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Extracellular vesicles (EVs) are cell-derived lipid-bilayer nanocarriers that play a fundamental role
in intercellular communication by transporting a wide range of biomolecules involved in both
physiological and pathological processes. In particular, EVs derived from metastatic cancer cells are
known to possess a strong tropism towards specific cell types and tissues, showing ability to cross
biological barriers and reach distant organs in a highly selective way. These features make EVs
interesting candidates to serve as naturally targeted delivery vehicles for different therapeutic
applications. However, their effective clinical translation is still hampered by several challenges,
including complex and time-consuming isolation procedures and limited efficiency in loading
exogenous cargo while maintaining structural integrity and biological functionality.

Besides optimizing loading methods, a promising strategy would be the development of fully
artificial bottom-up approaches inspired by natural EVs. These strategies rely on the understanding
of the key features that mediate EV targeting and cargo delivery to specific recipient cells, which can
be reproduced in synthetic nanosystems. Such nanoconstructs can mimic EV biological interactions
while enabling scalable production, standardized composition and higher cargo encapsulation.

In this scenario, we developed a hybrid nanosystem composed of a breakable organosilica core,
designed to provide high and versatile loading capability, shielded by an EV-inspired coating based
on the lipidic and protein profiles of EVs derived from bone-metastatic prostate cancer (PC) cells.
The lipid bilayer composition was optimized to resemble PC-derived EVs in terms of
physicochemical properties relevant to cell interactions, including surface charge, lipid composition
and polarity. Moreover, membrane proteins that mediate the specific interactions of PC-derived EVs
with bone cells were identified and their incorporation in the synthetic nanosystems was optimized.
The resulting nanoconstructs were validated through in vitro and in vivo models to evaluate their
potential as selective delivery platforms for bone-targeted therapeutic applications.



