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Mechanism of Hypericin Inducing Ferroptosis in Breast Cancer Cells
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Abstract This study was aimed to investigate the mechanism of hypericin inducing ferroptosis in breast
cancer cells MCF-7 and MDA-MB-231. CCK-8 assay was used to detect the effects of various concentrations of hy-
pericin on the viability of MCF-7, MDA-MB-231 and MCF-10A cells, test the recovery effect of Fer-1 (ferrostatin-1)
on the cell viability affected by hypericin. Clonogenic assay was employed to test the inhibitory effect of hypericin
on the clonal formation of MCF-7 and MDA-MB-231 cells. DCFH-DA probe was used to detect the accumulation
of intracellular ROS (reactive oxygen species). LDH (lactate dehydrogenase) release assay was conducted to mea-

sure changes in LDH. Tissue iron assay kit was used to detect the accumulation of intracellular Fe**. Reduced GSH
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(glutathione) assay kit was employed to measure GSH levels. And immunoblotting was performed to assess the
expression of SLC7A11/xCT (solute carrier family 7 member 11) and GPX4 (glutathione peroxidase 4) proteins
in breast cancer cells after hypericin treatment. The results showed that hypericin had a semi-inhibitory concen-
tration (ICsy) of 10 umol/L for breast cancer cells MCF-7 and 15 pmol/L for MDA-MB-231 cells, and had no
significant effect on normal cells MCF-10A. Hypericin could cause the accumulation of ROS and LDH release
in MCF-7 and MDA-MB-231 cells. Additionally, the ferroptosis inhibitor Fer-1 could reverse the impact of hy-
pericin on the viability of MCF-7 and MDA-MB-231 cells. At the same time, hypericin could also increase the
intracellular Fe*" content in MCF-7 and MDA-MB-231 cells, decrease the levels of GSH, and downregulate the
expression of XCT and GPX4. The results indicated that hypericin might inhibit the proliferation of breast cancer

cells by inducing ferroptosis.
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A: the chemical structure of hypericin; B: in MCF-7 cells, the changes of cell activity after different concentrations of HYP treatment; C: in MDA-

MB-231, the changes of cell activity after different concentrations of HYP treatment; D: in MCF-10A cells, the changes of cell activity after different
concentrations of HYP treatment; *P<0.05, ***P<0.001, HYP treatment group compared with control group; n=3.
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Fig.1 Effect of hypericin at different concentrations on cell activity
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A: the clonal formation of breast cancer cells in MCF-7 and MDA-MB-231 cells after different concentrations of HYP treatment; B: analysis of clonal
formation rate of breast cancer cells treated with different concentrations of HYP in MCF-7 and MDA-MB-231 cells. *P<0.05, **P<0.01, HYP treat-

ment group compared with control group; n=3.
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Fig.2 Effect of hypericin at different concentrations on breast cancer cells clonal formation
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A: intracellular ROS fluorescence changes after different concentrations of HYP treatment in MCF-7 and MDA-MB-231 cells; B: fluorescence quan-
titative analysis of intracellular ROS changes in MCF-7 and MDA-MB-231 cells after treatment with different concentrations of HYP; *P<0.05,
**P<0.01, ***P<0.001, HYP treatment group compared with control group; n=3.
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Fig.3 Effect of hypericin at different concentrations on ROS in breast cancer cells
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A: LDH release in MCF-7 cells after HYP treatment at different concentrations; B: LDH release in MDA-MB-231 cells after HYP treatment at different

concentrations. *P<0.05, ***P<(0.001, HYP treatment group compared with control group; n=3.
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Fig.4 Effect of hypericin at different concentrations on LDH release in breast cancer cells
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A: changes of cell activity in MCF-7 cells after HYP treatment and HYP plus Fer-1 co-treatment; B: changes of cell activity in MDA-MB-231 cells af-
ter HYP treatment and HYP plus Fer-1 co-treatment; *P<0.05, ***P<0.001, HYP treatment group compared with both the control group and HYP plus
Fer-1 co-treatment group; n=3.
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Fig.5 Effect of Fer-1 on the activity of breast cancer cells inhibited by hypericin
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A: changes of intracellular Fe*” in MCF-7 cells after treatment with different concentrations of HYP; B: the changes of Fe** in MDA-MB-231 cells after
different concentrations of HYP treatment; **P<0.01, ***P<0.001, HYP treatment group compared with control group; n=3.
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Fig.6 Effect of hypericin at different concentrations on free iron bivalent in breast cancer cells
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Fig.7 Effect of hypericin with different concentration on GSH content in breast cancer cells
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Fig.8 Effect of hypericin at different concentrations on expression of xCT and GPX4 proteins in breast cancer cells
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