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Objectives: Radiosensitization using nanoparticles 1s a promising approach for the improvement of radiotherapy
cytotoxic effects against chemo-/radio-resistant tumor cells and simultaneous reduction of adverse effects in
surrounding healthy tissues. Here, we propose a method based on iron oxide nanoparticles (IONP) for the
intracellular delivery of the anthracycline doxorubicin to enhance the cytotoxic effects of X-Rays.
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Materials and methods: We synthesized and characterized iron oxide nanoparticles functionalized with polyethylene glycol IONP.) in order to
be used as drug delivery systems for doxorubicin (IONPy5x). The biological effects were assessed in 2D and 3D cell cultures of human cervical
adenocarcinoma cells (HeLa). Uptake and retention of IONP were evaluated using optical, fluorescence and transmission electron microscopy.
Clonogenic survival was used to measure the radiosensitization effect of IONP at different doses of low (50 kV), medium (150 kV) and high (6
MYV) X-Rays in both 2D and 3D cell models. Data are presented as mean = SEM (n=3).
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T - e - p ™ 0.06 (P<0.05), but did not determine any radiosensiziting effect after Efficient penetration of the IONPpoy was obtained after 48h of
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6MYV irradiation. IONPpox enhanced the clonogenic inactivation of 6
MV X-rays in 2D HeLa cell cultures with a DMFgy, ,=1.3 £ 0.1

exposure in 3D spheroids and exposure to 150 kV led to a
DMFSF0.1:1'07 + 007 (NS).

Delivery of doxorubicin from IONPpyx [Popescu et al. Sci Rep. 10: (P<0.05) and DMFg, ;= 1.29 + 0.02 in case of 150 kV (P<0.05).
d 10530 (2020)].
(422) ' (333) ' (440)
1 1 1
2D HelLa/ 6MV 2D HelLa/ 50 kV 2D Hela/ 150 kV 1 3D Hel.a/ 150 kV

0,36788 0,36788 0,36788 0,36788

0,13534 0,13534 0,13534 0,13534 X
S S ° S 5
S 0,04979 B 0,04979 S 0,04979 T 0,04979
22 001832 g 0.01832 E’ 0.01832 m control = 0.01832 m control
> > = =
Ié B control 2 = ® 100 ug/mL IONP,, S ® 100 ug/mL IONP,,
> ® IONP S > A 200 ug/mL IONP 2 A 200 ug/mL IONP
» 0,00674 A |ON|:>CO l D 0,00674 m control @ 000674 expo:gential fit Coz(i)r(ol » 000674 expoLr:gentiaI fit co[r)I(:)r(ol

DOX
exponential fit control ® IONP exponential fit 100 ug/mL IONP exponential fit 100 ug/mL IONP
0,00248 exponential fit ONP 0,00248 tial fit control 0,00248 DOX 0,00248 o
! P © ’ exponential Tit contro exponential fit 200 ug/mL IONP exponential fit 200 ug/mL IONP poy
exponential fit IONP exponential fit IONP Pox
I v I v I v ] v I v I ’ ]
I ' I ' I ' I ' I | I e e e L I ’ ! ' ' ' ' ' ' ) ' ' '
0 2 4 6 8 1 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 ° 1 ? ’ ) ° °
Dose (G
Dose (Gy) Dose (Gy) Dose (Gy) (©Y)

Conclusions: The radiosensitization effect was dependent on the radiation energy for drug-free nanoparticles,
IONP-o showing a significant clonogenic inactivation compared to irradiation alone, in case of low energy X-Rays
exposure, while IONPpox determined radiomodulatory effects for both medium and high energy X-Rays. The
IONP are good candidates for the controlled delivery of DOX to enhance the cytotoxic effects of 1onizing radiation.
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