
Aromatic compounds play vital roles in biochemistry and have applications ranging from drug delivery to nanotechnology and

biological markers. We achieved a major milestone by experimentally and theoretically demonstrating that icosahedral boron

clusters exhibit global aromaticity. Leveraging the link between stability and aromaticity, we introduced new uses for boron

clusters in biological chemistry.

Our research centers on developing nanoparticles and inorganic nanovesicles/micelles as cancer drug carriers or anticancer

agents. These systems, showing promising in vitro antitumor activity, could offer dual-action therapies (chemotherapy+BNCT,

thermotherapy+BNCT) with potential clinical benefits for glioblastoma and breast cancer.

We studied the interaction of 3D aromatic metallabis(dicarbollides)[1] with biomolecules (proteins, ds-DNA) and their

translocation through bilayer membranes. Molecular dynamics simulations revealed a flip-flop translocation mechanism involving

a transient, elongated membrane structure.

We will also report biodistribution studies of (metalla)carboranes in cancer cells and in vivo.[2] Finally, due to their chemical and

biological properties and tumor retention, we explored their use in multimodal cancer therapy (BNCT, PBFT, gamma radiation, X-

ray, Mössbauer).[3]

Additionally, boron clusters have shown promise as scaffolds for diagnostic and therapeutic labeling, expanding their biomedical

applications.

[1] J. Am. Chem. Soc. 142, 9396-9407 (2020); [2] J. Mater. Chem. B 10, 9794-9815 (2022); Int. J. Mol. Sci. 22, 9937 (2021);

[3] Inorg. Chem. Front. 9, 1490 (2022); J. Mater. Chem. B 12, 9550 (2024); EJNMMI Res 15, 13 (2025).
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