[bookmark: _Hlk156316084]Supplementary Materials for
[bookmark: OLE_LINK9]Artesunate induces melanoma cell ferroptosis and augments antitumor immunity through targeting Ido1

Wuyi Liu*, Huyue Zhou*, Wenjing Lai, Changpeng Hu, Qiaoling Wang, Chengsha Yuan, Chunmei Luo, Mengmeng Yang, Min Hu, Rong Zhang✉, Guobing Li✉

Department of Pharmacy, The Second Affiliated Hospital of Army Medical University, Chongqing 400037, China

*These authors contributed equally.
✉Corresponding authors: Guobing Li, E-mail: guobingl@tmmu.edu.cn; 
Rong Zhang, E-mail: zrcq73@tmmu.edu.cn















[image: ]
Supplementary Fig. 1 RNA-seq data was analyzed for cell proliferation markers. (A) Mki67 (B) Mcm2 (C) Pcna (D) Mybl2 (E) E2f1 (F) Plk1(G) Foxm1 (H) Ccne1 (I) Ccnd1. *P < 0.05, **P < 0.01; ***P < 0.001.



[image: ]
Supplementary Fig. 2 ART inhibited melanoma cell proliferation. (A) B16F10 and SK-MEL-28 cells were treated with different concentrations of ART (0, 10, 20, 40 μM) for 24 h and cultured for another 14 days, the clone formation viability was assessed by fixed stained with crystal violet. (B) B16F10 and SK-MEL-28 cells were treated with different concentrations of ART (0, 10, 20, 40 μM) for 24 h, Ki67 was stained and immunofluorescence were examined by fluorescence microscopy.
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Supplementary Fig. 3 ART induced melanoma cell cycle arrest at the G2/M phase. (A and B) After B16F10 cells were treated with different concentrations of ART (0, 10, 20, 40 μM) for 24 h, flow assay was used to assess the cell cycle arrest phase. (C) After cells were treated with different concentrations of ART (0, 10, 20, 40 μM) for 24 h, western blot assay was performed to assess the expression of Cdc25c, Cyclin B1, CDK1 and Cdc20. (D) RNA-seq data was analyzed for Cdc25c, Cyclin B1, CDK1 and Cdc20 expression. *P < 0.05; ***P < 0.001.
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Supplementary Fig. 4 RNA-seq data was analyzed for cell apoptosis markers. (A) Casp 3 (B) Casp 8 (C) Casp 9 (D) Bax (E) Bcl2. *P < 0.05.
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Supplementary Fig. 5 RNA-seq data was analyzed for cell ferroptosis related markers. (A) Acsl4 (B) Hmox1 (C) Ireb2 (D) Alox12 (E) Becn1 (F) Ncoa4 (G) Atf3 (H) Gls2 (I) Sirt1. *P < 0.05; **P < 0.01; ***P < 0.001.
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[bookmark: _Hlk156565796]Supplementary Fig. 6 Knockout of Hmox1 attenuated ferroptosis and enhanced cell proliferation in B16F10 cells. (A) Crispr-cas9 technology was employed to knockout Hmox1 in B16F10 cells, and the knockout efficiency was detected by western blot. (B-D) The ROS levels (B) The lipid peroxidation (C), and the MDA levels (D) in B16F10 Scramble and sgHmox1 cells. (E) Clone formation assay was employed to detect cell proliferation ability of B16F10 Scramble and sgHmox1 cells. *P < 0.05; **P < 0.01.
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Supplementary Fig. 7 Creb1 has no effect on the regulation of Hmox1 expression. (A) TIMER database analysis was used to identify the correlation between Creb1 and Hmox1. (B) Crispr-cas9 technology was used to knockout Creb1 in B16F10 cells, qPCR assay was used to detect the expression of Hmox1.
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Supplementary Fig. 8 Molecular docking results of ART with human IDO1.
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Supplementary Fig. 9 ART did not induce CD8+ T cell ferroptosis, and the expression of Hmox1 in B16F10 cells was much higher than that in CD8+ T cells. (A) qPCR was employed to detect the expression of Hmox1 in CD8+ T cells and B16F10 cells after ART (20 μM) treatment for 24 h. (B and C) After CD8+ T and B16F10 cells were treated with ART (20 μM, 24 h), flow cytometry was employed to detect the changes of lipid peroxidation. **P < 0.01; ***P < 0.001.
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Supplementary Fig. 10 RNA-seq data was analyzed for CD8+ T cell activation markers. (A) CD69 (B) Cd107a (C) TNFα. **P < 0.01; ***P < 0.001.
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Supplementary Fig. 11 CD4+ T cells and CD8+ T cells were not changed in ART-treated mice. (A and B) Flow cytometric analysis of the frequency of tumor-infiltrating CD4+ and CD8+ T cells in B16F10 tumors from ART treated mice and control group.

 















[image: ]
Supplementary Fig. 12 ART did not activate tumor-infiltrating CD4+ T cells. (A) Flow cytometric analysis of TNFα+ CD4+ T cells. (B) Flow cytometric analysis of IFNγ+ CD4+ T cells. (C) Flow cytometric analysis of CD69+ CD4+ T cells.
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Supplementary Fig. 13 Original western blots images for Figure 2G, Figure 2H, Figure 2L, Figure 3C, Figure 3D, Figure 3P, Figure 3Q, Figure 3R. Cropped areas are marked by red boxes.
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Supplementary Fig. 14 Original western blots images for Figure 3S, Figure 3T, Figure 4I, Figure 4P, Supplementary Figure S3, Supplementary Figure S6. Cropped areas are marked by red boxes.









Supplementary Table 1.
The following antibodies were employed:
	Antibody
	Company/Brand
	Cat.No.

	Anti-HO-1/HMOX1 polyclonal antibody
	Proteintech
	10701-1-AP

	Anti-Hic1 polyclonal antibody
	Proteintech
	24949-1-AP

	Anti-NFATC1 monoclonal antibody
	Protentech
	66963-1-Ig

	Anti-IDO antibody
	Santa Cruz
	sc-53978

	Anti-Cdc2 antibody
	Santa Cruz
	sc-54

	Anti-Cyclin B1 antibody
	Santa Cruz
	sc-752

	Anti-Cdc20 antibody
	Santa Cruz
	sc-13162

	Anti-cdc25C antibody
	CST
	4688

	Anti-Actin antibody
	Sigma
	A1978

	CD3 Monoclonal Antibody (17A2), eFluor™ 506, eBioscience™
	Invitrogen
	69-0032-82

	CD4 Monoclonal Antibody (GK1.5), Alexa Fluor™ 700, eBioscience™
	Invitrogen
	56-0041-82

	APC/Fire™ 750 anti-mouse CD45 Antibody
	Biolegend
	103154

	PerCP/Cyanine5.5 anti-mouse CD8a Antibody
	Biolegend
	100734

	Brilliant Violet 650™ anti-mouse TNF-α Antibody
	Biolegend
	506333

	PE anti-mouse IFN-γ Antibody
	Biolegend
	163504

	FITC anti-mouse CD279 (PD-1) Antibody
	Biolegend
	135213	

	Brilliant Violet 421™ anti-mouse CD69 Antibody
	Biolegend
	104527	

	FITC anti-mouse CD107a (LAMP-1) Antibody
	Biolegend
	121606	

	Zombie UV™ Fixable Viability Kit
	Biolegend
	423108




Supplementary Table 2.
The following primers (which was synthesized by Sangon Biotechnology) were employed:
	Gene
	Sequence (5’ to 3’)

	Hmox1
	Forward: CACTCTGGAGATGACACCTGAG

	
	Reverse: GTGTTCCTCTGTCAGCATCACC

	Cd69
	Forward: GGGCTGTGTTAATAGTGGTCCTC

	
	Reverse: CTTGCAGGTAGCAACATGGTGG

	TNFα
	Forward: GGTGCCTATGTCTCAGCCTCTT

	
	Reverse: GCCATAGAACTGATGAGAGGGAG

	IFNγ
	Forward: CAGCAACAGCAAGGCGAAAAAGG

	
	Reverse: TTTCCGCTTCCTGAGGCTGGAT

	PD1/Pdcd1
	Forward: CGGTTTCAAGGCATGGTCATTGG

	
	Reverse: TCAGAGTGTCGTCCTTGCTTCC

	Actin
	Forward: TGTGCTGTCCCTGTATGCCTCT

	
	Reverse: GGAACCGCTCGTTGCCAATAGT

	Hmox1-sgRNA
	Forward: CACCgTCAAGGCCTCAGACAAATCC

	
	Reverse: AAACGGATTTGTCTGAGGCCTTGAC

	Hic1-sgRNA
	Forward: CACCGTTATATCGCGCCAATTCGG

	
	Reverse: AAACCCGAATTGGCGCGATATAAC

	Creb1-sgRNA
	Forward: CACCgCAGCTGCACTAAGGTTACAG

	
	Reverse: AAACCTGTAACCTTAGTGCAGCTGC

	Ido1-sgRNA
	Forward: CACCgATGGCGTATGTGTGGAACCG

	
	Reverse: AAACCGGTTCCACACATACGCCATC

	Hmox1-promoter
	Forward: CCCATTCCCCTCTGTGGGGAAT

	
	Reverse: GAGCAGCTGCCCGCGCCAG





Supplementary Table 3.
The FerrDb driver gene were shown:
	ABCC1
	EGLN2
	NCOA4
	CDO1
	MAPK1
	TNFAIP3

	ACO1
	ELAVL1
	NOX1
	CHAC1
	MAPK14
	TP53

	ACSF2
	EMC2
	NOX3
	CS
	MAPK3
	ULK1

	ACSL4
	EPAS1
	NOX4
	CYBB
	MAPK8
	ULK2

	ACVR1B
	FBXW7
	NOX5
	DNAJB6
	MAPK9
	VDAC2

	ALOX12
	FLT3
	NRAS
	DPP4
	MIOX
	WIPI1

	ALOX12B
	G6PD
	PANX1
	DUOX1
	MIR6852
	WIPI2

	ALOX15
	G6PDX
	PEBP1
	DUOX2
	MTDH
	YY1AP1

	ALOX15B
	GABARAPL1
	PGD
	EGFR
	MYB
	ZEB1

	ALOX5
	GABARAPL2
	PHKG2
	BAP1
	LINC00472
	TF

	ALOXE3
	GLS2
	PIK3CA
	BECN1
	LONP1
	TFR2

	ANO6
	GOT1
	PRKAA1
	BID
	LPCAT3
	TFRC

	ATF3
	HIF1A
	PRKAA2
	CARS1
	LPIN1
	TGFBR1

	ATG13
	HILPDA
	RPL8
	CDKN2A
	MAP1LC3A
	TLR4

	ATG16L1
	HMGB1
	SAT1
	ATG7
	IFNG
	SLC38A1

	ATG3
	HMOX1
	SCP2
	ATM
	IREB2
	SNX4

	ATG4D
	HRAS
	SIRT1
	ATP5MC3
	KEAP1
	SOCS1

	ATG5
	IDH1
	SLC1A5
	BACH1
	KRAS
	TAZ
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