The OGT–c-Myc–PDK2 axis rewires the TCA cycle and promotes colorectal tumor growth
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Background: Deregulated glucose metabolism termed the “Warburg effect” is a fundamental feature of cancers, including the colorectal cancer. This is typically characterized with an increased rate of glycolysis, and a concomitant reduced rate of the tricarboxylic acid (TCA) cycle metabolism as compared to the normal cells. How the TCA cycle is manipulated in cancer cells remains unknown. Here, they show that O-linked N-acetylglucosamine (O-GlcNAc) regulates the TCA cycle in colorectal cancer cells. Depletion of OGT, the sole transferase of O-GlcNAc, significantly increases the TCA cycle metabolism in colorectal cancer cells. Mechanistically, OGT-catalyzed O-GlcNAc modification of c-Myc at serine 415 (S415) increases c-Myc stability, which transcriptionally upregulates the expression of pyruvate dehydrogenase kinase 2 (PDK2). PDK2 phosphorylates pyruvate dehydrogenase (PDH) to inhibit the activity of mitochondrial pyruvate dehydrogenase complex, which reduces mitochondrial pyruvate metabolism, suppresses reactive oxygen species production, and promotes xenograft tumor growth. This study highlights the OGT–c-Myc–PDK2 axis as a key mechanism linking oncoprotein activation with deregulated glucose metabolism in colorectal cancer.

Objective/Hypothesis: OGT–c-Myc–PDK2 axis plays a key role in regulating glucose metabolism in colorectal cancer, and suggest new therapeutic strategies.

Results: In this study, author report a novel mechanism by which O-GlcNAcylation regulates the TCA cycle in colorectal cancer. O-GlcNAcylation repressed the TCA cycle by enhancing the transcriptional expression of PDK2, which inhibited PDH-mediated mitochondrial pyruvate metabolism, thereby reducing reactive oxygen species (ROS) production and promoting cell proliferation and tumor growth. Mechanistically, O-GlcNAcylation dynamically modified c-Myc at Ser415 to block its association with the E3 ligase MAGI3, impeding the proteasome degradation of c-Myc in cells. The accumulated c-Myc could bind to the promoter region of PDK2 to activate PDK2 transcription. Blocking Ser415 O-GlcNAcylation on c-Myc suppressed PDK2 expression, enhanced ROS levels, and decreased colorectal cancer cell proliferation and tumor growth in nude mice.

Conclusion: In this study, they identify a novel O-GlcNAcylation site on c-Myc in colorectal cancer cells, indicating that different glycosylation sites may be present in the same protein in different cells. This may reflect the existence of differential modes of regulation in different tissues of origin under unique nutrient and stress conditions.
