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Tumorigenesis through the lens of 
Cell Cycle control and Cell Death



(Hanahan and Weinberg 2000)

Hallmarks of cancer



• Oncogenesà proliferate
• Tumor suppressor genesà

don’t proliferate
• Whole genome sequencing of 

cancer cells
• Development of selective 

inhibitors 

“Using a custom pipeline (Methods), we identified 
32,476 somatic mutations, with 13,084 predicted to 
affect protein sequence. These coding mutations 
included 11,006 SNVs (10,193 missense, 808 
nonsense, 5 read-through) and 1,635 small 
insertions or deletions (indels: 1,315 frameshift, 320 
in-frame). We also detected 443 variants (268 SNVs, 
175 indels) predicted to affect canonical splice sites. 
Each tumour had an average of 13 mutations (5 
coding), with 131 tumours harbouring at least 30 
mutations and 38 tumours devoid of any mutation 
(76 devoid of coding mutations).”



Not cell cycle arrest
Not apoptosis
Not senescence

Retained ability to activate
1. Gls
2. Tigar
3. Glut3



All roads lead to metabolism?





Demosplasia in solid tumors

Cancer cells

Tumor stroma 

• Hypovascularity
• Collapsed  blood 

vessel 
• Limits nutrient 

availability

Hypoxia
Nutrient stress

METABOLIC ADAPTATIONS



Wolfe et al, 2016 Fontiers in 
Molecular neuroscience



CELLULAR METABOLISM: A RECAP





Metabolic inputs





Fructose 1,6 bisphosphate

1,3- bisphosphoglycerate

Glyceraldehyde 3 phosphate



Osellame et al 2012





Glutamine anaplerosis



The goals of remodeling cancer metabolism

• Affecting metabolite influx through conferring an increased ability 
to acquire the necessary nutrients
• Shaping the way the nutrients are preferentially assigned to 

metabolic pathways that contribute to cellular tumorigenic 
properties
• Exerting long ranging effects on cellular fate, among which are 

alterations in differentiation of cancer cells and cells of the TME

BIOMASS ENERGY REDOX



Electron flow

• Significant fraction of 
metabolism concerns the 
flow of electrons (redox 
reactions)
• Respiration in general
• NAD+/NADH and 

NADP+/NADPH are the 
major carriers of reducing 
equivalents



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



Vander Heiden et al, Science 2009

The Warburg effect: 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
• Xct: 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?



Vander Heiden and DeBerardinis 2017



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



The Pentose Phosphate Pathway (PPP)



Protection from oxidative damage



Serine Glycine Biosynthesis



Fatty acid synthesis
• De novo biosynthesis of fatty acid 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 its membrane 

composition in favor of oxidative 
damage resistant saturated fatty acids 
as means of adapting of oxidative 
stress (Rysman et al 2010)



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



The Pentose Phosphate Pathway (PPP)



Reduction of dihydrofolate to tetrahydrofolate 
catalyzed by DHFR generates NADPH



Hexosamine biosynthetic pathway



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

WHY make less ATP?



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 being used for nucleotide biosynthesis, glutamine can be 

directly deamidated to glutamate by glutaminase. Glutamine derived 
glutamate serves as a donor of nitrogen for the production of a number of 
nonessential amino acids via transamination

• In contrast, biosynthesis of asparagine from aspartate, catalyzed by 
asparagine synthetase (ASNS), utilizes the amide nitrogen of glutamine.







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





Alterations in metabolite driven gene 
regulation
• a-ketoglutarate dependent dioxygenases are 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.
• a-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
• attenuate the activation of 

dendritic cells and T cells and 
monocyte migration (Fischer et 
al 2007)
• Stimulates M2 polarization 

(Colegio et al 2014). 
• Promote angiogenesis 

(Sonveaux et al 2012).
• Increase acidificationà

degradation of ECM (Rotheberg
et al 2013)



• Numerous solid tumor types overexpress tryptophan degrading 
dioxygenases indoleasmine 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). As a consequence, tryptophan depletion triggers amino 
acid deprivation associated apoptosis of effector T cells (Fallarino et al 
2002). Accumulated kynurenine acts as a ligand for aryl hydrocarbon 
receptor (AhR) (Opitz et al 2011).
• In a manner dependent on AhR, kynurenine promotes Treg phenotype, 

further contributing to the suppression of antitumor immune responses 
(Fallarino et al 2006)

Metabolic interactions with the 
microenvironment



Carbon crosstalk?



Targeting Cancer Metabolism





Glutaminase 
inhibitor

Mutant IDH 
inhibitors

Inhibitors of 
glycolysis

Targeting 
redox



Wolfe et al, 2016 Fontiers in 
Molecular neuroscience


