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Letter to the Editor
Dear Editor, 
We read with great interest the recent article published in Brain, titled “Heterozygous RAB3A variants cause cerebellar ataxia by a partial loss-of-function mechanism”, by Hengel and collaborators, in which the authors identify RAB3A as a novel gene of cerebellar ataxia1.
Dominantly inherited cerebellar ataxias are associated with more than 40 genes, and the number of implicated genes continues to grow2. The identification of RAB3A further expands the spectrum of genes involved in these diseases. In this study, the authors reported 18 individuals from 10 unrelated families affected by dominant cerebellar ataxia and carrying a RAB3A variant, including the recurrent p.Arg83Trp variant, which was present in nine of the 10 families. The last family carried the p.Ile27Thr variant. In all patients, the phenotype was characterized by adult-onset ataxia, with a mean age at onset around 25 years. The cerebellar ataxia was present in isolation in 15 out of 18, while two individuals also presented with epilepsy and one with spasticity. In addition, they reported three families with neurodevelopmental disorders (NDD), including intellectual disability, thin corpus callosum, and spasticity, carrying three unique de novo or loss-of-function RAB3A variants (i.e., p.Tyr91Cys, p.Glu189*, p.Gln210*). Finally, they also described one individual with hereditary sensory motor neuropathy carrying the p.Asp126Gly RAB3A variant; however, there was insufficient evidence to establish a disease association for this variant as functional data was similar to controls. 
We searched for variants in RAB3A within our own dataset from a cohort at the Paris Brain Institute (ICM), which includes 1235 individuals presenting hereditary cerebellar ataxia and/or spastic paraplegia (HSP) who underwent whole exome sequencing. We identified 10 individuals (confirmed by Sanger sequencing) from five families carrying a pathogenic RAB3A variant (Fig. 1) with the absence of any other pathogenic variant in genes known to be causative for neurodegenerative disease. We found the recurrent RAB3A variant, p.Arg83Trp, in seven individuals from three families, two from France and one from Portugal, with autosomal dominant cerebellar ataxia, consistent with the previous report. For these seven individuals, the median age at onset was 25 years (from 7 to 53 years), similar to the age reported by Hengel et al. Cerebellar ataxia and nystagmus were observed in all seven patients, with a relatively slow progression reflected by a median severity index (disability stage/disease duration) of 0.2 ± 0.2S (Table 1). The cerebellar ataxia was isolated in one family, while it was associated with pyramidal signs and cognitive impairment in the second family and with laryngeal dystonia in the third family. None of the cases exhibited developmental delays or epilepsy. Cerebellar atrophy was observed in all individuals who underwent brain MRI (N = 5). For the other two families, we found two new RAB3A variants, p.Arg41Cys and p.Asp181Tyr. The first one, p.Arg41Cys, was detected in two siblings from France with dominant spastic paraplegia (Fig. 1). These two individuals presented spastic paraplegia with onset at 1 year associated with cognitive delay. The last brain MRI was normal in both individuals, performed at age 14 and 16. The variant p.Arg41Cys has a very low frequency in gnomAD v4 (0.000003717) with high pathogenicity prediction scores (REVEL = 0.915, AlphaMissense = 0.9529) and affects a highly conserved residue (phyloP100way = 4.836). This phenotype supports the findings of our colleagues regarding the association of RAB3A with NDD. However, in our case, the variant was probably inherited by the affected father for whom DNA was not available. Even if this variant, p.Arg41Cys, is not de novo or frameshift, it is localized in a domain highly intolerant to missense variant with a strong gnomAD genomic constraint metric3 = 4.17, higher than the other missense variant, p.Tyr91Cys, described by Hengel et al. associated with NDD (gnomAD genomic constraint metric = 1.93). The second new variant found in our cohort, p.Asp181Tyr, was detected in one French patient with spastic paraplegia started at age 35. This patient also presented mild parkinsonism. This private variant also affects a highly conserved residue (phyloP100way = 7.853), with significant pathogenicity prediction scores (REVEL = 0.68, AlphaMissense = 0.923). 
By reporting seven additional cases, we have further strengthened the association between the recurrent RAB3A variant p.Arg83Trp and autosomal dominant cerebellar ataxia. The prevalence of pathogenic variants in RAB3A in our cohort of 1235 exomes from ataxia and/or spastic paraplegia patients was 0.81%. Our findings expand the phenotypic spectrum of RAB3A-related disorders, demonstrating that cerebellar ataxia may be associated with pyramidal signs for the common p.Asp83Trp variant, while spastic paraplegia can be the predominant feature accompanied by cognitive delay in cases with other variants. The pathogenic link between RAB3A and spastic paraplegia is supported by the interaction between Rab3A protein and spastin4 which is encoded by the SPAST gene, responsible for the most common form of HSP, spastic paraplegia type 4 (SPG4)5. Rab3A negatively regulates neurite outgrowth by affecting spastin stability and its microtubule severing function4. Moreover, a knockdown of Rab3A revealed an adverse impact on neurite growth with increased total length4. Therefore, we can hypothesize that a loss of function of RAB3A can be responsible for a spastic phenotype by abnormalities of microtubule dynamic. Another interesting finding regarding the phenotype of our cohort is the presence of additional movement disorders, especially laryngeal dystonia and parkinsonism, associated with the recurrent variant p.Arg83Trp and p.Asp181Tyr, respectively. The involvement of cerebellum in the pathophysiology of dystonia is well established,6 but the specific role of RAB3A warrants further investigations7. The link of Rab3A in parkinsonism appears more evident, as this protein interacts with other Parkinson’s disease-related proteins such as alpha-synuclein8 and Lrrk29. These interactions inhibit the GTPase activity of Rab3a8,9. In the context of Parkinson’s disease variants, this inhibition is exacerbated resulting in a disruption of vesicular trafficking regulated by Rab3A9. Therefore, a loss of function of Rab3A could have a similar effect, leading to impaired vesicular trafficking, which is a key mechanism in the pathogenesis of Parkinson’s disease10. Further functional studies are required to elucidate the role of Rab3A in these pathways. 
In conclusion, RAB3A is a newly identified causative gene for cerebellar ataxia and should also be considered in autosomal dominant spastic paraplegia. Furthermore, the phenotype linked to this gene often includes other movement disorders such as parkinsonism and hyperkinetic movements. 
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Figure legends
Figure 1: Pedigree of the five families carrying the RAB3A variants.
Index cases are indicated by an arrow, affected cases are represented by filled black symbols, a square indicates man and a circle woman, crossed symbols indicates deceased individuals. Genotypes are indicated by the heterozygous variant or by wild type (wt).  
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