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Alginate 
Biocompatible polysaccharide 

Alginate gel 
Transparent, permeable (pore size, 15 nm) 

(Thierry Marx) 
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b3-tubulin/HCM/DAPI 
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Animal testing (3D) Pétri dish(2D) 
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ECM Stromal cells 

“weak” stroma = low pressure 

Tumor grow 
“strong” stroma = high pressure 

Tumor shrink 
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Kaufman et al. BJ 2005 



Lopez, 2011. In situ force mapping of mammary gland transformation 



(Engler, 2006) 







(Foty, Dev. 1996) 

(Marmottant, PNAS 2009) 

A spheroid is a visco-elastico-plastic material 
 
Note: time scale <1 hour 
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Massive production 

of capsules (~5,000 per sec) 



Capsule structure 
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Capsule radius is fixed:  

R~ 100 µm 

 

Shell thickness can be tuned:  

5 µm<h<35 µm   



R v t 

exp( / 3 )dR t 



In capsulo cell growth - Formation of confined spheroids  

  





Post-confluent spheroid evolution 

[Same size,  

larger field of view] 



Alginate gels are elastic and stiff 

AFM 

Stretching of alginate threads 

Osmotic swelling assay 



Capsules can be soft and used as pressure sensors  
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Influence of confinement  
on the internal cellular organization of spheroids 
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2-photon microscopy 

Sulforhodamin B : labels dead cells and extracellular proteins 



Influence of confinement  
on the internal cellular organization of spheroids 

FM4-64 labelling 

Cell membranes Necrotic cells 



1photon confocal microscopy 

LifeAct-mCherry  

CT26 cells 



Fixed spheroid 
 

Phalloidin Alexa488 

(Actin  bundles) 



Invasion assay 

Bare spheroid  
(after incubation for 5 min in PBS) 

Collagen I matrix (2mg/ml) 



Invasion assay 

Pre-compressed spheroid Freely grown  spheroid 



Invasion assay 



Take-home messages for cancer biologists 

1. Confinement (or compressive stress) slows down tumor progression 

2. Elastic confinement (or compressive stress) may trigger cell escape (metastasis) 



Cell 2015 

Can mechanical stress enhance cell motility? 



Connection between cytoskeleton and nucleus 



Molecular details 
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Long micro-tubes, … Sausages, micro-canelloni, cylindroids 
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Potential mechanisms of 

nuclear mechanosensing 



 
Lamin A/C-deficient cells have more 
deformable nuclei 
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