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WHY DO CANCERS HAVE HIGH
AEROBIC GLYCOLYSIS?
EIIFNGETRAZ

Robert A. Gatenby™ and Robert J. Gillies* B{ED B TEHOTLNVD

Abstract | If carcinogenesis occurs by somatic evolution, then common components of the cancer
phenotype result from active selection and must, therefore, confer a significant growth advantage.
A near-universal property of primary and metastatic cancers is upregulation of glycolysis, resulting
in increased glucose consumption, which can be observed with clinical tumour imaging. We
propose that persistent metabolism of glucose to lactate even in aerobic conditions is an
adaptation to intermittent hypoxia in pre-malignant lesions. However, upregulation of glycolysis
leads to microenvironmental acidosis requiring evolution to phenotypes resistant to acid-induced
cell toxicity. Subsequent cell populations with upregulated glycolysis and acid resistance have a
powerful growth advantage, which promotes unconstrained proliferation and invasion.
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Figure 5 | Late-stage ductal carcinoma in situ. A Sum-thick biopsy sample was stained with
haematoxylin and eosn, and digitzed with the DMetrix camera system (see online inks box) with
a resolution of 0.45 um/pixel. Blood vessels (blue) are seen in the stroma (S) surrounding the

tumour (T), but the tumour itself — within the ducts and surounded by the basement membrane
[B) — is avascular. The centre of the turnour is necrotic (N).
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Figure 4 | Hyperacidity of tumours. These figures illustrate the
micro- and macro-heterogeneity of pH. a | Tumour interstitial pH
and partial pressure of oxygen (pO,) are shown with distance
from a vessel wall. These were measured in vivo in MCF-7 breast
cancer cells using fluorescent ratio imaging. b | The extracellular
pH of a MDA-MB-435 breast tumour in mice was imaged with
the pH indicator IEPA and measured by 'H magnetic-

Robert A. Gatenby* and Robert J. Gillies, NATURE REVIEWS CANCER 2004
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Figure 6 | Model for cell-environment interactions in carcinogenesis. Early carcinogenesis proceeds from normal tissues
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