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Agent-based modeling

We simulate multiple agents with simple defined behaviors. In our case we have cells that :

› Can proliferate/die

› Can grow/shrink

› Can move in space

› Can interact with other agents

⇒ Simple behavior for each agent, where complex phenomena can emerge in the system
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Agent-based modeling

› PhysiCell
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Agent-based modeling

› PhysiCell
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PhysiBoSS

Ponce de Leon et al., 2023
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PhysiBoSS

› PhysiCell integration

Ruscone et al., 2023
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PhysiBoSS

› PhysiCell integration

› PhysiBoSS 1.0 was done using very large modifications of PhysiCell core C++ code

› PhysiBoSS 2.0 was included in PhysiCell as an addon, allowing model integration via custom

C++ code (but not core)

› PhysiBoSS 2.2 now introduce automatic mapping, allowing definition of intracellular models

without any C++ code, directly in PhysiCell’s XML settings
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PhysiBoSS

› PhysiCell XML settings

One file to describe a complete model

› Size of simulation box

› Simulation settings

› Output settings

› Substrates

› Cell types

› Initial conditions

› User parameters
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PhysiBoSS

› PhysiCell XML settings
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PhysiBoSS

› PhysiBoSS XML settings

› MaBoSS BND amd CFG files

› Update period

› Scaling

› Inheritance

› Parameters

› Mutations

› Initial values

› Mapping
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Automatic Mapping
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Automatic Mapping

› PhysiCell’s signals and behaviors

Signals

› oxygen (extra/intracellular, gradient)

› pressure

› volume

› contact with cell (type, live/dead)

› damage

› dead

› total attack time

› time

› custom:somedata

› apoptotic

Behaviors

› oxygen (secretion, uptake, ...)

› cycle entry

› exit from cycle phase

› apoptosis

› necrosis

› migration (speed, bias, persistence)

› chemotactic response to oxygen

› cell-cell adhesion

› cell-cell repulsion

› custom:someotherdata
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Automatic Mapping

› Inputs and outputs

Input Mapping : PhysiCell signal → MaBoSS input node

› Activation or Inhibition

› Continuous to Boolean : thresholds

› Smooth/Sharp transition

Output Mapping : MaBoSS output node → PhysiCell Behavior

› Activation or Inhibition

› Boolean to Continuous : levels

› Smooth/Sharp transition
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PhysiCell Studio
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PhysiCell Studio

› Edit basic configuration
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PhysiCell Studio

› Visualize simulation results
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PhysiCell Studio

› Modify PhysiBoSS configuration
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PhysiCell Studio

› Visualize PhysiBoSS results
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TNF model
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TNF model

› Reproducing original results
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TNF model

› Spheroid model

› Simple model of a growing spheroid

› Based on PhysiBoSS template

21



TNF model

› Adding TNF to the microenvironment
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TNF model

› Adding TNF to the microenvironment
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TNF model

› Long TNF treatment

› Cell Fate Boolean model

› Predicts cell response to TNF treatment

› Heterogenous response

› A population becomes resistant

24



TNF model

› Long TNF treatment

› Setting BND/CFG

› TNF activates the TNF Input node of

MaBoSS model

› Apoptosis output node activates PhysiCell’s

apoptosis

› NonACD output node activates PhysiCell’s

necrosis
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TNF model

› Long TNF treatment
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TNF model

› Pulsed TNF treatment

› Model also describe the effect of stopping

treatment

› Resistant cells go back to naive state

› Resistant population gets smaller with

repeated treatments
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TNF model

› Pulsed TNF treatment

› Simple mechanism to program

periodic treatments

› Custom C++ code added to the

example

› PhysiPKPD will replace this in the

future
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TNF model

› Pulsed TNF treatment
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TNF model

› Necrotic core

Letort et al., 2018

⇒ Necrotic core due to lack of oxygen in the center of the tumor
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TNF model

› Necrotic core
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TNF model

› Necrotic core
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TNF model

› Necrotic core
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TNF model

› IKK++, cFLIP++

Letort et al., 2018
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TNF model

› IKK++, cFLIP++
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TNF model

› IKK++, cFLIP++
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Cell cycle model
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Cell cycle model

› Creating a signaling controlled cell cycle model
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Cell cycle model

› Creating a signaling controlled cell cycle model
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Cell cycle model

› Reproducing PhysiCell’s cell cycle model

PhysiCell’s cycle PhysiBoSS Sizek’s cycle
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Cell cycle model

› PLK1 KO-induced blockage in G2

› Knocking out PLK1 leads to a cycle arrest in

G2

Plk1 KO
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Cell cycle model

› Mutants modifying proliferation rate

FoxO3- - PI3KH++, p110++
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Differentiation model
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Differentiation model
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Perspectives

PhysiBoSS tutorial

› PhysiBoSS is getting simpler !

› Tutorial in the coming months

Model personalization

› We can represent mutations in the signaling network

› We can use RNAseq data to personalize our MaBoSS models (PROFILE)

› New methods are needed to personalize agent-based models
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