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RESUMO

Introdugdo: As ataxias hereditdrias autossdmicas dominantes (ADHAs) sdo um grupo
heterogéneo de doencas neurodegenerativas geneticamente classificadas como ataxias
espinocerebelosas (SCAs) seguidas por um numero. Caracterizam-se por uma sindrome
cerebelosa associada ou ndo a sintomas ndo-cerebelosos. As doencas do movimento
encontram-se descritas em algumas SCAs, podendo constituir a forma de apresentacdo, sintoma

dominante ou mesmo sintoma Unico da doenca.

Objetivos: Realizagdo de uma revisdo sistematica da frequéncia das doengas do

movimento nas SCAs e caracterizagao dos seus subtipos.

Métodos: Foi efetuada uma pesquisa estruturada na PubMed®, até outubro de 2019, de
artigos sobre doencas do movimento nas SCAs. Foram selecionados artigos em Inglés ou
Portugués com base na relevancia do titulo e resumo, seguido da sua leitura integral.
Registaram-se dados relativos ao subtipo da SCA, tipo e frequéncia das doengas do movimento,

assim como dados demogréficos e clinicos.

Resultados: Foram identificados 1794 artigos na pesquisa inicial, dos quais 1664 foram
excluidos. Foram incluidos 23 artigos obtidos através de listas de referéncias, sendo
considerados 153 para analise final. Na SCA1, as doencas do movimento mais frequentes foram
distonia e tremor postural; na SCA2 o tremor postural, distonia e Parkinsonismo; na Doenca de
Machado-Joseph (MJD) a distonia e Parkinsonismo; na SCA14 a distonia e mioclonias; na SCA17

a distonia, Parkinsonismo e coreia/coreoatetose; na DRPLA a coreia/coreoatetose e mioclonias.

Conclus@o: As doengas do movimento sdo manifestagdes comuns de varias SCAs. A sua
presenca pode associar-se a neurodegeneragdo generalizada em certas SCAs, particularmente
de estruturas extra-cerebelosas como os ganglios da base. Contudo, as doengas do movimento
também podem ocorrer em SCAs sem degeneracdo extra-cerebelosa evidente, o que podera

realcar o papel do cerebelo na patogenia destas doengas.

Palavras-Chave: Ataxias espinocerebelosas; Ataxia cerebelosa; Ataxia autossdmica

dominante; Doengas do movimento.



ABSTRACT

Background: Autosomal dominant hereditary ataxias (ADHAs) are a heterogeneous
group of neurodegenerative disorders classified genetically as spinocerebellar ataxias (SCAs)
followed by a number. SCAs are mainly characterized by cerebellar ataxia, with non-cerebellar
symptoms being also present. Movement disorders have been reported in some patients, as the

presenting, dominant, or even isolated feature of the disease.

Aims: To perform a systematic review of the frequency of movement disorders in SCAs,

and further characterize its subtypes.

Methods: A structured PubMed® search of articles on movement disorders in SCAs, up
to October of 2019, was performed. Publications written in English or Portuguese were selected
based on title and abstract relevance, followed by a full-text reading. Data concerning SCA
subtype, type and frequency of movement disorders were extracted, along with demographics

and clinical features.

Results: The initial search yielded 1794 papers, of which 1664 were excluded. Twenty-
three additional articles obtained from reference lists were included, with 153 being considered
for final analysis. In SCA1, the most frequent movement disorders were dystonia and postural
tremor; in SCA2 postural tremor, dystonia and Parkinsonism; in MJD dystonia and Parkinsonism;
in  SCA14 dystonia and myoclonus; in SCA17 dystonia, Parkinsonism, and

chorea/choreoathetosis; in DRPLA chorea/choreoathetosis and myoclonus.

Conclusion: Movement disorders are common features of many SCAs. Its presence can
associate with widespread neurodegeneration in certain SCAs, particularly of extracerebellar
structures such as the basal ganglia. Nevertheless, movement disorders may also occur in SCAs
without evidence of extracerebellar degeneration, which could emphasize the role of the

cerebellum in the pathogeny of movement disorders.

Keywords: Spinocerebellar ataxias; Cerebellar ataxias; Autosomal dominant ataxias;

Movement disorders.



LIST OF ABBREVIATIONS

ADHA — Autosomal Dominant Hereditary Ataxia
ATXN1 — Ataxin-1 gene

ATXNZ2 — Ataxin-2 gene

ATXN3 — Ataxin-3 gene

CACNA1A - Calcium voltage-gated channel subunit alphal A gene
CT — Computerized tomography

DAT — Dopamine transporter

DBS — Deep brain stimulation

DRPLA — Dentatorubral-pallidoluysian atrophy
DRT — Dopamine replacement therapy

ET — Essential tremor

GPi — Globus pallidus internus

HD — Huntington’s disease

MIJD — Machado-Joseph disease

MRI — Magnetic resonance imaging

NIl = Neuronal intranuclear inclusions

PD — Parkinson’s disease

PET - Positron emission tomography

POE — Progressive external ophthalmoplegia
PRKCG - Protein kinase C gamma gene

SARA - Scale for assessment and rating of ataxia
SCA — Spinocerebellar ataxia

SPECT - Single-photon emission computed tomography

TBP - TATA-box binding protein gene



INDEX

AGRADECIMENTOS ... .ottt ettt et ettt et e e e bt e e bt e e bt e e aae e e sheeebeeesabeesbeeesubeesabeesaseesabeenas [
RESUIVIO........ . ittt ettt e st e e e e s st e et e e s s embae e e e e s senreneeeessaanns i
ABSTRACT ...ttt a e s s s a e e s a e e s s ara e iii
LIST OF ABBREVIATIONS........coouiiiiiiiiiieeiiteiite et e st e st e steesbeesbeessbeesbaeesbeesbeeebeeeseesssseesaneenes iv
INDEX ... ettt ettt ettt ettt ettt ettt et s e st e st e e st e e s abe e st e e s be e e beeea b e e e bt e e be e e be e e hee e eheeebe e e hteeehneesaeeeaee v
LIST OF TABLES ...ttt ettt ettt ettt h et e at e e s at e e sa b e e s ab e e sateesabeesabeesabeesabeesabeesabeesaneenane vi
LIST OF FIGURES...........cooiuiiiiiieiiieie ettt ettt ettt ettt et e st e sae e e s bt e e sar e e sateesmteesaneesaneesmneenas vii
INEFOAUCTION ...t st be e e be e e ne e e sneeenneeenee 1
ODJECTIVES ...ttt e ettt e e e e sttt e e e s e bttt e e e e eaa b b reeeeeaaatraeeeeeeaarrraaaeean 2
1Y L= 4 T T L3PPSR PP OURPRPPRRt 2
RESUILS ...ttt ettt et s bt e et e e b et e b et e b et e b et e ebeeeabe e e bt e e enee e nneeenee 3
SCAL ..ttt e st e e bt st e e s b et e bt e s b et e be e e bee s neesbeeeaneeens 3
Movement disorders in SCAL ...........cc.oii ittt e s e e s bee e e sans 4
SCAZ ...ttt b ettt e e be e e bt e e bt e bee s be e e bt e e heeebe e e beeeabeeeabeeebeeeaaeeens 6
Movement disorders in SCA2 ..............coi it e 7
IVIID ettt e h e bt a e bt e b et e b et e eh et e e a bt e ea b e e sae e e snbeesareesareesareenas 10
Movement disorders in IMID ............cooiiiiiiiiiiiie ettt 11
SCALA ...ttt h ettt e h et e h et e eh et e h et e sh e e e eheeenaeeeeateesheeenateeateas 14
Movement disorders in SCALA ............ooo it e s sree e 15
SCALT ...ttt e b et e h et e b et e bt e e eh et e b et e eht e e ehe e e bt e e heeeabeeebeeeneean 17
Movement disorders in SCALT ..........cccuiiiiiiiiiiiie ettt ettt esseee e 18
DRPLA ...ttt ettt ettt ettt e h et e a et e bt e e s h bt e at e e h et e na bt e hte e sht e e h bt e s beesateesabeesabeesateenareenas 20
Movement disorders in DRPLA.............ooooiiiiiiiiie ettt e e sree e 21
DIHSCUSSION ......eiiiiiiieiiieee ettt s et e st et e s st e s be e e e s b e e e e smb et e smreeesnneeesanreeesnnenenn 24
CONCIUSION ...ttt et e bt e e bt st e e be e e bt s bt e ebeeeneeennnees 26
APPENDIX ...ttt ettt ettt et et et e h et e h et et e h et e et e ar e e re e e e e e nnne s 27
BIBLIOGRAPHY .......oiiiiiiiiieiie ettt ettt ettt e s et ettt e s at e e s ate e sabe e sateesateesabeesateesabeesabeesaseesuseanns 37



LIST OF TABLES

LI L o] LI Y Nt NS 27
Lo L LI 7 Y AR 28
LI Lo E L Y 1 0 T PP SPR 30
TABIE IV = SCATLA ...ttt e et e et ettt e e ettt bab b aaraeaaeeeeeeeaaaaaaaaeaeeeessessaasaaasnsssssrssrrrnns 32
LI L o] IR A O N U U SRR RS 33
TABIE VI = DRPLA ...ttt e e ettt e e e e e e et be e e e e e e eabtaeeaeeeesbtasaaaeeenasraaeaaeeennsraneas 34

Vi



LIST OF FIGURES

Figure 1 - Standardized data ShEET........ciiiiiicciiiiie e 35
Figure 2 - Flow chart of the [iterature SEarch .......cooccuiieiii i 36

vii



Introduction

Autosomal dominant hereditary ataxias (ADHAs) are a genotypically and phenotypically
diverse group of neurodegenerative disorders that mainly affect the cerebellum and its afferent
and efferent pathways.!

Molecular diagnosis has established more than 40 different subtypes of ADHAs, a
number that is currently expanding.? ADHAs are classified as spinocerebellar ataxias (SCAs),
followed by a number, which is assigned according to the order of detection of the genetic locus
involved.?

SCAs are typically adult-onset, slowly progressive disorders.’® Notwithstanding, age of
onset and progression rate were found to have a high variability amongst different SCAs and
even within the same type of SCA.}® SCA2, SCA7, SCA17, and dentatorubral-pallidoluysian
atrophy (DRPLA) may present a childhood-onset and rapidly progressively phenotype, due to its
marked anticipation phenomenon.*®

The relative frequency of different SCAs has also been found to vary amongst geographic
locations. Machado-Joseph Disease (MJD) is the most common SCA worldwide, followed by
SCA1, SCA2, SCA6, and SCA7.2 In Portugal, the population-based survey established MID as the
most frequent SCA, with an overall prevalence of 3,1 per 100.000 population, followed by DRPLA
and ataxia due to point mutations in Calcium voltage-gated channel subunit alphal A (CACNA1A)
gene.®

The relationship between the Portuguese genetic background and MJD is of unavoidable
reference. The official history of MJD started with the first description of the Machado family in
1972.7 In the same year, the Thomas family was described,® and four years later the Joseph
family was reported.® To note, all three families were originally from the Azores and emigrated
to the United States of America.”® In the following years, other families were described in the
Azores, mainland Portugal, and several different countries, some with connections to the
Portuguese expeditions.1%!

Although ataxia is usually the most prominent feature, non-cerebellar features may also
be present in these patients.2 Oculomotor dysfunction, peripheral neuropathy, cognitive
impairment, deafness, epilepsy, sleep disturbances, and movement disorders, amongst others,
have been reported. In fact, movement disorders are frequently associated with various SCAs,
being described as the presenting, dominant, or even isolated feature of the disease.?* The
presence of movement disorders in SCA patients may provide important clues to the underlying

genotype, pathology and might even be associated with different disease progression rates.>*

14



Objectives

This study aims to analyse the frequency and type of movement disorders in SCAs and

to explore movement disorders’ features and eventual association with SCA subtypes.

Methods

A structured MEDLINE (PubMed®) search was performed up to October 2019. Search
terms employed included “Spinocerebellar ataxia”, OR “Dominant cerebellar ataxia” AND
“Movement disorders”, OR “Extrapyramidal signs”, OR “Dystonia”, OR “Parkinsonism”, OR
“Chorea”, OR “Myoclonus”, OR “Tremor”, OR “Tics”. Time restrictions were not applied, in order
to guarantee maximal coverage. Original articles, case reports, short communications, letters,
congress abstracts, reviews, and all other publications written in English or Portuguese were
extracted.

Inclusion criteria were defined as studies on movement disorders in SCAs and studies on
SCAs containing clinical descriptions of movement disorders. Exclusion criteria comprised
publications describing episodic SCAs; SCAs with less than ten papers describing movement
disorders; cases in which SCAs were present along with another neurological disorder, resulting
in possible overlap of clinical features; and studies on cell/animal models.

Publications were initially selected based on title and abstract relevance, followed by a
full-text reading.

A standardized data sheet was created to collect information on SCA subtype, type and
frequency of movement disorders, age of onset of ataxia and movement disorders, and
individual patient data, such as movement disorder’s characteristics, imaging studies,
neuropathological studies and treatments (Figure 1).

Back-searching from retrieved publications reference lists was performed, allowing to
scan for relevant publications missed in the initial search. Relevant books and thesis chapters

were also considered.



Results

The initial search yielded a total of 1794 publications. After a thorough title and abstract

screening, 1664 were excluded:

- 919 reported on other neurologic disorders or recessive ataxias (as Huntington’s
disease, ataxia-telangiectasia, Friedreich’s ataxia, Parkinson’s disease, amongst
others);

- 519 did not concern movement disorders;

- 77 were studies on cell or animal models;

- 72 were not in English or Portuguese;

- 37 were on SCAs with less than ten studies concerning movement disorders (nine
papers referred to SCA6, eight to SCA7 and SCAS8 each, seven to SCA12, six to SCA10,
three to SCAS5, SCA15, and SCA27 each, two to SCA16, SCA21, SCA19/22, and SCA36
each, and one to SCA18, SCA35, SCA37, SCA42, and SCA48 — some of these papers
addressed movement disorders on more than one SCA subtype);

- 29 were unobtainable for full-text reading;

- six described episodic SCAs;

- five consisted of case reports of patients with SCA and other neurological disorder

simultaneously.

Therefore, 130 articles were examined, and 23 additional studies were identified
through reference lists. In total, 153 publications were analysed: 51 referred to MJD, 50 to SCA2,
26 were on SCA1, 24 on SCA17, sixteen on SCA14, and fifteen on DRPLA. Some articles reported

on more than one SCA (Figure 2).

SCA1

SCA1 is caused by an abnormal expansion of the CAG-trinucleotide repeat in the Ataxin-
1 gene (ATXN1), located on chromosome 6p22.215® Normal alleles bear less than 35 CAG-
repeats and are interrupted by one to three CAT trinucleotides.>® In alleles carrying 36 to 44

trinucleotide-repeats, pathogenicity seems to depend on whether CAT repeat interruption is



present.’®!” Typically, expansions with over 39 repeats without interruptions are considered to
have full penetrance.6®

Age of onset is usually during the fourth decade of life,'>13%® with some authors
describing onset in adolescence.'® From one generation to the next, affected individuals usually
have an earlier onset and more severe phenotype, in a phenomenon called genetic
anticipation.®® This is often a result of progressively longer trinucleotide expansions, as it
happens in many other polyglutaminopathies and is particularly relevant in cases of paternal
transmission. 41920
Clinical features comprise cerebellar ataxia, oculomotor abnormalities, such as

1618 Executive

hypermetric saccades and nystagmus, and brisk deep tendon reflexes.
dysfunction, dysphagia, movement disorders and polyneuropathy, may also be present in later
stages.1%18 Disease progression seems to be severe in SCA1 when compared to SCA2 or MJD.%
On brain MRI there is usually cerebellum and brainstem atrophy, particularly affecting the pons.
Olivopontocerebellar and white matter atrophy has also been described.?>** Neuropathological
studies reveal severe depletion of Purkinje cells, degeneration of the dentate nucleus, inferior
olives, pontine nuclei of the IX, X, and XII cranial nerves, spinocerebellar tracts, and posterior
columns.’ Besides neuronal loss, neuronal intranuclear inclusions (NIl) of mutated ataxin-1
were also found, mostly in severely affected areas such as the pons but also the cortex and
striatum.?*

In neuropathology and neuroimaging studies, the involvement of the extrapyramidal
system seems to be variable. Generally, basal ganglia degeneration is not described.?? Still, Kish

et al. reported seven out of eleven SCA1 patients exhibiting marked reduction of putaminal

dopamine levels due to nerve terminal degeneration with only mild nigrostriatal neuron loss.?

Movement disorders in SCA1

Fifteen papers described movement disorders in SCA1 patients: eleven identified
dystonia, six chorea/choreoathetosis, four postural/action tremor, two Parkinsonism, and two
myoclonus. Tics were not reported in any article.

From the fifteen publications, 437 patients were described: dystonia was reported in 37,
postural/action tremor in 30, chorea/choreoathetosis in fourteen, bradykinesia in five, rigidity

in two, resting tremor in eight, and myoclonus in six (Table I).



Dystonia

In the largest available cohort of 117 SCA1 European patients, Schmitz-Hubsch et al.
reported dystonia in 12,8%.%

It was described as either focal, segmental, or generalized. Focal forms were more

26,27

common: two patients had dystonic posturing of the extremities, one of which was task-

)27
’

induced hand dystonia (writer’s cramp),?’” and one had blepharospasm.’® Wu et al. presented a

case of segmental dystonia, comprising blepharospasm, oromandibular, and cervical dystonia,?®

and generalized dystonia was described twice.?>*°

Dystonia was always present in association with cerebellar syndrome, usually months to
years after disease onset. 26272930 |t has not been reported as an isolated feature of SCA1. It was
described as the presenting symptom in one patient: Wu et al. reported a 39-year-old man, with
49 CAG-repeats, presenting blepharospasm, oromandibular dystonia, and retrocollis at onset
and later developing ataxia.?® The authors suggested the presence of dystonia could result from
a more selective involvement of the basal ganglia.?®

Kuo et al. described the TATA-Box Binding Protein gene (TBP) as a possible genetic
modifier of SCA1, as the authors found patients with longer repeats in the TBP gene had a lower
frequency of dystonia.3!

Treatment was described in two patients: one had mild retrocollis improvement with
baclofen, trihexyphenidyl, and botulinum toxin (had been previously treated with clonazepam,
without any improvement).2 The other had temporary benefit with botulinum toxin, eventually
becoming non-responsive as the disease progressed.3® This patient was then submitted to deep
brain stimulation (DBS) of the globus pallidus internus (GPi) with almost complete resolution of
dystonic movements, having only residual cervical dystonia which responded well to botulinum

toxin.?°

Postural/action tremor

Postural/action tremor was more difficult to analyse since it was inconsistently
addressed either as part of the cerebellar syndrome or as a specific and independent movement
disorder.

Nevertheless, Lai et al. reported a frequency analysis of postural tremor in SCA1,
identifying it in 5,6% of 54 patients.3? In contrast, Dragasevi¢ et al. identified postural tremor
frequency to be of 60,6%, in 33 Serbian patients.>* Most retrieved studies did not explore its
characteristics. Yet, Gan et al. found that SCA1 patients with postural tremor had slower rates

of ataxia progression.?*



Chorea/choreoathetosis

Schmitz-Hubsch et al. studied chorea and dyskinesia together and identified a frequency
of 6,8% amongst 117 patients.?! The second-largest cohort considering chorea was reported by
Dragasevi¢ et al., reporting a frequency of 3% in 33 patients.?* Chorea was carefully analysed in
asingle case, being present at an advanced stage of disease: Namekawa et al. provided a report
of a 38-year-old patient at onset, with a 50 CAG expansion, who presented slowly progressive
cerebellar syndrome with choreoathetoid movements of upper and lower limbs emerging ten

years after disease onset, alongside dystonic posturing of the toes.?

Parkinsonism

Parkinsonism was not common in SCA1 patients, and both retrieved papers reported on
Parkinsonian features individually. Schmitz-Hubsch et al. identified resting tremorin 6,8% of 117
patients and rigidity in 1,7%,%* while Jhunjhunwala K et al. described bradykinesia in 12,5% in a

series of 40 SCA1 patients.?®

Myoclonus
Myoclonus had a frequency of 4,3% in 117 patients from the Schmitz-Hubsch et al.
series,?! and 8% in twelve patients from Schols et al.22 There were no further characterizations

of myoclonus in SCA1.

SCA2

SCA2 is caused by an abnormal CAG-repeat expansion in the Ataxin-2 gene (ATXN2),
located on chromosome 12q24.3%%” Normal alleles carry fourteen to 31 CAG-repeats and are
interrupted by one to three CAA-repeats, which appear to provide stability to the CAG
expansion.®® The pathological forms harbour over 34 CAG-repeats and are not always
interrupted by CAA-repeats.3®

Typically, SCA2 presents as an adult-onset progressive ataxia, during the fourth decade
of life.3638%0 Nonetheless, age of onset is widely variable and childhood-onset forms have been
described in patients with marked anticipation phenomenon, usually in paternal
transmission.?”3>%! As in other polyglutamine disorders, repeat expansion size correlates

inversely with age of onset. 14383941



Clinically, SCA2 comprises dysarthria, oculomotor dysfunction, with early slow saccades
and nystagmus, dysphagia, peripheral neuropathy, and could also encompass cognitive
impairment, amyotrophy, and movement disorders.3&4°

Imaging studies reveal cerebellum, brainstem, and olivopontocerebellar atrophy.*?

On neuropathological examination, there is atrophy of the cerebellum, brainstem,
frontal lobes, and cranial nerves, as well as widely diffuse neuronal loss, which especially affects
the substantia nigra pars compacta, the ventral anterior and ventral lateral thalamic nuclei,
20,40

internal and external pallidum, pedunculopontine nucleus and the subthalamic nucleus.

Cytoplasmatic deposits and widespread NlI, especially in the pontine nuclei, were also found.*®

Movement disorders in SCA2

Forty-four papers described movement disorders in SCA2 patients: 25 reported
Parkinsonism, 24 dystonia, fifteen postural/action tremor, eight chorea/choreoathetosis, and
seven myoclonus. None of the articles described tics.

From the 44 articles, there were a total of 967 patients: postural/action tremor was
reported in 131 patients, dystonia in 115, Parkinsonism in 108 (resting tremor per se was
described in another 28 patients, rigidity in sixteen, and bradykinesia in six patients), myoclonus

in 37, and chorea/choreoathetosis in 32 (Table I1).

Postural/action tremor

Postural tremor seems to be more frequent in SCA2 than in SCA1 or MJD.1%14323441
Cancel et al. presented the largest cohort with frequency analysis on postural tremor, describing
itin 21% of 111 patients,*® whereas Gan et al. found it in 27,5% amongst 69 SCA2 patients.?*

There were not many descriptions of the clinical features of postural tremor, however,
Freund et al. reported a case of a rapidly progressive debilitating postural tremor of the head,
trunk, and upper limbs.** DBS of the thalamus and subthalamus presented remarkable benefit
for this patient.** Postural tremor seemed to associate with higher Scale for Assessment and

Rating of Ataxia (SARA) scores and faster rates of ataxia progression.3>3*



Dystonia

Schmitz-Hubsch et al. presented the largest cohort of SCA2 patients and described a
frequency of 14,2% of dystonia amongst 163 European SCA2 patients.?! Cancel et al. observed
itin 9% of 111 patients.*®

Focal dystonia was described in 27 patients. It presented as cervical dystonia in

33,37,50

seventeen patients,3¥*9 hand dystonia in five, oromandibular in two,***2 foot dystonia in

354 and truncal dystonia in one.>® There were no descriptions of segmental or

also in two,
generalized forms.

Dystonia has not been described as an isolated feature of SCA2, being usually present in
patients with cerebellar syndrome, manifesting years after disease onset.***’ It was also
described in SCA2 patients having Parkinsonism as the most prominent feature.>%
Notwithstanding, there are reports of dystonia as the presenting symptom: cervical dystonia
was described in three cases,***° oromandibular dystonia in one,*? and writer’s cramp in one
as well.>® In the case report of oromandibular dystonia at onset, the patient was 58 years old,
had 40 CAG-repeats, and developed Parkinsonism in two months.>?

Several authors found a relation between the presence of dystonia and an earlier onset,
larger expansions, and a higher SARA score.3®% |n contrast, Kuo et al. did not identify an
association between dystonia and larger expansions but found a correlation with higher SARA
scores.3!

Treatment options for dystonia were described in fourteen patients: dopamine

replacement therapy (DRT) was used in four cases,*’>%%%°

exhibiting benefits only in one patient
with cervical dystonia.*” Anticholinergics (trihexyphenidyl) were used in four cases,*>%52%
showcasing positive results in one.*” Baclofen was also reported in one patient and was not
effective.”® Benzodiazepines (clonazepam and diazepam) were used in two cases, without
benefit.>**> Botulinum toxin was reported in one patient with writer’s cramp with no benefit.>®
DBS was not a common practice amongst dystonic SCA2 patients and has had controversial
results. Cheng et al. reported one case of DBS of the GPi with promising results and significant
improvement of writer’s cramp without worsening of cerebellar symptoms,>® while Beaulieu-

Boire et al. described one patient in which benefits were modest and the overall disability

worsened.>®

Parkinsonism
Schmitz-Hubsch et al. reported Parkinsonian features individually and identified rigidity
in 7,4% and resting tremor in 14,9% of 163 European patients,?! whereas Stezin et al. described

Parkinsonism in 10,9% of 73 Indian patients.®’



Parkinsonism clinical spectrum was wide, ranging from mild Parkinsonian signs
alongside marked cerebellar syndrome to a levodopa-responsive, almost classic Parkinson’s
Disease (PD)-like phenotype without any cerebellar signs. Parkinsonism with predominant
cerebellar syndrome was reported in seventeen patients,*>>45+>® parkinsonism as the most
prominent feature in association with mild cerebellar signs was found in ten,3646:54562 gnd PD-
like phenotype was identified in 65.36:37:49,52-54,59-61,63-68

Different studies have discussed the association of Parkinsonism, age of onset, and
length of CAG repeats, obtaining contradictory results. Some studies linked Parkinsonism to later
onset and smaller CAG-repeat expansions (33 to 43 repeats, interrupted by CAA-repeats that
were stably transmitted.).3”5%8 |n its turn, Monte et al. reported an association with early age
of onset and longer expansions.** Pedroso et al. found that SCA2 patients with Parkinsonism had
significantly longer disease duration and higher SARA scores.>®

Positron Emission Tomography (PET) scan and Single-Photon Emission Computed
Tomography (SPECT) studies revealed that pronounced presynaptic dopaminergic deficits and
largely unaffected postsynaptic D2 receptors, predominantly affecting the putamen and caudate
nucleus, were not specific of Parkinsonian SCA2 patients, as it was also present in patients with
a predominant cerebellar syndrome.®®%97% |n fact, Schols et al. found putaminal dopamine
transporter (DAT) deficit in five out of six SCA2 patients, with only one having Parkinsonism.%°
These findings could be indicative that basal ganglia involvement alone might not explain the
high frequency of movement disorders in SCA2 patients.5°

DTR was reported in 44 cases: 39 had complete response to it,3¢:37:49,53,54,60,61,63,64,66,68,69 3
showed only mild improvement®*®! and two did not respond.?”2 Typically, Parkinsonian
phenotypes resembling classic PD had better responsiveness to DRT.36°25462:6468 Dgpaminergic-
related motor complications, such as motor fluctuations and dyskinesia, were described in five

cases.?”#9°2%0863 Amantadine was used in ten patients>*>%

and anticholinergics (trihexyphenidyl
and benztropine) were reported in four patients.>*®*%* Both had temporary benefits and were
usually associated with DRT.>*%%®3 Clonazepam was used for over ten years in one patient, with

rigidity improvement.>*

Myoclonus

Myoclonus is more frequent in SCA2 than in SCA1 and MJD, according to some
authors.'*#! Schmitz-Hubsch et al. reported it in 13,7% of 163 patients.?!

There was a single report of a patient, carrying a 46 CAG expansion, with cerebellar

syndrome at onset who developed severe continuous multifocal myoclonus ten years later.”*



Treatment with valproate, clonazepam, and levetiracetam was attempted with no benefit.
However, piracetam provided a complete response and marked improvement.”*

Results on a possible correlation between myoclonus and repeat length were
discordant. While Schmitz-Hubsch et al. did not associate it with CAG-repeat length,?! Cancel et

al. described a positive relation between myoclonus and longer expansions in SCA2 patients.3®

Chorea/choreoathetosis

Chorea was not a common feature in SCA2. As mentioned before, Schmitz-Hubsch et al.
did not differentiate chorea and dyskinesia, therefore the two had a combined frequency of
6,8% amongst 163 patients.?! In its turn, Stezin et al. found chorea in 2,7% of 73 SCA2 patients.>’
Only two papers provided further characterization of chorea/choreoathetosis. In both studies,
it was presented in association with cerebellar syndrome, years after disease onset,’>’3 and was
described as choreoathetosis of the upper and lower limbs’? and as generalized chorea.”®

Schmitz-Hubsch et al. associated chorea with longer CAG-repeat expansions.?

Treatment was only described in one patient, with an atypical antipsychotic

(risperidone) but had poor response.”?

MID

MID, also referred to as SCA3, is caused by an abnormal CAG expansion in the Ataxin-3
gene (ATXN3), located on chromosome 14q32.747> Normal alleles harbour 12 to 44 CAG-repeats
and alleles of affected individuals have over 60 repeats.”>’®

Age of onset varies widely, being more commonly within the fourth or fifth decade of
life and ranging from 7 to 70 years old'®!3747877 Earlier onset has been associated with larger
CAG-expansions and anticipation phenomenon, more clear in paternal transmission01421.7478

MJD phenotype is of one the most variables amongst SCAs. Progressive cerebellar ataxia
and oculomotor abnormalities, such as eyelid retraction, nystagmus, progressive external
ophthalmoplegia (PEO), ophthalmoparesis, and bulging eyes, are frequently identified.®”*
Pyramidal signs, peripheral neuropathy, facial and tongue fasciculations, sleep disorders and
movement disorders may also be present.1%74

Its vast phenotype has motivated researchers to classify MID into clinically defined
subtypes, that have been largely debated over the years.2%'17® Coutinho and Andrade described

three main clinical types: type 1 ("type Joseph") had early-onset, predominant pyramidal and

extrapyramidal signs, and fast disease progression; type 2 ("type Thomas") had intermediate
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onset, dominant cerebellar syndrome, and could progress to type 1 or type 3; type 3 ("type
Machado") had later onset, with distal amyotrophy being the most important finding.!
Cerebellar ataxia was the most common sign at onset.”

Correlations between repeat length and clinical features of the disease have been
identified: Maciel et al. associated larger CAG-expansions with marked pyramidal and
extrapyramidal features, and smaller expansions with prominent ataxia, ophthalmoplegia, and
peripheral involvement.”? Schmitz-Hubsch et al. identified similar correlations but suggested
that peripheral motor signs were age-dependent and not associated with CAG-expansion
length.?!Intrafamilial clinical variability was a frequently explored characteristic even in family
members sharing a common number of CAG-repeats, suggesting many factors besides
expansion length could be of influence.?°

On imaging studies there is an early cerebellar atrophy, with disease progression
affecting also supratentorial and infratentorial structures.®! Volumetric MRI identified a
significant reduction of the cerebellum, brainstem, basal ganglia, and cerebral cortex,
particularly at the frontal and temporal regions.®!

Neuropathological findings consisted of neuronal degeneration of the cerebellum,
brainstem, subthalamic nucleus, pallidum, substantia nigra, and peripheral nervous system,
establishing MJD as a rather widespread neurodegenerative disease.’®’#82 As described in other
polyglutaminopathies, the mutated protein accumulates in NIl, predominantly in the ventral

portion of the pons but also in the remaining affected brain areas.®

Movement disorders in MJD

Forty-one papers described movement disorders in MJD patients: 28 reported dystonia,
21 Parkinsonism, eight chorea/choreoathetosis, seven postural/action tremor, and five
myoclonus. Tics were not described.

From the 41 articles, there was a total of 1640 patients: dystonia was reported in 199
patients, Parkinsonism in 75 (bradykinesia per se was described in 28, rigidity in another 26, and
resting tremor in ten), postural/action tremor in 50, chorea/choreoathetosis in 22, and

myoclonus in twelve (Table I1I).
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Dystonia

Dystonia had a frequency of 3,67% amongst the largest available cohort of 381 Brazilian
patients® and of 7,8% in another 167 patients, also of Brazilian ancestry.>! Contrasting to these
two studies, others identified a much higher frequency of dystonia in MJD. Schmitz-Hubsch et
al. reported it in 23,9% out of 139 MJD European patients,?* whereas Vale et al. identified it in
29,8% of 57 Portuguese patients.!3

It either presented as focal, segmental, or generalized. Focal dystonia was present in 41

518485 nine oromandibular dystonia,****® nine foot

patients: eighteen had blepharospasm,
dystonia,?®>18%>87-9 three cervical dystonia,®*°! and two hand dystonia.>®? Twenty-one patients
had multifocal dystonia with various combinations of oromandibular dystonia, cervical dystonia,

11,46,72,8488,93-95 Sagmental dystonia was present in three

and upper or lower limb dystonia.
involving the neck, trunk, and upper limbs.>°%°> Generalized dystonia was described in sixteen
patients 18284869697 Two patients with suspected homozygosity developed generalized
dystonia.?>8’

Although less common, dystonia was reported as the onset symptom in four patients:
two had facial dystonia,® one cervical dystonia,®! and one lower limb dystonia.®® The latter
patient was 40 years old at onset and presented dystonia with diurnal fluctuations and
remarkable responsiveness to low-dose DRT, bearing resemblance to dopa-responsive
dystonia.®® In most reports, dystonia was associated with cerebellar syndrome, being also
described as an isolated symptom in two patients, as writer’s cramp and as cervical dystonia.?>%2

Dystonia was linked to earlier onset, longer CAG expansions and higher SARA
scores, 2133185 byt no correlation to progression rate was identified.3!

On volumetric MRI studies, dystonic patients had pre- and paracentral cortical atrophy
and severe volumetric reduction at the basal ganglia.®®

DRT was used in nineteen patients, ten of which with significant improvement 88891
Nunes et al. suggested dopaminergic dysfunction might play an important role at least in some
dystonic patients.®> An association of DRT and trihexyphenidyl was successfully used in one case,
although the improvement was only temporary.?® Botulinum toxin was used to treat fifteen
patients, with dystonia improvement in twelve.*®>%8>91 Adverse effects, such as dysphagia,
ptosis, and diplopia were reported in five patients.*®® DBS was used in two cases: Beaulieu-
Boire et al. described one case in which DBS provided dystonia improvement and aggravated

overall disability,>® whereas Muglan et al. described a patient with cervical dystonia in which DBS

did not provide benefits.°?
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Parkinsonism

Schmitz-Hubsch et al. reported rigidity in 10,3% and resting tremor in 3,6%, amongst
139 patients,?! while Moro et al. found Parkinsonism in 6,6% in a total of 167 patients.>! Out of
57 Portuguese patients, Parkinsonism had a frequency of 5,3%.3

As in SCA2, clinical presentation ranged from Parkinsonian signs in association with
cerebellar syndrome to a classic PD-like phenotype with levodopa-responsiveness. Mild

Parkinsonism with prominent cerebellar sighs was present in nineteen patients,518086:93,94,99

35 12,51,66,67,77,80,94,98,100,101
’

predominant Parkinsonism in and PD-like phenotype in

Seventeen.55’61’67’80'87’93’98'100

Parkinsonism correlation with CAG expansion is debatable. Gwinn-Hardy et al.
correlated it with smaller expansions and late disease onset.!’ Jardim et al. did not find an
association between expansion length and rigidity and/or bradykinesia.

Imaging studies revealed similar results to those on SCA2, as PET scans reveal marked
presynaptic dopaminergic deficits and unaffected postsynaptic D2 receptors whether or not
Parkinsonism was present.®>% Notwithstanding, severe putamen and caudate nucleus DAT
deficit was identified in Parkinsonian patients.5%°%101

Schols et al. reported a single Parkinsonian MJD patient displaying degeneration of the
substantia nigra pars compacta and well-preserved subthalamic nucleus, whereas the remaining
patients showed degeneration of both structures and had no evidence of Parkinsonism during
lifetime.®® These results could help elucidate why some patients develop Parkinsonism while
others do not, when degeneration of the dopaminergic pathways is a common finding in MJD.5°

DRT was used in 39 patients: it had marked benefit in 32 patients,1%°>6167,69.87,93,94,100,101

67,80

mild improvement in two,%”#° and a poor response in five patients.””1% Dopaminergic-related

motor complications, namely motor fluctuations without dyskinesia, were observed in three
patients.8%4

Baclofen was the initial treatment in one patient with a PD-like phenotype and showed
minor rigidity improvement, being later switched to DRT.?” Trihexyphenidyl was used in three

80,101 3nd amantadine in two,?® all in association to DRT.

patients

Postural/action tremor

Moro et al. registered postural tremor in 2,4% of 167 patients,”* whereas Gan et al.
found a frequency of 12,4% in a cohort of 129 patients,** and Lai et al. identified it in 14,3% of
126 patients.3?

There were not many descriptions of this movement disorder, yet tremor was reported

as the onset symptom by Tan et al.1%2 A patient with a 59 CAG-repeat presented with an essential
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tremor (ET)-like phenotype, poorly responsive to propranolol.®> Abnormal oculomotor signs
developed years after disease onset.1?
The presence of postural tremor was associated with longer repeat expansions3* and Lai

et al. associated it with higher SARA scores.*?

Chorea/choreoathetosis

Schmitz-Hubsch et al. reported chorea/dyskinesia in 10,1% of 139 MID patients,?
whereas Moro et al. did not find chorea in the series.>! Vale et al. identified it in 1,8% of 57
Portuguese patients.'

Although its frequency was analysed in several cohorts, its characteristics were only
described in four patients. Chorea/choreoathetoid movements appeared in three patients
alongside a cerebellar syndrome.?>’>78 |n one patient, chorea and cognitive dysfunction were
the main features of the disease, suggesting an Huntington’s disease (HD)-like phenotype, with
cerebellar ataxia having a later onset.®° Chorea was not reported as an isolated feature on MID.

Treatment was described in two cases: clonazepam in one patient, and haloperidol in

the HD-like phenotype, in both providing no benefit.”%%

Mpyoclonus

Myoclonus was found to have a frequency of 4,4% in 139 MIJD patients.?! Moro et al.
described it in 0,6% of 167 patients,>! and Vale et al. did not find myoclonus in the Portuguese
series.t

Myoclonus was further characterized on rare occasions. Coutinho and Andrade found
facial myoclonus in four patients, and palatal myoclonus in one.!! Schols et al. reported two
patients, with 70 and 73 repeats, presenting myoclonus of the proximal limbs after 20 years of

disease onset.”®

SCA14

Unlike previously described ADHA, SCA14 is caused by conventional mutations in Protein
Kinase C Gamma gene (PRKCG), located on chromosome 19q13.1%31% Reported cases were

mostly due to missense mutations, with deletions, nonsense mutations, and splicing variants

being also described,103:105107-111

It is usually detected in the fourth decade of life as a slowly progressive pure cerebellar

104,106,112

ataxia with dysarthria and nystagmus, although age of onset may range from childhood
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to 60 years old.10410810911L114 Some guthors speculated about the occurrence of anticipation,
with an earlier age of onset and more severe phenotypes ensuing in subsequent
generations.1%41%> SCA14 phenotype has expanded to include movement disorders, pyramidal
syndrome, cognitive impairment, and sensory loss,104105108,105,111

Mutations in the catalytic domain of PRKCG were found to relate to more complex and
severe SCA14 phenotypes.1%®113 Affected families had a wider range of age of onset, higher rates
of cognitive dysfunction, movement disorders and sensory loss. 108113

On imaging studies, there is an almost exclusive marked midline cerebellar
atrophy.106’108’111’112'115

Neuropathological studies identified selective loss of Purkinje cells, without changes in

any other brain areas.'% Thus, it remains unclear why some patients do not present a pure

cerebellar disorder.!*®

Movement disorders in SCA14

Twelve papers described movement disorders in SCA14 patients: seven reported
myoclonus, six dystonia, five postural/action tremor, two Parkinsonism, and one
chorea/choreoathetosis. Tics were not reported in any article.

From the twelve papers, there was a total of 114 patients: myoclonus was reported in
thirteen patients, dystonia in twelve, postural/action tremor in eleven, chorea/choreoathetosis
in two, and Parkinsonism in one (rigidity solely was described in one, and bradykinesia and

resting tremor were not found) (Table IV).

Mpyoclonus

In the 25 patients’ cohort reported by Chelban et al., myoclonus was identified in 12%,
usually in patients with complex phenotypes.'!3

In the original report of the disease, Yamashita et al. described a Japanese family with
two different phenotypes of the disease. In this family, five out of nine affected members
presented early-onset axial myoclonus, three to sixteen years before developing ataxia. The
remaining patients had later onset pure cerebellar ataxia.!®® There are three additional
descriptions of patients with myoclonus and early age of onset, presenting mild generalized

114

myoclonus,** myoclonic jerks of the head, trunk, and upper limbs,''” and a combination of

myoclonus and epilepsy.'!! In the remaining studies, three patients had mild myoclonus

113

affecting the face, trunk, and upper limbs,** one truncal and upper limb myoclonus,**® and one

myoclonus of the neck and lower limbs in association with cognitive impairment®®
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Imaging studies of the original Japanese family disclosed marked atrophy of the

4

cerebellar vermis in patients with myoclonus and minimal cerebellar signs® whereas, in

patients with pure cerebellar ataxia, the atrophy pattern extended to the upper part of the
cerebellar hemisphere.1%*

Treatment was reported in seven patients: six used clonazepam and valproic acid, with

4

clinical improvement in five;!® one patient, with combined mild cervical dystonia and

myoclonus of the head, trunk, and upper limbs, was successfully treated with clonazepam.!’

Dystonia

113

Chelban et al. described dystonia in 8% of 25 patients,'*> whereas in nine patients from

German families, Ganos et al. calculated dystonia frequency in 55,6%.1° It has been described

as focal and segmental. Focal dystonia was reported in ten patients: writer’s cramp in

105,113,116,118

seven, cervical dystonia in three,'?>'16117 gnd hand dystonia in one.!'* Cervical

dystonia with dystonic tremor of the head was present in two patients.'!311 Segmental dystonia
was present in one patient, a combination of cervical dystonia and dystonic posturing of the

upper limbs.

In most descriptions, dystonia surfaced years after cerebellar syndrome onset.
Notwithstanding, it was found to be the initial symptom in two patients, as writer’s cramp and

cervical dystonia.1>118

Imaging studies in dystonic SCA14 patients demonstrated that atrophy was restricted to

the vermis and cerebellar hemispheres.1>113

Treatment was reported in six patients: four patients were successfully treated with
botulinum toxin injections.!*11>118 Etizolam was used in one patient in association with
botulinum toxin, with a great response.!’® Clonazepam was used in another patient with

dystonia and myoclonus, providing significant improvement.!’

Postural/action tremor

Postural/action tremor had a frequency of 33,3% amongst fifteen patients described by

108,109,112,115

Klebe et al.’® It was reported as head tremor in eight patients and mild postural

tremor of the hands in one.'® Head tremor was also found as the onset symptom twice, with

cerebellar ataxia developing years later, 109112
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Chorea/choreoathetosis
Chorea was only reported in one paper. Stevanin et al. described choreic movements of
the hands in two of eighteen (14,3%) patients from a French family with a missense mutation of

the catalytic domain.1% Both patients were 40 years old at disease onset.!®

Parkinsonism
Parkinsonism was infrequent. Nonetheless, Klebe et al. identified isolated rigidity in one patient
199 3nd Chelban et al. described a patient with early-onset, predominant cerebellar syndrome,
and non-progressive Parkinsonism, which did not require treatment.'** True PD-like phenotypes

were not described in SCA14.

SCA17

SCA17 is caused by a coding CAG/CAA expansion in the TBP gene, located on
chromosome 627, which encodes the TATA-binding protein.!’® The cut-off point for the
pathologic repeat expansion in SCA17 is still heavily discussed. Normal SCA17 alleles were

120,121

reported to range from 25 to 42 repeats, whereas affected alleles tend to harbour more

than 43 to 45 CAG/CAA-repeats.!9122123 Degpite, Origone et al. recently documented a SCA17
patient with a full-phenotype and solely 41 CAG/CAA repeats.'*

Age of onset is typically in the fourth decade of life, ranging from three to 60 years
old.129125126 some authors described a correlation between larger expansions and earlier
onset 120122125127 Neyertheless, SCA17 expansions appeared to be particularly stable during
parent-child transmission and CAA interruptions were speculated to have a stabilizing role.'?*
Maltecca et al. described a family with stable transmissions in all affected members but one,
revealing loss of CAA interruptions and subsequent intergenerational instability.?° This patient
had a longer repeat expansion, distinctive young onset, and severe phenotype.?°

Clinical features comprised progressive cerebellar ataxia, cognitive impairment,
psychiatric features, and movement disorders.2%128 Epilepsy and pyramidal signs were also
described.1?2:126:129.130 Carebellar ataxia was the most common onset symptom.'?® The absence
of peripheral nerve involvement can provide an important clue in distinguishing SCA17 from
other ADHA.'?® Phenotypic variation was common even within families with similar expansion
lengths. 3 In fact, Koutsis et al. reported a family with three affected members: two sisters, both
with 54 CAG-repeats, one presenting ataxia, dementia, dystonia, chorea, and epilepsy, whilst

the other had mild slowly progressive ataxia and minor cognitive and psychiatric problems. Their
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father had an HD-like phenotype (no data available on the size of the expansion).’3! Therefore,
the length of the repeat expansion appeared to have limited influence over phenotype. 313!

MRI studies revealed marked cerebellar and occasional mild cerebral cortex
atrophy.12132133 On one patient a putaminal rim hyperintensity on T2-weighted images was also
identified.’?® DaTSCAN revealed a reduction of presynaptic dopamine transporters in the
striatum, with postsynaptic dopamine D2 receptor binding capacity being only slightly
reduced.!?2124

Neuropathological studies disclosed mild atrophy of the caudate nucleus and putamen,
as well as neuronal loss in the cerebral cortex, neostriatum, Purkinje cell layer, parahippocampal
gyrus, and inferior olivary nucleus.'?%1?6132 Degeneration of the locus coeruleus and substantia
nigra was also described.??*13° Immunohistochemistry revealed that NIl formation was restricted

to the cerebral cortex, putamen, and midbrain reticular formation.25132

Movement disorders in SCA17

Twenty papers described movement disorders in SCA17: thirteen reported
chorea/choreoathetosis, eleven Parkinsonism, ten dystonia, three postural/action tremor, and
two myoclonus. There were no tics reports.

From the twenty articles, a total of 115 patients were described: dystonia was identified
in 37 patients, Parkinsonism in 34 (isolated rigidity was described in fifteen, whilst bradykinesia
and resting tremor were not identified), chorea/choreoathetosis in 34, myoclonus in three, and

postural/action tremor in three (Table V).

Dystonia
Dystonia was a typical finding. In two cohorts of fifteen patients, dystonia was identified
in 53,3%'% and 46,7%.13

Focal dystonia was the most characterized form, with three patients developing foot

131,135 135

dystonia,*?%12>13> two cervical dystonia, one writer’s cramp,'* and one blepharospasm.!3
Generalized dystonia was reported in one patient.'33 Dystonic posturing of the upper limbs were
described in four patients, usually in combination with choreic movements.'?1313¢ Generalized
dystonia was present in one patient.*3

Dystonia usually developed years after cerebellar syndrome onset, being only described
as the initial symptom in four individuals. Hagenah et al. described three patients from a German

family, with 53 to 55 repeat expansions, who presented focal dystonia at onset and later

18



developed cerebellar ataxia, pyramidal, and other extrapyramidal signs.!*> Maltecca et al.
identified a patient with foot dystonia at onset.'?

Dystonia appeared to be more common in patients with larger repeat expansions,
ranging from 50 to 60 repeats.!3!
Treatment was only reported in two cases. Both patients had focal dystonia and were

successfully treated with botulinum toxin.**®

Parkinsonism

Nethisinghe et al. reported Parkinsonism in 45% of a series of 20 patients,'?” whilst
Mariotti et al. described it in 53,3% of fifteen individuals of Italian ancestry,'?° and Rolfs et al. in
13,3% amongst fifteen German patients.’*

Parkinsonism was associated to cerebellar syndrome, rapidly progressive dementia, and
psychiatric symptoms in fifteen patients.5%121125127.134 |5 ten patients it presented as a PD-like
phenotype.®%121127.137 |t seemed to be related to smaller expansions with CAA interruptions.®’

DRT was used in ten patients: seven had significant improvement,522%137 two mild
improvement,®? and one had no benefit.?> The PD-like phenotype was usually levodopa-
responsive.'?137 Dopaminergic-related motor complications were reported in four patients,

namely, peak-dose dyskinesia and fluctuation %1%

Chorea/choreoathetosis

Chorea/choreoathetosis was a frequent finding in SCA17. Nethisinghe et al. calculated
it in 20% of 20 patients, whereas Mariotti et al. reported a frequency of 66,7% of choreic
movements amongst the fifteen patients'?? and Rolfs et al. identified it in 26,7%.3*

The combination of different clinical features may result in major disease phenotypes.
The association of generalized chorea, cognitive, and psychiatric disturbances might mimic HD,
and SCA17 has been considered an HD-like syndrome, more specifically HDL4.*?2 An HD-like
phenotype was reported in six patients,12>13%131133 whereas eight patients were described as
having several combinations of choreic/choreoathetoid movements and cerebellar
syndrome 128131136138139 The HD-like phenotype was found in patients carrying low range
expansions, from 43-48 CAG/CAA repeats, 123125131133

There were no treatment descriptions for chorea/choreoathetosis.
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Mpyoclonus
Oda et al. reported a frequency of 25% amongst eight patients,!3® whilst Choubtum et
al. identified it in 12,5% of eight patients.'?® The two patients described by Oda et al. presented

myoclonus as the initial symptom, shadowed by cerebellar signs and cognitive dysfunction.*®

Postural/action tremor

Postural/action tremor was not frequent. Rolfs et al. recounted a frequency of 6,7%, 134
whilst Choubtum et al. described it in 12,5%.1%

Mehanna et al. presented a patient with 44 repeat-expansion and rapidly progressive
cerebellar ataxia, cognitive dysfunction, and a minimal irregular postural tremor at physical

examination.*°

DRPLA

DRPLA is caused by an expanded CAG-repeat in DRPLA gene, located on chromosome

12p13, which encodes atrophin-1.2*' Normal alleles harbour five to 28 CAG-repeats, with

pathological expansions bearing more than 48 repeats.1#2143

Age of onset is one of the most variables amongst SCAs. Although the mean age of onset

is around 28-29 years old in Portuguese families, it ranged from the first to seventh decade,®®?

5,142,143,146,147

and anticipation appeared to occur throughout generations, particularly linked to

paternal transmission.>142144:147

DRPLA phenotype is diverse, encompassing different combinations of cerebellar ataxia
and cognitive impairment, with epilepsy and movement disorders.#4146

Several studies defined significant correlations between expansion length, age of onset,
and clinical features. Larger expansions were associated with juvenile-onset ataxia, progressive
myoclonic-epilepsy, and cognitive deterioration.#4147.148 Smaller expansions frequently resulted
in adult-onset forms, either the pseudo-Huntington type with chorea, dementia, and psychiatric
symptoms, or the ataxo-choreoathetoid type, characterized by progressive ataxia,
choreoathetosis, and dementia.41/142/144,146,147

Brain MRI may include atrophy of the cerebellum, brainstem and/or of the cortical and
subcortical cerebral structures.143145149

Pathological findings in DRPLA comprised marked neuronal loss in the dentate nucleus
and external segment of the globus pallidus and their respective projections to the red and

subthalamic nuclei.’**!%> The dentatorubral system was usually more severely affected than the
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pallidoluysian complex, yet the combined degeneration of both systems is the hallmark of
DRPLA.1* Atrophy of the caudate, putamen, substantia nigra, inferior olivary nucleus, and
thalamus were also described, but to a lesser extent.}*#14 NIl containing the mutated protein

were rather widespread.'*®

Movement disorders in DRPLA

Twelve papers described movement disorders in DRPLA: ten reported
chorea/choreoathetosis, nine myoclonus, six postural/action tremor, five dystonia, one
Parkinsonism, and one tics.

From the twelve articles, a total of 111 patients were described: chorea/choreoathetosis
was reported in 52, myoclonus in 33, dystonia in sixteen patients, postural/action tremor in
eight, Parkinsonian traits in two (rigidity in one and resting tremor in two), and tics in two (Table

VI).

Chorea/choreoathetosis

Chorea was a common finding in DRPLA. It was described in 28% of a series with 25
patients'® and 42,1% in another series with nineteen patients.*! It was typically associated with
a later age of onset and its combination with other symptoms defines different disease
phenotypes.’*® When combined with progressive ataxia and cognitive dysfunction it results in
the ataxo-choreoathetoid type, whereas the HD-like phenotype results from its association with
psychiatric abnormalities and dementia. The ataxo-choreoathetoid form was present in
141,145,146,152

fourteen patients, 11143150151 \hjlst the HD-like phenotype was described in six.

Treatment was not discussed in any report.

Myoclonus

Myoclonus was present in 24% of 25 patients.!® Its presence associated with earlier
onset and resulted in a progressive myoclonic-epilepsy phenotype.’>'* It usually ensued after
ataxia or epilepsy but was also reported as the initial symptom in one patient.}*
Treatment for myoclonus was reported once, as an association of valproate,

phenobarbital, gabapentin, and diazepam.>? There was no information regarding the patient’s

response to the medication or adverse effects.

21



Dystonia

Dystonia was more prevalent in families of European or American ancestry, 114,143,145
Vale et al., reported it in 16% of 25 Portuguese patients,'* while Nielson et al. found a frequency
of 31,6% amongst nineteen Danish patients.!*

Dystonia was often described as focal. In total, it was present in nine patients: six had
cervical dystonia,*143153 three hand dystonia,’*'*> and one blepharospasm.}*! One had
multifocal dystonia, affecting the face, hand, and abdominal wall.}*! Generalized dystonia was
reported in one patient.'*!

Although dystonia would often develop after the initial cerebellar syndrome and in
combination with choreic movements, Hatano et al. described two Japanese patients with
cervical dystonia as the onset and most prominent symptom.'>® Both patients also had an
associated head tremor, which could be dystonic.!>3 This was not the only occasion head tremor
was present at onset. In fact, Ohizumi et al. reported head tremor as the initial and most
prominent feature of the disease in one patient.’®! The authors hypothesised whether head
tremor was, in fact, of dystonic nature or if isolated head tremor could be a cerebellar
symptom.?°?

Treatment was reported in three patients: clonazepam was used in one, with modest

benefit, > trihexyphenidyl was used on another, showing partial response,*>3

and propranolol
and primidone were used in the patient described by Ohizumi et al., with its efficacy being
limited due to side effects. The medication was later exchanged to trihexyphenidyl, showing

slight improvement.>!

Postural/action tremor

Vale et al. reported tremor in 4% of 25 patients.'® Although unusual, postural tremor
was characterized in three patients: two of them had postural tremor of the hands!**>% and the
last had postural tremor affecting the upper limbs.*! There were no further descriptions on

postural tremor.

Parkinsonism

Parkinsonism was uncommon in DRPLA. Only Nielson et al. described mild Parkinsonian
features in two patients: one had a cerebellar syndrome at onset and later developed
hypomimia, rigidity and resting tremor of the hands, alongside choreic movements of the limbs
and dystonia.!** The other patient also presented ataxia, and later, hand resting tremor and

blepharospasm.'*!
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Tics
Tics were also uncommon in DRPLA. Nielson et al. reported two patients with facial tics

years after disease onset.}*! There were no further descriptions.
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Discussion

SCAs are an extensive and fairly heterogeneous group of neurodegenerative diseases,
characterized by cerebellar ataxia, commonly alongside other neurological features.

Although SCA subtypes tend to present overlapping manifestations, combining
information such as prevalence amongst ethnicities, clinical features, disease progression
patterns, and imaging studies may provide important clues guiding towards the correct
diagnosis. In fact, movement disorders are an important part of the clinical spectrum guiding
towards some SCA subtypes.

Various forms of dystonia have been reported. It was frequently more associated with
SCA2, MJD, SCA17, and DRPLA. It was also described in SCA1 and SCA14 to a lesser extent.
Dystonia seemed to develop mainly in early onset SCA2 and MJD, being described as the
presenting symptom in both. Besides, some forms of dystonia were more frequent in certain
SCAs. For instance, blepharospasm and oromandibular dystonia were particularly common in
MID, whereas cervical dystonia was quite frequent in SCA2. Interestingly, although dystonia was
not a very typical symptom of SCA14, writer’s cramp was reported numerous times.

The presence of Parkinsonism should increase suspicion for SCA2 and MID, primarily,
but also SCA17. In these SCAs, Parkinsonism ranged from mild Parkinsonian signs combined with
prominent cerebellar syndrome to a full PD-like phenotype, in which DRT was proven effective.
Especially in SCA2 and MID, Parkinsonism appeared to be associated with smaller expansions
and later onset, although in SCA17 it also correlated with small repeat length. Interestingly,
degeneration of the dopaminergic pathways was reported in SCA2, MID, and SCA17, even
though some patients did not present Parkinsonism. This could mean basal ganglia involvement
alone may not fully explain the development of movement disorders in SCAs, and therefore,
further studies may be useful to better understand the pathogenic mechanisms behind SCAs
and movement disorders.

Chorea/choreoathetosis was more common in SCA17 and DRPLA but reports on other
SCAs were also found. In both subtypes, the combination of choreic movements, cognitive and
psychiatric disturbances could lead to misdiagnosis, mimicking HD.

SCA14 and DRPLA should be considered in SCA patients with marked myoclonus. It was
frequently the onset symptom and seemed to be particularly common amongst younger
patients. Furthermore, a progressive myoclonus-epilepsy phenotype should raise suspicion of

DRPLA.
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Lastly, postural/action tremor was a symptom of difficult approach since many authors
considered it as part of the cerebellar syndrome. Notwithstanding, postural tremor was more

frequently reported amongst SCA2 patients than in any other SCA.
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Conclusion

It is important to consider many factors could influence SCAs phenotypic expression.
The interaction of several modifying factors with the disease gene itself, involved brain circuitry,
amongst other factors, could play an important role in this process, which still lacks a better
understanding.

Movement disorders are common features of many subtypes of SCA. The involvement
of extracerebellar structures, such as the basal ganglia seems to be a significant finding pointing
towards the pathogenesis of movement disorders in SCAs. Nonetheless, neurodegeneration of
these structures was also described in patients with pure cerebellar ataxia and movement
disorders may also occur in SCAs without evident involvement of extracerebellar structures.
These findings contribute to the debate on the development of extrapyramidal features in SCAs

and the potential role of the cerebellum in movement disorders.
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APPENDIX

Table | - SCA1

. Parkinsonism Chorea Postural/action .
Reference N Dystonia / . Myoclonus / Tics
R B RT choreoathetosis tremor

Schols et al, 200012 | 12 0 0 1 1 0 0

Vale et al, 2010 %3 1 1 0 0 0 0 0

Schols et al, 1997 14 10 0 0 2 0 0 0

kietal, 1

sasakietal, 1996 55 1 0 1 0 0 0

Schmitz-Hubsch et

al, 2008 21 117 15 2 0 8 8 5 0 0

Namekawa et al,

2001 % 1 1 0 1 0 0 0

Khwaja et al, 2016

S aaetd 1 1 0 0 0 0 0

Wu et al, 2004 28 1 1 0

Boonkongchuen et

al, 20142 21 1 0 0 0 0 0

Copeland et al,

2014 % 1 1 0 0 0 0 0

Kuo et al, 2017 31 58 7 0 0 0 0 0

Lai et al, 2019 32 54 0 0 0 0 3 0

Dragasevic et al,

2006 3 33 3 0 1 0 20 0

Gan et al, 2017 3* 52 0 0 0 0 3 0

Jhunjhunwala et al,

2013 % 40 5 0 5 0 0 0 4 0
Total N 437 37 2 5 8 14 6 30 0

Legend: B-Bradykinesia; N-Number of patients; RT-Resting tremor; R-Rigidity
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Table Il - SCA2

. Parkinsonism Chorea Postural/action .
Reference N Dystonia / . Myoclonus / Tics
R B RT choreoathetosis tremor

Schols et al, 2000 12 11 0 0 0 0 6 0

Schmitz-Hubsch et

al, 2008 21 163 23 12 0 24 11 22 0 0

Kuo et al, 2017 31 72 13 0 0 0 0 0

Lai et al, 2019 32 68 0 0 0 0 21 0

Dragasevic et al,

2006 3 9 4 0 0 0 7 0

Gan et al, 2017 34 69 0 0 0 0 19 0

Jhunjhunwala et al,

2013 35 28 5 4 ‘ 6 ‘ 4 2 0 6 0

Sunetal, 2011 3¢ 16 0 6 0 0 0 0

57urtado etal, 2002 10 3 6 0 0 0 0

C | et al, 1997

oneetetas 111 10 0 0 0 23 0

Geschwind et al,

1997 39 16 6 0 6 0 0 0

Durr et al, 1995 40 31 1 0 4 2 7 0

Schols et al, 1997 4 21 0 1 0 6 5 0

Takao et al, 2011 4? 1 0 1 0 0 0 0

Fi d et al, 2007

yeundetdy 1 1 0 0 0 1 0

‘I’\;Ionte etal, 2017 48 7 16 0 0 0 0

Rezende Filho et al,

20194 20 1 0 0 0 0 0

Kitahara et al,

2009 47 1 1 0 0 0 0 0

ioesch etal, 2007 18 1 0 0 0 0 0
2

fgurtado etal, 2004 4 0 4 0 0 0 0

g}heng etal, 2018 1 1 0 0 0 0 0

Moro et al, 2014 1 20 1 0 0 1 1 0

Woo et al, 2019 >2 8 3 8 0 0 0 0

Simon-Sanchez et

al, 2005 53 3 1 2 0 0 1 0

Gwinn-Hardy et al,

2000 5 6 1 6 0 0 0 0

;edroso etal, 2013 5 1 0 0 0 1 0

Beaulieu-Boir et al,

2016 56 1 1 0 0 0 0 0

Stezin et al, 2018 7 73 9 8 2 4 29 0

fgedroso etal, 2016 33 9 9 5 0 0 0

Wang et al, 2015 *° 16 0 10 0 0 0 0

Nishikawa et al,

2011 60 3 0 2 0 0 0 0

Socal et al, 2009 ¢! 4 0 4 0 0 0 0

Yun et al, 2011 62 6 0 1 0 1 1 0

Lu et al, 2002 63 2 0 2 0 0 0 0

P jetal 2003

Lyamietat 2 0 2 0 0 0 0

Charles et al., 2007 9 0 9 0 0 0 0

65
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Legend: B-Bradykinesia; N-Number of patients; RT-Resting tremor; R-Rigidity
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| Shan et al, 2001 & 6 0 2 0 0 0 0
Wang et al, 2009 ¢7 4 0 4 0 0 0 0
Kim et al, 2007 ¢ 3 0 3 0 0 0 0
Schols et al, 2015 ¢° 6 0 1 0 0 0 0
Ze Rosa et al, 2006 1 1 0 0 1 0 0
I;zedroso etal, 2014 35 0 0 1 0 0 0
Bhalsing et al,

2013 73 1 0 0 1 0 0 0
Garcia Ruiz et al,
2002 5 4 1 1 0 0 3 0
Total N 967 115 108 32 37 131 0
16 6 28




Table Il - MJD

Parkinsonism

Chorea/

Postural/action

Reference N Dystonia . Myoclonus Tics
R B RT choreoathetosis tremor

Coutinho et al,
197811 2 2 0 0 1 0 0
Schols et al, 200012 80 8 8 24| 5 2 2 6 0
Vale et al, 2010 13 57 17 3 1 0 0 0
Schimtz-Hubsch et
al, 2008 1 139 33 14 0 5 14 6 0 0
Boonkongchuen et
al, 201429 39 1 0 1 0 0 0
Kuo et al, 2017 3! 134 33 0 0 0 0 0
Lai et al, 2019 32 126 0 0 0 0 18 0
Gan et al, 2017 34 129 0 0 0 0 16 0
Jhunjhunwala et al,
2013 % 17 3 2 4 0 0 0 3 0
Rezende Filho et al,
2019 4 59 13 0 0 0 0 0
Moro et al, 2014 1 167 13 11 1
;edroso etal, 2013 1 0 1 0 0 0 0
Beaulieu-Boir et al,
201656 1 1 0 0 0 0 0
Socal et al, 2009 ¢! 4 0 3 0 0 0 0
Wang et al, 2009 67 7 0 7 0 0 0 0
Schols et al, 2015 2 13 0 3 0 0 0 0
P l, 2014
72edroso etal, 20 1 1 0 1 0 0 0
Takiyama et al,
1994 74 21 8 2 0 o0 0 0 0
Giunti et al, 1995 77 22 0 2 0 0 0 0
Schols et al, 1996 78 42 0 0 1 2 0 0
Subramony et al,
1996 8 3 0 3 0 0 0 0
Coutinho et al,
198282 1 1 0 0 0 0 0
Catai et al, 2018 % 381 14 0 0
N tal, 2015
oot 75 21 3 0 0 0 0
Garcia Ruiz et al,
2002 5 8 1 1 1 0 2 0
Gwinn-Hardy et al,
200187 4 1 3 0 0 0 0
Wilder-Smith et al,
2003 2 2 0 0 0 0 0
Dong et al, 2013 & 2 1 0 1 0 0 0
Nandagopal et al,
2004 9 1 1 0 0 0 0 0
5I)\lﬂuglan etal, 2016 5 5 0 0 0 0 0
Meéndez-Guerrero
et al, 2017 2 ! ! 0 0 0 0 0
Bettencourt et al,
2011 % 2 1 2 0 0 0 0
Tuite et al, 1995 %4 2 2 2 0 0 0 0
Yuasa et al, 1986 % 4 2 0 0 0 0 0
Munchau et al,
1999 % 1 1 0 0 0 0 0
Lang et al, 1994 %7 1 1 0 0 0 0 0
Lu et al, 2004 %8 3 0 3 0 0 0 0
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Jardim et al, 2001

o 61 14 14 0 0 0

Subramony et al,

2002 10 23 0 13 0 0 0

Buhmann et al,

2003 101 1 0 1 0 0 0

Tan et al, 2007 102 1 0 0 0 0 1
Total N 1640 199 75 22 12 50

26 28 10

Legend: B-Bradykinesia; N-Number of patients; RT-Resting tremor; R-Rigidity
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Table IV - SCA14

. Parkinsonism Chorea Postural/action .
Reference N Dystonia / . Myoclonus / Tics
R | B \ RT | choreoathetosis tremor

Yamashita et al,
2000 194 9 0 0 0 5 0 0
van de Warrenburg
et al, 2003 105 13 2 0 0 0 0 0
lsot:van/n et al, 2004 14 0 0 ) 0 ) 0
Klebe et al, 20051 | 15 0 1o o 0 1 5 0
Hiramoto et al,
2006 211 5 0 0 0 1 0 0
Koht et al, 2012 112 13 0 0 0 0 1 0
ICJi;elban etal, 2018 25 ) 1 0 3 0 0
Viak et al, 2006 114 7 1 0 0 1 2 0
Miura et al, 2009 11> 2 1 0 0 0 1 0
G tal, 2014
oanos et dy 9 5 0 0 1 0 0
flo7ncke etal, 2010 1 0 0 0 1 0 0
Erro et al, 2014 118 1 1 0 0 0

Total N 114 12 1 2 13 11 0

1/o]o

Legend: B-Bradykinesia; N-Number of patients; RT-Resting tremor; R-Rigidity
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Table V - SCA17

. Parkinsonism Chorea Postural/action .
Reference N Dystonia / . Myoclonus / Tics
R | B | RT | choreoathetosis tremor
Yun et al, 2011 &2 8 0 7 0 0 0 0
?Z)a/tecca etal, 2003 4 1 0 0 0 0 0
Chen et al, 2010 121 5 0 4 0 0 0 0
g:/gone etal, 2018 1 0 0 1 0 0 0
Choubtum et al,
2015 125 8 2 2 1 1 1 0
De Michele et al,
2003 126 11 11 11 0 0 0 0 0 0
Nethisinghe et al,
2018 127 20 0 9 4 0 0 0
Loy et al, 2005 128 1 1 0 1 0 0 0
i\;lganottl etal, 2007 15 3 3 10 0 0 0
Fujigasaki et al,
2007 130 3 0 2 0 0 1 0 0 0
ﬁ?utﬂs etal, 2014 3 1 0 ) 0 0 0
Toyoshima et al,
2004 132 1 0 0 1 0 0 0
.1$3c3hne/der et al, 2006 3 0 0 3 0 0 0
Rolfs et al, 2003 134 15 7 2 4 0 1 0
H h 1, 2004
ngena etal, 200 3 3 0 0 0 0 0
Hire et al, 2011 136 2 2 2 oo 2 0 0 0
Wu et al, 2004 137 1 0 1 0 0 0 0
Oda et al, 2004 138 8 0 1 2 2 0 0
Lee et al, 2009 139 2 1 0 2 0 0 0
i\zjehanna etal, 2011 1 0 0 0 0 1 0
Total N 115 37 34 34 3 3 0
15/ 00

Legend: B-Bradykinesia; N-Number of patients; RT-Resting tremor; R-Rigidity
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Table VI - DRPLA

Reference N | Dystonia Parkinsonism Hiciey . Myoclonus BRe ol (een Tics
R|B ’ RT | choreoathetosis tremor
Sano et al, 1994 > 23 0 0 13 14 0 0
Vale et al, 2010 13 25 4 0 7 6 1 0
Nielson et al, 1996 11 | 19 6 1 ]o] 2 8 1 3 2
Le Ber et al, 2003 143 3 1 0 2 1 0 0
Warner et al, 1995 144 15 0 0 8 3 0 0
Warner et al, 1994 145 4 3 0 2 0 1 0
Ikeuchi et al, 1995 146 2 0 0 1 2 0 0
Lee et al, 2001 148 2 0 0 0 2 0 0
Munoz et al, 1999 149 12 0 0 8 2 0 0
g?/zum/ etal, 2002 1 0 0 1 0 1 0
Licht et al, 2002 152 3 0 0 2 2 1 0
Hatano et al, 2003 153 2 2 0 0 0 1 0
Total N 111 16 0 52 33 8 2
1]o0] 2

Legend: B-Bradykinesia; N-Number of patients; RT-Resting tremor; R-Rigidity
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Figure 1 - Standardized data sheet
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Figure 2 - Flow chart of the literature search
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