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Aims of the study
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In order to metastasize,
a cancer cell must
degrade the ECM.

~ a The cell extravasates

The tumor cell then
invades the stroma.
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For distant spread, it

vascular channel.
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will support its survival.

Geho et al. Physiology 20 (2005) 194
Guimaraes et al. Nat. Rev. Mat. 5 (2020) 351

and migrates through
tissue...

...Lo a site where it
proliferates.

Once a certain mass is
reached, the tumor must
stimulate the generation
of new blood vessels.

metastasis proceeds
through mechanically distinct
environments

Mechanical properties of the local cellular microenvironment define the invasive and migratory
phenotype of cancer cells through irreversible changes in cell cytoskeleton and cellular surface,

leading to softening o

f cancer cells.




Human bladder cancer ‘iﬁ
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Bladder cancer (BC) is the 12t most frequent cancers in the world and the
urological tumor that presents the highest mortality

BC is the most expensive cancer to treat

y BC is the most lethal urological malignancy
___,_..a-.v-—’

e The most common metastases are:
Urethra n lymph nodes, lungs, liver, bone, and peritoneum

Berdik, Nature 551 (2017) S34

functional stiffness (bladder stretching) ranges from a few kPa to ~100 200 kPa

Example pig bladder:
the elastic modulus changes from 9.6 kPa (187 mL, 8.6 mmHg) to 106.9 kPa (327 mL, 27.6 mmHg)

Nenadic et al. Phys. Med. Biol. 58 (2013) 2675




Human bladder cancer
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Human bladder cancer
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Human bladder cancer
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Cells as viscoelastic materials

Structure of the cell

&

actin mesh
cell membrane

actin bundles
over a whole
cell

microtubules
from MTOC to
cell membrane

Cells are:

* non-isotropic

human epithelial cells
(HCV29)

*

,,/
4

green — actin filaments
blue — cell nucleus
orange — microtubules

* not purely elastic but viscoelastic
* adhesive to surrounding microenvironment

How cells are deformed?

Stiffness gradients

Guimaraes et al. Nature Rev. Mat. 5 (2020) 351



Cells as viscoelastic materials
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Cells as viscoelastic materials
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Kasza et al. Cur. Opin. Cell Biol. 19 (2007) 101

Moeendarbary, Harris,

Wiley Interdiscip Rev Syst Biol Med.
* Asimple Hookean spring elongates instantaneously when stress is 6 (2014) 371
applied. Stress is linear in strain.

* Newtonian fluids are characterized by a viscosity (i.e. the ratio between
shear stress and shear rate) that is independent of shear rate. These
fluids display a linear relationship between shear stress and shear rate.



Nanoscale measurements of cell biomechanics

Cell Rheometry techniques:
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Pullarkat et al., Physics Reports 449 (2007) 29



Nanoscale measurements of cell biomechanics

Atomic force microscopy L = 3 ‘ : Hooke’s law:
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Atomic force microscopy — compression
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Atomic force microscopy — compression

Solving Boussinesq’s problem
of symmetric punch
indenting an infinitive half space
(isotropic, purely elastic)

http://www.biocurious.com/images
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7t Sneddon, Int. J. Eng. Sci. 31 (965) 47
Long et al. J. Appl. Mech. 84 (2017) 051007



Compressive properties of bladder cancer cells
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Human bladder cancer cells
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Mechanical properties and organization of cells in bladder tissue hys | 2%¢ efrd

EU H2020- MSCA- ITN 2019-2022 3y
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Gnanachandran et al. submitted



Atomic force microscopy — microrheology University Grenoble Alpes
Claude Verdier
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Rheological properties of bladder cancer cells hys B %C_JI
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Cell cytoskeleton
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Compressive properties of bladder cancer cells ‘iﬁ
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Are mechanical properties of bladder cancer cells related to actin cytoskeleton?
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of F-actin) led to Young’s modulus drop
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]

Actin filaments contribute to the

mechanical properties of bladder cancer Cytochalasin D treatment (5 uM, 30 min, 37°C)
cells E was calculated for indentation depth = 500 nm

(p < 0.0001, for non-treated/treated cells, n = 60 cells)



Cell cytoskeleton ‘iﬁ
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2D organization of actin filaments
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Elastic properties of single cells Joanna Pabijan, IFJ PAN,
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Elastic properties of single cells AiT(Norway)
Peter McCourt

Bartlomiej Zapotoczny
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Glycocalix as another component contributing to bladder cancer mechanics iﬁ
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Atomic force microscopy — interaction forces

Single Molecule Force Spectroscopy
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Atomic force microscopy — interaction forces

Dynamic force spectroscopy (DFS)

® e e Jd =)

empirical Arrhenius equation
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Atomic force microscopy — interaction forces

Dynamic force spectroscopy (DFS)
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Atomic force microscopy — interaction forces

Dynamic force spectroscopy (DFS)
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Summarising results gﬁ
J

» Cancer cells are softer - softening of cancer cells already happens at an early stage of cancer progression

» Softening of cancer cells is independent of the cell organization (single cells, clusters, monolayers, spheroids, and soft
substrates used as a support)

* Rheological properties (cellular response to shear forces can be used to classify bladder cancer cells)

* F-actin content and G/F ratio (not a 2D organization of actin filaments) contribute to the mechanical properties of
bladder cancer cells, but it seems that they are governed by another player (myosin)

* Glycocalyx in bladder cells is biphasic, both inner and outer brush are observed but their length and density are
different

» Syndecans, the most abundant proteoglycans, are overexpressed in bladder cancer (they probably form cell surface
brush)

» Syndecans are soft springs regulating integrin interaction with proteins outside the cell (extracellular matrix proteins)



Long-term goals

AIMS:
New classification system for bladder cancers, diagnosis and treatment

ATOMIC FORCE MICROSCOPY

Patient qualification

—

Sample collection

mechanical, rheological, and
adhesive properties of cells

Medical examination



Long-term goal — cell level
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Deformability cytometry -> size (shape) deformability, @NTNU BioMechCanDet
high throughput

Norwegian Financial Mechanism, Grieg, 2020-

2024
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AFM -> selected cell population,
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Szydlak et al. in preparation
Luty et al. in preparation
Zemla et al. in preparation



Long-term goal — spheroid/organoid level
| NCN, OPUS 2022 — 2026
J

ML, K.Gnanachandran, J.Pabijan,
post-doc

How shear forces affect cancer cell escape from a tumor

rheometer

spheroids in
3D hydrogel
sample

optical
microscope




Long-term goal — antitumor drugs
NCN, OPUS 2022 — 2026
_

ML, post-doc

how effectively mechanical properties
can be combined in pharmacology

Stiffening of cells
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