
METABOLIC CONTROL OF TRANSLATION 
IN ANGIOGENESIS



ENDOTHELIAL METABOLISM: an hallmark of physiological, 
pathological and therapeutic angiogenesis
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Endothelial metabolic pathways

Eelen et al., Physiological review, 2017



Decoding endothelial metabolism 

Li and Carmeliet, 2018



Endothelial growth factors and their receptors 
control metabolism and metabolic pathways

Rohelenova et al., 2018



Open question:

Do metabolites and metabolic 
pathways regulate 

endothelial growth factor receptors ?



Key metabolic pathways in endothelial cells

Li and Carmeliet, 2018



Arterial concentrations of free amino acids 
in whole blood and plasma

Felig et al., PNAS 1973



Comparison of glucose and glutamine 
consumption and fate in ECs

Kim et al., 2017



Glutamine metabolism

Altam et al., 2017



Genetic and pharmacological inhibition of 
glutamine metabolism (e.g. glutaminolysis)

Altam et al., 2017



Is glutamine metabolism important during
adult and pathological angiogenesis ?

Hindlimb ischaemia

Tumor xenografts

Artery ligation



Endothelial glutaminolysis is required 
during tumor growth
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Endothelial glutaminolysis is required 
during ischemic angiogenesis



Endothelial glutaminolysis controls 
endothelial growth factor receptors synthesis
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Endothelial glutaminolysis controls 
endothelial growth factor receptors synthesis 
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Transcription + Translation = Gene expression



Transcription and translation



mRNA translation: 
cooperation and integration of different signals

Truitt and Ruggero, 2016 



mTORC1 pathway

Signaling pathways regulating mRNA translation

ISR pathway

ATF4



Translation control of angiogenesis



mTORC as a master control of mRNA translation



mTORC1 activation by amino acids
and growth factors

Cargnello et al., 2015



Purom
ycin

mTORC1-dependent controls 
of translation in ECs

Puromycin labeling
Surface sensing of 

translation
(SUnSET)



mTORC1 regulates endothelial growth factor 
receptors synthesis via glutaminolysis 
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Glutaminolysis regulates endothelial growth 
factor receptors synthesis via mTORC 
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TECs

LLC1 B16F10 

Gls1fl/fl Gls1iΔEC                 Gls1fl/fl Gls1iΔEC                 

Endothelial-specific deletion of GLS1 
affects mTORC1 activation and VEGFR2 translation

in tumor ECs
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Rate of translation by polysome profiling analyses



mTORC1 blockade impairs VEGFR2 and FGFR1, but 
not VEGFR1 or CDH5 mRNA translation



Glutaminolysis blockade impairs 
VEGFR2 and FGFR1 mRNA translation
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Aspartate (Asp) drops during both glutaminolysis 
and transamination blockade  
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Glutamine-derived aspartate drops during both 
glutaminolysis and transamination blockade  
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Aspartate (Asp) rescues translation and mTORC1 
activation upon TAs inhibition 
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Endothelial glutaminolysis drives mTORC activation 
in retina angiogenesis

Retina angiogenesis
model
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IB4
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ATP

Glutamine metabolism is critical in tumor 
endothelial cells 

Glutamine
metabolism Hypoxic solid tumor

Glucose
metabolism

ATP/energy

VEGFR2/growth factor response



• Endothelial glutaminolysis is 
required during tumor and 
ischemic angiogenesis. 

• Transaminases couple 
glutamine-derived carbons to 
aspartate synthesis in EC.

• mTORC1 activation is driven 
by glutamate and aspartate 
metabolism in EC.

• mTORC1-activation leads to 
control of endothelial growth 
factor receptor translation.

  

Conclusions



1. Dissect the translational control mechanisms in angiogenesis by translatome 
analyses. 

2. Decode the metabolic role of GOT1 and GOT2 transaminases in ECs.
3. Evaluate a  combined therapy consisting of glutaminolysis or transaminases 

blockade plus VEGF inhibitors that may provide a new avenue in anti-angiogenic 
resistance. 

Future perspectives

Glutaminolysis 
 or Transaminases

 blockade 

VEGF 
inhibitors



Take home message

microenvironment

EC

Metabolites
(Lactate, Aa, Lipids)

Transcription

Translation





Can we study mRNA translation during 
in vivo angiogenesis ?



Figure 1 

Iwasaki and Ingolia, 2017 

Methods for Translation Measurement Based on 
Luminescent Labeling of Newly Produced Peptides
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Active translation in retinal angiogenesis

unpublished



Active Translation during angiogenic sprouting

unpublished
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IB4 OPP P-S6(Ser240/244) Merge

mTORC1 pathway controls translation during 
retinal angiogenesis

unpublished


