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RESUMO 

  

A ataxia espinocerebelar do tipo 1 (SCA1) é uma doença neurodegenerativa 

cuja expressão clínica predominante é a ataxia cerebelar progressiva associada à 

hiperreflexia profunda e às alterações sacádicas.  

Causada por expansão instável de uma sequência CAG no gene ATXN1 no 

cromossomo 6, foi a primeira ataxia espinocerebelar que teve seu substrato genético 

elucidado. Apesar disso, existem poucos estudos acerca de seus aspectos clínicos e 

morfológicos, principalmente no que diz respeito às manifestações não motoras e 

suas correlações estruturais. Desta forma, o objetivo deste trabalho é caracterizar, 

clínica e morfologicamente, os pacientes com SCA1, utilizando escalas clínicas bem 

estabelecidas e técnicas multimodais de ressonância magnética. Para tanto, foram 

recrutados 33 pacientes adultos com teste molecular positivo para SCA1 

acompanhados nos serviços de neurologia da UNICAMP e UNIFESP. Os pacientes 

foram submetidos a exame neurológico pormenorizado, enfatizando aspectos 

motores e não-motores. Para a graduação da ataxia utilizou-se a Scale for the 

Assessment and Rating of Ataxia (SARA). Para avaliação de sintomas não-motores 

utilizou-se a Modified Fatigue Impact Scale (MFIS) para fadiga, Epworth Sleepiness 

Scale (ESS) para sonolência excessiva diurna, Beck Depression Inventory (BDI) para 

depressão e Addenbrooke’s Cognitive Examination – Revised (ACE-R) para 

cognição. O dano estrutural encefálico e medular foi avaliado por imagens de 

ressonância magnética ponderadas em T1 e DTI. Para análise, foram utilizadas as 

ferramentas FreeSurfer, T1 MultiAtlas, DTI MultiAtlas, CERES e SpineSeg. Com o 

objetivo de avaliar evolutivamente a SCA1, os pacientes foram divididos em três 

grupos de acordo com o tempo de doença. Variáveis clínicas e imaginológicas foram 

comparadas nesses grupos a fim de determinar, temporalmente, o padrão evolutivo 

das alterações no SNC. Os sintomas motores correlacionaram-se diretamente com o 

dano dos núcleos rubros, medular e cerebelar. Os níveis de fadiga foram 

significativamente maiores nos pacientes comparado aos controles e apresentaram 

relação direta com depressão e duração da doença. A depressão foi mais frequente 

nos pacientes e correlacionou-se com aspectos motores, entretanto, não houve 

correlação com áreas encefálicas. As alterações cognitivas foram importantes, 

principalmente nos domínios de memória e fluência, os quais correlacionaram-se 



 
 

diretamente com atrofia na amígdala e lóbulo VIII cerebelar, respectivamente. 

Evidenciou-se redução da área e aumento da excentricidade significativos na 

medula cervical dos pacientes quando comparados aos controles. A redução da 

área medular correlacionou-se diretamente com aspectos motores, apresentando 

duração e CAGn como possíveis determinantes. Avaliações transversais do encéfalo 

revelaram danos significativos em áreas primárias e associativas em córtex cerebral, 

substância cinzenta profunda, córtex cerebelar e subtância branca encefálica, 

principalmente em regiões infratentoriais. Do ponto de vista evolutivo, verificou-se 

padrão lesional em sentido caudo-cranial. Por fim, fomos capazes de caracterizar 

fenoticamente a SCA1 e correlacionar seus aspectos clínicos e estruturais.  

Palavras-chave: Ataxia Espinocerebelar do tipo 1. Ressonância Magnética. 

MultiAtlas. FreeSurfer. Spineseg. CERES.



 
 

ABSTRACT 

 

Spinocerebellar ataxia type 1 (SCA1) is a neurodegenerative disease 

expressed clinically by progressive cerebellar ataxia associated with deep 

hyperreflexia and saccadic alterations. Caused by unstable expansions of a CAG 

sequence in the ATXN1 gene on chromosome 6, it was the first spinocerebellar 

ataxia that had its genetic substrate elucidated. Despite this, there are few studies 

about its clinical and morphological aspects, mainly regarding non-motor 

manifestations and their structural correlations. In this way, the objective of this study 

is to characterize, clinically and morphologically, patients with SCA1, using well-

established clinical scales and multimodal magnetic resonance techniques. We have 

thus evaluated 33 consecutive adult patients regularly followed at UNICAMP and 

UNIFESP and 33 healthy age-and-sex matched controls. All patients had molecular 

confirmation of SCA1. The patients underwent detailed neurological examination, 

emphasizing motor and non-motor aspects. For ataxia quantification, the Scale for 

the Assessment and Rating of Ataxia (SARA) was used. For the evaluation of non-

motor symptoms, we used the Modified Fatigue Impact Scale (MFIS) for fatigue, 

Epworth Sleepiness Scale (ESS) for excessive daytime sleepiness, Beck Depression 

Inventory (BDI) for depression and Addenbrooke's Cognitive Examination – Revised 

(ACE-R) for cognition aspects. The encephalic and spinal structural damage were 

evaluated by DTI and T1-weighted magnetic resonance imaging. For MRI analyses, 

the tools FreeSurfer, T1 MultiAtlas, DTI MultiAtlas, CERES and SpineSeg were used. 

Attempting to analyse the evolution pattern, the patients were divided into three 

groups according to the disease duration. Clinical and imaging variables were 

compared in these groups to determine the evolutionary pattern of CNS changes. 

Motor symptoms correlated to damage of red nuclei, spinal cord and cerebellar 

cortex. Fatigue levels were significantly higher in patients compared to controls and 

were directly related to depression and disease duration. Depression was more 

frequent in patients and correlated to motor aspects, however, there was no 

association with brain areas. Cognitive alterations were important, especially in 

memory and fluency domains, which correlated directly to atrophy in the amygdala 

and cerebellar lobe VIII, respectively. Significant area reduction and eccentricity 

increase were observed in patients' cervical spinal cord when compared to controls. 



 
 

The reduction of the cord area correlated directly to motor aspects; and 

duration and CAGn were possible determinants. Cross-sectional brain evaluations 

revealed significant damage in primary and associative areas in cerebral cortex, 

deep gray matter, cerebellar cortex and encephalic white matter, especially in 

infratentorial regions. Analysis of disease course disclosed a caudal-cranial pattern of 

damage in the CNS. Finally, we were able to phenotypically characterize SCA1 and 

to correlate its clinical and structural aspects.   

Key words: Spinocerebellar ataxia type 1. MRI. MultiAtlas. FreeSurfer. Spineseg. 

CERES.
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INTRODUÇÃO 

  

A ataxia espinocerebelar do tipo 1 (SCA1) é um distúrbio autossômico 

dominante, caracterizado por ataxia cerebelar progressiva, sinais piramidais e 

sintomas não motores (1,2). Seu início geralmente ocorre na quarta década de vida 

e as famílias afetadas demonstram fenômeno de antecipação, em que os sintomas 

tendem a iniciar mais cedo com o passar das gerações (3,4). É causada por uma 

expansão CAG dentro da região codificante do gene ATXN1 no cromossomo 6p22-

p23 (3,5). Indivíduos saudáveis têm um número de repetição de CAG de 39 ou 

menos, por outro lado, os pacientes afetados têm mais de 44 repetições e alelos 

intermediários (39-44) resultam em penetrância reduzida. A ataxina-1 anormal 

agrega-se em pequenas inclusões intranucleares, levando à toxicidade neuronal 

(6,7). 

Como em outros distúrbios neurodegenerativos, achados não motores são 

comuns na SCA1, entretanto, são poucos os estudos relacionados a essas 

manifestações, especialmente no que diz respeito à depressão, fadiga, sonolência 

excessiva diurna e comprometimento cognitivo. Em especial, os distúrbios 

cognitivos, geralmente leves, são observados em 20-30% dos casos (8). Vários 

estudos revelam deficiência na função executiva, principalmente de atenção, 

percepção visuo-espacial, fluência verbal, bem como alterações de memória 

imediata e remota (2,9,10). O atraso mental significativo, no entanto, foi relatado 

apenas em indivíduos com expansões de CAG muito grandes e início antes dos 15 

anos de idade (8,11,12). 

Atualmente, técnicas de neuroimagem são ferramentas poderosas na 

avaliação de muitos distúrbios neurodegenerativos estreitamente relacionados (13-

16). Tais ferramentas demonstram anormalidades estruturais in vivo e proporcionam 

uma melhor compreensão dos mecanismos e da progressão da doença. Não 

obstante, não foram realizados grandes estudos para investigar a extensão da 

neurodegeneração e como ela afeta sequencialmente certas populações neuronais 

na SCA1. Em particular, pouco se sabe a respeito da extensão do dano estrutural, 

bem como sua relação com o fenótipo clínico. 
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Com base nisso, nosso objetivo é avaliar as características motoras e não 

motoras da doença, correlacionando esses achados com aspectos anatômicos. 

Além disso, pretendemos delinear como o curso da doença influencia o dano 

estrutural, proporcionando visões sobre a história natural da doença. Para tanto, 

empregamos técnicas multimodais de ressonância magnética, observando o 

encéfalo e a medula espinhal em uma grande coorte de pacientes em diferentes 

estágios da doença. 
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Abstract 

Spinocerebellar ataxias (SCA) are a clinically and genetically heterogeneous 

group of monogenic diseases that share ataxia and autosomal dominant inheritance 

as the core features. An important proportion of SCAs are caused by CAG 

trinucleotide repeat expansions in the coding region of different genes. In addition to 

genetic heterogeneity, clinical features transcend motor symptoms, including 
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cognitive, electrophysiological and imaging aspects. Despite all the progress done in 

the past 25 years, the mechanisms that determine how neuronal death is mediated 

by these unstable expansions are still unclear. The aim of this article is to review, 

from a historical point of view, the first (CAG)-related ataxia to be genetically 

described: SCA 1.  

Keywords: SCA1, Ataxin 1, Hereditary Ataxias. 

Resumo 

As ataxias espinocerebelares (SCA) são um grupo clínico e geneticamente 

heterogêneo de doenças monogênicas que compartilham ataxia e herança 

autossômica dominante como características principais. Uma proporção importante 

de SCAs é causada por expansões de repetição de trinucleotídeos CAG na região 

de codificação de diferentes genes. Além da heterogeneidade genética, os aspectos 

clínicos transcendem os sintomas motores, incluindo aspectos cognitivos, 

eletrofisiológicos e de imagem. Apesar de todo o progresso feito nos últimos 25 

anos, os mecanismos que determinam como se dá a morte neuronal mediada por 

essas expansões instáveis ainda não estão claros. O objetivo deste artigo é revisar, 

de um ponto de vista histórico, a primeira ataxia geneticamente relacionada com o 

CAG descrita: SCA 1. 

Palavras-chave: SCA1, Ataxina 1, Ataxias hereditárias. 

Early Studies 

In 1863, the German pathologist Nikolaus Friedreich described a new spinal 

disease which turned out to be the first description of a hereditary ataxia [1]. The 

disease was characterized by cerebellar ataxia, dysarthria and deep arreflexia, 

generally with an early age of onset and presenting an autosomal recessive pattern 

of inheritance [1]. Over 30 years later, Pierre Marie reported a group of patients 

presenting hereditary ataxia, but with late disease onset, mostly presenting increased 

tendon reflexes and occasionally with an autosomal dominant pattern of inheritance 

[2]. It was later pointed out that Marie’s cohort was both clinically and pathologically 

heterogeneous and several classifications throughout the 20th century failed to 

outline properly the full clinical and pathological spectrum of the autosomal dominant 

cerebellar ataxias (ADCA) [3,4]. The term spinocerebellar ataxia (SCA) remained 

from those early attempts to classify the ADCA, and nowadays they are used as 
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synonyms. Other terms previously used to describe ADCA were Marie’s Ataxia, 

olivopontocerebellar atrophy and cerebello-olivary atrophy [2,4,5].  

History of SCA1 Genetics 

In the first half of the 20th century, many researchers published small families 

segregating ADCA, raising the most diverse hypotheses on the genetic basis of the 

disease, usually with conflicting results [5]. Nonetheless, in the late 1940’s, a north-

American group started following a large family of patients (n=342) in which 45 

individuals presented the disease. At that time, authors attempted to determine the 

genetic basis of the disease using linkage analyses, but they failed to uncover the 

responsible gene/mutation [6].  

Despite the initial disappointing results, the investigators kept following that 

kindred. From the 1970’s to the 1980’s, strong evidence came out supporting that the 

causative gene of at least that form of ADCA was related to the HLA human complex. 

Further studies mapped the disease locus to the short arm of chromosome 6 [7]. 

Finally, 100 years after Marie’s original publication, in 1993, a collaborative study led 

by Zoghbi et al. was published describing an unstable CAG trinucleotide repeat 

expansion at the coding region of the implicated gene as the first causative mutation 

of ADCA [8]. The normal SCA1 allele contained 6 to 38 CAG repeats interrupted by 

the CAT trinucleotide, in contrast with mutation carriers that had 39-44 continuous 

CAG repeats (Table 1). These authors also pointed out that the size of the repeat 

inversely correlated with the age of onset of the symptoms (anticipation 

phenomenon) [8,9,10]. 

Other researchers such as Harry T. Orr and Sandro Banfi played key roles in 

the description and characterization of the ATXN1 gene [8,11]. The disease locus 

was named ATXN1 and those presenting the mutation would be thereafter 

definitively classified as having SCA type 1 [4]. Curiously, the gene related to 

Friedreich’s Ataxia was only described three years later. Hence, SCA1 was indeed 

the first hereditary ataxia to have its genetic basis elucidated [3,8,11].  

 The ATXN1 gene encodes a protein called Ataxin 1, which has nuclear 

location inside neurons, but cytoplasmic location in other peripheral tissues. Mutation 

carriers produce an abnormal form of Ataxin 1 with an excessive number of 

consecutive glutamine residues. Less than five years apart from the gene 

description, experimental studies with transgenic mice showed that the pathogenesis 

by which the mutation causes disease is a toxic gain of function [4]. Then, Zoghbi’s 
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group revealed the specific role of protein misfolding in the pathogenesis of SCA1, a 

finding that has proved relevant to other polyglutamine disorders [12]. Afterwards, the 

group started looking at potential pharmacological interventions in animal models 

[13].  

Demographic data and phenotypic characterization 

SCAs are rare diseases with prevalence rates ranging from 1.0–4.0 per 

100,000. SCA1 accounts for between 3% and 16% of all autosomal dominant SCAs 

[14]. The search for relative frequencies of SCAs in Brazilian cohorts showed that 

SCA1 represents 4.2% of all SCAs; it is the the 4th most frequent SCA, behind SCA3, 

SCA2 and SCA7 [15]. The first descriptions of Brazilian cases with SCA1 are 

relatively recent. All patients attending our reference center in southeastern Brazil 

descend from Italian immigrants [16]. Relative frequencies of SCA1 in different 

populations are shown in Table 2 [17,18,19]. 

Clinical aspects 

The up-to-date clinical description of SCA1 is a late onset cerebellar 

syndrome, showing inconstant degrees of ophthalmoplegia, pyramidal or 

extrapyramidal signs and peripheral neuropathy [3,4]. A phenomenon of progressive 

worsening of the phenotype across generations has been observed previously [4]. 

The first symptoms often include gait disturbances, later followed by diplopia, 

dysarthric speech, uncoordinated handwriting and episodic vertigo. Patients may less 

commonly present with vocal cord abductor paralysis or psychosis [3]. The average 

age of onset of SCA1 is between the third and fourth decades, but there is clear 

variability even within families. Survival from disease onset is around 15 years, but 

again there is remarkable variability (range 10 to 28 years) [3,5].  

In a recent series of Brazilian cases [15], the most frequent clinical findings 

were in descending order: ataxia (100%), pyramidal findings (89%), dysarthria and/or 

dysphagia (89%), alterations in ocular movements (44%), nystagmus (33%), rigidity 

(33%), palpebral retraction (22%), sensory loss (11%), dystonic movements (11%), 

seizures (11%). Absent reflexes, amyotrophy, visual loss, tremor and cognitive 

decline were not found. 

Disease progression has been recently assessed in a large multicentric 

European study [20]. Authors found that SCA1 progresses faster than other types of 

SCAs, with a mean annual progression in ataxia score of 2.11 (Scale of assessment 

and rating of ataxia-SARA). Within the SCA1 group, patients that had a shorter 
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duration of follow up, older age at initial evaluation and longer CAG repeats 

progressed at faster rates. It remains to be investigated whether such rates of 

progression also take place in SCA1 patients coming from other regions. Although 

ataxia is the main and most disabling symptom in most patients with SCA1, many 

have additional non-ataxia symptoms, which have a great impact on the quality of life 

of these patients. 

Cognitive impairment  

 It is known that the cerebellum contributes to cognitive tasks, including 

executive and language functions [21]. In particular, patients with isolated acute or 

chronic focal cerebellar lesions show frontal-like and parietal-like symptoms; this 

clinical picture is referred to as the cerebellar cognitive affective syndrome (CCAS) 

[21]. The neuroanatomical basis for CCAS is not fully clear, but at least 2 hypotheses 

have been raised. It may stem either from the interruption, as in a disconnection 

syndrome, or from a dysfunctional contribution of the cerebellum in the 

neocerebellar–neocortical reverberant network.  This syndrome is characterized by 

impairments in executive functions (deficiency in planning, set-shifting, abstract 

reasoning, working memory, verbal fluency), language disorders, disturbances in 

spatial cognition, and personality changes [21]. 

Several studies reported the neuropsychological features of patients with 

SCA1, and most show impaired executive function, attention, visuo-spatial 

perception, verbal fluency, immediate and delayed memory [22]. Fancellu et al. 

reported that patients had significant deficits compared to controls, mainly in 

executive functions (phonemic and semantic fluencies, attentional matrices) and the 

dissociation in the progression of motor disability and cognitive impairments, 

suggesting that motor and cognitive functions might be related to different pro-

gression rates in SCA1 [23].  

Ma et al. reported that SCA1 causes mild impairment on executive function, 

temporal orientation and logical thinking. The cognitive deficits were correlated with 

clinical severity of ataxia symptoms, but not age, age of onset, years of education 

and disease duration [24]. Klinke et al. showed that asymptomatic SCA1 carriers 

have normal cognitive test scores, thus suggesting that cognitive dysfunction does 

not seem to precede cerebellar ataxia [25]. While some phenotypic traits, such as 

age of onset, progression rate and disease severity are directly related to genotype 

(CAG expansion length), it is unclear whether the occurrence and severity of 
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cognitive impairment also depend on it. Moriarty et al. reported impairments on 

executive functions, speed, attention, visual memory and Theory of Mind in SCA1 

patients. These authors also found SCA1 to have the fastest cognitive decline when 

compared to the other SCAs, a finding in line with the motor deterioration pattern in 

SCAs [25]. 

The pattern of alterations in executive and visuospatial functions described in 

SCA1 [22] suggests a fronto-parietal dysfunction that could be caused by an 

alteration in the fronto-ponto-cerebello-thalamo-cortical circuits [21]. A direct 

dysfunction of fronto-parietal areas could be hypothesized, however impairments in 

these cortical areas have not yet been proven in SCA1. In addition, the involvement 

of subcortical structures, such as basal ganglia, could play a role in development of 

cognitive dysfunction [26]. 

Depression 

Patients with cerebellar degenerative diseases have greater apathy, 

depression, anxiety and personality changes than normal individuals, especially 

when the cerebellar degeneration is associated with basal ganglia involvement [21, 

22]. It is hypothesized that these symptoms could be caused by a dysfunction in the 

connections between prefrontal cortex (dorsolateral, orbitomedial, dorsomedial) and 

basal ganglia [27]. Fancellu et al. reported that SCA1 patients had significantly higher 

depression scores and apathy than controls [23]. Klinke et al. disclosed mildly 

depressed mood (Beck Depressive Inventar score 11–18) in 50% of SCA1 patients, 

though no patient showed scores indicating severely depressed mood (score ≥18) 

[22]. McMurtray et al. identified depressive and memory symptoms as heralding 

features of SCA1 in 25% and 42% of the patients, respectively [28]. 

Sleep disorders and Fatigue 

Hypersomnolence in SCA1 can interfere with daytime functioning and periodic 

limb movements can be a cause of sleep fragmentation in these patients [29]. 

Obstructive sleep apnea can co-exist with SCA1, possibly as a manifestation of 

pharyngeal dilator muscle incoordination in response to impending airway collapse 

[29]. According to Abele et al., restless legs syndrome is significantly more frequent 

in patients with SCA1 than in the general population and present in 28% of patients 

[30]. Fatigue is a major manifestation in SCA1 and related to disease duration, 

depression and probably disease severity [31]. 

Electrophysiological features 
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Multisystem involvement in SCA1 is common and electrophysiology is a potent 

tool to uncover impairment of multiple neuronal systems and even to decipher 

subclinical affection. Electrooculography reveals quantitatively abnormal eye 

movements, such as gaze-evoked nystagmus and slowing of saccades [32]. Visual-

evoked potentials (VEP) reveal decreased amplitude and/or prolonged latency of 

P100 wave [33]. Abnormal acoustic-evoked potentials (AEPs) findings include loss of 

waves as well as increased interpeak intervals [33]. 

Somatosensory-evoked potentials (SEP) also show impairment of central or 

peripheral sensory tracts in SCA1. Abele  et al. using SEP showed loss of P40 in 

100% of patients. Motor-evoked potentials (MEPs) are helpful to show subclinical 

affection of the corticospinal tracts, which is very frequent in SCA1 [33]. Almost all 

patients present with prolonged central motor conduction times (CMCT) and 

peripheral motor conduction times (PMCT) in all extremities [33,34]. 

Nerve conduction studies reveal mildly reduced nerve conduction velocities in 

sensory and motor nerves, but amplitude reduction is much more prominent in 

sensory rather than motor nerves [34].  Electromyography (EMG) often reveals signs 

of chronic denervation affecting proximal and distal muscles. The pattern may 

resemble a distal neuropathy in some patients, but in others, it is much like a diffuse 

motor neuronopathy [34]. In a recent study, Linnemann et al. reported the features of 

peripheral neuropathy in SCA1, in which mixed neuropathy was the most frequent 

pattern (83%), followed by axonal (11%) and demyelinating (6%) disease [35]. 

Neuropathology 

SCA1 is characterized macroscopically by olivopontocerebellar atrophy [36]. 

On microscopy, there is dramatic loss of cerebellar Purkinje cells and also of neurons 

of the dentate nuclei, basal pontine and other brainstem areas, including the red 

nuclei, vestibular and motor cranial nerve nuclei [36]. In contrast, the pars compacta 

of the substantia nigra, the basal ganglia, thalamus, cerebral cortex and 

hippocampus are usually spared [36]. Hence, SCA1 neuropathology can involve 

components of the cerebello-thalamocortical loop, the basal ganglia-thalamocortical 

loop, the visual system and the somatosensory system [37]. The impairment of the 

spinal cord is conspicuous. It is characterized by gross atrophy, caused by loss of 

anterior horn cells, fibers in the posterior columns and neurons from the Clarke’s 

column [38]. 

Neuroimaging 
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Schulz et al. evaluated volumetric changes in SCA1 using Voxel-based 

morphometry (VBM) in a multicenter study with 48 patients. The authors reported 

gray matter volume loss in the cerebellar hemispheres, vermis, brainstem and white 

matter loss in the midbrain, pons, middle cerebellar peduncles, and cerebellar 

hemispheres. The brainstem and pons volumes correlated inversely with ataxia 

severity [39]. 

Analyses of supratentorial structures revealed gray matter volume loss in the 

caudate nuclei, putamina and temporal lobes, but no correlations with clinical or 

molecular data were found. [39] In a 2 year-prospective study, Reetz et al. evaluated 

37 patients with SCA1. Cross-sectional analyses found a significant decline in gray 

matter volume for the whole brainstem, left anterior and posterior cerebellum and the 

right putamen and pallidum compared to healthy controls. The length of the 

expanded CAG repeat allele correlated with cerebellum and pons volume loss in 

these patients. Longitudinal analyses identified progressive atrophy in the brainstem, 

pons, putamen, left caudate and left cerebellar hemisphere after 2 years. The length 

of the expanded CAG repeat allele correlated with the rate of cerebellar volume loss. 

In the same study, authors attempted to compare the rates of atrophy within different 

SCA subtypes. The SCA1 group indeed had an increased rate of volume loss in the 

whole brainstem, left cerebellar hemisphere, and putamen, when compared to the 

SCA3 group [40]. 

Other studies using VBM also reported volume loss in cerebellum and 

brainstem involving both gray and white matter [41].. Regional damage to cerebral 

white matter in individuals with SCA1 has been repeatedly demonstrated by diffusion 

tensor imaging in several studies [42].  

A multicenter observational European study, with 26 presymtomatic carriers of 

SCA1 mutations reported gray matter loss in the medulla oblongata extending to the 

pons and to the lobule IX of the cerebellum in these individuals compared to matched 

healthy controls. These results indicate that anatomical damage takes place before 

symptom onset in SCA1 [43]. Patients with SCA1 also have cervical spinal cord 

atrophy combined with anteroposterior flattening [44]. Interestingly, spinal cord area 

correlates with ataxia severity, disease duration, and CAG expansion [44]. 

Regarding neurochemical alterations detected by proton magnetic resonance 

spectroscopy, measurements of metabolites such as N-acetylaspartate and 

myoinositol indicate neuronal loss in the cerebellum and pons in SCA1. These 
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parameters correlated with motor disability [45]. Figure 1 discloses some aspects of 

imaging in SCA1. 

 

Disease mechanisms and future therapeutic perspectives 

Wild-type ATXN1 includes a polyQ tract that normally contains 6–34 

glutamines. A monopartite nuclear-localization signal (NLS) motif near the carboxyl 

terminus directs the localization of the protein to the nucleus [46]. ATXN1 containing 

a wild-type polyQ tract can move between the cytoplasm and nucleus inside neurons. 

On the other hand, ATXN1 containing an expanded polyQ tract is transported to the 

nucleus but cannot be exported to the cytoplasm [47]. Such abnormal and obligatory 

localization inside the nucleus seems to be important for SCA1 pathogenesis, since 

the substitution of a single amino acid within the NLS prevents the expanded ATXN1 

from entering the cell nucleus and this mitigates its toxicity [48]. 

Wild-type and expanded ATXN1 interact with various nuclear elements, such 

as RNA [47,48], several regulators of transcription, capicua (CIC) [48], and others. 

An important approach to understanding SCA1 pathogenesis has been to model 

disease features in mice.  The importance of ATXN1–CIC complexes in SCA1 

pathogenesis is suggested by the observation that reducing CIC levels, either 

genetically or through exercise, decrease the deficit in motor performance and the 

premature lethality of the SCA1-like phenotypes in animal models [49]. 

On entering the nuclei of Purkinje cells, Ataxin-1 binds to CIC. Although 

Ataxin-1 alone does not bind to DNA [48,49], the Ataxin-1–CIC complex is targeted to 

chromatin and transcription sites, binding DNA. Noticeably, as transcription 

proceeds, Ataxin-1 is hypothesized to shuttle between complexes with CIC and the 

splicing factor RBM17. Ataxin-1 can be found in two high-molecular-weight soluble 

complexes: one that includes CIC and another that includes RBM17 [49]. These two 

Ataxin-1 complexes could to be in a dynamic equilibrium and the dynamics of the 

complexes affect gene expression. An altered balance in the interaction of expanded 

Ataxin-1 with CIC and RBM17 could drive pathogenesis in SCA1. In this way, 

expansion of the polyQ tract in Ataxin-1 favours Ataxin-1 –RBM17 complex formation 

[50], implicating this complex in SCA1 pathogenesis (Figure 2). 

Like other neurodegenerative disorders, such as Huntington disease [51], 

mechanistic target of rapamycin (mTOR) signaling is altered in SCA1. In the 

cerebellar proteomes of transgenic mice with Ataxin-1 [82Q]-expressing Purkinje 
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cells, mTOR levels were decreased before the onset of symptoms [52]. The DNA-

damage and DNA-repair pathways have also been implicated in the pathogenesis of 

SCA1 [53]. In Sca1154Q/2Q mice, enhanced expression of proteins that function in 

several DNA-repair pathways and restoration of mitochondrial DNA repair by 

expressing the DNA-repair protein [54], could improve motor performance, Purkinje 

cell morphology, molecular functions and attenuate SCA1-like phenotypes. 

Furthermore, early changes in the expression of specific receptors and ion 

channels that are important for regulating membrane excitability, such as the 

dysregulation of calcium-activated potassium channel physiology, contribute not only 

to motor dysfunction but also to structural changes in neurons that consistently 

precede cell death, changing the intrinsic excitability of Purkinje neurons [55]. 

Several aspects of SCA1 pathogenesis still remain unclear 25 years after the 

gene/mutation description. Moreover, the studies have shown that long 

polyglutamine tracts expressed by the mutated gene have an increased tendency to 

aggregate, creating nuclear inclusion bodies in affected neurons that are 

ubiquitinated [3,4]. Screening is in progress to find poly-Q aggregate inhibitors and 

also to check whether silencing gene expression can be an interesting therapeutic 

option [3,4]. However, as described above, several cellular pathways are implicated 

in SCA1 pathogenesis and this multi-pathway picture turns the development of new 

therapies difficult. To date, there is no curative treatment for SCA1. Nevertheless, 

symptomatic therapy may ameliorate symptoms, especially the non-motor aspects, 

like depression and sleep disorders.  

There are several lines of research on therapeutic agents for SCA1, usually 

based on animal and cell-based models. Given that mutant polyQ disease proteins 

can disturb gene expression, RNA homeostasis and protein homeostasis through 

diverse pathways with largely downstream consequences, acting proximally in the 

disease cascade to lower the levels of the toxic protein can be a useful strategy 

towards developing a disease-modifying therapy. In this sense, endeavors to target 

the expression of polyQ SCA proteins have used antisense oligonucleotides (ASOs) 

or virus-mediated delivery of short hairpin RNAs or artificial miRNAs to interfere with 

translation. Preclinical tests of ASOs or miRNA-based drugs for SCA1 [56] show 

considerable promise, making clinical trials increasingly likely.  

Experimental data suggested that lithium treatment improves motor 

coordination, multiple behavioral measures and might lead to neuroprotective 
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properties in the cerebellum of  SCA1 mouse models [57]. Based on this, lithium 

could be a potential treatment for human SCA1. A Phase I trial of oral lithium has 

been completed as an intramural NIH study, but results have not yet been published 

(NCT00683943). Riluzole has been shown to provide some symptomatic relief of 

ataxia in a mixed group of individuals including people with SCA1 [58]; however, 

further investigation is needed, particularly long-term disease-specific trials. A 

double-blind randomized placebo controlled trial of riluzole prodrug BHV4157 is 

ongoing (NCT02960893). 

In line to other therapies, Matsuura et al. reported that intrathecal injection of 

mesenchymal stem cells (MSCs) into the meningeal covering of the cerebellum 

improved Purkinje cell organization, reduced cerebellar dendrite atrophy and 

normalized behavior and motor deficits in B05 mice injected at 5 weeks of age [59]. 

Thus, further investigation is needed to confirm the therapeutic potential of stem cells 

in SCA1. Gene therapy is based on reducing expression of the mutant ATXN1 

through gene silencing or overexpressing a paralog of ATXN1, ataxin-1- like 

(ATAXIN-1L), to competitively inhibit the formation of toxic complexes by polyQ-

ATAXIN-1 [60]. This approach appears to be promising, but further clinical studies 

are still needed. 

Conclusion 

In conclusion, in over 100 years of research, there is still a long path to fully 

understand and treat patients diagnosed with SCA1. Nevertheless, recent progress 

and the genetic outbreaks of the 1990’s have given neurologists and neuroscientists 

valuable hints on where to search for answers.  
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Tables and figures 

 

Table 1. ATXN1 allele ranges. 

Allele types (CAG) repeat length Penetrance 

Normal  6–38; 39–44 CAT interrupted None 

Intermediate  44 CAT interrupted* Partial 

Expanded  39–44 CAGs uninterrupted; 45–

91 

Full 

* A woman with 44 CAG repeats with CAT repeat interruptions had an affected father 

but was herself asymptomatic at age 66 years [9]. 

 

Table 2. Relative frequency of SCA1 in different populations. 

Author / Year Country Cohort size (n) Relative 

frequency 

Filla et al 2000 Italy 116 families 24% 

Illarioshkin et al 

1996 

Russia 15 families 33% 

Krysa et al 2016 Poland 203 families 68% 

de Castilhos et al 

2014 

Brazil 359 families 4.2% 

 

https://www.ncbi.nlm.nih.gov/books/n/gene/glossary/def-item/affected/
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Figure 1. A. Sagittal T1-weighted brain MRI demonstrates cervical spinal cord 

atrophy in SCA1; B. Axial T1-weighted brain MRI discloses moderate 

olivopontocerebellar atrophy in SCA1. C and D demonstrates spinal cord and 

brainstem in a healthy control. 

 

 

Figure 2. This picture illustrates a model of SCA1 pathogenesis that incorporates the 

crucial nuclear interactions and functions of ATXN1. On entering the nuclei of 

Purkinje cells, ATXN1 readily binds to CIC (transcriptional regulator capicua). 

Although ATXN1 alone does not bind to DNA, CIC can bind DNA. ATXN1 can be 

found in two high-molecular-weight soluble complexes: one that includes CIC and 

another, distinct complex that includes RBM17 (RNA splicing factor). Importantly, 

expansion of the polyQ tract in ATXN1 favours ATXN1–RBM17 complex formation, 

implicating this complex in SCA1 pathogenesis. PolyQ expansion is depicted by 

‘exp[Q]’. 
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OBJETIVOS 

 

Objetivo Geral 

Caracterizar o fenótipo e as alterações estruturais do sistema nervoso central 

na SCA1. 

Objetivos específicos 

1. Caracterizar as manifestações motoras e não motoras, incluindo alterações 

cognitivas, fadiga, depressão e sonolência excessiva diurna em pacientes com 

SCA1; 

2. Caracterizar as alterações estruturais da medula cervical e do encéfalo através 

de neuroimagem e correlacionar com parâmetros clínicos na SCA1; 

3. Identificar prováveis determinantes das alterações estruturais na SCA1. 
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METODOLOGIA 

 

Seleção dos Voluntários/Imagens 

Para este estudo, foram selecionados 33 pacientes com diagnóstico 

molecular de ataxia espinocerebelar do tipo 1, acompanhados no ambulatório de 

Neurogenética e Neurologia do Hospital de Clínicas da Universidade Estadual de 

Campinas (UNICAMP) e do Hospital São Paulo da Universidade Federal de São 

Paulo (UNIFESP). Foram excluídos do estudo pacientes com outras doenças 

neurológicas não relacionadas e portadores assintomáticos da mutação. Para 

controles, foram selecionados voluntários saudáveis pareados para sexo e idade, 

sem enfermidades neurológicas ou antecedentes de ataxia  

Este projeto foi realizado após a análise e aprovação do Comitê de Ética em 

Pesquisa da Faculdade de Ciências Médicas da Universidade Estadual de 

Campinas (parecer nº 49976215.4.0000.5404 – ANEXO 1). Cada participante assinou 

Termo de Consentimento Livre e Esclarecido antes da realização dos procedimentos 

experimentais (ANEXO 2). 

 

Caracterização Clínica 

Imediatamente antes da aquisição das imagens, os pacientes foram 

submetidos a exame neurológico detalhado e à aplicação de escalas para 

mensuração de sintomas motores e não motores, a saber: Scale for the Assessment 

and Rating of Ataxia (SARA) para ataxia; Modified Fatigue Impact Scale (MFIS), com 

subdivisão física (MFIS-P), cognitiva (MFIS-C) e psicossocial (MFIS-S) para fadiga, 

Epworth Sleepiness Scale (ESS) para sonolência excessiva diurna, Beck Depression 

Inventory (BDI) para sintomas depressivos e Addenbrooke-s Cognitive Examination 

– Revised (ACE-R) para cognição. Todos os testes foram aplicados por apenas um 

examinador e todas as escalas encontram-se validadas para a população brasileira 

(ANEXO 3). 

- Scale for the Assessment and Rating of Ataxia (SARA) 

(ANEXO 3.1) 
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A SARA (17) é uma escala clínica que visa medir o grau de perda de 

coordenação muscular e de equilíbrio em pacientes com ataxia cerebelar. A escala 

abrange a avaliação de oito domínios, quais sejam: marcha, postura, sentar, 

distúrbios de fala, teste de perseguição do dedo, teste índex-nariz, teste de 

diadococinesia (movimentos alternados) e manobra calcanhar-joelho. A pontuação 

varia de 0 a 40 e é diretamente relacionada à gravidade da doença: quanto mais 

grave o quadro do paciente, maior a pontuação. 

- Addenbrooke’s Cognitive Examination – Revised (ACE-R) 

(ANEXO 3.2) 

A ACE-R (18,19) é uma ferramenta de testes neuropsicológicos validados 

para a população brasileira que avalia funções corticais e subcorticais. A pontuação 

varia de 0 a 100 (escores menores indicam maior acometimento cognitivo) e envolve 

05 domínios: atenção/orientação, memória, fluência, linguagem e habilidades visuo-

espaciais. Para a população brasileira, considera-se alterado um escore total <78 

para escolaridade maior que 11 anos ou <68 para nível educacional menor que 11 

anos (19). Através do ACE-R pode-se calcular o índice VLOM, a qual é composto 

pela razão das pontuações dos domínios fluência + linguagem / orientação + 

memória. Uma razão < 2.2 corresponde a possível disfunção frontotemporal com 

95% de especificidade (18). Razões > 3.2, por outro lado, remetem a disfunções 

com características da doença de Alzheimer.  

- Modified Fatigue Impact Scale – MFIS (ANEXO 3.3) 

 Trata-se de inventário composto por 21 domínios a serem classificados de 0 a 

4 de acordo com a frequência de ocorrência nas últimas 04 semanas. Considera-se 

anormal quando ≥ 38. Apresenta subescores referentes a aspectos físicos (MFIS-P), 

cognitivos (MFIS-C) e psicossociais (MFIS-S) (20). 

      - Epworth Sleepiness Scale – ESS (ANEXO 3.4) 

  A escala de sonolência de Epworth, desenvolvida por Murray Johns, é uma 

ferramenta muito utilizada para aferir o grau de sonolência diurno. Classificam-se 08 

situações diárias com 0 a 3 pontos. Um resultado ≥ 10 pontos reflete excesso de 

sonolência diurna (21). 
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- Beck Depression Inventory – BDI (ANEXO 3.5) 

 É um inventário de autoavaliação que conta com 21 afirmações a serem 

classificadas com 0 a 3 pontos a depender do estado do indivíduo na última semana. 

Considera-se estado depressivo quando a pontuação total encontra-se ≥ 11 e 

depressão grave quando ≥ 18 pontos (22). 

 

Estudo de Imagem 

Aquisição 

As aquisições das imagens de ressonância magnética foram realizadas em 

um equipamento de 3T Achieva (Philips, Holanda). Foi utilizada uma bobina padrão 

de cabeça com 8 canais com capacidade para aplicar a técnica SENSE. Foram 

adquiridas imagens ponderadas em T1 (avaliação de substância cinzenta e medula 

espinhal) e em T2 - tensor de difusão (avaliação de substância branca). Os 

seguintes parâmetros de aquisição foram utilizados: 

 Sequência T1 volumétrica (3D) do crânio: espessura entre os cortes de 1 mm, 

TE=3.2ms, TR=7.1ms, ângulo de excitação (flip angle) 8°, voxels isotrópicos de 1 x 1 

x 1 mm e FOV = 240x240;  

 Sequência spin eco DTI: voxels adquiridos com tamanho 2x2x2 mm³ e interpolados 

para 1x1x2 mm3, matriz de reconstrução 256x256, 70 fatias, TE/TR 61/8500 ms, 

ângulo de flip 90°, 32 direções de gradiente e sem médias, b-factor máximo = 1000 

s/mm²; 6 minutos de tempo total de scan. 

 

Métodos de Segmentação 

As imagens adquiridas (T1 e DTI) foram processadas usando os seguintes 

softwares: FreeSurfer e T1 MultiAtlas para avaliar a substância cinzenta do cérebro 

e do tronco encefálico; DTI MultiAtlas para avaliar a substância branca do encéfalo; 

CERES para avaliar a substância cinzenta do córtex cerebelar e SpineSeg para 

avaliação da medula cervical. 

- FreeSurfer 
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As medidas de espessura do córtex cerebral foram obtidas através do 

software FreeSurfer (versão 6.0) conforme protocolos propostos por Fischl and Dale, 

2000 (23). Resumidamente, as imagens são corrigidas para inomogeneidades do 

campo magnético, alinhadas ao atlas de Talairach e Tournoux (24) e é feita a 

remoção de tecido não cerebral (skull-strip). Em seguida, há a segmentação dos 

voxels em GM, WM e CSF, os quais são identificados baseados na sua localização, 

na sua intensidade de sinal e na intensidade dos voxels vizinhos. Uma rede de faces 

de triângulos é construída em torno da superfície de WM, onde cada voxel é 

caracterizado por 2 triângulos.  

A rede, por sua vez, é suavizada usando um algoritmo que leva em 

consideração a intensidade local na imagem original para uma resolução subvoxel, 

usando interpolação trilinear. A fim de garantir que a superfície possui as mesmas 

propriedades topológicas de uma esfera, os defeitos topológicos (buracos na 

superfície) são corrigidos (25). Neste sentido, uma representação mais realística da 

interface entre GM e WM é necessária. Portanto, uma segunda interação de 

suavização é aplicada produzindo, assim, uma superfície chamada White Surface. 

Neste contexto, a superfície cortical externa, a qual compreende a pia mater, é 

produzida empurrando (nudging outwards) a White Surface rumo à pia mater em um 

ponto onde o contraste do tecido é máximo (23). Esta superfície recebe o nome de 

Pial Surface.  

Essa superfície é, então, segmentada em pequenas regiões 

neuroanatômicas, segundo Desikan et al., 2006 (26), usando um processo 

automatizado proposto por Fischl et al., 2004 (27). Para isto, a pial surface é 

mapeada homeomorficamente (homeomorphically mapping) em um sistema de 

coordenadas esféricas (28), ou seja, a pial surface é inflada na forma de uma esfera, 

e os padrões de dobramento são correspondidos a um atlas de probabilidades. Com 

isso, por meio de um processo de segmentação Bayesiano, é atribuída para cada 

vértice uma marcação neuroanatômica que, por sua vez, possuem seus rótulos 

confrontados com relação à atribuição de seus vizinhos, utilizando, para isto, um 

algoritmo de Campos Aleatórios de Markov (27,29). A espessura cortical (em mm) é 

calculada, então, como a menor distância entre a pial e white surface para cada 

vértice através do manto cortical. Para todas as análises, os mapas foram 
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suavizados usando um filtro de kernel Gaussiano através da superfície com um 

FWHM de 10 mm e com uma média entre os sujeitos. 

- T1 MultiAtlas 

As imagens foram processadas usando o “MRICloud” (MRICloud.org), uma 

plataforma web pública para segmentar e quantificar imagens multi-contrastes. O 

processamento da imagem envolve a correção da orientação (sagital para axial), 

para corresponder à orientação do atlas de segmentação, correção para 

homogeneidade usando o algoritmo N4 (30) e dois níveis de segmentação: primeiro, 

skull-stripping (31) e depois a segmentação de todo o cérebro. Nesta ferramenta são 

usados alinhamentos lineares e não-lineares, além do algoritmo LDDMM (Large 

Deformation Diffeomorphic Metric Mapping) (32) para co-registrar a imagem do 

voluntário com o atlas de segmentação. Para identificar as regiões cerebrais é 

utilizado o algoritmo MALF (Multi-Atlas Labeling Fusion) (31), seguido por uma última 

etapa de ajuste da segmentação, a qual é realizada pelo algoritmo PICSL (33). Vinte 

e seis atlas (atlas JHU versão V9B) foram usados para gerar 283 estruturas em uma 

relação hierárquica de 5 níveis ontológicos (34,35). Todas as análises foram 

realizadas no espaço nativo e o processamento foi feito no cluster Gordon do 

XSEDE (36). Por fim, determina-se o volume (em mm3) das estruturas cinzentas 

profundas cerebrais. 

- CERES 

O CERES é uma ferramenta dedicada à segmentação automatizada do 

cerebelo em regiões anatômicas (37). Em linhas gerais, o processamento é feito 

com redução do ruído da imagem, correção para inomogeneidades de campo no 

espaço nativo, alinhamento das imagens com o MNI via registro affine, correção 

para inomogeneidades de campo no espaço do MNI, redução da dimensionalidade 

da imagem para a área do cerebelo, registro não-linear com um atlas de cerebelo 

para melhorar o alinhamento da imagem com os atlas de segmentação, 

normalização da intensidade de cinza, alinhamento não-linear com os atlas de 

segmentação e, por fim, a identificação das estruturas anatômicas (37). A 

identificação das estruturas é feita por um algoritmo que combina a segmentação de 

referência dos atlas para formar a segmentação correta (37,38). O software fornece 

o volume e a espessura de cada estrutura no espaço nativo. Para nossas análises, 

utilizamos a espessura (em mm) como parâmetro. 
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- DTI MultiAtlas 

As imagens brutas de DTI são primeiramente co-registradas e corrigidas para 

eddy currents (39) e movimento usando uma transformação affine de 12 graus de 

liberdade. Os parâmetros de difusão são calculados através de um ajuste 

multivariado e skull-stripping usando a imagem de não difusão (b = 0) por limiar de 

intensidade. Este processamento é realizado usando o DTIStudio (40). Em seguida, 

é realizado um registro não-linear usando o algoritmo LDDMM (41) e para o 

parcelamento é empregado o algoritmo DLFA (41). Oito atlas (atlas adulto JHU 

versão V1) foram usados para gerar 168 estruturas. Todas as análises foram 

realizadas no espaço nativo. Os cálculos foram processados no cluster Gordon do 

XSEDE (36). O dano microestrutural da substância branca é avaliado usando mapas 

de Anisotropia Fracional (FA), Difusividade Axial (AD), Difusividade Média (MD) e 

Difusividade Radial (RD). Tais valores são utilizados para aferir de forma indireta o 

dano aos tractos mielinizados do SNC. 

- SpineSeg 

O software SpineSeg foi desenvolvido para estimar, semi-automaticamente, a 

área da medula espinhal cervical (em mm2) e a sua excentricidade, a qual é definida 

pela raiz quadrada de 1-(d/D)2, onde d e D são, respectivamente, o menor e o maior 

diâmetros da medula (42). Primeiramente, o programa re-amostra as imagens de 

ressonância a fim de corrigir variações na angulação da imagem e posição do 

pescoço. Na sequência, áreas transversais da medula espinhal são segmentadas, 

usando um algoritmo de tree pruning automático (43) e é ajustada uma elipse na 

área desejada por meio de um protocolo semiautomático. Estas medidas foram 

realizadas na altura dos discos intervertebrais C2 e C3 usando uma aquisição de 

imagem de ressonância padrão para o cérebro (44). Nós escolhemos este nível 

porque ele inclui a intumescência cervical, tornando o cordão medular mais largo, o 

que permite facilmente detectar atrofias. As medidas representam uma média de 

três níveis consecutivos de medição para a seção média de um disco intervertebral 

entre C2 e C3 de cada sujeito (44). É importante salientar que valores de 

excentricidade próximos de 1 condizem com maior achatamento antero-posterior 

medular. Todas as medidas foram realizadas por um único investigador (CRMJr).  

Análises Transversais e de Curso da Doença 
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 As análises das imagens foram realizadas transversalmente (total de 

pacientes), bem como separadamente de acordo com a duração da doença, a fim de 

identificar alterações estruturais no curso da enfermidade. Para tanto, os pacientes 

foram distribuídos em três grupos, a saber: grupo 1 (tempo de doença < 5 anos), 

grupo 2 (tempo de doença entre 5 e 9 anos) e grupo 3 (tempo de doença ≥ 10 anos). 
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Organograma da Pesquisa 

 Para fins práticos apresenta-se organograma de delineamento do estudo 

(adaptado do Artigo 4). 

 

Figura 1. Desenho do estudo. 

 

Análise Estatística  

 As análises estatísticas foram individualizadas para cada estudo, pois cada 

um deles exigiu um nível de complexidade diferente. Dessa forma, a descrição 

completa da análise estatística deve ser feita na leitura dos artigos que se 

encontram na sessão “Resultados”. 
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RESULTADOS 

 

 

 

 

 

 

 

 

 

Artigo 02: Fatigue is frequent and severe in spinocerebellar ataxia type 1. 

(Autorização para o uso no Anexo 04). 
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Artigo 03: Spinal Cord Damage in Spinocerebellar Ataxia Type 1. (Autorização 

para o uso no Anexo 05). 
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Artigo 04: Structural signature in SCA1: clinical correlates, determinants and 

natural history. (Artigo submetido em “Human Brain Mapping” - Manuscript number: 

HBM-18-0347). 
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Abstract  

Spinocerebellar ataxia type 1 is an autosomal dominant disorder caused by a 

CAG repeat expansion in ATXN1, characterized by progressive cerebellar and 

extracerebellar symptoms. MRI-based studies in SCA1 focused in the cerebellum 

and connections, but there are few data about supratentorial/spinal damage and its 

clinical relevance. We have thus designed this multimodal MRI study to uncover the 

structural signature of SCA1. To accomplish that, a group of 33 patients and 33 age-

and gender-matched healthy controls underwent MRI on a 3T scanner. All patients 

underwent a comprehensive neurological and neuropsychological evaluation. We 

correlated the structural findings with the clinical features of the disease. In addition, 

we evaluated the disease progression looking at differences in SCA1 subgroups 

defined by disease duration. Ataxia and pyramidal signs were the main symptoms. 

Neuropsychological evaluation disclosed cognitive impairment in 53% with 

predominant frontotemporal dysfunction. Gray matter analysis unfolded cortical 

thinning of primary and associative motor areas with more restricted impairment of 

deep structures. Deep gray matter atrophy was associated with motor handicap and 

poor cognition skills. White matter integrity loss was diffuse in the brainstem, but 

restricted in supratentorial structures. Cerebellar cortical thinning was found in 

multiple areas and correlated not only with motor disability, but also with verbal 

fluency. Spinal cord atrophy correlated with motor handicap. Comparison of MRI 

findings in disease duration-defined subgroups identified a peculiar pattern of 

progressive degeneration and suggested a possible associated neurodevelopmental 

problem.  



61 
 

 

Introduction 

Spinocerebellar ataxia type 1 (SCA1) is an autosomal dominant disorder, 

characterized by progressive cerebellar ataxia, pyramidal signs, extracerebellar 

features and non-motor symptoms, as well as mild cognitive decline (Bürk et al., 

1996; Bürk et al., 2003). Onset of SCA1 is usually in the fourth decade of life and 

affected families show anticipation (Banfi et al., 1994; Chong et al., 1995). SCA1 is 

caused by a CAG expansion within the coding region of ATXN1. The CAG repeat 

region is localized in exon 8 and translated into a polyglutamine tract in the amino 

terminal half of the protein (Banfi et al., 1994; Tong et al., 2001; Orr et al., 1993). 

Healthy individuals have a CAG-repeat number of 39 or less, affected patients have 

more than 44 repeats and intermediate alleles (39-44) result in reduced penetrance. 

Abnormal ataxin-1 aggregates into small intranuclear inclusions and interferes with 

the normal function of the protein leading to neuronal toxicity (Duyckearts et al., 

1999; Scho¨ls et al., 2004) 

 

Like other neurodegenerative disorders, cognitive impairment, usually mild, is 

observed in 20–30% of the cases (Scho¨ls et al., 1997; Filla et al., 2000). Several 

studies disclose impaired executive function, attention, visuo-spatial perception, 

verbal fluency, immediate and delayed memory (Bürk et al., 2003; Klinke et al., 2010; 

Bürk et al., 2007). In some patients, restlessness and emotional lability, without full 

blown dementia, characterize the mental status (Kameya et al., 1995). Significant 

mental retardation, however, has been reported only in individuals with very large 

CAG expansions and onset before 15 years of age (Scho¨ls et al., 2004; Schmitz-

Hu¨bsch et al., 2008). 

Neuroimaging techniques are powerful tools in the assessment of many 

closely related neurodegenerative disorders (Hanganu et al., 2014; Min et al., 2014; 

França et al., 2009; Lopes et al., 2013). Such tools demonstrate in vivo structural 

abnormalities and provide a better understanding of the disease mechanisms and 

progression. Notwithstanding, no large studies have been conducted to investigate 

the extent of neurodegeneration and how it affects sequentially certain neuronal 

populations in SCA1. In particular, little is known about the extent of cortical and 



62 
 

subcortical damage in the disease, and how such damage correlates with the clinical 

phenotype.  

Based on this, our aim is to provide clinical characterization concerning motor 

and cognitive features of the disease, correlating these findings with anatomical 

aspects. Moreover, we aim to delineate how the disease course influences the 

structural damage, giving insights into the natural history of the disease. To 

accomplish that, we employed multimodal MRI, looking at the brain and spinal cord in 

a large cohort of patients with SCA1 at different stages of the disease.  

 

Materials and Methods 

 

1. Study Design 

Figure 1 is the flowchart that describes the sequential experimental steps 

performed in this study. 

 

2. Subject’s Selection  

We evaluated 33 consecutive adult patients with molecular confirmation of 

SCA1 regularly followed at UNICAMP and UNIFESP hospitals and 33 healthy age- 

and sex-matched controls. This protocol was approved by our institution Research 

Ethics Committee and a written informed consent was obtained from all participants. 

None of the controls had family history of ataxia and/or hereditary neuropathies. 

Before further analyses, we checked all images for significant motion artifacts or 

incidental findings, but none of the subjects presented them. 
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3. Clinical and Cognitive Assessment (n=32) 

Patients underwent detailed neurological examination and the Scale for the 

Assessment and Rating of Ataxia (SARA) was used to quantify disease severity 

(Braga-Neto et al., 2010). Age of onset, disease duration, and CAG length were 

determined for each subject and used for further analyses. Cognitive functioning was 

evaluated trough the Addenbrooke’s Cognitive Examination Revised (ACE-R) in 28 

patients. The ACE-R is a comprehensive neuropsychological tool that has been 

validated for the Brazilian population. The score ranges from 0 to a maximum of 100 

points (lower scores indicate greater impairment) and encompasses 5 cognitive 

domains: attention/orientation, memory, fluency, language and visuospatial abilities 

(Mioshi et al., 2006; Carvalho et al., 2007). Depressive symptoms were explored 

through the Beck Depression Inventory (BDI) (Gorenstein et al., 1996) and a brief 

interview with the patient’s main caregiver designed to detect behavioral issues such 

as anxiety, depression, delusional thoughts and others. BDI scores were considered 

abnormal if ≥ 11. All scales and examinations were performed by a single investigator 

(CRMJr).  

 

4. MRI Acquisition and Protocol 

A 3T Achieva PHILIPS scanner with a standard 8-channel head coil was used 

to scan all patients and controls. To exclude incidental findings, routine T1 and T2 

weighted sequences were performed for all subjects. We obtained T1 weighted 

volumetric images covering the whole brain and the cervical spinal cord with the 

following acquisition parameters: sagittal orientation, voxel matrix 240x240x180, 

voxel size 1x1x1mm3, TR/TE 7/3.201ms, flip angle 8°. These T1-weighted images 

were used to measure cortical thickness and deep GM volumes.  

We also acquired a Gradient Echo Diffusion tensor imaging (DTI) sequence as 

follows: axial orientation, 2x2x2 mm3 acquiring voxel size, interpolated to 1x1x2 mm3; 

reconstructed matrix 256x256; 70 slices; TE/TR 61/8500 ms; flip angle 90°; 32 

gradient directions; no averages; max b-factor = 1000 s/mm2; six minutes scan. The 

DTI images were further used for analyses of WM integrity.  
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5. Image Processing 

 

Cerebral GM  

Cortical Thickness (n=33) 

Cortical thickness was computed using the FreeSurfer software v.5.3 (Hutton 

et al., 2009). Measurements were performed according to the protocol suggested by 

Fischl and Dale (Fischl et al., 2000; Rezende et al., 2015). The software creates 

triangle meshes that form two surfaces, the interface between GM and CSF and the 

interface between GM and WM. The shortest distance between the interfaces 

constitutes the measured cortical thickness. We took into account the cortical regions 

by the Desikan & Detrieux atlas for comparisons (Desikan et al., 2006).  

Basal ganglia volumes (n=33) 

T1 weighted images were processed with the T1 MultiAtlas approach using 

“MRICloud” (MRICloud.org), a public web-based service for multi-contrast imaging 

segmentation and volumetric quantification. Raw images were re-oriented (sagittal to 

axial), then had inhomogeneity correction and the whole brain was segmented after 

skull-striping. We employed linear and non-linear algorithms for brain co-registrations 

(Miller et al., 2013) and a multi-atlas labeling fusion enabled the identification of brain 

regions followed by a last step of labelling adjusting with PICSL (Tang et al., 2014). 

Nineteen atlases (JHU adult atlas version 9B) were used to generate 283 structural 

definitions (Wu et al., 2016). All analyses were performed in native space. The 

computations were processed on the Gordon cluster of XSEDE (Towns et al., 2014).  

 

Cerebral, Brainstem and Cerebellar WM  

DTI MultiAtlas Approach (n =30) 

White Matter microstructural damage was assessed using DTI MultiAtlas using 

maps of Fractional Anisotropy (FA), Axial diffusivity (AD), Mean Diffusivity (MD) and 

Radial Diffusivity (RD). The DTI MultiAtlas was processed using “MRICloud” where 

Raw DTI-weighted images were co-registered and corrected for eddy currents and 

subject motion using a 12-parameter affine transformation (Zhuang et al., 2006; Faria 
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et al., 2010). The DTI-parameters were calculated using a multivariate linear fitting 

and skull-stripped using the b=0 image, by intensity threshold, a tool of Roi Editor 

software.  This preprocessing was performed using DTIStudio software (Jiang et al., 

2006). After that, a non-linear registration using a multi-contrast LDDMM (Miller et al., 

2005) was performed, followed by the parcellation, which employs a DLFA algorithm 

(Tang et al., 2014; Towns et al., 2014). The computations were processed on the 

Gordon cluster of XSEDE . 

 

Cerebellar GM 

Cortical Thickness (n=33) 

Cortical thickness was computed using a patch-based multi-atlas 

segmentation tool called CERES (CEREbellum Segmentation) that is able to 

automatically parcellate the cerebellum lobules. The proposed method works with 

standard resolution magnetic resonance T1-weighted images and uses the 

Optimized PatchMatch algorithm to speed up the patch matching process (Romero et 

al., 2017).  

 

Spinal Cord Morphometry (n=32) 

Cross-sectional Area (CA) (n=32) 

Spinal cord segmentation and measurements were performed semi-

automatically using the SpineSeg software tool, developed at UNICAMP 

neuroimaging laboratory (Bergo et al., 2012). Further methodological details are 

available elsewhere (Martins et al., 2017).  

 

5. Statistical Analysis 

Clinical and demographic data of all subjects are reported with descriptive 

statistics (table 1). MRI analyses included both group comparisons and assessment 

of correlations, as detailed below. Statistical analyses were performed using the IBM 

SPSS statistics software version 20.  
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Group comparisons (Patients versus Controls) 

All imaging parameters were assessed through a General Linear Model. Age 

and gender were used as covariates. For cortical thickness and brain volumetric 

studies, estimated intracranial volume (eTIV) was also added as a covariate. In order 

to correct for multiple comparisons, we employed the Bonferroni adjustment with 

level of significance set as 0.05.  

Comparison between groups of patients 

Three groups of patients were defined according to disease duration: group 1: 

<5 years (n=11, mean SARA score =10.4); group 2: 5-9 years (n=12, mean SARA 

score =14.3) and group 3: ≥10 years (n=9, mean  SARA score =21.7). Each group 

was compared with a healthy age and gender matched control group. These 

comparisons generated statistical maps showing the pattern of structural 

abnormalities in each stage. Afterwards, we looked at these maps to investigate how 

the disease progressed. For each specific comparison, a general linear model was 

applied, followed by Bonferroni’s correction.  

Correlations and Multiple Regression analyses 

Pearson correlation coefficient assessed possible correlations between 

imaging measures and clinical data whenever data distribution was normal; 

Spearman correlation was employed for data that were not normally distributed. 

Gender and age were used as covariates for correlations. Beck depression inventory 

and educational level were used as covariates for cognitive correlations. Bonferroni 

was employed to adjust for multiple comparisons (level of significance p = 0.05). To 

evaluate the determinants of the structural damage in SCA1, multiple variable 

regressions were used (dependent variables: volume/thickness/area and 

independent variables:  age, CAG length and eTIV).  
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Results  

1. Clinical Features  

Demographic and clinical data of all subjects in the study are shown in 

table 1. Ataxia was the main symptom in all cases, with gait disturbances, axial and 

appendicular incoordination. All patients had pyramidal signs, with brisk reflexes, 

however spasticity was not found. Urinary incontinence or urgency were found in 

nine patients (28%) and five (15%) were wheelchair bound, what happened after a 

mean disease duration of 15.2 years. Severe amyotrophy of intrinsic hand muscles 

was present in four (12%), hand tremor was evident in sixteen (50%), cephalic tremor 

was found in one (3%) and eleven (34%) complained of frequent falls. Sensory 

impairment was present in seven (21%) and no one had visual loss. Parkinsonism 

and other movement disorders were not found.  

From 28 patients evaluated, fifteen (53%) fulfilled criteria for cognitive 

impairment (ACE-R score < 78 if > 11 years of schooling or < 68 in patients with < 11 

years of schooling) (Carvalho et al., 2007). Mean ACE-R was 77.0 (range 62-97). 

From ACE-R subscores, verbal fluency was the most affected domain (mean score of 

51%) followed by memory (68%), language (85%), visuo-spatial abilities (86%) and 

attention/orientation (89%). The sum of verbal fluency visuo-spatial skills and 

attention was interpreted as an estimate of executive function.  ACE-R has a 

subscore, the VLOM ratio, which is composed by the scores of verbal fluency + 

language/orientation + memory (recall of name and address only). A VLOM ratio < 

2.2 points to frontotemporal dysfunction with 95% of specificity. A score > 3.2, on the 

other hand, points to a dementia that resembles Alzheimer’s disease (Mioshi et al., 

2006). Twenty-six patients (92.8%) had a score of less than 2.2 while the remaining 

two had indexes in the unspecific range. This indicates that frontotemporal 

dysfunction could be the clinical phenotype of cognitive dysfunction in SCA1 and 

ACE-R significantly correlated with physical burden (r= -0.49, p=0.013). 

Regarding neuropsychiatric manifestations, nine (28%) displayed excessive 

anxiety and, in 4 (12%) patients, apathy was reported by the caregiver. BDI scores 

were abnormal in 70% of patients and correlated with motor disability (r=0.47, 

p=0.008).  

https://link.springer.com/article/10.1007%2Fs12311-017-0854-9#Tab1
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2. Neuroimaging 

 

Cerebral and Brainstem GM 

Using ROi-based analysis, significant differences were seen in cortical 

thickness between patients and controls in several areas (Figure 2A). The SARA 

and ACE-R domains did not show significant correlations with cortical thickness. 

Analysis of deep gray matter volumes showed significant volumetric reduction in both 

amygdalae and red nuclei (Figure 2B). Volumes of both red nuclei (right r=-0.79, 

p<0.001; left r=-0.72, p<0.001) correlated negatively with SARA scores. Memory 

domain score of ACE-R correlated with left amygdala volume (r=0.49, p<0.05).  

 

Cerebellar GM  

  In the SCA1 group, cerebellar cortical thickness was significantly reduced in 

several regions of both hemispheres (p<0.001, Figure 2C). Cortical thickness of the 

cerebellum (right hemisphere r=-0.63, p<0.001; left hemisphere r=-0.61, p<0.001), 

lobules X at right (r=-0.75, p<0.001) and left sides (r=-0.79, p<0.001) correlated 

negatively with SARA scale. Concerning ACE-R score, only the fluency domain 

correlated with VIIIB right cortical thickness (r=0.52, p=0.04). 

 

Cerebral, Brainstem and Cerebellar WM  

We identified a pattern of diffusely reduced Fractional Anisotropy (FA) 

accompanied by increase in AD, MD and RD in infratentorial regions and the 

corticospinal tracts (Figure 3). Despite this, the diffusion metrics did not correlate 

with SARA and ACE-R scores. 
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3. Disease course 

 

Clinical Results  

Correlation analyses revealed that SARA scores had a significant association 

with age (r=0.51, p<0.05) and disease duration (r=0.78, p<0.001). ACE-R scores also 

correlated inversely with disease duration (r=-0.41, p<0.05), but not with age. 

Analyzing the ACE-R domains, only memory and visuospatial abilities were 

correlated with disease duration (r=-0.57, p<0.05; r=-0.040, p<0.05, respectively). 

Comparing the subgroups defined according to disease duration, significant 

differences regarding motor (SARA, p<0.001) and cognitive (ACE-R, p<0.05) 

functioning were seen. 

Cerebral and Brainstem GM 

Regarding cortical thickness, no significant differences were seen in the group 

1. Group 2 presented significant reduction in the left precentral gyrus. Group 3 

showed atrophy of multiple cortical regions, involving primary and associative areas. 

Analysis of deep gray matter showed volume loss of both red nuclei in groups 2 and 

3, but not 1 (Figure 4).  

 

Cerebral, Brainstem and Cerebellar WM 

DTI atlas-based analyses revealed diffusely reduced FA in all groups. 

Changes in group 1 were essentially restricted to the cerebellar peduncles and lower 

brainstem. In the other groups, the alterations became more diffuse, involving other 

regions of the brainstem and cerebral white matter (Figure 4).  

 

Cerebellar GM  

Group 1 had significant reductions in cerebellar cortical thickness only at the 

lobule IX at the right side. The following groups showed thinning in multiple areas 

(Figure 4). 
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Spinal Cord Morphometry  

There was a significant difference in terms of CA in all groups (supplemental 

data - tables 24-26). Correlation analyses also converged towards reduced CA in 

patients with longer disease duration (r=-0.48, p= 0.006). Analyzing all patients, CA 

inversely correlated with motor abilities (r=-0.70, p<0.001).  

 

4. Factors associated with structural damage 

Cortical thickness disclosed a significant association with age in both 

hemispheres of the brain. Red nuclei volumes were associated with CAG repeat 

length; at the left side there was also an association with age. DTI parameters 

correlated in general with age. Cerebellar cortical thickness and spinal cord area 

strongly correlated with age and CAG repeat length (Table 2).  

 

Discussion 

This study provides a detailed characterization of neurological, cognitive and 

neuroimage profiles in SCA1. We were able to show that SCA1 is characterized by 

widespread damage that goes far beyond the cerebellum and connections. 

Involvement of supratentorial structures is not only widespread, but also helps to 

explain some of the cognitive/behavioural manifestations found. Neuropsychological 

deficits were indeed frequent (53%) and involved mostly executive functions, memory 

and verbal fluency. Another important finding was the high frequency and severity of 

depressive symptoms in this cohort. The detailed correlation between phenotype 

(motor and particularly, non-motor) and structure in SCA1 is indeed the major 

contribution of this study. Previous studies missed that point because they relied on 

smaller cohorts, had no cognitive/behavioural assessment and did not use 

multimodal imaging analyses (Schulz et al., 2010; Reetz et al., 2013). 

 Regarding GM damage, we have found widespread cerebral cortical thinning 

extending to primary and associative areas in frontal, temporal, parietal and occipital 

lobes. These results are similar to previous neuroimaging reports (Schulz et al., 

2010). However, there was also red nuclei and amygdalae atrophy in our patients, 

which were not previously noticed. Interestingly, the volumes of these structures 
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correlated significantly with motor disability and cognitive tasks, respectively. In line 

with our findings, pathological data reveal gross macroscopic atrophy in these 

cerebral lobes (Rüb et al., 2012). The histological correlates of such findings are 

neuronal loss and astrogliosis, which is especially prominent at primary motor 

cortices (loss of giant Betz pyramidal cells) (Rüb et al., 2012) .  

WM involvement was also prominent, especially at infratentorial regions. In 

contrast, we had a much more restricted pattern of supratentorial WM abnormalities 

that included essentially the inter-hemispheric connecting fibers (corpus callosum 

and fornices) as well as the corticospinal tracts (CST). Overall, these findings are in 

line with previous imaging and neuropathology reports (Schulz et al., 2010; Reetz et 

al., 2013; Rüb et al., 2012; Seidel et al., 2012; Mandelli et al., 2007; Della Nave et al., 

2008). The infratentorial WM tracts and the CST convey motor and sensory 

information, which helps to explain some phenotypic features of SCA1, such as 

sensory loss, incoordination and brisky reflexes. Callosal and fornix involvement 

would explain cognitive/behavioural manifestations, but we failed to identify such 

correlations in our patients. This looks counterintuitive, but it may be due to the 

battery of neuropsychological tests we employed. Although comprehensive, it did not 

assess, for instance, speed of cognitive processing or bimanual motor tasks, which 

are often associated with callosal/fornix integrity. Further studies are needed to 

address this point.   

The cerebellum was diffusely involved, including the cortical mantle and 

cerebellar peduncles. The upper regions of the cerebellar hemispheres were 

relatively spared in contrast to the vermis and lower portions. Such damage has 

obvious correlations with the ataxic syndrome, which are confirmed by our own 

correlation analyses. In addition, we found an association between verbal fluency 

performance and cortical thickness at right-sided lobule VIIIB of the cerebellum. 

Kansal et al. found a strikingly similar result after exploring a large and 

heterogeneous cohort of subjects with cerebellar degeneration (Kansal et al., 2017). 

Taken together, these data reinforce the concept that the cerebellum should no 

longer be considered as a purely motor organ. In fact, patients with isolated acute or 

chronic focal cerebellar lesions show frontal-like and parietal-like symptoms; this 

clinical picture is referred to as the cerebellar cognitive affective syndrome (CCAS) 

(Schmahmann et al., 1998). These “cortical” symptoms may stem from the 
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interruption, as in a disconnection syndrome (Schmahmann et al., 2008) or from a 

dysfunctional contribution of the cerebellum (Schmahmann et al., 2004) in the 

neocerebellar–neocortical reverberant network. It is possible that CCAS underlies at 

least part of the cognitive and behavioural manifestations we found in SCA1. The 

lack of correlation between cognition and cerebral damage (either GM and WM) 

argue in favor of the last hypothesis.  

Despite the cross-sectional design, our results shed some light into the 

disease course, from a clinical and a structural point of view. Regarding clinical 

aspects, our data suggest that not only motor but also cognitive deficits are 

progressive, since both had a significant correlation with time-dependent variables. In 

terms of MRI findings, we identified that the initial targets of lesion in SCA1 are the 

spinal cord, lobule IX of the cerebellum and brainstem WM tracts. Interestingly, 

lobule IX of the cerebellum was the only region found atrophic in presymtomatic 

SCA1 subjects in a recent European study (Jacobi et al., 2013). This region seems to 

be particularly vulnerable to the deleterious effects of expanded ataxin-1, but the 

biochemical reasons remain to be elucidated. Later in the disease course, damage 

spreads cranially to involve other regions in the cerebellum, the red nuclei and 

cerebral cortex (beginning at precentral gyri). Such a pattern resembles that reported 

by Braak et al in Parkinson’s disease, where alpha-synuclein would spread in a 

caudal-rostral fashion leading to progressive neuronal loss (Braak et al., 2003). 

Although speculative, one might consider that ataxin-1 could disseminate trans-

synaptically leading to cumulative neuronal loss (Freundt  et al., 2012). 

  Regarding the determinants of CNS damage in SCA1, we have shown that 

this might be driven by both age and CAG expansion. Our cross-sectional results 

suggest that the structural changes are progressive with time throughout the CNS, 

and that patients with larger (CAG) expansions tend to be more affected, especially 

concerning the cerebellum and spinal cord involvement. In conclusion, we were able 

to unravel the phenotypic and structural hallmarks of SCA1. In short, it seems that 

GM, WM and SC are distinctly affected in the disease, not only in terms of extension 

but also in terms of temporal course. These aspects point to the potential usefulness 

of CNS image analysis as a clinical biomarker in SCA1, but further prospective 

studies with presymtomatic individuals or using longitudinal evaluation are still 

needed to better elucidate the natural history of the disease.  
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Figures and Tables 

Table 1. Demographic and clinical data of patients and controls. 

  SCA1 

(n = 33) 

Controls 

(n = 33) 

p 

Age (mean ± SD, years) 44.63 ± 9.91 45.72 ± 9.80 0.65 

Gender (M/F) 21:12 21:12 1.000 

Duration of disease (mean ± SD, 

years) 

7.62 ± 6.50 – – 

(CAG)n (mean ± SD) 44.84 ± 4.40 – – 

SARA (mean ± SD) 15.07 ± 6.43 – – 

BDI score (mean ± SD) 19.03 ± 11.08 – – 

Education (mean ± SD, years) 10.82 ± 3.78 – – 

Addenbrooke (mean ± SD) 77.07 ± 9.90 – – 

Attention/Orientation (mean 

± SD) 

16.07± 1.56 – – 

Memory (mean ± SD, years) 17.85 ± 5.44 – – 

Fluency (mean ± SD) 7.14 ± 2.79 – – 

Language (mean ± SD) 22.17 ± 3.61 – – 

Visual/Spatial (mean ± SD) 13.89 ± 2.42 – – 

VLOM (mean ± SD) 1.69 ± 0.37 – – 
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Table 2. Results of regression analysis on CNS structures in the SCA1 group. 

Area Dependent 

variable 

r2 (model) Independent 

variable 

Regression 

coefficient 

p value 

Spinal Cord  

Cervical cord 

area 

 

0.53 

(CAG)n -0.99 <0.001 

Age -0.39 0.03 

Cerebellum 

GM 

Cerebellum 

left cortical 

thickness 

0.22 (CAG)n -0.72 0.004 

Age -0.56 0.02 

X right 

cortical 

thickness 

0.24 (CAG)n -0.65 0.009 

Age -0.62 0.01 

Left Cerebral 

GM 

Inferior 

frontal 

gyrus. 

Opercular 

0.23 (CAG)n -0.007 0.54 

Age -0.01 0.04 

Inferior 

parietal 

gyrus. 

Angular 

0.29 (CAG)n -0.002 0.84 

Age -0.01 0.02 

Inferior 

parietal 

gyrus. 

Supramargin

al 

0.30 (CAG)n -0.001 0.89 

Age -0.01 0.04 

Precentral 

gyrus 

0.23 (CAG)n -0.01 0.24 

Age -0.01 0.01 

Medial 

temporal 

gyrus 

0.20 (CAG)n -0.008 0.51 

Age -0.01 0.04 

Right 

Cerebral GM 

Subcentral 

gyrus and 

sulcus 

0.36 (CAG)n -1.05 0.30 

Age -0.65 0.006 

Inferior 

frontal 

gyrus. 

Triangular 

0.30 (CAG)n -0.12 0.57 

Age -0.55 0.02 

Medial 

temporal 

gyrus 

0.28 (CAG)n -0.09 0.67 

Age -0.60 0.01 
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Deep GM Left red 

nucleus 

0.33 (CAG)n -0.81 0.002 

Age -0.74 0.002 

Right red 

nucleus 

0.26 (CAG)n -0.68 0.009 

Age -0.34 0.15 

White Matter 

DTI-FA 

(Whole 

Brain) 

Left 

posterior 

limb – 

internal 

capsule 

0.33 (CAG)n 0.55 0.002 

Age -0.74 0.65 

Left superior 

corona 

radiata 

0.46 (CAG)n 0.36 0.01 

Age -0.49 0.002 

 Left 

splenium 

corpus 

callosum  

0.20 (CAG)n -0.10 0.56 

Age -0.45 0.01 

Right 

posterior 

limb – 

internal 

capsule 

0.19 (CAG)n 0.40 0.03 

Age -0.11 0.54 

Right 

superior 

corona 

radiata 

0.32 (CAG)n 0.32 0.05 

Age -0.40 0.01 

Right middle 

cerebellar 

peduncle  

0.20 (CAG)n 0.36 0.04 

Age -0.20 0.26 

Right 

splenium 

corpus 

callosum 

0.21 (CAG)n -0.04 0.81 

Age -0.46 0.01 
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Figure 1. Study Design. 
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Figure 2. Cross-sectional results of ROI-based analyses using FreeSurfer (2A), T1 MultiAtlas (2B) and CERES (2C), comparing 

SCA1 patients to healthy controls [For more details of the involved areas, see the supplemental data – Tables 1-4].  
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Figure 3. Cross-sectional results of DTI MultiAtlas approach showing areas of reduced fractional anisotropy (FA), increased axial 

diffusivity (AD), increased mean diffusivity (MD) and increased radial diffusivity (RD) in patients with SCA1 after comparison with 

controls [For more details of the involved areas, see the supplemental data – Tables 5-8]. 
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Figure 4. Analysis of disease course, showing structural differences between SCA1 patients and controls, based on disease 

duration. Group 1 (I), group 2 (II) and group 3 (III). Coronal segmentation, showing results of FreeSurfer, T1-MultiAtlas, CERES and 

FA-DTI. Notice the pattern of damage evolution, starting in infratentorial areas and spreading to supratentorial structures, according 

to the disease course [For more details of the involved areas, see the supplemental data – Tables 9-23]. 
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Supplemental Data 

 

Table 1. Cross-sectional results of left cortical thickness  

Area Mean-SCA1(mm) Mean-Controls(mm) p value 

Superior occipital 

gyrus 

1.825 2.005 <0.001 

Supramarginal 

gyrus 

2.349 2.512 0.002 

Middle-anterior part 

of the cingulate 

gyrus and sulcus 

2.369 2.554 0.002 

Precentral gyrus 2.440 2.660 0.002 

Angular gyrus 2.270 2.442 0.003 

Opercular part of 

the inferior frontal 

gyrus 

2.445 2.615 0.008 

Middle temporal 

gyrus 

2.683 2.853 0.011 

Precuneus 2.246 2.393 0.016 

Superior parietal 

gyrus 

1.994 2.120 0.019 

.  
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Table 2. Cross-sectional results of right cortical thickness.  

Area Mean-

SCA1(mm) 

Mean-

Controls(mm) 

p value 

Lateral aspect of the 

superior temporal gyrus  

2.786 2.999 0.001 

Middle frontal gyrus 2.238 2.401 0.002 

Temporal plane of the 

superior temporal gyrus 

2.216 2.443 0.002 

Middle temporal gyrus 2.751 2.981 0.003 

Opercular part of the 

inferior frontal gyrus 

2.492 2.657 0.010 

Triangular part of the 

inferior frontal gyrus 

2.304 2.481 0.012 

Superior parietal gyrus 1.965 2.088 0.021 

Precentral gyrus 2.441 2.638 0.025 

Superior occipital gyrus 1.864 1.996 0.025 

Supramarginal gyrus 2.376 2.523 0.031 

Middle-anterior part of the 

cingulate gyrus and 

sulcus 

2.441 2.605 0.034 

Subcentral gyrus (central 

operculum) and sulcus 

2.441 2.586 0.037 
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Table 3. Cross-sectional results of deep gray matter volumes. 

Area Mean-

SCA1(mm3) 

Mean-

Controls(mm3) 

p value 

Right red 

nucleus 

269.727 348.060 <0.001 

Left amygdala 1718.242 1734.484 0.004 

Left red 

nucleus 

242.818 307.909 0.021 

Right 

amygdala 

1956.303 1985.939 0.024 

 

 

Table 4. Cross-sectional results of cerebellum cortical thickness. 

Area Mean-SCA1(mm) Mean-

Controls(mm) 

p value 

IX right cortical thickness 2.461 3.390 <0.001 

IX left cortical thickness 2.747 3.582 <0.001 

X right cortical thickness 1.448 2.334 <0.001 

X left cortical thickness 1.300 1.926 <0.001 

Cerebellum right cortical 

thickness 

4.443 4.640 <0.001 

VIIIA right cortical thickness 4.524 4.763 <0.001 

Cerebellum left cortical 

thickness 

4.398 4.562 <0.001 

VIIIB left cortical thickness 3.875 4.341 <0.001 
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Table 5. Cross-sectional results of white matter. Fractional Anisotropy (FA).  

VIIB right cortical thickness 4.507 4.828 0.001 

VIIIB right cortical thickness 3.871 4.365 0.001 

VIIIA left cortical thickness 4.434 4.625 0.007 

VIIB left cortical thickness 4.601 4.781 0.015 

Area Mean-SCA1 Mean-Controls p value 

Medial Lemniscus-right 0.466 0.546 <0.001 

Inferior Cerebellar Peduncle-

right 

0.415 0.514 <0.001 

Superior Cerebellar 

Peduncle-right 

0.462 0.541 <0.001 

Medial Lemniscus-left 0.476 0.556 <0.001 

Superior Cerebellar 

Peduncle-left 

0.470 0.543 <0.001 

Corticospinal Tract-right 0.491 0.547 <0.001 

Pontine Crossing Tract-left 0.436 0.488 <0.001 

Cerebral Peduncle-left 0.614 0.672 <0.001 

Pontine Crossing Tract-right 0.417 0.469 <0.001 

Corticospinal Tract-left 0.508 0.566 <0.001 

Cerebral Peduncle-right 0.612 0.659 <0.001 

Medulla-right 0.418 0.451 <0.001 

Fornix-right 0.501 0.563 <0.001 
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Table 6. Cross-sectional results of white matter. Axial diffusivity (AD).  

Area Mean-SCA1 Mean-Controls p value 

Posterior Limb Internal 

Capsule-left 

0.639 0.671 <0.001 

Midbrain-right 0.420 0.452 <0.001 

Medulla-left 0.411 0.441 <0.001 

Fornix-left 0.410 0.461 <0.001 

Middle Cerebellar Peduncle-

left 

0.485 0.520 <0.001 

Middle Cerebellar Peduncle-

right 

0.477 0.510 <0.001 

Posterior Limb Internal 

Capsule-right 

0.639 0.665 0.004 

Midbrain-left 0.436 0.461 0.010 

Superior Corona Radiata-left 0.495 0.517 0.016 

Splenium Corpus Callosum-

right 

0.608 0.640 0.029 

Reticular formation-right 0.343 0.364 0.0301 

Reticular formation-left 0.351 0.379 0.0321 

Superior Corona Radiata-

right 

0.489 0.512 0.0370 

Splenium Corpus Callosum-

left 

0.592 0.624 0.0389 
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Middle Cerebellar 

Peduncle-left 

0.001 0.001 <0.001 

Middle Cerebellar 

Peduncle-right 

0.001 0.001 <0.001 

Inferior Cerebellar 

Peduncle-right 

0.001 0.001 <0.001 

Superior Cerebellar 

Peduncle-left 

0.001 0.001 <0.001 

Medulla-left 0.001 0.001 <0.001 

Medulla-right 0.001 0.001 <0.001 

Midbrain-right 0.001 0.001 <0.001 

Midbrain-left 0.001 0.001 <0.001 

Fornix-left 0.002 0.002 <0.001 

Reticular formation-right 0.001 0.001 <0.001 

Reticular formation-left 0.001 0.001 <0.001 

Fusiform gyrus-left   0.001 0.001 0.009 

Rectus gyrus-left 0.001 0.001 0.040 

Body Corpus Callosum-

right 

0.001 0.001 0.046 
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Table 7. Cross-sectional results of white matter. Radial diffusivity (RD). 

Area Mean-SCA1 Mean-Controls p value 

Inferior Cerebellar 

Peduncle-right 

0.0008 0.0006 <0.001 

Middle Cerebellar Peduncle-

left 

0.0006 0.0004 <0.001 

Middle Cerebellar Peduncle-

right 

0.0006 0.0004 <0.001 

Corticospinal Tract-left 0.0005 0.0004 <0.001 

Medulla-right 0.0008 0.0007 <0.001 

Medial Lemniscus-right 0.0007 0.0005 <0.001 

Superior Cerebellar 

Peduncle-left 

0.0008 0.0006 <0.001 

Superior Cerebellar 

Peduncle-right 

0.0009 0.0007 <0.001 

Medial Lemniscus-left 0.0006 0.0005 <0.001 

Corticospinal Tract-right 0.0005 0.0004 <0.001 

Cerebral Peduncle-left 0.0005 0.0004 <0.001 

Medulla-left 0.0008 0.0007 <0.001 

Pontine Crossing Tract-left 0.0006 0.0005 <0.001 

Cerebral Peduncle-right 0.0005 0.0004 <0.001 

Midbrain-right 0.0007 0.0006 <0.001 

Reticular formation-right 0.0007 0.0006 <0.001 
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Pontine Crossing Tract-

right 

0.0007 0.0006 <0.001 

Fornix-left 0.0013 0.0011 <0.001 

Posterior Limb Internal 

Capsule-left 

0.0003 0.0003 <0.001 

Fornix-right 0.0009 0.0008 <0.001 

Splenium Corpus Callosum-

right 

0.0005 0.0004 0.002 

Posterior Limb Internal 

Capsule-right 

0.0003 0.0003 0.003 

Fornix Stria Terminalis-right 0.0006 0.0005 0.003 

Splenium Corpus Callosum-

left 

0.0005 0.0004 0.004 

Body Corpus Callosum-

right 

0.0005 0.0004 0.009 

Fornix Stria Terminalis-left 0.0006 0.0005 0.019 

Body Corpus Callosum-left 0.0005 0.0005 0.027 

Superior Corona Radiata-

left 

0.0004 0.0004 0.037 

Posterior Corona Radiata-

left 

0.0005 0.0004 0.042 
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Table 8. Cross-sectional results of white matter. Medium Diffusivity (MD). 

Area      Mean-SCA1      Mean-Controls p value 

Middle Cerebellar 

Peduncle-left 

0.0008 0.0007 <0.001 

Inferior Cerebellar 

Peduncle-right 

0.001 0.0008 <0.001 

Middle Cerebellar 

Peduncle-right 

0.0008 0.0007 <0.001 

Corticospinal Tract-left 0.0008 0.0007 <0.001 

Superior Cerebellar 

Peduncle-left 

0.001 0.0009 <0.001 

Medulla-left 0.001 0.001 <0.001 

Cerebral Peduncle-left 0.0009 0.0008 <0.001 

Superior Cerebellar 

Peduncle-right 

0.001 0.001 <0.001 

Reticular formation-left 0.0009 0.0008 <0.001 

Midbrain-right 0.0009 0.0008 <0.001 

Midbrain-left 0.0008 0.0007 <0.001 

Medial Lemniscus-left 0.0009 0.0008 <0.001 

Fornix-left 0.001 0.001 <0.001 

Medial Lemniscus-right 0.0009 0.0001 <0.001 

Corticospinal Tract-right 0.0007 0.0007 <0.001 

Pontine Crossing Tract-left 0.0008 0.0008 <0.001 

Cerebral Peduncle-right 0.0008 0.0007 <0.001 

Posterior Limb Internal 0.0006 0.0006 0.001 
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Capsule-left 

Fornix-right 0.001 0.001 0.001 

Pontine Crossing Tract-

right 

0.0009 0.0008 0.001 

Fornix Stria Terminalis-

right 

0.0009 0.0008 0.005 

Splenium Corpus 

Callosum-right 

0.0008 0.0008 0.007 

Body Corpus Callosum-

right 

0.0009 0.0008 0.008 

Splenium Corpus 

Callosum-left 

0.0009 0.0008 0.018 

Body Corpus Callosum-left 0.0009 0.0008 0.023 

Fornix Stria Terminalis-left 0.0008 0.0008 0.041 
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Table 9. Disease Course. Group 1. Left cortical thickness.  

Area Mean 

Difference(mm) 

p value 

Superior occipital 

gyrus 

-.148 0.201 

Middle-posterior part 

of the cingulate gyrus 

and sulcus, 

-.146 0.396 

Middle temporal gyrus -.138 0.417 

Superior parietal gyrus -.107 0.775 

Precuneus -.100 1.474 

Angular gyrus -.098 1.622 

Supramarginal gyrus -.084 1.823 

Opercular part of the 

inferior frontal gyrus 

-.098 2.514 

Subcentral gyrus and 

sulcus 

-.092 3.032 

Precentral gyrus -.081 3.386 

Middle-anterior part of 

the cingulate gyrus 

and sulcus 

-.053 3.474 
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Table 10. Disease course. Group 2. Left cortical thickness. Significant differences 

between patients and controls are in bold.  

Area Mean Difference(mm) p value 

Precentral gyrus -.314 0.013 

Middle-posterior part 

of the cingulate gyrus 

and sulcus 

-.168 0.090 

Supramarginal gyrus -.174 0.093 

Middle-anterior part of 

the cingulate gyrus 

and sulcus 

-.245 0.119 

Angular gyrus -.229 0.136 

Superior occipital 

gyrus 

-.180 0.214 

Subcentral gyrus and 

sulcus 

-.164 0.219 

Middle temporal gyrus -.162 0.466 

Superior parietal gyrus -.150 0.563 

Precuneus -.173 0.867 

Opercular part of the 

inferior frontal gyrus 

-.114 1.302 
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Table 11. Disease course. Group 3. Left cortical thickness. Significant differences 

between patients and controls are in bold.  

Area Mean Difference(mm) p value 

Supramarginal gyrus -.335 <0.001 

Superior occipital 

gyrus 

-.405 <0.001 

Precuneus -.277 0.002 

Opercular part of the 

inferior frontal gyrus 

-.348 0.003 

Angular gyrus -.305 0.005 

Subcentral gyrus and 

sulcus 

-.312 0.006 

Middle temporal gyrus -.343 0.009 

Precentral gyrus -.334 0.029 

Middle-anterior part of 

the cingulate gyrus 

and sulcus 

-.240 0.064 

Middle-posterior part 

of the cingulate gyrus 

and sulcus 

-.273 0.125 

Superior parietal gyrus -.213 0.219 
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Table 12. Disease course. Group 1. Right cortical thickness.  

Area Mean Difference(mm) p value 

Middle temporal 

gyrus 

-.174 0.112 

Lateral aspect of the 

superior temporal 

gyrus 

-.171 0.502 

Superior occipital 

gyrus 

-.111 0.942 

Temporal plane of the 

superior temporal 

gyrus 

-.142 1.263 

Middle frontal gyrus -.074 1.433 

Superior parietal 

gyrus 

-.084 1.657 

Precentral gyrus -.090 1.839 

Triangular part of the 

inferior frontal gyrus 

-.110 1.928 

Opercular part of the 

inferior frontal gyrus 

-.074 3.242 

Middle-anterior part 

of the cingulate gyrus 

and sulcus 

-.083 3.251 

Supramarginal gyrus -.048 5.536 

Subcentral gyrus and 

sulcus 

.007 1.888 

  

Table 13. Disease course. Group 2. Right cortical thickness.  
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Area Mean Difference(mm) p 

value 

Subcentral gyrus and 

sulcus 

-.154 0.093 

Superior occipital 

gyrus 

-.201 0.119 

Precentral gyrus -.253 0.227 

Middle-anterior part of 

the cingulate gyrus 

and sulcus 

-.215 0.331 

Temporal plane of the 

superior temporal 

gyrus 

-.218 0.367 

Lateral aspect of the 

superior temporal 

gyrus 

-.152 0.542 

Opercular part of the 

inferior frontal gyrus 

-.151  0.620 

Supramarginal gyrus -.126 0.938 

Middle frontal gyrus -.118 1.183 

Superior parietal 

gyrus 

-.114 1.400 

Triangular part of the 

inferior frontal gyrus 

-.108 1.579 

Middle temporal gyrus -.115 2.939 

  

Table 14. Disease course. Group 3. Right cortical thickness. Significant differences 

between patients and controls are in bold.  
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Area Mean Difference(mm) p value 

Opercular part of the 

inferior frontal gyrus 

-.347 <0.001 

Middle frontal gyrus -.353 <0.001 

Subcentral gyrus and 

sulcus 

-.401 0.001 

Middle-anterior part of the 

cingulate gyrus and sulcus 

-.307 0.001 

Triangular part of the 

inferior frontal gyrus 

-.348 0.005 

Superior parietal gyrus -.300 0.005 

Superior occipital gyrus -.245 0.033 

Middle temporal gyrus -.464 0.036 

Lateral aspect of the 

superior temporal gyrus 

-.395 0.046 

Supramarginal gyrus -.301 0.132 

Precentral gyrus -.308 0.268 

Temporal plane of the 

superior temporal gyrus 

-.275 0.330 
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Table 15. Disease course. Group 1. Deep gray matter.  

Area Mean Difference(mm3) p value 

Right 

red 

nucleus 

-34,789 0,137 

Left red 

nucleus 

 -7,538 2,798 

  

Table 16. Disease course. Group 2. Deep gray matter. Significant differences 

between patients and controls are in bold.  

Area Mean Difference(mm3) p 

value 

Left red 

nucleus 

-51,893 <0.001 

Right 

red 

nucleus 

-61,590 <0.001 

 

Table 17. Disease course. Group 3. Deep gray matter. Significant differences 

between patients and controls are in bold.  

Area Mean Difference(mm3) p 

value 

Left red 

nucleus 

-103,323 <0.001 

Right 

red 

nucleus 

-113,838 <0.001 
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Table 18. Disease course. Group 1. Cerebellum cortical thickness. Significant 

differences between patients and controls are in bold.  

Area Mean Difference(mm) p value 

IX right cortical 

thickness 

-.758 <0.001 

  

Table 19. Disease course. Group 2. Cerebellum cortical thickness. Significant 

differences between patients and controls are in bold. 

Area Mean Difference(mm) p value 

IX right cortical thickness -.821 <0.001 

IX left cortical thickness -.976 <0.001 

X right cortical thickness -1.072 <0.001 

X left cortical thickness -.791 <0.001 

VIIIB left cortical thickness -.691 0.004 

VIIIA left cortical thickness -.286 0.006 

Cerebellum left cortical 

thickness 

-.210 0.016 

VIIB left cortical thickness -.287 0.046 

  

Table 20. Disease course. Group 3. Cerebellum cortical thickness. Significant 

differences between patients and controls are in bold. 

Area Mean Difference(mm) p value 

X right cortical thickness -1.326 <0.001 

Cerebellum right cortical 

thickness 

-.322 <0.001 

IX right cortical thickness -1.166 <0.001 

X left cortical thickness -1.036 <0.001 

IX left cortical thickness -1.092 <0.001 

Cerebellum left cortical 

thickness 

-.245 <0.001 

VIIB right cortical thickness -.403 0.008 
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VIIIB left cortical thickness -.659 0.013 

VIIIB right cortical thickness -.600 0.045 

  

Table 21. Disease course. Group 1. Fractional Anisotropy (FA). Significant 

differences between patients and controls are in bold. 

Area Mean Difference p value  

Inferior Cerebellar Peduncle-

right 

-.097  0.002 

Medial Lemniscus-right -.052  0.008 

Corticospinal Tract-right -.048  0.019 

Fornix-left -.050  0.020 

Medulla-right -.030  0.025 

Medial Lemniscus-left -.046  0.026 

Superior Cerebellar Peduncle-

left 

-.055  0.035 

Pontine Crossing Tract-left -.039  0.040 

Superior Cerebellar Peduncle-

right 

-.055  0.082 

Medulla-left -.025  0.196 

Pontine Crossing Tract-right -.025  0.868 

Fornix-right -.028  0.910 

Corticospinal Tract-left -.032  1.334 

Middle Cerebellar Peduncle-

left 

-.025 1.662 

Cerebral Peduncle-right -.023 2.098 

Cerebral Peduncle-left -.026 2.207 

Reticular formation-right -.016 2.364 

Middle Cerebellar Peduncle-

right 

-.020 3.429 

Midbrain-right -.019 3.505 

Posterior Limb Internal 

Capsule-left 

-.014 5.762 
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Posterior Limb Internal 

Capsule-right 

-.011 8.267 

Midbrain-left -.011 8.658 

Splenium Corpus Callosum-

left 

-.008 14.257 

Reticular formation-left -.007 14.786 

Splenium Corpus Callosum-

right 

-.006 16.647 

Superior Corona Radiata-left -.002 21.490 

Superior Corona Radiata-right -.000003 26.992 

 

Table 22. Disease course. Group 2. Fractional Anisotropy (FA). Significant 

differences between patients and controls are in bold 

Area Mean Difference p value 

Superior Cerebellar Peduncle-left -.069  <0.001 

Medial Lemniscus-right -.077  <0.001 

Medial Lemniscus-left -.088  <0.001 

Superior Cerebellar Peduncle-right -.065  <0.001 

Inferior Cerebellar Peduncle-right -.090  <0.001 

Posterior Limb Internal Capsule-left -.038  <0.001 

Pontine Crossing Tract-left -.051  0.001 

Pontine Crossing Tract-right -.057  0.002 

Cerebral Peduncle-left -.046  0.002 

Middle Cerebellar Peduncle-left -.042  0.005 

Corticospinal Tract-right -.047  0.006 

Corticospinal Tract-left -.053  0.007 

Posterior Limb Internal Capsule-

right 

-.036  0.010 

Cerebral Peduncle-right -.043  0.011 

Midbrain-right -.030  0.012 

Superior Corona Radiata-left -.032  0.032 

Middle Cerebellar Peduncle-right -.035  0.075 
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Medulla-left -.025  0.139 

Superior Corona Radiata-right -.029  0.154 

Medulla-right -.025  0.216 

Midbrain-left -.022  0.383 

Fornix-right -.049  0.505 

Fornix-left -.037  0.842 

Reticular formation-right -.017  1.062 

Reticular formation-left -.030  1.075 

Splenium Corpus Callosum-right -.025 1.957 

Splenium Corpus Callosum-left -.024  2.068 

 

Table 23. Disease course. Group 3. Fractional Anisotropy (FA). Significant 

differences between patients and controls are in bold. 

Area Mean Difference p value 

Superior Cerebellar 

Peduncle-right 

-.105  <0.001 

Pontine Crossing Tract-right -.075  <0.001 

Medial Lemniscus-right -.095  <0.001 

Pontine Crossing Tract-left -.075  <0.001 

Midbrain-right -.050  <0.001 

Inferior Cerebellar Peduncle-

right 

-.094  <0.001 

Middle Cerebellar Peduncle-

right 

-.048  <0.001 

Medial Lemniscus-left -.093  <0.001 

Corticospinal Tract-right -.059  <0.001 

Medulla-right -.031  <0.001 

Midbrain-left -.040  <0.001 

Cerebral Peduncle-right -.063  <0.001 

Cerebral Peduncle-left -.078  <0.001 

Superior Cerebellar 

Peduncle-left 

-.090  0.001 
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Middle Cerebellar Peduncle-

left 

-.051  0.001 

Fornix-right -.085  0.002 

Corticospinal Tract-left -.079  0.003 

Superior Corona Radiata-left -.044  0.004 

Posterior Limb Internal 

Capsule-left 

-.045  0.004 

Superior Corona Radiata-

right 

-.047  0.004 

Reticular formation-right -.035  0.004 

Medulla-left -.031  0.005 

Reticular formation-left -.043  0.020 

Splenium Corpus Callosum-

left 

-.050  0.065 

Splenium Corpus Callosum-

right 

-.049  0.089 

Fornix-left -.047  0.110 

Posterior Limb Internal 

Capsule-right 

-.035  0.123 

  

Table 24. Disease course. Group 1. Cord Area (CA). Significant differences between 

patients and controls are in bold.  

Area Mean 

Difference 

p value 

Cord Area -14,428 <0.001 

  

Table 25. Disease course. Group 2. Cord Area (CA). Significant differences between 

patients and controls are in bold.  

Area Mean Difference p value 

Cord 

Area 

-21,751 <0.001 
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Table 26. Disease course. Group 3. Cord Area (CA). Significant differences between 

patients and controls are in bold.  

Area Mean 

Difference 

p value 

Cord 

Area 

-26,334 <0.001 
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DISCUSSÃO GERAL 

 

 Este projeto teve início com a realização de um pequeno estudo acerca dos 

aspectos motores e não motores na SCA1, envolvendo 12 pacientes acompanhados 

no ambulatório de neurogenética do Hospital de Clínicas da UNICAMP no ano de 

2015 (Artigo 2). Tal pesquisa proporcionou resultados interessantes que nos 

despertaram interesse em identificar possíveis relações com os aspectos estruturais, 

bem como determinar o padrão de acometimento transversal e durante o curso da 

enfermidade. Para tanto, foi realizada revisão bibliográfica extensa, identificando 

escassez de publicações sobre o assunto, principalmente no que diz respeito a 

possíveis correlações de achados não motores e de imagem, o que rendeu a 

produção do Artigo 1. Dessa forma, travou-se produtiva parceria com os 

responsáveis pelos ambulatórios de neurologia geral e ataxia da Escola Paulista de 

Medicina (UNIFESP), o que aumentou sobremaneira o número de pacientes, 

proporcionando a realização de estudos abrangentes (Artigo 3 e 4) que, com 

certeza, ajudarão a entender melhor a doença.  

Aspectos Motores na SCA1 

 A ataxia é, sem dúvida, o sintoma mais marcante nos pacientes com SCA1, 

sendo responsável pela procura médica e posterior incapacidade dos pacientes. A 

maioria dos estudos de imagem foca suas análises no cerebelo, o qual é, sem 

dúvida, uma das estruturas mais acometidas (45,46). Entretanto, nossos resultados 

revelaram que os achados motores não se relacionam somente com o dano 

cerebelar, mas também a suas conexões com o núcleo rubro e à atrofia medular. 

Observou-se que os pacientes com SCA1, assim como outros tipos de ataxia, como 

Friedreich e SCA3, apresentam atrofia e achatamento antero-posterior medular 

(47,48). Tais achados são concordantes com aspectos neuropatológicos e 

neurofisiológicos, os quais refletem dano neuronal em funículo posterior (49,50). 

Além disso, a área medular cervical relaciona-se inversamente com tempo de 

doença e CAGn, sendo um possível biomarcador da enfermidade. 

 Alterações na substância branca infratentorial, envolvendo o tracto 

corticoespinhal e vias ascendentes sensitivas explicam, em grande parte, achados 

motores comuns na SCA1, como ataxia sensitiva e reflexos aumentados, os quais 
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foram identificados em todos os pacientes avaliados. Quanto às outras 

manifestações motoras, não identificamos movimentos anormais nos pacientes, 

como parkinsonismo e distonia, bem como alterações nos núcleos da base. Tais 

achados corroboram casuísticas brasileiras de ataxia espinocerebelar (51) e 

análises neuropatológicas prévias (52-57). 

Aspectos Não Motores na SCA1 

 Sintomas não motores têm sido descritos em várias desordens neurológicas 

relacionadas, mas avaliações sistemáticas são escassas na SCA1. O artigo 2 

avaliou de forma preliminar fadiga e sonolência excessiva diurna na SCA1, 

revelando que tais pacientes apresentam níveis de fadiga significativamente 

superiores à população geral e esta se correlaciona diretamente com o tempo de 

doença e depressão. Em relação aos aspectos motores, é provável que exista uma 

relação direta com a fadiga, pois nossos resultados revelaram significância limítrofe 

(p=0.06), muito provavelmente devido ao pequeno número de pacientes avaliado 

(n=12). Esses achados revelaram que a fadiga na SCA1 é mais frequente e severa 

que em outras desordens relacionadas, como a ataxia de Friedreich (58).   

Indivíduos com SCA1 apresentaram níveis de sonolência excessiva diurna 

significativamente superiores aos controles. Apesar da média do ESS ser inferior ao 

limite de normalidade, 25% dos pacientes apresentaram escores superiores a 10, 

sugerindo que distúrbios relacionados ao sono sejam um problema relevante nesta 

doença, como reportado por Dang D et al., 2010 (59). Em relação às manifestações 

neuropsiquiátricas, humor deprimido foi queixa importante em nossos pacientes. 

Estudos anteriores retratam que indivíduos com SCA1 apresentam maior frequência 

de depressão e de apatia em relação aos controles (60). Ademais, Klinke et al. 

revelou estado depressivo em 50% dos pacientes com SCA1, embora nenhum 

paciente com níveis de depressão severa (BDI ≥18) tenha sido encontrado (9). Em 

nossos dados, por outro lado, os escores de BDI foram anormais em 70% dos 

pacientes e 48% apresentaram pontuação ≥18. Apesar disso, não encontramos 

correlações significativas com as alterações estruturais, apenas com os aspectos 

motores, suscitando que os sintomas depressivos sejam secundários à gravidade 

motora. 
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  Quanto aos aspectos cognitivos, estudos prévios evidenciam alterações 

executivas, como atenção, percepção visuo-espacial, fluência verbal e memória (61-

63). Em nossas análises, os déficits cognitivos ocorreram em 53% dos pacientes, 

envolvendo principalmente os domínios memória e fluência verbal, e essas 

categorias foram as únicas que se correlacionaram significativamente com os danos 

estruturais (amígdala e cerebelo, respectivamente). A razão VLOM, por sua vez, 

menor que 2.2 em 92.8% dos pacientes condiz fortemente com disfunção 

frontotemporal na SCA1. Além disso, o comprometimento cognitivo correlacionou-se 

significativamente com tempo de doença e incapacidade motora. Sabe-se que, em 

grande parte das desordens neurodegenerativas, distúrbios cognitivos caminham 

temporalmente com a evolução da doença e com aspectos motores, no entanto, não 

podemos dizer se na SCA1 o comprometimento cognitivo precedeu os sintomas 

motores, já que não avaliamos indivíduos pré-sintomáticos. Outros estudos revelam 

que os portadores assintomáticos têm avaliação cognitiva normal, propondo que os 

distúrbios cognitivos não parecem preceder a ataxia (9). 

 É interessante notar que o distúrbio de fluência verbal apresentou associação 

significativa com a atrofia do lóbulo VIIIB do hemisfério cerebelar direito. Kansal et 

al., em estudo recente, encontrou um resultado semelhante explorando uma coorte 

grande e heterogênea de indivíduos com degeneração cerebelar (64). Tomados em 

conjunto, esses dados reforçam o conceito de que o cerebelo não deve mais ser 

considerado um órgão puramente motor. De fato, pacientes com lesões cerebelares 

focais agudas ou crônicas isoladas apresentam sintomas tipo frontal-like e parietal-

like. Tal quadro é referido como síndrome afetiva cognitiva cerebelar (CCAS) (65). 

Estes sintomas "corticais" podem decorrer da interrupção, através de síndrome 

desconectiva (66) ou de disfunção na circuitaria neocerebelar-neocortical (67). É 

possível que o CCAS explique, pelo menos em parte, as manifestações cognitivas e 

comportamentais que encontramos na SCA1. A falta de correlação entre cognição e 

lesão cerebral argumenta a favor dessa última hipótese. Assim, como as estruturas 

descritas que se relacionaram aos aspectos cognitivos, é importante salientar que 

outras áreas consagradamente associadas a funções executivas, como corpo caloso 

e fórnix, apresentaram atrofia significativa, apesar da ausência de correlação com a 

cognição. Isto poderia ser explicado pela ausência de domínios de avaliação de 
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funções específicas nos testes empregados, como velocidade de processamento 

cognitivo e atividades motoras bimanuais. 

Curso da Doença 

 A divisão dos pacientes em grupos de acordo com o tempo de doença 

permitiu avaliar, de forma temporal, características clínicas e estruturais na SCA1. 

Do ponto de vista clínico, houve piora substancial dos aspectos motores e cognitivos 

e ambos se correlacionaram significativamente com variáveis temporais. Em termos 

estruturais, fomos capazes de identificar prováveis alvos iniciais de lesão, como 

medula espinhal cervical, substância branca do tronco encefálico e lóbulo IX 

cerebelar. É interessante notar que, em estudo europeu longitudinal, o lóbulo IX foi a 

única região que se mostrou atrofiada em indivíduos pré-sintomáticos na SCA1 (68). 

Tal região parece ser particularmente vulnerável às ações deletérias da ataxina 1, 

entretanto, os mecanismos bioquímicos envolvidos ainda precisam ser elucidados. 

Mais tarde, com a evolução da doença, o dano se espalha cranialmente, 

acometendo outras regiões do cerebelo, os núcleos rubros e o córtex cerebral 

(começando no giro pré central). Tal padrão nos remete ao apresentado por Braak et 

al. na doença de Parkinson, onde a alfa-sinucleína se espalharia de forma caudal-

cranial, levando à perda neuronal progressiva (69). Embora especulativo, pode-se 

ainda considerar que a ataxina-1 poderia disseminar-se transinapticamente, levando 

a dano neuronal progressivo semelhante ao que se vê em doença priônica (70). 

Prováveis Determinantes do Dano Neuronal 

 Quanto aos possíveis determinantes do dano estrutural na SCA1, evidenciam-

se a idade e o CAGn como os principais fatores associados. Nossos resultados 

transversais sugerem que as alterações morfológicas no SNC são progressivas com 

o tempo e que os pacientes com maiores expansões (CAG) tendem a ser mais 

afetados, especialmente no que diz respeito ao envolvimento cerebelar e espinhal. 

Em suma, parece que substância cinzenta, substância branca e medula espinhal 

são afetadas de forma distinta, não apenas em termos de extensão, mas também 

temporalmente. Esses aspectos apontam para a potencial utilidade da análise de 

imagem do SNC como um biomarcador na SCA1, entretanto, ainda são necessários 

estudos prospectivos com indivíduos pré sintomáticos, bem como avaliações 

longitudinais para melhor elucidação da história natural da doença. 
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CONCLUSÃO 

1. Pacientes com SCA1 apresentam sintomas não motores importantes, como 

fadiga, sonolência excessiva diurna, depressão e disfunção cognitiva; 

2. A fadiga nos pacientes com SCA1 correlaciona-se diretamente com aspectos 

motores, depressão e tempo de doença; 

3. A depressão nos pacientes com SCA1 não apresenta marca estrutural e tem 

relação direta com aspectos motores; 

4. Os distúrbios cognitivos na SCA1 envolvem principalmente domínios de 

fluência e memória; e dependem do tempo e da gravidade da doença; 

5. As alterações de fluência e memória na SCA1 apresentam correlação direta 

com a atrofia do córtex cerebelar e da amígdala, repectivamente; 

6. A SCA1 caracteriza-se por atrofia medular cervical e esta se correlaciona com 

CAGn, gravidade e tempo de doença, 

7. Os sintomas motores na SCA1 dependem principalmente do dano medular 

cervical, cerebelar e de vias conectivas da subtância branca do tronco 

encefálico, 

8.  As alterações estruturais na SCA1 iniciam-se em medula cervical, córtex 

cerebelar (area IX) e substância branca encefálica;  

9. A progressão do dano estrutural na SCA1 parece seguir um padrão 

estabelecido (caudal-cranial); 

10. O dano estrutural na SCA1 está relacionado a CAGn e idade. 
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ANEXOS 

ANEXO 1: Parecer do Comitê de Ética em Pesquisa  
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ANEXO 2: Termo de Consentimento Livre e Esclarecido (TCLE) 
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ANEXO 3: Escalas Clínicas Utilizadas 

 

3.1 - Scale for the assessment and rating of ataxia (SARA) 
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3.2 – Escala de Addenbrooke revisada (ACE-R)  
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3.3 – Escala Modificada do Impacto da Fadiga (MFIS) 

 

 

 

 

 

 

3.4  – Escala de Sonolência de Epworth (ESS) 
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3.5 – Inventário de Depressão de Beck (BDI) 
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Este questionário consiste em 21 grupos de afirmações. Depois de ler 

cuidadosamente cada grupo, faça um círculo em torno do número (0, 1, 2 ou 3) 

próximo à afirmação, em cada grupo, que descreve melhor a maneira que você 

tem se sentido na última semana, incluindo hoje. Se várias afirmações em um 

grupo parecerem se aplicar igualmente bem, faça um círculo em cada uma. 

Tome cuidado de ler todas as afirmações, em cada grupo, antes de fazer a sua 

escolha.  

1. 

0 Não me sinto triste.  

1 Eu me sinto triste.  

2 Estou sempre triste e não consigo sair disto.  

3 Estou tão triste ou infeliz que não consigo suportar.  

 

2.  

0 Não estou especialmente desanimado quanto ao futuro.  

1 Eu me sinto desanimado quanto ao futuro.  

2 Acho que nada tenho a esperar.  

3 Acho o futuro sem esperança e tenho a impressão de que as coisas não 

podem melhorar.  
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3.  

0 Não me sinto um fracasso.  

1 Acho que fracassei mais do que uma pessoa comum.  

2 Quando olho para trás, na minha vida, tudo que posso ver é um monte de 

fracassos.  

3 Acho que, como pessoa, sou um completo fracasso.  

 

4.  

0 Tenho tanto prazer em tudo como antes.  

1 Não sinto mais prazer nas coisas como antes.  

2 Não encontro um prazer real em mais nada.  

3 Estou insatisfeito ou aborrecido com tudo.  

 

5.  

0 Não me sinto especialmente culpado.  

1 Eu me sinto culpado grande parte do tempo.  

2 Eu me sinto culpado na maior parte do tempo.  

3 Eu me sinto sempre culpado.  

 

6.  

0 Não acho que esteja sendo punido.  

1 Acho que posso ser punido.  

2 Creio que serei punido.  

3 Acho que estou sendo punido.  

7.  
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0 Não me sinto decepcionado comigo mesmo.  

1 Estou decepcionado comigo mesmo.  

2 Estou enjoado de mim.  

3 Eu me odeio.  

 

8.  

0 Não me sinto, de qualquer modo, pior do que os outros.  

1 Sou crítico em relação a mim por minhas fraquezas ou erros.  

2 Eu me culpo sempre por minhas falhas.  

3 Eu me culpo por tudo de mau que acontece.  

 

9.  

0 Não tenho quaisquer idéias de me matar.  

1 Tenho idéias de me matar, mas não as executaria.  

2 Gostaria de me matar.  

3 Eu me mataria se tivesse oportunidade.  

 

10. 

 0 Não choro mais do que o habitual.  

1 Choro mais agora do que costumava.  

2 Agora, choro o tempo todo.  

3 Costumava ser capaz de chorar, mas agora não consigo, mesmo que queira.  

 

11.  
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0 Não sou mais irritado agora do que já fui.  

1 Fico aborrecido ou irritado mais facilmente do que costumava.  

2 Atualmente me sinto irritado o tempo todo.  

3 Não me irrito mais com as coisas que costumava me irritar.  

 

12.  

0 Não perdi o interesse pelas outras pessoas.  

1 Estou menos interessado pelas outras pessoas do que costumava estar.  

2 Perdi a maior parte do meu interesse pelas outras pessoas.  

3 Perdi todo o meu interesse pelas outras pessoas.  

 

13.  

0 Tomo decisões tão bem quanto antes.  

1 Adio as tomadas de decisões mais do que costumava.  

2 Tenho mais dificuldade em tomar decisões do que antes.  

3 Não consigo mais tomar decisões.  

 

14.  

0 Não acho que minha aparência esteja pior do que costumava ser.  

1 Estou preocupado por estar parecendo velho ou sem atrativos.  

2 Acho que há mudanças permanentes na minha aparência que me fazem 

parecer sem atrativos.  

3 Acredito que pareço feio.  

15. 

0 Posso trabalhar tão bem quanto antes.  
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1 Preciso de um esforço extra para fazer alguma coisa.  

2 Tenho que me esforçar muito para fazer alguma coisa.  

3 Não consigo mais fazer trabalho algum.  

 

16.  

0 Consigo dormir tão bem como o habitual.  

1 Não durmo tão bem quanto costumava.  

2 Acordo uma a duas horas mais cedo que habitualmente e tenho dificuldade em 

voltar a dormir.  

3 Acordo várias horas mais cedo do que costumava e não consigo voltar a 

dormir.  

 

17.  

0 Não fico mais cansado do que o habitual.  

1 Fico cansado com mais facilidade do que costumava.  

2 Sinto-me cansado ao fazer qualquer coisa.  

3 Estou cansado demais para fazer qualquer coisa.  
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18.  

0 Meu apetite não está pior do que o habitual.  

1 Meu apetite não é tão bom quanto costumava ser.  

2 Meu apetite está muito pior agora.  

3 Não tenho mais nenhum apetite.  

19.  

0 Não tenho perdido muito peso, se é que perdi algum recentemente.  

1 Perdi mais de dois quilos e meio.  

2 Perdi mais de cinco quilos.  

3 Perdi mais de sete quilos.  

Estou tentando perder peso de propósito, comendo menos: ( ) sim ( ) não.  

 

20.  

0 Não estou mais preocupado com a minha saúde do que o habitual.  

1 Estou preocupado com problemas físicos, tais como dores, indisposição do 

estômago ou prisão de ventre.  

2 Estou muito preocupado com meus problemas físicos e é difícil pensar em 

outra coisa.  

3 Estou tão preocupado com meus problemas físicos que não consigo pensar em 

qualquer coisa.  

 

21.  

0 Não notei qualquer mudança recente no meu interesse por sexo.  

1 Estou menos interessado por sexo do que costumava estar.  

2 Estou menos interessado em sexo atualmente.  
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3 Perdi completamente o interesse por sexo.  

 

TOTAL: ____ 
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ANEXO 4: Autorização para uso do Artigo 2 
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ANEXO 5: Autorização para uso do Artigo 3 
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