	Table S1. Sequences of overexpression plasmids and shRNAs targeting ZNF831

	Purpose
	Vector / Backbone
	sequence (5’-3’)

	Overexpression
	pcDNA3.1(+)-3×FLAG
	Forward
	CTTGGTACCGAGCTCGGATCCGCCACCATGGAGGTTCCAGAACCCA

	
	
	Reverse
	GAAGGGCCCTCTAGACTCGAGTATTTCTATAACTAATCGGTCTTCATCGTC

	Knockdown
	pLKO.1-puro
	Forward
	CCGAUUAGUUAUAGAAAUATT

	
	
	Reverse
	UAUUUCUAUAACUAAUCGGTT

	Knockdown
	pLKO.1-puro
	Forward
	CAAGUACCUCCUCAGGUUATT

	
	
	Reverse
	UAACCUGAGGAGGUACUUGTT





	Table S2. Primer sequences used in this study.
	

	Gene
	Species
	Primer sequence (5’-3’)
	Application

	
	
	Forward
	Reverse
	

	ZNF831
	Human
	CCGAGATGAGGGTCCCAATG
	AGGGTTCTCGCTCTTGGACA
	qRT-PCR

	NLRP3 
	Human
	GCTGGCATCTGGGGAAACC
	TTCAGGGTCCTTAGGCTTCG
	qRT-PCR, RIP-qPCR

	ASC
	Human
	TCTACCTGGAGACCTACGGC
	ATAAAGTGCAGGCCCTGGTG
	qRT-PCR

	CASP1
	Human
	AGAAAAGCCATGGCCGACAAG
	TCTTCCTTGTTCAGCACCCTT
	qRT-PCR

	GSDMD
	Human
	TTCTGCCCTCAACACTTCTGG
	GCAGCCACAAATAACTCAGCTT
	qRT-PCR

	IL-1β
	Human
	AACCTCTTCGAGGCACAAGG
	GTCCTGGAAGGAGCACTTCAT
	qRT-PCR

	IL-18
	Human
	GTCTCCCAGTGCATTTTGCC
	AGCCATCTTTATTCCTGCGACA
	qRT-PCR

	β-actin
	Human
	CCACGAAACTACCTTCAACTCC
	GTGATCTCCTTCTGCATCCTGT
	qRT-PCR

	NLRP3 
	Mouse
	CAAGGCTGCTATCTGGAGGAA
	TGCAACGGACACTCGTCATC
	qRT-PCR

	ASC
	Mouse
	ATCTGGAGTCGTATGGCTTGG
	GGTCCACAAAGTGTCCTGTTCT
	qRT-PCR

	CASP1
	Mouse
	TGTATTCACGCCCTGTTGGA
	CCCTCAGGATCTTGTCAGCCA
	qRT-PCR

	GSDMD
	Mouse
	GCAGAGGCGATCTCATTCCG
	CCAAAACACTCCGGTTCTGGTT
	qRT-PCR

	IL-1β
	Mouse
	GCCACCTTTTGACAGTGATGAG
	TGATGTGCTGCTGCGAGATT
	qRT-PCR

	IL-18
	Mouse
	TCCAACTGCAGACTGGCAC
	CTGATGCTGGAGGTTGCAGA
	qRT-PCR

	β-actin
	Mouse
	TATAAAACCCGGCGGCGCA
	TCATCCATGGCGAACTGGTG
	qRT-PCR

	CD86
	Mouse
	ATGGACCCCAGATGCACCA
	CCTTTGTAAATGGGCACGGC
	qRT-PCR

	CD80
	Mouse
	TTCACCTGGGAAAAACCCCC
	CCCGAAGGTAAGGCTGTTGT
	qRT-PCR

	iNOS
	Mouse
	GGTGAAGGGACTGAGCTGTT
	ACGTTCTCCGTTCTCTTGCAG
	qRT-PCR

	IL-6
	Mouse
	GTCCGGAGAGGAGACTTCAC
	CTGCAAGTGCATCATCGTTGT
	qRT-PCR

	CD206
	Mouse
	TTCAGCTATTGGACGCGAGG
	GAATCTGACACCCAGCGGAA
	qRT-PCR

	ARG1
	Mouse
	GGAATCTGCATGGGCAACCTGTGT
	AGGGTCTACGTCTCGCAAGCCA
	qRT-PCR

	CD163
	Mouse
	GGTGCTGGATCTCCTGGTTG
	CAGGAGCGTTAGTGACAGCA
	qRT-PCR

	IL-10
	Mouse
	TCGTAACCGACTCCTTAATGCAGGAC
	CCTTGATTTCTGGGCCATGCTTCTC
	qRT-PCR

	NLRP3-Proximal-1
	Human
	GCCTCCCACCCTGCTTCTG
	GGAAGCACAACCTTGGAGACG
	ChIP-qPCR

	NLRP3-Proximal-2
	Human
	CCACCCTGGCTCACTGCAA
	CCTGTCCACGCAATCTTGGCT
	ChIP-qPCR

	NLRP3-Distal
	Human
	GCAGTGGCTGACTGCAATCC
	TCTCCCCAACCAAGCCTCTG
	ChIP-qPCR

	GAPDH
	Human
	TACTAGCGGTTTTACGGGCG
	TCGAACAGGAGGAGCAGAGAGCGA
	RIP-qPCR



	[bookmark: _Hlk226768004]Table S3. Antibodies used in this study

	Antibody
	Application(s)
	Catalog No.
	Dilution
	Host/Species Reactivity
	Vendor
	RRID

	NLRP3
	WB
	30109-1-AP
	WB: 1:1000
	Rabbit / IgG
	Proteintech
	AB_3086231

	ASC
	WB
	10500-1-AP
	WB: 1:1000
	Rabbit / IgG
	Proteintech
	AB_2174862

	Caspase 1
	WB
	22915-1-AP
	WB: 1:1000
	Rabbit / IgG
	Proteintech
	AB_2876874

	Cleaved caspase 1
	WB
	4199
	WB: 1:1000
	Rabbit / IgG
	Cell Signaling Technology
	AB_1903916

	GSDMD
	WB
	20770-1-AP
	WB: 1:2000
	Rabbit / IgG
	Proteintech
	AB_10696319

	GSDMD-NT
	WB
	36425
	WB: 1:1000
	Rabbit / IgG
	Cell Signaling Technology
	AB_2799099

	IL-1β
	WB
	26048-1-AP
	WB: 1:1000
	Rabbit / IgG
	Proteintech
	AB_2880351

	Cleaved IL-1β
	WB
	83186
	WB: 1:1000
	Rabbit / IgG
	Cell Signaling Technology
	AB_2800010

	IL-18
	WB
	10663-1-AP
	WB: 1:1000
	Rabbit / IgG
	Proteintech
	AB_2123636

	Cleaved IL-18
	WB
	76147
	WB: 1:1000
	Rabbit / IgG
	Cell Signaling Technology
	AB_3741423

	iNOS
	WB
	22226-1-AP
	WB: 1:1000
	Rabbit / IgG
	Proteintech
	AB_2879038

	CD86
	WB
	83523-4-RR
	WB: 1:1000
	Rabbit / IgG
	Proteintech
	AB_3671150

	CD206
	WB
	18704-1-AP
	WB: 1:1000
	Rabbit / IgG
	Proteintech
	AB_10597232

	ARG1
	WB
	16001-1-AP
	WB: 1:1000
	Rabbit / IgG
	Proteintech
	AB_2289842

	GAPDH
	WB
	10494-1-AP
	WB: 1:5000
	Rabbit / IgG
	Proteintech
	AB_2263076

	HRP-conjugated Goat Anti-Rabbit IgG
	WB
	SA00001-2
	WB: 1:2000
	Goat
	Proteintech
	AB_2722564

	HRP-conjugated Goat Anti-Mouse IgG
	WB
	SA00001-1
	WB: 1:2000
	Goat
	Proteintech
	AB_2722565

	FLAG (DYKDDDDK)
	ChIP, RIP
	66008-4-Ig
	ChIP/RIP: 2-5 μg
	Mouse / IgG2b
	Proteintech
	AB_2918475

	PE anti-mouse F4/80
	Flow cytometry
	FMP480-01-100
	-
	Rat
	4A Biotech
	AB_3741421

	FITC anti-mouse CD86
	Flow cytometry
	FMF086-01-100
	-
	Rat
	4A Biotech
	AB_3741422

	APC anti-mouse CD206
	Flow cytometry
	162506
	-
	Rat
	BioLegend
	AB_2910342
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Figure S1. Supplementary analyses supporting Figure 1, including immune cell composition across breast cancer scRNA-seq datasets, GSE176078 cell-type annotation, and subtype-stratified survival analyses of candidate genes.
(A) Immune cell composition across four breast cancer single-cell RNA-seq datasets (GSE114727_inDrop, GSE148673, GSE150660, and GSE161529), showing the relative abundance of major immune cell populations.
(B) Cell-type annotation and clustering reference for the GSE176078 dataset across breast cancer subtypes.
(C) Kaplan–Meier Plotter analyses of P2RY10 and THEMIS across breast cancer subtypes, shown as supplementary survival comparisons for additional candidate genes identified in the screening analysis.
[bookmark: _Hlk227694699]
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Figure S2. Flow cytometry gating strategy for RAW264.7 macrophage phenotyping.
(A) Representative gating strategy for analysis of F4/80+CD86+ macrophages. Cells were first gated by FSC/SSC to exclude debris, followed by singlet selection. Unstained and single-stained controls were used to define quadrant gates, and the percentage of F4/80+CD86+ cells was determined in the fully stained samples.
(B) Representative gating strategy for analysis of F4/80+CD206+ macrophages. Cells were first gated by FSC/SSC to exclude debris, followed by singlet selection. Unstained and single-stained controls were used to define quadrant gates, and the percentage of F4/80+CD206+ cells was determined in the fully stained samples.
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Figure S3. Supplementary western blot analyses supporting Figure 4, showing intracellular pro-IL-1β and pro-IL-18 levels in MDA-MB-231 and 4T1-luc cells.
(A) Western blot analysis of intracellular pro-IL-1β and pro-IL-18 protein levels in MDA-MB-231 cells under ZNF831 overexpression and knockdown conditions.
(B) Western blot analysis of intracellular pro-IL-1β and pro-IL-18 protein levels in 4T1-luc cells under ZNF831 overexpression and knockdown conditions. GAPDH was used as the loading control.
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Figure S4. Additional control and supplementary technical validation experiments supporting Figure 6.
(A) ChIP-qPCR analysis of the RPL30 control locus in MDA-MB-231 cells.
(B) RIP-qPCR analysis of GAPDH mRNA in MDA-MB-231 cells.
(C) ChIP-qPCR validation at the RPL30 control locus in HEK293T cells.
(D–F) ChIP-qPCR showing FLAG-ZNF831 enrichment at NLRP3 promoter Region 1, Region 2, and Region 3 in HEK293T cells.
(G) RIP-qPCR analysis of GAPDH mRNA in HEK293T cells.
(H) RIP-qPCR analysis of NLRP3 mRNA in HEK293T cells. Data are presented as mean ± SD from three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001
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Figure S1. Supplementary analyses supporting Figure 1, including immune cell composition
across breast cancer scRNA-seq datasets, GSE176078 cell-type annotation, and subtype-stratified
survival analyses of candidate genes.
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Figure S2. Flow cytometry gating strategy for RAW264.7 macrophage phenotyping

A. F4/80+CD86* gating strategy

AT FSC-As SSCA A2 FSCHVSFSCA A3 Unstained control A4 FITC-CDS8 single stain AS PEF4/B0singlestain  AG Representative fully stained sample

B. F4/80+CD206+ gating strategy
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Figure S3. Supplementary western blot analyses supporting Figure 4, showing intracellular pro-IL-

1B and pro-IL-18 levels in MDA-MB-231 and 4T1-luc cells.
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Figure S4. Additional control and supplementary technical validation experiments supporting
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