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Interplay between autophagy and metabolism in Ras
mutation-induced tumorigenesis
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M acroautophagy (hereafter referred to
as autophagy) or ‘self-eating’ is a lyso-
somal degradation pathway and plays a role
in the breakdown of disordered intracellular
organelles, such as peroxisomes (pexophagy),
mitochondria (mitophagy), endoplasmic re-
ticula (reticulophagy) and ribosomes (ribo-
phagy), as well as providing for controlled
recycling of macromolecules during cellular
adaption and pathogenesis.”* Mitophagy
serves to remove mitochondria containing
damaged components and also to eliminate
subsets of mitochondria producing reactive
oxygen species.” The lysosomal compartment
is responsible for the controlled recycling
of cellular organelles and macromolecules.
These dynamic organelles contain hydrolytic
enzymes (proteases, lipases and glycosidases)
capable of degrading proteins, proteoglycans,
nucleic acids and lipids. Both heterophagic
and autophagic cargos find their final destiny
in lysosomes, where they are broken down by
numerous hydrolyses.* Certain environmen-
tal cues (such as starvation, high temperature,
low oxygen and hormonal stimulation) or
intracellular stress (damaged organelles, ac-
cumulation of mutant proteins and microb-
ial invasion) activate signaling pathways
that increase autophagy.">> When the cell
receives an appropriate signal, autophagy-
execution proteins trigger a cascade of reac-
tions that result in the formation of double
membrane-bound vesicles called autophago-
somes. The vesicles then fuse with lysosomes
followed by a release of lysosomal digestive
enzymes into the lumen of the resulting auto-
lysosomes. The sequestered cytoplasmic con-
tents are degraded inside the autolysosome
into free nucleotides, amino acids and fatty
acids, which are reused by the cell to maintain
macromolecular synthesis and to fuel energy
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production.® Autophagy is induced in vivo in
tumors in hypoxic regions and contributes to
tumor cell survival” Accumulated defective
lysosomes and autophagic vacuoles were dete-
cted in both nuclear receptor PPARy- and
PPARY2-deficient prostatic carcinogenesis.®’
Autophagy is also frequently activated in differ-
ent tumor cells treated with chemotherapy or
irradiation. Short-term inhibition of autophagy
along with radiotherapy leads to enhanced
cytotoxicity of radiotherapy in resistant cancer
cells. Autophagy acts either to destroy defective
cells, or as a survival mechanism for damaged
cells putting them in a position to accumulate
further genetic damage, suggestive of ‘a double-
edged of sword” reported in different types of
cancer.'® Whether autophagy is ‘protective’ for
the organism by promoting effective ‘self-eating
and self-digesting’ and/or ‘self-killing’ of dama-
ged cells or alternatively, acts as an ‘oncogenic’
survival response in cancer is not yet deter-
mined. Recently in an original research paper
published in Genes & Development, Guo et al.
hypothesized that autophagy plays opposing
roles in tumor initiation and in established
human tumors."" They suggested that, whereas
damage mitigation resulting from autophagy
may be important for suppressing tumor initia-
tion, in aggressive cancers, growth in a stressed
microenvironment may instead result in depe-
ndency on autophagy for survival. The intri-
guing work reported by Guo et al. impacts on
the interplay between autophagy/mitophagy
and mitochondrially oxidative metabolism
in a model of Ras mutations (H-ras’''? or
K-ras"'%)-induced tumorigenesis. The authors
have established an integrated in vitro and in vivo
system to investigate the biological functions of
autophagy in maintaining oxidative metabolism
in active Ras-mediated tumorigenesis.

Guo et al. first delineated the functional roles
and Dbiopathological consequences of active
autophagy in Ras mutation-mediated tumori-
genesis. Using an immortal non-tumorigenic

baby mouse kidney epithelial line iBMK, they
tested the hypothesis that activation of a strong
cell growth-promoting oncogene such as H-
ras” ' or K-ras"'? would alter the requirement
for autophagy. They found that isogenic iBMK
cell lines deficient for the essential autophagy
genes atg5 or atg7 are completely defective for
autophagy. Interestingly, allelic loss of the
essential autophagy gene beclinl produces
a partial autophagy defect. Activated Ras-
expressing iBMK cells are dependent on autop-
hagy creating ‘autophagy addiction’ to survive
starvation involving elevated p62 (an autop-
hagy cargo receptor) expression. They demon-
strated that autophagy supports activated
Ras-mediated tumorigenesis in iBMK cells.
The authors also detected a high level of basal
autophagy in a number of human cancer cell
lines with Ras mutations and determined that
autophagy facilitates growth and survival of a
subset of human cancer cell lines with active
Ras.

Then, Guo et al. investigated the mech-
anism of interactions between autophagy and
oxidative metabolism to support cancer cell
survival. They found that Ras-expressing iso-
genic iBMK tumors (atg5 ", atg7 ",
beclin1™~ and p62~'") showed a striking
accumulation of abnormal, swollen mitochon-
dria consistent with defective mitophagy.
These cells displayed autophagy defects and
impaired mitochondrial function, mainten-
ance of mitochondrial membrane potential,
mitochondrial respiration and oxygen con-
sumption. Autophagy deficiency depletes
mitochondrially produced tricarboxylic acid
cycle metabolites, likely by impairing mito-
chondrial conversion of pyruvate and/or fatty
acid into acetyl-CoA and citrate under Ras
expression. Finally, Guo ef al. found that in
autophagy-defective cells, the metabolic insuf-
ficiency in starvation produces an acute energy
crisis, leading to cell death and suggested that
development of specific autophagy inhibitors
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and determination of the optimal point in the
autophagy pathway to compromise cancer
survival is clearly warranted.

Lysosome alterations are common in cancer.
Cancer invasion and metastasis are associated
with altered lysosomal trafficking and increased
expression of cathepsins.® Disordered lyso-
somes lead to defective autolysosome forma-
tion, a late stage of autophagy including
mitophagy, which may also promote tumori-
genesis. In order to integrate these ideas, it is
important to explore the connections between
mitophagy and lysosomal biogenesis and func-
tions in Ras mutation-induced tumorigenesis.

Molecular mechanisms defining the inter-
play between autophagy and metabolism dur-
ing tumorigenesis are not yet well understood.
It has been reported that dysregulation of
cellular energetic metabolism decreases lipid
B-oxidation in favor of de novo fatty acid syn-
thesis and glutaminolysis in mitochondria and
glycolysis in the cytosol, driving cell trans-
formation and carcinogenesis.>'? It is import-
ant to determine how the major enzymes
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controlling lipid oxidation, de novo fatty acid
synthesis, glutaminolysis and glycolysis in Ras
mutation-induced tumorigenesis are regulated.

The activation or suppression of autophagy as
aroute to cancer prevention or therapy is a poten-
tial paradox, given that encouraging cancer cell
death is considered a positive response while
allowing survival and the accumulation of further
mutations is clearly undesirable. These recent
findings suggest that autophagy stimulation and
preventing cellular damage and mutation may be
an important strategy to prevent cancer initiation.
Alternatively, aggressive cancers apparently can
rely on autophagy for survival. As such, autop-
hagy inhibition may be an appropriate approach
to treating aggressive cancers and may augment
the efficacy of cancer therapy.
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