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Magnetic control of membrane damage in early endosomes by internalized magnetic
nanoparticles
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Endosomal escape is essential for effective drug delivery, however, the membrane property of endosomes is
poorly understood. In this work, we internalized 20nm magnetic nanoparticles (MNPs) into the human breast cancer
cell line, MCF7, and applied magnetic field while the MNPs were localized in early endosomes. We found that at a
50-100 mT of a direct-current (DC) magnetic field for 5 minutes induced membrane damage, as detected by
Galectin-3 (Gal3), a marker of membrane rupture. This signal colocalized with EEA1, an early endosome marker,
suggesting MNPs under DC magnetic field conditions specifically damaged early endosomal membranes. Notably,
under this condition, increase of Gal3 to lysosomes was not observed, indicating that the membrane damage was
specific in early endosomes. Furthermore, when a stronger DC magnetic field (200-300 mT) was applied for 20
minutes, the colocalization of MNPs and Gal3 was decreased, which may suggest endosomal escape of MNPs. Further
studies are required to determine the minimal number of MNPs necessary to induce membrane damage and to confirm
whether the MNPs indeed escaped from early endosomes. This work provides insight into the biophysical properties of

early endosomal membranes and contributes to understanding of endosomal escape mechanisms in drug delivery systems.
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