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Cancer cells have a greater demand for NADPH than most non-cancerous cells because of an
increased demand of this reducing potential to combat ROS and to synthesize fatty acids and
nucleic acids. A failure to meet this demand can result in cell stasis or cell death. This greater
demand for NADPH can be achieved by altering pathways for glucose and glutamine
metabolism to increase NADPH production, at the expense of decreased ATP synthesis. The
particular way that a cancer cell solves this metabolic problem is dictated by the mutational
and epigenic changes that occur during tumor development. For example, mutations in the
PI3K pathway typically drive tumors into higher rates of glucose consumption and lower rates
of oxygen consumption (known as the Warburg Effect). An understanding of the links between
oncogenic mutations and their consequent effects on metabolic flux should suggest novel
approaches for therapies that combine inhibitors of signal transduction pathways with inhibitors
of nodes in metabolic pathways.
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Phosphoinositide 3-Kinase (PI13K) is a central enzyme in a signaling pathway that
mediates cellular responses to growth factors. This enzyme phosphorylates the 3 position
of phosphatidylinositol-4,5-bisphosphate to produce phosphatidylinositol-3,4,5-
trisphosphate (PIP3) at the plasma membrane. A number of signaling proteins, including
the Ser/Thr protein kinases, AKT and PDKZ1, contain pleckstrin homology domains that
bind specifically to PIP3. Thus, the generation of PIP; at the plasma membrane in response
to activation of PI3K by growth factors results in the initiation of downstream Ser/Thr
phosphorylation cascades that control a variety of cellular responses. The signaling
pathway downstream of PI3K is highly conserved from worms and flies to humans and
genetic analysis of the pathway has revealed a conserved role in regulating glucose
metabolism and cell growth. Based on deletion of genes encoding the catalytic or
regulatory subunits of PI3K in the mouse, PI3K mediates insulin dependent regulation of
glucose metabolism, and defects in activation of this pathway result in insulin resistance.
In contrast, mutational events that lead to hyperactivation of the PI3K pathway result in
cancers. Activating mutations in PIK3CA, encoding the p110alpha catalytic subunit of
PI3K or inactivating mutations in PTEN, a phosphoinositide 3-phosphatases that reverses
the effects of PI3K, are among the most common events in solid tumors. We have
generated mouse models in which a mutated form of the PIK3CA gene is expressed in a
tissue specific and reversibly inducible manner. These mice develop cancers that are
dependent on continuous expression of the mutant PIK3CA gene. The PIK3CA driven
tumors are FDG-PET positive and turning off Pl 3-Kinase with PI3K inhibitors that are in
human clinical trials results in an acute decline in FDG-PET signal that precedes tumor
shrinkage. These results suggest that the ability of PI3K to stimulate high rates of glucose
uptake and metabolism may be critical for the survival of PIK3CA mutant tumors. The
role of PI3K inhibitors for treating cancers in mouse models and in human trials will be
discussed.
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