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Mechanical factors are important in:
¢ Most solid tumors
* Development
* Wound healing
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How does a cell measure tissue rigidity?

What is the sensing mechanism?
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Dupont, S. et al. Nature
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Wl OWE WE Wi WIS
Tine {Weeks)

Wang X. et al. Eur. J. Cancer 48,

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| 1227-1234 (2012).

The actin-integrin connection

Actin
——= Myosin I Actomyosin
-— Q cytosleketon

ECM

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

Actin
——= Myosin I Actomyosin
-— ; i Q cytosleketon

Integrins

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

The actin-integrin connection
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Roca-Cusachs et al., J.Cell Sci., 125, 1-14, 2012
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How does a cell measure tissue rigidity?

Two fundamental questions:

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

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

Substrate stiffness: k = F/d

Step 1: force transmission

B ) Froomm

Substrate

Soft substrate:

Slow force buildup
—r / (low loading rate)
—» eforms
substrate
\ Stiff substrate:

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

Optimal point

Bonds detach e
spontaneously

»

Average force per pillar (nh)

W W e e m
Spring constant (niwm)

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

() ©00y
500 - *

before reaching high
forces

Bonds start ol
detaching before
others can join

Based on Chan and Odde, Science 322, 1687-1691 (2008).
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Califano et al., Cell Mol
Bioeng 2010, 3:68:-75
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P 0,000
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Son Medom T

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

Step 2: force transduction

"8 74 g 2, Adaptors
¥ 1/

Integrins

ECM -

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

—~F
Del Rio et al., Science 323, 638-641, 2009

v

Integrin recruitment, adhesion growth
Roca-Cusachs et al., PNAS 106, 16245-16250, 2009

Does talin unfolding mediate rigidity sensing?
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Traction force microscopy:

Talin defines a rigidity threshold

5 kPa 29 kPa

Elosegui-Artola et al., Nat. Cell Biol 18:540-548 (2016) Substrate Young s modulus (kPa)
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Can talin unfolding explain this response?

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

Deforms
substrate
Soft substrate: Stiff substrate:
Slow force buildup Fast force buildup
. (low loading rate) (high loading rate)
v v F
r Clutch unbinds Clutch unbinds
- before talin can after talin can -
A unfold unfold
v v
‘ No YAP signalling ‘ Vinculin binds to
unfolded talin
4
YAP translocates to
the nucleus

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

Sensing ligand density

Ada Cavalcanti Tina Weigand

Oria et al., Nature 552:219-224 (2017)
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Spacing (nm)

Adhesion formation in response to ligand distribution

Young’s modulus (kPa)
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EFFECT OF LIGAND DENSITY

Impose max.

Force threshold ~ Adhesion
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Is the loading rate what matters? @
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Stretch system  Victor Gonzalez
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Loading rat(e)s in vivo

Normally-ventilated lung

Vy= 15 mUKg
Ins
Exp s—_l\

Ins TL/’

Exp
Vy = 15 mLKg

_ . Isaac Ramon Bryan
Differential ventilator Over-ventilated lung ! y
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Loading rat(e)s in vivo
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5 kPa

29 kPa

From talin unfolding to YAP nuclear entry

YAP

Stretch system

Nucleus strain

Cell strain

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

Talin triggers nuclear-CSK coupling
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Direct nuclear force application translocates YAP
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Large size impairs import

Low mechanical stability promotes
import

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