SUPPLEMENTARY FIGURES
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Fig. S1. PTK2 expression is reduced in ovariectomized (OVX) mice, and PTK2 overexpression alleviates erastin-induced ferroptosis.
(a–d) PPI networks involving PTK2 constructed using STRING. (e) PTK2 gene expression from RNA-seq data (n = 3). (f) PTK2 mRNA expression in OVX mouse bone tissue analyzed via qRT-PCR (n = 6). (g) STRING-based scoring of PTK2-associated interactions. (h, i) Overexpression efficiency of PTK2 confirmed by immunoblotting and densitometric quantification (n = 6). (j) Intracellular ROS visualized by fluorescence staining (green; scale bar = 200 μm; n = 3). (k) BMSCs viability following treatment with 25 μM erastin, assessed by CCK-8 assay (n = 6). *P < 0.05, **P < 0.01, ***P < 0.001 vs. NC/SHAM group; ##P < 0.01, ###P < 0.001 vs. erastin group.
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Fig. S2. PTK2 inhibits ferroptosis via the P53/FN1 axis.
[bookmark: _GoBack](a) Verification of P53 overexpression efficiency (n = 6). (b) Venn diagram analysis integrating ferroptosis-related dataset (GSE202265), P53-related dataset (GSE171572), and osteoporosis-related dataset (GSE204847). (c) FN1 mRNA expression in clinical bone tissue samples assessed by qRT-PCR (n = 10). (d, e) Volcano plots and ranking maps of the three datasets noted above. (f, g) Validation of knockdown efficiency for FN1 and P53 using immunoblotting (n = 3). (h) MOF overexpression validation (n = 6). (i) Predicted P53 binding site on the FN1 promoter region using JASPAR. *P < 0.05, **P < 0.01, ***P < 0.001 vs. NC/Control group.
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Fig. S3. Screening of natural compounds targeting PTK2 for osteoporosis therapy.
(a) Schematic workflow of the natural product screening. (b) 2D and 3D interaction models of 10 natural products with PTK2. (c) Binding energy scores of each compound with PTK2 predicted using SailVina. (d) CCK-8 assay assessing cytotoxicity of the 10 compounds on BMSCs. (e, g, h) ALP and ARS staining analyses evaluating osteogenic differentiation and mineralization potential of 8 compounds (n = 6; scale bar = 200 μm). (f) BMSC lysates were heat-treated (0–60°C) following 2-hour incubation with Vaccarin or DMSO; PTK2 levels were measured via immunoblotting (n = 3). *P < 0.05, **P < 0.01, ***P < 0.001 vs. DMSO group.
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Fig. S4. Vaccarin promotes PTK2 expression to exert anti-osteoporotic and anti-ferroptotic effects.
(a) Liver-to-body weight ratio in experimental mice (n = 6). (b) Body weight measurements (n = 10). (c, k) Toluidine blue staining of bone tissue sections (n = 6; scale bar = 200 μm). (d) Diagram of calvarial defect model. (e) H&E staining of skull defect areas (n = 6; scale bar = 200 μm). (f) Masson's trichrome staining of calvarial bone morphology (n = 6; scale bar = 200 μm). (g–j) Quantitative assessment of bone regeneration parameters (n = 6). *P < 0.05, **P < 0.01, ***P < 0.001 vs. SHAM group; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. OVX group.
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