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Cancer cell metabolism 

Vander Heiden , 2009 in Science 



Warburg phenotype and application 
in the clinic 

 The increased glucose 
uptake by cancer cells, 
first observed in the ‘20 
by Otto Warburg is at the 
origin of FDG-PET used 
for cancer diagnosis and 
treatment planning. 



Beyond Warburg phenotype 

Hsu & Sabatini, 2008 in Cell 



Heterogeneity of cancer cell metabolism 
shows no correlation to radiosensitivity 



Inhibition of lactate shuttle transport sensitize tumor to 
radiotherapy 

P. Sonveaux et al., 2008 in JCI 
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Artificial cell model targeting 
mitochondrial respiration 
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SiHa MD (Glycolytic) 

SiHa WT parental cell line. 
Human cervix origin. Under 

aerobic conditions has 
mainly an ‘oxidative’ 

metabolism 

SiHa ‘mitochondrial 
deficient’ cells were 
selected by chronic 

treatment of culture with 
low doses of EtBr.  

SiHa WT (oxidative) 



Cell model characterisation 

Oxygen consumption rate (OCR) & Extracellular acidification rate (ECAR) 

Note: Antimycin 
inhibits 

mitochondrial 
electron transport 

chain. 
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Cell model characterisation 

Cell metabolism 

* 

* p<0,05 (ANOVA 2, Bonferroni post test) ** p<0,01 (ANOVA 2, Bonferroni post test) 

*

* 



In vivo mouse model 

• Experimental design 
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Subcutaneous 
injection of 1M 
WT/MD cells in 
Matrigel at right 
or left thigh. 

Time to reach endpoint 
(16 mm mean diameter) 



PET-FDG imaging: In vivo glucose 
uptake 

Non-normalized multiple projection image for illustration 

MD WT 



PET-FAZA imaging: In vivo hypoxia 

MD WT 

Non-normalized multiple projection image for illustration 



In vivo mouse model 

• Experimental design 
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diameter reaches 7.5 mm  

WT n=10 

MD n=10 

WT 
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Subcutaneous 
injection of 10M 
WT/MD cells in 
Matrigel at right 
or left thigh. 

Time to reach endpoint 
(16 mm mean diameter) 



Tumor growth delay is increased in 
MD group 



In vitro response to irradiation is 
not altered in MD cells 

Clonogenic survival assay 

WT_21% oxygen WT_1% oxygen MD_21% 
oxygen 

MD_1% oxygen 

alpha 0,22± 0,03 0,036 ± 0,028 0,34 ± 0,07 0,147 ± 0,045 

beta 0,05 ± 0,005 0,05 ± 0,004 0,028± 0,009 0,034± 0,007 

SF2 0,53 ± 0,003 0,77 ± 0,02 0,45 ± 0,009 0,66 ± 0,06 



Cell cycle arrest 

In vitro response to irradiation is 
not altered in MD cells 



DNA damage repair (ϒH2AX detection after irradiation 5Gy) 

Before 
irradiation 

1h after irradiation 
(2Gy) 

Nucleus 

(DNA) 

gH2AX 

In vitro response to irradiation is 
not altered in MD cells 



Tumor hypoxia 

Green: pimonidazole (hypoxia) 

Red: CD31 (blood vessels) 

Blue: Perfused tissue 
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Nutrients  
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treatment 
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Inhibition of mitochondrial respiration 
increases intracellular oxygen availability 

WT 

MD 



Inhibition of mitochondrial respiration 
increases intracellular oxygen availability 

MD WT 

Green: pimonidazole (hypoxia) 

Red: CD31 (blood vessels) 

Blue: Perfused tissue 



Take-home message 

• Hypoxia is a common feature of tumors and will 
depend on the balance between oxygen supply and 
oxygen demand. 

• Tumor cells are able to adapt to their micro-
environment and  to nutrient’s availability. 

• Disabling their metabolic adaptation might sensitize 
tumor cells to treatments. 

• Specially, impairing mitochondrial respiration will 
increase intra-cellular oxygen concentration, increasing 
cell’s radiosensitivity. 
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