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ABSTRACT 
Protein homeostasis is maintained through tightly regulated processes including protein folding, posttranslational modifications (PTMs), degradation, and membrane trafficking. Disruption of these processes is a key contributor to the pathogenesis of several neurodegenerative diseases, such as Alzheimer’s disease, prion disorders, and amyotrophic lateral sclerosis (ALS). Misfolded proteins, when not adequately refolded or degraded, can aggregate and trigger cellular dysfunction. These aggregates are not only toxic to cells but also activate inflammatory pathways, particularly the NLRP3 inflammasome, amplifying neuroinflammation and neuronal injury. Understanding the interplay between protein quality control systems, membrane trafficking and innate immune activation is essential to unravel the mechanisms driving neurodegeneration and to identify new therapeutic targets.
To investigate the molecular mechanisms linking protein misfolding/trafficking to neuroinflammation in neurodegenerative diseases, we utilized patient-derived cellular models. Induced pluripotent stem cell (iPSC)-derived astrocytes from individuals diagnosed with ALS and frontotemporal dementia (FTD) were generated and analyzed, alongside primary fibroblasts from the same patient cohort. These models enabled us to study disease-relevant cell types in a human context, focusing on protein processing pathways, aggregate formation, and inflammasome activation under disease-relevant stress conditions.
Our findings reveal that disruptions in protein folding and PTMs contribute to the accumulation of misfolded and aggregated proteins in both iPSC-derived astrocytes and patient fibroblasts. These aggregates were insufficiently cleared by proteasomal and autophagic pathways, leading to intracellular accumulation. Furthermore, we observed significant activation of the NLRP3 inflammasome in these models, as evidenced by elevated levels of IL-1β and IL-18, implicating a direct link between impaired protein homeostasis and inflammatory signaling. The data support a model in which defective protein processing and clearance not only compromise cellular integrity but also promote neuroinflammation through inflammasome activation, thus driving neurodegenerative pathology. These findings highlight potential therapeutic strategies aimed at enhancing protein quality control mechanisms and inhibiting inflammasome-mediated inflammation.
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