follow-up.
We used multivariate general linear model to investigate whether variation of
ICARS scores were associated with length of the expanded (CAG),, age at onset,

duration of disease and age at examination.

Results: Thirty-five patients were enrolled in the study, 22 of which were men.
Their mean age at onset and length of expanded (CAG), were 33 years and 66,
respectively. Mean ICARS scores at baseline and follow-up were 36.9 and 42.2,
respectively (p<0.001). Longitudinal analysis showed that progression of disease,
expressed by the variation in ICARS scores, was associated with age at onset
(p=0.04).

Conclusions: Progression of MJD expressed by change in ICARS scores is faster

in individuals with earlier onset.
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Introduction

Machado-Joseph disease (MJD) is the most common autosomal
dominant cerebellar ataxia and caused by an unstable (CAG), trinucleotide repeat
expansion in the coding region of the MJD1 gene . This leads to an elongated
polyglutamine tract (polyQ) in the encoded protein, ataxin-3, which underlies the
neurodegenerative process in the disease. In other polyQ disorders, such as
Huntington's disease, several features in the phenotype are tightly related to the
length of the expanded (CAG), 2. In MJD, phenotype-genotype correlations have
shown that some features are determined mainly by length of (CAG),, such as
dystonia, whereas others mostly depend on the duration of disease, such as

peripheral neuropathy 3,

Although ataxia is usually the first and most distressing manifestation of
MJD, little is known about its progression and determinant factors. We therefore
tried to characterize the progression of ataxia and identify its contributory factors by

prospectively following a cohort of patients with MJD for two years.

Methods
Study design

This study is part of a comprehensive project devoted to the natural
history of MJD, with especial emphasis on clinical, neuroimaging and
neurophysiological features. It is a prospective study with a follow-up period of two
years performed in a single center (University of Campinas -UNICAMP), which is
the single one to provide specialized neurogenetics care for a large region in
southestearn Brazil. This study was approved by our institution Ethics Committee
and a written informed consent was obtained from all participants. Data acquisition
was conducted between March 2005 and April 2007.

Capitulo 6
116



Subjects’ selection and clinical assessment

A group of consecutive symptomatic patients regularly followed in our
neurogenetics outpatient clinic and with molecular confirmation of MJD was
included in the study. We employed the International Cooperative Ataxia Rating
Scale (ICARS) * to evaluate severity of ataxia at baseline and one year thereafter.
Clinical (gender, age at disease onset, duration of disease) and genetic
(length CAG repeat in both normal and mutant alleles, parental inheritance) data
were recorded in the first visit. Age at onset was defined as the age at which the
first symptoms of ataxia began. This was estimated according to the reports of
patients and close relatives. We called duration of disease the interval from age at

onset up to the day of first evaluation.

Asymptomatic patients with the MJD mutation and individuals with

clinical diagnosis of SCA but no molecular confirmation were also excluded.

Statistical analysis

Basic clinical and genetic data of patients at baseline are expressed with
descriptive statistics. ICARS scores at baseline and follow-up were compared with
Wilcoxon-signed rank test. We employed univariate and multivariate general linear
model to investigate whether length of (CAG),, age at onset, duration of disease
and age at examination were related to variation in ICARS scores
(AICARS=ICARS score at follow-up - ICARS score at baseline). We employed
analysis of variance to compare AICARS in groups of patients defined according to
duration of disease. Statistical significance was considered at a=5%. Statistical

analysis was performed using SYSTAT 10.2.
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Results

Thirty-five patients from 22 unrelated families were enrolled in the study,
22 of which were men. All but two patients were of Portuguese/Brazilian descent.
At baseline, mean age at examination, age of onset and duration of disease were
45.0 (range 10 - 66), 33.7 (range 3 - 55) and 11.2 (range 2 - 46) years, respectively.
Mean length of expanded (CAG), was 66 (ranging from 59 to 74). Age at onset
was inversely related to the length of expanded (CAG), (r=-0.542, p=0.001).
Mean interval between evaluations was 13.3 months (SD= 1.2 months).
Mean ICARS scores at baseline and follow-up were 36.9 and 42.2, respectively
(Table 1). AICARS were not different between men and women (4.7 vs 6.1,
p=0.626). AICARS had a significant negative correlation with age at onset
(r=-0.324, p=0.05), but not with (CAG), (r=0.031, p=0.862), duration of disease
(r=0.111, p=0.537) or age at examination (r=-0.226, p=0.207). Stepwise backward
linear regression was then employed to investigate a model with both age at onset
and (CAG),. We found that age at onset was associated with AICARS (p=0.04),
but length of (CAG), was not (p=0.321). AICARS did not significantly change
among patients with short, intermediate and long disease duration (p=0.129)

(Figure 1).

Discussion

Although ICARS was the first instrument specifically designed to assess
severity of ataxia in neurologic disorders *, some authors found limitations in the
analysis of its subscores °. Other tools, such as SARA, were then developed to
overcome these concerns ®. We were not able to use SARA because it was not
available at the onset of this study. Despite this, total ICARS score presents

adequate interrater reliability, test-retest reliability, and internal consistency °.

We have recently shown in a cross-sectional study with a larger sample
of patients that total ICARS score did correlate with duration of disease ’. Similar

results were reported with SARA scores °. These independent results thus confirm
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that duration of disease is positively related to ataxia severity, which is not
surprising, since MJD is a progressive condition. However, we were now able to
estimate the rate of such progression (5 points on ICARS score/ per year). This is
a relevant finding, since it can be used in the design of future therapeutic trials for
MJD.

The next objective of the study was to investigate correlates of
progression in the disease, namely age at onset, length of expanded (CAG), and
duration of disease. AICARS did correlate with age at onset, but not with expanded
(CAG), in the multivariate model. This indicates that patients with early disease
onset tend to progress faster regardless of the length of expanded (CAG),. It was
an unexpected finding since age at onset and length of (CAG), usually run together.

Early-onset patients have more frequent and severe dystonia 3

, which is an
extra-ataxic manifestation that may interfere with ICARS scores ’. We thus
hypothesize that faster change in ICARS scores may be due to worsening dystonia
rather than ataxia in these individuals. An alternative explanation is that other
genetic modifiers of age at onset rather than length of expanded (CAG), may

account for accelerated ataxia progression in the disease 8.

In accordance with our results, the association of earlier onset and
faster progression has been also documented in Huntington's disease °. It is thus
possible that this is a common characteristic of polyQ disorders. Although we were
not able to find prospective data on other spinocerebellar ataxias, our findings are
supported by a recent survey which found that survival time was inversely related

to the age at onset in a large cohort of patients with MJD ™.

Our cohort mostly includes patients with moderate disability, with few
patients in both early and late stages of the disease. This precludes an adequate
evaluation of floor and ceiling effects of ICARS. However, there was a tendency
toward higher AICARS among patients with intermediate disease duration that
failed to reach statistical significance (Figure 1). We hypothesize that progression
of ataxia is not linear in MJD, and ICARS is probably less sensitive to changes in

the extremes of the disease.
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This is an exploratory study, and we acknowledge that results might not
be entirely valid for other populations. Despite this, presented data provide insight
into the progression of MJD and may prove useful in the planning of clinical trials.
Further studies with different ethnic populations and larger samples would help to

identify other determinants of progression in MJD.

Finantial support: Fundagdo de Amparo a Pesquisa do Estado de Sao Paulo
(FAPESP) Grant # 04/13725-4
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Figure 1- Change of ICARS scores according to disease duration: group 1 -
duration up to 5 years (n=10); group 2 - duration between 6 and

20 years (n=22); and group 3- duration longer than 20 years (n=3)
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Table 1- Total ICARS scores and subscores at baseline and follow-up

Baseline Follow-up p
Total ICARS score 36.9+19.2 42.2 +18.6 <0.001
Posture and gait subscore 16.4 £ 9.2 18.7£9.2 0.003
Kinetic function score 15.0+94 17.1+£8.9 0.043
Speech subscore 20122 3.0+£23 <0.001
Oculomotor subscore 33+x14 3.3+1.6 0.924

P - Wilcoxon signed-rank test
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Capitulo 7:
"Estudo de potenciais genes modificadores do fendtipo na

doencga de Machado-Joseph"
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Introducao

O tamanho do alelo expandido é sabidamente o fator decisivo para
explicar o fenodtipo da SCA3/DMJ (Maciel et al, 1995; Jardim et al, 2001).
Entretanto, esta varidvel ndo € capaz de explicar isoladamente a grande
variabilidade fenotipica caracteristica da SCA3/DMJ. Os estudos de correlagao
gendtipo-fendtipo usualmente avaliam o bindmio: idade de inicio x tamanho do
alelo expandido. Nessas analises, estima-se que 50 a 80% da variabilidade da
idade de inicio seja atribuida ao alelo mutante (van de Warrenburg et al, 2005);
nos nossos casos, a estimativa foi de quase 70%. Dispomos de muito menos
informacédo relativa a outros aspectos do fendtipo. Conforme descrevemos,
a progressao da NP também esta associada ao alelo expandido, mas este explica
pouco menos de 40% do efeito observado.Outras variaveis, portanto,

devem contribuir para a determinagao final do fenétipo.

DeStefano et al. demonstraram que ha um fator familial independente
do alelo mutante capaz de influenciar a idade de inicio na SCA3/DMJ (DeStefano
et al, 1996). Além disso, estudos de ligagdo em outras doengas por poliglutaminas,
como a coréia de Huntington, ja identificaram loci e genes modificadores de
fendtipo (Rubinsztein et al, 1997; Metzger et al, 2008). Diante disso, procuramos
examinar possiveis genes candidatos a modificadores em uma populagéao

brasileira de pacientes com SCA3/DMJ.

Durr et al identificaram uma pequena, mas significativa contribuigdo do
alelo ndo-expandido na variabilidade da idade de inicio da SCA3/DMJ (Durr et al,
1996). Esse, portanto, foi o primeiro candidato avaliado. O segundo gene foi o
STUB1 que codifica a proteina CHIP (Dickey et al, 2007). Esta é uma
co-chaperona que esta diretamente envolvida com a fisiopatologia de diversas
doengas por expansdo de poliglutaminas (Dickey et al, 2007; Al-Ramahi et al,
2006; Adachi et al, 2007; Miller et al, 2005). Em camundongos transgénicos
expressando a atrofia muscular bulbo-espinhal, a hiper-expressédo do CHIP foi
capaz de atenuar a gravidade da doenga (Adachi et al, 2007). Em modelos
animais da doenga de Huntington, haploinsuficiéncia do CHIP acelerou a

progressao da doenca (Miller et al, 2005).
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Material e métodos
Selecao dos pacientes

Os pacientes foram recrutados em dois centros de pesquisa,
a Universidade Estadual de Campinas (UNICAMP) e a Universidade Federal do
Rio Grande do Sul (UFRS). Foram selecionados 158 individuos com diagndstico
de SCA3/DMJ confirmado mediante teste molecular e pertencentes a familias

brasileiras ndo-relacionadas.

A idade de inicio foi considerada como aquela na qual apareceram os
primeiros sintomas atribuiveis a doenca, e ndo apenas ataxia. Ela foi obtida a

partir de relatos do préprio paciente e/ou de familiares proximos.

Foram excluidos individuos para os quais ndo se dispunha de dados

consistentes a respeito da idade de inicio.

Estudo molecular

O DNA genbmico foi extraido a partir de linfécitos do sangue periférico
segundo técnicas usuais. As reagdes de PCR para amplificacdo da repeticdo CAG
no 10° éxon de ambos os alelos do gene MJD1 foram feitas em um volume total
de 10 ul, contendo 50ng de DNA; 125[]M de cada dNTP (dATP, dCTP, dGTP,
dTTP ); 2,5 pmol de cada primer; Tris-HCI 20mM; MgCl, 1,75mM; KCI 50mM,;
e 1,5 unidades de Taqg DNA polimerase. Os produtos foram resolvidos em
sequenciador automatico (MEGA Bace®)e os tamanhos das repeticoes

quantificados.

Utilizamos single-nucleotide polymorphisms (SNPs) para avaliar o efeito
do gene CHIP sobre a idade de inicio. Foram genotipados 5 SNPs: rs12599315
(regidao promotora), rs 11558085 (1° intron), rs 11861355 (3° intron), rs 6597

(3° exon) e rs 3204090 (5° intron) através de real time PCR. Cada reagao foi feita
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em um volume de 7ul contendo 1ul de DNA; 3,5ul de TagMan; 0,175 ul do SNP
genotyping assay; e 2,325ul de agua miliQ. Os genotipos foram determinados

através do sinal de fluorescéncia dos produtos obtidos.

Analise estatistica

Estudamos a associacao entre a idade de inicio e o tamanho do alelo
mutante através de um modelo de regressdo linear simples. Em seguida,
empregamos um modelo de regressao com multiplas variaveis para avaliar se a
incluséo do alelo normal melhoraria a predicdo da idade de inicio. Para estudar o
efeito do segundo gene, utilizamos inicialmente analise de variancia para
comparar as idades de inicio nos grupos definidos de acordo com o gendtipo de
cada SNPs. Nessas analises, o efeito foi corrigido para o tamanho do alelo
expandido. Em seguida, incluimos os resultados do gendtipo para cada SNPs
também no modelo de regressdo multipla. Em todos os testes, o nivel de
significancia considerado foi de 0.05. Todas as analises foram feitas no software
SYSTAT versao 10.2.

Resultados

Foram selecionados 158 pacientes com SCA3/DMJ, cuja idade média
de inicio foi de 35.1 anos (7 - 64, SD = 11.7). O tamanho médio das expansdes
(CAG) no alelo expandido e normal foi 72 (63 - 87, SD = 3.5) e 22 (13 - 37,

SD = 5.2), respectivamente.

A idade de inicio apresentou uma significativa correlagao direta com o
tamanho do alelo expandido (Figura 1) (* = 0.678, p<0.001). Entretanto,
a transformagédo logaritmica da idade de inicio apresentou uma correlagéao
ligeiramente superior com o tamanho do alelo expandido (r* = 0.699, p<0.001).
Nesse ultimo modelo, a inclusdo do tamanho do alelo normal também trouxe uma
discreta melhora (r* = 0.712, p<0.001).
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Figura 1- Correlagao entre a idade de inicio em anos (eixo y) e o tamanho do alelo

expandido em numero de repeticdes CAG (eixo x)
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Trés dos cinco SNPs genotipados nao apresentaram variabilidade
dentro da amostra avaliada (rs11558085, rs11861355 e rs3204090) e portanto,
nao puderam ser utilizados para as analises de correlacdo com idade de inicio.
As frequéncias dos gendtipos obtidos para os outros SNPs (rs12599315 e rs6597)
estao expressas na tabela 1.

Tabela 1- Distribuicdo dos gendtipos para os SNPs rs12599315 e rs6597 na

populagado estudada.

SNPs N (%)

RS12599315

Gendtipo CC 91(57%)

Gendtipo CT 38(24%)

Genodtipo TT 29(19%)
RS6597

Gendtipo GG 6(4%)

Gendtipo GT 32(21%)

Genodtipo TT 120(75%)

Nao houve diferenga nas idades médias entre os grupos definidos de
acordo com o genodtipo para cada SNPs e utilizando o tamanho do (CAG)
expandido como fator de corregao (Figura 2). A inclusdo dos gendtipos para cada
um dos SNPs dentro do modelo de regressao néo levou a uma melhor predi¢do do

efeito final.
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Figura 2- Box-and-whiskers-plots com a distribuicdo das idades de inicio de
acordo com os gendtipos. (A) rs12599315: grupo 0 - homozigotos C,
1 - heterozigotos, 2 - homozigotos T. (B) rs6597: grupo 1 - homozigoto

G, 2 - heterozigoto, 3 - homozigoto T.

Discussao

Nossos resultados confirmam a estreita associagdo entre a idade de
inicio e o tamanho do alelo expandido nos pacientes com SCA3/DMJ. Tal efeito é
particularmente evidente nos individuos com grandes alelos expandidos. A adigao
do alelo normal ocasionou uma pequena, mas significativa melhora na predicéo do
modelo de regressdo. Aproximadamente 2% da variabilidade da idade de inicio
puderam ser atribuidos ao alelo normal. Esses valores sdo muito semelhantes
aqueles reportados por Durr et al. em uma populagao européia de individuos com
SCA3/DMJ (Ddarr et al, 1996). Em conjunto, reforcam a idéia de que a ataxina-3
normal também tenha um papel na fisiopatologia da doenca. Nesse contexto,
a analise da influencia do alelo normal sobre outros aspectos fenotipicos da
doenga, como o dano aos nervos periféricos, poderia ajudar a estabelecer a real

importancia desse gene modificador.
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Em relacdo a proteina CHIP, empregamos o estudo de SNPs para
avaliar um possivel efeito modificador do fendtipo. Esta é uma estratégia
previamente validada como rastreamento para genes modificadores em outras
enfermidades por expansdo de poliglutaminas (Kishikawa et al, 2006).
Em diversas populagbes, o gene STUBT1 é composto por apenas um ou dois
blocos haplotipicos, de forma que 5 SNPs foram selecionados cobrindo todo o
gene. Diante disso, admitimos o resultado negativo no estudo dos SNPs como
forte evidéncia da falta de associagdo entre a idade de inicio e o referido gene.
Entretanto, ndo se pode descartar um possivel efeito desse gene sobre outros

aspectos do fendtipo.
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A SCA3/DMJ apresenta marcante heterogeneidade fenotipica, muitas
vezes observada dentro de uma mesma familia (Coutinho et al, 1994).
As manifestacbes motoras habitualmente s&o as primeiras e as mais
incapacitantes (Coutinho et al, 1994). Como ressaltado no artigo 1 (capitulo de
revisdo), a ataxia cerebelar € dominante, mas espasticidade de membros
inferiores, distonia e parkinsonismo também sdo achados freqlientes nesse grupo
de pacientes. Alguns sinais clinicos, como a oftalmoparesia supranuclear vertical e
as fasciculacboes de face, sdo bastante caracteristicos de SCA3/DMJ, mas ainda
assim nao permitem o diagndstico especifico em muitos casos. Isso ocorre em
virtude da semelhanca fenotipica que existe entre SCA3/DMJ e outras formas de
SCA. Um exemplo ilustrativo esta no segundo artigo (resultados, capitulo 1)
em que descrevemos uma familia brasileira segregando simultaneamente as
mutacOes para SCA3/DMJ e SCA2. Esse relato reforga a importancia dos testes
moleculares para um adequado diagnostico e aconselhamento genético.
Nessa prole, curiosamente, apenas o caso indice - portador de SCA2 apresentava
sinais de NP. Isto demonstra que o envolvimento do SNP ndo € uma caracteristica
exclusiva da SCA3/DMJ, podendo ser encontrada em outras doencgas por
expansdo de poliglutaminas. Em algumas dessas condi¢gbes, como a atrofia
muscular bulbo-espinhal ligada ao X (doenca de Kennedy), o envolvimento do
SNP ja foi extensamente investigado, mostrando-se util ora como instrumento de

diagnéstico ora como ferramenta para seguimento clinico (Suzuki et al, 2008).

O SNP é frequentemente afetado em pacientes com SCA3/DMJ,
e em alguns casos, pode ser a expressao clinica inicial da doenga (van Schaik et
al, 1997). Manifestagcdes como pés caidos e atrofia muscular nas pernas sao
reconhecidas desde as primeiras familias descritas com SCA3/DMJ (Nakano et al,
1972). A despeito disso, outros aspectos da doenca, como a ataxia e as
manifestacdes extra-piramidais, estdo muito melhor caracterizados do que a NP.
Estudos prévios em SCA3/DMJ salientaram que a NP é mais comum em
pacientes com maior duracdo de doencga. Ao contrario de outros parametros
clinicos, como idade de inicio e presenca de distonia, a NP parecia
correlacionar-se diretamente com o tamanho da expansao (CAG) no alelo mutante
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(Kubis et al, 1999). Haveria, portanto, evidéncias de que os nervos periféricos e o
SNC teriam mecanismos distintos de neurodegeneracao (Klockgether et al, 1999).

Partindo desse ponto, procuramos abordar alguns aspectos ainda néo
esclarecidos relativos ao envolvimento do SNP na SCA3/DMJ. Uma dessas
questdes diz respeito a contribuicdo dos sintomas e sintomas periféricos para a
incapacidade geral relacionada a doenca. Estudos europeus sugeriam que a NP
na SCA3/DMJ era freqlentemente leve ou até subclinica (Kubis et al, 1999).
Entretanto, esses conceitos baseavam-se em pequenas séries clinicas e muitas
vezes, utilizavam instrumentos de avaliacdo pouco sensiveis. Dor, caimbras e
disautonomia, por exemplo, sao sintomas habitualmente encontrados em

enfermidades que afetam o SNP, mas pouco estudados na SCA3/DMJ.

No artigo 3 (resultados, capitulo 2), investigamos o sintoma dor crénica
em pacientes com SCA3/DMJ e sua relagdo com o acometimento do SNP.
Verificamos que esta € uma queixa freqUente, cujo inicio pode inclusive preceder a
ataxia. Na maioria das vezes, a dor foi descrita como musculo-esquelética.
Entretanto, dor neuropatica, com alodinia e hiperestesia, foi descrita por alguns
individuos, cuja investigagdo documentava NP de predominio sensitivo.
Portanto, a dor parece ter origem multifatorial na SCA3/DMJ, mas um dos fatores
relacionados certamente ¢ a NP. E uma queixa muitas vezes negligenciada,
devido a exuberancia das manifestagdes motoras, mas que contribui para a piora
na qualidade de vida desses individuos. A dor de natureza neuropatica,
em particular, pode ser passivel de terapia e, portanto, deve ser sistematicamente

investigada nessa populacao.

Em seguida (4° artigo - resultados, capitulo 3), abordamos as
anormalidades de excitabilidade muscular na SCA3/DMJ e sua relacdo com o
dano ao SNP. Caimbras musculares e fasciculacbes foram identificadas com
freqUéncia nos pacientes com SCA3/DMJ. Em alguns individuos, representavam
um dos sintomas mais incdémodos, dificultando o sono e o trabalho.
Nao observamos diferencas significativas em relacdo a freqiiéncia de NP entre

pacientes com e sem céaimbras. Entretanto, para@metros como o reflexo H e as
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ondas F sugeriram uma hiperexcitabilidade dos motoneurdnios espinhais no grupo
de pacientes com caimbras. Houve também uma grande proporcao de individuos
com subtipo clinico 1 — inicio precoce, sinais piramidais evidentes e maior alelo
expandido - entre aqueles com caimbras. Em conjunto, esses dados levantam a
possibilidade de uma anormalidade da excitabilidade neuronal com mediacao
piramidal como um fator causal das caimbras na SCA3/DMJ. Estudos prévios com
técnicas threshold tracking indicaram também anormalidades na excitabilidade dos
motoneurdnios, mas relacionadas com dano intrinseco ao SNP (Kanai et al, 2003).
Admitimos que as duas hipbéteses ndao sejam mutuamente exclusivas, e que
possam operar juntas na origem das caimbras na SCA3/DMJ. Reforcando essa
idéia, relatamos bons resultados com o0 uso de um bloqueador de canais i6nicos,

a carbamazepina, no tratamento de caimbras.

Fasciculagbes tém valor clinico na SCA3/DMJ, sobretudo quando
envolvem musculatura da face. A presenca de fasciculacbes esteve bastante
relacionada ao dano periférico na SCA3/DMJ. Encontramos maior proporcao e
maior gravidade de NP nos pacientes com fasciculacbées em comparacao aqueles
sem fasciculagées. Ao contrario das caimbras, houve indicios de redugao da
excitabilidade dos motoneurdnios entre os pacientes com fasciculagbes. Portanto,
ha evidéncias de alteragédo da excitabilidade neuronal na origem tanto de caimbras

quanto de fasciculagdes, mas os mecanismos possivelmente sao distintos.

O sistema nervoso autonémico foi o objeto de estudo do 5° artigo
(resultados, capitulo 4). Observamos uma alta frequéncia de sintomas
disautonémicos, sobretudo ligados aos sistemas urogenital e sudomotor.
Em conformidade com um estudo chinés prévio (Yeh et al, 2005), a resposta
simpatica cutanea mostrou-se um bom marcador para discriminar pacientes com
disfuncdo autondémica significativa. E precisamente entre esses individuos,
houve uma maior proporcdo com fendtipos “neuropatico” e “parkinsoniano”.
E bastante provavel que o sitio de envolvimento do SNA inclua ndo apenas vias
centrais, mas também periféricas. Em relagdo aos nervos periféricos, elementos

de autdépsia, por exemplo, demonstram deplecdo neuronal nos ganglios
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autonémicos de pacientes com SCA3/DMJ (Yamada et al, 2001) Dessa forma,
a NP na SCA3/DMJ também é caracterizada por lesédo as fibras autonémicas.

O padrao de envolvimento dos nervos periféricos na SCA3/DMJ é outro
aspecto bastante discutido. Indicios experimentais sustentam a hip6tese de uma
disfuncdo primariamente axonal, semelhante a uma polineuropatia tipo
“dying-back” (Gunawardena et al, 2005). Em contraste, existem evidéncias clinicas
favorecendo um dano inicial no corpo celular dos neurdnios com repercussao
posterior nos axénios (van de Warrenburg et al, 2004). Tanto fibras sensitivas
quanto motoras parecem ser afetadas, mas a contribuicdo relativa em cada
paciente também nao esta clara. Nesse contexto, nossos resultados de ENMG
(artigo 6 — resultados, capitulo 5) indicam que h& pacientes com neuropatia
sensitiva pura e outros com neuropatia motora pura. Além disso, as anormalidades
nos estudos de conducéao sensitiva foram mais pronunciadas que as alteracdes de
condugado motora na analise de grupo. Em conjunto, esses dados sugerem que 0
dano as fibras sensitivas ndo corre necessariamente paralelo ao dano as fibras
motoras. Conforme verificado nos nossos pacientes, em casos de evolucdo mais
prolongada, existiia a confluéncia dos dois processos levando a um
comprometimento sensitivo-motor, com padréo clinico-eletroneuromiografico de
polineuropatia. Resultados semelhantes a esses foram recentemente descritos em
pacientes com doenga de Kennedy. Suzuki et al. mostraram que existem distintos
fendtipos eletrofisiologicos influenciados de forma diferente pelo tamanho da
expansao (CAG) no alelo mutante (Suzuki et al, 2008).

Na presente série, as anormalidades nos estudos de condugéo
sensitiva, via de regra, estavam presentes nos quatro membros, mas néo se
observava um gradiente de piora em direcdo aos membros inferiores. Em muitos
individuos, as respostas obtidas nos bragos eram até mais alteradas que aquelas
obtidas nas pernas. Alguns desses pacientes apresentaram também lesées
hiperintensas restritas aos funiculos posteriores nas seqtiéncias ponderadas em
T2 nas imagens de RM da medula cervical semelhantes aquelas encontradas nos
pacientes com ganglionopatias sensitivas cronicas (Franga Jr et al, 2008).
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Dessa forma, nossos dados favorecem a idéia de uma neuronopatia sensitiva
primaria como causa das anormalidades sensitivas encontradas nesses pacientes.
De forma semelhante, os estudos de conducdo motora e, sobretudo,
a eletromiografia apresentaram anormalidades classicamente descritas em
enfermidades do neurd6nio motor inferior, como fasciculacbes abundantes e a
combinacdo de sinais de atividade desnervativa aguda (ondas positivas,
fibrilacbes) e crbnica (potenciais de unidade motora de grande duracdo e
amplitude) em um mesmo musculo. Assim, entendemos a NP da SCA3/DMJ como
uma dupla neuronopatia, afetando os ganglios da raiz dorsal e os motoneurdnios
alfa. Encontramos indicios de que o processo neurodegenerativo ou mesmo a
susceptibilidade a neurodegeneracao em cada tipo de neurdnio seja diferente.
Isto possivelmente deve-se ao contexto protéico especifico de cada célula e as

diferentes interagdes com a ataxina-3 que ocorrem.

Ainda no 6° artigo (resultados, capitulo 5), procuramos examinar fatores
relacionados com o aparecimento e progressdao de NP em pacientes com
SCA3/DMJ. A amplitude do potencial do nervo sural € um dos marcadores
eletrofisiol6gicos mais sensiveis e reprodutiveis para o diagnéstico de NP
(Burke et al, 1974; Kimura et al, 2001; Killian et al, 2001), e por isso, foi utilizado
por nés como parametro nos estudos de regressdo. A andlise transversal feita
inicialmente mostrou que a amplitude do potencial do nervo sural estava
inversamente relacionada com a idade de cada paciente. A aparente relacao
direta existente entre o tamanho do alelo expandido e a amplitude desse potencial
nao era real, e isso foi demonstrado no modelo de regressdo com mudltiplas
variaveis. Este resultado esta de acordo com aquele publicado em uma populacao
alema de pacientes com SCA3/DMJ (Klockgether et al, 1999). Os autores
enfatizam o fato de que o principal determinante da NP na SCA3/DMJ seria a
duracao da doenca. Ao contrario de outros aspectos clinicos, o tamanho do alelo
expandido contribuiria pouco para a perda de axoénios periféricos (Klockgether
et al, 1999). Essas conclusdes foram obtidas a partir de uma grande casuistica,
mas sao limitadas pela natureza transversal do estudo. Dessa forma,

acompanhamos prospectivamente nossos pacientes de forma a superar essa
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limitacdo. Ao longo de 13 meses, ndo houve mudanca significativa na quase
totalidade dos parametros clinicos e eletrofisiolégicos dos pacientes com
SCA3/DMJ, com excecao do sural. No estudo desse nervo, houve queda
significativa da amplitude média dos potenciais, e essa redugao correlacionou-se
diretamente com o tamanho do alelo expandido no modelo de regressao com
multiplas variaveis. Esses fatos indicam que a NP na SCA3/DMJ é, de fato,
idade-dependente, mas sua progressao € mais rapida nos individuos com maior
alelo expandido. Além disso, a variagdo de amplitude do sural correlacionou-se
diretamente com a piora da ataxia, expressa pela mudanca no escore da ICARS,
sugerindo entdo que o estudo eletrofisiolégico do nervo sural seja util como um
marcador biolégico para avaliacao da progressao da doenca ao longo do tempo.

Embora a progressdao da ataxia e da NP estejam relacionadas,
os fatores determinantes parecem ser diferentes. Ao contrario da NP,
a progressao da ataxia, expressa pela piora no escore da ICARS, correlacionou-se
com a idade de inicio e ndo com o tamanho do alelo mutante (artigo 7 - resultados,
capitulo 6). Isto novamente reforga o conceito previamente levantado (Klockgether
et al, 1999) de que neurdnios do SNC e SNP teriam ou diferente susceptibilidade a

neurodegeneragao ou diferentes mecanismos levando a neurodegeneracao.

Em nossa amostra, o alelo expandido foi responsavel por quase
70% da variabilidade na idade de inicio da doenca. Como descrito, ele também
contribui para a evolugdo da NP, mas seu efeito fica em torno de 40%.
Nesse sentido, DeStefano et al. mostraram que existe um fator familial
independente do alelo expandido capaz de modular a idade de inicio na
SCA3/DMJ (DeStefano et al, 1996). Assim, procuramos examinar possiveis genes
candidatos a modificadores na SCA3/DMJ, utilizando um modelo de mudltiplas
variaveis no qual a idade de inicio era a variavel dependente (resultados, capitulo
8). CHIP é uma proteina capaz de inibir a neurotoxicidade mediada por proteinas
com expansao de poliglutaminas em modelos experimentais (Al-Ramahi et al,
2006). Utilizamos a genotipagem de SNPs ao longo desse gene de forma a

averiguar um possivel efeito modulador sobre a idade de inicio da doenga,
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que nao se confirmou. O segundo gene avaliado foi o proprio alelo ndo-expandido.
A adicao dessa variavel ao modelo de regressao, ja incluido o tamanho do alelo
mutante, trouxe uma ligeira melhora na predicdo (cerca de 2%). Portanto,
o tamanho do alelo normal parece interagir com o alelo mutante, contribuindo na
determinacao do fendtipo. Naturalmente, o proximo passo serd investigar se o
alelo normal também influencia a expressdao de outros aspectos do fendtipo,
como a NP. Essa extensdo da pesquisa dependera diretamente da inclusao de
novos pacientes e podera ser implementada mediante a colaboracdo de outros

centros brasileiros.

Em concluséo, verificamos que a NP é um achado freqliente nos
pacientes com SCA3/DMJ. Embora sua expressao clinica seja variavel, ela
certamente contribui para a piora no grau de incapacidade desses individuos.
O padrao de lesdao é muito provavelmente uma dupla neuronopatia, sensitiva e
motora. A NP é um fendmeno idade-dependente nos pacientes com SCA3/DMJ,

mas sua progressao é mais rapida naqueles com maior alelo expandido.

Discusséo
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. A dor crénica € uma queixa comum entre os pacientes com SCA3/DMJ, e em
parte dos casos, tem carater neuropatico, estando associada a uma neuropatia

periférica de predominio sensitivo.

. Céimbras e fasciculacdes sao outras anormalidades freqlientes na SCA3/DMJ.
Elas estdo possivelmente relacionadas com alteragbes no estado de
excitabilidade dos neurGnios motores inferiores, entretanto os respectivos

mecanismos parecem ser diferentes.

. Queixas relacionadas aos sistemas genito-urinario e sudomotor foram
freqientes entre os pacientes com SCA3/DMJ. A resposta simpatica cutanea
parece ser um bom instrumento para identificar pacientes com disautonomia

significativa.

. A NP na SCA3/DMJ tem um padrao de dupla neuronopatia, sensitiva e motora.
E um fendmeno relacionado principalmente com a duragdo da doenca, mas

progride mais rapido nos individuos com maior expansao no alelo mutante.

. O estudo de conducao do nervo sural parece ser um bom marcador biolégico
para o seguimento de pacientes com SCA3/DMJ.

Existe uma associacao entre a progressao da neuropatia periférica e da ataxia
na SCA3/DMJ. Entretanto, os fatores determinantes de progresséo para cada

uma parecem ser distintos.

. O tamanho do alelo expandido € o principal fator determinante da idade de
inicio na SCA3/DMJ; também ha uma pequena, mas significativa contribuicao

do alelo normal.

Conclusao
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Prezado(a) Senhor(a):

Favor ler estas folhas cuidadosamente. Elas explicardo a vocé o
presente estudo e o ajudara a decidir se quer tomar parte dele. Estaremos a sua

disposicao para responder a quaisquer duvidas que vocé possa ter.
O que é a doenca de Machado-Joseph?

E uma doenca que leva & lenta degeneracdo de algumas partes do
sistema nervoso causando perda de equilibrio, dificuldade para andar e ficar de

pé, alteracdes da fala e da visao.
Qual a causa da doenca de Machado-Joseph?

Essa doenca teve origem em Portugal ha muito tempo atras e devido a
nossa colonizagao, € relativamente freqlente aqui no Brasil. Ela é causada por
uma alteracdo no material genético, o DNA, do individuo e pode passar de

geracgao para geracao.
O que é o estudo que estamos realizando?

Estamos examinando a maneira como essa doengca compromete os

nervos periféricos e quais os sintomas causados a partir dai.
Como é feito este tipo de estudo?

Cada paciente sera examinado por um médico neurologista em uma
primeira consulta. Em seguida, serd realizado um exame para avaliar 0s nervos

periféricos chamado de eletroneuromiografia.
O que é o exame de eletroneuromiografia?

O exame de eletroneuromiografia tem duas partes. A primeira parte
serve para examinar o funcionamento dos nervos e a segunda para examinar o

funcionamento dos musculos. Na primeira parte, cada nervo é estimulado através
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de um instrumento que da pequenos e rapidos choques elétricos. Na segunda
parte, uma pequena agulha perfura a pele e é posicionada dentro do musculo.
Em seguida, pedimos ao paciente que faca leves movimentos utilizando aquele

musculo e observamos o resultado na tela do aparelho.

Existe algum risco com esse tipo de exame?

Esse exame é bastante usado e nao precisa de muito tempo para ser
realizado. A maioria dos pacientes o suporta muito bem. Normalmente, ndo ha
problemas, mas as vezes, pode ocorrer dor ou sangramento no local da picada da
agulha.

Quais sao os possiveis beneficios da participacao?

Embora vocé possa nao ter um beneficio direto com sua participacao
no estudo, as informagdes obtidas podem contribuir para entendermos melhor a

doenca e aprimorar o tratamento de alguns dos seus sintomas.
Como sera feito esse estudo?

Selecionaremos pacientes com a doenga de Machado-Joseph para
realizagdo de consulta especializada com médico neurologista e em seguida,
realizacdo do exame de eletroneuromiografia. A consulta médica e a realizacédo do
exame duraram cerca de uma hora cada e serao feitos em dias diferentes ou em

seguida, conforme a preferéncia do paciente.
Quem analisou o estudo?

Este estudo de pesquisa, inclusive este folheto de informagdes ao
paciente, foi analisado e aprovado por um Comité de Etica. O Comité de Etica é
um conselho independente de pessoas, em parte composto por médicos,
com a responsabilidade de garantir os direitos, a seguranca e o bem-estar dos
participantes de estudos clinicos.
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I- COMPROMISSOS

Responderemos qualquer duvida ou pedido de esclarecimento sobre a
pesquisa e 0s exames propostos, a qualquer momento. Se vocé tiver outras

perguntas, pode entrar em contato com o pesquisador abaixo.

Vocé podera deixar de participar da pesquisa em qualguer momento
que quiser, sem prejuizo ao atendimento, cuidado e tratamento prestados pela
equipe dos Departamentos de Neurologia e Genética Médica do HC - UNICAMP.

Serd mantido sigilo sobre todas as informacdes que nos forem
confiadas. Os resultados finais do estudo poderdo ser publicados em revistas
cientificas, mas seus dados pessoais nunca seréo revelados. Estamos disponiveis
para atendimento a qualquer eventual problema relacionado aos exames
realizados, através dos telefones (19)3788-7754, (19)3788-7507, e (19)3788-8902.
Em caso de reclamagdo ou recurso, podera procurar o Comité de Etica em
Pesquisa do HC - UNICAMP pelo telefone (19) 3788-8936.
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CONSENTIMENTO INFORMADO

ll- Concordo em participar do projeto de pesquisa “Caracterizacao da disfuncao
neuro-muscular na doenca de Machado-Joseph”.

Compreendo que minha participacao no estudo é totalmente voluntaria.
Li as informacgbes sobre o estudo no texto “Informagédo ao Paciente” que me foi
fornecido e seus objetivos foram completamente elucidados e entendidos.
Concordo que os dados deste estudo, sem mencionarem meu nome, poderao ser

acessados para avaliagao, arquivamento e processamento eletrénico.

Nome: Data:

RG: HC:

Endereco:

Telefone de contato:

Assinatura :

Assinatura dos Pesquisadores:

Em caso de qualquer duvida entre em contato com Dr. Marcondes C. Franga Jr,
Dra. Anamarli Nucci ou Dra Iscia Lopes-Cendes.

Caixa Postal 6111 CEP: 13081-970 Campinas-SP, ou através dos telefones
(19) 37887507 e (19) 37887754. Ou Comité de FEtica em Pesquisa do
HC-UNICAMP pelo telefone (19) 37888936.
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1. IDENTIFICACAO:

Nome : Data:
Idade:

HC:

DGM:

Sexo: (O)M (1)F Peso: Altura:

2. ASPECTOS GENETICOS:
1. Tamanho da expansado CAG:
2. Gendtipo: Heterozigoto (0) Homozigoto (1)
3. Padréo de heranca: Paterna (0) materna (1)
4. Raca: branco (0) negro (1) amarelo (2)

5. Descendéncia: acoreana (0) portuguesa (1) brasileira (2) outros (3).

Especificar:

3. HISTORIA CLINICA:
1. ldade de inicio:
2. Duracao da doenga:

3. Primeiro sintoma:

(0) alteragdo de marcha (5) distonia

(1) incoorenagao motora (6) parkinsonismo
(2) diplopia (7) caimbra

(3) disartria (8) parestesias
(4) perda de equilibrio /quedas (9) Descrever:
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. Tipo clinico (1) 1 (2) Il (3) 11 (4 IV (5)V

. Ataxia cerebelar Sim (1) Nao (0) Se sim, idade de inicio:

. Diplopia Sim (1) N&o (0) Se sim, idade de inicio:

. Disartria Sim (1) Nao (0) Se sim, idade de inicio:

. Manifestacbes extra-piramidais Sim (1) Nao (0)

() distonia () bradicinesia

() atetose () tremor de repouso

() distor¢cbes da face. Parkinsoninsmo:“dopa-responsive”?
Nao (0) Sim(1) Nao tratado (2)

. Outros sintomas

a. Sintomas sensitivos: positivos Sim (1) N&o (0)

negativos Sim (1) Nao (0)

Sintomas motores: fasciculagdes Sim (1) Nao (0)

fraqueza Sim (1) Nao (0)
b. Espasticidade: ausente (0) MMSS (1)
MMII (2) ambos (3)

c. Manifestagdes pseudobulabares ausente (0) incotinéncia afetiva (1)

salivacao excessiva (2) ambos (3)
d. Caimbras Sim (1) Nao (0) Se sim, idade de inicio:
Frequéncia (no ultimo més):
Distribuicao:
Duracéo:

Fatores precipitantes ou desencadeantes:

Fatores de alivio:
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Cramps disability score :

()0 -Sem Caimbras

() 1 - Queixa leve sem limitagéo funcional

() 2 - Queixa importante, as vezes dificultando o sono ou trabalho

() 3 - Queixa principal, atrapalhando o sono e o trabalho diariamente

10. Funcdes autondmicas:

() hipotensao postural () hipertensao paroxistica / supina
() alteragdes do ritmo cardiaco () sincopes
() hipo ou anidrose () hiperidrose

() alteracgdes da temperatura corpérea () constipagao

() diarréia () xerostomia
() nocturia ( )incontinéncia urinaria
() retencéo urinaria () disfungao erétil

11. Dor (mais da metade do tempo) Sim (1) Nao (0) Se sim:
Idade de inicio: Duracéo:
Frequéncia (no ultimo més): Distribuigc&o:
Lombalgia? Sim (1) Nao (0) Descrever:
Escala de Comprometimento Tipos (Goetz, 1996) :
(0) musculo-esquelética (1) neurogénica (2) distbnica

(3) mista (4) nao classificavel
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Padrao: (0) continua (1) recorrente (2) progressiva
Uso de medicamentos: Sim (1) N&ao (0)
Qual?
Resposta clinica: (0) presente (1) ausente

Intensidade (escala visual analdgica):

12. Alteracdes do sono

1. Quando vocé acorda pela manhad vocé se sente descansado?
Sim (1) Nao (0)

2. Alguém ja mencionou que vocé ronca? Sim (1) Nao (0)
3. Vocé para de respirar a noite? Sim (1) N&o (0)

4. Ja aconteceu de vocé acordar no meio da noite e ndo conseguir se

mover? Sim (1) N&o (0)

5. Alguma vez durante emocgao forte vocé perdeu controle de seus
movimentos ou fraqueza em determinada parte do corpo?
Sim (1) Nao (0)

6. Alguma vez ao adormecer ou acordar vocé teve sonhos vividos, ou

alucinagoes transitérias? Sim (1) Nao (0)

7. Vocé tem dificuldade de iniciar o sono a cada noite? Sim (1) Nao (0)
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8. Vocé tem dificuldade de se manter dormindo durante a noite?
Sim (1) N&o (0)

9. Vocé apresenta vontade irresistivel de mover as pernas,
normalmente associadas a dorméncia ou formigamento das pernas e
bragcos? Sim (1) Nao (0)

10.Vocé apresenta inquietagdo motora, como se virar na cama muitas
vezes, esfregar as pernas, andar de um lado para outro?
Sim (1) N&o (0)

11.Sintomas acima normalmente s&o piores ou exclusivamente
presentes em repouso, com melhora temporaria ao mover os
membros? Sim (1) N&o (0)

12.Sintomas sao piores a noite? Sim (1) N&o (0)
13.Vocé apresenta caimbras dolorosas durante a noite? Sim (1) Nao (0)

14.Alguém ja lhe disse que vocé parece viver seus sonhos enquanto
dorme como dar socos, mover os bracos, fazer movimentos

simulando corrida? Sim (1) N&o (0)

15.Vocé ja teve sonhos de estar sendo atacado, perseguido, ou mesmo
se defendendo? Sim (1) Nao (0)

16. ESSS: 0= sem chance de dormir

1= minima chance de dormir

2= moderada chance de dormir

3= alta chance de dormir
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SITUACAO:

A. Sentado lendo

B. Assistindo televisao

C. Sentado inativo em local publico

D. Como passageiro em um carro, por uma hora sem parada
E. Deitado, descansando, apds almocgo, se as circustancias permitirem_

F. Sentado, falando com alguém

G. Sentado, quieto, apds almogo

H. No carro, enquanto parado por alguns minutos no trafico

13. Doencgas associadas:

14. Habitos:

EXAME NEUROLOGICO:

1. PA: deitado: em pé:

FC: deitado: em pé:

Hipotensao ortostatica presente? (1) Sim (0) Nao
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. Nervos cranianos:

Vi.

Vii.

Acuidade visual: NI (0) Anl (1) Descrever:

Alteracdes da motilidade ocular extrinseca? Sim (1) Nao (0)
() Nistagmo:

Direcado: horizontal (0) vertical (1) rotatério (2)
Caracterisitca: “jerk” (0) pendular (1) outros( 2)
Fadigabilidade: Sim(1) Nao(0)

Induzido por olhar: Sim(1) Nao(0)

( ) Oftalmoparesia supranuclear ( ) Oftalmop. Nuclear

/infranuclear
() Oftalmoparesia internuclear () Sacadicos anormais
() Seguimento anormal ( )Pseudo-exoftalmo

Alteracdes pupilares ? (1) Sim (0) Nao

. Fasciculagdes na face? (1) Sim (0) Nao

Atrofia e fasciculagdes da lingua? (1) Sim (0) Nao
Reflexos velopalatinos e faringeos: Presente (1) Ausente ()

Outras alteragdes de nervos cranianos, descreva:

3. Sistema Motor:

i. forca muscular NI (0) Anl (1)Se anl: distribuigdo/ gradagéo:

Deltoide D-(0) (1) (2) (3) (4) (5) E-(0) (1) (2) 3) (4) (5)
Biceps : D-(0) (1) (2) (3) (4) (5) E-(0) (1) (2) (3) (4) (5)
Triceps: D-(0) (1) (2) (3) (4) (3) E-(0) (1) (2) (3) (4) (5)

Ext. do carpo:  D-(0) (1) (2) (3) (4) (3)  E-(0) (1) (2) 3) (4) (5)
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Flexores do carpo: D-(0) (1) (2) (3) (4) (5)
intrisecos da mao: D-(0) (1) (2) (3) (4) (5)
Flexores da coxa: D-(0) (1) (2) (3) (4) (5)
Flex do joelho: D-(0) (1) (2) (3) (4) (5)
Quadriceps:  D-(0) (1) (2) (3) (4) (5)
Dorsiflexores :  D-(0) (1) (2) (3) (4) (5)
Flex plantares: D-(0) (1) (2) (3) (4) (5)
ii. tonus muscular:

nl(0) espasticidade(1) rigidez (2)

Se anl: distribuicao: cefalico (0)

E-(0) (1) (2) (3) (4) (5)
E-(0) (1) (2) 3) (4) (5)
E-(0) (1) (2) 3) (4) (5)
E-(0) (1) (2) (3) (4) (5)
E-(0) (1) (2) (3) (4) (5)
E-(0) (1) (2) 3) (4) (5)
E-(0) (1) (2) 3) (4) (5)

hipotonia(3)

membros superiores D (1) E (2) ambos (3)

membros inferiores D (4) E (5) ambos (6)

generalizada (7)
iii. Amiotrofia: (1) Sim (0) Nao Distribuicao:
iv. Reflexos
Mentoniano: presente (1) ausente (0)
Triceps: NI ( 0) (1) | (2)
Biceps : NI ( 0) (1) | (2)
Brachioradialis: NI ( 0) (1) 1(2)
Patelar: NI (0) (1) 1(@2)
Aquileu: NI (0) T (1) 1(2)
v. Reflexos patoldgicos: presente (1)
vi. Clénus: presente (1)

vii. Alteragdes troficas: presente (1)

ausente (3)
ausente(3)
ausente (3)
ausente(3)
ausente(3)
ausente (0)
ausente (0)

ausente (0)
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4. Sistema extra-piramidal:
a-Distonia: Sim (1) Nao (0) Distribuigéo: (1) axial (2) apendicular

b- Parkinsonismo: Sim (1) N&o (0)

() bradicinesia () tremor de repouso
( ) diminuicao da mimica facial () instabilidade postural
5. Sensibilidade: ( )hipoestesia tatil

() hipoestesia dolorosa

() hipoestesia vibratoria e propriocepgao

6. Marcha: nl(0) ataxica(1) parkinsoniana(2) neuropatica(3)

musculoesquelética(4)

Anexo 2
167



ICARS
DATA:
)] Postura e disturbios de marcha
1) Capacidade de caminhar
0= normal
1= normal, mas incapacidade de andar em posicédo tandem

2= anda sem apoio, mas claramente anormal e irregular

3= anda sem apoio, mas com consideravel titubeio; dificuldades em
meia-volta

4= caminhada com suporte autbnomo impossivel; paciente usa
esporadicamente a parede para o teste de 10-metros

5= necessita de bengala

6= necessita de suporte com pelo menos duas bases de apoio

7= anda somente com acompanhante

8= uso restrito de cadeira de rodas

Score

2) Velocidade de caminhada

(pacientes com scores 4 ou mais no quesito anterior automaticamente

recebem score 4 neste teste)

0= normal

1= levemente reduzida

2= moderadamente reduzida

3= extremamente lenta

4= caminhada com suporte autbnomo impossivel

Score
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3)

Capacidade de manter-se em pé, olhos abertos

0= normal, paciente consegue se apoiar em um pé sé por mais de 10

segundos

1= capaz de se equilibrar posi¢ao pé ante pé, mas ndo em um pé so por 10

segundos

2

capaz de se equilibrar com pés juntos, mas ndo em pé-antepé

3

posicao natural, sem suporte, sem ou com titubeio moderado

incapaz de se equilibrar com pés juntos, mas capaz de se equilibrar em

4= capaz de se equilibrar em posi¢ao natural, sem suporte, com titubeio

significante e muitas corregcdes de postura.

5= incapaz de se equilibrar em posicdo natural sem apoio consideravel em

um braco.
6= incapaz de manter-se de pé, mesmo com suporte em ambos os bragos.

Score

Em pé em posic¢ao natural sem suporte, olhos abertos
0= normal (<10 centimetros)

1= base levemente alargada (>10cm)

2= base claramente alargada (25cm<base<35cm)

3= base>35cm

4= incapaz de se equilibrar em posi¢cao natural

Score
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5)

Astasia com pés juntos, olhos abertos

0= normal

1= poucas oscila¢des

2= oscilagdes moderadas (<10 cm ao nivel da cabega)
3= oscilagdes severas (>10 cm ao nivel da cabeca)

4= queda imediata

Score

Astasia com pés juntos, olhos fechados

0= normal

1= poucas oscila¢des

2= oscilagdes moderadas (<10 cm ao nivel da cabega)
3= oscilagdes severas (>10 cm ao nivel da cabeca)

4= queda imediata

Score

Qualidade da posigéo sentada
0= normal
1= pequenas oscila¢des do tronco
2= moderadas oscilacdes do tronco e pernas
3= desequilibro severo
4= impossivel
Score

SCORE ESTATICO /134
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It)

8)

Funcoes cinéticas
Teste calcaneo-tibia (decomposi¢cdo de movimento e tremor intencional)
0= normal

1= movimento do calcanhar em realizado em eixo continuo, mas aquele é
decomposto em diversas fases, sem movimentos anormais ou em baixa

velocidade.

N
1l

movimento irregular no eixo

w
I

movimento irregular com deslocamentos laterais

I
]

movimentos laterais extremos ou impossiveis de realizar teste
Score(D)

Score (E)

Tremor de agao no teste calcaneo joelho

0= sem problemas

1= tremor para imediatamente quando calcanhar atinge o joelho

2= tremor para <10 segundos apos alcangar o joelho

3= tremor continua >10 segundos ao alcangar o joelho

4= tremor ininterrupto ou impossivel realizar teste.
Score(D)

Score (E)
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10)Teste index-naso: decomposi¢ao e dismetria

0= sem problemas
1= oscilagdo do movimento sem decomposi¢cao do mesmo

2= movimento segmentado em duas fases e/ou dismetria moderada ao

atingir nariz

3= movimento segmentado em duas fases e/ou dismetria severa ao atingir

nariz
4= dismetria impede que paciente atinja nariz
Score(D)

Score (E)

11) Teste index-naso: tremor intencional do dedo
0= sem problemas
1= minima instabilidade do movimento
2= tremor moderado com amplitude estimada <10cm
3= tremor com amplitude estimada entre 10 e 40cm
4= tremor com amplitude estimada >40 cm
Score(D)

Score (E)
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12) Teste dedo-dedo (tremor de ag&o e/ou instabilidade)
0= normal
1= instabilidade minima
2= moderadas oscilagdes dos dedos com amplitude < 10cm
3= oscilacdes consideraveis com amplitude entre 10 e 40 cm.
4= movimentos com amplitude >40cm
Score(D)

Score (E)

13) Movimentos alternados: supinagéo e pronacao (teste de disdiadococinesia)
0= normal
1= pequena diminui¢gado de velocidade e regularidade
2= claramente irregular, lento, mas sem movimentag¢ao do cotovelo
3= extremamente irregular e lento, com movimentagéo do cotovelo
4= movimento completamente desorganizado ou impossivel avaliagao
Score(D)

Score (E)
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14) Espiral de Arquimedes.
0= normal

1= decomposi¢cédo, a linha sai do padrdo minimamente, mas ndo ha

hipermetria
2= linha fora do padrao, com cruzamentos e hipermetria
3= disturbio severo, com hipermetria e decomposigao
4= desorganizado ou impossivel de ser realizado
Score
ScoRE CINETICO____ /52
lll) Fala
15) Fluéncia
0= normal
1= minima modificagdo de fluéncia
2= moderada modificagao de fluéncia
3= fala lenta com disartria
4= sem fala

Score
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16) Clareza da fala
0= normal
1= minima diminuic&o da clareza
2= claramente anormal, maioria das palavras s&o inteligiveis
3= palavras ndo inteligiveis
4= sem fala
Score
SCORE DISATRIA____ /8
IV) Disordens oculomotoras
17)Nistamo induzido pelo olhar
0= nomal
1= transitorio
2= persistente, mas moderado
3= persistente e severo

Score

18) Anormalidades de movimentos de seguimento
0= normal
1= minimo sacadas

2= claramente sacadas

Score
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19)Dismetria de sacadas
0= ausente
1=Hipermetria/hipometria bilateral de sacadas
Score
SCORE OCULOMOTOR /6

Score total: /100
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