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Supplementary Figures
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Fig. S1. HRTEM images of CeO2 and its lattice spacing.
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Fig. S2. High-resolution XPS spectra of a) Cu 2p, b) Ce 3d, c) O 1s of CuOX/CeO2-X.
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Fig. S3. High-resolution XPS spectra of a) Ce 3d, b) O 1s of CeO2.
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Fig. S4. a) Dispersibility of CeO2 and PtCuOX/CeO2-X nanospheres at different times (1, 3,5, and 7 days) and in different solutions (PBS, 5% H2O2, fetal bovine serum, and medium containing 10% fetal bovine serum, respectively); b) Average particle size and PDI of PtCuOX/CeO2-X nanospheres. Data are expressed as mean ± SD (n=3).
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Fig. S5. a) CeO2 solution for heating/cooling experiments and b) cooling time data vs. negative natural logarithm of temperature increase from Figure S6a. c) PtCuOX/CeO2-X solution for heating/cooling experiments and d) cooling time data vs. negative natural logarithm of temperature increase from Figure S6c (parameters: 808 nm, 1 W/cm2, 50 μg/mL).
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Fig. S6. a) O2 production during H2O2 decomposition by the PtCuOX/CeO2-X at different concentrations. b) O2 production during H2O2 decomposition by PtCuOX/CeO2-X (50 μg/mL) using NIR light irradiation at different power levels.
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Fig. S7. O2 production by decomposition of H2O2 (10 M) by PBS, Ascorbic acid, CeO2, and PtCuOX/CeO2-X nanozymes at the same concentration (10 μg/mL).
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Fig. S8. The ability of different concentrations of v nanozymes to scavenge a) ·O2-, b) H2O2, c) ·OH, d) ABTS, and e) NO. Data are expressed as mean ± SD (n=3). * and # for P < 0.05, ** and ## for P < 0.01, *** and ### for P < 0.001, and **** and #### for P < 0.0001.
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Fig. S9. The scavenging ability of CeO2, PtCuOX/CeO2-X, and PtCuOX/CeO2-X +NIR was evaluated for DPPH. Data are expressed as mean ± SD (n=3). * and # for P < 0.05, ** and ## for P < 0.01, *** and ### for P < 0.001, and **** and #### for P < 0.0001.
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Fig. S10. PtCuOX/CeO2-X nanozymes simulation model based on DFT.
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Fig. S11. a) Adsorption energies of different adsorbates on the PtCuOX/CeO2-X surface, including H2O2 (ai), O2 (aii), O (aiii), and H2O (aiv). b) Differential charge density map and PDOS of different adsorbates (H2O2, O2, O, H2O) adsorbed on the surface of CeO2. 
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Fig. S12. a) Cell viability of chondrocytes incubated with different concentrations of CeO2 and PtCuOX/CeO2-X. b) Cell viability of IL-1β-treated chondrocytes incubated with different concentrations of CeO2 and PtCuOX/CeO2-X. PtCuOX/CeO2-X dose: 50 μg/mL; incubation time: 24 h; NIR parameter: 808 nm, 1 W/cm2, 5 min; H2O2 concentration: 400 μM. Data are expressed as mean ± SD (n=3). * and # for P < 0.05, ** and ## for P < 0.01, *** and ### for P < 0.001, and **** and #### for P < 0.0001.
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Fig. S13. Chondrocyte staining with PI and calcein after different treatments, with PI (red) and calcein (green) staining dead and live cells, respectively. Data are expressed as mean ± SD (n=3). * and # for P < 0.05, ** and ## for P < 0.01, *** and ### for P < 0.001, and **** and #### for P < 0.0001.
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Fig. S14. a) Confocal microscopy was performed to observe the uptake of nanospheres by chondrocytes after co-culture with Cy5- PtCuOX/CeO2-X (0.5, 6, 12 h) and b) the corresponding quantification (Cy5- PtCuOX/CeO2-X: red; actin: green; DAPI: blue). Data are expressed as mean ± SD (n=3). * and # for P < 0.05, ** and ## for P < 0.01, *** and ### for P < 0.001, and **** and #### for P < 0.0001.
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Fig. S15. a) Chondrocyte staining with the indicator (Ru(dpp)3Cl2) and b) corresponding quantification to evaluate H2O2 scavenging ability. Data are expressed as mean ± SD (n=3). * and # for P < 0.05, ** and ## for P < 0.01, *** and ### for P < 0.001, and **** and #### for P < 0.0001.
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Fig. S16. Concentration-dependent standard curves were plotted after different treatments (Normal, Control, CeO2, PtCuOX/CeO2-X, PtCuOX/CeO2-X +NIR) of IL-1β-induced chondrocytes when ATP fluorescence intensity was recorded using a microplate reader.
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Fig. S17. Chondrocyte staining and corresponding quantification with immunofluorescent antibodies against Bax (a,b), caspase-3 (c,d), and Bcl-2 (e,f). Data are expressed as mean ± SD (n=3). * and # for P < 0.05, ** and ## for P < 0.01, *** and ### for P < 0.001, and **** and #### for P < 0.0001.
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Fig. S18. After corresponding treatments in different groups, the levels of inflammatory proteins (MMP-13, IL-6) and cartilage-specific protective proteins (Col2a1) were determined in cell supernatants using ELISA kits. Data are expressed as mean ± SD (n=3). * and # for P < 0.05, ** and ## for P < 0.01, *** and ### for P < 0.001, and **** and #### for P < 0.0001.
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Fig. S19. The articular cartilage was subjected to IHC staining using the Col2a1 antibody at 4 and 8 weeks after different treatments.
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Fig. S20. HE images of major organs extracted from SD rats with OA subjected to various treatments.
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Fig. S21. Hemolysis assay after co-culture with blood cells using different concentrations of PtCuOX/CeO2-X. Data are expressed as mean ± SD (n=3). 
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Fig. S22. The concentrations of white blood cells (WBC), red blood cells (RBC), hematocrit (HCT), hemoglobin (HGB), lymphocytes (LYM), and mean hemoglobin content (MCH), mean corpuscular volume (MCV), neutrophils (NEU), procalcitonin (PCT), and platelets (PLT) in serum were measured to evaluate the different groups at 8 weeks after the respective treatments to evaluate the results of routine blood tests in serum of different groups. Serum concentrations of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were measured to evaluate their hepatotoxicity and nephrotoxicity at 8 weeks after the respective treatments in different groups. Data are expressed as mean ± SD (n=3). 


Table S1 XPS peak summary of different atoms in CeO2
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Table S2 XPS peak summary of different atoms in CuOXCeO2-X
	





CuOXCeO2-X 
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Table S3 XPS peak summary of different atoms in PtCuOX/CeO2-X
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Table S4 Adsorption energies of different adsorbates on the PtCuOX/CeO2-X surface
	Molecule
	H2O2
	O2
	O
	H2O

	CeO2
	-0.07eV
	-0.03eV
	-3.24eV
	-0.52eV

	PtCuOXCeO2-X
	-0.60 eV
	-1.52 eV
	-5.02 eV
	-0.64 eV



Table S5 Primer sequences used in qRT-PCR experiments
	Gene name
	Forward primer
	Reverse primer

	GAPDH
	5’-AGGGCCCTGACAACTCTTTT-3’
	5’-AGGGGTCTACATGGCAACTG-3’

	MMP-13
	5’-GCCATTACCAGTCTCCGAGG-3’
	5’-TACGGTTGGGAAGTTCTGGC-3’

	IL-6
	5’-TCTGCGCAGCTTTAAGGAGT-3’
	5’-CCCAGTGGACAGGTTTCTGA-3’

	TNF-α
	5’-TCAGAGGGCCTGTACCTCAT-3’
	5’-GGAGGTTGACCTTGGTCTGG-3’

	iNOS
	5’-GTGTTCCACCAGGAGATGTTG-3’
	5’-CTCCTGCCCACTGAGTTCCGTTC-3’

	ACAN
	5’-GAATGGGAGCCAGCCTACAC-3’
	5’ -GAGAGGCAGAGGGACTTTCG-3’

	Col2a1
	5’-GACTGTGCCTCGGAAGAACT-3’
	5’ -TCTGGACGTTAGCGGTGTTG-3’
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