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Abstract: Objective To explore the mechanism of lupeol against the proliferation of breast cancer MCF-7 cells based on proteomics,
molecular docking, and experimental verification. Methods The effects of lupeol (5, 10, 20, 40, 80, 160 umol-L™") on the viability
of breast cancer MCF-7 cells were detected by MTT assay; The apoptosis rate and reactive oxygen species (ROS) levels were detected
by flow cytometry; The target pathways were predicted by proteomics, and the molecular docking of lupeol with the regulatory subunit
M2 (RRM2) of ribonucleotide reductase was performed by AutoDockTools software; The intracellular Ca?*, malondialdehyde (MDA),

superoxide dismutase (SOD), glutathione (GSH) concentrations and iron content were detected by microplate reader; the expression
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levels of proteins related to calcium imbalance, apoptosis and ferroptosis were detected by Western blotting; lupeol was combined with
the ferroptosis inhibitor Ferrostatin-1 (Fer-1), and the levels of MDA, SOD, GSH and iron in cells and the expression levels of proteins
related to ferroptosis were detected. Results The half-maximal inhibitory concentration (ICso) values of lupeol on MCF-7 cells for
24, 48 and 72 h were (93.43 +1.87), (63.02 £ 1.56) and (41.58 = 1.23) umol-L"!, respectively. Compared with the control group, lupeol
could significantly induce apoptosis and increase ROS levels (P < 0.01, 0.001). The enrichment analysis of proteomics was highly
enriched in ferroptosis, and the binding free energy of lupeol with RRM2 protein was —33.64 kJ-mol . Compared with the control
group, the intracellular Ca>* concentration in the lupeol group was significantly increased (P < 0.01, 0.001), and the expression of type
2 ryanodine receptor (RyR2) protein was significantly upregulated (P < 0.01, 0.001), while the expression of inositol 1,4,5-
trisphosphate receptor 1 (IP3R1) protein showed an upward trend, thereby causing calcium homeostasis imbalance. The high calcium
environment further activated the apoptosis pathway, and the expression of Bcl-2 associated X protein (Bax) and cytochrome C (Cyt
C) proteins was significantly upregulated (P <0.01, 0.001), while the expression of B-cell lymphoma 2 (Bcl-2) protein was significantly
downregulated (P < 0.001). The MDA content was significantly increased (P < 0.01, 0.001), the SOD activity was significantly
decreased (P < 0.01, 0.001), and the iron level was significantly increased (P < 0.01, 0.001), while the GSH level was significantly
decreased (P <0.01, 0.001). The expression of acyl-CoA synthetase long-chain family member 4 (ACSL4) protein was significantly
increased (P < 0.001), while the expression of RRM2, solute carrier family 7 member 11 (SLC7A11), and glutathione peroxidase
4 (GPX4) proteins was significantly decreased (P < 0.001). Compared with the lupeol group, the MDA and iron content in the Fer-1 +
lupeol group were significantly decreased (P < 0.001), the SOD and GSH levels were significantly increased (P < 0.001), the
expression of RRM2, SLC7A11, and GPX4 proteins was significantly increased (P < 0.001), and the expression of ACSL4 protein
was significantly decreased (P < 0.001), almost returning to the level of the control group. Conclusion Lupeol can inhibit the
proliferation of breast cancer MCF-7 cells and induce cell apoptosis; meanwhile, it can also induce ferroptosis in breast cancer
MCF-7 cells, and its mechanism may be closely related to the downregulated expression of RRM2 and the inhibition of the
SLC7A11/GPX4 pathway.
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Fig. 4 Clustered bar chart (A), heatmap (B) and volcano plot (C) showing differential protein expression levels of lupeol
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Table 1 Topological parameters of core target interactions in lupeol treatment of breast cancer

el P& H AR FEE S B R 1 Bt it
1 CDK1 S 1 JE SR 2 1 AR B 40 0.15 0.50
2 TOP2A Wi F A o 36 0.12 0.50
3 FN1 FiEEA] 33 0.20 0.45
4 CCNBI 40 8 1 8 E B 33 0.05 0.45
5 RRM2 EHERZE TR IE )R 32 0.07 0.42
6 MCM6 N EARYEREEE 6 32 0.02 0.42
7 NCAPD2 BAEAOIE & TED2 31 0.01 0.41
8 RRM1 WA BRI SR BEML I 3 27 0.02 0.42
9 PLK1 Poloff 1 26 0.02 0.43
10 ATAD2 ATPHRG 1 % 6057 20 BE DH - 25 4 3 B 12 24 0.04 0.40
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