Fig. S1 Endothelial SENP1, CASP1, and GSDMD expression is elevated in human coronary arteries from patients with severe atherosclerosis. A, B IF analysis of SENP1 in human coronary arteries from patients with mild or severe atherosclerosis. (A) Representative IF staining for PECAM-1 (green) and SENP1 (red). Scale bars: 20 μm. (B) Quantification of normalized SENP1+ area in endothelium (n = 6). C, D IF analysis of CASP1 in human coronary arteries from patients with mild or severe atherosclerosis. (C) Representative IF staining for PECAM-1 (red) and CASP1 (green). Scale bars: 20 μm. (D) Quantification of normalized CASP1+ area in endothelium (n = 6). E, F IF analysis of GSDMD in human coronary arteries from patients with mild or severe atherosclerosis. (E) Representative IF staining for PECAM-1 (red) and GSDMD (green). Scale bars: 20 μm. (F) Quantification of normalized GSDMD+ area in endothelium (n = 6). All data are presented as mean ± SD and were a nalyzed by unpaired t-test. **P < 0.01; ***P < 0.001; ****P < 0.0001.

[bookmark: OLE_LINK33][bookmark: OLE_LINK15]Fig. S2 Endothelial SENP1, CASP1, and GSDMD expression is elevated in brachiocephalic arteries from atherosclerotic mice. A, B IF analysis of SENP1 in brachiocephalic arteries from healthy or atherosclerotic mice. (A) Representative IF staining for PECAM-1 (red) and SENP1 (green). Scale bars: 20 μm. (B) Quantification of normalized SENP1+ area in endothelium (n = 6). C, D IF analysis of CASP1 in brachiocephalic arteries from healthy or atherosclerotic mice. (C) Representative IF staining for PECAM-1 (red) and CASP1 (green). Scale bars: 20 μm. (D) Quantification of normalized CASP1+ area in endothelium (n = 6). E, F IF analysis of GSDMD in brachiocephalic arteries from healthy or atherosclerotic mice. (E) Representative IF staining for PECAM-1 (red) and GSDMD (green). Scale bars: 20 μm. (F) Quantification of normalized GSDMD+ area in endothelium (n = 6). All data are presented as mean ± SD and were a nalyzed by unpaired t-test. **P < 0.01; ****P < 0.0001.

Fig. S3 Endothelial SENP1 is increased upon Ox-LDL treatment. A, B Western blot analysis of SENP1 protein expression in HUVECs treated with Ox-LDL at the indicated concentrations for 24 h. (A) Representative immunoblots of SENP1 and loading control. (B) Quantification of relative SENP1 protein levels normalized to loading control (n = 3). C, D Western blot analysis of SENP1 protein expression in HUVECs treated with Ox-LDL (150 μg/mL) at the indicated time points. (C) Representative immunoblots of SENP1 and loading control. (D) Quantification of relative SENP1 protein levels normalized to loading control (n = 3). All data are presented as mean ± SD and were analyzed by One-way ANOVA followed by Dunnett's multiple comparisons test. *P < 0.05.

[bookmark: OLE_LINK16][bookmark: OLE_LINK18][bookmark: OLE_LINK17]Fig. S4 Body weight, plasma lipid profiles, and IL-1β levels in endothelial Senp1-deficient Apoe-/- mice after 12 weeks of HFD. A Schematic diagram of the generation of Senp1ECWTApoe-/- mice and Senp1ECKOApoe-/- mice. B Schematic illustration of the HFD-induced hyperlipidemic atherosclerosis model. C Body weights of Senp1ECWTApoe-/- mice and Senp1ECKOApoe-/- mice after 12 weeks of HFD feeding. D, E Plasma total cholesterol (TC) (D) and triglyceride (TG) (E) levels in the two genotypes. F Plasma IL-1β levels in the two genotypes. All data are presented as mean ± SD and were analyzed by unpaired t-test. n = 10. *P < 0.05. ns, not significant.

Fig. S5 Loss of STAT1 has no effect on CASP1 and GSDMD expression in HUVECs. A, B Gene set enrichment analysis (GSEA) of IFN-γ signaling (A) and STAT1 signaling (B) pathways using RNA-seq data from HUVECs transfected with CTL si or SENP1 si. C, D Western blot analysis of STAT1 expression in HUVECs upon SENP1 knockdown. (C) Representative immunoblots of STAT1, SENP1, and loading control. (D) Quantification of relative STAT1 protein levels normalized to loading control (n = 3). E, F qRT-PCR analysis of CASP1 (E) and GSDMD (F) mRNA levels in HUVECs transfected with CTL si or STAT1 si (n = 3). All data are presented as mean ± SD and were analyzed by unpaired t-test. *P < 0.05. ns, not significant.

Fig. S6 IRF1 directly binds to the promoters of CASP1 and GSDMD. A Genome browser tracks showing CUT&Tag enrichment of IRF1 and negative control (IgG). B Schematic of the putative IRF1-binding sites within the CASP1 promoter, as predicted by the JASPAR database. C Schematic representation of three CASP1 promoter luciferase reporter mutants (Mut1-Mut3) with disruption of the predicted IRF1-binding sites. D Schematic of the putative IRF1-binding sites within the GSDMD promoter, as predicted by the JASPAR database. E Schematic representation of two GSDMD promoter luciferase reporter mutants (Mut1-Mut2) with disruption of the predicted IRF1-binding sites. 

Fig. S7 SENP1 interacts with IRF1. A Representative Co-IP analysis of exogenous SENP1-IRF1 interaction in 293T cells co-transfected with Myc-SENP1 and Flag-IRF1. Immunoprecipitation was performed with anti-Flag antibody, followed by immunoblotting with the reciprocal antibodies. B Representative Co-IP analysis of endogenous SENP1-IRF1 interaction in HUVECs using a anti-IRF1 antibodies, with IgG as a negative control. 

[bookmark: OLE_LINK20]Fig. S8 SENP1-mediated regulation of CASP1 and GSDMD depends on IRF1 deSUMOylation. A, B qRT-PCR analysis of CASP1 (A) and GSDMD (B) mRNA levels in HUVECs transfected with CTL si + Ad-Vc, CTL si + Ad-IRF1-2KR, or SENP1 si + Ad-IRF1-2KR (n = 3). Data are presented as mean ± SD and were analyzed by one-way ANOVA with Tukey's multiple comparisons test. **P < 0.01; ****P < 0.0001. ns, not significant.

Fig. S9 SENP1 does not affect IRF1 mRNA expression, protein stability, or subcellular localization in HUVECs. A qRT-PCR analysis of IRF1 mRNA levels in HUVECs transfected with CTL si or SENP1 si (n = 3). B, C Western blot analysis of IRF1 protein stability following cycloheximide (CHX, 20 μg/mL) treatment. HUVECs were transfected with CTL si or SENP1 si, and IRF1 protein levels were assessed at 0, 30, 60, and 90 min post-CHX treatment. (B) Representative immunoblots of IRF1 and loading control. (C) Quantification of relative IRF1 protein levels at the indicated time points, normalized to loading control (n = 3). D Representative immunofluorescence images of IRF1 (red) in HUVECs transfected with CTL si or SENP1 si. Nuclei were counterstained with DAPI (blue). Scale bar, 40 μm. Data are presented as mean ± SD and were analyzed by unpaired t-test (A), or Two-way ANOVA followed by Bonferroni multiple comparison test (C). ns, not significant.

[bookmark: OLE_LINK21]Fig. S10 IRF1 deSUMOylation promotes CASP1 and GSDMD expression at the protein level in HUVECs. A-C Western blot analysis of CASP1 and GSDMD protein levels in HUVECs transduced with Ad-Vc, Ad-IRF1-WT, or Ad-IRF1-2KR. (A) Representative immunoblots of Pro-CASP1, full-length GSDMD (GSDMD-FL), and loading control. (B, C) Quantification of relative Pro-CASP1 (B) and GSDMD-FL (C) protein levels normalized to loading control (n = 3). Data are presented as mean ± SD and were analyzed by one-way ANOVA with Tukey's multiple comparisons test. *P < 0.05, **P < 0.01, ****P < 0.0001. 

Fig. S11 Heatmap of CUT&Tag signal enrichment under the indicated conditions. HUVECs were transduced with Ad-Vector (Vc), Ad-IRF1-WT, Ad-IRF1-2KR, or Ad-IRF1-3KR, and subjected to CUT&Tag assays 48 h post-transduction.

[bookmark: OLE_LINK23]Fig. S12 IRF1 deSUMOylation-enhanced CASP1 and GSDMD expression is dependent on IRF1 acetylation at K78 in HUVECs. A-C Western blot analysis of pro-CASP1 and GSDMD-FL protein levels in HUVECs transduced with Ad-Vc, Ad-IRF1-2KR, or Ad-IRF1-3KR (a SUMOylation- and acetylation-deficient mutant generated by introducing an additional K78R mutation into IRF1-2KR). (A) Representative immunoblots of Pro-CASP1, full-length GSDMD (GSDMD-FL), and loading control. (B, C) Densitometric quantification of CASP1 (B) and GSDMD-FL (C) protein levels normalized to loading control (n = 3). Data are presented as mean ± SD and were analyzed by one-way ANOVA with Tukey's multiple comparisons test. *P < 0.05. ns, not significant.

[bookmark: OLE_LINK22]Fig. S13 Endothelial-specific overexpression of IRF1-WT or IRF1-2KR does not affect body weight or plasma lipid profiles in HFD-fed mice. A Schematic diagram of the experimental strategy for endothelial-specific overexpression of AAV-Vector (Vc), AAV-IRF1-WT, or AAV-IRF1-2KR in mice. B Representative immunofluorescence images of Flag (IRF1-WT/2KR) (red) in the endothelium (green) of mice transduced with AAV-Vc, AAV-IRF1-WT, or AAV-IRF1-2KR. Scale bars: 20 μm. C Body weights of mice after 12 weeks of HFD feeding. D, E Plasma levels of total cholesterol (TC) (D) and triglycerides (TG) (E) in the three groups. F Plasma levels of IL-1β in the three groups. Data are presented as mean ± SD and were analyzed by unpaired t-test (A, E, F) or Mann-Whitney test (D). n = 10. *P < 0.05; **P < 0.01; ***P < 0.001. ns, not significant.
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