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Outline

› Boolean models

› MaBoSS : Continuous time boolean modelling

› PhysiBoSS

› TNF model
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Boolean models

Quantitative (ODEs)

› Values can be any quantity

› Continuous time

› Difficult to write

› Difficult to simulate large models

Qualitative (Boolean)

› Values are 0/1 (false/true)

› Sequences of events

› Easy to write

› Can simulate large models
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Boolean models

A

B

C

Boolean

Formulas:

› A = input

› B = A

› C = !(A and B)
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Boolean models

A

B

C

Boolean

Formulas:

› A = input

› B = A

› C = !(A and B)

Initial values:

› A0 = 1

› B0 = 0

› C0 = 1
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Boolean models

Calzone et al, 2010
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Boolean models

Calzone et al, 2010
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Boolean models

› Fixed points

› Depending on input values

› Can be stochastic (update mode)

› Possible phenotypes (cell fates)

Calzone et al, 2010
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Boolean models

Calzone et al, 2010
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MaBoSS : Continuous time boolean modelling
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MaBoSS : Continuous time boolean modelling

Gautier Stoll Eric Viara Laurence Calzone Emmanuel Barillot
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MaBoSS : Continuous time boolean modelling

Markovian Boolean Stochastic Simulator

https://maboss.curie.fr/

› Boolean

› Markovian

› Physical time

› Handle different time scale processes (transcription,

phosphorylation, etc.)

⇒ Fills the gap between ODE and Boolean modeling
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MaBoSS : Continuous time boolean modelling

› Simulate transitions from a boolean network

state to another using a markov chain

› Transition rate :

p(S → S′) =

{

Rup(S), ifSi = 0

Rdown(S), ifSi = 1

› These transitions are stochastic : multiple

trajectories are possible
Béas et al, 2019

From a set of simulated trajectories, we compute mean trajectories:

⇒ We obtain probabilities per state over time
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MaBoSS : Continuous time boolean modelling

› Model definition : BND file

› Definition of activation and inactivation rates

› Allows complex cases : multiple rates for

multiple states, ...

› Possibility to use parameters defined in the

simulation settings

› Now allows other boolean model formats :

SBML-qual, BNet
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MaBoSS : Continuous time boolean modelling

› Simulation settings : CFG file

› Initial state of nodes (Fixed, Stochastic)

› Internal/Output variables

› Parameters

› Settings
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MaBoSS : Continuous time boolean modelling

› State probability trajectories
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MaBoSS : Continuous time boolean modelling

› Node probability trajectories
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MaBoSS : Continuous time boolean modelling

› Final (̸= steady) state distribution
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MaBoSS : Continuous time boolean modelling

› Cell fate model

Calzone et al, 2010
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MaBoSS : Continuous time boolean modelling

› Cell fate model

no TNF TNF
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MaBoSS : Continuous time boolean modelling

› Cell fate model
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MaBoSS : Continuous time boolean modelling

› Cell fate model
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PhysiBoSS
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PhysiBoSS

Ponce de Leon et al, in preparation

23



PhysiBoSS

› Each cell runs one single (stochastic) simulation every intracellular_dt
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PhysiBoSS

› Model definition (MaBoSS BND and CFG

files)

› Intracellular dt

› Scaling, time stochasticity, ...

› Initial values

› Mapping

› Parameter values
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PhysiBoSS

Inputs : Signals to MaBoSS nodes

› Oxygen inhibits the node A

› The node A will be

› inactive when oxygen > 10

› active when oxygen < 10

Outputs : MaBoSS nodes to Behaviours

› node C activates Apoptosis

› The apoptosis rate will be set to :

› 5 if the node C is active

› 0 if the node C is inactive

› The apoptosis rate will take 5 dt to reach 5
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PhysiBoSS

https://github.com/sysbio-curie/PhysiCell-Jupyter-GUI
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PhysiBoSS
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PhysiBoSS

Calzone et al, 2010
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PhysiBoSS

Gaëlle Letort
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PhysiBoSS

Letort et al, 2019
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PhysiBoSS

Miguel Ponce de Leon
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PhysiBoSS

Ponce de Leon et al., 2019
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PhysiBoSS

Goals:

› Develop a simple model of TNF treatment

› Only boolean

› Using PhysiBoSS 2.0
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TNF model

› PhysiCell model of spheroid

› Simple model of tumor spheroid

› Exponential growth

› template, spheroid 3D, physiboss-cell-lines
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TNF model

› PhysiCell model of spheroid

From template

› Latest version of main.cpp and custom.cpp

› Building Signals and Behaviors dictionnaries

custom.cpp
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TNF model

› PhysiCell model of spheroid

From spheroid 3D

› Cell definition

› Create sphere

› Controlled by user param

custom.cpp
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TNF model

› PhysiCell model of spheroid

From PhysiBoSS cell lines

› Makefile

› Export of intracellular data

Makefile

main.cpp
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TNF model

› Adding TNF to the microenvironment
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TNF model

› Adding TNF to the microenvironment
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TNF model

› Adding TNF to the microenvironment

⇒ Activating TNF only after 1000min
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TNF model

› Adding the Boolean model

› Boolean model

› TNF concentration as input for TNF node

› Apoptosis node triggers apoptosis

› NonACD node triggers necrosis
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TNF model

› Choosing intracellular_dt

Short intracellular dt

› Integrate transient activation of some nodes

› Needs a well curated model

Long intracellular dt

› Wait for steady state of the model

› Doesn’t integrate possible issues with transient effects
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TNF model

› Choosing intracellular_dt
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TNF model

› Choosing intracellular_dt

⇒ To avoid NonACD – Apoptosis, we choose 24h
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TNF model

› Results with constant TNF
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TNF model

› Results with constant TNF
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TNF model

› Results with constant TNF
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TNF model

› Time stochasticity

› time_stochasticity = 0.0
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TNF model

› Time stochasticity

› time_stochasticity = 0.2
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TNF model

› Time stochasticity
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TNF model

› Time stochasticity
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TNF model

› Creating pulses of TNF
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TNF model

› Creating pulses of TNF
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TNF model

› Creating pulses of TNF
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TNF model

› Creating pulses of TNF
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TNF model

› Creating pulses of TNF
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TNF model

› Adding tumor necrotic core

Letort et al., 2019
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TNF model

› Adding tumor necrotic core

BND file

CFG file
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TNF model

› Adding tumor necrotic core
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TNF model

› Adding tumor necrotic core
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TNF model

› Adding tumor necrotic core
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TNF model

› Adding tumor necrotic core
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TNF model

› Add IKK/cFLIP mutant population

Letort et al., 2019
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TNF model

› Add IKK/cFLIP mutant population

› New cell definition

› Copy from default

› Add mutations to the intracellular model
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TNF model

› Add IKK/cFLIP mutant population
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TNF model

› Add IKK/cFLIP mutant population
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TNF model

› Add IKK/cFLIP mutant population
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Conclusion

› A small example showing what PhysiBoSS can do

› Parameterization is not easy

› New bugfixes and things learned while preparing it

› This model will be included into PhysiCell’s next version !

https://github.com/PhysiBoSS/PhysiBoSS

development branch, sample project simple-spheroid-tnf
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Conclusion

› PhysiBoSS started as a fork of PhysiCell, even before it was published

› 5 years later, PhysiBoSS is now tightly included into PhysiCell ecosystem

› Writing models is getting easier !

› Feel free to send me questions/issues/suggestions

https://github.com/PhysiBoSS/PhysiBoSS

vincent.noel@curie.fr 70
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