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Abstract

Recent advances in nanomedicine have opened new avenues for targeted drug delivery and controlled

release, yet the dense extracellular matrices and physiological barriers in tissues such as bone, cartilage,

and brain severely hinder the penetration and efficacy of both therapeutic molecules and nanomaterials.

Overcoming these physiological barriers to achieve rapid penetration and therapeutic efficacy remains a

critical challenge. To address these issues, we have developed a series of strategies and nanoplatforms

capable of traversing tissue barriers for tissue regeneration and precision imaging, including: (1) Hydrogen-

releasing biomaterials that modulate deep tissue microenvironments through in situ H2 penetration; (2)

Specifically assembled nanomaterials enabling long-term retention in pathological microenvironments; and

(3) Ultrasmall nanoprobes for precise visualization of deep-seated bacterial infections. This presentation

will highlight our recent progress in: Pathological microenvironment-responsive H2-releasing

nanomaterials for remodeling senescent and chronic inflammatory microenvironments, with applications in

aged bone repair, arthritis therapy, and stroke treatment; Self-assembled cartilage-targeting lubricating

layers to prevent arthritis progression; Glycosylated polydopamine-based ultrasmall aggregation-induced

emission nanoparticles for precision bacterial imaging in complex biological environments.
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