Mutant huntingtin N-terminal fragments of specific size mediate aggregation and toxicity in neuronal cells
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Studies in mouse and cell models of HD support a role for huntingtin proteolysis in pathogenesis. Yet the nature of huntingtin toxic fragments remains unclear.  Huntingtin undergoes proteolysis by calpains and caspases within an N-terminal region between amino acids 460-600, and proteolysis at a caspase 6 site (at amino acid 586) is critical for pathogenesis in a YAC HD model. Additional proteolytic steps appear to produce shorter N-terminal fragments, seen in mouse and human HD tissue. In our cell models the deletion of amino acids 105-114 of huntingtin (previously mapped as a cleavage site generating a fragment termed cp-A) failed to affect the production of short N-terminal fragments, therefore we concluded that these fragments are distinct from cp-A and cp-B, and termed  them cp-1 and cp-2. We used HEK293 cells to express a portion of huntingtin (N511) and further define and characterize the cp-1 and cp-2 cleavage sites. Based on epitope mapping with huntingtin- specific antibodies, we found that cp-1 cleavage occurs between residues 81 and 129 of huntingtin. Cp-1 and cp-2 fragments were further purified and enriched by affinity and size exclusion chromatography. Using mass spectrometry we found that cp-2 fragment is produced by a cleavage of huntingtin at position 167R, which was also confirmed by deletion analysis. Cp-2 fragment was specifically detected in neuronal cells with a custom-generated cp-2 site neo epitope antibody, though other fragments of similar size may also be present.  Furthermore, site-directed alterations of cp-2 site result in reduced toxicity and increased aggregation of huntingtin in neuronal cells. These data suggest that cleavage of huntingtin at position 167R and possibly nearby amino acids may be involved in mutant huntingtin toxicity. The proteolytic enzyme carrying out cp-2 cleavage of huntingtin remains unknown. We are currently employing RNA silencing approach and screening a collection of siRNAs to all known human proteases using a direct assay for huntingtin proteolysis. Identification of the proteases involved in the N-terminal cleavage of huntingtin may establish novel targets for therapeutic intervention in HD.
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