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Decoding Gene Regulation During CNS Repair
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Central nervous system (CNS) injury presents enduring challenges due to limited intrinsic repair.
Through integrative single-cell and spatial multi-omics approaches, we have uncovered
fundamental mechanisms governing glial cell plasticity that can be exploited for tissue
regeneration. Our analyses reveal that glial cells, including neural stem cells and astrocytes,
possess remarkable regenerative potential encoded within their chromatin architecture and
enhancer landscapes. Neural stem cells maintain a permissive chromatin state that enables
activation of latent oligodendrogenic programs following injury, which can be redirected through
transcription factor manipulation. Concurrently, we have mapped the injury-responsive
enhancer elements that coordinate cell state-specific gene expression across glial populations at
lesion borders. These enhancers integrate general stress response mechanisms with glial
subtype-specific factors, allowing precise transcriptional control during repair processes. Our
studies reveal two complementary approaches to harness glial plasticity: first, exploiting the
permissive chromatin landscape in neural stem cells through ectopic developmental
transcription factor expression triggers robust oligodendrogenesis and redirects the glial
response toward regeneration rather than scarring; second, decoding the architecture of injury-
induced enhancers enables the design of programmable gene therapy vectors that selectively
target reactive glial populations at lesion sites. Our ongoing investigations further explore
additional transcriptional networks that may facilitate glial-mediated repair through systematic
screening and integrative genomic analyses, potentially unlocking new regenerative capacities
within the injured CNS.
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