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From the greek metabolos: changes, transformation	


These are the mechanisms that are used to transform substrates, products, 	

and molecules into energy, which is required to support function or structure 	


of a cell, an organ, or an organism	


Metabolism	




Oxidative metabolism
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Le Cancer consomme beaucoup du glucose

PET-scan

Cancer cells are addicted to glucose	




Le métabolisme cellulaire soutient la maladie

Le Cancer
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The metabolic switch	


Glucose	




How does it happen ?	




Cell cycle regulators

Metabolic changes
lipid synthesis, oxidative, glucose Cell cycle

Cell proliferation

Metabolic pathologies
(obesity, diabetes)

Regeneration, Development,
CANCER

A dual interdependent role
for cell cycle regulators

Hormones , nutrition, insulin,
metabolites, growth factors,

Oncogenic pathways



The cell cycle



E2F1+/+ E2F1-/-

Annicotte et al. 2011 Nat. Cell. Biol.
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E2F1 modulates oxidative metabolism	




E2F1 controls lipid synthesis pathways

Primary hepatocytes
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E2F1 is a dual regulator of proliferation
and metabolism in cancer cells

E2F1-pRB-cdk4
In cancer cells

Cancer progression

Proliferation

Oxidative
metabolism

Oncogenic transformation

Lipid
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Inhibition of lipid synthesis abrogates
E2F1-mediated transformation
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How can we use metabolic E2F1-cdk4 targets in
cancer cells for therapy ?

How to approach it ?



These are city pathways



These are metabolic pathways



Metabolic Bioengineering
to define new anti-cancer therapies
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Dual inhibition of FASN and AMPK increases
ROS, apoptosis and inhibits tumor growth in mice
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Warburg proposed (1930s), and we know
that cancer cells switch their metabolism

We propose now that whole organism
metabolism switch to facilitate

tumor growth



Normal	
 Muscle	

Intense exercise	


The cellular metabolic switch	


Glucose	


Le métabolisme cellulaire soutient la maladie

Le Cancer
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Cancer	
Le métabolisme cellulaire soutient la maladie
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Le métabolisme cellulaire soutient la maladie

Le Cancer
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Glucose	


Le métabolisme cellulaire soutient la maladie

Le Cancer
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Le métabolisme cellulaire soutient la maladie

Le Cancer
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Metabolic communication is part of
normal physiology
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Metabolic communication is part of
cancer physiology
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Deficient gluconeogenesis in E2F1-/- mice
abrogates tumor growth

E2F1 -/-

E2F1+/+

G
lu
co
se
m
g/
dl

200

160

120

80

40

E2F1+/+
E2F1-/-

B16 - + - +

Gluconeogenesis

Lung metastasis



Glucose restores tumor formation in
E2F1-/- mice
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Hallmarks of cancer	
 Hallmarks of the HOST	


Liver,	  kidney	  (Glucose)	  

Immune	  system	  (modula8on)	  

Muscle	  (proteins)	  

Adipose	  8ssue	  (fa=y	  acids)	  

Brain	  (??)	  

Tumors cannot survive without the host	




Tumors cannot survive without the host:	

Cachexia as a proof	


L’épuisement des substrats métaboliques
chez le malade s’appelle la

cachexie
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La tumeur utilise la même stratégie

Le métabolisme du patient soutient la maladie
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On se souvient du muscle ?
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Tumors behave as new organs in the body
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metabolic adaptation to cancer	
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