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Sensing matrix rigidity:
transducing mechanical signals from integrins to the 

nucleus

Pere Roca‐Cusachs

Universitat de Barcelona
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Mechanical factors are important in:

• Most solid tumors

• Development

• Wound healing

• ...
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Levental et al., Cell 139:891‐906, 2009
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How does a cell measure tissue rigidity?

Stiffness Force application Signalling pathway Malignant behavior

Dupont, S. et al. Nature
474, 179‐183 (2011).

Wang X. et al. Eur. J. Cancer 48, 
1227‐1234 (2012).

What is the sensing mechanism?

The actin‐integrin connection

Actomyosin
cytosleketon

Roca‐Cusachs et al., J.Cell Sci., 125, 1‐14, 2012
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The actin‐integrin connection

Actomyosin
cytosleketon

Integrins

Roca‐Cusachs et al., J.Cell Sci., 125, 1‐14, 2012

The actin‐integrin connection

Actomyosin
cytosleketon

Adaptors

Integrins

Roca‐Cusachs et al., J.Cell Sci., 125, 1‐14, 2012
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How does a cell measure tissue rigidity?

d

Substrate stiffness: k = F/d

Two fundamental questions:

1. How does rigidity regulate cell‐
matrix force transmission?

2. How is then this force 
transduced into a biochemical 
signal?

Step 1: force transmission

Actin flow
Deforms 
substrate

Soft substrate:
Slow force buildup
(low loading rate)

Stiff substrate:
Fast force buildup
(high loading rate)
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Step 1: force transmission

Substrate stiffness (Pa)
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Optimal point

Bonds detach 
spontaneously 
before reaching high 
forces

Bonds start 
detaching before 
others can join

Schiller et al., Nat Cell Biol
2013, 15:625‐636

Califano et al., Cell Mol
Bioeng 2010, 3:68:‐75

Ghibaudo et al., Soft Matter 
2008, 4:1836‐1842

Based on Chan and Odde, Science 322, 1687‐1691 (2008).

Step 2: force transduction

Adaptors

Integrins

Roca‐Cusachs et al., J.Cell Sci., 125, 1‐14, 2012

F F

Del Rio et al., Science 323, 638‐641, 2009

vinculin

F F

Integrin recruitment, adhesion growth

Roca‐Cusachs et al., PNAS 106, 16245‐16250, 2009

Does talin unfolding mediate rigidity sensing?
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Talin defines a rigidity threshold

Elosegui‐Artola et al.,  Nat. Cell Biol 18:540‐548 (2016)

Traction force microscopy:
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Alberto Elósegui

Can talin unfolding explain this response?

When talin unfolds → Integrins are recruited → Binding rates increase

Yao et al., Sci. Rep. 4:4610 (2014)
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Summary Actin flow

Deforms 
substrate

Soft substrate:
Slow force buildup
(low loading rate)

Stiff substrate:
Fast force buildup
(high loading rate)

Clutch unbinds 
before talin can 
unfold

No YAP signalling

Clutch unbinds 
after talin can 
unfold

Vinculin binds to 
unfolded talin

Threshold rigidity can be tuned by clutch parameters such as ECM density, myosin activity, 
or integrin expression.

YAP translocates to 
the nucleus

Sensing ligand density

Ada Cavalcanti Tina Weigand

Oria et al., Nature 552:219‐224 (2017)
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Adhesion formation in response to ligand distribution
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Adhesion formation in response to ligand distribution
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Decreasing 
number of 
clutches

Higher 
Force 
Loading

Fmyosin

Fmyosin

Force threshold is 
surpassed more 
often

Maximum 
integrin density 
is reached at 
lower rigidities

EFFECT OF LIGAND DENSITY

Force threshold
is surpassed

Impose max. 
Adhesion
growth

Is the loading rate what matters?

Stretch system Víctor González

González‐Tarragó et al., submitted
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Loading rat(e)s in vivo

Isaac 
Almendros

Ramon 
Farré

Bryan
Falcones

Loading rat(e)s in vivo
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From talin unfolding to YAP nuclear entry

Stretch system

Nucleus strain

Cell strain

Actin YAP 
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Elosegui‐Artola et al. Cell 171, 1397‐1410 (2017)

Talin triggers nuclear‐CSK coupling
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AFM 

Direct nuclear force application translocates YAP

Mechanosensitive nucleocytoplasmic transport

• No ECM‐nuclear force transmission

• YAP import and export balanced

Soft substrate

• ECM‐nuclear force transmission

• Nuclear flattening

• YAP import increased

Stiff substrate

Molecular regulation

• Large size impairs import

• Low mechanical stability promotes
import

Elosegui‐Artola et al. Cell 171, 1397‐1410 (2017)
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