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Abstract

The tumor microenvironment (TME) is a complex network of tumor, immune, and non-immune
stromal cells that collectively influence cancer progression and treatment response. Advances in single-
cell RNA sequencing (scRNA-seq) allow detailed TME profiling, but spatial information is crucial for
fully understanding cellular interactions in tumors. A pan-cancer analysis integrating scRNA-seq and
spatial transcriptomics reveals cancer-type-specific diversity in cell type distributions and co-
localization patterns. These differences underscore the unique micro-ecosystems of each cancer type,
with distinctive co-localization patterns, especially between the immune and stromal cells. Analyzing
relationships between cell type distribution and gene expression enables the identification of specific
ligand-receptor pairs mediating interactions between epithelial and immune cells, illuminating immune
regulatory mechanisms and spatially organized cellular interactions within tumors. These insights
highlight the role of TME heterogeneity in immune dynamics and suggest pathways for targeted

therapies tailored to the spatial and cellular complexity of each cancer type.



