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Abstract 

Purpose: CAG/CAA repeat expansions in TBP>49 are responsible for spinocerebellar ataxia 

type 17 (SCA17). We previously detected co-segregation of STUB1 variants causing SCA48 

with intermediate alleles of TBP in two families. This co-segregation questions the existence 

of SCA48 as a monogenic disease.  

Methods: We systematically sequenced TBP repeats in 34 probands of dominant ataxia 

families with STUB1 variants. In addition, we searched for pathogenic STUB1 variants in 

probands with expanded alleles of TBP>49 (n=2) or intermediate alleles of TBP≥40 (n=47).  

Results: STUB1 variants were found in half of the TBP40-49 cohort. Mirroring this finding, 

TBP40-49 alleles were detected in 40% of STUB1 probands. The longer the TBP repeat length 

the more likely the occurrence of cognitive impairment (p = 0.0129) and the faster the disease 

progression until death (p = 0.0003). Importantly, thirteen STUB1 probands presenting with the 

full SCA48 clinical phenotype had normal TBP37-39 alleles, excluding digenic inheritance as the 

sole mode. 

Conclusion: We show that intermediate TBP40-49 alleles act as disease modifiers of SCA48 

rather than a STUB1/TBP digenic model. This distinction from what has been proposed before 

has crucial consequences for genetic counseling in SCA48. 

  



4 
 

Introduction 

Spinocerebellar ataxia type 17 (SCA17) is a rare form of SCA caused by a pathogenic 

expansion of a CAG/CAA repeat in the TBP gene1. SCA17 is characterized mainly by 

cerebellar ataxia with predominant cognitive impairment. Up until now, the normal CAG/CAA 

repeat number in the polyglutamine tract was considered to be 25 to 40 units2. It has been 

established that all individuals with CAG/CAA repeats greater than 49 have the fully penetrant 

phenotype. By contrast, the pathogenicity and penetrance of rare TBP alleles with 41-49 

repeats, known as “intermediate expanded alleles” (IE), are much more debated2,3. In previous 

reports, a repeat number of 43 or more has been found to be pathological4, but healthy 

individuals with 45 and 49 repeats have also been identified5,6. Moreover, SCA17 CAG/CAA 

repeat length is difficult to assess due to a complex polyglutamine tract structure that can vary, 

the most frequent one being (CAG)3(CAA)3(CAG)n-CAA-CAG-CAA(CAG)n-CAA-CAG, 

with “n” referring to the polymorphic CAG repeats. Thus, the absence of consensus regarding 

the pathological and clinical consequences of TBP-IE hampers genetic diagnostic and 

counseling, as clinicians are unable to predict with any certainty the impact of these alleles. 

The neurological manifestations of SCA17, in addition to the cerebellar ataxia, are pyramidal 

syndrome, parkinsonism, chorea, epilepsy, and cognitive impairement2. The association 

between cerebellar ataxia and cognitive impairment is also a hallmark of SCA48 due to 

heterozygous pathogenic variants in STUB17. 

We have previously found that pathogenic variants of STUB1 were a frequent cause of ataxia 

in a series of 440 probands8. Interestingly, the screening of this large series also revealed two 

probands with TBP-IE alleles (41 and 46 CAG/CAA repeats respectively), in addition to the 

variants detected in STUB18. This suggests that TBP-IE may be more frequent among STUB1 

patients and affect disease penetrance, and/or that STUB1 variants could explain the disease in 

patients with TBP-IE. This relationship was recently confirmed in a study concluding that 
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digenic inheritance of TBP-IE / STUB1 variants is necessary for the full SCA48 clinical 

phenotype to develop9. This finding calls into question the postulate that SCA48 is a monogenic 

disease which in turn, has important consequences on genetic counseling9. 

Here we systematically screened for STUB1 variants in a cohort of index cases with TBP-IE41-

49 or pathogenic expanded alleles. We also extended our screening to individuals with TBP=40 

to delineate the model of interaction between TBP and STUB1 as precisely as possible. In 

addition, we genotyped the TBP CAG/CAA repeats in a larger cohort of STUB1 index cases. 

Our observations exclude systematic digenic inheritance in explaining full penetrance of 

SCA48. TBP-IE seem rather to act as modifiers of the SCA48 phenotype, increasing the 

severity of the disease while STUB1 variants can solely explain the full disease spectrum in 

some cases.  

 

 

Patients & methods 

Patients 

Thirty-four probands with a dominant cerebellar ataxia who also carried a heterozygous STUB1 

pathogenic variant were selected as followed: seven through the SPATAX research network 

(https://spatax.wordpress.com) following exome sequencing (n=253) plus 27 previously 

published cases including the two proband heterozygous for TBP-IE8 (Figure 1). These 34 

STUB1 probands were then sequenced for the TBP CAG/CAA expansion. We selected 49 

individuals with intermediate TBP expansion (with a predicted CAG/CAA repeat number ≥ 40 

+/- 1 repeat) who had been addressed to the diagnostic unit at the Pitié-Salpêtrière University 

Hospital in Paris (n=6) and from the SPATAX database (n=43). The precise number of TBP 

CAG/CAA repeats was systematically checked by Sanger sequencing. Two probands with 

https://spatax.wordpress.com/


6 
 

pathogenic repeat numbers were also included after the resequencing of the TBP expansion (53 

and 55 CAG/CAA repeats respectively). The STUB1 gene was also Sanger sequenced among 

these 51 TBP probands(Figure 1). DNA from relatives was also analyzed when available. 

Available clinical and imaging data were retrieved, and patients were invited to come for 

neuropsychological evaluation when possible. Patients’ neurologists were contacted for 

relevant information if the patient was not followed at the national reference center for rare 

diseases.  

 

Genetic analyses 

The pathogenic TBP expansion was identified by Sanger sequencing after the amplification of 

a PCR-fragment containing the repeat as has been previously described10. Two of the 

participants were heterozygous for pathogenic TBP expanded alleles (53 and 55 repeats).  They 

both had the following alternative structure showing a duplication of the CAA-CAG-CAA 

domain III separated by a stretch of CAG, making the repeat configuration for the pathogenic 

allele as follows: (CAG)3-(CAA)3-(CAG)9-CAA-CAG-CAA-(CAG)15-CAA-CAG-CAA-

(CAG)15or17-CAA-CAG. This less frequent repeat configuration has been described among 

SCA17 patients elsewhere and reflects a polymorphic repeat configuration11,12. The other index 

cases have the same structure of the TBP repeat: (CAG)3-(CAA)3-(CAG)n-CAA-CAG-CAA-

(CAG)n-CAA-CAG (Supplementary Figure S1). 

Whole-exome sequencing (WES) was performed on the 253 index cases with cerebellar ataxia 

with an unknown genetic cause. DNA libraries were prepared using KAPA HyperPrep Kits 

(Roche). Exome sequencing was achieved using the Twist Human RefSeq Panel (Twist 

Bioscience) on a NovaSeq 6000 (Illumina). Standard quality control, alignment and variant 

calling were performed using the Illumina DRAGEN Bio-IT Platform (Illumina). The correct 
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coverage of STUB1 was verified manually from BAM files. STUB1 variants were then filtered 

as previously described using the VarAFT 2.17-2 software8,13. All candidate STUB1 variants 

were further confirmed by Sanger sequencing. 

 

Neuropsychological examination 

A neuropsychological evaluation was performed for 12 patients and included: the Mini Mental 

State Examination (MMSE) score14 and the FAB Score (Frontal Assessment Battery)15. An 

assessment of executive functioning included the Stroop Color Word Test16, the Verbal Fluency 

test (animals and letters), the Trail Making Test (TMT) and the Modified Wisconsin Card 

Sorting Test (mWCST)17. Digit and spatial span (backward and forward) and bell’s test were 

used to evaluate attention and working memory. To evaluate episodic memory, we used the 

Free and Cued Selective Reminding Test (FCSRT)18,19. We also evaluated visuospatial skills 

using subtests from the Visual Object and Space Perception (VOSP) and visuo-construction 

with the Rey Complex Figure. To assess language, we used the naming test from the GRECO 

Neuropsychological Semantic Battery as well as standard semantic and letter fluencies. 

 

Statistical analyses 

Effect of TBP-IE on the occurrence of dementia was estimated with logistic regression. A 

Receiver Operator Characteristic (ROC) curve to differentiate patients with and without clinical 

dementia was performed using TBP-IE as a continuous variable and Youden’s statistic was 

used to determine the best cut-off. Survival analysis was performed using the Kaplan-Meier 

estimator to plot survival curves and the effect of having TBP-IE was estimated using Cox 

models (Hazard ratio HR, with a 95% confidence interval). The Student t-test was used to 

compare the age of onset of patients with or without having TBP-IE. Values are described as 
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mean ± SD. Statistical tests were performed at the conventional two-tailed type I error of 0.05. 

Data were analyzed using R version 3.6.2. 

 

 

Results 

High frequency of STUB1 pathogenic variants in patients with TBP intermediate alleles 

The sequencing of the TBP CAG/CAA expansion in STUB1 patients and the screening of 

STUB1 variants in the TBP cohort ultimately revealed a total of 43 probands with STUB1 

variants and 37 probands with either pathogenic (n=2) or intermediate TBP40-49 expansions (n 

= 35). Seventeen probands both had STUB1 variants and TBP-IE. These STUB1/TBP-IE 

individuals represent 40% of all STUB1 probands and 49% of all patients with TBP-IE (Figure 

1). We did not find STUB1 variants in the individuals with pathogenic TBP>49 expansions. Of 

note, in two families for whom probands had TBP-IE and who were negative for STUB1, the 

intermediate alleles of TBP did not segregate with the disease (Supplementary Figure S2).  

 

TBP intermediate alleles as a disease modifier in SCA48 patients 

We analyzed the impact of carrying TBP-IE on the phenotype in STUB1 patients, in particular 

survival and the variable presence of relevant cognitive impairment (n = 63 patients out of 43 

families, Table 1). TBP CAA/CAG repeats on both alleles ranged from 29 to 47 in the whole 

STUB1 cohort. Having TBP-IE was significantly associated with the risk of developing 

dementia among SCA48 patients (n = 24 without dementia and n = 39 with dementia). This risk 

increased with the number of CAA/CAG repeats (OR = 1.8 [1.2-3.2]; p = 0.0129) (Figure 2A). 

The unsupervised analysis of the ROC curve showed that the most efficient threshold to 
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correctly classify STUB1 patients with or without dementia was 40 repeats (Figure 2B). These 

results suggest that the adverse effect of TBP-IE on STUB1 patients begins at 40 repeats. Having 

TBP-IE for STUB1 patients also affected survival, with significantly shorter lifespans when 

TBP≥40 (HR = 5.1 [2.1-12.4], p = 0.0003) (Figure 3). Age at onset did not differ between patients 

with or without TBP-IE (43.05 ± 9.37 vs 44.54 ± 12.48 respectively; p = 0.62). 

Cognitive impairment was clinically evident in 65% of STUB1 patients (41/63, Table 1). 

Importantly, 24 STUB1 patients with TBP37-39 had cognitive features, some of them carrying 

known pathogenic and recurrent STUB1 variants. Detailed neuropsychological evaluations 

were available for 12 patients: one with SCA17 (TBP53), seven patients carrying STUB1 

variants with TBP38-39 and four STUB1 patients with TBP-IE40-49 (Table 2). All had a cognitive 

profile involving multiple cognitive domains except for episodic memory which was preserved 

in all. This corresponds to the presence of a cerebellar cognitive affective syndrome (CCAS) 

consisting of cognitive and affective deficits due to cerebellar disease only20. CCAS presents 

as a heterogenous picture of executive and attentional deficits, visual-spatial disorganization, 

and language difficulties. This also affects socio-emotional processing with deficits in social 

and behavioral cognition, present in all patients in our study. The primary impaired domain was 

executive function, all patients had difficulties in processing speed, and/or cognitive flexibility 

and/or inhibition and/or planning. Language impairment with difficulties in verbal fluencies, 

difficulties in naming, and mild anomia was present in all patients with both TBP-IE and STUB1 

variants. Conversely, those who carried STUB1 alone showed less severe difficulties in this 

domain. This could point towards more frontal involvement in STUB1 patients with additional 

TBP-IE. In addition, we had the clinical impression of a more rapid cognitive decline in patients 

also carrying TBP-IE, but the number of participants with longitudinal neuropsychological 

evaluations is too few to conclude.  
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Interestingly, we detected known pathogenic and/or recurrent STUB1 variants in families some 

associated with TBP-IE segregating and some not allowing us to compare the two genotypes 

(Figure 4). The aforementioned individuals were heterozygous for the p.P243L variant, a 

recurrent substitution previously associated with both SCAR16 and SCA488,21. Dementia was 

detected only in two relatives carrying both the STUB1 p.P243L variant and TBP-IE (both with 

43 repeats), and not in families with normal alleles of TBP (Figure 4). In a subgroup of six 

STUB1 families (three families carrying either the STUB1 p.K143del (this amino-acid deletion 

affects an amino-acid position already associated with SCA48 in two independent reports8,22), 

and three families with the STUB1 p.C69Y segregating) the variable presence of cognitive 

impairment was observed both in families which segregated normal and intermediate alleles of 

TBP. This finding shows that carrying TBP-IE (e.g digenism) is not mandatory for producing 

the SCA48 phenotype. 

 

 

Discussion 

Considering a previous observation by our team, notably identifying patients with STUB1 

variants initially diagnosed as SCA17, we screened for STUB1 variants in a larger cohort of 

SCA17 patients with the hypothesis that this gene may be responsible for the disease alone or 

act in concert with TBP expansions. We report rare, pathogenic, and recurrent variants of 

STUB1 found in nearly half of a cohort of patients with dominantly inherited ataxia and with 

alleles ranging from 40-47 repeats. Together with the description of two families in which TBP-

IE do not segregate with the disease, these observations argue against TBP-IE acting alone and 

suggest that other genetic events like STUB1 variants (or when STUB1 variants are not present, 

pathogenic variants in other genes, intermediate alleles in other expansion loci etc.) explain the 
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disease in probands with TBP-IE. We did not find a common mutated gene in these remaining 

patients. Thus, STUB1 appears as the most frequently mutated gene among symptomatic 

patients with TBP-IE. We previously shown that there no genotype-phenotype correlation in 

STUB1 patients8. Here TBP-IEs were observed in patients with no specific location of STUB1 

variants, excluding again a particular genotype-phenotype correlation in STUB1 / TBP-IE 

individuals.  

The discussed role of “intermediate alleles” in the pathogenesis in the same or other phenotypes 

is common in expansion diseases. For almost all of them, there is a gap in thresholds between 

normal and pathogenic expanded alleles4. The concept of low penetrance, sometimes used to 

explain this gray zone, leaves the door open to additional modifying events including genetic 

ones, or alternatively that other causal genes may be responsible for the resulting phenotype. 

Indeed, numerous publications report the existence of healthy adult with TBP-IE ranging from 

43 to 49 repeats in SCA17 families23–28. In addition, in these studies TBP-IE were observed in 

cohorts of healthy controls, although with a low frequency (<5% regardless of the ethnicity). 

This illustrates the complexity of establishing a threshold repeat number between normal and 

pathological for TBP. 

In addition, several SCA subtypes present with highly overlapping clinical presentations. A 

typical example is the comparison between SCA17 and SCA48 which are both characterized 

by ataxia with predominant cognitive impairment compatible with CCAS1,7.Considering the 

numerous previous studies reporting inconsistencies between carrying TBP-IE or segregation 

with disease status, and in accordance with the high proportion of STUB1 variants  in patients 

with TBP-IE detected in our study (49%), it is very likely that carrying TBP-IE may not be 

sufficient to develop the disease. 
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The next key question is how STUB1 pathogenic variants and TBP-IE act together to define a 

model of inheritance. In other words, can we consider these patients as SCA17 with TBP-IE 

plus STUB1 variants, or are they SCA48 patients with a particular phenotype influenced by 

carrying small-expanded alleles of TBP? 

A recent publication reported that all except one (30/31) index cases with TBP41-46 were also 

positive for STUB1 variants9. The unexpectedly high proportion of STUB1 variants in 

individuals carrying TBP-IE made them conclude that STUB1 alone does not trigger ataxia with 

cognitive impairment. The conclusions drawn from our own observations diverge about the 

proposed model. In our cohort 60% of probands carried STUB1 variants with normal TBP 

alleles (<40 repeats) but shared the same phenotype of adult-onset ataxia. Although there was 

a clear enrichment of STUB1 patients carrying TBP-IE in our sample cohort versus the 

frequency of TBP-IE40-49 in control databases (~1.2% in the gnomAD database v3.1.2, non-

Finnish population), the existence of STUB1 patients with normal TBP alleles questions the 

digenic model. Thirteen probands who presented with both ataxia and dementia, compatible 

with SCA48 diagnosis, were positive for STUB1 variants and carried normal TBP alleles (37-

39 repeats). No common mutated gene or candidate pathological variant was evidenced by 

whole exome or gene panel sequencing to sustain a digenic model among these thirteen patients. 

Three recurrent STUB1 pathogenic variants were detected in ten individuals. First, the STUB1 

p.Y49C and p.C69Y that we found in unrelated patients and which were also detected in the 

Italian study8,9. In the Italian cohort, the p.Y49C variant of interest was reported in one patient 

with cognitive impairment carrying a TBP42. In our cohort, the same variant was found in four 

unrelated probands. Three of them developed cognitive impairment, and all were carrying 

normal TBP alleles (38 repeats). This shows that the development of cognitive deficits in 

addition to the ataxic phenotype is not entirely linked to the length of TBP alleles. Second, all 

three of the probands that have the STUB1 p.C69Y variant had cognitive impairment, but only 
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one carried an additional TBP40 allele. Third, we detected the STUB1 p.N65S in five patients 

from three families, among two sibs with a discordant cognitive phenotype, as well as between 

families one with and another without dementia, both carrying TBP38. This STUB1 variant was 

originally associated with SCAR16 in a loss of function study, and more recently associated 

with SCA488,29. Thus, these patients, presenting with ataxia and cognitive impairment, can be 

considered as “pure” STUB1 patients with well-known pathogenic variants, excluding a digenic 

STUB1/TBP-IE model as the genetic basis of SCA48. 

Alternatively, we proposed that TBP-IE may act as a disease modifier of SCA48. Patients with 

STUB1 variants and TBP-IE died significantly earlier than patients carrying STUB1 variants 

and normal TBP alleles. The comparison of probands from different families carrying the same 

STUB1 variants, but with or without TBP-IE showed that dementia tended to be more frequent 

in the presence of TBP-IE. Statistical analysis of the entire STUB1 cohort highlighted the 

significant association of TBP-IE with cognitive impairment. In addition, a more in-depth 

clinical analysis of STUB1 patients with and without TBP-IE showed that TBP-IE was 

associated with a cognitive deficit, considered as CCAS but with more language impairment 

than in patients without TBP-IE. This could mean a more widespread disease in the presence 

of TBP-IE. Our data also showed a modifying effect of TBP-IE on cognition with a threshold 

at 40 repeats, as established by an unsupervised classification of STUB1 patients according to 

their genotype for TBP and their level of cognitive deterioration. Of note, one STUB1 patient 

was also homozygous for TBP-IE (42/43). This woman was one of the most severely affected 

patients. First, disease onset was very early (around 24y). Second, her clinical presentation was 

very severe with mutism and behavior abnormalities at age 33 after 9 years of disease duration. 

In addition to the cerebellar ataxia there was predominant myoclonus, pyramidal signs, optic 

atrophy and retinitis. However to definitely conclude to an additive effect of TBP-IE, the 

analysis of larger cohorts is warranted. 
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The role of intermediate alleles in expansion disorders is a source of debate regarding their 

theoretical pathogenic effects. It has already been suggested that intermediate alleles, could 

constitute susceptibility factors for other diseases4. A well-known example is the role of CAG 

repeats in ATXN2. Pathogenic uninterrupted CAG repeat expansions in this gene are responsible 

for SCA2, while intermediate alleles are risk factors for developing ALS30,31. Intermediate CAG 

repeats in ATXN1, ATXN2 and HTT were also suspected to influence disease in frontotemporal 

dementia as well as in Alzheimer’s disease32. Thus, our study confirms that intermediate CAG 

repeat expansions may act as genetic modifiers in neurodegenerative disorders other than the 

primary disease associated with the pathological repeat expansion. 

Our work, in addition to independent reports9,33 both highlight an unexpected link between 

STUB1 variants and TBP-IE. To date, it’s not clear how these two protagonists interact. The 

CHIP protein encoded by STUB1 functions as an E3 ubiquitin ligase/cochaperone, involved in 

the cellular protein quality control system. The loss-of-function theory has been proposed to 

explain the pathogenicity of STUB1 variants. The TATA-binding protein encoded by TBP is an 

essential component of transcription factor IID complex which binds to the core promoter, to 

initiate transcription by RNA polymerase II34. The polyglutamine tract, abnormally expanded 

in SCA17, regulates DNA-binding of TBP35,36. The abnormal structure of CAG-expanded in 

TBP may be recognized by CHIP to be eliminated. Thus, the STUB1 variant could favor a 

pathogenic accumulation of TBP protein carrying an intermediate-expanded tract of 

polyglutamines. Interestingly we previously published the neuropathological analysis of a 

patient with TBP46
10 also with a STUB1 variant showing neuronal intranuclear inclusions (NII) 

containing expanded polyglutamine. We previously did not find NII in a STUB1 patient with 

TBP38 in line with previous neuropathological reports on STUB1 patients except in one study37–

39. The variable presence of NII containing expanded polyglutamine in STUB1 patients may 

reflect different sizes of the TBP expansion. The presence of NII in brains of STUB1 / TBP-IE 
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individuals may contribute to the higher diffusivity of the pathology in the brains of these 

patients. Another hypothesis would be that the CHIP proteins may regulate TBP recruitment to 

the promotor. Recently in a yeast model, an E3 ubiquitin ligase, San1, was shown to interact 

with TBP and this interaction is necessary for the formation of the pre-initiation complex40. To 

our knowledge there is no ortholog for San1 in humans. However, as CHIP is also an E3 

ubiquitin ligase, and considering our results, it is reasonable to suggest that CHIP proteins may 

interact with TBP. The effect of pathogenic STUB1 variants could be synergized by TBP-IE, 

altering the formation of the pre-initiation complex and recruitment of RNA Polymerase II for 

gene activation and influence possibly the clinical outcome and penetrance in STUB1 / TBP-IE 

patients. In any event, functional investigations are now warranted to better understand the 

relationship between STUB1 and TBP-IE. 

Conclusion 

We propose that cerebellar ataxia associated with cognitive impairment, the predominant 

clinical features of SCA48, should be considered as a phenotypical continuum in which TBP-

IE (including alleles with 40 repeats) are an important risk factor influencing both, the 

development of dementia with frontal involvement and survival, in SCA48. This has important 

consequences for genetic counseling. 

 

 

Data Availability 

Data supporting this work are available upon request from qualified principal investigator to 

the corresponding author. Clinical data sets have been de-identified. 
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Figure and Table legends 

Figure 1. Flow chart of the study design, genetic analyses, and summary of results.  

 

Figure 2. TBP intermediate alleles are associated with the risk of developing cognitive 

impairment in SCA48/STUB1 patients. (A) Violin plot representing the distribution of TBP 

CAG/CAA repeat length in conjunction with cognitive state in STUB1 patients. The red dotted 

line indicates the most efficient threshold (40 repeats) to correctly classify STUB1 patients with 

or without dementia. (B) Receiver Operator Characteristic (ROC) curve separating patients 

with and without dementia using TBP repeat length. The best cut-off value is 39.5 (value which 

gave the curve closer to the top-left corner), with a high specificity (92%) but low sensitivity 

(44%). 

 

Figure 3. The carrying of TBP intermediate alleles reduces survival of STUB1 patients. 

Kaplan-Meier estimator for patients with and without TBP CAG/CAA repeat length < 40. The 

cross on the estimator represents censoring times. 

 

Figure 4. Pedigrees comparing patients with cerebellar ataxia carrying the same 

pathogenic STUB1 variant, with TBP allele, intermediate CAG repeats, ≥ 40 on the left 

side and normal <40 on the right side of the figure. The numbers indicate the size of both 

sequenced alleles of TBP. All patients (females as circles and males as squares) in black 

presented with an ataxic phenotype. The letter “D” highlights the presence of clinically 

meaningful cognitive impairment. ? = clinical details not available. 
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Supplementary Figure S1. Structure of the TBP CAG/CAA repeats: (A) Structure found 

in patients with either normal or intermediate alleles. (B) Structure found in patients with 

pathogenic alleles (53 and 55 repeats). Variable numbers of CAG repeats among individuals 

are indicated. 

 

Supplementary Figure S2. TBP intermediate alleles do not segregate with the disease in 

two families negative for STUB1. TBP CAG/CAA repeat number is mentioned. AAD-566: 

patients had predominately cerebellar features with intellectual deficiency; FSP-948: patients 

had a predominantly spastic paraparesis with intellectual deficiency and extrapyramidal 

features. 

 

 

Table 1 Clinical characteristics of 63 STUB1 variant (NM_005861.4, GRCh38) patients 

listed according to the size of the intermediate allele of TBP decreasing from 47 to 36 

CAG/CAA repeats. 

 

Table 2. Cognitive evaluation of one patient with confirmed SCA17/TBP CAG/CAA 

repeat expansion >49 and eleven SCA48/STUB1 patients with non-pathogenic expansion 

repeat number (seven without TBP-IE and four with TBP-IE). Cognitive domains: - = not 

affected, + = mildly affected, ++ = strongly affected, NA = not available. 
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