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Human cerebral organoids (hCOs) are 3D tissues derived from human pluripotent stem cells that mimic early brain development, offering a valuable model for studying both normal development and diseases. In this thesis, I present three key studies:
First, to address the issue of variability between hCO batches, I helped to refine a protocol for generating more uniform and reproducible whole-brain hCOs. This was validated through detailed characterization, including single-cell RNA sequencing and electrophysiological functional assays, ensuring consistency across experiments.
Second, in close collaboration with Lu Wang, we identified and investigated a rare subpopulation of mitotically inactive radial glial stem cells within early developing hCOs marked by F3- and SOX2-co-expression. These cells expressed a transcriptional signature observed in various adult tissue stem cells following injury that are significant for tissue regeneration, such as the murine intestine and brain. We explored whether these cells could function to regenerate hCO tissue following radiation injury. We observed these cells responded to damage only within a specific developmental window, yet they lacked capacity for long term self-renewal in clonogenic assays in vitro. Our assays suggest these cells may not significantly contribute to tissue regeneration, but may play a supportive role in the stem niche rather than function as true stem cells.
Third, to model the malignant brain tumour glioblastoma, I developed a method for creating human cerebral organoid allografts (hCOAs) by microinjecting patient-derived glioblastoma cells into hCOs. My investigation revealed prolonged tumour growth timelines with growth features reminiscent of in vivo biology that are absent from current glioblastoma cell and hCO co-culture models. We also observed patterns of patient-specific tumor growth within the hCOs, and that different microenvironments across preclinical models greatly influenced glioblastoma cell behavior and tumor dynamics. This work provided key insights into the complex interactions between tumors and their surrounding niche, highlighting the importance of personalized models for studying glioblastoma progression and response to therapy.
Overall, this thesis demonstrates the versatility of hCOs as models of brain development and disease, with a focus on uncovering unique cell populations, as well as elucidating the role of the microenvironment in influencing tumor behavior – offering potential avenues for personalized treatment strategies in glioblastoma.

