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Cell signalling
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Cell signalling

e

* comwmunication between cells

* cellular processes: proliferation, cell growth,
programmed cell death...

* malfunctions: cancer, diabetes, autoimmune
diseases...
Need of good, predictive models for guiding

experimentations and drug development.
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Scatfold proteins

* organisational role rather than a signalling role
» anchoring function (binding protfeins)

» catalytic function (increasing/decreasing the
output of a signalling cascade) under some
conditions




Scatfold proteins

* organisational role rather than a signalling role
» anchoring function (binding protfeins)

» catalytic function (increasing/decreasing the
output of a signalling cascade) under some
conditions

= Po scaffolds make signals stronger, or faster,
or do they just localize them?
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Formal wmodel

* stochastic process algebra

* continvous time Markov Chains
* PRISM wmodel checker




PRISM wodule

A Alie A W' AWML L AW W e A j V&M L - g = V& iaws - M

L
endmodunle

module Eaf
RAF : [0..HN] imit raf_init;
RAF P . [0..N] imit raf p init;

[ dephospho_Raf ] (RAF < raf max) & (RAF P > 0) ->
(raf activate) . (RAF P' = RAF P-1) & (RAF' = RAF+1);
[ phospho Raf ] (RAF P < raf p max) & (RAF > 0)->
(raf _deactivate) . (RAF P' = RAF P+1) & (RAF' = RAF-1);
endmodu le

module PP
PP . [0..H] aimit pp init;

* % abstract levels of concentrations: low
(0), medium (1), high (N=2)

10




Markov chain




Markov chain

Our wmodels have :

" 10410 states
10°-107 transitions




Quantitative analysis

* Use of rewards (or costs) in CSL

* real values assigned to states or
transitions

* to track variable values in states

* {o compute the expected value of a
variable at a given time




PRISM experiment : with scaffold
+ cAMP is diffused every 9 rounds from 10 with rate 1.0

+ PKA phosphorylates PPESA and $2%9 with the same rate

-+~ cAMP —= active PKA phospho-Rafl S259 —= phospho PDES8

y WMo 11 42 A2 14 15 6 17 18 49 20 21
Time

'pPDESA =p | cAMP =p | PKA* =p 1 phosphorylated $259
=) | Raf activity




PRISM experiment : without scaffold

+ PKA phosphorylates a very small amount of PPES8A compared to
8259 : PDESA is not on the scaffold

Very low rate of PKA phopshorylating PDE8SA

;. 8 9 H0 A 12 13 M4 A8 16 17 4% A9
i |

* CAMP = phospho PDESA active PKA —= phospho S259

'pPDESA =p | cAMP =p | PKA* =p 1 phosphorylated $259
=) | Raf activity
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Temporal queries in CSL

* reward-based analysis
* temporal properties

» ‘¢AMP qoes below a certain level k
only if PPES goes above a level k* “

» use of derivatives to keep track of
decreasing or increasing variable
values




Necessary preceded

= requirement / necessary preceded
pattern: a state ¢ is reachable and is

necessary preceded all the time by a
state y

¢ = | cAMP A | PKA*
Y = T pPPESA




Necessary preceded

¢ = | cAMP A | PKA Y = T pPDESA

CTL:
EFo A AGI-0) = AG(-0))

CSL:
PoolFO1 A POLEH-((-%) = PyilF-¢ )]
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Oscillations
¢d = T pPPESA A | cAMP A | PKA*
v = | pPDESA A T cAMP A T PKA*

CTL: AG((¢p = EFY) A (Y = EF@))

CSL:
PolF(-(p = PyolF 1) volp = PyolF o 1))]
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New hypothesis

* we introduce an inhibitor for PPES

* either Dipyridamole (a drug causing
vasodilation)

* or dominant negative PPES




New hypothesis

* we introduce an inhibitor for PPES

* either Dipyridawole (a drug causing
vasodilation)

* or dominant negative PPES
¢ does the level of pS2%9 increase?




PRISM experiment
cAMP is diffused every 9 consecutive rounds every 10 rounds

pPDESA degrades 9 times as much cAMP as PPESA does

PKA equally phosphorylates PPES8A and Raf-$259

Dipyridamole binds to PDE8A and inhibits it

o
)
w1

Expected amounts

——

7 8 9 10 11 12
T

CAMP -= phospho PDESA active PKA —= phospho S259




Conclusions

@ formal model of a biological process
@ the biologists validated our results

O refine the model with more experimental
data

O find new questions on the model and
express them using a temporal logic




