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Overview

HPC/ Exas cale Centre of Excellence for Pers onalis ed Medicine
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Overview

Cell level s imulations Molecular Pathways

HPC
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Overview

Motivation

■ Simulation of cellular mechanis tic models  are es sentia l for future paradigms  
(e.g. trans lation of omics  data  to medical relevant actions )

■ The performance of current s imulation software is  s till insufficient 
(e.g medical problems  such as  tumour evolution or patient-specific treatments )

■ Sus tainable roadmap to s cale-up the es sentia l computational biology tools
■ Efficient and sus ta inable entry point to the HPC/ Exascale-upgraded environments
■ Trans la te omics  analys is  into actionable models  of medical relevance.
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Overview

Optimis ing cell-level
s imulation s oftware

to run in pre-
exas cale
platforms

Us e cas es  driving the
implementation of

PerMed s olutions  in
HPC/ Exas cale
environment

Integrating PerMed
communities  into
the new European

HPC/ Exas cale
ecos ys tem

Training biomedical
profes s ionals  in the

us e of HPC/ Exas cale
PerMed tools

Building the bas is
for the s us tainability
of the PerMedCoE
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Core tools
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Core tools

PhysiCell
Agent-bas ed modelling framework for multi-s cale 
level s imulations

COBRA
modelling of cellular metabolis m at genome-s cale

CellNOpt
modelling of s ignal transduction networks

MaBoSS
Stochas tic s imulations  of Boolean models

PerMedCoE optimises key software for cell - level simulations and molecular 
pathway modelling to the new HPC pre-exascale platforms
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PhysiCell
• Phys ics -bas ed virtual micros cope
• Implements  agent-bas ed programming
• Cell phenotype and cell-cell interactions
• Diffus ion trans port s olver

Core tools

Ghaffarizadeh, A. et al (2018). https://doi.org/10.1371/journal.pcbi.1005991
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Core tools

COBRA
(COns traints  Bas ed Recons truction and Analys is )

Heirendt  L  et al  (2019)  Nature Protocols  14(3)  639 702  https://doi org/10 1038/s41596 018 0098 2
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MaBoSS
• Stochas tic modelling of boolean networks

Core tools

Stoll, G. et al (2017).Bioinformatics, 33(14), 2226–2228. https://doi.org/10.1093/bioinformatics/btx123
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Core tools

CellNOpt
• Logic-bas ed models  of s ignal trans duction

Terfve, C. et al (2012). BMC Systems Biology, 6. https://doi.org/10.1186/1752-0509-6-133



13

Core tools

CARNIVAL
(CAus al Reas oning for Network identification us ing Integer VALue programming)

Liu  A  et al (2019)  Npj Systems Biology and Applications  5(1)  1 10  https://doi org/10 1038/s41540 019 0118 z
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Building blocks  and Workflows
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Building blocks  and Workflows
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Building blocks  and Workflows

Containers Workflow managers
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Building blocks  and Workflows

Single -cell 
processing

MaBoSS
Gene candidates

Raw counts 
(tsv)

Clinical

Input data

Boolean 
model

Meta -Analysis

n=GAnnotations

For each patient

Patient 
specific

n = Gc * R

PhysiBoSS



18

Refactoring s trategies
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Refactoring s tra tegies
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Refactoring s tra tegies

• Benchmarking ILP s olvers
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Refactoring s tra tegies

MPI (Mes s age Pas s ing Interface)
■ Dis tributed computing
■ Combined with parallel computing (OpenMP)
■ Combine the res ources  of different nodes  as  a  s ingle larger machine

CPU CPU

CPU CPU
OpenMP

Memory

CPU CPU

CPU CPU
OpenMP

Memory

CPU CPU

CPU CPU
OpenMP

Memory

Network

MPIMPIMPI
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Phys iCell-MPI

Refactoring s tra tegies

Miguel Ponce De León - Gaurov Saxena · Arnau Montagud (BSC)



23

Phys iBos s  (Phys iCell + MaBoSS)
Cell s ta te and decis ions  depend on 
embedded boolean models

Refactoring s tra tegies

Letort, G., Montagud, A. et al (2019). Bioinformatics, 35(7), 1188–1196. https://doi.org/10.1093/bioinformatics/bty766
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In s ilico modelling of drugs / treatments  dynamics

Refactoring s tra tegies

TNF treatment

Letort  G  Montagud  A  et al (2019)  Bioinformatics  35(7)  1188–1196  https://doi org/10 1093/bioinformatics/bty766
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Simulate heterogeneous  cell populations

Refactoring s tra tegies



26

Us e Cas es
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Us e Cas es

Different realis tic biomedical s cenarios  to focus  on pers onalized models

Cancer Diagnos is  
Bas ed on Omics  

Information

Drug Synergies  for 
Cancer Treatment

COVID-19 
Multis cale 

Modelling of the 
Virus  and 

Patients ’ Tis s ue

Tumour Evolution 
Bas ed on Single-
Cell Omics  and 

Imaging

Pers onalis ed 
Modelling of 

Groups  of Rare-
Dis eas e Related 

Patients
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Us e cas es

UC5: COVID-19
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Us e cas es

■ Virus  as  a  subs tra te
■ Epithelia l cells  as  tis sue
■ Immune sys tem cells  interactions
■ Boolean model ins ide epithelia l cells

UC5: COVID-19
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Us e cas es

Arnau Montagud (BSC) 
Vincent Nöel (IC)

WT

FADD 
KO

FADD KO

WT

■ Mutants  that affect epithelia l cells ’ apoptos is
■ Heterogeneous  cell populations



Follow us in social media:

The PerMedCoE project has  received 
funding from the European Union’s  Horizon 
2020 research and innovation programme 
under the grant agreement Nº 951773

www.permedcoe.eu

www.linkedin.com/company/permedcoe
@permedcoe 

THANK YOU

https://twitter.com/PerMedCoE
https://twitter.com/PerMedCoE
https://www.youtube.com/channel/UClZV7luI2oU-TV-jKtEPzKw
https://www.youtube.com/channel/UClZV7luI2oU-TV-jKtEPzKw
https://www.linkedin.com/company/permedcoe/
https://www.linkedin.com/company/permedcoe/
http://www.permedcoe.eu/
http://www.linkedin.com/company/permedcoe
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