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Abstract

Genetic neurodegenerative disorders are inherited diseases of the brain and nervous system,
many of which are poorly understood. Human induced pluripotent stem (hiPS) cells, upon
introduction of disease relevant mutations by genome editing, can be used to model diseases,
gain insights into the pathophysiology of such diseases, and develop therapies. In this study,
CRISPR-Cas9 system was used to edit the hiPS cell genome to generate models for two
diseases — Achalasia-Addisonianism-Alacrima syndrome (AAAS) and Huntington’s disease.
AAAS is a progressive neurodegenerative disorder mainly characterized by
oesophageal muscle disorders, adrenal insufficiency, and tear production failure. Multiple
mutations in the AAAS gene encoding the ubiquitously expressed ALADIN (ALacrima-
Achalasia-aDrenal Insufficiency Neurologic) protein are responsible for this autosomal
recessive disorder. Using two different strategies, | generated human iPS cells homozygous for
a common allele of AAAS, a C>A point mutation in exon 1 that creates a novel splice-donor
site, and for comparison, a biallelic knockout of AAAS exon 2. The biallelic knockout relied on
replacing one allele with a puromycin selection cassette by homologous recombination (HR)
and simultaneously damaging the other allele by non-homologous end-joining (NHEJ).
Sequencing the non-targeted allele demonstrated frameshift indels with a biallelic targeting
efficiency of 3%. The homozygous point mutation was generated by homology-directed repair
(HDR) with a single-stranded oligonucleotide template. Clones homozygous for the point
mutation were generated in two rounds of genome editing. A complete loss of ALADIN protein
in undifferentiated human iPS cells was observed in both knockout and point mutant cells,
suggesting that the disease is caused by null mutations in the AAAS gene. These models lay the
foundation of future detailed phenotype analysis and understanding of disease manifestations
by differentiating them to the disease-relevant cell types, particularly cortical neurons and

adrenocortical cells.

Huntington’s disease iS a progressive neurodegenerative genetic disorder that mainly
causes motor, behavioral, and cognitive abnormalities in an individual. This disease occurs due
to an autosomal dominant expansion of CAG-repeats in the huntingtin (HTT) gene. | attempted
to insert 67 Q-repeats into HTT by Cas9-assisted homologous recombination (HR) with a donor
plasmid containing the extended repeat fragment. From a screen of 192 unselected clones, |
was unable to recover any clones containing the expanded repeats. Presumably the rate of
homologous recombination was too low in unselected clones and future experiments will

require drug selection to ensure retention of the expanded Q-repeats.
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