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Genetic background of ataxia in children younger than 5 years in Finland

Objective To characterize the genetic background of molecularly undefined childhood-onset ataxias in
Finland.

Methods This study examined a cohort of patients from 50 families with onset of an ataxia syndrome before
the age of 5 years collected from a single tertiary center, drawing on the advantages offered by next generation
sequencing. A genome-wide genotyping array (Illumina Infinium Global Screening Array MD-24 v.2.0) was
used to search for copy number variation undetectable by exome sequencing.

Results Exome sequencing led to a molecular diagnosis for 20 probands (40%). In the 23 patients examined
with a genome-wide genotyping array, 2 additional diagnoses were made. A considerable proportion of
probands with a molecular diagnosis had de novo pathogenic variants (45%). In addition, the study identified a
de novo variant in a gene not previously linked to ataxia: MED23. Patients in the cohort had medically
actionable findings.

Conclusions There is a high heterogeneity of causative mutations in this cohort despite the defined age at
onset, phenotypical overlap between patients, the founder effect, and genetic isolation in the Finnish population.
The findings reflect the heterogeneous genetic background of ataxia seen worldwide and the substantial
contribution of de novo variants underlying childhood ataxia.
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Cerebral arteriopathy associated with heterozygous variants in the casitas
B-lineage lymphoma gene

Objective To report a series of patients with cerebral arteriopathy associated with heterozygous variants in
the casitas B-lineage lymphoma (CBL) gene and examine the functional role of the identified mutant Cbl
protein. We hypothesized that mutated Cbl fails to act as a negative regulator of the RAS-mitogen-activated
protein kinases (MAPK) signaling pathway, resulting in enhanced vascular fibroblast proliferation andmigration
and enhanced angiogenesis and collateral vessel formation.

Methods We performed whole-exome sequencing in 11 separate families referred to Great Ormond Street
Hospital, London, with suspected genetic cause for clinical presentation with severe progressive cerebral
arteriopathy.

ResultsWe identified heterozygous variants in the CBL gene in 5 affected cases from 3 families. We show that
impaired CBL-mediated degradation of cell surface tyrosine kinase receptors and dysregulated intracellular
signaling through the RAS-MAPK pathway contribute to the pathogenesis of the observed arteriopathy.
Mutated CBL failed to control the angiogenic signal relay of vascular endothelial growth factor receptor 2,
leading to prolonged tyrosine kinase signaling, thus driving angiogenesis and collateral vessel formation. Mutant
Cbl promoted myofibroblast migration and proliferation contributing to vascular occlusive disease; these effects
were abrogated following treatment with a RAF-RAS-MAPK pathway inhibitor.

Conclusions We provide a possible mechanism for the arteriopathy associated with heterozygous CBL
variants. Identification of the key role for the RAS-MAPK pathway in CBL-mediated cerebral arteriopathy could
facilitate identification of novel or repurposed druggable targets for treating these patients and may also provide
therapeutic clues for other cerebral arteriopathies.
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