[bookmark: _Hlk207450250]Supplementary Figure
Dissecting the immunosuppressive microenvironment of LAMA3+ malignant cells and SPP1+ macrophages in Esophageal Squamous Cell Carcinoma using single-cell and spatial transcriptomics
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Figure S1. Co-culture of LAMA3+tumor cells with SPP1⁺ macrophages and functional validation.
(A) Schematic of co-culture design. Tumor cells were cultured with SPP1⁺ macrophages at ratios of 1:1, 1:2, and 1:3. Controls included tumor cells alone or with non-induced macrophages.
(B) Trans-well invasion assay showing dose-dependent enhancement of tumor cell invasion by SPP1⁺ macrophages.
(C) Wound-healing assay demonstrating increased tumor cell migration in the presence of SPP1⁺ macrophages, particularly at higher ratios. Data are mean ± SEM from ≥3 independent experiments. Statistical significance was determined by one-way ANOVA (*p < 0.05; **p < 0.01; ***p < 0.001). These results provide ex vivo evidence for the pro-tumorigenic role of SPP1⁺ macrophages and support the LAMA3–SPP1 axis mediating tumor–macrophage crosstalk. Additional methods and results are included in Supplementary Figure 1.
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