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[ Abstract ] Malignant tumors represent a major global public health challenge, necessitating urgent innovation in diagnostic
and therapeutic strategies. Lactate, a key metabolic product of tumor cell glycolysis, functions not merely as an energy metabolite
but also as a signaling molecule to regulate malignant progression. Lactate mediates intercellular metabolite distribution through
monocarboxylate transporter (MCT)-driven lactate shuttling and regulates epigenetics via histone lactylation. This integration
establishes interconnected networks of energy, amino acid, and lipid metabolism that enhance tumor metabolic plasticity. In immune
regulation, lactate induces a shift of T cells toward immunosuppressive phenotypes, impedes CD8" T cell memory differentiation,
and attenuates cytotoxicity. Simultaneously, lactate not only reduces the immune efficacy of natural killer (NK) cells but also triggers
apoptosis by inducing mitochondrial dysfunction, creating an immune-privileged niche for metastatic sites. Furthermore, elevated
lactate levels activate multiple signaling pathways to recruit macrophages and drive their polarization toward the M2 phenotype,
fostering an immunosuppressive microenvironment. Current therapeutic strategies target key aspects of lactate metabolism. Inhibiting
lactate synthesis reduces lactate accumulation in tumor microenvironment (TME), countering the tumor’s metabolic advantage and
diminishing its role in driving metabolic reprogramming. Additionally, promoting the decomposition of lactate represents a promising
new direction. Novel agents employing bioenzymes or biomimetic catalytic systems enhance local lactate clearance, alleviating

the immunosuppressive effects of the acidic TME. This review comprehensively outlined the lactate-mediated regulatory network,
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aiming to provide systematic research directions and translational insights for developing more effective anti-tumor therapies.

[ Key words ] Lactate; Tumor; Lactylation modification; Metabolic adaptability; Tumor immunity
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Fig.1 Schematic diagram of lactate reshaping the metabolic process of tumor cells

A: High concentration of lactate regulates metabolism; B: Lactate regulates energy metabolism; C: lactate regulates amino acid metabolism;
D: Lactate regulates lipid metabolism. TCA: Tricarboxylic acid cycle; Glutl: Glucose transporter 1; PDH: Pyruvate dehydrogenase; MPRL13:
Mitochondrial ribosomal protein L13; CLDN1: Claudin-1; LDH1: Lactate dehydrogenase 1; PCK2: Phosphoenolpyruvate carboxykinase 2; ASCT2:

alanine-serine-cysteine transporter 2; GLS1: Glutaminase 1.
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Fig.2 Schematic diagram of lactate reshaping the immunosuppressive microenvironment

A: Lactate inhibits the function of effector T cells; B: Lactate inhibits the activity of NK cells; C: Lactate promotes the polarization of macrophages.
HDAC: Histone deacetylase; TCF7: Transcription factor 7; Gra B: Granzyme B.
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