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Magnetic hyperthermia is a promising approach for the localized cancer treatment based on the exposure of magnetic
nanoparticles to an alternating magnetic field. In this work, 3D cell culture models were prepared to observe the effect
a different number of internalized particles had on the mechanisms of cell death triggered upon the magnetic
hyperthermia treatment (MHT). In this way, 11 nm superparamagnetic iron oxide nanoparticles were synthesized and
coated with amphiphilic polymer and rhodamine fluorophore, and then, functionalized with glucose to improve cellular
internalization. Macrophages were selected as cell line model by their high capacity to uptake nanoparticles. Intracellular
nanoparticle concentrations were measured both by elemental analysis and magnetic characterization techniques. Cell
death studies were performed by flow cytometry and RT-PCR. In order to provide an understanding of the local thermal
effects occurring within the cells during the AMF exposure, a theoretical simulation was performed. Our results
demonstrated that different apoptotic routes were triggered depending on the number of internalized particles (Figure
1). At low intracellular magnetic nanoparticle amounts, the intrinsic route was the main mechanism to induce apoptosis,
as observed by the high Bax/Bcl-2 mRNA ratio and low caspase-8 activity. In contrast, at higher concentrations of
internalized magnetic nanoparticles, it is noted the extrinsic route activation through the increased activity of caspase 8.
Nevertheless, both mechanisms may coexist at intermediate iron concentrations. In addition, theorical calculation
suggested a correlation between the number of particles and size of the vesicles where the particles are trapped after
their internalization might result in different localized thermal effects. In contrast, the global cell temperature may not
increase significantly. Knowledge on the different mechanisms of cell death triggered after the magnetic hyperthermia
treatment is crucial to establish the optimal treatment conditions and predict the future efficacy in the therapy.
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