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EXPERIMENTAL SECTION
Materials 
All chemical reagents were used directly without further purification. Sodium dodecylbenzenesulfonate (SDBS), sulfuric acid (H2SO4), iron trichloride hexahydrate (FeCl3•6H2O), bovine serum albumin (BSA) and potassium permanganate (KMnO4) were purchased from Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). Ethanol, dihydroartemisinin (DHA), glutathione (GSH), methylene blue (MB) 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) and vitamin E (VE) were purchased from Aladdin Biochemical Technology Co., Ltd (Shanghai, China). Thiazolyl blue tetrazolium bromide (MTT), live/dead cell staining kit, ROS assay kit, Annexin V-FITC apoptosis detection kit and enhanced ATP assay kit were purchased from Beyotime Technology Co., Ltd (Shanghai, China). GSH assay kit and MDA assay kit were purchased from Solarbio Science Technology Co., Ltd (Beijing, China). GPX4 assay kit and LPO assay kit were purchased from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). Deferoxamine mesylate (DFO) was purchased from MedChemExpress (Shanghai, China). 
Cell lines and animals
[bookmark: _Hlk113980950]Hepa1-6 and HepG2 cells were chosen for cell tests. Hepa1-6 and HepG2 cells were purchased from the Shanghai Institute of Biochemistry and Cell Biology, Chinese Academy of Sciences. All cell lines were cultured in Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal bovine serum (FBS), 100 μg/mL streptomycin and 100 U/mL penicillin at 37 °C with 5% CO2 and 95% air. Male C57BL/6 mice (15-20 g) were purchased from Beijing HFK Bioscience Co., Ltd (Beijing, China). All animal experiments have been reviewed and approved by Fujian Medical University and conducted strictly following the guidelines of the Institutional Animal Care and Use Committee of China.
Depletion of GSH and Fenton/Fenton-like reaction of Fe-MnO2 in vitro
[bookmark: _Hlk117018537]Thanks to the characteristic peak in 300-500 nm of Fe-MnO2, we used different GSH concentrations (0 ~ 500 µM) to incubate with Fe-MnO2 for observing the depletion of Fe-MnO2 by GSH, using UV-Vis spectrometers. In order to detect the level of GSH, DTNB was applied to as an indicator. In brief, GSH (4 mM) solutions were prepared and added to different concentrations (0, 1, 2, 4, 6, 8, 10 μg/mL) of Fe-MnO2 and in different pH buffers (pH = 5.5, 6.5, 7.4). After incubation, the supernatant, collected by centrifuging, was co-incubation with DTNB (1.5 mM) and the absorbance between 500 and 800 nm was recorded.
[bookmark: OLE_LINK10]The •OH production was determined by the absorbance change of MB at 664 nm owing to MB would be reduced by •OH. Different concentrations (0, 0.125, 0.25, 0.5, 1, 2 μg/mL) of Fe-MnO2 and H2O2 were incubated at 37 °C in different pH buffers (pH = 5.5, 6.5, 7.4). In the meantime, MB was added as an •OH indicator. After 24 h incubation. the absorbance between 500 and 800 nm was measured.
Drug loading and release
Fe-MnO2 were e dispersed in 1 mL of 75% ethanol solution containing 0.5 mg DHA and stirred for 24 h at 37 °C and Fe-MnO2/DHA were obtained by centrifuging and washed with ethanol and water several times. After the DHA in the supernatant was reacted with NaOH (0.2%) in ethanol solution at 60 °C for 30 min, the UV-vis spectrum with absorption peak appearing at 285 nm was measured to calculate the entrapment efficiency of DHA, quantified from a standard curve. Meanwhile, thermo gravimetric analyzer (TGA; Q500, TA, USA) was applied to detect the drug loading efficiency of Fe-MnO2/DHA.
To determine the DHA release of Fe-MnO2/DHA, Fe-MnO2/DHA was dispersed in PBS buffer with different pH values (5.5, 6.5 and 7.4), and additional GSH were added into the solution. The responsive release of DHA was monitored by the absorption at 285 nm.
Cellular apoptosis assay
Hepa1-6 and HepG2 cells (4 × 105 cells/well) seeded into 6-well plates were cultured for 24 h and then treated with various groups (PBS, Fe-MnO2, DHA and Fe-MnO2/DHA) for another 24 h. After incubation, digested cells were stained with Annexin-V-FITC and PI for 15 min in the dark, cell apoptosis was analyzed by flow cytometry (LSRFortessa X-20, BD, USA).
[bookmark: _Hlk113547868]Biocompatibility and distribution evaluation 
[bookmark: OLE_LINK16]The red blood cells (RBCs) were isolated from serum by centrifugation of blood sample at 1000 rpm for 10 min, and washed with PBS. Then different groups (Fe-MnO2 and Fe-MnO2/DHA) with different concentrations (saline, 10, 20, 40, 60, 80, 100 and 250 μg/mL) were incubated with 2% RBC for 4 h at 37 ◦C. Samples were then centrifuged to measure the absorbance of the supernatants at 540 nm by a microplate reader. C57BL/6 mice were treated with various groups (PBS, Fe-MnO2 and Fe-MnO2/DHA) and weighed every other day (n = 3). After 6 treatments (14 days), mice were sacrificed, and whole blood samples were collected for analysis of blood chemistry. H&E staining was performed on major organs, such as the heart, liver, spleen, lung, and kidney, to assess the toxicity of organ-specific under Fe-MnO2 and Fe-MnO2/DHA.
The C57BL/6 mice (n=3) were intravenously administrated with ICG and ICG-labeled Fe-MnO2 (Fe-MnO2@ICG) at different time points (6, 12, 24 and 36 h). Then mice, main organs and tumors were imaged with IVIS imaging system (IVIS Spectrum, PerkinElmer, USA).
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Figure S1. Degradation of Fe-MnO2 by GSH. (A) UV−vis absorption of Fe-MnO2 with different GSH concentrations. (B) Corresponding degradation percent of Fe-MnO2. 
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Figure S2. Establish of DHA standard curve by UV-Vis absorbance. (A) The UV-Vis spectra of DHA. (B) Linear relationships between the UV-Vis absorbance intensity at 285 nm and the DHA concentration. 
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Figure S3. Fluorescent images of and HepG2cells stained with calcein-AM/PI by fluorescence microscope. Scale bar =100 μm. 
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[bookmark: _Hlk118288563][bookmark: _Hlk114001358]Figure S4. ROS induced by Fe-MnO2/DHA in vitro. (A) Measurement of ROS generation with fluorescence microscope in HepG2 cells (Scale bar = 100 μm). (B-C) Relative ROS level in HepG2 cells detected by flow cytometry (orange line: PBS, blue line: Fe-MnO2, red line: DHA, purple line: Fe-MnO2/DHA). Error bars represent mean ± S.D. for n = 3 (**p < 0.01, ***p < 0.001).
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[bookmark: _Hlk118288636][bookmark: _Hlk118290902]Figure S5. Ferroptosis induced by Fe-MnO2/DHA in vitro. (A-C) Cell viabilities of HepG2 cells after incubation with Fe-MnO2/DHA and different ferroptosis inhibitors (GSH, DFO and VE) for 24 h (cell viabilities only treated with Fe-MnO2/DHA was set as 100%). (D-G) Intracellular GSH content (D), GPX4 activity (E), LPO level (F) and MDA level (G) in HepG2 cells after treatment with various groups (PBS, Fe-MnO2, DHA, Fe-MnO2/DHA) for 24 h. The data are presented as mean ± S.D. (n = 3). *P < 0.05, **P < 0.01, ***P < 0.001. 

[bookmark: _Hlk117019103]Figure S6. Apoptosis assays of different group (PBS, Fe-MnO2, DHA, Fe-MnO2/DHA) in Hepa1-6 and HepG2 cells. 
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[bookmark: _Hlk117019118]Figure S7. Hemolytic test of Fe-MnO2 and Fe-MnO2/DHA. (A-B) The photograph of hemolysis experiment (A) and corresponding hemolytic ratio (B) of Fe-MnO2. (C-D) The photograph of hemolysis experiment (C) and corresponding hemolytic ratio (D) of Fe-MnO2/DHA. The hemolysis ratio detected by microplate reader at 540 nm. Error bars represent mean ± SD for n=3.


[bookmark: _Hlk117019147][bookmark: _Hlk114044464]Figure S8. The blood routines analysis including levels of red blood cells (RBC), hemoglobin (HGB), white blood cell (WBC), hematocrit (HCT), lymph, mean platelet volume (MPV), mean corpuscular volume (MCV), mean corpuscular hemoglobin concentration (MCHC) and red blood cell distribution width (RDW) (n = 3). 
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Figure S9. Body weight curves of three groups after various treatments (n=3). 
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[bookmark: _Hlk117019218]Figure S10. H&E staining images of heart, liver, spleen and kidney at various groups. Scale bar = 100 μm. 
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[bookmark: OLE_LINK2][bookmark: _Hlk117019289][bookmark: OLE_LINK1]Figure S11. Fluorescence imaging for the distribution of Fe-MnO2@ICG in vivo. (A) In vivo fluorescence intensity of free ICG and Fe-MnO2@ICG. (B) Ex vivo fluorescence images of tumors at different time points. (C) Ex vivo fluorescence images of major organs (heart, liver, spleen, lung, and kidneys). (D-E) Fluorescence quantitative analysis of tumors at different time points (D) and major organs (E).
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[bookmark: _Hlk118291005]Figure S12. Corresponding quantified results of immunohistochemical staining images to CD4+ (A) and CD8+ T (B) cells. Data are shown as mean ± S.D. n = 3, *P < 0.05, **P < 0.01.

Table S1. IC50 values (μg/mL) of DHA contained in different cell lines
(Hepa1-6 and HepG2).
	Cell line
	IC50 (μg/mL)

	
	DHA
	Fe-MnO2/DHA

	Hepa1-6
	34.19
	10.17

	HepG2
	34.49
	14.01
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