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Classical Cellular Potts ModelClassical Cellular Potts Model

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

A cell is 
represented by 
several nodes

- Based on a generalized energy H 

- Evolution stochastically  tries to minimize the system energy



  

Cellular Potts Model Cellular Potts Model 
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Classical Cellular Potts ModelClassical Cellular Potts Model
Choose a node at random

Accept the action with 
probability decreasing 
exponentially with ∆H 

∆H > 0 ?

Accept the action
(always)

∆H < 0 ?

Compute the change in energy ∆H

Choose a neighbour at random 

Choose an action

Repeat till all nodes 
are chosen

0

( )
H H
TP H e

− ∆ +

∆ =

Dipartimento di Scienze Matematicheincrease time



Sub-Cellular Components in CPMSub-Cellular Components in CPM

M. Scianna & L.P., 
Multiscale Model. Simul. 
10, 342-382 (2012) 

Dipartimento di Scienze Matematiche



Dipartimento di Matematica

Protein Networks and Nested Approach Protein Networks and Nested Approach 
sub-cellular level
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Moving cell morphology with CPMMoving cell morphology with CPM
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Classical CPM

Compartmentalized CPM

file:///C:/Luigi/Articoli/biomath/Scianna/Singola cellula/S1.wmv


Moving cell morphology with CPMMoving cell morphology with CPM
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file:///C:/Luigi/ppt/movies/Scianna/Video+Presentazione/Calcium_SingleCell3.wmv


Rigid nucleus in microchannelsRigid nucleus in microchannels

Rolli et al. PlosOne, 5, e8726 (2010)
(J. Guch)

file:///C:/Luigi/Articoli/di altri/Cell traction/journal.pone.0008726.s003.mov
file:///C:/Luigi/ppt/movies/esperimenti/GuchSM2.avi


Deformable nucleus in microchannelsDeformable nucleus in microchannels

(J. Guch)

file:///C:/Luigi/ppt/movies/esperimenti/GuchSM1.avi
file:///C:/Luigi/Articoli/di altri/Cell traction/journal.pone.0008726.s002.mov
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Influence of nucleus rigidityInfluence of nucleus rigidity
 Penetrative = Stay out with the nucleus 

(not with the cytoplasm)
 Invasive = Enter but do not reach 

the other side
 Permeative = Enter and reach 

the other side



Influence of nucleus rigidityInfluence of nucleus rigidity
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Effect of pore sizeEffect of pore size

M. Scianna, L.P., & K. Wolf, Biosci. Engng. (2012)



Effect of deformabilityEffect of deformability
Varying fiber elasticity Varying nucleus elasticity
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Single cell invasion in anisotropic ECMSingle cell invasion in anisotropic ECM
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Effect of adhesion in 2DEffect of adhesion in 2D
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Palecek et al., 
Nature 385, 
537-540 (1997)



Continuous Criterium for Invasion Continuous Criterium for Invasion 
Giverso & L.P., Biomech. Model. Mechanobiol. 
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Continuous Criterium for Invasion Continuous Criterium for Invasion 

Brugués et al., PNAS, 107, 15415-15420 (2010) 

Evans:

Shear elastic modulus of the membrane

Chien:
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file:///C:/Luigi/ppt/movies/esperimenti/MA Schizont 2.mp4
file:///C:/Luigi/ppt/movies/esperimenti/Cell in Micropipette.mov


Chien's modelChien's model



Elastic membrane Elastic membrane 



Elastic solid Elastic solid 



Elastic solid Elastic solid 
Ellipsoidal ùor  Cigar
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Invasion of Ovary Cancer Cells Invasion of Ovary Cancer Cells 



Invasion of Ovary Cancer Cells Invasion of Ovary Cancer Cells 

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

Top view

Side view

file:///C:/Luigi/ppt/movies/adesione/ex_et_lent.gif


Invasion of Ovary Cancer Cells Invasion of Ovary Cancer Cells 
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file:///C:/Luigi/ppt/movies/Scianna/singola_cell.wmv
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Invasion of Ovary Cancer Cells Invasion of Ovary Cancer Cells 
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Invasion of Ovary Cancer Cells Invasion of Ovary Cancer Cells 
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Invasion of Ovary Cancer Cells Invasion of Ovary Cancer Cells 
Top view

Bottom view

Side view

Dipartimento di Scienze Matematiche



Invasion of Multicellular Spheroids Invasion of Multicellular Spheroids 
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file:///C:/Luigi/ppt/movies/sferoide.wmv


Invasion of Multicellular Spheroids Invasion of Multicellular Spheroids 
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Invasion of Ovary Cancer Cells Invasion of Ovary Cancer Cells 
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Individual based  modelsIndividual based  models

cell-cell and 
cell-substratum

interaction

J. Galle & D. Drasdo
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stochastic 
growth process

Cell cycle modelCell cycle model

VT=V0 VT = 2V0 ?

no

mitosis
   VT=V0

   VT=V0

yes

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

By courtesy of J. Galle & D. Drasdo
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uncompressed
VA=VT

R

R

R’

cell-cell contact

relaxation
R’ > R

immediately
after contact

VA < VT

xc

R

R’

cell-substrate contact

xs

explicit
representation

of the cell shape

By courtesy of J. Galle & D. Drasdo



  

IBM interacting with a  membraneIBM interacting with a  membrane

Model of a re-organisable and flexible  basal membrane (BM)

 Basal membrane consists of 
semiflexible elastic polymers
 Polymers are organized in triangles

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

 New triangles are added if a 
  triangle area is too large
 Surface curvature potential 
  controls shape
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IBM interacting with a  membraneIBM interacting with a  membrane
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Buske et al., FEBS J. 279, 3475-3487 (2012)

 Cells adhere to the basal membrane 
 Cells modify its properties of the membrane

Original at: 
http://onlinelibrary.wiley.com/doi/10.1111/j.1742-4658.2012.08646.x/suppinfo

file:///C:/Luigi/ppt/movies/Galle/GalleMembrana/compr_hart_schnitt.avi
file:///C:/Luigi/ppt/movies/Galle/GalleMembrana/ejb_8646_sm_VideoS1.avi
file:///C:/Luigi/ppt/movies/Galle/GalleMembrana/curv.avi
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What's missing? Active behaviours



  
Dipartimento di Scienze Matematiche

What's missing? Active behaviours
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What's missing? Active behaviours
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What's missing? Active behaviours
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What's missing? Active behaviours
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