— ~ — £ = = -
= £ o =
< - o e ’\ —
= == 5 o
— - = B
B . = = B -
e
T
——
i';_
=
. e E—
= A ——— = e —— T——
R
————
_— e s 7/—'/>
. —— "/

Cell and tissue mechanics

Nanoanalytics and biophysics by

_ Dragana Galevska
Dr. Rheinlaender

02.07.2019



Motivation ...

o What is cell mechanics?

o Why is it important?

o Why should we study it?
o How can we study it?
L methods?

o What kind of applications are there in this
field?
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o Cell basics

o

o Molecular and structural basis of cell
mechanics

o Presentation of some papers and research
topics
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The cells in our body ...

o have a very dynamic nature

o Are extraordinarily amenable to adapting to
changes, which

o Induce a physical and/or biochemical response

cellular events (stiffening, maturation,
morphological changes) or disease states (cancer,
osteoporosis, asthma, glaucoma...)
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The cell as a material

Cells have both elastic and viscous
properties

The elasticity makes them resist
deformation like a simple spring — the
energy of deformation is stored in the
material

The viscosity allows them to flow as a
fluid — the energy put into the
deformation is dissipated

(a) Quantities involved in mechanics measurements

Change in length, AL

after time, At

Relaxed length, L

Elastic
o
response
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o A biopolymer network =
consisting of three major
components

o Actin filaments
o Intermediate filaments
o Microtubules

o Lego like structures

'x:
@l

o A dynamic network that
can resist deformation
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Protofilament

(a) Microtubule

Copyright © 2006 Pearson Benjamin Cummings. All rights reserved.
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The cytoskeleton

Microtubules — P ~ 5mm, form linear tracks that span the

length of a cell
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Telophase

\ Anaphase

Chromosome

Kinetochaore

Microtubule

J
Sister chromatids

https://www.quora.com/How-do-microtubules-attach-to-
chromosomes-during-mitosis

Molecular and structural basis of cell
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The cytoskeleton

Actin filaments — less rigid than microtubules,

but highly organized, stiff structures due to
high C of cross-linkers

Convergent elongation Nucleation and polymerization at
Anchorage to lamellipodium meshwork the plasma membrane
Anchorage to cortical actin cytoskeleton

Gupton et al, 2007

Molecular and structural basis of cell
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The cytoskeleton

Intermediate filament — least stiff of all three. Cross-

linked to each other forming networks
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The cytoskeleton

v’ Establishes order in the cytoplasm

v Turns seemingly chaotic collection of molecules into highly
organized living cells

v' Determines the cell stiffness

» Stiffness of diseased cells can be dramatically different
(e.g. cancer cells or sickle red blood cells)



> Adhesion of the cell to the ECM results in structural
organization of the cell itself

» Cell — matrix and cell — cell interactions are important
in maintaining structural and functional integrity

» Sensing and assessing of the microenvironment
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» Complex network of
mechanotransduction
influences the chemical
properties and
biological functions of
cells

» Force propagation from
ECM to the nucleus
might take up to 1ms

> Different behaviors
result in altered cellular
responses
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Conventional analysis and imaging
methods for studying cell mechanics

Cytoindentation
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Unal et al.., 2014
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Atomic force microscopy - AFM

AFMﬁp Approaching

» AFM is a powerful tool for
simultaneously obtaining
structural and mechanical
information of a single cell

Indenting

Distance

l //g;;nu
» Force volume mode vs. peak x
force tapping mode

» Real-time analysis yields
multiple parameters that
reflect the physical properties

Young’'s modulus map

Unal et al., 2014
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Mechanical changes of cells in
response to external stimuli

A. Substrate topography

» Cellular, morphological
changes are often
accompanied with cellular
mechanical changes

» Nano-topography of the
substrate influences diverse
cell behavior

» Important for the field of
regenerative medicine

Morphology Young’s modulus

Rianna et al., 2015
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Mechanical changes of cells in
response to external stimuli

B. Substrate stiffness 10% serum ﬂ CO'«"Q'—‘" -1

> The. stiffness of the substrate EI c 5 bstrate (E)
has an important effect on cell

behaviour ol | = Y
0.1~-1kPa 8~17 kPa 25 - 40 kPa

> Combination of substrate stiffness

and specific ECM guides the stem cell
lineage specification

» A landmark study by Engler et al

Neuron Myoblat Osteoblast

Engler et al., 2006
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Mechanical changes of cells in
response to external stimuli

o

AFM imaging

—— 7

. e > - - - - ‘w
Without drug With cisplatin Force curves

C.  Drug stimulation Wang et al,, 2007

» Mechanical changes of cells after stimulation of drugs

» Lymphoma cells after treatment with two chemotherapy drugs and one targeted
drug

» Significant morphological changes

02.07.2019 Mechanical changes of cells 20
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