
  

Growth of a glioblastoma

file:///C:/Users/Utente/Dropbox%20(Politecnico%20di%20Torino%20Staff)/Archivio/ppt/movies/gliomi/video/sezione%20orizzontale%20-%20Crescita%20Libera.avi
file:///C:/Users/Utente/Dropbox%20(Politecnico%20di%20Torino%20Staff)/Archivio/ppt/movies/gliomi/video/sezione%20sagittale%20-%20Terapia%20Continua%20Efficace.avi


  

Convection-enhanced delivery

file:///C:/Users/Utente/Dropbox%20(Politecnico%20di%20Torino%20Staff)/Archivio/ppt/movies/gliomi/standard_6sett_interrompo_1sett30sec.avi
file:///C:/Users/Utente/Dropbox%20(Politecnico%20di%20Torino%20Staff)/Archivio/ppt/movies/gliomi/iniezione_lontana_dal_bordo_4sett.avi


  

• ~ 10 6 cells
• Maximum diameter ~ 2 mm
• Necrotic core
• Quiescent region
• Periferic proliferation
• “Nutrient” diffusion limit

Spheroid from V-79 Chinese hamster lung cells 
Folkman & Hochberg, Exp Med. 138:745-753 (73)

Multicellular spheroids



  

Nutrient diffusion in spheroids
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proliferating rim

For  R >> d 

Nutrient diffusion in spheroids
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Beyond random walk

Diffusion Anomalous diffusion (super-diffusion)

Brownian motion Levi flights (or Levi walks)



  

Levy flights 

Diffusion Anomalous diffusion (super-diffusion)

Brownian motion Levi flights (or Levi walks)



  

Random walk
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Degenerate diffusion

Linear Diffusion
with ill-posed region

Degenerate diffusion equation

with aggregation

If

file:///C:/Users/Utente/Dropbox%20(Politecnico%20di%20Torino%20Staff)/Archivio/ppt/movies/didattica/diffusione/4_pm_chi20.avi
file:///C:/Users/Utente/Dropbox%20(Politecnico%20di%20Torino%20Staff)/Archivio/ppt/movies/didattica/diffusione/campana.avi
file:///C:/Users/Utente/Dropbox%20(Politecnico%20di%20Torino%20Staff)/Archivio/ppt/movies/didattica/diffusione/3_pm_chi1.avi
file:///C:/Users/Utente/Dropbox%20(Politecnico%20di%20Torino%20Staff)/Archivio/ppt/didattica%20e%20divulgazione/movies/didattica/diffusione/5_conv_05.avi
file:///C:/Users/Utente/Dropbox%20(Politecnico%20di%20Torino%20Staff)/Archivio/ppt/movies/didattica/diffusione/6_conv_2.avi


How do patterns emerge in biology?
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Alan Turing (1912-1954)

Pioneer mathematician 
in

● Computer science
● Cryptography
● Biology
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Turing instability

Diffusion driven (Turing) instability:
incorporation of diffusion within an otherwise stable 
dynamical system induces an instability which drives spatial 
organization
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Turing instability

the inhibitor must diffuse faster than the 
activator.

Over short ranges the activator dominates leading to increase in u
Over longer ranges inhibition dominates leading to a suppression of u
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Vegetation patterns
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Namibian fairy circles


