Multiscale model to recapitulate
breast cancer invasion phenotypes
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Tumour Invasion Is diverse

e Tumour is a mix of cells
with potentially different
— Genome
— Transcriptome
— Neighbours

— Local microenvironment
e Density
e Architecture

e Diversity of invasion modes
— Tissue-specific

— Epithelial to mesenchymal
transition (EMT)
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Tumour Invasion Is diverse
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Cell fates and invasion modes
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Towards multiscale modelling
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Intracellular cell fate decision modeling Agent-based cell population modeling
using discrete formalisms using physical laws and rules
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Building the network

navicell.curie.fr
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Building the network
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Nature Communications 2014
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From network to model
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Intracellular model

WNT

e Logical model L
— Network with Boolean rules
st1 Ly l

e NOT, AND, OR v
e Node activity is either ON or OFF ‘ EE

— |
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— Stable states, limit cycle study T
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Adapted from model by Cohen et al,

PLoS Comp Biol, 2015
DOI: 10.1371/journal.pcbi.1004571
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Model outputs

e C(Cells resting e Single cell migration
— Ecadh — ECM, CCA

e Cells proliferating e Proliferative cell migration
— Ecadh, EGF — ECM, EGF
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MaBoSS simulation

e Software developed by Stoll et al, BMC

Systems Biology 2012

— DOI: 10.1186/1752-0509-6-116 B,

m‘ k_down m
e Gillespie algorithm on the Boolean Am'

transition state space 2

— Study probabilities of the possible solutions @

in a population of cells P
— ParametersforO — 1and1—0 010 100

110

e Perturbations can be studied in a
probabilistic manner
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Evaluating the model without DNA damage
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Intercellular model &2z -

INVENTORS FOR THE DIGITAL WORLD

e Centre-based model
e Langevin equation
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Integrate both models

Environmental causes Cellular causes

I > —

Intracellular model

Physical phenotypes

Intercellular model

AT

Modes of invasion

ouctzzz i1y !nserm

mmmmmm MINES
de la santé et de la recherche médicale Pari “!Tﬁﬂh



Integrate both models

MaBoSS
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CellSys-MaBoSS feedback

1

Feedback MaBoSS — CellSys
06 e State “1” causes CS parameter
0.4 to have “greater” values
0.2 e State “0” causes CS parameter
0 to have “lower” values

-8 -6 -4 =2 0 2 4 6 8

e Sigmoid shape

— Max, min and slope
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CellSys-MaBoSS feedback

Feedback CellSys — MaBoSS

e Parameter (from CS) above given m
threshold forces state transition P V\\
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11§ o
“m

e Specifically, |

— ECM sensing @

— Neighbours presence
010 100

110

wartee 111 !nserm

nnnnnnnnnnnnnn

MINES
Fari<Tech



Experimental setup

e |t's alive!
— 3D simulation
— “Organic” Petri dish

e Multi-scale modelling of

— Physics-oriented cellular
population

— Biology-oriented intracellular
cell fates
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Resting cells state

e |t's alive!
— 3D simulation
— “Organic” Petri dish

e Multi-scale modelling of

— Physics-oriented cellular
population

— Biology-oriented intracellular
cell fates

e Stable state
— Cells resting

e Colour
— Red is Proliferation
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Cancer growth

e |t's alive!
— 3D simulation
— “Organic” Petri dish

e Multi-scale modelling of

— Physics-oriented cellular
population

— Biology-oriented intracellular oo
cell fates

e Stable state
— Cells proliferating

e Colour
— (Up) Red is ECM node status
— (Down) Red is ECM signal
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2D slice of cancer growth

e |t's alive!

— 2D representation of a 3D
simulation

e Multi-scale modelling of

— Physics-oriented cellular
population

— Biology-oriented intracellular O
cell fates

e Stable state
— Cells proliferating

e Shades of red

— Potential cell motility
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Data underlies video

Only depicting time 0 — 24 h
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Computational Systems Biology of Cancer

group at Institut Curie http://sysbio.curie.fr

Directions:
1) Omics data analysis using biological networks

Computational
Systems Biology
of Cancer

2) Statistical analysis of multi-level omics data

3) Mathematical modeling of networks
involved in tumor growth, interaction with
microenvironment, metastases

4) Methods and software development
for systems biology

Dynamic international and multidisciplinary environment
Numerous collaborative projects on concrete questions
cancer biology and cancer treatment

Access to original large-scale data from application of latest &

technologies
: We are HIRING postdocs!
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