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Figure S1 Animal experiments were conducted to identify the optimal route of administration for HELNs. (A) Confocal imaging of HELNs internalization in 22Rv1 cells, DAPI (blue): nuclei, Tubulin (green): cytoskeleton, PKH26 (red): HELNs. (B) Confocal imaging of HELNs internalization in PC-3 cells. (C) Cytotoxic effects of HELNs on Prostatic epithelial cell line RWPE-1 detected by CCK-8 assay. (D) Schematic diagram of animal experiment. (E) Photo of tumors at the end of experiments (n = 5). (F) Tumor growth profiles in tumor-bearing mice. (G) Tumor volume at the end of experiments. (H) Tumor weight at the end of experiments. (I) Body weight at the end of experiments. (J) Body weight changes of tumor bearing mice. (K) Hemolysis assay of HELNs. -: negative control (PBS), +: positive control (0.2% Triton X-100). (L) Quantification of hemolysis. (M) Representative H&E-stained sections of major organs after intravenous HELNs administration. *P < 0.05, **P < 0.01, ***P < 0.001, ns no significance.
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Figure S2 Analysis of the single-cell RNA-sequencing for the prostate cancer samples. (A) Quality control of the 36,424 cells from HELNs intervention group (n = 3) and control group (n = 3). (B) UMAP reduction of 36,424 cells by samples. (C) UMAP reduction of major 20 clusters for further cell type identifications. (D) Normalized cell type composition stacked bar chart by samples. (E) Chord diagram of the pathways upgrading in the HELNs intervention group. (F) Volcano plot for the differentially expressed gene (DEG) in macrophage cells by groups. (G) GO enrichment analysis in macrophage cells by groups. (H) Reactome pathway enrichment analysis in macrophage cells by groups.
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[bookmark: OLE_LINK4]Figure S3 Flow cytometry gating strategy and in vivo safety of HELNs in C57BL/6 mice. (A) Flow cytometry gating strategy, macrophages were identified as the cell population positive for CD45, CD11b, and F4/80. (B) Representative H&E-stained sections of major organs in different groups. (C) Liver and kidney function indicators of mice from different groups. AST, Aspartate aminotransferase; ALT, Alanine aminotransferase; ALB, Albumin; BUN, Blood urea nitrogen; CREA, Creatinine; UA, Uric acid.
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Figure S4 Biodistribution of HELNs in C57BL/6 mice. (A) Biodistribution of HELNs in C57BL/6 mice after intraperitoneal injection. (B) Heatmap for the top 25 microbiotas in HELNs intervention group and control group at genus level.
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Figure S5 DEGs and in vivo safety of HELNs in BALB/c nude mice. (A) Heatmap of most differential expressed genes of 22Rv1 after HELNs treatment. (B) Volcano map of DEGs of 22Rv1 after HELNs treatment. (C) GSEA results showed that 22Rv1 cells were enriched in Oxidative stress response related pathways. (D) Flow cytometry detecting the intracellular ROS levels of LNCaP cells. (E) Flow cytometry detecting the intracellular peroxidized lipid levels of LNCaP cells. (F) Flow cytometry detecting the intracellular Fe2+ levels of LNCaP cells. (G) Protein levels of SLC7A11, FSP1, ACSL4 in 22Rv1 cells in different groups. (H) Protein levels of SLC7A11, FSP1, ACSL4 in LNCaP cells in different groups. (I) Relative quantification of GPX4 protein levels of immunohistochemical staining. (J) Liver and kidney function indicators of mice from different groups. (K) Representative H&E-stained sections of major organs in different groups.
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Figure S6 Effects of siGPX4@HELNs on LNCaP cells and in vivo safety of siGPX4@HELNs in BALB/c nude mice. (A) Fluorescence intensity of residual siGPX4 in the supernatant after loading by different methods. (B) Quantification of mean fluorescence intensity relative to free siGPX4. (C) The delivery efficiency of siGPX4 by HELNs in LNCaP cells. (D) Flow cytometry detecting the intracellular peroxidized lipid levels of LNCaP cells. (E) Flow cytometry detecting the intracellular Fe2+ levels of LNCaP cells. (F) Protein expression levels of GPX4 in tumor areas, detected by immunohistochemical staining and its relative quantification. (G) H&E staining of heart, spleen, liver, lung and kidney in different groups. (H) Liver and kidney function indicators of mice from different groups.







Antibodies used in western blot
	Antibody name
	Dilution ratio
	Company

	Anti-GPX4
	1:1000
	HUABIO, China

	Anti-β-tubulin
	1:5000
	ABclonal, China

	Anti-iNOS
	1:1000
	ABclonal, China

	Anti-ARG1
	1:1000
	ABclonal, China

	anti-rabbit IgG
	1:10000
	ABclonal, China

	anti-mouse IgG
	1:10000
	ABclonal, China



Primers used for RT-qPCR
	Primer name
	Primer sequences

	Nos2 (Mus musculus)-Forward
	GAGACAGGGAAGTCTGAAGCAC

	Nos2 (Mus musculus)- Reverse
	CCAGCAGTAGTTGCTCCTCTTC

	Cd80 (Mus musculus)-Forward
	CCTCAAGTTTCCATGTCCAAGGC

	Cd80 (Mus musculus)- Reverse
	GAGGAGAGTTGTAACGGCAAGG

	Tnf-α (Mus musculus)-Forward
	GGTGCCTATGTCTCAGCCTCTT

	Tnf-α (Mus musculus)- Reverse
	GCCATAGAACTGATGAGAGGGAG

	Arg1 (Mus musculus)-Forward
	CTCCAAGCCAAAGTCCTTAGAG

	Arg1 (Mus musculus)- Reverse
	AGGAGCTGTCATTAGGGACATC

	Cd206 (Mus musculus)-Forward
	GTTCACCTGGAGTGATGGTTCTC

	Cd206 (Mus musculus)- Reverse
	AGGACATGCCAGGGTCACCTTT

	Fizz1 (Mus musculus)-Forward
	CAAGGAACTTCTTGCCAATCCAG

	Fizz1 (Mus musculus)- Reverse
	CCAAGATCCACAGGCAAAGCCA

	β-Actin (Mus musculus)-Forward
	CATTGCTGACAGGATGCAGAAGG

	β-Actin (Mus musculus)- Reverse
	TGCTGGAAGGTGGACAGTGAGG

	GPX4 (Homo sapiens)-Forward
	ACAAGAACGGCTGCGTGGTGAA

	GPX4(Homo sapiens)- Reverse
	GCCACACACTTGTGGAGCTAGA

	GAPDH (Homo sapiens)-Forward
	GTCTCCTCTGACTTCAACAGCG

	GAPDH (Homo sapiens)- Reverse
	ACCACCCTGTTGCTGTAGCCAA


Fluorochrome-conjugated antibodies used for flow cytometry
	Antibody name
	Channel
	Company

	Zombie
	BV510
	BioLegend, USA

	anti-CD45
	APC-CY7
	BioLegend, USA

	anti-CD11B
	PE-CY7
	BioLegend, USA

	anti-F4/80
	PE-CF594
	BioLegend, USA

	anti-CD206
	APC
	BioLegend, USA

	anti-ARG1
	PE
	BioLegend, USA

	anti-CD80
	PERCP
	BioLegend, USA

	anti-iNOS
	FITC
	BioLegend, USA



siGPX4 sequences
	Sequence name 
	Sequences

	siGPX4-1 Forward
	GCACAUGGUUAACCUGGACAA

	siGPX4-1 Reverse
	UUGUCCAGGUUAACCAUGUGC

	siGPX4-2 Forward
	GUGGAUGAAGAUCCAACCCAA

	siGPX4-2 Reverse
	UUGGGUUGGAUCUUCAUCCAC

	siGPX4-3 Forward
	GUGAGGCAAGACCGAAGUAAA

	siGPX4-3 Reverse
	UUUACUUCGGUCUUGCCUCAC





Single-Cell Analysis
Cell Preparation
The tissues were washed in cold PBS (Hyclone, SH30256.01) after harvested. Then they were dissociated with SeekMate Tissue Dissociation Reagent Kit A Pro (SeekGene, K01801301) and removed erythrocytes. Estimating cell count and viability using Fluorescence Cell Analyzer (Countstar® Rigel, S2) with AO/PI reagent and then removed debris and dead cells (Miltenyi, 130-109-398/130-090-101). Finally, fresh cells were washed in the RPMI1640 (Gibco, 11875119) twice and resuspended at 1×106 cells per ml in RPMI1640 and 2% FBS (Gibco, 10100147C).
Single Cell RNA-seq Library Construction and Sequencing
Single-cell RNA-Seq libraries were prepared using SeekOne® Digital Droplet Single Cell 3' library preparation kit (SeekGene, Catalog No. K00202). Cells were mixed with reverse transcription reagent and then added to the well of SeekOne® chip S3. Barcoded Hydrogel Beads (BHBs) and partitioning oil were added into corresponding wells. Reverse transcription was performed at 42℃ for 90 minutes and inactivated at 85℃ for 5 minutes after emulsion droplet generation. And cDNA was purified from broken droplet and amplified in PCR reaction. The amplified cDNA product was then cleaned, fragmented, end repaired, A-tailed and ligated to sequencing adaptor. Finally, the indexed PCR were performed to amplified the DNA representing 3' polyA part of expressing genes. The indexed sequencing libraries were cleanup with VAHTS DNA Clean Beads (Vazyme, N411-01), analyzed by Qubit (Thermo Fisher Scientific, Q33226) and Bio-Fragment Analyzer (Bioptic, Qsep400). The libraries were sequenced on illumina NovaSeq 6000 with PE150 read length.


Gut microbiota sequencing
DNA extraction and amplification
The total genomic DNA was extracted using MagPure Soil DNA LQ Kit (Magan). DNA concentration and integrity were measured with NanoDrop 2000 (Thermo Fisher Scientific, USA) and agarose gel electrophoresis. The extracted DNA was used as template for PCR amplification with the barcoded primers and Tks Gflex DNA Polymerase (Takara). For diversity analysis, V3-V4 variable regions of 16S rDNA genes was amplified with universal primers 343F (5'- TACGGRAGGCAGCAG-3') and 798 R (5'- AGGGTATCTAATCCT-3')
Library construction and sequencing
The amplicon quality was visualized using agarose gel electrophoresis. The PCR products were purified with AMPure XP beads (Agencourt). They were also amplified for another round of PCR. After purified again, the final amplicon was quantified using Qubit dsDNA Assay Kit (Thermo Fisher Scientific,USA) and adjusted for sequencing. Sequencing was performed on an Illumina NovaSeq 6000 with 250 bp paired-end reads.
16S rDNA sequencing analysis process
The library sequencing and data processing were conducted by OE biotech Co., Ltd. (Shanghai, China). In the preprocessing, Trimmomatic software were used to detect and cut off ambiguous bases (N). Low quality sequences with average quality score below 20 were also cut off. After trimming, paired-end reads were assembled using FLASH software with parameters: 10bp of minimal overlapping, 200bp of maximum overlapping and 20% of maximum mismatch rate. Using QIIME software (version 1.8.0), further denoising were performed as follows: reads with ambiguous, homologous sequences or below 200bp were abandoned. Reads with 75% of bases above Q20 were retained. Reads with chimera were removed. 
Vsearch software were used for primer sequences removal and clustering to generate operational taxonomic units (OTUs) with 97% similarity cutoff. The representative read of each OTU was selected with QIIME package and annotated using BLAST.






OD values for CCK-8 assay
To validate the assay system, The OD values for the blank control (culture medium only) and blank control (cells + PBS) in the CCK-8 assay were exhibited.
	CCK-8 in figure 2B (C4-2)

	48h
	72h

	culture medium only
	cells + PBS
	culture medium only
	cells + PBS

	1.985
	2.011
	2.98
	2.784

	1.88
	1.954
	3.021
	2.663

	1.831
	1.838
	2.784
	2.702

	2.121
	1.841
	2.998
	2.855

	2.318
	1.789
	3.12
	2.899

	2.025
	1.905
	3.08
	2.697



	CCK-8 in figure 2B (PC-3)

	48h
	72h

	culture medium only
	cells + PBS
	culture medium only
	cells + PBS

	1.795
	1.902
	2.98
	2.681

	1.987
	1.887
	2.784
	2.351

	2.033
	1.832
	2.799
	2.413

	2.114
	1.812
	2.828
	2.485

	1.883
	1.845
	2.454
	2.492

	1.946
	1.656
	2.536
	2.332



	CCK-8 in figure 2B (LNCaP)

	48h
	72h

	culture medium only
	cells + PBS
	culture medium only
	cells + PBS

	1.874
	1.778
	2.483
	2.487

	1.539
	1.638
	2.36
	2.339

	2.014
	1.667
	2.667
	2.408

	1.663
	1.602
	2.541
	2.226

	1.698
	1.731
	2.721
	2.347

	1.734
	1.627
	2.569
	2.347



	CCK-8 in figure S1A (RWPE1)

	48h
	72h

	culture medium only
	cells + PBS
	culture medium only
	cells + PBS

	0.773
	0.734
	1.475
	1.398

	0.785
	0.723
	1.347
	1.309

	0.761
	0.77
	1.338
	1.33

	0.804
	0.791
	1.493
	1.358

	0.811
	0.782
	1.26
	1.308

	0.784
	0.814
	1.501
	1.433



	CCK-8 in figure 7 (22Rv1 and LNCaP)

	22Rv1
	LNCaP

	culture medium only
	cells + PBS
	culture medium only
	cells + PBS

	0.987
	0.975
	1.036
	1.031

	0.885
	0.893
	1.112
	0.997

	0.952
	0.837
	0.954
	1.012

	0.918
	0.884
	1.12
	0.978

	0.925
	0.793
	1.002
	1.078

	0.896
	0.833
	1.234
	1.13





All Western blot results in this study include three biological replicates, with at least one full membrane result for each, which are displayed on this page.
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