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Autosomal recessive spastic ataxia of Charlevoix-Saguenay (ARSACS) is a childhood onset 
neurological disease. It’s a monogenic disorder caused by mutations in the SACS gene leading to 
altered function of the protein sacsin. Patients with ARSACS have overly interconnected and 
functionally impaired mitochondria and altered neurofilament distribution. Although cellular 
defects in neurons of a knockout mouse model of ARSACS have been reported, defects in 
neurons of human models have not been studied. Currently there is no treatment for ARSACS 
and the genotype/phenotype relationship for SACS mutations remain ill-defined. 

 

In the last year, with support from the ARSACS Foundation, we have been developing a human 
model system using two emerging technologies; 1) CRISPR/Cas9-based genome editing and 2) 
human induced pluripotent stem cells (hiPSCs). The goal of the proposal, supported jointly by 
the ARSACS Foundation and the Richardson Family Fund is to obtain fibroblasts from 
ARSACS patients that will be converted into iPSCs, which will then be CRISPR engineered to 
generate a wild type line (isogenic control). These cells will be converted to neurons in order to 
examine for cellular defects resulting fro ARSACS mutations. A highly specific epitope (Flag) 
tag will be incorporated at the N-terminus of sacsin to allow for observation of the genome-
edited protein. Since the project involves significant use of CRISPR-based genome editing, we 
initially began by optimizing the system in standard cell lines including HEK-293 and HeLa. We 
have successfully added a Flag epitope tag to the N-terminus of sacsin. Gene editing was 
validated by PCR, western blot and immunofluorescence. We also used a highly specific Flag 
antibody to compare the localization of scasin to various organelle specific markers. We 
demonstrated a cytoplasmic localization of sacsin with significant co-localization with 
mitochondrial markers, as previously describe. In addition, we have observed an unexpected co-
localization with lysosomes, the major degradative organelle of the cell. This confirms and 
expands on previous studies that sacsin is involved in mitochondrial protein quality control. The 
same genome editing system will now be used to epitope tag sacsin, as well as to generate wild-
type isogenic cell lines in patient derived fibroblasts carrying the c.814C>T missense mutation 
and the c.9284dupC frameshift mutation following their conversion to hiPSCs. Since the initial 
identification of the c.814C>T missense mutation, more than 170 mutations in various protein 
domains of sacsin have been identified worldwide. However, the genotype-phenotype 
relationship of these mutations has not been explored. Hence, in addition to the above mentioned 
mutations, we have also chosen five disease-causing point mutations present in the various 
domains of sacsin. We are in the process of generating these mutations in the NCRM-1 line of 



hiPSCs. In fact we have already engineered the mutations in HEK293 cells confirming that our 
reagents are appropriate. Once the hiPSCs are edited, we will use the Brain Canada Cell 
differentiation core here at MNI to convert them into neuronal precursor cells followed by their 
differentiation into neurons. Ideally we would like to generate Purkinje cells but this is an 
exceedingly difficult cell type to generate. Thus, we have been focusing on motor neurons. We 
have been successful in generating human motor neurons that are 80-90% positive for the motor 
neuron marker Hb9. Moreover, the neurons have characteristic electrophysiological parameters. 
These studies, performed in collaboration with Dr. Ted Fon, a co-investigator in this study 
represent a major advance in our ability to study human sacsin samples.  

 

 


