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Amyotrophic lateral sclerosis (ALS) is a devastating disease with death within 5 years, and there are currently no effective treatments. Traumatic
brain injury (TBI) increases ALS risk, but mechanisms underlying TBI-ALS interactions and genetic susceptibility remain unclear. Current animal
models fail to accurately recapitulate human-specific responses, necessitating the development of human-relevant experimental systems. We aim to
investigate mutation-specific neuroinflammatory responses to traumatic injury in human iPSC-derived cortical organoids harboring ALS-
associated mutations. Cortical organoids from iPSC lines carrying ALS mutations (TDP-43 Q331K, TDP-43 M337V, FUS R495X) and wild-type
controls underwent controlled traumatic impact. Neuroinflammatory responses were characterized using cytokine arrays and quantitative
immunofluorescence for glial markers at 3-, 7-, and 14-day post-injury. Traumatic impact successfully induced injury-related neuroinflammation
across all genotypes. FUS R494X organoids showed significantly elevated IL-6 at 3 days post-injury, indicating acute hyperreactive responses. TDP
-43 Q331K organoids exhibited delayed inflammatory dysregulation, with concurrent elevation of IL-6 and IL-10 at 14 days, suggesting a failure of
resolution mechanisms. Microglial responses revealed distinct patterns: wild-type showed biphasic activation, while TDP-43 variants exhibited
dynamic fluctuations, and FUS maintained stability. Astrocytic responses were most dramatic in FUS R495X organoids (35-fold GFAP increase)
with rapid resolution, while TDP-43 variants showed biphasic patterns. This study validates a human model for TBI-ALS interactions, revealing
distinct mutation-specific neuroinflammatory signatures. TDP-43 mutations lead to delayed inflammatory dysregulation, whereas FUS mutations
result in acute hyperactivity. These findings provide direct evidence that ALS mutations modify traumatic injury responses, with implications for
precision medicine approaches and therapeutic development targeting specific genetic subtypes.
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