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Abstract: Objective This study aims to systematically characterize melanoma-specific super-enhancer (SE) and elucidate their role in sustaining tumor phenotypes,
providing new therapeutic targets and a framework for precision oncology. Methods This study delineates the function of melanoma-specific SE-associated genes
through integrated multi-omics analysis and experimental validation. Results This study identified 1,703 melanoma-specific SE-associated genes, which were
significantly enriched (P<0.05) in key tumor-related processes and pathways such as melanocyte differentiation, EMT, wound healing, and PI3K-Akt signaling.
Based on these findings, we further demonstrated that SE activity drives the expression of lineage transcription factors MITF and SOX10, whose expression was
significantly suppressed by JQ1 (P<0.05) and positively associated with poor clinical outcomes (P<0.05). RNA-seq analysis demonstrated that SE inhibition broadly
disrupted critical pathways including metabolism, proliferation, and cell death. Consequently, 58 JQ1-regulated genes showed significant association with overall
survival. Functionally, SE inhibition consistently suppressed proliferation, colony formation, and induced apoptosis in melanoma cells. Conclusion SE drive critical
gene expression in melanoma progression, representing promising therapeutic targets and novel treatment avenues.
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