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Summary

Cellular homeostasis, regulation of oxidative stress and autophagy are processes finely maintained and regulated by specialized organellar structures. Neurodegenerative diseases such as Alzheimer's disease (AD), Parkinson's disease (PD), amyotrophic
lateral sclerosis (ALS), and frontotemporal dementia (FTD) are characterized by dysfunction in these critical organelles, as lysosomes and mitochondria. Targeting their dysfunction has become a promising therapeutic approach for neurodegenerative
disorders. Moreover, in all these pathologies protein aggregation is evident to be a common hallmark, representing a potential therapeutic target.

This work aimed to develop assays for screening pathological phenotypes in disease-relevant neuronal models, exploring organelles dysfunction as targets, with a focus on proteinopathies.

For this study, we selected relevant cell models such as iPSC-derived MotorNeurons AHN and TDP43-mutated lines, as well as iCell® DopaNeurons derived from AHN, and TMEM175 mutated (M393T, Q65P, T393T) (FCDI engineered) to mimic ALS and PD
models, respectively. In both models, disease phenotypes were induced by stressors, and cells were stained with organelle-specific dyes or antibodies to measure relevant features by means of High Content Microscopy. The assays were miniaturized and
optimized for high-throughput screening and also used to run Cell Painting imaging and analysis, increasing the powerfulness of our platform.

For functional characterization we carried out electrophysiology analysis; in particular, lysosomes were enzymatically isolated from iCell DopaNeurons and ionic current recorded directly on single lysosome. Also, Multielectrode Array was run on all the
four different iCell DopaNeuron lineages. To increase complexity and relevance of our model, we also developed co-culture approaches.

This integrated assays enables detailed modeling of organellar dysfunctions in neurodegeneration and supports the discovery of novel therapeutic compounds.
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Conclusion

We established a scalable, automated platform for modeling neurodegenerative disorders and proteinopathies using relevant iPSC-derived models and demonstrating organellar involvement.
In particular, we succeed in:

* Developing a miniaturized platform to monitor lysosomal and mitochondrial function in iPSC-derived neurons

* Enabling mechanistic insights in disease-relevant models (e.g., TMEM175, TDP43)

* Supporting high-content imaging compound profiling and functional screening, taking advantage of Cell Painting approach

* Providing a framework to discover targeted therapies for neurodegenerative diseases HARNESS
This integrated system enables miniaturized drug screening suitable for identification of novel therapeutic targets. Moreover, offers a unique opportunity to integrate mechanistic insights into TMEM175 function BIOLOGY
with disease-relevant cellular models, further advancing our understanding of its role in lysosomal health and its potential as a therapeutic target. EMPOWER DISCOVERY
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