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Abstract

Parkinson’s disease (PD) is a progressive and currently incurable neurodegenerative disorder
characterized by significant clinical heterogeneity. It is increasingly recognized that different cellular
mechanisms may drive the disease in different individuals. Identifying the mechanistic subtypes in
patients would enable a precision medicine approach, whereby targeted therapies could be applied to
address the specific pathological mechanisms. However, defining the underlying cellular mechanisms in
each patient has been challenging due to the limited accessibility of brain cells from living individuals.

By utilizing induced pluripotent stem cell (iPSC) organoid technology, we have embraced the 'disease in a
dish' paradigm to study patient-specific brain cells. This approach has facilitated the development of
preclinical models derived directly from individuals with PD. Our method has demonstrated exceptional
accuracy in predicting molecular subtypes while maintaining broad generalizability. Using deep neural
networks, we analyzed two types of raw imaging data alongside data extracted from a widely used high-
content imaging platform. Notably, our results indicated that analyzing raw data without predefined
features can effectively predict cellular subtypes, revealing novel biological insights into the disease.

The successful application of deep learning to characterize cellular subtypes in PD marks a significant
breakthrough in understanding the complexity of this disorder. These advancements hold great potential
for developing an Al-driven validation pipeline capable of predicting the efficacy of novel therapeutic
agents targeting specific molecular pathways in individual patients. This approach has the potential to
significantly reduce the time and cost of clinical trial preparation for neurodegenerative diseases.
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