
Adhesion , Motility 

and Forces of Adhesion 

Adhesion and motility are closely linked and 

important for  

• Scaffold colonization 

• Integration of host-construct 

• Morphogenesis 

• Wound healing 

• Inflammation and repair 

• Metastasis 



Inflammatory response 



Metastasis 



Cell shape changes with adhesion.  

 



Remember: Adhesion, motiltity, cell shape 

and phenotype are closely linked:  

FORM-FUNCTION-PHENOTYPE   

Adhesion and motility  is modulated by: 

•Chemotatic gradients (nutrients, GF)   

•Haptotatic gradients (Adhesion 

ligands)  

•Contact inhibition   

•Galvanotaxis  

•Contact guidance from a substrate 

•Durotaxis 
 

 

 



Contact inhibition is the natural process of arresting cell 

growth.  Cells growing in –vitro will generally continue to 

replicate until they form a continuous monolayer on the 

vessel surface. In this case, they would be subject to 

contact inhibition. Thus, cells in culture need to be 

repeatedly passaged (placed into new vessels at a lower 

density) to maintain normal growth. 

Tumor cells typically lose this property and thus grow in an 

uncontrolled manner even when in contact with 

neighbouring cells.  



Contact inhibition of locomotion is the process by which cells in vitro 

change their direction of migration upon contact with another cell 



Contact Guidance 
• Various cell types display contact guidance when cultured on groove and 

ridge patterns with lateral dimensions in the micrometer range. Muscle cells, 

neurons, epithelial cells. 

Human fibroblasts 

growing on a 

circularly patterned 

elastomer surface. 

The cells aligned 

themselves along 

the edge of the 

rings, which served 

as the contact 

guidance. The cells 

were stained with 

Rhodamin-

Phalloidin and DAPI 

http://microscopy.be

rkeley.edu. 



Migration  

Leading edge 

Through 

secretion of 

proteases 

and recall of 

integrins  



Migration 

• Cells need adhesion for traction 

• Should not be too strong (stick), or weak 

(slip) 

• Remember most studies performed in 2D 

but 

• Cells live and move in 3D 

 



Migration 

• When observed over long times in the absence 

of gradients, cells move similar to Brownian 

particles (change in direction due to elastic 

collisions).  

• Over short periods cells move in one direction. 

This is known as “persistance”. No 

instantaneous momentum transfer but 

mechanisms which require energy: attachment, 

contraction, cyotskeletal organization, binding, 

unbinding.  



Cellula Funzione   s (velocità) P (tempo di 

persistenza) 

Neutrofili Fagocitosi batteri 20 m/min 4 min 

Linfociti Distruzione cellule 4  m/min 20 min 

Macrofagi Sviluppo antigeni  2 m/min 30 min 

Cellule endoteliali angiogenesi 0.5 m/min 4-5 ore 

Cellule embrioniche morfogenesi 0.16 m/min 

Fibroblasti Guarigione  0.5 m/min 1 ora 

  

S=velocity 

P=persistance time= time required for significant changes 

in direction  
   

Motility 



( ) 2x t n t

   

 2 2 /

2

( ) 2 (1 )



  



t Px t nS P t P e

S P

n= number of dimensions,µ random motility coefficient (like D, same units) 

When t>>P, then the two are equal  

Browian 

Persistant 



Andamento bifasico. 

1. Down regulation 

2. Substrato troppo appicicoso 

Velocity/motility vs. ligand conc 



Velocità e concentrazione di ligando adesivo 

 

Motilità cellulare in funzione dell’adesivita e affinità di una superficie. Se il 

legame integrina-ligando (o recettore-ligando chemeotattico) ha un elevata 

affinità, basta una piccola concentrazione per aumentare la velocità e saturare. 

Invece se il valore di KD è elevato, sono necessarie più ligandi per stimolare la 

migrazione. 



Motilita cellulare in funzione del rapporto adesività del substrato/coesività 

cellulare. Se le cellule sono coesive tendono a migrare meno. Invece cellule che 

interagiscono con la matrice sono più motili, e più sensibili a gradienti haptotattici.  



The range of elastic moduli found in tissues 





Stem cells are sensitive to physical stimuli: MSC 

(Mesenchymal stem cells) can differentiate towards 

different phenotypes depending on the type of stimulus 



Le forze microscopiche 
Forze meccaniche: adesione di cellule in presenza di forze di shear 

Migrazione cellulare 

Deformazione e orientazzione  

Contrazione muscolare 

 

Forze esterne: viscose, elastiche 

 

Forze intermolecolari 

Interazione elettrostatiche 

Interazione VDW e legami idrogeno 

Idrofobiche –tensioni superficiali 

Entropia 

 

Energia=KT, a 37 °C calcolare l’energia in pN. Nm 

  



Bell 



Specific interactions- receptor 

mediated 

Non specific interactions 

Electrostatic forces -rep 

Steric stabilisation-rep 

Van der Waals (electrodynamic) -att 

 



Energia potenziale o energia libera in funzione della distanza dalla 

superficie di una cellula. Il buco di potenziale dovuto al 

legame Recettore-Ligando che si trova a circa 25 nm dalla 

superficie 



Come si misurano? 

 
AFM 

Laminar Flow 

optical tweezers 

micropipettes 







Laminar flow chamber 
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Come cambia con la velocita di distacco? 

Nessun esperimento è in grado di distaccare instantaneamente 

 

Metodo  Tempo necessario per applicare 100 pN 

AFM  1 ms-1 s 

Laminare 10 ms- 10 s 

Micropipetta 10 ms-100 s 

Optical Tweezers < ms 

 



How is adhesion measured? 

 

 

 
method Forces, pN Distances, nm Loading rate 

pN/s 

Laser 

tweezers 

1-200 100 10-1-102 

Micropipette 

aspiration 

10-1000 100 101-103 

AFM 10-10000 0.1 103-106 

Flow chamber 

 

? ? ? 

Sedimentation

-detachment 

or 

centrifugation 

1-1000 100 100-103 



Int J, Fracture Mech, 1965 

Il modello di Bell- parte da 

Zhurkov 



Il modello di Bell 









The Bell model 

Bell (Science 1978, vol 200) had the insight to relate cell ligand binding kinetics to 

the lifetime of bond formation previously used in metals.  

E 

d 

E 

In resting conditions the bond energy is Eo. If a force is applied, the energy 

barrier moves up. 
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So now the energy required to break 

the bond is less,  Eo-Fro 

Then the  lifetime of an unstressed bond is  exp( / )o oE KT 

And when stressed exp([ . ]/ )o o oE F r KT  

According to Bell, now accepted and verified experimentally: 

This means that the reverse reaction rate is proportional to 

the lifetime of a bond. High rate, low bond lifetime.  

1

rk
 

0 0exp( . / )r rk k F r KT

kr reverse reaction rate, kr0 reverse rate when unstressed. F force 

applied, r0 bond length 



Abbassamento della barriera di energia potenziale in 

seguito alla sollecitazione del legame con a una 

forza pari a F.  





Recettore Ligando RT 

(numero/cellul

a) 

kf (nM-1 min-1) kr (min-1) KD (nM) 

Trasferrina Trasferrina 

(trasportatore 

ferro negli 

epatociti) 

50000 0.003 0.1 33 

EGF EGF (fattore 

di crescita 

epidermale) 

25000 0.18 0.12 0.67 

Fibronectina 

(integrina) 

Fibronectina 50000 0.0007 0.6 860 

Insulina Insulina 10000 0.0096 0.2 21 

TNF TNF 

(citochina) 

6600 0.93 0.14 0.15 

Interleuchina 2 Interleuchina 2 

(citochina) 

200 1.89 0.014 0.0074 



Come varia il kr con il raggio caratteristico 


