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Epilepsy is a neurological disorder that affects approximately 1% of the global population, with its underlying cellular and
molecular mechanisms remaining incompletely understood. Notably, around 30% of epilepsy patients experience drug-
resistant epilepsy (DRE), in which seizures persist despite the use of antiseizure medication. DRE is particularly critical in
pediatric patients as it can lead to cognitive and behavioral development. Among pediatric DRE cases, nearly 40 % are
associated with malformations of cortical development (MCD). Recent genomic and pathohistological studies of MCD
specimens have identified a subgroup of MCD that carries somatic mutations in genes related to the PI3K/AKT/mTOR
signaling pathway that potentially trigger the upregulation of mTOR signaling, which is now referred to as mTORopathies.

To investigate the molecular pathophysiology of mTORopathies, we performed bulk RNA sequencing (bulk RNA-seq),
single-nucleus RNA sequencing (snRNA-seq), and proteomic analyses on resected brain tissues from mTORopathy
patients. Our findings indicate that, in addition to neuronal dysfunction, transcriptional alterations in astrocytes and
microglia contribute to epileptogenesis in mTORopathies.

Furthermore, the application of spatial transcriptomics, such as 10x Genomics Xenium, may provide deeper insights into
the spatial organization of gene expression in epileptogenic lesions. Such approaches could enhance our understanding of
the molecular pathology of mMTORopathies and contribute to the development of targeted therapeutic strategies for DRE.
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