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Altered metabolism constitutes a nearly 
universal feature of cancer cells.1 This 
metabolic reorganization in part origi-
nates from the high proliferative state dis-
played by cancer cells. The nature of this 
altered metabolism is complex with mul-
tiple strategies implemented across diverse 
contextual dependencies to enable the 
accumulation of the biomass that is neces-
sary for proliferation in a stressful tumor 
microenvironment.2

Proliferating cancer cells have differ-
ential requirements for the synthesis of 
nucleic acid, protein and lipid constitu-
ents.3 Regulation of cellular redox status 
is another essential metabolic need that 
must be accommodated in transformed 
cells. This may lead to an alteration of 
glucose metabolism that allows for the 
diversion of glycolytic flux into biosyn-
thetic pathways such as the pentose phos-
phate pathway. Such a rewiring may also 
indirectly interact with mitochondrial 
tricarboxylic acid cycle (TCA) flux to 
allow for enhanced biosynthesis and gen-
eration of reducing equivalents from TCA 
cycle intermediates. However, in order 
to direct the movement of the appropri-
ate carbon skeletons into the necessary 
anabolic and oxidative stress-protective 
pathways, changes in cofactor availability 
that define cellular redox state and energy 
status for metabolic enzymes are required. 
These cofactors include those that couple  
electron transfer during cellular redox 
reactions (such as NADH and NADPH) 
as well as nucleotides that regulate energy 
status and other functions such as ATP 
and GTP.4

It is often assumed that cancer cell 
metabolism may be adapted to meet high 
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energy requirements in proliferating cells. 
However, basal cellular processes likely 
consume more ATP than the combined 
processes required for cell proliferation.5 
For example, active transport through 
ion channels is believed to constitute at 
least 50% of the ATP consumption in 
cells. Furthermore, the stoichiometric 
requirements for glycolysis mandate that 
sufficient ATP be consumed in order to 
maintain high fluxes through central 
carbon metabolism. Historically, efforts 
to explain this high glycolytic flux con-
centrated on mechanisms involving the 
upregulation of ATP consumption.6 For 
example, there was considerable effort to 
identify changes in ion channel fluxes that 
may accompany differences in glycolytic 
metabolism.

One clue to how cancer cells might 
achieve some of these metabolic demands 
has recently come into focus. This was 
the observation that almost all cancer 
cells appear to adopt expression of a single 
isoform of pyruvate kinase (PKM2) that 
is normally expressed during embryonic 
development and in other proliferating 
tissue.7 PKM2 is intrinsically a less active 
enzyme and is also subject to negative reg-
ulation by phosphotyrosine signaling that 
is often upregulated in cancer cells.8 Why 
a less active enzyme is present in cells with 
enhanced glycolysis has been a mystery.

A recent study from our laboratory 
provides a potential explanation of this 
selectivity towards PKM2.9 Evidence is 
presented for a previously uncharacter-
ized glycolytic pathway that metabolizes 
glucose to pyruvate even in the absence 
of pyruvate kinase activity. This paper 
shows that the substrate for pyruvate 

kinase, phosphoenolpyruvate (PEP), can 
donate its phosphate to the enzyme phos-
phoglycerate mutase (PGAM). PGAM 
accepts the phosphate from PEP that in 
turn primes the enzyme for additional 
catalytic activity. This creates a positive 
feedback loop whereby PEP can increase 
the upstream activity of the glycolytic 
pathway. Additionally, this reaction was 
associated with pyruvate generation, pre-
sumably through a tautomerization reac-
tion following the loss of the phosphate 
group on PEP. Furthermore, this alternate 
pathway was enhanced in PKM2 express-
ing cells.

Despite this intriguing finding, ques-
tions remain. The enzyme responsible 
for this PEP-dependent histidine kinase 
activity has not been identified. Also, the 
precise mechanism by which this alternate 
pathway is coupled to the loss of inorganic 
phosphate from the cycle as an alternative 
to its donation to ADP remains unknown. 
Nevertheless it is exciting that more than 
80 years after the initial discovery of 
aerobic glycolysis in cancer cells, much 
remains to be learned about glycolysis and 
its regulation.
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