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Abstract, Results, and Research Significance (300 words):

Cockayne syndrome (CS), UV-sensitive syndrome (UVSS), and xeroderma pigmentosum (XP) are rare
photosensitive human disorders caused by mutations in DNA repair genes. CS and UVSS are associated with
defects in the transcription-coupled nucleotide excision repair (TC-NER) pathway, while XP involves
impairment in the global genome nucleotide excision repair (GG-NER) pathway. Notably, patients with CS and
XP exhibit progressive neurodegeneration, whereas those with UVSS do not show neurological symptoms,
despite sharing the same defective TC-NER pathway as CS. This unique difference provides an important
opportunity to explore the molecular basis of human-specific neural circuit development and degeneration.

To investigate these syndromes, we utilized patient-derived induced pluripotent stem cells (iPSCs) to



generate human brain organoids, which mimic key features of brain development and disease. iPSCs from CS
patients, provided by our collaborator Dr. Muotri (UC San Diego), along with those from healthy individuals
and XP patients, were used to create cerebral organoids. Single-cell RNA sequencing analysis revealed
overlapping cellular and molecular phenotypes between CS and XP organoids, highlighting shared mechanisms
of neurodegeneration in these progeroid disorders. These findings were presented at the 54th International
Symposium of the National Institute for Physiological Sciences and are being prepared for publication.

For UVSS, iPSCs have been successfully generated from patient-derived fibroblasts. In the next phase,
cerebral brain organoids will be derived from these cells, followed by comparative analysis with CS and XP
models. The goal is to identify the cellular and epigenetic mechanisms that may account for the absence of
neurodegeneration in UVSS, despite similar DNA repair deficiencies.

This research demonstrates the power of brain organoids in modeling human neurological diseases and
provides valuable insight into the genetic networks that govern human brain-specific development, aging, and
resilience to DNA damage.
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