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(R.Thomas, J. Theor. Biol. 1973)

Simple enough

to derive analytical mathematical results, using e.g.

Discrete dynamical systems
m Graph theory

m Combinatorics on finite sets or

m Group actions
m Recurrent sequences oo e
m Markov chains

Powerful enough

to capture main dynamical properties, derive biological results and predictions
= More and more publications in pubmed with 'logical models’

m Drug synergy prediction in gastric cancer
m Give meaning to combinations of genetic alterations in bladder cancer
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Logical modelling of genetic networks

m directed signed graph

m Introduce dynamics (logical
parameters)

m Analysis: dynamical properties,
asymptotical behaviour (stable
states, cyclical attractors),
reachability, ...

Mathematical model Complex systems

Even simple cellular process

m Explanatory and predictive .
® involve many components

m Gives a mecanistic

understanding of the biological
process m non-independent and

non-additive interactions

m display non-linear behaviour




Logical formalism: simple enough to derive mathematical results




Logical modelling of genetic networks

m {g, i =1,...,n} set of n components in interaction
m (g, gj,¢c) interaction from g; to gj with sign ¢ = {—1,+1}
m x; € {0,1} boolean variable associated to each component g;

B x = (xi,...xn) € {0,1}" state of the system
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Logical modelling of genetic networks

m {gi, i=1,...,n} set of n components in interaction
m (g, gj,¢c) interaction from g; to gj with sign e = {—1,+1}
m x; € {0,1} boolean variable associated to each component g;

m x = (x1,...xn) € {0,1}" state of the system
boolean dynamics
F{0,1}" > {0,1}"  F(x) = (A(X),... fo(x))
fi : {0,1}" — {0, 1} function specifying the behaviour of g;

Updating set

Upd(x) = {i € {1,...,n}, fi(x) # xi} x €{0,1}"




Example

(2) ()

fi(x)

OSONE

1 if(onl)V(Xlzo)V(Xzzl)
1 if(xo=0)V(x=0)
1 if(Xo = 1)/\(X1 = 1)




Example

@ fi(x)=1 if(x=1)V(xa=0)V(x=1)
A(x)=1 if(xo=0)V (x2 =0)

@‘@ H(x)=1 if(xo=1)A(a=1)

X f(x)
000|110
001[110
010[/010
100|110 f(x) = (A(x), (x), f3(x))
011|110
101|100
110111
111101




Example

@ fo(x)=1 if(x=1)V(a=0)V(x=1)
A(x)=1 if(xo=0)V (x =0)
h(x)=1 if(xo=1)A0a=1)
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f(x) = (A(x), R(x), A(x))

Upd(000) = {1,2} : 000
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Example

foi(x)=1 if(x=1)V(xa=0)V(x=1)
i(x)=1 if(x=0)V (x=0)
h(x)=1 if(x=1)A(0a=1)

< ®

f(x) = (A(x), fa(x), f(x))

Upd(000) = {1,2} : 000
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Updating rules

Synchronous dynamics

The synchronous dynamics is described by the iterations of f

x — f(x) — f2(x) — f3(x) — ...




Updating rules

Synchronous dynamics

The synchronous dynamics is described by the iterations of f

x — f(x) — F2(x) — FP(x) — ...
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111 Synchronous update
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Very simple structures: circuits

m Positive circuit: even nb of inhibitions

m Negative circuit: odd nb of inhibitions




Regulatory circuits

- Given an isolated circuit C, f is entirely defined :
fi+1(X) = X,-Ef

- f is a one-to-one transformation (permutation)




Synchronous circuits

Synchronous case: composed of disconnected cycles

x 01011101
f(x) 00000100
f2(x) 10101000
11111110
[ 11010101
01000000
K. 10001010
® 11101111
f8(x) =x 01011101
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m How many attractors?

m Their periodicity?

How this number depends on n?

m Detailled description of the
trajectories




Regulatory circuits

Synchronous case: composed of disconnected cycles

o) =

m How many attractors?

Mathematical tools

m Their periodicity? m Combinatorics

How this number depends on n? m Coding

m Detailled description of the m Orbit and group action
trajectories




Synchronous circuits

Synchronous case: composed of disconnected cycles

x 01011101
f(x) 00000100
f2(x) 10101000
11111110
[ 11010101
01000000
K. 10001010
® 11101111
f8(x) =x 01011101




Synchronous circuits

Synchronous case: composed of disconnected cycles

x 01011101

+ + +-
f(x) 00000100
f2(x) 10101000
11111110
® 11010101
K. ) 01000000
&) @ 10001010
l/. 11101111
f8(x) =x 01011101




Synchronous circuits

Synchronous case: composed of disconnected cycles

f(x)

(x)

fB(x) =x

01011101

T i o
00000100

+ 4 ++
10101000
11111110
11010101
01000000
10001010
11101111
01011101
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Geometrical representation

Definitions
P k-motif: subset of {1,...n} of size k
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Definitions
P k-motif: subset of {1,...n} of size k

o: increment of 1in Z/nZ

ONea!
5\ jl s e
n=8 k=4 o(P) = {1,3,5,6}

P={2,4,5,8}




Geometrical representation

Definitions
P k-motif: subset of {1,...n} of size k

o: increment of 1 in Z/nZ

G/W_\ﬂ S/L\‘i
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Configuration of P: orbit of P under o




Synchronous circuit

Let P a k-motif (0 < k < n)

Eaa
5 ® P=e—0—00——

®e®  x=00110111
y=11001000




Synchronous circuit

Let P a k-motif (0 < k < n)
]

g m If C is positive and k is even, there
é 6 P—e—e—ee—— exists exactly two states x and y such
°o® x=00110111 that Upd(x) = Upd(y) = P

y=11001000 m If C is negative and k is odd, there
exists exactly two states x and y such
that Upd(x) = Upd(y) = P




Synchronous circuit

Let P a k-motif (0 < k < n)
]

&g m If C is positive and k is even, there
) 6 P=e—0—00—— exists exactly two states x and y such
%% x=00110111 that Upd(x) = Upd(y) = P

y=11001000 m If C is negative and k is odd, there
exists exactly two states x and y such
that Upd(x) = Upd(y) = P

Upd(f(x)) = o(Upd(x)) = o(P)

all the successors of x have their updating set in Conf(P)




Synchronous circuit

Let P a k-motif (0 < k < n)
|
m If C is positive and k is even, there
5 P=e—0e—00e—— exists exactly two states x and y such
®e? x=00110111 that Upd(x) = Upd(y) = P
y=11001000 m If C is negative and k is odd, there

exists exactly two states x and y such
that Upd(x) = Upd(y) = P

Upd(f(x)) = o(Upd(x)) = o(P)

all the successors of x have their updating set in Conf(P)

m A(n, k) number of configurations of k-motifs

m Let m the smallest strictly positif integer s.t. ¢"(P) = P
#{x/Upd(x) € Conf(P)} = 2m, spread in 1 or 2 cycles depending on
arithmetical properties of m




J. Demongeot, M. Noual and S. Sené. Combinatorics of Boolean Applied Mathematics. Disc. Appl. Math., 160 (2012)
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e - ! Combinatorics of Boolean automata circuits dynamics

Jacques Demongeat®, Mathide Nouaf* & &, Sylvain Sene=*
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Table 1: Number of p-attractors of positive (a.) and negative (b.) Boolean automata
cireuits of size n (the number in cell (p.n) is A,(C) where C is a Boolean automata circuit
of size n).
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Asynchronous updating rule

Asynchronous state transition graph

The asynchronous STG is the directed graph on {0,1}" with the following set
of arcs: '
{x — X' | x€{0,1}",i € Upd(x)}
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Geometrical representation

Let P a k-motif, and x a state s.t. Upd(x) =P
Commutation of node i: x — X'
2 situations :

7
6 TGS

S‘\_ﬁ/‘z

3 (k=4)
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Geometrical representation

Let P a k-motif, and x a state s.t. Upd(x) =P
Commutation of node i: x — X'
2 situations :

mi+1¢ Upd(x) = Upd(X') k-motif
S/L\‘ﬂ

5 1

\
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Geometrical representation

Let P a k-motif, and x a state s.t. Upd(x) =P
Commutation of node i: x — X'
2 situations :

mi+1¢ Upd(x) = Upd(X') k-motif
mi+1¢€ Upd(x) = Upd(X') (k — 2)-motif

; jl
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R
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Asynchronous circuits

m Connected graph

m Leveled structure of the STG
m Detailed description of the trajectories

m Each level is a strongly connected component

21




Asynchronous circuits

m Connected graph

m Leveled structure of the STG
m Detailed description of the trajectories

m Each level is a strongly connected component

The topology of the dynamical graph of a circuit depends only on the length and the
sign of the circuit

21




Network Motifs

— Motifs of interest in the litterature: small strongly connected components

s @ A=0 e C=1
I AL o=
(o}—(e)

ol e | I&FEH

Regulated double-positive Fully connected triad
2 %

Lock-on

22




Circuit vs chorded-circuit

Question

How does the addition of a short-cut affect the dynamics of the isolated circuit?

T~ R
o

A(x) =xn L xa

fi(x) =
1(x) = xn Le {aND, OR, XOR}




Circuits vs chorded-circuits

T
Ol Definicions

® ¢ sign long circuit
) g h A
m ¢/ sign short circuit
&) (&)
</. m The chorded-circuit is coherent if ¢ = ¢(*)

f(x) =xn L xq m The chorded-circuit is incoherent if ¢ # ¢
L€ {AND, OR, XOR}

24




Circuits vs chorded-circuits

Vaa
CN D<finitions |

m ¢ sign long circuit
(5) . . .
m ¢'* sign short circuit
@) (&)
</. m The chorded-circuit is coherent if ¢ = ¢(*)

f(x) =xn L x4 m The chorded-circuit is incoherent if ¢ # ¢(®)
1€ {AND, OR, XOR}

m Description of synchronous dynamics using recurrence sequences

m Asynchronous dynamics obtained from the asynchronous isolated circuits

24




Chorded-circuits

Short-circuit sensitive states

scs-state : its dynamics is different from the isolated circuit

m In AND case, x = (*, *,%,0, %, %,...,1) are scs-states
m In OR case, x = (*, S R .,0) are scs-states
m In XOR case, x = (*,%,%,1,%,%,...,0) and x = (x, %, *,0, %, %,...,1) are

scs-states




Synchronous chorded-circuits through recurrent sequences

x 111011111111111
111101111111111
111110111111111
111111011111111
111111101111111
111111110111111
111111111011111
111111111101111
111111111110111
111111111111011
111111111111101
111111111111110
011111111111111
101111111111111
110111111111111
f15(x) =x 111011111111111

nJ-d
xXx

26




Synchronous chorded-circuits through recurrent sequences

u

+
x— 1110111111111
(scs) 1111011111111
0111101111111
1011110111111
1101111011111
1110111101111
1110111101111
0111101111011
1011110111101
1101111011101
11101111011110
0111011110111
0011101111011
10011101111011
1100111011101

/52\ 11100111011110

8 01110011101111

x 111011111111111
00111001110111

f(x) 111101111111111
2 10011100111011

(x) 111110111111111
111111011111111 & 81e 11001110011101
\ / 11100111001110

(scs.

(scs

111111101111111
111111110111111 o100 130011
111111111011111 © o oS
st N, 10011100111001
111111111110111 éi?géﬁ?géﬁ?g
111111111111011 0011001110011
111111111111101 00011001110011
111111111111110 10001100111001
011111111111111 11000110011100
101111111111111 01100011001110

110111111111111
f%(x) =x 111011111111111 0001100110011
0001100011011
. 10001100011001
11000110001100
01100011000110
0011000110001
00011000110001

ss — 00000000000000

26




Synchronous chorded-circuits through recurrent sequences

u
+
x— 1110111111111
(ses) 1111011111111
01111011111111
10111101111111
11101
1101111011111 x(gg) 61110
11101111011111 (SCS) 101 1 1
(scs) 11110111101111 010 1 1
0111101110111 () 10101
10111101111011 01010
11011110111101
00101
1101111011110 (59) 00010
(scs) 0111011101111 600 01
00111011110111 1000 0
10011101111011
1100110111101 (sc5) g . ¢ g g
B 1110011011110 10010
& 01110011101111
x 111011111111111 00111001110111 010 01
f(x) 1111011111111 (scs) 1 0 1 0 0
A 10011100111011
(x) 111110111111111 P e 1100110011101 11010
111111011111111 " ‘ 1110011100110 (SCS) 01 1 01
111111101111111 (scs) 00 1 1 0
01110011100111
1111111101111 1001 1
e & & 0011100110011 Lilo0o0 1
N 10011100111001
111111111101111 11001110011100 (SCS) 11100
1111111111011 (ss) 1 1 1 1 0
0100111001110
1111111111011 oy () 1 1 1 1 1
111111111111101 0001100111011 (SCS) 01 1 1 1
111111111111110 (SCS) 00 1 1 1
1000100111001
011111111111111 00 0 1 1
1100010011100
101111111111111 10 0 0 1
0110001001110
110111111111111 0011000100111 1100 0
B(x) = 01100
5(x) =x 1110111111111 0001100011001 Ezg 01100
: 1000110001001 R
1100011001100 (o) 11101
0100011000110
0011000100011
0001100010001
ss— 0000000000000

26




Synchronous chorded-circuits through recurrent sequences

) uj = (FD G

J— <
ui=u 1 Ui_piq

i—n

(s sign long circuit; <() sign short circuit)
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Synchronous chorded-circuits through recurrent sequences

Case Le {AND, OR}

Stable states

m incoherent chorded-circuits: 1 stable state
m positive coherent chorded-circuits: 2 stable states

m negative coherent chorded-circuits: no stable states

28




Synchronous chorded-circuits through recurrent sequences

Case L€ {AND, OR}

Stable states

m incoherent chorded-circuits: 1 stable state
m positive coherent chorded-circuits: 2 stable states

m negative coherent chorded-circuits: no stable states

¢ = +1 : Attractors

{attractors of chorded circuit} C {attractors of the long circuit}
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Synchronous chorded-circuits through recurrent sequences

Case Le {AND, OR}

Stable states

m incoherent chorded-circuits: 1 stable state
m positive coherent chorded-circuits: 2 stable states

m negative coherent chorded-circuits: no stable states

¢ = +1 : Attractors

{attractors of chorded circuit} C {attractors of the long circuit}

¢ = —1 : Attractors

{attractors of chorded circuit} N {attractors of the long circuit} = 0
for some arithmetical conditions

28




Synchronous chorded-circuits through recurrent sequences

Case L€ {AND, OR}

Stable states

m incoherent chorded-circuits: 1 stable state
m positive coherent chorded-circuits: 2 stable states

m negative coherent chorded-circuits: no stable states

¢ = +1 : Attractors

{attractors of chorded circuit} C {attractors of the long circuit}

¢ = —1 : Attractors

{attractors of chorded circuit} N {attractors of the long circuit} = 0
for some arithmetical conditions

The topology of the (a)synchronous dynamical graph of chorded-circuits
depends only on the length of the circuits and their sign

28




Synchronous chorded-circuits

Case L€ {AND, OR}
Synchronous graphs more connected

&)@

MO
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Synchronous chorded-circuits through recurrent sequences

Case L= {xOR}

I —
The topology of the (a)synchronous dynamical graph of the
XOR-chorded-circuit depends only on the length of the two circuits

I —
e There is a unique stable state

30




Asynchronous chorded-circuits

< inversion or deletion of edges in the STG

—

: Q/
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Basins of attraction

+/+ chorded-circuits
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Logical formalism: a predictive tool
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Logical formalism: simple enough to derive mathematical results

Logical formalism: a predictive tool

34




Discovery of drug synergies in Gastric cancer

Cancer therapies: combination of drugs

m Increase treatment efficacity (target multiple robustness features of
tumours)

m Allow for significant dosage reduction
m Lower drug-induced toxic effect

m Restrain the evolution of drug resistance

Prediction of drug synergies




Discovery of drug synergies in Gastric cancer

[

@

j
y

— =0
6
Al

§

Model centered on molecular mechanisms controlling cellular growth of
AGS cell line
75 components, including 7 for which chemical inhibitors are available
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Discovery of drug synergies in Gastric cancer

Growth=Prosurvival-Antisurvival

Synergy prediction

Growth (KO(A, B)) < min( Growth(KO(A)), Growth KO(B))




Discovery of drug synergies in Gastric cancer

Growth=Prosurvival-Antisurvival
Synergy prediction
Growth (KO(A, B)) < min( Growth(KO(A)), Growth KO(B))
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37



Discovery of drug synergies in Gastric cancer

Growth=Prosurvival-Antisurvival
Synergy prediction
Growth (KO(A, B)) < min( Growth(KO(A)), Growth KO(B))

GSK3i

p38i

BCATI

TAK1i

m 5 predicted synergies, 4 validated

E

PI3Ki

B m no false negative prediction

MEK1i
AKTI

=

BCATi  TAKLi PI3Ki  MEKLi AKTi

IR EEEE B
ﬂ%é
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ef#] [+

I EEEENEE
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Logical formalism: simple enough to derive mathematical results

Logical formalism: a predictive tool

m Give meaning to the combinations of genetic alterations

38



Bladder Tumorigenesis model

Coll. with Curie institute (F. Radvanyi, L. Calzone, S. Rebouissou) and Instituto Gulbenkian de Cienca (C.
Chaouiya)

Patients data (copy nb and mutations)

m Tumour samples: 163
m Invasive samples: 89

m Non-invasive samples: 74

Public datasets

Lindgren, lyer, TCGA

39



Alterations in bladder tumours

o Observed in data
Rosocations epered | o —
T |CITsup| CITinv | Lindgren indgren Lindgren Iyer ||TcGa | 'nvasive
sup_ inv_ (public data)
Exclusivity
A yes w 1 | osoe|| oz
Exclusivity
FGFR3 mutations + £2F3 amplification Lol 0159 L
oncogene
alteration Exclusivity
(CCND1 amplification no 0 o021 B osie
Co-occurrence v s o]l s
PIK3CA mutation yes
Co-oceurrence es 0.011 | 0.009 | 0.0002
FGFR3 mutations + (CDKN2A homozygous deletion b - - -
tumour suppressor
alteration bcushity TPs3mutaton | ves KX y ooss || oo
TP53 mutations + Co-occurrence no
oncogene alteration £2F3 amplifcation
no
CDKN2A homozygous PviepsiviisoB Vel o.0:3 o.0s I 03 | os | ose o || o
deletions + oncogene tumours)
alteration (FGFR3) Co-occurrence
i ¢ P ooos EER oou | oo s IR 1 [foas || o

Can we understand the role of co-occurence/mutual exclusivity of genetic
alterations?
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Bladder Tumorigenesis model

Question

Can we understand the role of co-occurence/mutual exclusivity of genetic
alterations?

Topological analysis

m co-occurring gene alterations — belong to parallel pathway

m mutually exclusive gene alterations —> from redundant pathways

1YT
W???

‘ phenotype ‘ ‘ phenotype ‘ ‘ phenotype D

phenotype | [ phenotype | [ phenotype |




Bladder Tumorigenesis model

Can we understand the role of co-occurence/mutual exclusivity of genetic

alterations?

Topological analysis

B co-occurring gene alterations — belong to parallel pathway

m mutually exclusive gene alterations —> from redundant pathways

i

7

17
7

O

‘ phenotype ‘

‘ phenotype

‘ phenotype

—O—@

‘ phenotype ‘

[ phenotype

D

Use of the mathematical modeling

to provide insight on possible mechanisms by which cells become invasive




A mathematical model

l
o Cer i am |
l &
1: P16INK4a T
R ]
: [ ] [ \%m
‘ —
=S T L,
‘ _‘ml = T [ mm Hm
s {11
e | i
Levmr | I } [omna | e ]
Coowe |1 | ‘
1 i | [ onice ]
| TPz | CV}(””E’ T‘
1 l B l l |
Jocpros [erownze.]

23 internal components, 4 inputs, 3 outputs
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mathematical model

DNAdamaze | 01 Constan nput)
Growthtahiiors |01 Constnt (nput)
EGRR stmlus | 01 Constant (inpun)
FGPRS simules | 01 Consan i)
FarR || (GFR_stmulus| SPRY) & IFGRS & 1GRB2
FGERS . FGERS_simulus SIEGFR &1GRB2
Gre2 i (FGFRS & IGRB2 & ISPRY) [ FGFR
SPRY |
rAs i EGER | FGPR | GRE2
Pk i GRB2 & RAS & IPTEN
AKT i Pk
PrEN i TPy
CyelinD1 1 (RAS | AKT) & 'p16INK4a & !p21CIP
\ @ p16INK4a |
‘ 1 RBI [ ICyclinD1 & ICyclinE1 & 1p16INKda & ICyclinA
[ L RBL2 ] ICyclinD1 & ICyclinEl
Loy
. icr || (Growhinhisitons | TPS3) & 1CyclnE T & 'AKT
.m ez ], \ \‘ /T CDC25A 1 (E2F1 | E2F3) & !CHEKI 2 & !RBL2:1
=y T CyclinE1 i CDC25A & (E2F1 [ E2F) & IRBL2 & (p21CIP
\ t o :» w = CycinA | 1| (E2FI | E2F%) & CDC23A & 121CIF & 'RBL2
Al | L s ST
- : - EZF32) | CHEK) 228 ATM2 & RAS
| & RB1 & L2
B>
] JE— 5 i RASEIRBI & (CHERT 22
[ } > R & o1 & CHER 22
et - v ] DN Adamage & 1E2F1
e ‘: DNAdamage & E2F 1
[T ATV & 2R
ATV & E2F1
MDM2 (TPS3 | AKT) & Ipl4ARF & IATM
7Sy 2) [ E2F12) & MDM2
Apoptsis 261 & TP53
EREEAE
Proferion | 1 CyeinE1 [ Cyelind
Growthamest | 1 J21CIP [RBI [ RBL2
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Give meaning to genetic alterations

Significative co-occurence PIK3CA/FGFR3 alterations
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Give meaning to genetic alterations

Significative co-occurence PIK3CA/FGFR3 alterations

Network topology

PI3K is downstream of FGFR3 — not enough to explain

F pL6INKdS,
Rl ]

== LT
(@8] ‘ \ l

| | o ﬂkfﬁ
———" o |- |
CyclinEL °Z P

Apoptosis
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Co-occurence PIK3CA/FGFR3 alterations

Simulations of mutants (simple, double)

Appearance of the E2F1-dependent apoptosis (when DNAdam is ON, and p16
OFF )

FGFR3 £1

E B ARy
B g Arrest

- rol s
=}<— Apoptosis

Prollfera on
G rowt rrest

— prlaeton..

pop!

Same phenotypes are reaches = no striking difference
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Co-occurence PIK3CA/FGFR3 alterations: Prediction of the model

AVATAR

Quantification of the basins of attraction (exploration of dynamics using
Markov Chains)

FGRF3 E1 (DNA damage=0) PI3K E1 (DNA damage=0)

Null
12%

Prolfferation
4%

Proliferation
58%

Wﬂ &PI3K E1 (DNA dam7

Proliferation
65%

o
FGR3ELPIKEL

It seems advantageous to mutate FGFR3 in PI3K-mutated tumours (in terms of

proliferation)
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Co-occurence PIK3CA/FGFR3 alterations: Prediction of the model

Systematic analysis of mutants (single, double, triple, ...)

A third deletion of CDKN2A (p16INK4a + p14ARF) eliminates growth arrest
in absence of DNA damage

Triple mutant FGFR3 E1 & PIK3 E1 & p16 KO

s E g =

E: it ‘ TIPEE

523 % o, 2 ¢ fqz e Z oy g N

£ 3 3 £ B2 pop s %S : .39 =E 2 E o«

IR GpesffsgEgigEifseaEEiEsE

<o N -

O o EEENEE ]
| - . - e N .
] ] e N

o e I s .

m DNA damage ON : only apoptosis (both types)
m DNA damage OFF : only proliferation — Uncontrolled growth, Very invasive
tumours
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Co-occurence PIK3CA/FGFR3 alterations: Prediction of the model

Systematic analysis of mutants (single, double, triple, ...)

A third deletion of CDKN2A (p16INK4a + p14ARF) eliminates growth arrest
in absence of DNA damage

Triple mutant FGFR3 E1 & PIK3 E1 & p16 KO

s E g =

£ 7% ‘ 2o o< g

523 % o, 2 ¢ fqz e Z oy g N

® 2 3 £ B2 pop s %S 2 . y9 =& %z .22

g5 E S GpesffsgEgigEifseaEEiEsE

<o N e

O o EEENEE ]
| - . - e N .
] ] T

o e I s .

m DNA damage ON : only apoptosis (both types)
m DNA damage OFF : only proliferation — Uncontrolled growth, Very invasive
tumours

Conclusion

To fully lead to uncontrolled proliferation, other checkpoints need to be deleted
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Co-occurence PIK3CA/FGFR3 alterations: Prediction of the model

Systematic analysis of mutants (single, double, triple, ...)

A third deletion of CDKN2A (p16INK4a + pl4ARF) eliminates growth arrest
in absence of DNA damage

Verification in the data
m 162 tumours

m 12 tumors are FGFR3 & PIK3CA-mutated: 4 of them have an homozygote
deletion of CDKN2A

m the 2 invasive tumours among the 12 are CDKN2A deleted
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Give meaning to genetic alterations

Significative mutual exclusivity between TP53 and FGFR3 alterations
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Give meaning to genetic alterations

Significative mutual exclusivity between TP53 and FGFR3 alterations

FGFR3 E1 (all input configurations) TP53 KO (all input configurations)
Pl

Growth_arrest ! poteraton
iy

Prlferation
2% Apoptosis
rrest 1%

1%
Apoptosts
sox.

FGRF3 E1 & TP53 KO (all input configurations)

m TP53 mutation in a FGFR3-mutated context has very little impact on
Proliferation (= mutual exclusivity)

m Mutating FGFR3 in a TP53-mutated context increase the Proliferation
probability (= advantage)
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Give meaning to genetic alterations

Significative mutual exclusivity between TP53 and FGFR3 alterations

FGFR3 E1 (all input configurations) TP53 KO (all input configurations)
Pl

Growth_arrest ! poteraton
iy

Prlferation
2% Apoptosis
rrest 1%

1%
Apoptosts
sox.

FGRF3 E1 & TP53 KO (all input configurations)

prlferat
Growth_arrest
Apoptosis

m TP53 mutation in a FGFR3-mutated context has very little impact on
Proliferation (= mutual exclusivity)

m Mutating FGFR3 in a TP53-mutated context increase the Proliferation
probability (= advantage)

This mutual exclusivity may concern FGFR3-mutated tumors
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Bladder cancer pathway

Bladder cancer pathway

Urothelium /\’n-v- ™ T2-T4
normal ] —~ -
—_— —~ »
—_—== metastases

Fat
Muscle
Connective tissue
Bladder lining
Fo as Two types of tumours
a

Ta : low grade — recur — low probability invasivness
Cis : high grade — muscle invasive

Coll. L. Calzone, F. radvanyi (Curie); C. Chaouiya (IGC)
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____________________________________________________________________________|
Thank you for your attention !!
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