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Fig. S1 Characterization of early-stage EC in scRNA-seq. A. UMAP plots displayed 14 identified major cell subtypes from 77,677 single cells. B. Dot plots showed the expression levels of marker genes in each cell subcluster. C. UMAP plot of epithelial subpopulations across samples, highlighting the tumor-specific presence of cluster_9. D. Faceted visualization of the cell trajectory for the three epithelial subpopulations across all samples. E. Heatmap depicting the interaction strength between epithelial cells and myeloid-derived cells in non-malignant and malignant cells.
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Fig. S2 Macrophage phagocytosis, membrane protein correlation, and proliferation of EC cells treated with rLGALS9. A. Correlation analysis of membrane proteins with LGALS9 and CD47. B. Representative EdU staining images of EC cells treated with or without rLGALS9 for 24h. EdU⁺ proliferating cells (red), nuclei (Hoechst 33342, blue). Significance levels: * P<0.05, ** P<0.01, *** P<0.001, **** P<0.0001.
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Fig. S3 A-G. Correlation analysis between the 7 transcription factors and macrophage infiltration (M1 + M2) using the TIMER database. 
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Fig. S4 The appropriate concentration of estrogen and progesterone and its effect on the secretion of LGALS9. A, B Changes in cell viability after 24 hours of treatment with different concentrations of estrogen and progesterone, detected by the CCK-8 assay. C. Changes in LGALS9 secretion by macrophages after treatment with estrogen and progesterone. Significance levels: * P<0.05, ** P<0.01, *** P<0.001, **** P<0.0001.
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Fig. S5 Expression of CD47⁺CDK1⁺ epithelial cells in tumor epithelium and adjacent normal endometrial epithelium. A, C. Immunofluorescence was performed to identify CD47+CDK1+ positive cells in normal endometrium and EC epithelium (3 ROIs per group). Scale bar = 100 μm. B. D. Bar chart of the proportion of CD47+CDK1+ cells in tumor epithelium and adjacent normal endometrial ROI. Significance levels: * P<0.05, ** P<0.01, *** P<0.001, **** P<0.0001.
[image: ]
Fig. S6 Correlation between CD47, HCK, LGASL9 and ERRγ and EC in the bioinformation data. A. Expression levels of CD47, HCK, LGASL9 and ERRγ in the GSE17025 dataset. B, C. ROC curve of the predictive model constructed based on the expression of CD47, HCK, LGASL9 and ERRγ in the GSE17025 dataset. D. The expression of CD47, HCK, LGASL9 and ERRγ in the early and advanced grades of the early EC dataset. E. The expression of CD47, HCK, LGASL9 and ERRγ in the early and advanced grades of the TCGA-UCEC cohort. F. The expression of CD47, HCK, LGASL9 and ERRγ in the early and advanced stages of the TCGA-UCEC cohort. G. Expression patterns of CD47, HCK, LGASL9 and ERRγ in different molecular subtypes. H. Expression of CD47, HCK, LGASL9 and ERRγ in TP53 mutant and wild-type samples. I. Prediction of survival changes in EC patients with different expression levels of CD47, HCK, LGASL9 and ERRγ using the TCGA-UCEC cohort. Significance levels: * P<0.05, ** P<0.01, *** P<0.001, **** P<0.0001.
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Fig. S7 Correlation between CD47, HCK and LGASL9 and EC in the proteomics. A. Expression of HCK and LGASL9 in 24 tumor samples and adjacent normal endometrial tissues. B. The expression of HCK and LGASL9 in 15 cases of favorable prognosis and 9 cases of poor prognosis EC tissues. C. Prediction of survival changes in EC patients with different expression levels of HCK and LGASL9 using proteomics data. EC patients were stratified into low-risk and high-risk groups based on the median expression value. Survival curves were compared using the Log-rank test and visualized with the Kaplan-Meier method. Significance levels: * P<0.05, ** P<0.01, *** P<0.001, **** P<0.0001.
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Fig. S8 Organoid construction and virus transfection concentration exploration. A. B. The cellular morphology of organoids was evaluated using a light microscope and H&E staining. C. The morphological changes in EC organoids at 0 d, 5d, 6d and 8d were evaluated using light microscopy after treatment with viruses with different concentrations of MOI. On the 6th day, neomycin was added to the organoid medium and screened for 48 h. D. Organoid activity curve diagram.
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Fig. S9 The molecular mechanism of the CD47-HCK-LGALS9 axis regulation in early-stage EC immune microenvironment. 


Supplementary materials and methods
5-ethynyl-2’-deoxyuridine fluorescence labeling (EdU)
Cells were seeded in 6-well plates at 5×10⁵ cells/mL and cultured overnight. After treatment, cells were pulsed with 10 μM EdU by adding pre-warmed (37°C) 2X EdU working solution (prepared via 1:500 dilution of 10 mM EdU stock in culture medium) and incubated for 2 h. Subsequently, medium was removed and cells were fixed with 4% paraformaldehyde (15 min, RT), permeabilized with 0.3% Triton X-100 (10-15 min, RT), and washed thrice with PBS. The Click-iT reaction cocktail (500 μL/well) was applied for 30 min (RT, dark), followed by PBS washes. Nuclei were counterstained with Hoechst 33342 (1:1000 in PBS, 10 min, dark), washed, and imaged via fluorescence microscopy. 
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  Fig. S1  Characterization of early - stage EC in scRNA - seq .  A.  UMAP plots displayed  14 identified major cell subtypes from 77,677 single cells.   B.  Dot plots showed the  expression levels of marker genes in each cell  sub cluster.   C.  UMAP plot of epithelial  subpopulations across samples, highlighting the tumor - specific presence of cluster_9.   D.  Faceted visualization of the cell trajectory for the three epithelial subpopulations  across all samples.  E.  Heatmap depicting the interaction strength between epithelial cells and  myeloid - derived cells   in  non - malignant   and  malignant   cells.  

