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Abstract

Hereditary spastic paraplegia is a neurological disorder characterised by degeneration of the
axons along the corticospinal tract leading to lower limb spasticity. Mutations in the gene
SPAST are the major cause of HSP. SPAST encodes Spastin, a protein involved in regulating
microtubule dynamics.

We used olfactory-neurosphere derived (ONS) cells, a population of neural progenitor cells,
derived from biopsies of the olfactory mucosa from HSP patients and from healthy controls,
in order to identify cell functions altered in HSP. The patient cells have reduced Spastin,
reduced stabilised microtubules (acetylated a tubulin), altered cellular distribution of
cellular organelles mitochondria and peroxisomes and impaired peroxisome transport.
When stabilised microtubule levels were restored in the patient cells using tubulin-binding
drugs the peroxisome transport was also restored to control levels. Patient ONS cells were
under oxidative stress and more sensitive to oxidative stress induced by hydrogen peroxide.
These were restored to control levels by low doses of tubulin-binding drugs.

Based on our findings in patient ONS cells, we suggest a mechanism whereby SPAST
mutations lead to reduced levels of stable microtubules which compromises peroxisome
trafficking and leads to increased oxidative stress. To test if our findings in the patient ONS
cells are relevant in patient cortical neurons those are degenerated in HSP patients, we
reprogrammed SPAST patient skin fibroblast cells to induced pluripotent stem cells (iPSCs)
and differentiated the iPSCs to cortical neurons. Patient derived iPSC-neurons showed
amplified disease specific deficits previously observed in patient ONS cells. The tubulin-
binding drugs rescued the disease-specific defects in SPAST iPSC-neurons. Our research
establishes the use of multiple sources of patient-derived cells for disease modelling and
drug discovery for HSP.



