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SUPPLEMENTARY FIGURES
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Figure S1. TEM image of unetched dsMN NPs. Scale bar = 200 nm.
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Figure S2. SEM elemental mapping (Si, O, S, and Cu) in dsMCu NPs. 
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Figure S3. EDX spectrum of dsMCu NPs (Si, O, S, and Cu respectively).



[image: ]
Figure S4. Nitrogen adsorption–desorption of dsMN and dsMCu.
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Figure S5. TEM image of dsMCu-D. Scale bar = 200 nm.
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Figure S6. Thermogravimetric analysis of dsMCu, DSF and dsMCu-D.


[image: ]
Figure S7. UV-vis-NIR absorption for dsMCu-D, DSF and CuET.
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Figure S8. SEM images of dsMCu-D and dsMCu-D@M. Scale bar = 200 nm.
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Figure S9. Gelatin solutions were cocultured with different preparations at 37 °C and then stored at 4 °C for 30 min: (A) Pure gelatin; (B) Collagenase; (C) DSPE- Col; (D) dsMCu-D@M; (E) dsMCu-D@M-Co.
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Figure S10. Fluorescein released by a FITC‑containing collagen matrix treated with PBS, dsMCu-D@M, dsMCu-D@M-Co and collagenase.
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Figure S11. Collagen I expression of BxPC-3 cells treated with PBS by CLSM. 
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Figure S12. Corresponding quantitative analyses of MFI of collagen.
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Figure S13. Images of BxPC-3 MCSs treated with different formulations for 5 days
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Figure S14. Diameters of BxPC-3 MCSs treated with different formulations for 5 days
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Figure S15. Cell viability of BxPC-3 cells treated with DSF and CuET at different concentration.
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Figure S16. Cell viability of BxPC-3 cells treated with different treatments at different concentration.
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Figure S17. Fluorescence images of calcein-AM (green) and propidium iodide (PI, red) contained BxPC-3 cells after different treatments.
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Figure S18. The percentage of apoptotic cells in BxPC-3 cells after different treatments.
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Figure S19. Hemolysis of NPs after incubation with red blood cells with various concentrations, PBS as a negative and ddH2O as a positive control respectively.
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Figure S20. The biodistribution of Cu at 48 h after caudal vein administration based on ICP-MS analysis.
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Figure S21. The grey-scale and pseudocolor T1-weighted MR images of versus Cu concentration of dsMCu-D@M-Co solution.
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Figure S22. The corresponding 2.5D images show the relative position of the FITC-dsMCu-D, dsMCu-D@M, dsMCu-D@M-Co labeled NPs (green) and CD31-stained tumor vessels (red).
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Figure S22. Quantitative analysis of the distance between the FITC-NPs and blood vessels.
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Figure S23. Corresponding quantification of the ratio of collagen positive area to full-scale tumor tissues by ImageJ.
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Figure S24. H&E-stained images of major organs of BxPC3-bearing mice at 14 days of post-injection of NPs.
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Figure S25. Relative body weight change curves of mice from different groups subjected to various treatments.
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Figure S26. Photographs of tumors from mice for each group after receiving different treatments.




[image: ][image: ][image: ]
[image: ][image: ][image: ]
[image: ]
[bookmark: _Hlk163805391]Figure S27. Serum ALP, AST, ALT, UA, CREA, TBIL, and BUN levels in tumor-bearing mice after intervention.
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