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Multicellular systems problems

Interconnected systems and processes:

3 Single-cell behaviors

3 Cell-cell communication

3 Physics-imposed constraints (e.g., diffusion)
3 Systems of systems (e.g., Immune system)

In disease, these systems fall out of balance.

Treatments target parts of these systems.

_ _ Metastatic seeding in
As with any COmplex SyStem, Changlng one 1 cm?2 of liver parenchyma

part can have surprising effects!

Modeling can help understand this system.
This is multicellular systems biology.

If we can control these systems, we've arrived
at multicellular systems engineering.

. lmm

0 days, 0 hours, 0 minutes, and 4.0148 seconds

lp INDIANA UNIVERSITY Macklin lab

SCHOOL OF INFORMATICS, COMPUTING, AND ENGINEERING  MathCancer.org 7 @MathCancer



BioFVM : Simulating 3 -D biotransport

Design goal: Simulate multiple diffusing substrates in
3D with desktops or single HTC/HPC nodes

Typical use: pO,, glucose, metabolic waste, signaling
factors, and a drug, on 10 mm3 at 20 pm resolution

Features:
3 Off-lattice cell secretion and uptake

3 2"d-order accurate (space), 1st-order accurate (time),
numerically stable

Method:

3 Operator splitting, LOD, customized Thomas o ’
solvers, etc. c -

3 Standard C++11, cross-platform i

s OpenMP parallelization s L.

3 O(n) cost scaling in # substrates, # voxels c_*:5 1,0003(03 \1/8x8erls

3 Easy to simulate 5-10 substrates on 10° voxels > 0 =0.01min |

Reference: Ghaffarizadeh et al., Bioinformatics (2016) £ , Simulae 2 mijes,,

- . p)
DOI: 10.1093/bioinformatics/btv730 # Of substrates
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PhysiCell : A multicellular framework

Design goal: Simulate 10% or more cells in
2D or 3D on desktops or single HPC nodes

Features:

Couple to 5+ 3D diffusion equations
Off-lattice cell positions
Mechanics-based cell movement
Cell processes
Signal-dependent phenotype

Can dynamically attach custom data and
functions on a cell-by-cell basis

3 Deployed from Raspberry Pi to Crays
Method:

3 Standard C++11, cross-platform

3 OpenMP parallelization

3 O(n) cost scaling in # cells

N N L NN NN

Reference : Ghaffarizadeh et al., PLoS
Comput. Biol. (2018)

DOI: 10.1371/journal.pcbi.1005991
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Cancer immunotherapy
[View on YouTube (4K)]
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Public Impact

Try this model yourself! (2D)

nanohub.org/tools/pc4cancerimmune
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