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A multiscale problem
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Digital twins

Montagud et al., 2021
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Modeling organoids/tissues

» Multi-cellular systems

» Spatial information

» Multiple cell types

» Extra-cellular environment

» Interactions

Ghaffarizadeh et al., 2018
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https://docs.google.com/file/d/1_QpkAY_2QhgvE1WM96kgb4TRz0rjY0YC/preview

PhysiBoSS = PhysiCell + MaBoSS
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Simplifying usage of PhysiBoSS

» PhysiBoSS started from a fork of PhysiCell 1.1.0 (May 2017)
» PhysiBoSS 2.0.0 was merged into PhysiCell 1.9.0 (July 2021) as an add-on.

» PhysiCell model building simplified a lot during the years : from pure C++ code, to XML
definitions, and now using a graphical user interface.

» PhysiBoSS followed along, with now an automated mapping between the agent-based
model and the intracellular Boolean models.

» We have published a PhysiBoSS tutorial, showcasing the recent efforts by presenting 4
use cases.
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Simulating the effect of TNF treatment on a tumor
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» Upon TNF treatment, 95% of the cells die but 5% survive.
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Simulating the effect of TNF treatment on a tumor

» TNF signal linked to TNF node
» Apoptosis node linked to Apoptosis rate
» Necrosis node linked to Necrosis rate

» Simulating the Boolean model until
steady state (= 24h)

» Resistant cells dominate quickly

institut Curie
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https://docs.google.com/file/d/1Uos7e1pJVzbKUVOyX-iBln0Nx1Lb9LKV/preview

Simulating the effect of TNF treatment on a tumor
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» When stopping the treatment, these surviving cells go back to their naive state and

can be targeted by a new wave of treatment.
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Simulating the effect of TNF treatment on a tumor

» Resistance to TNF treatment can be
"forgotten"

» Removing and reintroducing TNF
periodically

» We are able to control the size of
the resistant population

» With the right timings, we can get
rid of the tumor

institut Curie
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https://docs.google.com/file/d/1RBZDYemyDtgEbCzyzvFaV95LyZgKadSj/preview

Lessons from writing the tutorial

» Compiling (C++) model from source is the limiting step for many.
» We need easily available, compatible, binary distributions of PhysiCell.

» PhysiBoSS (because of external libraries), or any model including custom C++ code
needs their own binaries.

» PhysiBoSS is already providing binary distributions for linux, mac and windows,
automatically produced by GitHub actions.

» PhysiBoSS models are spread on multiple GitHub repositories. Some are in the
PhysiBoSS official repository, but need actualization for every new version.
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PhysiBoSS-Models Database

PhysiBoSS-Models Database

A database of PhysiBoSS multiscale models

https://github.com/PhysiBoSS-Models

README . md V4
Welcome to PhysiBoSS-Models !

We are a database of PhysiBoSS models, providing cross-platform pre-compiled models, easily accessible via a python APL.

» Easily access and simulate published
models

How to submit a new model

Create a fork of the template-model repository, add your model as a sample-project, and then submit a pull request. For more
details, visit the template-model repository.

Available models

» GitHub-based

+ Cancer invasion model: Invasion-Ruscone, submitted by @marcorusc. The goal of this model is to study the different modes
of cell migration and to predict means to block it by considering not only spatial information obtained from the agent-based
simulation but also intracellular regulation obtained from the Boolean model.

« PhysiBoSS tutorial models: PhysiBoSS-Tutorial, submitted by @vincent-noel. This repository contains three examples of
M multiscale models: a modified version of a previously published model of cell fate decision processes in response to death
) FO I I OW I n g FAI R, c U R E Sta n d a rd S receptor engagement and the effect of a tumor necrosis factor (TNF) treatment on these decisions, a cell cycle model for
investigating the consequences of genetic perturbations in signaling, and a simplified model of immune cell differentiation.

« LNCaP Prostate model : Montagud-Prostate, submitted by @ArnauMontaqud. This model describes prostate
adenocarcinoma cells. This was built from a healthy prostate model, personalized using data from the LNCaP cell line. A
prior version of this model was used to simulate the drug response in prostate cell lines in Figures 6, 7 and 8 of the

» Store a collection of template models ? A

Editors

« Vincent Noél (Institut Curie)
« Marco Ruscone (Barcelona Supercomputing Center)
« Laurence Calzone (Institut Curie)
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https://github.com/PhysiBoSS-Models

GitHub-powered backend

= O ysiBoss-Models / temp odel a8 &- +- 0 n e O * @ vincentnoel reviened lest month Ve revewss changes

<> Code () Issues Il Pullrequests 2 (O Actions [ Projects [0 Wik @ Secunty |2 Insights A noul IeTts comment DO

Tnis old format of defining phases rates (instead of durations) for death mode’ crasnes in studio.

First push of prostate project files #4 Bt | O Cote -

@
vincent-noel merged 11 commits Into Phys18058-Node1sinain from ArnauMontagudiprostate (G yesterday
confi/PhysiCall_settings_LKCA?, «ml « Dutdated + Hida resalved.
© Carwersation 12 < Commits 31 [ checss & [ Fileschanged 24 +9,160 -261 L]
Cormment on bres 128 10 130
5 120 + <transition_retes units="1/min">
AmauMontagud commented lastmonth ConTrBUIOF oo Reviowors ] 129 + “rate STArt_index-"0" end_trdex="1" T1xed_duration="true">a, 0019370R/
@ vincentnoet o RE R </transiticn ratass
Description g
‘ vincent-noel [ast month Membar  x
3 Assignees «® =
This repasitory Is an update of the prastate model to version 2.2.3 of PhysiBass. suggested change
Na cae--augn yourseld
- <lransition rates wilts="dmin>
Checklist <rate start indox="d" cnd sndeesrie
Labels b Tixeo_duration="true">d, 0183730/ rate>
# Nore yst <fLranzition rates>
0 Does your model ;ampil.e onallos? T <phage_ MIrariong mIrs="mIn"a
1have only tested it on Linux Projocts @ § COUFAtIon Ldex="ge
Tixeo_duration-"true">51E</auration>
Nore yot
Have you informed the metadata file (model.yml) t “/ghaze_ourationss
+ <! ctrupsition_rales uniis="L/ain*>
Wilestone &
+ <ratp start tndex="@" end indox="1*
Have you written a README.md file ? No milestene Taxee_yuratior="Lrue*>8, 0183790« r ate>
+ </trapsition rates> >
Do you accepl o become a maintamer of this model Deelopment ] ©
Yes, who else? ip suceassfully menging this pull requast may
dose thase ssues.
® Nore yst @ ey
Natifications Ciibiplie Unresalve conversation  ArnauMontagud marked this conversation as resalved

o . £irst pusn of prostata praject tilas

R unsubseriba

» Model submission as a pull request of the template model

» Using GitHub reviewing features
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GitHub-powered backend

Triggered via release 3 weeks ago Status Total duration Artifacts

& vincent-noel published 1.0.0 Success 3m 37s 1 Compare v 2/ U

1.0.0: Initial release

L ‘ vincent-noel released this 3weeksago @ 1.0.0 -0 290406de
build_binaries.yml
on: release

Update model.yml

@ validate_metadata 6s @ ® @ macos_step0a 2m54s @ ® @ macos_step1 17s
v Assets 5
@ macos_stepob 47s
@ prostate-linux.tar.gz 8.8 MB 3 weeks ago
@ prostate-macos.tar.gz 271 MB 3 weeks ago
@ prostate-win.tar.gz 9.89 MB 3 weeks ago
° bunt 1m17 .
© ubuntu mire [?) Source code (zip) 3 weeks ago
@ windows 3m22s [?) Source code (tar.gz) 3 weeks ago
®
22 Bl

» Binaries compiled on GitHub actions, for linux, mac and windows.

» Zenodo record generated for each release.
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physiboss-models python API

pip install physiboss-models

[1]: from physiboss models import Database
[21: db = Database()

. [3]: db.all()
» Extremely simple

[3]: ['Invasion-Ruscone', ‘PhysiBoSS-Tutorial']
[4]: db.download _model('Invasion-Ruscone', path='test')

[5]: db.current_model info()

» Initially focused on allowing

[51: {'short name': 'invasion-ruscone',
4 H g ion': '2.0.0',
access to PhysiCell Studio IS e a1,

'config': ['config/PhysiCell_settings.xml',
'config/PhysiCell settings 2D cluster_migration.xml’,
'config/PhysiCell settings 2D single cell_migration.xml',
'config/PhysiCell settings 2D trail migration.xml',
'config/PhysiCell settings 2D p63 ki.xml']}
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PhysiCell-Studio integration

» Models accessible with a few
clicks.

» Choose among the different
configurations of the model

» PhysiBoSS template model
accessible to start a blank project

@ institut Curie

p e dio: /home e o ode/P ools/P dio/config p o
Studio |File| View Action Help
— Open Ctrl+0 ' Microenvironment \ Cell Types ‘ User Params ‘ Rules \ ICs | Run ‘ Plot
= Save as
. Save ctri+s |
Export » J Xmax 500 e 120 ‘
Save user project 1 Ymax 500 dy 20 |
Load user project ‘1 Zmax |19 | dz 30 1
Loadfom hysossodels 1| mason-Ausone |
MaxTime | 550 fansihoss o) [z|[on [2|[omin 2/ [0omin [3]
Diffusion dt |g,5 temelst .,A ' § :l:
Mechanics dt ‘1 Select 3 v config/cell_cycle/PhysiCell_settings.xml
Phenotype dt \6 ‘ min config/cell_cycle/PhysiCell_settings_foxo3_knockout.xml

# threads ‘5 ‘

config/cell_cycle/PhysiCell_settings_p110_knockin.xml
config/cell_cycle/PhysiCell_settings_plk1_knockout.xm|

output folder \oufput ‘

config/differentiation/PhysiCell_settings.xml

Random seed:  system clock © integer + seed 0 o)

Save data (intervals): VG |6 ‘ min Full
Plot SVG substrate:  [_] enable ‘substrale v ‘ ) Limits ¢
enable folder | sconfig/cell_cycle ‘ file | cells.csv I

virtual walls (nudge cells

config/differentiation/PhysiCell_settings_FOXP3_2_mutant.xml
config/differentiation/PhysiCell_settings_NFKB_mutant.xml
config/differentiation/PhysiCell_settings_FOXP3_2_lowerxml
config/differentiation/PhysiCell_settings_NFKB_lower.xml|
config/simple_tnf/0_Initial.xml
config/simple_tnf/1_Long_TNF_stochastic_time.xml
config/simple_tnf/1_Long_TNF.xml
config/simple_tnf/2_Short_TNF.xml
config/simple_tnf/3_Necrotic_core.xml

config/simple_tnf/4_Mutants.xml
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» PhysiBoSS-Models provides an easy way to access published models.
» PhysiCell-Studio integration makes reproducing or extending models seamless.

» With future PhysiCell-Studio integration into Galaxy platforms, the only thing needed
will be a browser.

» We need a website, giving access to videos and datasets.

» We received great interest from the whole PhysiCell community and are looking at
grant opportunities to ensure sustainability.
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