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[bookmark: OLE_LINK2]Supplementary Figure 1 Validation of the Nrf2-deficient spontaneous ESCC model and characterization of the immune microenvironment.
(A) Immunofluorescence staining of Nrf2 (green) in esophageal tissues. Nuclei were counterstained with DAPI (blue). Note the absence of Nrf2 signal in the Mod group, confirming the efficiency of the knockout. (B) Representative gross morphology of esophagi from control Mod and Nc mice induced by 4NQO. Red circles indicate visible tumor lesions. (C) Violin plots comparing the M1 and M2 polarization scores between the s and Mod groups. The Mod group shows significantly higher M1 and M2 scores (P < 0.05). (D) Violin plots showing the distribution of M1 and M2 signature scores in specific myeloid subpopulations. (E) Bar chart displaying the proportional distribution of macrophage subpopulations. Note the expansion of the Marco_Mrc1 subset in the Mod group compared to the Nc. (F) Lollipop chart analyzing the abundance and fold change of Macrophage subsets. (G) Comparison of T cell signature scores between the Mod and Nc groups. (H) The lollipop plot illustrates the relative expansion or contraction of specific immune subsets in the Nc group compared to the Mod group. Proportions are calculated as log2(Nc/Mod) (I-J) Quantification of relative protein levels of NRF2, CRT, GPX2, and NQO1 in irradiated KYSE-150 (I) and KYSE-30 (J) cells.


Supplementary Figure 2. Profiling of additional cytokines and validation of immune activation in KYSE30 cells. (A) Violin plots displaying the expression levels of additional cytokines analyzed in the multiplex assay. No significant differences (IL-2; IL-9 and others) were observed between the Sg-Nrf2 and Sg-Con groups (P > 0.05). (B) Flow cytometric analysis of T cell effector function (TNF-, GZMB, IFN-) in tumor-DC-T cell co-culture assays using KYSE30 cells. The results exhibit trends consistent with KYSE150 cells, confirming that Nrf2-deficient tumor cells significantly potentiate T cell cytotoxicity in a dendritic cell-dependent manner.
