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Tumore primario         

PDX: tumore trapiantato 
in animale 
immunocopromesso  

Trapianto di una linea 
cellulare tumorale 
in animale 
immunocopromesso  
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McAllister J Inv Derm 1961

Trapianto autologo di carcinomi cutanei:
Solo le cellule tumorali trapiantate 

assieme al proprio stroma 
colonizzano il nuovo sito  
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La lamina basale:
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idratazione

pH
fattori di crescita

citochine

stimoli meccanici

Ligandi per recettori di membrana
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Cox T R , and Erler J T Dis. Model. Mech. 2011;4:165-178

Deposizione di 
componenti della 
ECM
(cellule tumorali 
e fibroblasti CAF)

Rimodellamento 
delle fibrille di 
collagene
(LOX secrete dal 
cellule tumorali e 
cellule del 
microambiente)
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Cox T R , and Erler J T Dis. Model. Mech. 2011;4:165-178
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Soft ECM Stiff  ECM

Inibizione dell’apoptosi = mancata 
formazione del lume
Destabilizzazione delle giunzioni aderenti
Perdita di polarità e adesione = ECM
Migrazione e invasione 19



Jason J. Northey et al. 
Cancer Discov
2017;7:1224-1237
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Il signalling delle integrine attiva pathways di proliferazione e 
sopravvivenza
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Se prive del loro ligando le 
integrine reclutano e attivano la 
caspasi 8 alla membrana, oltre a 
non attivare FAK-PI3K
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Nature Reviews | Cancer
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stimuli, coincident with a disruption of morphology 
and cytoskeletal organization96,97 (K. Levental,  V.M.W. 
and N. Zahir, unpublished observations). These results 
indirectly implicate the properties of matrix materials 
in the control of cell shape, cytoskeleton morphology 
and chromatin remodelling.

Several studies have highlighted the interactions 
between force, Rho signalling, cell shape and histone 
acetylation98,99. Adhesion-induced changes in HMEC 
shape are associated with altered actin organization, 
RhoGTPase activity, actomyosin contractility and modi-
fied global patterns of chromatin histone acetylation6,100. 

Figure 2 | Mechanotransduction and focal adhesion maturation. a | The majority of integrins exist at the plasma 
membrane in a resting, inactive state in which they can be activated by inside–out or outside–in cues. With regard to 
outside–in activation, when cells encounter a mechanically rigid matrix or are exposed to an exogenous force integrins 
become activated, which favours integrin oligomerization or clustering, talin 1 and p130Cas protein unfolding, 
vinculin–talin association, and Src and focal adhesion kinase (FAK) stimulation of RhoGTPase-dependent actomyosin 
contractility and actin remodelling. Focal adhesions mature with the recruitment of a repertoire of adhesion plaque 
proteins, including A-actinin to facilitate actin association, and adaptor proteins such as paxillin, which foster interactions 
between multiple signalling complexes to promote growth, migration and differentiation. b | Normal cells tune their 
contractility in response to matrix stiffness cues, but tumours exhibit altered tensional homeostasis. Cells exert 
actomyosin contractility and cytoskeleton-dependent force in response to matrix stiffness cues. These forces can be 
measured using traction force microscopy. Thus, non-malignant human mammary epithelial cells spread more and exert 
more force on a stiff matrix than on a soft matrix. c | By comparison, breast tumour cells (T4) are highly contractile and 
spread considerably more than their non-malignant counterparts (S1) in response to the same compliant matrix. 
Importantly, inhibiting RhoGTPase signalling in tumour cells, by expressing a dominant-negative N19Rho or treating 
tumours with an inhibitor of Rho-associated, coiled-coil-containing protein kinase (ROCK; Y-27632) or myosin 2 
(blebbistatin), reduces tumour cell contractility and spreading to levels exhibited by non-malignant breast epithelial cells. 
These data illustrate the importance of Rho signalling and actomyosin contractility in cell force generation and show how 
transformation alters cell force sensing. The traction map is shown in pseudocolour indicating regions of low (grey) and 
high (purple) forces in dynes per cm2. ECM, extracellular matrix; SFK, Src family kinase. Reproduced, with permission, from 
REF. 6 � (2005) Elsevier Inc.

REVIEWS

NATURE REVIEWS | CANCER  VOLUME 9 | FEBRUARY 2009 | 113

��)''0�DXZd`ccXe�GlYc`j_\ij�C`d`k\[%�8cc�i`^_kj�i\j\im\[

Butcher et al, Nat Rew Cancer 2009

Impatto su: sopravvivenza, proliferazione e progressione tumorale
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Supplementary Figure 1 | A model for the role of YAP/TAZ as readers and effectors of cell 

behavior induced by the mechanical/physical properties of the cellular microenvironment, such 

as ECM stiffness, cell spreading and cytoskeletal tension. On the left: Cells growing on stiff 

substrates (indicated in grey) can develop cytoskeletal tension by pulling on the ECM, which 

permits the maturation of cell-substrate adhesions
3
 (indicated by the symbol ||) and the 

development of stress-fibers (indicated by the black lines in the cytoplasm). In these conditions, 

YAP/TAZ transcriptional coactivators (indicated in green) accumulate in the nucleus and can 

regulate gene transcription, enabling cells to behave according to the mechanical 

microenvironment. On the right: Cells growing on soft substrates (indicated in pink) cannot 

develop cytoskeletal tension and display reduced or no stress-fibers (black lines abutting the cell 

membrane indicate the formation of the cortical F-actin cytoskeleton). In these conditions, 

YAP/TAZ are excluded from the nucleus and accumulate in the cytoplasm (now stained in 

green). In this case, it is the absence of YAP/TAZ transcriptional activity that instructs cell 

behavior in response to the microenvironment. 
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GX%Grade%cannot%be%assessed%%
G1%Well%differen6ated%(Low%grade)%%
G2%Moderately%differen6ated%(Intermediate%grade)%%
G3%Poorly%differen6ated%(High%grade)%%
G4%Undifferen6ated%(High%grade%

G3'tumors'are'enriched'in'Cancer'Stem'Cells'

Tumor%grade%is%the%descrip6on%of%a%tumor%based%on%how%
abnormal%the%tumor%cells%and%tumor%6ssue%look%under%a%
microscope.%
Tumor%grade%is%an%indicator%of%how%quickly%the%tumor%is%
likely%to%grow%and%spread%aggressiveness).%
Tumor%grading%systems%differ%depending%on%the%type%of%
cancer.%
Tumor%grade%may%be%one%of%the%factors%considered%when%
planning%treatment%for%a%pa6ent.%

TAZ'is'overexpressed'in'grade'3'breast'tumors'

TAZ% TAZ%
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Mechanical stimuli coming from the 
extracellular matrix = 
mechanical stresses, include
stretching, change in pressure or 
fluid flux rate, variation of the 
available adhesive area, 
modification of ECM stiffness.

These physical characteristics impact 
on the organization and structure of 
the actin cytoskeleton.



Quiescenza
differenziamento

proliferazione
EMT
staminalità
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