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Phosphoinositides are minor constituents of cell membranes with a highly 

dynamic metabolism 
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Various pathways of phosphoinositide synthesis and 
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PIP3-binding PH domain 

 from Grp1 
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Phosphoinositide binding domains 

 Itoh T & Takenawa T, Cell Signal 2002 
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Localization of phosphoinositides with specific probes : 

do phosphoinositides define organelle identity ? 

Botelho, Bioessays, 2009 

Bebpia et al., Nature 2005 

Carlton & Cullen, Trends Cell Biol 2005 

Balla & Varnai, Curr Protoc cell Biol 2009   
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A critical role for Class I PI3Ks and PI(3,4,5)P3 in cell regulation 
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Vanhaesebroeck B. et al., Nature Review 2010  

Sasaki et al., Progress Lipid Res 2009 

Hirsch E. et al., Annals Med 2014 
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Phosphoinositide 3-kinase (PI3K) : from discovery to targeting in 

cancer therapy 

- Unknown phosphoinositide kinase associated with the polyoma middle T protein 1985 

- PI3-kinase is activated and produces PI(3,4,5)P3 in response to growth factors 

  and oncogenes  

- Cloning and characterization of the different Class I PI3-kinases and, later on, of 

  Class II and III PI 3-kinases 

2014 

- Identification of oncogenic mutations in PI3-kinase a in various cancers 

- First PI 3-kinase (d) selective inhibitor in clinic (Idelalisib - approval by the FDA on 

  July 2014 for CLL and B cell lymphomas) 

L. Cantley / M. Waterfield / P. Vogt/ B. Vanhaesebroeck / E.Hirsch 

- Multiple roles of the different PI3-kinases in cell biology 



Phosphoinositides in the dynamics of cell organization and polarity 
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The regulation and localization of PI-kinases and -phosphatases is critical to ensure 

adequate cell response to environmental cues. 

Di Paolo & Camilli, Nature Rev 2006 

Sasaki et al., Progress Lipid Res 2009 

Gassama & Payrastre, Int Rev Cell Mol Biol 2009 

Saarikangas et al., Physiol Reviews 2010 



Phosphoinositide metabolism and human diseases 
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Analysis of phosphoinositides: a specialized lipid biochemistry  

Isotopic labelling (3H-inositol or 32Pi) followed by TLC and HPLC techniques : 

B. Payrastre, Methods Mol Biol  2004 



Mass spectrometry method to mesure PI, PIP, PIP2 

and PI(3,4,5)P3 (Collaboration L. Stephens/P. Hawkins, Cambridge 

and the I2MC lipidomic platform) 

Development of new methods to analyze phosphoinositides 

P 
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P 

PLIF: a new rapid and efficient method to study lipid-protein 

interactions and screen for inhibitors (Viaud et al. article and patent in prep.) 

Specific mass assay to quantify PI3P (Chicanne et al. Biochem J 2012 and patent 

Inserm-Transfert  WO2014023436A1) 



The bacterial pathogen Shigella flexneri uses 

PI5P to hijack the signaling machinery of host 

cell and establish its virulence 



The Shigella flexneri effector IpgD has a motif 

related to the active site of mammalian 

phosphoinositide phosphatases 
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The Shigella flexneri effector IpgD is a PI-phosphatase 



IpgD-dependent PI(4,5)P2 hydrolysis in Hela cells 

infected with Shigella flexneri 

12000 

PI(4,5)P 2 

PIP 

origin 

MP 

WT 

0 

3000 

6000 

9000 

PIP 

PI(4,5)P2 

30’ 

origin 

MP 

0’ 15’ 

D IpgD 

0 

3000 

6000 

9000 

12000 

0’ 15’ 30’ 

PI(4,5)P2 

PIP 

PI(4,5)P 2 

PIP 

PI5P 

PI4P 

or ? 

Time (min) 
40.00 45.00 

0 

200 

400 

600 

800 

CTS 

PI4P PI5P 

Time (min) 
40.00 45.00 

0 

200 

400 

600 

800 

CTS 

PI4P 



The Shigella effector IpgD is sufficient to increase PI5P levels in 

host cells 
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Bacteria 

PI5P is produced in host cells at the entry 

site of S. flexneri 
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Shigella flexneri injects the PI-phosphatase IpgD in the host cell 

through its Type III secretion system :  

a model to study the role of PI5P 

Niebuhr et al EMBO J. 2002 

Pendaries et al. EMBO J. 2006 

Coronas et al. Biochem Soc Symp 2007 

Ramel et al. BBRC 2009 

? 



PI5P integrates membrane and cytoskeleton dynamics 
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A role for PI3Kb in platelet 

functions and thrombosis 
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PI3Ks are activated downstream of most activatory human and 

mouse platelet receptors 
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- Implication of the different  

  PI3K isoforms ? 

- Role in integrated platelet  

  responses (in vivo situation) ? 



Blood platelets contain 7 different PI3Ks 

Vanhaesebroeck et al., Nat Rev Mol Cell Biol 2012 

Laurent et al., Advance  Biol Reg 2013 
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An important role of PI3Kb in GPVI-mediated 

platelet activation 
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A role for PI3Kb in arterial thrombus formation 

PI3Kb-null mice have a normal tail bleeding time but are protected against the 

formation of occlusive thrombus 

Carotid 

injury by FeCl3 

Thrombus formation in vivo: 
(FeCl3 carotid injury and monitoring of blood flow) 
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PI3Kb regulates arterial thrombus stability in vivo 

Laser injury of  

mesenteric arteriole  

and intravital 

microscopy : 
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Role of the platelet PI3Kb in thrombus stability  
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Physiological shear (500s-1) 
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PI3Kb regulates thrombus stability under high shear rate 
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Laurent et al. Blood 2014, in press 



PI3Kb is required for GSK3a/b inhibitory phosphorylation 

 within the thrombus 
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Inhibition of GSK3 restores thrombus stability of PI3Kb null platelet 

mice under high shear stress 

Laurent et al. Blood 2015 



McFadyen & Jackson, 

Thromb Haemost 2013 

Welsh et al. Blood 2014 

Tomaiuolo et al. Blood 2014 

Thrombus growth and stability is a highly structured and dynamic process: 

role of PI3Kb 

High 

shear 

stress Blood flow 

 PI3Kb regulates thrombus stability at high (pathological) shear rate. 

- PI3Kb is involved in mechano-transduction /sensing and thrombus porosity 

 

- Potential antithrombotic target : decrease the thrombotic risk without increasing the 

  bleeding risk but possible distal embolization. 



Are PI3Ka and PI3Kb redundant in the regulation of platelet functions ? 
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