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Abstract:

Amyotrophic lateral sclerosis (ALS) is a severe neurodegenerative disorder characterized by
the progressive degeneration of upper and lower motor neurons. As a result, patients gradually
lose voluntary muscle control, affecting functions such as walking, speaking, swallowing, and
breathing. ALS is typically fatal within 2 to 4 years after symptom onset. Increasing evidence
indicates that axonal pathology is an early and prominent feature of the disease, supporting
the view that ALS is a distal axonopathy rather than solely a disorder of the neuronal cell body.
Multiple mechanisms have been implicated in axonal damage, including impaired microtubule-
based transport, metabolic dysfunction, and loss of neuromuscular connectivity. These
abnormalities compromise the axon’s ability to transport cargo, maintain energy homeostasis,
and preserve communication with muscle fibers, thereby contributing to early muscle
weakness, denervation, and atrophy. This length-dependent vulnerability may explain why the
longest axons are particularly susceptible in ALS. Using induced pluripotent stem cell-based
models, we discovered that restoring microtubule-based axonal transport can reverse axonal
transport defects. These findings may lead to new therapeutic strategies aimed at preventing
denervation and slowing disease progression.



