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Classical Cellular Potts Model

A cell is
represented b
several nodes

0-noded represent the
outer environment, or
the extracellular
matrix

\

- Based on a generalized energy H

- Evolution stochastically tries to minimize the system energy
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Cellular Potts Model
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Classical Cellular Potts Model
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Choose a node at random

A

Choose a neighbour at random

A

Choose an action

Compute the change in energy AH

AH<0? AH>07
Acceptl BERO] Accept the action with
s probability decreasing
exponentially with AH
Repeat till all nodes

are chosen
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increase time
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Protein Networks and Nested Approach
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Moving cell morphology with CPM

———————————— direction of movement -----=----=>

Compartmentalized CPM
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Moving cell morphology with CPM
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Rigid nucleus in microchannels
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Deformable nucleus in microchannels
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@ Penetrative

Influence of nucleus rigidit

(not with the cytoplasm)

= Stay out with the nucleus,,

@ Invasive = Enter but do not reach £
the other side %
@ Permeative = Enter and reach g
the other side %
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Influence of nucleus rigidity
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Effect of pore size
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Effect of deformability

Varying fiber elasticity Varying nucleus elasticity
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MSD (um?, -104)
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Efftect of adhesion in 2D
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Continuous Criterium for Invasion
Giverso & L.P., Biomech. Model. Mechanobiol.

, BIOLOGICAL ,
BIOLOGICAL REPRESENTATION MATHEMATICAL
EXPERIMENT REPRESENTATION
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Nucleus Cytoplasm
ECM ECM channel
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Continuous Criterium for Invasion

' | Brugués et al., PNAS, 107, 15415-15420 (2010)
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Invasion of Ovary Cancer Cells

Ovarian cancer dissemination

1} Surface shedding Sl
inttal distruption of cellcall | ™
and cell-matrix contacts 5

3) Retraction, sub-measothsalial adhesion
distruption of cell-cell contacts In
multi-csllular aggregates

mlry tumor
2) Disssemination

a5 singla calls or

muli-callular aggregates
{spharcids)

4) Mesothallal anchoring

migrationfinvasion threugh mesothallal
layer and inte sub-messthelial EC mairix

5) Proliferation
to establish metastatic leslons within
the pelviciabdominal cavity and organs



Invasion of Ovary Cancer Cells
Top view
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(A) Side view (B)

C. Giverso, M. Scianna, L.P., N. Lo Buono & A. Funaro
Math. Model. Nat. Phenom. 5, 203-223 (2010)
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Invasion of Ovary Cancer Cells
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Invasion of Ovary Cancer Cells

Parameter I Low |‘ High

5000 MC5 180 MC5

5000 MC5
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Invasion of Ovary Cancer Cells
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Invasion of Ovary Cancer Cells
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nvasion of Multicellular Spheroids
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Invasion of Multicellular Spheroids
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Invasion of Ovary Cancer Cells

12000 MCs 2000 MCs
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Individual based models

J. Galle & D. Drasdo




Cell cycle model

2-phase cell cycle
interphase cell doubles its target volume
mitotic phase cell divides into 2 daughter cells of equal target volume

stochastic V1=V,
growth process A V.=V,

By courtesy of J. Galle & D. Drasdo
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explicit
representation
of the cell shape

@ % cell-substrate contact

uncompressed

cell-cell contact

immediately
after contact
' V, <V,
@ relaxation
N R’ > R

By courtesy of J. Galle & D. Drasdo



IBM interacting with a membrane

Buske et al., FEBS J. 279, 3475-3487 (2012)

Model of a re-organisable and flexible basal membrane (BM)
wrr;! =%(Ie _'ér:,l.'r);l B IJJV(:J::1Ir = K:' (I_EGS{{ILE _EII'I )) c Amax s 5 ;Hmz

Whu = K.&(l _Eﬂﬁfh.j ))
® New triangles are added if a

® Basal membrane consists of triangle area is too large
semiflexible elastic polymers ® Surface curvature potential
® Polymers are organized 1in triangles controls shape
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IBM interacting with a membrane

Buske et al., FEBS J. 279, 3475-3487 (2012)

® Cells adhere to the basal membrane
® Cells modity its properties of the membrane

Original at:
http://onlinelibrary.wiley.com/doi/10.1111/.1742-4658.2012.08646.x/suppinfo
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What's missing? Active behaviours

Force

arrow length = 10e2 picoNewton per micron square

100
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What's missing? Active behaviours

bgamellipgdium adhesion site
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What's missing? Active behaviours

Original configuration Current configuration
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What's missing? Active behaviours
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What's missing? Active behaviours
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