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Cancer metabolism as we know it today
A prologue to a special issue of Cancer
Metabolism
When oxygen is present, normal cells use mitochondria to
oxidize glucose, but in the absence of oxygen, glucose is
converted into lactate. About 90 years ago, the renowned
German scientist Otto Warburg and co-workers made two
landmark discoveries: (1) Cells from most cancers, regard-
less of the tissue of origin, exhibit an intense consumption
of glucose, 10-fold or higher consumption than that of
normal cells; (2) Within these cancerous cells, elevated
generation of lactic acid occurs even in the presence of
oxygen, thus leading them to coin the term “aerobic
glycolysis”, in contrast to the conventional anaerobic
glycolysis. From his observations, Warburg concluded that
the mitochondria of tumor cells were dysfunctional.
Although Warburg’s assumption of a mitochondria defect
was intriguing, the underlying molecular mechanisms and
functions of the “Warburg effect” in tumorigenesis and
tumor evolution remain largely unknown. Nevertheless, the
“Warburg effect” or “aerobic glycolysis” are commonly
used to describe the pivotal difference in energy produc-
tion between normal and neoplastic cells.1,2 In the past two
decades, accumulating evidence has shown that different
tumor types (and different cell subpopulations within a
tumor) may have different bioenergetic alterations. Some
tumor cells possess active and functional mitochondria for
energy production, which is contrary to Warburg’s theory of
aerobic glycolysis. Moreover, metabolic flux analyses
demonstrated that about 90% of the ATP in most healthy
cells is derived from mitochondrial oxidative phosphoryla-
tion, while only about 10% comes from the metabolism of
glucose to pyruvic acid. In contrast, cancer cells derive as
much as 60% of their ATP from glycolysis via the “Warburg
effect”, with the remaining 40% coming from mitochondrial
oxidative phosphorylation, suggesting that a dynamic
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interplay exists between oxidative metabolism and glycol-
ysis in cancer cells.1e3 Despite these revisions to Warburg’s
original theory, recent landmark discoveries in cancer
research have uncovered that altered cancer metabolism
not only allows rapid tumor cell proliferation via glycolysis,
glutaminolysis, and increased nucleotide biosynthesis, but
also renders certain bio-behaviors unique to cancer cells,
such as cell survival within the ischemic and acidic tumor
microenvironment, immune system evasion, and mainte-
nance of the cancer stem cell state.1e3 In addition,
nutrient-deprived epithelial cancer cells are able to survive
these adverse conditions as a result of their metabolic
plasticity, specifically their ability to undergo extensive
metabolic reprogramming and exploit the metabolic ca-
pacities of surrounding cancer-associated fibroblasts
(CAFs), the most abundant mesenchymal cell type present
within the cancer microenvironment.1e3

More recently, the discovery of specific gene mutations
in metabolic enzymes and the observed accumulation of
metabolites in cancer tissues explained at least some of the
mechanisms underlying the Warburg effect or aerobic
glycolysis in tumorigenesis (Fig. 1).3e7 For example, muta-
tions in the mitochondrial tricarboxylic acid (TCA) cycle and
respiratory chain component, succinate dehydrogenase
(SDH), can cause pheochromocytoma and paraganglioma.3,4

While inactivating mutations of fumarate hydratase (FH)
are associated with hereditary leiomyomatosis and renal
cell cancer, oncogenic gain-of-function mutations in iso-
citrate dehydrogenase 1/2 (IDH1/2) are associated with
adult cases of glioblastoma and myeloid malignancies.5e7 In
addition, mutations in these metabolic enzymes lead to the
accumulation of so-called oncometabolites. Among these is
2-hydroxyglutarate (2HG), which behaves as a competitor
for a-ketoglutarate (aKG)-dependent dioxygenases. These
are involved in a broad spectrum of pathways such as the
hypoxic response and epigenetic reprogramming.3,7e12 Due
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Fig. 1 Schematic representation of the metabolic pathways associated with oncometabolite accumulation and oncometabolite-
driven carcinogenesis. *Gene mutation.
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to its structural similarity to a-KG, 2HG competitively binds
with a-KG-dependent dioxygenases, such as prolyl hydrox-
ylases (PHDs), the ten eleven translocation family of 5-
methylcytosine (3 mC) hydroxylases (TETs) and the
Jumonji C domain-containing histone lysine demethylases
(KDMs), promoting hypermethylation, which results in the
suppression of genes involved in cell proliferation
(Fig. 1).3,11e14 Loss of function mutations in two other TCA
cycle enzymes, succinate dehydrogenase (SDH) and fuma-
rate hydratase (FH), promotes the accumulation of succi-
nate and fumarate, respectively. Succinate and fumarate
are also considered to be oncometabolites. Both have
functional and structural similarity to 2HG, and can pro-
mote epigenetic alterations by inhibiting the aforemen-
tioned group of a-KG-dependent enzymes, resulting in
global histone and DNA hypermethylation (Fig. 1).11e14 The
recent identification of germline and somatic cancer-
associated mutations in genes encoding key metabolic en-
zymes in cancer cells provided new support for Warburg’s
hypothesis that altered metabolism might have a role in
cancer initiation, proliferation, and metastasis. Altered
cancer metabolism can also serve as a biomarker for the
diagnosis of disease and these molecules can be used for
targeted therapies.9e17

In addition to the genetic mutations of metabolic en-
zymes, changes in metabolic gene expression also appear to
underlie aerobic glycolysis. Hypoxia-inducible factor 1
(HIF1) is stabilized under hypoxic conditions and induces
the expression of many metabolic enzymes and trans-
porters involved in central carbon metabolism, including
the M2 isoform of pyruvate kinase (PKM2), pyruvate dehy-
drogenase kinase 1 (PDK1), glucose transporters (GLUTs)
and lactate dehydrogenase A (LDHA), all of which
contribute to the aerobic glycolysis phenotype.3,4,11,15

Increased expression of PDK1, which phosphorylates and
inhibits pyruvate dehydrogenase (PDH), also acts to limit
glucose carbon flux into the TCA cycle. In contrast to most
normal cells, cancer cells predominantly express PKM2,
which limits the phosphoenolpyruvate (PEP)-to-pyruvate
conversion and thus restricts overall glucose carbon flux
into the TCA cycle.15 These latest landmark discoveries of
TCA enzyme mutations and the emerging paradigm of
oncometabolite-driven tumorigenesis have reignited the
interest of cancer biologists in elucidating the links be-
tween metabolic dysfunctions and the altered gene
expression in cancers. A new chapter has been started
about cancer metabolism.1e3

In recognition of this emerging frontier and to promote
domestic research on cancer metabolism, the Cancer
Metabolism Subcommittee was formed under the auspice of
the Chinese Society of Nutritional Oncology & Supportive
Care (CSNOSC) of the CACA (China Anti-Cancer Association)
on November 19, 2015. The first nationwide “Symposium on
Cancer Metabolism”, organized by Dr. Y Liao, Chair of the
Subcommittee, was held in Chongqing Medical University on
November 20, 2015, following a closed-door panel meeting
on the organization and infrastructure of the Cancer
Metabolism Subcommittee of China. During that meeting, a
dozen of the Subcommittee members presented their
research on cancer metabolism or related fields.

Meanwhile, in recognition of the generous support from
Chongqing Medical University, the Subcommittee sponsored
the 2nd Annual Symposium on Cancer Metabolism in
Chongqing in 2016. To cultivate local young investigators’



6 Y. Liao
interest in research on cancer metabolism, and to exchange
ideas and advocate state-of-the-art metabolomics tech-
nologies, the Subcommittee, along with its subsidiary
“Youth Subcommittee”, also hosted a two-day workshop on
cancer metabolism before the commencement of the 2nd
Symposium. This two-day workshop was designed specif-
ically for graduate students or young investigators who
wanted to learn about the latest progress in research on
cancer metabolism. The lectures at the workshop were
delivered by some of the panelists of the Subcommittee,
and covered various aspects of cancer metabolism and
modern metabolomics technologies. Based on the follow-up
questionnaires provided by all participating students, there
was high satisfaction with the contents of the workshop and
a great appreciation of the high-quality lectures given by
top-notch scientists in the field of cancer metabolism. In
addition, some of these attendees also provided comments
and suggestions for further improvement of the quality and
contents of the workshop in the future.

In recognition of these two special events and the po-
tential impact of the recent findings reported there, the
panelists of the Subcommittee, along with the Editorial
Board of Genes and Diseases, decided to sponsor a special
issue on cancer metabolism to publish a series of reviews
contributed by selected panel members of the Subcom-
mittee. A meeting report and selected abstracts covering
some of the topics presented at the 2nd Symposium are also
included in this special issue.
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