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The Babraham Institute and the (phospho)lipids

 Discovery of the liposome
Bangham AD, Standish MM, Watkins JC (1965) Diffusion of univalent ions across the 
lamellae of swollen phospholipids. J Mol Biol 13, 238–252.

 Discovery of IP3 signalling
Berridge MJ and Irvine RF (1984) Inositol trisphosphate, a novel second messenger in 
cellular signal transduction. Nature 312, 315 – 321

 Phosphorylation of PIP2 into PIP3 by PI3K
P.T. Hawkins, T.R. Jackson, L.R. Stephens (1992) Platelet-derived growth factor 
stimulates synthesis of Ptdlns(3,4,5)P3 by activating a Ptdlns(4,5)P2 3-OH kinase. 
Nature 358, 157-159

 PIP3-dependent activation of PKB by PDK1
Stokoe D, Stephens LR, Copeland T, Gaffney PR, Reese CB, Painter GF, Holmes AB, 
McCormick F, Hawkins PT (1997) Dual role of phosphatidylinositol-3,4,5-trisphosphate 
in the activation of protein kinase B. Science 277, 567-570. 
Stephens L.R., Anderson K., Stokoe D., Erdjument-Bromage H., Painter G.F., Holmes 
A.B., Gaffney P.R.J., Reese C.B., McCormick F., Tempst P., Coadwell J., Hawkins P.T. 
(1998) Protein Kinase B Kinases That Mediate Phosphatidylinositol 3,4,5-
Trisphosphate-Dependent Activation of Protein Kinase B. Science 279, 710-714
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The phosphoinositides
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Liu et al (2009) Nat Rev Drug Discov
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Lipidomics and chemical kinetic modelling
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Vladimir Kiselev Véronique Juvin

Kiselev, Juvin et al (2015) Nucleic Acids Res, gkv1015, ahead of print 
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PTEN PI3K

Bader et al (2005)
Nat Rev Cancer

Isogenic MCF10a 
cell lines
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Measuring gene expression with RNA-Seq

Wang et al (2009) Nat Rev Genet

Gene 1 1.65

Gene 2 2037

Gene 3 126

Gene 4 89.5

Gene 5 32045

normalised
gene 
expression
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Most genes do not change

replicates are OK
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But quite a few are affected nevertheless 

2244 genes affected by PTEN-/-

1543 genes affected by H1047R

 4725 genes affected by A66
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EGF incub time

PTEN

PI3K

PI3K

PTEN
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Effect of acute PI3K inhibition

A66 effect

Most EGF effects are not PI3K-dependent (MAPK etc.)
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Clustering by K-medoid method

 Try 2 to n medoids, n depending on the number of samples

 Compute the stability of clusters with 100 data bootstrapings
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K-medoid clustering method



 LRI, Orsay, 28 November 2015

 

K-medoid: choose k medoids
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K-medoid: assign each dataset to the closest medoid
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K-medoid: compute score
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K-medoid: choose k medoids
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K-medoid: assign each dataset to the new medoids
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K-medoid: compute new scores

is score better?
yes → stop
no → choose new medoids
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Principle of pathway enrichment

term i

term ii

term iii

term iv
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Are those 
significantly
different?

controlled terminology describing pathways
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Gene Ontology
annotations
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What am I showing you on the next slides?

one cluster, 
comprising 253 genes

centred
normal
expression

log p-value
(darker = more significant)

Gene Ontology 
Biological Process

number of genes
with this GO termWT

WT+A66
PI3K H1045R
PTEN -/-

A66 no EGF

time of EGF treatment
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http://www.bioinformatics.babraham.ac.uk/
shiny/kiselev-pip3-rna-seq-gene-profiles/
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Effects of constitutive mutations
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PI3K responding to EGF
in mutants
(~ groups 1 and 2 of A66) 
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Genes affected by the 
mutations even without 
EGF perturbations
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Genes responding to both mutations
in a coherent fashion; affected 
by EGF in the mutants

responding
to EGF in WT

no response
to EGF in WT
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Genes responding to both mutations
in a coherent fashion

DYNAMIC STATIC

responding
to EGF in WT

no response
to EGF in WT
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Can-we reverse-engineer the link 
between PIP3 and its targets?

TF?
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Balwiertz et al (2014)
Genome Res 
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A (EGF sens.)

B (EGF insens.)
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A (EGF sens.)

B (EGF insens.)

known new
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BLIMP1 (PRDM1) targets
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EGF → PRDM1 expression
PIP3 → BLIMP1 function 

100 200 3000
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Summary

1) Most effects of EGF on gene expressions are not mediated by PIP3 

(not surprising)

2) Expression of a very large number of genes is affected by PIP3 

perturbations: “Butterfly effect”

3) Different perturbations affect different gene populations

4) Subset of coherent effects: “static” cellular functions are EGF-insensitive, 

while “dynamic” are EGF-sensitive

5) Blimp1 is identified as a new TF downstream of PIP3

6) Blimp1 targets form a transcriptional feedback loop on PIP3 signalling
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Acute perturbation of PIP3 signalling
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Chronic perturbation of PIP3 signalling
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Chronic perturbation of PIP3 signalling

BLIMP1
mediated



 LRI, Orsay, 28 November 2015

 

Biggest source of variability is the lab ...

Klijn et al. Nat Biotechnol. 2015

Hart et al. PNAS 2015

All cells are isogenic MCF10a



 LRI, Orsay, 28 November 2015

 

Clustering A66
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Clustering mutants


