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Fig. S1. MMP2/9 associated with poor prognosis and cancer hallmarks. (A) Kaplan–Meier curves show overall survival 
time stratified by median expression levels of top genes of group4 score (two-sided log-rank test P < 0.05 considered statisti-
cally significant). (B) MMP2/9 associated with overall survival analysis using a Cox proportional hazards model; x-axis 
indicates higher expression of MMP2/9 with worse (hazard ratio [HR] > 1) or better (HR < 1) overall survival. Black border 
outside the point indicates p value < 0.05. Black vertical lines indicate 95% confidence interval (CI). (C) Spearman’s correlation 
between group4 score and MSigDB hallmark pathways (x-axis) across 33 cancer types (y-axis). Size indicates FDR; color 
indicates Spearman’s correlation coefficient (Rs). Pie charts in upper panel represent the percentage of cancer types with 
positive (red; Rs > 0.2, FDR < 0.05), negative (blue; Rs < -0.2, FDR < 0.05) or non-significant (gray) correlation. 
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Fig. S2. Schematic of experimental tumor-bearing model for the combination treatment of SB-3CT and PD-1 blockade. 
Treatment plan schematic for mice bearing subcutaneous (A) B16f10 cells or (B) LLC cells.
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Fig. S3. Expression of TILs in tumors from B16F10 xenograft mouse model with SB-3CT and PD-1 blockade. Fluores-
cence-activated cell sorting (FACS) of (A) CD8+ in CD3+ T cells, (B) CD8+ IFNγ+ in CD8+ T cells, (C) CD8+ GZMB+ in CD8+ 
T cells, (D) Gr-1+ CD11b+ MDSCs in CD45+ cells, and (E) CD25+ FOXP3+ Treg in CD4+ cells, in B16F10 tumor-bearing 
wild-type C57/BL6 mice treated with isotype, SB-3CT, anti-PD-1 or combination strategy.
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GSE65858 - Head and neck cancer
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LICA - Liver cancer
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Figure S4.
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Fig. S4. Association of MMP2/9 score and PD-L1. (A) Correlation of mRNA expression of PD-L1 across independent data-
sets with multiple cancer types, including lung cancer (GSE33072: n = 131, GSE42127: n = 176), head and neck cancer 
(GSE65858: n = 270) and liver cancer (LICA: n = 160, LIRI: n = 232). (B) RT-PCR of relative PD-L1 mRNA expression, (C) 
western blot (left panel: representative images, right panel: quantification) of PD-L1 protein levels and (D) flow cytometry of 
PD-L1+ membrane level in A375 melanoma cancer line treated with DMSO, SB-3CT (25μM), IFNγ (200ng/mL), and IFN
γ/SB-3CT in combination for 24 h. (E-J) PD-L1 expression of A375 melanoma cell line transfected with shMMP2 (E-G), 
shMMP9 (H-J) or the scrambled negative control shRNA (shNC). Western blot (E, H), quantification of MMP2, MMP9, and 
PD-L1 protein expression (F, I), RT-PCR analysis of MMP2, MMP9, and PD-L1 mRNA expression (G, J). All experiments were 
repeated three times independently. Results are displayed as mean ± s.d.. P values are determined by one-way ANOVA and 
Dunnett’s multiple comparison test (NS, p > 0.05, *p < 0.05, **p < 0.01, and ***p < 0.001).
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Fig. S5. PD-L1 Expression through MMP2/9, SB-3CT with limited activity in the context of KD of MMP2 and MMP9. 
(A-F) PD-L1 expression of shMMP2 (A-C), shMMP9 (D-F) A375 melanoma cell line treated with SB-3CT. Western blot (A,D), 
quantification, of MMP2, MMP9, and PD-L1 protein (B, E) and mRNA expression (C, F).  (G-L) Analysis of PD-L1 expression 
of A375 melanoma cell line with overexpression (oe) MMP2 (G-I), oeMMP9 (K-L). (G, J) Western blot, (H, K) quantification, 
and RT-PCR analysis (I, L) of MMP2, MMP9, and PD-L1 protein or mRNA expression. Results are mean ± s.d.  *p < 0.05, **p 
< 0.01, and ***p < 0.001, as determined by one-way ANOVA and Dunnett’s multiple comparison test.
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Fig. S6. Combination treatment of SB-3CT and CTLA-4 blockade in tumor-bearing model. Schematic of the treatment 
plan for mice bearing subcutaneous (A) B16f10 cells or (B) LLC1 cells. Images of (C) B16F10 tumor and (D) LLC tumor collect-
ed from mice after different combination treatment strategies (control: isotype; PD1 inhibition: anti-PD1; MMP2/9 inhibition: 
SB-3CT; combination treatment: anti-CTLA-4 + SB-3CT). (E-F) Body weight of (G) B16F10 and (H) LLC tumor-bearing 
C57/BL6 mice treated with isotype, SB-3CT, anti-CTLA-4 or combination strategy. 
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Fig. S7. Expression of TILs in tumors from B16F10 xenograft mouse model with SB-3CT and CTLA-4 blockade. (A and 
B) Fluorescence-activated cell sorting (FACS) and (C and D) quantification of immune infiltration, including CD3+ in CD45 cells 
and CD8+ in CD3+ T cells.
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Fig. S8. Infiltration of functional immune cells in tumors from B16F10 xenograft mouse model with SB-3CT and 
CTLA-4 blockade. (A-C) Fluorescence-activated cell sorting (FACS) and (D-F) quantification of immune infiltration, including 
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Fig. S9. Effects of SB-3CT in mouse model of B16F10 tumor with lung metastasis. (A-B) Treatment plan schematic for 
mice bearing lung metastasis of B16F10 tumor cells with SB-3CT treatment combined with (A) anti-PD-1 or (B) anti-CTLA-4. 
(C-D) Body weight of lung metastasis with B16F10 cells of tumor-bearing C57/BL6 mice treated with SB-3CT in combination 
with (C) anti-PD-1 or (D) anti-CTLA-4. Results are displayed as mean ± s.d.. 


