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From basic research to establishing potential treatments for dominant ataxias.

Scientific abstract

Spinocerebellar ataxias (SCAs) are a clinically and genetically heterogeneous group of autosomal dominant spinocerebellar ataxias, characterized by loss of balance and motor coordination deficits caused by dysfunction of the cerebellum and its afferent and efferent connections. The molecular and cellular events underlying neurodegeneration in SCAs are still unclear and no effective therapeutic treatments are available yet. 

Our work aims to understand the molecular mechanisms underlying neurodegeneration in the spinocerebellar ataxia subtype type 1 (SCA1), which is caused by the expansion of the amino acid glutamine within ataxin 1, with the ultimate goal of establishing therapy for SCA1 and other SCAs. Using biochemical, cellular, genetic, molecular, proteomic, and transcriptomic approaches we have demonstrated that ataxin 1 regulates gene transcription and identified the genetic programs that are regulated by ataxin 1 to mediate cerebellar motor functions. 

In particular, we have found that ataxin 1 co-regulates transcription of a subset of genes regulated by the retinoic acid/thyroid hormone and Wnt receptors signaling pathways and expression of these genes is altered by the mutation in ataxin 1 in early stages in SCA1. We have found that protein levels of the dopamine receptor D2 (Drd2) are significantly reduced in cerebella of null mice lacking Atxn1 and Sca1 transgenic mice expressing human ataxin 1 with an expanded polyglutamine in cerebellar Purkinje cells. This suggests that cell signaling pathways regulated by ataxin 1 are dysregulated in SCA1. Our co-transfection experiments in human neuroblastoma SH-SY5Y cells and dual-reporter luciferase assays provide evidence for transcriptional regulation of the Drd2 promoter by Atxn1. Chromatin immunoprecipitation assays show that ataxin 1 occupies the Drd2 promoter in mouse cerebellum. We further demonstrate that Atxn1 physically interacts and functions synergistically with the transcription factor Sp1 to trans-activate Drd2 expression. The interaction and transcriptional effects are mediated by the AXH domain within Atxn1 and are abrogated by the expanded polyglutamine in mutant Atxn1. Therefore, this study provides evidence of ataxin 1 co-regulating Sp1-dependent transcription, shows that wild-type ataxin 1 is important for neuronal function, and the activity of its downstream effector Drd2 is reduced in SCA1. Identifying the molecular pathways regulated by Atxn1 mediating cerebellar function should provide insights into the early molecular mechanisms underlying cerebellar dysfunction in SCA1 and an opportunity to design therapeutic strategies to prevent neuronal dysfunction and motor deficits at presymptomatic stages of the disease in SCA1.
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Lay summary

Spinocerebellar ataxias (SCAs) are a clinically and genetically heterogeneous group of autosomal dominant spinocerebellar ataxias, characterized by loss of balance and motor coordination deficits caused by dysfunction of the cerebellum and its connecting nerves. More than 30 genes are known to cause dominant ataxias and the disease symptoms are elicited by defects in their molecular products known as ataxins. The molecular and cellular events underlying neurodegeneration in SCAs are still unclear and no effective therapeutic treatments are available yet. 

Our work aims to understand the molecular mechanisms underlying neurodegeneration in the spinocerebellar ataxia subtype type 1 (SCA1), which is caused by an expansion of the protein ataxin 1. The ultimate goal is to establish a therapy for SCA1 and other SCAs. Using a variety of experimental approaches (biochemical, cellular, genetic, molecular, proteomic, and transcriptomic) we have demonstrated that ataxin 1 regulates gene transcription.* We also identified the genetic programs that are regulated by ataxin 1 to mediate cerebellar motor functions. In particular, we have found that ataxin 1 co-regulates transcription of a subset of genes (specifically ones that are regulated by the retinoic acid/thyroid hormone and Wnt receptors signaling pathways) and that transcription of these genes is altered by the expansion in ataxin 1 protein found in people with SCA1. These results were observed in early stages of SCA1. 

We are translating this knowledge to understand the early molecular mechanisms underlying cerebellar dysfunction in SCA1 and other SCAs in order to identify molecular pathways that could be targeted therapeutically with the aim of preventing neuronal dysfunction and motor deficits at presymptomatic stages of the disease in SCA patients.

* Gene transcription is the first stage in the process by which genes are made into proteins. It is an essential process in living cells.

