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Ultrasmall iron oxide nanoparticles inhibit the migration and invasion of human
hepatocellular carcinoma HepG2 cells by enhancing autophagy
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[Abstract] Objective: To explore the effects of ultrasmall iron oxide nanoparticles (USIONPs) on the migration and invasion of
human hepatocellular carcinoma HepG2 cells and its possible mechanism. Methods: The hydrate particle size and core particle size of
USIONPs were analyzed by particle analysis device and transmission electron microscope, respectively. The dispersity and stability of
USIONPs were characterized by Zeta potential and colloid stability analysis, respectively, to identify the successful prepaation of
USIONPs. Different concentrations of USIONPs (0, 50, 100, 200 pg/ml) or 200 pg/ml USIONPs+5 mmol/L 3-MA (autophagy

inhibitor) were used to treat human liver cancer HepG2 cells; then, CCK-8 assay was used to detect the proliferation viability of
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HepG2 cells; Transwell method was used to detect the migration and invasion ability of HepG2 cell; WB experiment was applied to
detect the expression of autophagy markers Beclinl, LC3 and p62; 2',7'-dichlorodihydrofluorescein diacetic acid (DCFH-DA) method
was used to determine the intracellular reactive oxygen species (ROS) level, and the iron ion colorimetric method was used to detect the
iron ion level in the cells. Results: The average hydrate particle size of USIONPs was (37.86+12.90) nm, the core particle size was
about 10 nm, and the Zeta potential was —23.8 mV, and confirmed the successful preparation of USIONP. The USIONPs had good water
solubility and dispersibility. As the mass concentration of USIONPs increased and the incubation time prolonged, the proliferation
viability of HepG2 cells showed a decreasing trend. Compared with the control group, after incubating HepG2 cells with 200 pg/ml
USIONPs for 24 h, the numbers of migrated and invaded cells were significantly reduced (all P<0.05), and the addition of 3-MA
could partially offset the above effects (P<0.05). Compared with the control group, the relative protein expression levels of beclinl and
LC31Iin HepG2 cells in the 100 and 200 pg/ml USIONPs treatment groups increased significantly (all P<0.05), while the p62 protein
expression decreased significantly (all £<0.05); 200 pg/ml USIONPs could significantly increase the level of intracellular ROS and iron
ions, while the autophagy inhibitor 3-MA could block its effect (all P<0.05). Conclusion: USIONPs may promote autophagy of HepG2

cells, which consequently degrades USIONPs to release iron ions, leading to increased intracellular iron levels and ROS levels, thereby

inhibiting the migration and invasion of HepG2 cells.
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A: Hydrate particle size of USIONPs; B: Zeta potential of USIONPs; C: Representative photo of USIONPs under TEM (Bar=50 pm
in the field); D: Representative photos of aqueous solution of USIONPs taken at the 1st and the 30th day; E: Colloid stability
test of USIONPs dissolved in deionized water
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Fig.1 Characteristics of USIONPs
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Fig.2 USIONPs affected the proliferation of HepG2 cells in a

time- and dose-dependent manner
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A: Invation of HepG2 cells detected by Transwell assay; B: Number of invasive HepG2 cells per field of microscopy view
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Fig.3 USIONPs affected the invasion of HepG2 cells in a time- and dose-dependent manner (x200)
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1: 0 pg/ml USIONP group; 2: 200 pg/ml USIONP group; 3: 200 pg/ml USIONP+5 mmol/L 3-MA group
A: Representative image of migratory HepG2 cells(x200) by crystal violet staining and the number of migrated cells per field of

microscopic view; B: Representative image of invasive HepG2 cells(x200) by crystal violet staining and the number of invaded

HepG2 cells per field of microscopic view
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Fig.4 Effects of USIONPs and autophagy inhibitor 3-MA on the migration and invasion of HepG2 cells
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A: Representative images of Beclin 1 and P62 proteins in HepG2 cells determined by WB; B: Representative images of LC3 I and

LC3 I protein in HepG2 cells determined by WB; C: Relative protein expressions of Beclin 1 and P62 normalized to GAPDH in
HepG2 cells; D: Protein expressions of LC3 I relative to LC3 [ in HepG2 cells
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Fig.5 Effects of USIONPs on the expression of autophagy-related proteins in HepG2 cells
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Fig.6 Effects of USIONPs and autophagy inhibitor 3-MA on

intracellular ROS and iron level in HepG2 cells
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