Supplementary Methods
Data from GEO processing preparation 
The GSE203612 dataset in the Gene Expression Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/) provided single-cell RNA-seq (scRNA-seq) data from 3 KIRC samples. The percentage of mitochondrial genes was evaluated by the “PercentageFeatureSet” calculation function, which displayed fine cell viability. The scRNA-seq data were normalized by the LogNormalize method after cell filtration, and the top 1,500 genes with highly variable signatures were identified for further analysis. The dimensions with significant separation were screened out using PCA, and the dimensions of the top 15 PCs were reduced through the tSNE algorithm to acquire main clusters. Marker genes in each cluster were obtained in the heatmap under the condition of log2 [fold-change (FC)]>2 and FDR < 0.05 by the “pheatmap” package. Clusters were then annotated into 8 types of cells based on marker genes by the “SingleR” package. The single-cell trajectory analysis was undertaken by the “Monocle” package.
The GSE74174 dataset included a total of 74 ccRCC patients with miRNA expression data and tyrosine kinase inhibitors (TKIs) effect information downloaded from the GEO database. According to the response to TKIs treatment, patients were sorted into two groups: progressive disease (PD); stable disease (SD), partial response (PR) or complete response (CR), summarized as Non-PD. In the following content, we calculated the risk score based on normalized raw counts data and analyzed the efficacy of the TKIs. The GEO database is publicly available and ethical approval is not required for this study.

Clinical Characteristics of the Risk Score Model
The heatmaps were used to compare the distribution of clinicopathologic characteristics between the risk groups. A chi-square test was used for correlation between clinicopathological parameters and risk attributes. Besides, stratified survival analysis was used to test the prognostic value of our risk score model in different subgroups, such as age, gender, and early or late grade/stage of the tumor.
 
Construction and evaluation of the Nomogram
Univariate and multivariable Cox regression models were utilized to evaluate clinicopathological parameters affecting the survival of KIRC patients. Considering that the N stage was lack of a large amount of data, we excluded this part and only retained the remaining factors, including age, gender, grade, T/M stage, AJCC stage and risk score. Based on the independent prognostic factors, a prognostic nomogram through the “rms” package was generated to predict the 1-year, 3-year, and 5-year OS of KIRC patients in the TCGA cohort. The calibration curve was plotted to evaluate the consistency of nomogram-predicted probabilities and observed rates. 

Drug Sensitivity Analysis 
We chose Genomics of Drug Sensitivity in Cancer (GDSC, https://www.cancerrxgene.org) to evaluate the drug sensitivity, the results of which were presented by the half maximum inhibition concentration (IC50). The analysis was conducted through the “pRRophetic” and “oncopredict” packages. 

Prediction of Target Gene
The miRDB, TargetScan and miRTarBase databases were employed to predict the mRNA targeted by 3 miRNAs. Only mRNAs concurrently recognized by the 3 databases were considered to be candidate targets. And use the RNA-seq data of TCGA database to calculate the expression of these candidate target genes between tumor and adjacent normal tissue. Genes opposite to the expression trend of the paired miRNAs were considered as more accurate target genes.

Clinical Samples
26 paired clinical clear-cell renal cell carcinoma samples and adjacent normal samples were obtained with informed consent at Sir Run Run Shaw Hospital, School of Medicine, Zhejiang University between 2013 and 2019. None of the patients received chemotherapy or radiotherapy before resection. The Ethics Committee of Sir Run Run Shaw Hospital, School of Medicine, Zhejiang University approved this study. Detailed clinical characteristics of the patients are presented in Supplementary Table 2.

Cell Culture
Human renal clear cell carcinoma cell line, 786-O, was purchased from the
Institute of Biochemistry and Cell Biology of the Chinese Academy of
Sciences (Shanghai, China) and maintained in RPMI-1640 medium (Invitrogen, 11875093, Shanghai, China) supplemented with 10% fetal calf serum (Gibco) in a humidified incubator with 95% air and 5% CO2.

Cell Transfection
All the mimics, inhibitors and their respective negative controls were designed and synthesized by Gene Pharma Company (Shanghai, China). For transfections, cells were seeded overnight and transfected with LipofectamineTM RNAiMAX transfection reagent (Thermo Fisher Scientific, 13778500, USA) according to the manufacturer’s instructions. The sequences of mimics and inhibitors used in the study were listed in Supplementary Table 3.

RNA Extraction and Real-time Quantitative PCR
Total RNA was extracted from tissue samples using TRIzol™ Reagent (Invitrogen, 15596026, Shanghai, China) and concentrations were quantified with NanoDrop 2000 (Wilmington, DE, USA). MiRNA extraction from cells was performed using the miRNeasy Mini Kit (QIAGEN, 217004, Shanghai, China). miRNA reverse-transcription was performed by miRNA First Strand cDNA Synthesis (Tailing Reaction) Kit (Sangon Biotech, B532451, Shanghai, China) according to the manufacturer’s protocols. Real-time quantitative PCR (RT-qPCR) was performed with SYBR Green Master Mix Kit and Light cycler 480 II system (Roche, Shanghai, China) for miRNA expression determination. U6 small RNA levels were used for the normalization. The relative expression of miRNAs was calculated using the 2-∆∆Ct method. The forward primers used in the study were listed in Supplementary Table 4 and universal downstream primers were provided by the kit.

The Cell Counting Kit-8 Assay and Crystal violet staining
The viable cell mass was measured with the Cell Counting Kit-8 (CCK-8) Assay (YEASEN, 40203ES80, Shanghai, China). 786-O cells (5×103) were seeded in 96-well plates after 48h transfected with mimics or inhibitors. The cells were then cultured in an incubator with 5% CO2 at 37℃ for 3 days. A totally 10 µL CCK8 solution was added into each well, and the cells were cultured for another 2 hours. The absorbance was finally determined at 450 nm with a microplate reader. The proliferation differences were examined. Moreover, 786-O cells (3×104) were seeded in 6-well plates after 48h transfected with mimics or inhibitors. After 3 days, the cells were treated with 4% polyoxymethylene for 15 min, deionized water washing, and 0.1% crystal violet for 30 min. Finally, cells were visualized under a microscope in random fields utilizing 40x magnification.

Statistical Analysis
All statistical analyses in this study were accomplished with R software (version 4.1.2). Statistical significance of normally and non-normally distributed quantitative variables was evaluated by the Student’s t-test and the Wilcoxon test, respectively. We used the Kaplan Meier method with a two-sided log-rank test to evaluate the survival data. In univariate and multivariate Cox regression models, we evaluated hazard ratio (HR) and 95% confidence interval (CI). P < 0.05 was regarded as a statistically significant difference in the data (*P < 0.05,**P < 0.01, ***P < 0.001).
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Supplementary Fig.1 The flowchart of the study
Step 1: Construction of the PANoptosis-related miRNA prognostic model; Step 2: Exploration of clinical traits of the prognostic model; Step3: Characterization between the high- and low-risk group; Step 4: Estimation of immunotherapy and chemotherapy Response; Step5: Functional enrichment analysis of miRNAs.
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Supplementary Fig.2 Development and Validation of the PANoptosis-related prognostic model
a, b The distribution of risk scores and survival status of KIRC patients in the entire group. c PCA plot in the entire group. d The heatmap showed the expression of 3 prognostic PRMs between low- and high-risk subgroups in the entire group. e The OS analysis in the entire group. f Time-dependent ROC curve analysis in the entire group.
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Supplementary Fig.3 The relationship between different clinical characteristics and PANoptosis-related prognostic model
a The heatmap showed the distribution of clinicopathologic characteristics between the high- and low-risk groups. A chi-square test was used for correlation between clinicopathological parameters and risk attributes (high or low risk). **p < 0.01 and ***p < 0.001. b-e represent specific chi-square tests for the grade, AJCC stage, T stage, and M stage, respectively.


Supplementary Fig.4
[image: ]
Supplementary Fig.4 The immune cell infiltration in TME
a The correlation between risk score and immune cell infiltration in KIRC samples. b The panorama showed the abundance of 22 types of immune cells used by the CIBERSORT analytical tool for different risk groups.
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Supplementary Fig.5 The overall survival analysis for the immune cells from the CIBERSORT analysis 
The blue curve represents the low-infiltration group, and the red curve represents the high-infiltration group.
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Supplementary Fig.6 Quality control and filtration of scRNA-seq data
a The number of genes detected in 3 KIRC samples. b Sequencing depth of each sample. c The percentage of mitochondria genes of each sample. d A positive correlation between sequencing depth and mitochondrial gene content in samples (R=0.13). e A positive correlation between sequencing depth and total intracellular sequences in samples (R=0.97). f The volcano plot identified genes fluctuating in all samples. The top 1,500 genes were marked in red dots, and the names of the top 3 genes are presented.
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Supplementary Fig.7 Annotation of cell types and single-cell trajectory analysis
a PCA plot of scRNA-seq data for preliminary dimensionality reduction. b tSNE was used for the clustering of KIRC cells. c The heatmap of marker genes in each cluster. Yellow and purple represent upregulated and downregulated genes respectively. d The cell type annotation of clusters. 11 clusters were divided into 8 cell types according to marker genes. e Single-cell pseudotime analysis of three subsets. f, g Trajectory analysis of clusters and cell types. The dots of different colors were arranged on the pseudotime branches to denote the corresponding clusters or cell types.
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Supplementary Fig.8 Anticancer drugs analysis
[bookmark: _GoBack]a-l Drug sensitivity analysis for the high- and low-risk groups. m Box plot and Bar graph illustrated the therapy response (PD/Non-PD) to TKIs treatment in high and low-risk subtypes in the GSE74174 dataset. 



Supplementary Table 1 PANoptosis-related miRNAs related literature reports
	miRNAs
	Related functions reported in previous literature

	
	Pyroptosis
	Apoptosis
	Necroptosis

	miR-141-3p
	MiR-141-3p repressed NLRP3-mediated pyroptosis by suppressing NLRP3, thus protecting calcium oxalate (CaOx) crystal-induced renal tubular epithelial cell (RTEC) injury[1].
	The elevation of miR-141-3p resulted in the promotion of apoptosis in osteosarcoma cell lines[2] as well as in colon cancer cells[3]. However, miR-141-3p induces cell proliferation and apoptosis resistance via targeted binding with the 3'-UTR of the transcription factor kruppel-like factor-9 (KLF9) in prostate cancer cells[4].
	The overexpression of miR-141-3p inhibited upregulation of necroptosis-related molecules and interaction of receptor interacting protein kinase 1 (RIPK1) and RIPK3 in LPS-treated Caco-2 cells for necrotizing enterocolitis[5].

	miR-148a-3p
	The silencing of LncRNA HOTTIP led to the inhibition of cell proliferation and NLRP1 inflammasome-mediated pyroptosis by negatively regulating miR-148a-3p targeting AKT2 and then increased ASK1/JNK signaling[6].
	MiR-148a-3p was reported to promote cell apoptosis by targeting CDK6 in acute myeloid leukemia cells[7], ROCK-1 in bladder cancer[8], and SYNJ1 in the neuronal cells[9].
 
	LncRNA-107053293 regulated necroptosis by acting as a competing endogenous RNA of miR-148a-3p in chicken trachea after NH3 inhalation[10].

	miR-15a-5p
	Inhibition of miR-15a increased inflammatory cytokines, activates caspase-1 inflammasome and increases Gasdermin D, an effector of pyroptosis in HUVECs by regulating SMPD1[11].
	MiR‑15a‑5p‑targeting oncogene YAP1 inhibited cell viability and induced cell apoptosis in cervical cancer cells[12].
	MiR-15a was up-regulated in tracheal tissue and LMH cells under H2S exposure, which triggered apoptosis and necroptosis[13], but LPS stimulation inhibited miR-15a, and increased the expression of JNK and necroptosis in chicken lungs[14].

	miR-155-5p
	Andrographolide (Andro) downregulated the expression of proinflammatory miR-155-5p, which then promoted the expression of Nrf2 to suppress pyroptosis in Mycobacterium tuberculosis (Mtb)-infected macrophages[15].
	miR-155-5p promoted apoptosis through inhibition of autophagy in liver carcinoma cells[16] and inhibited gastric cancer-cell proliferation by targeting MAP3K10[17].
	MiR-155-5p was identified to suppress its target Ripk1 (receptor (TNFRSF)-interacting serine-threonine kinase 1) expression, which is directly involved in apoptosis/necroptosis in murine osteosarcoma models[18].

	miR-16-5p
	Puerarin alleviates oxidative stress and pyroptosis in high glucose-stimulated human retinal endothelial cells (HRECs) injury by regulating the miR-16-5p/CASP1 axis[19].
	miR-16-5p induced apoptosis by regulating ANLN in breast cancer[20] and by targeting AKT3 in prostate cancer[21].
	Selenium deficiency regulated the miR-16-5p-PI3K/AKT pathway and exacerbated LPS-induced necroptosis in chicken tracheal epithelial cells[22].

	miR-181-5p
	Chlorpyrifos could inhibit cell proliferation, and activate cell pyroptosis by elevating miR-181 through down-regulation of the SIRT1/PGC-1α/Nrf2 pathway in human neuroblastoma SH-SY5Y cells[23].
	LncRNA SNHG5 may inhibit apoptosis of diffuse large B cell lymphoma cells via targeting miR-181-5p/XIAP[24].
	Cadmium might act through miR-181-5p/TNF-α to induce necroptosis in swine lungs [25]. MiR-181-5p was also reported having a key role in necroptosis in carp lymphocytes exposed to Atrazine by downregulating the expression of HK and TNF-α[26].

	miR-200a-5p
	MiR-200a was degraded by IRE1α in diabetic nephropathy rats, and stimulated the TXINP/NLRP3 pathway-mediated pyroptosis and renal damage[27].
	The overexpression of miR-200a facilitated apoptosis by targeting BRD4 in castration-resistant prostate cancer (CRPC) cells[28], promoted TRAIL-triggered apoptosis by inhibiting A20 in gastric cancer[29], elevated the apoptosis of Wilm's tumor cells by regulating CDC7[30] and promoted apoptosis in non-small cell lung cancer cells[31].
	The overexpression of miR-200a-5p sparked the receptor interacting serine/threonine kinase 3 (RIP3)-dependent necroptosis in vivo and in vitro via targeting RNF11 in heart disease[32].

	miR-21-5p
	MiR-21-5p overexpression upregulated pyroptosis-associated mRNAs and proteins by suppressing TGFBI in colorectal cancer[33] and via A20 in LPS-induced septic shock[34].
	miR-21-5p inhibitor with Aurora kinase inhibitor reversine produced a synergistic effect to limit human breast cancer progression[35]. Otherwise, miR-21-5p down-regulation also inhibited cell proliferation and induced cell apoptosis in esophageal squamous cell carcinoma cells[36].
	LncRNA SNHG1/miR-21-5p/TLR4 regulatory axis was identified in the progression in stomach adenocarcinoma[37].

	miR-210-3p
	Transfection of miR-210 mimics suppressed the effects of paeoniflorin on hypoxia-induced pyroptosis in astrocytes for hypoxia-induced brain injury in rats[38].
	Ectopic expression of miR-210-3p reduced serum starvation-induced cell apoptosis in triple-negative breast cancer[39] and suppressed apoptosis by targeting SIN3A of non-small cell lung cancer[40].
	Inhibition of Kras-derived exosomes downregulated immunosuppressive BACH2/GATA-3 expression via RIP-3/TNFa dependent necroptosis and miR-146/miR-210 modulation[41].

	miR-223-3p
	MiR-223-3p inhibited pyroptosis in monosodium urate (MSU)-induced gout arthritis (GA) rats and fibroblast-like synoviocytes (FLSs) by targeting NLRP3[42]. In addition, miR-223-3p in salivary exosomes might inhibit GSDMD-mediated pyroptosis by targeting NLRP3 in periodontitis[43]. Nevertheless, miR-233-3p was identified to promote pyroptosis of cardiomyocytes and release of inflammasome factors via downregulating the expression level of SPI1[44].
	MiR‑223‑3p served as an oncogenic role, which promotes cell growth and inhibits apoptosis through repression of FBXW7 in testicular germ cell tumors [45] and through targeting PRDM1 in colon cancer[46]. Besides, transfection with miR-223-3p inhibitor increased chemo-sensitivity to docetaxel and cell apoptosis rate in prostatic cancer[47].
	MiR-223-3p was found to suppress RIP1/RIP3/MLKL necroptotic pathway by inhibiting NLRP3 in ischemic/reperfused hearts[48], by targeting the 3' un-translated region of RIPK3 in 3-MCPD-dipalmitate-induced acute kidney injury (AKI)[49], by negatively regulating RIP3 in spinal cord injury[50].


	miR-29a-3p
	miR-29a-3p was down-regulated in plasma of acute respiratory distress syndrome (ARDS) patients, and miR-29a-3p agomir injection reduced alveolar epithelial cell PANoptosis, ultimately improving lung injury in the acute lung injury (ALI) model mice[51].
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Supplementary Table 2 Patients' clinical information
	Number
	Gender
	age
	tumor size(cm)
	site

	RCC-1
	women
	52
	6.5×6×5
	right kidney

	RCC-2
	men
	56
	3.5×3×3
	left kidney

	RCC-3
	women
	73
	5×5×4
	left kidney

	RCC-4
	men
	55
	5×4×4
	left kidney

	RCC-5
	men
	59
	5.5×5×5
	left kidney

	RCC-6
	men
	69
	4.5×4×4
	right kidney

	RCC-7
	men
	72
	10×6×5
	left kidney

	RCC-8
	men
	59
	15×9×6.5
	left kidney

	RCC-9
	men
	63
	7×5×3.5
	left kidney

	RCC-10
	women
	52
	7×7×6
	left kidney

	RCC-11
	men
	67
	2.8×2.5×2.5
	right kidney

	RCC-12
	men
	66
	8×8×7
	right kidney

	RCC-13
	women
	57
	8×7×5.5
	left kidney

	RCC-14
	men
	57
	12×8.5×7
	right kidney

	RCC-15
	men
	61
	7×5×5
	right kidney

	RCC-16
	women
	79
	3×3×2.5
	left kidney

	RCC-17
	women
	49
	1.2×1×0.8
	left kidney

	RCC-18
	women
	72
	6×5.5×5
	left kidney

	RCC-19
	women
	64
	3×3×3
	left kidney

	RCC-20
	men
	38
	2.5×2×2
	left kidney

	RCC-21
	men
	58
	4.5×4×3
	left kidney

	RCC-22
	women
	61
	5×4.5×4
	right kidney

	RCC-23
	men
	60
	9×8×6
	right kidney

	RCC-24
	men
	55
	4×3.5×3.5
	right kidney

	RCC-25
	men
	75
	4×3.5×3
	left kidney

	RCC-26
	women
	63
	3.5×2.5×2
	left kidney



Supplementary Table 3 The Corresponding sequence of mimics and inhibitors.
	miRNAs
	Corresponding sequence

	
	sense(5'-3')
	antisense(5'-3')

	hsa-miR-200a-5p  mimics
	CAUCUUACCGGACAGUGCUGGA
	CAGCACUGUCCGGUAAGAUGUU

	hsa-miR-21-5p  mimics
	UAGCUUAUCAGACUGAUGUUGA
	AACAUCAGUCUGAUAAGCUAUU

	hsa-miR-223-3p  mimics
	UGUCAGUUUGUCAAAUACCCCA
	GGGUAUUUGACAAACUGACAUU

	hsa-miR-200a-5p inhibitor
	UCCAGCACUGUCCGGUAAGAUG
	

	hsa-miR-21-5p inhibitor
	UCAACAUCAGUCUGAUAAGCUA
	

	hsa-miR-223-3p inhibitor
	UGGGGUAUUUGACAAACUGACA
	



Supplementary Table 4 The primers used for RT-qPCR in this study.
	Primers
	sense(5'-3')

	hsa-miR-200a-5p-F
	CATCTTACCGGACAGTGCTGGA

	hsa-miR-21-5p-F
	TAGCTTATCAGACTGATGTTGA

	hsa-miR-223-3p-F
	TGTCAGTTTGTCAAATACCCCA
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