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Drug delivery strategies are crucial for enhancing the efficacy and safety of pharmaceutical products, 
particularly for macromolecular therapeutics. While nanotechnology has advanced this field by enhancing 
drug stability, targeting, and controlled release, current delivery strategies still fall short in addressing complex 
biological barriers and dynamic tissue environments. In this talk, I will present the design and application of 
precision-engineered nanocapsules that can cross the blood-brain barrier and sequentially release 
therapeutic cues to establish regenerative niches for stem cell-based therapies. Drawing on preclinical data 
from murine and nonhuman primate models, as well as human stem cell studies, I will demonstrate how these 
nanocarriers improve therapeutic efficacy in central nervous system disorders and severe trauma. The work 
underscores the power of rational nanocarrier design to not only overcome biological delivery barriers but also 
to guide tissue repair and functional recovery.
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