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Proliferating cancer cells comprehensively rewire their
metabolism to sustain growth and survival in the harsh
conditions, such as hypoxia and nutrition deficiency1. Upon
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nucleotide biosynthesis pathway (Fig. 2b). We verified again that
IMP, the precursor of AMP and GMP, significantly enhanced and
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dihydroorotate, and orotate. Normally, glutamine-13C entered the
CAC, and then was enriched in aspartate m + 4 (Fig. 3f), citrate
m + 4 (Supplementary Fig. 4), dihydroorotate m + 4 and orotate
m + 4 (Fig. 3g, h). Under hypoxia, 13C

+ m+ m+ 3
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fraction of glutamine-13C-labeled acetyl-CoA, dihydroorotate,
and orotate significantly increased (Figs. 1c and 3i). These data
suggest that the biosyntheses of acetyl-CoA, dihydroorotate, and
orotate from glutamine were urged by hypoxia.

However, aspartate, the direct precursor of dihydroorotate, was
less efficiently labeled by glutamine-13C under hypoxia (Fig. 3i).
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excretion of dihydroorotate (Fig.

www.nature.com/naturecommunications
www.nature.com/naturecommunications


reprogram cellular metabolism. NADH accumulation most likely
indirectly activates CAD, given that CAD does not directly
employ NADH and NAD+.

Increased dihydroorotate excretion in in vivo tumors. In view
of the in vivo hypoxic microenvironment of tumors, we then
measured the blood dihydroorotate and orotate in patients of
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(Beijing, China). MRM mode was developed using chemical standards. Experi-
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