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Traditional Chinese medicine for regulating glycolysis to remodel the tumor immune

microenvironment: research progress and future prospects
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Abstract: Inmune suppression in the tumor microenvironment (TME) is closely related to abnormal glycolysis. Tumor cells
gain metabolic advantages and suppress immune responses through the "Warburg effect". Traditional Chinese medicine (TCM)
has been shown to regulate key glycolysis enzymes (such as HK2 and PKM2), metabolic signaling pathways (such as PI3K/
AKT/mTOR, HIF-la) and non-coding RNAs at multiple targets, thus synergistically inhibiting lactate accumulation,
improving vascular abnormalities, and relieving metabolic inhibition of immune cells. Studies have shown that TCM
monomers and formulas can promote immune cell infiltration and functions, improve metabolic microenvironment, and with
the assistance by the nano-delivery system, enhance the precision of treatment. However, the dynamic mechanism of the
interaction between TCM-regulated glycolysis and TME has not been fully elucidated, for which single-cell sequencing and
other technologies provide important technical support to facilitate in-depth analysis and clinical translational research. Future
studies should be focused on the synergistic strategy of "metabolic reprogramming-immune activation" to provide new
insights into the mechanisms of tumor immunotherapy.
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Fig.1 Molecular mechanisms of lactate-induced remodeling of tumor immune microenvironment.
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Fig.2 Overview of the interaction between glycolysis, immunity, and traditional Chinese medicine.
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