Which properties of the extracellular matrix are important
for cell behavior in 3-D?
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(Alberts B. et al., Molecular Biology of the Cell)
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Sheetz, Cell 1997
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Integrin re-inforcement depends on applied force
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Pelham and Wang, PNAS 1997

Cell behavior depends on matrix stiffness

3 - L L SRl Amplitude and speed of lamellipodium fluctuations decrease on stiffer substrates

0.03

0.07 0.13 0.26

Size, tyrosine phosphoryl. and stability of focal adhesions increase on stiffer substrates

0.07 0.13 0.26
Percent bis-acryiamide




[Disher et al, Science, 2005]

Cell behavior depends on

matrix stiffness
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Swaminathan & Waterman, Nat Cell Biol 2016

Clutch-hypothesis
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Matrix Elasticity Directs Stem Cell Lineage Specification
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Geometry matters: cells need to spread
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., Lammerding Science 2016
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Nuclear rupture under confinement
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3-D collagen matrix

Steinwachs et al, Nat Meth 2016




Mechanical cell-matrix interactions — collagen alignment

200 pm
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Mechanical properties of 3-D collagen matrices

1. Strain stiffening

Stiffness rises after 3% of shear

2. Abnormal Poisson-ratio

Strong contraction under
uniaxial stretch (v=8)
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Collagen fibers allign under mechanical stress
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Cell spreading and invasion is governed by a force balance
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Eur J Cell Biol 87:669, 2008



Cell invasion in collagen
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Invasion depth in collagen
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Invasion depth in collagen
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M) Check for updates Stress relaxation amplitude of hydrogels

determines migration, proliferation, and
morphology of cells in 3-D culturef

Cite this: DOI: 10.1039/d1bm01089a
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Stress relaxation amplitude (plasticity) of the ECM
determines cell proliferation, migration, morphology
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Stress relaxation amplitude (plasticity) of the ECM
determines cell proliferation, migration, morphology

60 -

ction (%)

@ 40 4

efr

—20_

Moti

0
1.0

0.8-
2
50.6-
2
20.4-
O

0.2-

0.0

0203040506070809

Relaxation amplitude

Relaxation amplitude

Q.

Q
<

~

Migration speed (um/h)

r=0.767
lp=0.016

T .
onNn B
[

0.0 e :
0203040506070809

Relaxation amplitude

N
o

w
o
1

=
o
1

Motile fraction (%)
N
o
1

r=0.732
p =0.039

-
o o

0.0

r=-0.933 H
p<0001 :

0203040506070809

Relaxation amplitude

day 10

)

h
o

/
o

S
1

r=0.817
p = 0.007

Migration speed (um
N

e 09 o0 9 -
o N D O ® OO
1

Proliferation (O.D.)

T 1 T

0203040506070809

Relaxation amplitude




Motile fraction (%)

ity

r

a

ul

C

Cir

Stress relaxation amplitude (plasticity) of the ECM
determines cell proliferation, migration, morphology
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Specifications sheet for (extracellular) matrix biomaterials is very long

Mechanical properties

Structural properties

Stiffness (Young's modulus)

Poisson ratio, poroelasticity
non-linearity (strain or stress stiffening)
viscoelasticity (frequency response, creep)
yield strain / yield stress

plasticity and structural remodeling
anisotropy, heterogeneity

solid fraction, porosity
pore size distribution
fiber diameter, anisotropy
fiber connectivity

Chemical properties

adhesive functionalization :
proteolytic degradation | U!l_l!
water binding capacity, surface charge

inter- and intrafiber crosslinking
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