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Introduction. Bladder cancer is the seventh most common cancer worldwide. About 70% of patients present with non-muscle invasive bladder cancer (NMIBC), which is usually treatable; however, most of these cases eventually relapse and progress to muscle-invasive bladder cancer (MIBC), a metastatic disease associated with poor prognosis. The “Warburg effect” describes tumor metabolic reprogramming that drives aerobic glycolysis and excessive lactate accumulation. Recent studies highlight the role of tumor-derived lactate in shaping the tumor microenvironment (TME). Lactate-induced acidic TME contributes to immunosuppression, maintenance of cancer stemness, drug resistance, and tumor progression.
Aims. Mimic the lactate-rich tumor microenvironment using exogenous lactate treatment in bladder cancer cells. Identify lactate-responsive genes and pathways contributing to bladder cancer progression. Elucidate the role of lipocalin-2 (LCN2) as a key mediator of lactate-driven malignancy.
Methods. Exogenous lactate treatment was applied to bladder cancer cell lines to simulate a lactate-rich TME. RNA sequencing (RNA-seq) was performed to identify differential gene expression. Candidate gene (LCN2) was validated by molecular assays (qPCR, Western blot, functional assays). Mechanistic studies were conducted to assess the contribution of LCN2 to cell proliferation, stemness, and progression.
Results. RNA-seq analysis revealed that LCN2 expression was significantly induced in bladder cancer cells exposed to lactate. Lactate treatment enhanced malignant phenotypes, including proliferation, stemness, and resistance. Functional assays demonstrated that silencing LCN2 abrogated these lactate-induced effects.
Discussion. Our findings indicate that tumor metabolite–derived lactate plays a pivotal role in bladder cancer progression by inducing LCN2 expression. This highlights a novel mechanism by which lactate-rich TME fosters tumor aggressiveness. Targeting the lactate–LCN2 axis may provide therapeutic opportunities to counteract tumor progression, relapse, and resistance in bladder cancer.
