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Materials and Methods

To confirm the MRI responsiveness of the MENPs, a complementary pre-clinical phantom
study was carried out at 7 T using agarose gel matrices MENPs were dispersed in 1% (w/v)
agarose solution at final concentrations of 0, 100, 300, 600 and 1200 ug/mL. The mixtures
were poured into 1-well Nunc Lab-Tek chamber slide systems (Thermo Fisher, Waltham,
USA) and allowed to solidify at room temperature. MRI acquisitions were performed using
a 7T pre-clinical scanner (PharmaScan, Bruker, Germany), equipped with a 40 mm diameter
transmit-receive volume coil to ensure a homogeneous signal excitation and detection. T2-
weighted multi-gradient echo (MGME) sequences were acquired in the axial plane with the

following parameters: repetition time (TR) = 1150 ms; number of echoes = 8; first echo time
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(TE;) = 4 ms; echo spacing = 5 ms; flip angle = 50°; field of view (FOV) = 28 mm x 28 mm;
matrix size = [256 x 256; slice thickness = 0.8 mm; number of averages = 2.

Quantitative relaxometry was used to determine T2* relaxation times, and the corresponding
transverse relaxation rates (1/T2*) were then calculated to evaluate signal decay as a
function of particle concentration. Data were analyzed using GraphPad Prism. Values were
compared across six experimental groups using one-way ANOVA, which revealed a highly
significant overall difference (p < 0.0001). A test for linear trend was applied to verify whether
transverse relaxation rate values increased progressively with concentration. The trend was
statistically significant (p <0.0001), with a positive slope indicating a clear increase in 1/T2*
as particle concentration rose. This pattern supports the expected effect of MENPs in

shortening transverse relaxation.
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Figure S1. MRI responsiveness of MENPs with a 7T system. a) MRI phantom images of agarose gel-filled chamber
slides containing increasing concentrations of MENPs, showing signal intensity changes corresponding to nanoparticle

content. b) Quantification of relaxation rates (1/T2*) as a function of MENP concentration, confirming MRI responsiveness.
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Table S1. Materials properties used in COMSOL Multiphysics environment for cobalt ferrite, barium titanate and cell culture

medium.
Domain Designation Value Unit Reference
) (Fiocchi et al.,
Density 5200 Kg/m3
2022)
) o (Carvalho et
Relative permittivity 10 -
al., 2018)
(Gopalan et
al., 2009;
Electrical conductivity 10 S/m .
Nlebedim and
Jiles, 2014)
(Fiocchi et al.,
Poisson ratio 0.48 -
Cobalt ferrite 2022)
(CoFe204) (Fiocchi et al.,
Young'’s modulus 230*10° Pa
2022)
Provided by
Magnetic susceptibility 0.42 - manufacturer's
measurements
Provided by
Magnetic saturation 7.7*10* A/m manufacturer's
measurements
) o (Fiocchi et al.,
Saturation magnetostriction -200 ppm
2022)
COMSOL
Density 5700 Kg/m?3 .
library
COMSOL
. ) Relative permittivity {1115.1, 1115.1, 1251.3} -
Barium titanate library
(BaTiOs) _ - COMSOL
Electrical conductivity 178.5 S/m
library
{150.4; 65.6; 150.4; 65.; 65.9;
COMSOL
Elasticity matrix, Voigt notation 145.5; 0; 0; 0; 43.9; 0; 0; 0; O; GPa ib
ibra
43.9;0; 0;0; 0; 0; 42.4} v
(Krichen et al.,
Relative permeability 1 -
2017)
Cell medium ) o (Oh et al.,
Relative permittivity 80 -
2023)
) o (Mazzoleni et
Electrical conductivity 2 S/m
al., 1986)
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Figure S2. Assessment of cell death pathways induced by MRI-activated MENPs.
Quantitative distribution of the non-viable cell population for the 50 pg/mL (a) and 100 pg/mL (b) MENP-treated groups,
expressed as a percentage of total non-viable cells at T4.

MRI fields OFF

MRI fields ON

Figure S3. Brightfield images of HT-29 cells acquired at 24 hours post-exposure (T4), following treatment with
MENPs at 50 ug/mL and 100 pg/mL, with MRI fields ON or OFF. Scale bar = 20 um.
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77
78 Figure S4. Quantification of B-tubulin fluorescence intensity in cells treated with MENPs (50 and 100 pg/mL) with

79 and without MRI field exposure. Data are expressed as relative fluorescence (%) compared to cells not subjected to MRI
80 fields. Values represent mean + SD (n=3); * p < 0.05, ** p < 0.01.
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84 Figure S5. Effect of static magnetic field exposure on cell viability of HT-29 cells treated with MENPs. Cell viability
85 of HT-29 cells incubated with or without MENPs (100 pg/mL), evaluated (a) immediately after exposure to a static magnetic
86 field (3T, By) and (b) 24 hours later (T3 and T4, respectively). Cells were either exposed to the magnetic field (MRI field
87 ON) or kept under identical conditions without magnetic field exposure (MRI field OFF). Data are presented as mean +

88 standard deviation (n = 3). Statistical significance was evaluated using Student’s {-test. **p<0.01.

89
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Figure S6. Optical microscopy images of HT-29 suspended cells one day after being reseeded. Each image
corresponds to a specific MENPs concentration and MRI exposure condition (MRI fields ON or MRI fields OFF) and
illustrates whether non-adherent cells retained viability and were able to reattach to the well surface. Red arrows indicate

representative examples of MENPs internalized by the cells.
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