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Phosphoinositides are minor constituents of cell membranes with a highly
dynamic metabolism

In general their head group protrudes from
the cytosolic leaflet of membranes to get
phosphorylated/dephosphorylated and to bind
with various affinity and specificity to proteins.

Stearic acid
(18:0)
Arachidonic acid
(20:4)
Relative amounts
of phosphoinositides
PLC o= c=0
| 100 -
T
CH CH,
% 50 =
Hm _
Pl K Il & Il & < @
3 N QTR
PIP-K | T
OH
OH «—— _
PI3K PIP-K II

Class I, Il & Il




The Pl cycle in the seventies/eighties
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Various pathways of phosphoinositide synthesis and

interconversions
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Phosphoinositide binding domains

PI{3)P
binding site

PIP3-binding PH domain PI(3)P-binding EYVE domain
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Localization of phosphoinositides with specific probes :
do phosphoinositides define organelle identity ?
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PM : plasma membrane

EE: Early endosomes

LE : Late Endosomes

MVB : Multivesicualr bodies
CCV : Clathrin Coated vesicles
Botelho, Bioessays, 2009 Lys: lysosomes

Bebpia et al., Nature 2005 ER: Endoplasmic reticulum
Carlton & Cullen, Trends Cell Biol 2005

Balla & Varnai, Curr Protoc cell Biol 2009




A critical role for Class | PI3Ks and PI(3,4,5)P, 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



Phosphoinositide 3-kinase (PI3K) : from discovery to targeting in

cancer therapy

1985

2014

- Unknown phosphoinositide kinase associated with the polyoma middle T protein

- PI3-kinase is activated and produces PI(3,4,5)P5 in response to growth factors
and oncogenes

- Cloning and characterization of the different Class | PI3-kinases and, later on, of
Class Il and IlI PI 3-kinases

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

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

- First PI 3-kinase (8) 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




Phosphoinositides in the dynamics of cell organization and polarity

/mm) The regulation and localization of Pl-kinases and -phosphatases is critical to ensure
adequate cell response to environmental cues.
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Di Paolo & Camilli, Nature Rev 2006
Pl(3’4’5)P3 . P|(4’5)P2 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

m) Isotopic labelling (3H-inositol or 32Pi) followed by TLC and HPLC techniques :
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Development of new methods to analyze phosphoinositides

8,000+

— Mass spectrometry method to mesure PI, PIP, PIP, 1,162.85

6,000+
and PI(3,4,5)P; (Collaboration L. Stephens/P. Hawkins, Cambridge
and the 12MC lipidomic platform)
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PI(3,4,5)P,

— Specific mass assay to quantify PI3P (Chicanne et al. Biochem J 2012 and patent
Inserm-Transfert W02014023436A1)

— PLIF: a new rapid and efficient method to study lipid-protein
Interactions and screen for inhibitors (viaud et al. article and patent in prep.)



The bacterial pathogen Shigella flexneri uses
PI5P to hijack the signaling machinery of host
cell and establish its virulence




The Shigella flexneri effector IpgD is a Pl-phosphatase

The Shigella flexneri effector IpgD has a motif
related to the active site of mammalian
phosphoinositide phosphatases

IpgD
PTEN
MTM1

MTMR3

PCWNCKSGKDRTGMQDAEIKREIIRK
AAIHCKAGKGRTGVMICAYLLHRGKF
VLVHCSDGWDRTAQLTSLAML-M-LD
VLVHCSDGWDRTPQIVALAKL-L-LD

\mmp The IpgDC438S is an inactive phosphatase
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IpgD-dependent PI(4,5)P, hydrolysis in Hela cells
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The Shigella effector IpgD is sufficient to increase PI5P levels in

host cells

PI3P
PISP mass assay Pl4P
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PISP is produced in host cells at the entry

Biot-GST-2XPHD probe c c
& site of S. flexneri

Streptavidin-Alexa594
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BIOTINE
OPHD

O. Gozani et al Cell 2003

PI5P F-Actin Bacteria

(PHDx2 biot) (Phalloidin)




Shigella flexneri injects the Pl-phosphatase IpgD in the host cell
through its Type Ill secretion system :
a model to study the role of PI5P

S. flexneri

Host cell
survival

Host cell

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

Directed migration

Prolonged
survival signaling

s/ PI(3,5)P
. _PIG.5)P,

SRR o
3y B I P3P

Viaud et al. Nature Commun 2014 Chicanne et al Biochem J 2012
Boal et al. J Cell Sci 2015 Dupuis-Coronas et al. J Biol Chem 2011

Ramel et al. Science Signaling 2011 Bertazzi et al. PLoS Genetics 2012
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A role for PI3KB in platelet
functions and thrombosis




Regulation of platelet activation and thrombus formation

Formation,
structuration and
stability of the
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PI13Ks are activated downstream of most activatory human and
mouse platelet receptors
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\ / - Implication of the different
PI3K isoforms ?
PI3KS | - Rolein integrated platelet
responses (in vivo situation) ?
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Blood platelets contain 7 different PI3Ks

PI1(3,4,5)P,

(plasma membrane)

PI3P

(endosomal
membranes)
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PF4Cre-p110f3'ox/tox
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Vanhaesebroeck et al., Nat Rev Mol Cell Biol 2012
Laurent et al., Advance Biol Reg 2013



Mouse model of PI3Ka and B invalidation specifically in the
megakaryocyte/platelet lineage

PF4Cre-p110p/'0x/lox
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Collagen
CVX An important role of PI3KB in GPVI-mediated

{} platelet activation
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A role for PIBKP in arterial thrombus formation

Thrombus formation in vivo:
(FeCl3 carotid injury and monitoring of blood flow)

Tail bleeding time: Carotid
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w  PI3KB-null mice have a normal tail bleeding time but are protected against the
formation of occlusive thrombus



PI3KB regulates arterial thrombus stability in vivo

Laser injury of
mesenteric arteriole
and intravital
microscopy :

Quantification :

pllOBn“”

N
-

0 &0 ) L)

Time (s)

\

0 120 N L &0 1]

Time (é)

| Without emboli I—
] with emboli p110p

Thrombus size (Um?)
Thrombus size (um?)

~ —~
S S

N
o o
£ =
o o)
— -
= <
= |—

Thraombus size

Small large
< 28,000 pm2>

small
< 28,000




5sec

Role of the platelet PI3KB in thrombus stability

Microfluidic
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PI3KB regulates thrombus stability under high shear rate
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PISKB is required for GSK3a/B inhibitory phosphorylation
within the thrombus

Quantification
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Inhibition of GSK3 restores thrombus stability of PI3BKB null platelet

mice under high shear stress
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Thrombus growth and stability is a highly structured and dynamic process:
role of PISKP

.-+ Disturbed
.~",-™ Rheology
|

« Contact factor activation
* Procoagulant platelet
function

McFadyen & Jackson,
iThromb Haemost

; elsh et al. Bloo
omaiuolo et al. Blood 2014

= PI3Kp regulates thrombus stability at high (pathological) shear rate.

- PI3Kp 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 PISKB redundant in the regulation of platelet functions ?

Role of PI3Ka (but not PI3KB) in platelet
I WT rolling and adhesion on VWF ex vivo
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PI3Ka and PI3KB have distinct and important roles in platelet
activation and thrombus stability

High transport
Solute washout

Thrombus stability

at high shear rate
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