
CANCER METABOLISM 
PATHG4500 CANCER BIOLOGY



Lecture objectives

• Why do cancer cells rewire their metabolic programs?

• What are the functional consequences of these changes?

• Is there a therapeutic window for targeting cancer metabolism?
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Are these the key functions of oncogenes and tumor suppressor genes?



The gas pedal: Myc





The brake: p53

Bieging et al, 2014
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Not cell cycle arrest

Not apoptosis

Not senescence

Retained ability to activate
1. Gls2

2. Tigar

3. Glut3

4. GPX1
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Oncogenes and tumor suppressor genes regulate how to use the fuel



Why is fuel important and different for cancer?





ANGIOGENESIS

But angiogenesis does not occur in all cancers



Pancreatic ductal adenocarcinoma

Challenges 
• Asymptomatic: Late Diagnosis

• Refractile to therapy

• Prone to metastasize 

• Systemic deterioration 

https://seer.cancer.gov/statfacts/html/pancreas.html

Pancreatic ductal adenocarcinoma (PDA)

Cancer cells

Tumor stroma 

Hypovascularity necessitates 

cell intrinsic metabolic rewiring 

Institute for Cancer Genetics (ICG)
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CELLULAR METABOLISM: A RECAP



Metabolic inputs



Glucose Metabolism

GLYCOLYSIS
No oxygen required

RESPIRATION
Oxygen required
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Glucose Metabolism

GLYCOLYSIS

No oxygen required

RESPIRATION Oxygen required
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Fatty Acids and Glutamine

Anaplerosis



Metabolism is the flow of electrons

A significant fraction of metabolism concerns the flow of electrons

Reactive oxygen species

 (ROS)



Redox homeostasis

Institute for Cancer Genetics (ICG)

• Radiation
• NADPH oxidase
• Xenobiotics
• Electron transport chain
• Nitric oxide synthase

• Enzymatic
• SOD, CAT, Trx, 

Prdx
• Non-enzymatic

• Vit C, GSH, Vit 
E, Carotenoid

Chio and Tuveson, Trends in Molecular Medicine, 2017

Tonelli and Chio, Redox Signaling, 2018

Powers and Chio, Nature Cell Biology, 2022



WHAT HAPPENS IN CANCER?



Metabolic reprogramming is a hallmark of cancer

Cancer cell intrinsic and extrinsic adaptions

Institute for Cancer Genetics (ICG)



The goals of remodeling cancer metabolism

• Affecting metabolite influx by conferring an increased 
ability to acquire necessary nutrients

• Shaping how nutrients are preferentially directed to 
metabolic pathways that contribute to cellular 
tumorigenic properties

• Exerting long-ranging effects on cellular fate, including 
alterations in the differentiation of cancer cells and cells 
within the TME

BIOMASS ENERGY REDOX



The 6 features of cancer metabolic 
reprogramming

• Deregulated uptake of glucose and amino acids

• Use of opportunistic modes of nutrient acquisition

• Use of glycolysis/TCA cycle intermediates for biosynthesis and NADPH 
production

• Increased demand for nitrogen

• Alterations in metabolite driven gene regulation

• Metabolic interactions with the TME



The Warburg effect: Rapid aerobic glycolysis



Cancer diagnostics: FDG PET



When non-essential becomes essential: 
Glutamine

• Harry Eagle 1950s

• Optimal growth of cultured HeLa cells requires 10 -100 fold molar 
excess of glutamine in culture medium relative  to other amino acids 
(Eagle 1955)

• Glutamine found to be most rapidly consumed amino acid by Ehrlich 
ascites carcinomas as well as by a number of hepatomas and 
carcinosarcomas proliferating in vivo (Marqez et al 1989, Sauer et al 
1982). 



Why Glutamine?

• Contributes Carbon and nitrogen
• Purine and pyrimidine nucleotides, glucose 6 phosphate, and 

nonessential aa

• Uptake of essential amino acids
• Import of essential amino acid leucine is through the neutral amino acid 

antiporter LAT1 and this is coupled to simultaneous efflux of glutamine
• In this manner, intracellular glutamine may facilitate the import of a 

broad range of LAT1 substrates, including leucine, isoleucine, valine, 
methionine, tyrosine, tryptophan and phenylalanine (Yanagida et al 
2001).

• 18F-glutamine recently employed to provide tumor information where 
18F-fluoroglucose is not feasible eg tumors located in sites of heavy 
glucose utilization such as the brain.



Genetic mutations

• AKT: GLUT1

• Ras: GLUT1

• MYC: ASCT2 and GLS1

• System Xc: as glutamate accumulates 

it cannot exit through glutamine 

transport, and as it accumulates, 

promotes TCA cycle anaplerosis and 

stimulates uptake of cysteine by acting 

as an exchange substrate for the 

cysteine antiporter Xct.



The 6 features of cancer metabolic 
reprogramming

• Deregulated uptake of glucose and amino acids

• Use of opportunistic modes of nutrient acquisition

• Use of glycolysis/TCA cycle intermediates for biosynthesis and NADPH 
production

• Increased demand for nitrogen

• Alterations in metabolite-driven gene regulation

• Metabolic interactions with the TME





Macropinocytosis: Extracellular protein 
scavenging



Entosis

• Engulfment and 
digestion of entire living 
cells

• KRAS mutant cells are 
more likely to 
perpetrate entosis than 
to be consumed in this 
process (Sun et al 
2014)

Phagocytosis of apoptotic cellular corpses also supply amino acids to support cell survival and 

proliferation during conditions of amino acid deficits



Autophagy



The 6 features of cancer metabolic 
reprogramming

• Deregulated uptake of glucose and amino acids

• Use of opportunistic modes of nutrient acquisition

• Use of glycolysis/TCA cycle intermediates for biosynthesis and NADPH 
production

• Increased demand for nitrogen

• Alterations in metabolite driven gene regulation

• Metabolic interactions with the TME



Use of glycolysis and TCA cycle intermediates for 
biosynthesis and NADPH production

WHY make less ATP?



Glycolysis and TCA cycle intermediates: 
Biosynthesis and NADPH production



The Pentose Phosphate Pathway (PPP)

NAPDH

NUCLEOTIDES



NADPH: Protection from oxidative 
damage



NAPDH: Fatty acid synthesis

• De novo biosynthesis of fatty acids is low 
in normal adult tissues, but tumorigenesis 
is associated with a dramatic increase in 
lipid production (Li and Cheng 2014). 

• Allows cells to alter their membrane 
composition in favor of oxidative damage-
resistant saturated fatty acids as a means 
of adapting to oxidative stress (Rysman 
et al 2010).



Glycolysis and TCA cycle intermediates: 
Biosynthesis and NADPH production



Hexosamine biosynthetic pathway



Serine Glycine Biosynthesis



Reduction of dihydrofolate to tetrahydrofolate 
catalyzed by DHFR generates NADPH



 

• Excess glycolytic flux that isn't 
used for biosynthesis is mainly 
converted to lactate. This process 
helps maintain enough NAD+ to 
keep glycolysis going and prevents 
an overload of NADH in the 
mitochondria, which could slow 
down the TCA cycle.

Avoid overloading the ETC



Genetic alterations 



The 6 features of cancer metabolic 
reprogramming

• Deregulated uptake of glucose and amino acids

• Use of opportunistic modes of nutrient acquisition

• Use of glycolysis/TCA cycle intermediates for biosynthesis and NADPH 
production

• Increased demand for nitrogen

• Alterations in metabolite driven gene regulation

• Metabolic interactions with the TME



Glutamine

• In addition to its role in nucleotide 
biosynthesis, glutamine can be directly 
deamidated to glutamate by 
glutaminase. 

• Glutamine-derived glutamate acts as a 
nitrogen donor for the synthesis of 
several nonessential amino acids 
through transamination. 

• Conversely, the biosynthesis of 
asparagine from aspartate, catalyzed 
by asparagine synthetase (ASNS), uses 
the amide nitrogen from glutamine.



Arginine

Arginine provides a nitrogen 

source for synthesizing 

nucleotides, nonessential 

amino acids, and polyamines



The 6 features of cancer metabolic 
reprogramming

• Deregulated uptake of glucose and amino acids

• Use of opportunistic modes of nutrient acquisition

• Use of glycolysis/TCA cycle intermediates for biosynthesis and NADPH 
production

• Increased demand for nitrogen

• Alterations in metabolite driven gene regulation

• Metabolic interactions with the TME



Epigenetics is …. metabolism?



Alterations in metabolite-driven gene regulation

• Alpha-ketoglutarate-dependent 
dioxygenases include the TET family 
of DNA demethylases, Jumonji C 
family of histone demethylases, and a 
family of prolyl hydroxylase (PHD) 
enzymes, which, among other 
processes, regulate HIF1a levels in 
response to oxygen availability and 
oxidative stress. 

• Alpha-ketoglutarate-dependent 
dioxygenases are prone to inhibition by 
their reaction product, succinate, as 
well as by fumarate, the downstream 
product of succinate degradation in the 
TCA cycle.



Oncometabolites: 2HG







The 6 features of cancer metabolic 
reprogramming

• Deregulated uptake of glucose and amino acids

• Use of opportunistic modes of nutrient acquisition

• Use of glycolysis/TCA cycle intermediates for biosynthesis and NADPH 
production

• Increased demand for nitrogen

• Alterations in metabolite driven gene regulation

• Metabolic interactions with the TME



Metabolic interactions with the 
microenvironment

Lactate

• Attenuates the activation of 
dendritic cells and T cells, as 
well as monocyte migration 
(Fischer et al 2007). 

• Stimulates M2 polarization 
(Colegio et al 2014). 

• Promotes angiogenesis 
(Sonveaux et al 2012). 

• Increases acidification, 
leading to ECM degradation 
(Rotheberg et al 2013).



Metabolic interactions with the 
microenvironment

• Numerous solid tumor types overexpress tryptophan-degrading enzymes 
indoleamine 2,3-dioxygenase (IDO1) and tryptophan 2,3-dioxygenase 
(TDO2), which catalyze the conversion of an essential amino acid, 
tryptophan, into its derivative, kynurenine (Munn and Mellor, 2007).

• Tryptophan depletion triggers amino acid deprivation–induced apoptosis of 
effector T cells (Fallarino et al., 2002). Accumulated kynurenine acts as a 
ligand for the aryl hydrocarbon receptor (AhR) (Opitz et al., 2011). 

• In an AhR-dependent manner, kynurenine promotes a Treg phenotype, 
further contributing to the suppression of antitumor immune responses 
(Fallarino et al., 2006).



Cellular crosstalk



Systemic crosstalk: Cachexia



Key takeaways

PASSIVE RESPONSE

• Energy

• Biomass

• Redox Balance

ACTIVE REGULATION

• Regulation of gene 
expression

• Shaping the tumor 
microenvironment

• Remodeling the 
organism
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