Molecular basis of cancer: role of genetic and epigenetic alterations
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Figure 7-32 Metabolism and cell growth. Quiescent cells rely mainly on the Krebs cycle for ATP production; if starved, autophagy (self-eating) is induced
to provide a source of fuel. When stimulated by growth factors, normal cells markedly upregulate glucose and glutamine uptake, which provide carbon sources
for synthesis of nucleotides, proteins, and lipids. In cancers, oncogenic mutations involving growth factor signaling pathways and other key factors such as
MYC deregulate these metabolic pathways, an alteration known as the Warburg effect.

•

express the M1 isoform of pyruvate kinase, which is
insensitive to growth factor signaling pathways and efficiently funnels pyruvate, the last intermediate in the
glycolytic pathway, into mitochondria where it is
metabolized by oxidative phosphorylation to generate
ATP, CO2, and H2O.
MYC. As mentioned, pro-growth pathways upregulate
expression of the transcription factor MYC, which
drives changes in gene expression that support anabolic
metabolism and cell growth. Among the most important
metabolic factors that are upregulated by MYC are multiple glycolytic enzymes and glutaminase, which is
required for mitochondrial utilization of glutamine.

The flipside of the coin is that tumor suppressors often
inhibit metabolic pathways that support growth. We have
already discussed the “braking” effect on PI3K/AKT signaling of PTEN, which opposes the Warburg effect, and
how the STK11 tumor suppressor antagonizes metabolic
changes that produce Warburg metabolism. Indeed, it may
be that many (and perhaps all) tumor suppressors that
induce growth arrest suppress the Warburg effect. For
example, p53, arguably the most important tumor sup
pressor, upregulates target genes that collectively inhibit
glucose uptake, glycolysis, lipogenesis, and the generation
of NADPH (a key cofactor needed for the biosynthesis of
macromolecules). Thus, it is increasingly clear that the
functions of many oncoproteins and tumor suppressors are
inextricably intertwined with cellular metabolism.

Autophagy. Autophagy is a state of severe nutrient deficiency in which cells not only arrest their growth, but also
cannibalize their own organelles, proteins, and membranes
as carbon sources for energy production (Chapter 2). If this
adaptation fails, the cells die. Tumor cells often seem to be
able to grow under marginal environmental conditions
without triggering autophagy, suggesting that the pathways that induce autophagy are deranged. In keeping with
this, several genes that promote autophagy are tumor suppressors. Whether autophagy is always bad from the
vantage point of the tumor, however, remains a matter of
active investigation and debate. For example, under conditions of severe nutrient deprivation tumor cells may use
autophagy to become “dormant,” a state of metabolic
hibernation that allows cells to survive hard times for long
periods. Such cells are believed to be resistant to therapies
that kill actively dividing cells, and could therefore be
responsible for therapeutic failures. Thus, autophagy may
be a tumor’s friend or foe depending on how the signaling
pathways that regulate it are “wired” in a given tumor.

Evasion of Programmed Cell Death (Apoptosis)
Accumulation of neoplastic cells may result not only
from activation of growth-promoting oncogenes or inac
tivation of growth-suppressing tumor suppressor genes,
but also from mutations in the genes that regulate apop
tosis. In the adult, cell death by apoptosis is a protective
response to several pathologic conditions that might

www.PTools.ir

301

