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https://conference.uni-leipzig.de/poc/2020/ 

WLAN SSID:  eduinfo 
Conference name: Physics of Cancer  
Password:  294e5-2020  

The internet browser will show a portal page, where you can select our conference. 
Please agree to the conditions and enter the password. 

Big Blue Button (BBB):   https://meet.uni-leipzig.de/b/koh-vha-pn3 

Virtual Poster Session rooms, please go to page 6. These rooms can be used during on-site breaks, too. 

AAnti –– Corona Hygiene 
1) keep a minimum distance of 1.5 meters from all persons at the conference

2) mouth and nose to be covered by face mask

3) upon arrival on each day, enter your name in attendance list at the conference desk

4) wash your hands regularily and profoundly for 20s

Current Corona Situation: 
� Federal Government:

https://www.bundesregierung.de/breg-en/issues/ausbreitung-coronavirus-1726158

� Robert – Koch – Institute (e.g. international risk areas):

https://www.rki.de/EN/Home/homepage_node.html

� Saxonian Government:

https://www.coronavirus.sachsen.de/amtliche-bekanntmachungen-uebersetzungen-
5359.html#a-5385

� Leipzig University:

https://www.uni-leipzig.de/en/university/service/information-about-coronavirus/hygiene-
and-infectious-disease-concept/
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OOn-Site Conference Venue 
The “Physics of Cancer” symposium  
will take place at: 

Biocity Leipzig – Leipzig University 

Center for Biotechnology  
and Biomedicine (BBZ) 
Deutscher Platz 5 
04103 Leipzig, Germany 
ground floor 

Young Scientist Awards 

The three best posters will be chosen by the organizers after the Virtual Poster Session on 

Wednesday, September 23, 2020. 

They will award  

� 500 EUR for best poster

� 250 EUR each for second and third best poster!

The Young Scientist Award is kindly funded by the German Society for Cell Biology (DGZ).  

Antje Ferrier, BBZ (2020)
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Map: Detailed view of the area around the square “Deutscher Platz”. The solid red line depicts the track of tram line 
16 coming from the main train station or “Augustusplatz” (not shown in this map) to your target stop called “Deutsche 
Nationalbibliothek” (German National Library). The dashed red line depicts the walk from the tram stop to the confer-
ence location (BBZ). (Map source: OpenStreetMap) 
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PPresentations 
Scientific presentations will be held on-site and virtually, i.e. talk or poster. 

On-site talk sessions will take place at the lecture hall of BBZ/ ground floor.  

� Contributed talks are allocated 15 min (including discussion).

� Invited talks are scheduled 20 min plus 10 min discussion.

Virtual Poster Session 
Wednesday, September 23th, 2020 

13:00 – 15:30 

on Big Blue Button with 3 poster rooms, including several breakout rooms for discussions: 

Poster Room 1: https://meet.uni-leipzig.de/b/koh-769-94p 

Poster Room 2: https://meet.uni-leipzig.de/b/koh-dad-7xy 

Poster Room 3: https://meet.uni-leipzig.de/b/koh-fvj-jwu 

The first digit of your poster number leads you to your poster room. 
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11:00 – 13:00 Conference check-in and on-site registration 

13:00 – 13:15 Opening | Welcome Words 

SSession I 
13:15 – 13:45 The mechano-chemical regulation of brain development and disease  

KRISTIAN FRANZE  (University of Cambridge, United Kingdom) 

13:45 – 14:15 Impact of microtubule acetylation on mechanosensitive migration 
SANDRINE ETIENNE-MANNEVILLE (Institut Pasteur, France) 

14:15 – 14:30 Biomechanics of primary hippocampal neurons and SH-SY5Y cells in 
oxygen and glucose deprivation (OGD) model 
TOMASZ ZIELINSKI (Polish Academy of the Sciences, Poland) 

14:30 – 15:00 Dissecting asymmetric division of Drosophila neural stem cells by 
chemical genetics 
JENS JANUSCHKE  (University of Dundee, United Kingdom) 

15:00 – 15:30 Coffee break 

Session II  

15:30 – 16:00 YAP mechanosensing in the nucleus 
ALLEN EHRLICHER (McGill University, Canada) 

16:00 – 16:15 EMT-induced cell-mechanical changes enhance mitotic rounding strength 
KAMRAN HOSSEINI (TU Dresden, Germany) 

16:15 – 16:45 How does the extracellular matrix affect the rigidity of an embedded 
spheroid? 
JENNIFER M. SCHWARZ (Syracuse University, USA) 

16:45 – 17:15 Anomalous phase separation in co-cultures of cells with different 
mechanical properties 
MOUMITA DAS (Rochester Institute of Technology, USA) 
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SSession III 
09:00 – 09:30 Investigating the role of the biomechanical microenvironment in deter-

mining response to anti-brain cancer therapies 
GERALDINE O´NEILL (The University of Sydney, Australia) 

09:30 – 09:45 Intermediate filament heterogeneity and its role in the mechanics of  
glioblastoma invasion 
EMMA VAN BODEGRAVEN (Institut Pasteur, France) 

09:45 – 10:15   Coffee break 

10:15 – 10:45 Confined cell migration - a dynamical systems perspective 
CHASE BROEDERSZ (LMU Munich, Germany) 

10:45 – 11:00 Optoregulated force application to individual cellular receptors using 
molecular motors 
MITCHELL HAN (INM-Leibniz Institute for New Materials, Saarbrücken, Germany) 

11:00 – 13:00 Lunch break 

13:00 – 15:30 

Virtual Poster Session / Young Scientist Awards  (listed in order of submission) 

1.1   Rapid modulation of filament mechanics by charge modifications 
  JULIA KRAXNER (University of Göttingen, Germany) 

1.2 Mechanical characterization of bladder cancer cells by means of Atomic 
Force Microscopy 
KAJANGI GNANACHANDRAN (Polish Academy of Sciences, Poland) 

1.3 Optoregulated force application to individual cellular receptors using 
molecular motors 
MITCHELL HAN (INM-Leibniz Institute for New Materials, Saarbrücken, Germany) 

1.4 Biomechanics of primary hippocampal neurons and SH-SY5Y cells in 
oxygen and glucose deprivation (OGD) model 
TOMASZ ZIELINSKI (Polish Academy of Sciences, Poland) 
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1.5 Direct measurements of interactions between intermediate filaments 
ANNA V. SCHEPERS (Georg-August University Göttingen, Germany) 

1.6 Soft PDMS substrates make prostate cancer cells more resistant to vin-
flunine 
ANDRZEJ KUBIAK (Polish Academy of Sciences, Poland) 

1.7 Mechanical properties of vimentin versus keratin intermediate filaments 
can be explained by lateral subunit coupling 
CHARLOTTA LORENZ (University of Göttingen, Germany) 

1.8 EMT-induced cell-mechanical changes enhance mitotic Rounding 
strength 
KAMRAN HOSSEINI (TU Dresden, Germany) 

2.1 Influence of tamoxifen resistance on the mechanical properties of 
breast cancer epithelial cells 
ANDREAS WEBER (University of Natural Resources and Life Sciences Vienna, Austria) 

2.2 Migration of natural killer (NK) cells from melanoma patients and 
healthy donors in a 3D collagen network: Implications for cancer immu-
notherapy 
TINA CZERWINSKI (FAU Erlangen-Nuremberg, Germany) 

2.3 Tabletop MR Elastography on primary tumor tissues: a pilot study on 
cervix and mamma carcinomas 
FRANK SAUER  (Leipzig University, Germany) 

2.4 Non-monotonic relation between cell speed and density in expanding 
2D epithelia 
MAXIME HUBERT (FAU Erlangen-Nuremberg, Germany) 

2.5 pyTFM: A tool for Traction Force and Monolayer Stress Microscopy 
ANDREAS BAUER (FAU Erlangen-Nuremberg, Germany) 

2.6 Cytoplasmic lipid droplets directly deform hepatocyte nuclei, reducing 
nuclear repair factors and increasing DNA damage 
ABIGAIL LONEKER (University of Pennsylvania, USA) 

2.7 Proliferation and cluster analysis of neurons and glial cell organization 
on nanocolumnar TiN substrates 
ALICE ABEND  (Leipzig University, Germany) 
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2.8 Infrared imaging to predict oral cancer development in oral epithelial 
dysplasia 
PETER WEIGHTMAN (University of Liverpool, UK) 

3.1 Elevation of keratin levels in reconstituted actin-keratin filament net-
works gradually increases their stress responsiveness 
IMAN ELBALASY (Leipzig University, Germany) 

3.2 Reptation of DNA nanotube tracers in semiflexible polymer networks 
TINA HÄNDLER (Leipzig University, Germany) 

3.3 Synchronization of cellular forces in spheroids from primary breast tu-
mor-associated mesenchymal cells 
DAVID BÖHRINGER (FAU Erlangen-Nuremberg, Germany) 

3.4 Multiscale analysis reveals distinct cancer cell responses to environmen-
tal cues 
WOLFGANG LOSERT (University of Maryland, USA) 

3.5 Intermediate filament heterogeneity and its role in the mechanics of gli-
oblastoma invasion 
EMMA VAN BODEGRAVEN (Institut Pasteur, France) 

3.6 Titanium dioxide nanotube scaffolds: versatile and customizable tissue 
culture platforms 
ASTRID WEIDT (Leibniz Institute of Surface Engineering (IOM) e.V., Germany) 

3.7 Cell and nucleus shape as an indicator of tissue fluidity in carcinoma 
STEFFEN GROSSER (Leipzig University, Germany) 

3.8 Friction in isotropic polymer networks 
PAUL MOLLENKOPF (Leipzig University, Germany) 
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SSession IV 
 
 
15:30 – 16:00 

 
Viscoelastic properties of the isolated but metabolically intact nucleus 
PAUL JANMEY (University of Pennsylvania, USA) 

16:00 – 16:30 Physical targeting strategies for enhanced therapeutic efficacy:     
bridging physics and biology through rational design  
SARA NIZZERO (Houston Methodist Hospital, USA) 

16:30 – 16:45 Elevation of keratin levels in reconstituted actin‐keratin filament net-
works gradually increases their stress responsiveness 
IMAN ELBALASY (Leipzig University, Germany) 

16:45 – 17:15 
 
 
17:15 – 17:45 

Control of cell shape by vimentin intermediate filaments 
ALISON E. PATTESON (Syracuse University, USA) 
 
Traction-independent cellular flows in cell aggregates 
MICHAEL MURRELL (Yale University, USA) 
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SSession V 
 

 

09:00 – 09:30 Microtubules are sensory elements mediating feedback from integrin 
adhesions to the actomyosin cytoskeleton 
ALEXANDER BERSHADSKY (National University of Singapore, Singapore) 

09:30 – 10:00 Heterogeneity and plasticity of migratory cell behaviours 
ALEXANDRE KABLA (University of Cambridge, United Kingdom) 

10:00 – 10:15 Non‐monotonic relation between cell speed and density in expanding 
2D epithelia 
MAXIME HUBERT (FAU Erlangen-Nuremberg, Germany) 

10:15 – 10:45 Active nematic behavior of epithelial systems: a role in cell extrusion 
and cell sorting 
BENOIT LADOUX (National University of Singapore, Singapore) 
 

10:45 – 11:15 Coffee break 
 

Session VI  
 

11:15 – 11:45 How to interact: Investigation cell-substrate adhesion as a prerequisite 
to study tissue mechanics ex vivo 
MAREIKE ZINK (Leipzig University, Germany) 

11:45 – 12:15 Nanofibrous biopolymer scaffolds - from molecular mechanisms to 
new biomaterials 
DOROTHEA BRÜGGEMANN (University of Bremen, Germany) 

12:15 – 12:30 Rapid modulation of filament mechanics by charge modifications 
JULIA KRAXNER (University of Göttingen, Germany) 
 

12:30 – 13:30 Lunch break 
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SSession VII  
  

13:30 – 14:00 Jamming transitions of collective cancer cell invasion in 3D tissue 
PETER FRIEDL (Radboud University, The Netherlands) 

14:00 – 14:30 Growth mechanics - coexistence and evolution 
JENS ELGETI (Forschungszentrum Jülich, Germany) 

14:30 – 14:45 Synchronization of cellular forces in spheroids from primary breast  
tumor‐associated mesenchymal cells 
DAVID BÖHRINGER (FAU Erlangen-Nuremberg, Germany) 

14:45 – 15:15 Virtual fluidic channels: single cell rheology and tissue mechanics 
OLIVER OTTO (University of Greifswald, Germany) 
 

15:15 – 15:45 
 
 

SSession VVIIII   

Coffee break 
 

15:45 – 16:15 Using CRISPR and TIRFM to interrogate the in vivo dynamics of protein 
complexes with single molecule sensitivity 
IAN G. MACARA (Vanderbilt University, USA) 

16:15 – 16:30 
 
 
 
16:30 ---  17:00 
 
 
 
17:00 – 17:30 

Multiscale analysis reveals distinct cancer cell responses to environ-
mental cues 
WOLFGANG LOSERT (University of Maryland, USA) 
 
Integrating evolutionary mathematical models into cancer therapy to 
increase the probability of control and cure  
ROBERT GATENBY (Moffitt Cancer Center, USA) 
 
Direct evidence that tumor cells soften when navigating confined 
spaces 
SANJAY KUMAR  (University of California, Berkeley,USA) 

17:30 Prospective end 
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Opening Talk                Tue 13:15 

The mechano-chemical regulation of brain de-
velopment and disease  

KRISTIAN FRANZE 1,2  –  
1 University of Erlangen, Institute of Medical Physics & 
Max Planck Centre for Physics and Medicine,                
Henkestr. 91, Erlangen, Germany   
2 University of Cambridge, Department of Physiology, De-
velopment and Neuroscience, Downing Street, Cam-
bridge, UK 

 

During development and pathological processes, cells in 
the central nervous system (CNS) are highly motile. We 
here show how mechanical interactions between CNS 
cells and their environment contribute to regulating CNS 
development and pathologies. In vivo atomic force mi-
croscopy-based time-lapse stiffness mapping revealed 
that brain tissue stiffness is highly heterogeneous and dy-
namic. Stiffness gradients were involved in guiding grow-
ing axons in vitro and in vivo. Moreover, substrate stiff-
ness directly impacted motility and adhesion of neurons 
as well as of primary human glioblastoma cells. Ulti-
mately, we found that substrate mechanics also indirectly 
regulates cell behavior in the CNS by modulating the neu-
ronal response to chemical signals, strongly suggesting 
that chemical and mechanical signaling pathways are in-
timately linked, and that their interaction is crucial for 
CNS functioning. 

 

SSession I 
 
Invited Talk Tue 13:45 

Impact of microtubule acetylation on mechano-
sensitive migration 

SANDRINE ETIENNE-MANNEVILLE - Institut Pasteur Paris CNRS 
UMR3691-INSERM, Cell Polarity, Migration and Cancer 
Unit, Equipe Labellisée Ligue Contre le Cancer, 25 rue 
du Dr Roux 75724, Paris Cedex 15, France 

 

Cell migration requires a dramatic and coordinated reor-
ganization of the different elements of the cytoplasmic cy-

toskeleton, composed of three types of filamentous struc-
tures: actin microfilaments, microtubules and intermediate 
filaments. During in vitro migration on stiff substrate, pri-
mary astrocytes interact with and exert traction forces on 
the extracellular matrix through integrin-based focal ad-
hesions to move forward. Microtubules have been shown 
to play a key role in cell front-to-rear polarization as well 
as in the control of focal adhesion dynamics and distribu-
tion and in focal adhesion associated stress fibers. Fi-
nally, intermediate filaments are thought to contribute 
their mechanical properties to cell migration. Using sub-
strate of various rigidity to mimic to mechanical proper-
ties of the brain environment, we have elucidated how 
microtubules influence mechanotransduction at focal ad-
hesions, cytoskeletal organization and generation of trac-
tion forces to adapt astrocyte behavior to the mechanical 
properties of their environment. We are now investigat-
ing how alteration of microtubule regulation may influ-
ence glioblastoma invasion. 

 

Contributed Talk Tue 14:15 

Biomechanics of primary hippocampal neurons 
and SH-SY5Y cells in oxygen and glucose dep-
rivation (OGD) model 

TOMASZ ZIELIŃSKI
1, JOANNA PABIJAN

1, BEATA STRACH2, BAR-

TOSZ POMIERNY2, JOANNA ZEMŁA1, JOANNA PERA3,  
MALGORZATA LEKKA1 -  
 
1 Institute of Nuclear Physics, Polish Academy of  
Sciences, PL-31342, Krakow, Poland 
   
2 Department of Biochemical Toxicology, Faculty of Phar-
macy, Jagiellonian University Medical College,  
PL-31503, Kraków, Poland 
   
3 Department of Neurology, Faculty of Medicine, Jagiel-
lonian University Medical College, PL-31503, Kraków, 
Poland 
 
Acute ischemic stroke caused by loss of blood supply to 
the brain is the second next to cardiovascular disease-
cause of mortality worldwide. Despite intensive research, 
there is still no efficient neuroprotective pharmacother-
apy. Currently, most studies are focused on molecular 
characterization of the pathophysiology of ischemic 
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stroke. Little is known about how biomechanical proper-
ties of brain tissue changes upon early stages of OGD, 
especially at a single-cell level. In our study, elastic prop-
erties of primary hippocampal neurons isolated from E18 
mouse embryos and of human neuroblastoma SH-SY5Y 
model cells were quantified based on AFM measure-
ments. Cells were cultured on plastic Petri dish (to en-
hance neurons adhesion, the Petri dish surface was 
coated with poly-D-lysine). Next, cells were maintained in 
glucose-free medium for 1 and 3 hours ata constant level 
of CO2 (5%) and O2 (0.1%). Mechanical properties of 
cells were quantified through Young’s modulus while the 
organization of actin filaments and microtubules was vis-
ualized using fluorescence microscope. The results 
showed that the level of oxygen affects the elastic prop-
erties of both primary neurons and model SH-5YSY cells. 
Cells become softer within a whole indentation range 
from 200nm to 800nm. Softening of cells was accompa-
nied with the decrease of the effective surface area of 
individual cells. These results suggest that conditions of 
the in vitro ischemic stroke model contribute to rearrange-
ment of all cytoskeleton components including actin fila-
ments and microtubules. Thus, we conclude that the re-
modeling process is one of the main phenomena occur-
ring during early stage of OGD. 
 
Funding information: 
TZ &BS acknowledge the support of InterDokMed project 
no. POWR.03.02.00-00-I013/16. 
 
 
Invited Talk Tue 14:30 

Dissecting asymmetric division of Drosophila 
neural stem cells by chemical genetics 

JENS JANUSCHKE - University of Dundee School of Life Sci-
ences Cell & Developmental Biology, MSI/WTB3 – 
Januschke lab, Dow Street, DD1 5EH, UK 

 

Stem cells can divide asymmetrically to produce two 
daughter cells that are different in a single division. This 
type of stem cell division frequently occurs in the develop-
ing nervous system of invertebrates and vertebrates. In 
Drosophila failed asymmetric stem cell division in the de-
veloping nervous system has been shown to cause tu-
mour-like growth. This suggests that asymmetric stem cell 
division may safe-guard against malignant transfor-
mation. I will present our recent work using Drosophila 

neural stem cells to shed light on the fundamental pro-
cesses that underpin the correct execution of asymmetric 
stem cell division. We are interested in the molecular 
mechanisms that generated polarity in stem cells that 
drive asymmetric cell division and the mechanisms that 
give such divisions their orientation. I will present our re-
cent results generated by using chemical genetics to test 
the effect of acute inhibition of relevant kinases on cell 
polarity establishment in Drosophila neural stem cells that 
we monitor by live cell imaging and probe by laser abla-
tion. 

 
 

SSession II 
 

 

Invited Talk Tue 15:30 

YAP mechanosensing in the nucleus 

ALLEN J. EHRLICHER – McGill University,Department of Bio-
engineering McConnell Engineering Building, 3480 Uni-
versity, Montreal, Quebec H3A 0E9, Canada 

 

YAP is a key mechanotransduction protein with essential 
roles in diverse physiological and pathological pro-
cesses. Aberrant YAP activity is associated with diverse 
cancers and oncogenic transcription factors. While sev-
eral physical interactions have been suggested to regu-
late YAP translocation between the cytoplasm and nu-
cleus, the principle mechanosensing mechanism has re-
mained unknown. Here we reveal that nuclear-defor-
mation delocalizes lamin A from the nuclear membrane, 
which uniquely determines YAP localization. In contrast 
to previous YAP mechanosensing reports, we show that 
YAP localization is insensitive to cell substrate stiffness or 
cell spread area, but is dynamic and strongly determined 
by acto-myosin contractile work that deforms the nucleus. 
We observe that nuclear deformation causes lamin A to 
redistribute from the nuclear membrane to the nucleo-
plasm, and this movement of lamin A enables YAP to en-
ter the nucleus. These results reveal lamin A as a mecha-
nosensitive protein which uniquely determines YAP nu-
clear localization, and resolve that nuclear deformation 
is the principle physical stimulus that drives YAP mecha-
notransduction. 
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Contributed Talk Tue 16:00 

EMT-induced cell-mechanical changes enhance 
mitotic Rounding strength 

KAMRAN HOSSEINI1,3, ANNA TAUBENBERGER1, CARSTEN 

WERNER2, ELISABETH FISCHER-FRIEDRICH1,3 —  

 
1 Technische Universität Dresden, Biotechnology Center, 
Tatzberg 47-49, Dresden, Germany 

   
2 Leibniz Institute of Polymer Research Dresden, Max 
Bergmann Center, Hohe Str.6, Dresden, Germany 

   
3 Technische Universität Dresden, Cluster of Excellence 
Physics of Life, Dresden, Germany 

 
To undergo mitosis successfully, most animal cells need 
to acquire a round shape to provide space for the mitotic 
spindle. This mitotic rounding relies on mechanical defor-
mation of surrounding tissue and is driven by forces em-
anating from actomyosin contractility. Cancer cells are 
able to maintain successful mitosis in mechanically chal-
lenging environments such as the increasingly crowded 
environment of a growing tumor, thus, suggesting an en-
hanced ability of mitotic rounding in cancer. Here, it is 
shown that the epithelial–mesenchymal transition (EMT), 
a hallmark of cancer progression and metastasis, gives 
rise to cell-mechanical changes in breast epithelial cells. 
These changes are opposite in interphase and mitosis 
and correspond to an enhanced mitotic rounding 
strength. Furthermore, it is shown that cell-mechanical 
changes correlate with a strong EMT-induced change in 
the activity of Rho GTPases RhoA and Rac1. Accordingly, 
it is found that Rac1 inhibition rescues the EMT-induced 
cortex-mechanical phenotype. The findings hint at a new 
role of EMT in successful mitotic rounding and division in 
mechanically confined environments such as a growing 
tumor. 
 
Invited Talk Tue 16:15 

How does the extracellular matrix affect the ri-
gidity of an embedded spheroid? 

JENNIFER M. SCHWARZ— Syracuse University, 201 Physics 
Building, Syracuse, NY 13244, USA 

 

Cellularized tissue and polymer networks can both tran-
sition from floppy to rigid as a function of their control 
parameters, and, yet, the two systems often mechanically 
interact, which may affect their respective rigidities. To 
study this interaction, we consider a vertex model with 
interfacial tension (a spheroid) embedded in a spring net-
work in two dimensions. We identify two regimes with 
different global spheroid shapes, governed by the pres-
sure resulting from competition between interfacial ten-
sion and tension in the network. In the first regime, the 
tissue remains compact, while in the second, a cavitation-
like instability leads to the emergence of gaps at the tis-
sue-network interface. Intriguingly, compression of the tis-
sue promotes fluidization, while tension promotes cellular 
alignment and rigidification, with the mechanisms driving 
rigidification differing on either side of the instability. 

 

Invited Talk Tue 16:45 

Anomalous phase separation in co-cultures of 
cells with different mechanical properties 

MOUMITA DAS, Rochester Institute of Technology (RIT), 
School of Physics and Astronomy,, Gosnell 3338, Roch-
ester NY 14623, USA 

 
During morphogenesis, whether in the context of the for-
mation of embryos or tumors, cells dynamically organize 
in a context-dependent and spatiotemporal manner [1]. 
These cells live and actively migrate in a heterogeneous 
environment of many cell types with different physical 
properties. For example, in many kinds of cancers such 
as colon, melanoma, prostate, and breast cancers, ex-
periments have shown that the cancer cells are mechani-
cally more deformable than the corresponding non-tumor-
igenic cells. It is also known that while non-cancerous (ep-
ithelial) cells tend to adhere to each other due to the ad-
hesion protein E-cadherin and form a confluent tissue, in 
cancerous (mesenchymal) cells, the expression of this pro-
tein is often heavily down-regulated. Motivated by this, 
we study the organization in a co-culture of two types of 
self-propelled particles (cells) with different stiffness and 
adhesion [2]. As time evolves, the system phase sepa-
rates into clusters with distinct morphologies and 
transport properties for the two cell types. The density 
structure functions and the growth of cell clusters deviate 
from behavior characteristic of the phase separation in 
binary fluids. Our results capture emergent structure and 
motility previously observed in co-culture experiments and 
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provide mechanistic insights into intercellular phase sep-
aration during development and disease. 
 
[1] W. Song, C.K. Tung Y.C. Lu, Y. Pardo, M. Wu, M. 
Das, D. Kao, S. Chen, and M. Ma: Dynamic self-organi-
zation of microwell-aggregated cellular mixtures, Soft 
Matter 12, 5739 (2016) 
   
[2] S. Dey and M. Das: Differences in mechanical prop-
erties lead to anomalous phase separation in a model cell 
co-culture, arXiv:1906. (12033) 
 
 

SSession III 
 
 
Invited Talk Wed 09:00 

Investigating the role of the biomechanical mi-
croenvironment in determining response to 
anti-brain cancer therapies. 

GERALDINE O´NEILL— The University of Sydney, The Chil-
dren's Hospital at Westmead,, Locked Bag 4001, West-
mead 2145, Sydney, Australia 

 
Just 5% of patients diagnosed with glioblastoma brain 
cancer (GBM, WHO grade IV glioma) will be alive 5 
years later. Their chance of survival has hardly improved 
over the last 30 years. In 2019, >1000 Australians died 
from GBM. There is a critical need to identify and incor-
porate new drug therapies into clinical treatment. It is in-
creasingly realised that the mechanical features of the sur-
rounding tissue are a major determinant of cancer malig-
nancy. Considering this emerging knowledge, it is now 
time to re-evaluate old ideas for identifying successful 
cancer therapies. This is especially true for brain cancer 
where the characteristic softness of the brain has been 
overlooked in the development of GBM therapies until 
now. We have discovered that the soft brain microenvi-
ronment alters GBM signalling, activating some path-
ways and inhibiting others. We thus propose that mim-
icking in vivo tissue forces is essential to identifying suc-
cessful GBM therapies. 

 

 

 

Contributed Talk Wed 09:30 

Intermediate filament heterogeneity and its 
role in the mechanics of glioblastoma invasion  

EMMA VAN BODEGRAVEN, FLORENT PEGLION, SANDRINE 

ETIENNE-MANNEVILLE— Cell Polarity, Migration and Can-
cer Unit, Institut Pasteur, 25 Rue du Dr Roux, 75015, 
Paris, France 

 
Glioblastoma multiforme (GBM) is the most common ma-
lignant brain tumor with a poor prognosis and no curative 
therapy available. GBM invasion largely contributes to 
the poor prognosis and therapeutic failure. Knowledge 
on the mechanism of GBM cell invasion is essential to 
develop new therapies. Recent literature points towards 
the mechanical properties of tumor cells and the extracel-
lular matrix as essential players in GBM invasion. Be-
cause of their inherent physical properties and crosstalk 
with other cytoskeletal element IFs (intermediate filaments) 
are ideal candidates to modulate cell mechanics. This 
study aims to determine the contribution of IFs in the me-
chanics of GBM cells and in GBM invasion. 
 
Glial and GBM cells express the IF proteins GFAP, Vi-
mentin, Nestin and Synemin at different levels. The intra-
tumoral heterogeneity of GBMs is likely to be reflected by 
a large diversity in the expression of these IF genes. To 
map the heterogeneity of IF expression in GBMs, we have 
analyzed published single-cell RNA sequencing data 
generated from patient material. Hierarchical clustering 
of single GBM cells based on IF gene expression identi-
fied 12 different cell clusters and showed that high IF 
gene expression signatures associate with markers of 
cells localized at the tumor periphery. We further ob-
served a strong correlation between high IF gene expres-
sion and cell migration and mechanosensing gene ontol-
ogy clusters. 
 
Using CRISPR-Cas9 technology to alter IF gene expres-
sion in GBM cell models we have recapitulated this asso-
ciation between IF expression and GBM invasion-related 
gene expression in patients. Furthermore, in 3D in vitro 
and in vivo migration assays we have observed that the 
loss of IF expression decreases the ability of GBM cells to 
invade as leaders and impairs in vivo invasion in the 
zebrafish brain. We now use 2D and 3D migration as-
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says on different rigidities and within confined environ-
ments to further unravel how IFs modulate cell mechanics 
to promote GBM invasion. 
 

Invited Talk Wed 10:15 

Confined cell migration - a dynamical systems 
perspective 

CHASE BROEDERSZ - LMU Munich, Faculty of Physics, Statis-
tical and Biological Physics, Theresienstr. 37, 80333 Mu-
nich, Germany 
 
In many key physiological processes, cells migrate 
through structured and confining environments. However, 
a quantitative framework for the dynamics of confined 
migration has remained elusive. To provide such a frame-
work, we employ a data-driven approach to infer the dy-
namics of cell movement, morphology and interactions of 
cells confined in two-state micropatterns. In this confine-
ment, cells stochastically migrate back and forth between 
two square adhesion sites connected by a thin bridge. By 
inferring a stochastic equation of motion directly from the 
experimentally determined short time-scale dynamics, we 
show that cells exhibit intricate non-linear deterministic 
dynamics that adapt to the geometry of confinement. This 
approach reveals that different cell lines exhibit distinct 
classes of dynamical systems, ranging from bistable to 
limit cycle behavior. We extend this dynamical systems 
framework to experiments of interacting cell pairs, reveal-
ing that cancerous (MDA-MB-231) cells exhibit qualita-
tively different interactions to non-cancerous (MCF10A) 
cells. Our approach yields a conceptual framework for 
confined cell migration and suggests a new classification 
scheme for cell-cell interactions. 
 
Contributed Talk Wed 10:45 

Optoregulated force application to individual 
cellular receptors using molecular motors 

YIJUN ZHENG1,5, MITCHELL HAN1,5, RENPING ZHAO2,5, JO-

HANNA BLASS1,5, JINGNAN ZHANG1, DENNIS W. ZHOU3, 
JEAN-RÉMY COLARD-ITTÉ4, DAMIEN DATTLER4, MARKUS HOTH2, 
ANDRÉS J. GARCÍA3, BIN QU2, ROLAND BENNEWITZ1, NICO-

LAS GIUSEPPONE4, ARÁNZAZU DEL CAMPO1—  

 
1 INM-Leibniz Institute for New Materials, Saarbrücken, 
Germany 

2 Biophysics, Center for Integrative Physiology and Mo-
lecular Medicine, School of Medicine, Saarland Univer-
sity, Homburg, Germany 

 
3 Woodruff School of Mechanical Engineering and Petit 
Institute for Bioengineering and Bioscience, Georgia In-
stitute of Technology, Atlanta, GA, USA 

   
4 SAMS Research Group, Institut Charles Sadron, CNRS, 
University of Strasbourg, Strasbourg, France 

   
5 #These authors contributed equally to this work, # 

 

Mechanical force is a driving factor in guiding cell shape, 
migration and even gene regulation. Several methods 
have been developed to apply mechanical forces to cells, 
including micropipettes, magnetic tweezers and mag-
netic actuation of nanoparticles. Optical strategies for 
manipulating biological systems have experienced a 
great development in recent years, such as photoswitches 
and optogenetic constructs. Methods that allow for pre-
cise light-induced physical inputs to biological systems 
could impact studies in mechanotransduction. However, 
it is still challenging to develop molecular systems that can 
transfer light into mechanical force with molecular speci-
ficity and high spatiotemporal resolution. 

 

We present a novel approach for applying forces to cells 
with molecular specificity and at molecular resolution us-
ing a light-driven synthetic molecular motor. The motor is 
modified with two orthogonal sets of polymer chains in 
its upper and bottom parts. It is immobilized on a bio-
material and contains adhesive ligands at two free ends. 
Upon light exposure, the molecular motor rotates and 
twists the entangled polymer chains, thereby applying a 
mechanical load to receptor-ligand complexes on the cell 
surface. Using Flow Force Microscopy we show that the 
motors are able to induce picoNewton forces. We further 
demonstrate the motor-induced mechanical activation of 
integrins in fibroblasts, leading to Focal Adhesion 
growth, as well as T-cell receptor activation as measured 
through calcium signaling. 
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Poster 1.1  

Rapid modulation of filament mechanics by 
charge modifications 

JULIA KRAXNER11, CHARLOTTA LORENZ11, JULIA MENZEL22, IWAN 

PARFENTEV33, IVAN SILBERN3, HENNING URLAUB3, BLANCHE 

SCHWAPPACH22, SARAH KÖSTER11—  
1 University of Göttingen, Institute for X-Ray Physics, Frie-
drich-Hund-Platz 1, 37077 Göttingen, Germany 

   
2 University Medical Center Göttingen, Department of 
Molecular Biology, 37073 Göttingen, Germany 

   
3 Max Planck Institute for Biophysical Chemistry, Bioana-
lytical Mass Spectrometry, 37077 Göttingen, Germany 

 
The mechanical properties of biological cells 
greatly influence their function, such as the ability 
to move, contract and divide and they need to flex-
ibly adapt, for example during wound healing or 
cancer metastasis. These mechanical properties 
are determined by the so-called cytoskeleton, a 
complex network consisting of three filamentous 
protein systems, microtubules, actin filaments and 
intermediate filaments (IFs). A rather slow way to 
adapt cell mechanics to varying requirements on 
the cell is differential expression of the cytoskele-
ton proteins which affects the network architecture 
and the interaction between the filaments. Here, 
we focus on the intermediate filament vimentin 
and introduce post-translational modifications 
(PTMs), i.e. changes applied to specific amino ac-
ids in the protein after expression in the cell. By 
such PTMs, e.g. the charge pattern along the pro-
tein may be altered. Interestingly, PTMs occur 
comparatively fast and thus provide a mechanism 
for mechanical modulation on short time scales. 
We study the impact of one such PTM, phosphor-
ylation, which is the addition of a phosphate 

group to an amino acid, on filament mechanics by 
stretching single filaments using optical traps. 
Whereas full phosphorylation leads to disassem-
bly of IFs, partial phosphorylation results in soften-
ing of the filaments. By employing mutants that 
mimic phosphorylation as well as Monte Carlo 
simulations, we explain our observation through 
the additional charges introduced during phos-
phorylation. The results may provide a missing link 
between the importance of phosphorylation of IFs 
in cancer metastasis and the increased motility of 
the metastasizing cells. 
 
Poster 1.2  

Mechanical characterization of bladder cancer 
cells by means of Atomic Force Microscopy 

KAJANGI GNANACHANDRAN, JOANNA PABIJAN, 
MALGORZATA LEKKA -  IFJ PAN, Krakow, Poland 

Bladder cancer is one of the most common malignancies 
that is known to cause cancer death. Since cancer pro-
gression can be associated with mechanical, structural, 
and biochemical properties changes in single cells, this 
may serve as a useful biomarker in the detection of can-
cer and the development of anti-cancer drugs. 

Atomic force microscopy (AFM) is a versatile tool that has 
been used to study the elastic properties of various can-
cers such as bladder, ovarian, breast, and prostate. Can-
cer and malignant cells of different types have consist-
ently been found to be softer than normal and benign 
cells through different in vitro techniques, including AFM. 
These changes in the mechanical properties of cancerous 
cells have been linked with the reorganization of the cell 
cytoskeleton. Furthermore, tumours have an altered tissue 
tensional homeostasis due to differences in rheology and 
increased cell-generated force. Few studies were carried 
out by considering the effects of using different loading 
rates in the context of the indentation experiment. The 
loading rate effect is due to the viscous contributions of 
the cell to its mechanical response and it is the speed in 
which we apply a force or forces. 

In this study, the elastic properties of bladder cancer cells 
were investigated in conditions of different loading veloc-
ities. Four different cell lines were used: HCV29 (non-ma-
lignant cancerous cells), HT1376 (grade III carcinoma 
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cell), T24, and HTB-5 (both grade IV transitional cell car-
cinoma cells) Cells were prepared on glass coverslips 
and they were measured at room temperature in the ap-
propriate culture medium. AFM experiments were con-
ducted for a maximum of 2 h on each sample to make 
sure that the cells were alive. MLCT-D cantilevers were 
used in these experiments and they were calibrated by 
using the thermal noise method. The velocities varied from 
0.5 mm/s to 10 mm/s. Overall, the results showed an 
increase in the Young’s modulus with higher velocities for 
both non-malignant and cancerous cells, but the former 
ones remained stiffer than the later ones in any case. 
Moreover, the change in elastic modulus when the veloc-
ity increased was notably higher in the non-malignant 
cells compared to the cancerous cells. These results were 
correlated with the images of the actin cytoskeleton col-
lected by fluorescence microscopy. They confirmed that 
the main difference between cancer and normal cells is 
related to the cytoskeleton organization. 

In conclusion, these results showed that the mechanical 
properties of a cell, such as elasticity, may serve as bio-
physical markers, not only to identify cancer cells but also 
to distinguish between different phenotypes existing in 
normal and cancer cells. 

 

Funding information: 

This work is supported by the European Union under the 
Marie Skłodowska-Curie grant agreement No. 812772 
(Phys2BioMed). 
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HANNA BLASS1,5, JINGNAN ZHANG1, DENNIS W. ZHOU3, 
JEAN-RÉMY COLARD-ITTÉ4, DAMIEN DATTLER4, MARKUS HOTH2, 
ANDRÉS J. GARCÍA3, BIN QU2, ROLAND BENNEWITZ1, NICO-

LAS GIUSEPPONE4, ARÁNZAZU DEL CAMPO1 
 
1 INM-Leibniz Institute for New Materials, Saarbrücken, 
Germany 
   
2 Biophysics, Center for Integrative Physiology and Mo-
lecular Medicine, School of Medicine, Saarland Univer-
sity, Homburg, Germany 

   
3 Woodruff School of Mechanical Engineering and Petit 
Institute for Bioengineering and Bioscience, Georgia In-
stitute of Technology, Atlanta, GA, USA 
   
4 SAMS Research Group, Institut Charles Sadron, CNRS, 
University of Strasbourg, Strasbourg, France 
   
5 #These authors contributed equally to this work, # 
 
Mechanical force is a driving factor in guiding cell shape, 
migration and even gene regulation. Several methods 
have been developed to apply mechanical forces to cells, 
including micropipettes, magnetic tweezers and mag-
netic actuation of nanoparticles. Optical strategies for 
manipulating biological systems have experienced a 
great development in recent years, such as photoswitches 
and optogenetic constructs. Methods that allow for pre-
cise light-induced physical inputs to biological systems 
could impact studies in mechanotransduction. However, 
it is still challenging to develop molecular systems that can 
transfer light into mechanical force with molecular speci-
ficity and high spatiotemporal resolution. 
 
We present a novel approach for applying forces to cells 
with molecular specificity and at molecular resolution us-
ing a light-driven synthetic molecular motor. The motor is 
modified with two orthogonal sets of polymer chains in 
its upper and bottom parts. It is immobilized on a bio-
material and contains adhesive ligands at two free ends. 
Upon light exposure, the molecular motor rotates and 
twists the entangled polymer chains, thereby applying a 
mechanical load to receptor-ligand complexes on the cell 
surface. Using Flow Force Microscopy we show that the 
motors are able to induce picoNewton forces. We further 
demonstrate the motor-induced mechanical activation of 
integrins in fibroblasts, leading to Focal Adhesion 
growth, as well as T-cell receptor activation as measured 
through calcium signaling. 
 
Poster 1.4  

Biomechanics of primary hippocampal neurons 
and SH-SY5Y cells in oxygen and glucose dep-
rivation (OGD) model 

TOMASZ ZIELIŃSKI1, JOANNA PABIJAN1, BEATA STRACH2, BAR-

TOSZ POMIERNY2, JOANNA ZEMŁA1, JOANNA PERA3, MAL-

GORZATA LEKKA1 –  
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1 Institute of Nuclear Physics, Polish Academy of Sci-
ences, PL-31342, Krakow, Poland 
   
2 Department of Biochemical Toxicology, Faculty of Phar-
macy, Jagiellonian University Medical College, PL-
31503, Kraków, Poland 
   
3 Department of Neurology, Faculty of Medicine, Jagiel-
lonian University Medical College, PL-31503, Kraków, 
Poland 
 
Acute ischemic stroke caused by loss of blood supply to 
the brain is the second next to cardiovascular disease-
cause of mortality worldwide. Despite intensive research, 
there is still no efficient neuroprotective pharmacother-
apy. Currently, most studies are focused on molecular 
characterization of the pathophysiology of ischemic 
stroke. Little is known about how biomechanical proper-
ties of brain tissue changes upon early stages of OGD, 
especially at a single-cell level. In our study, elastic prop-
erties of primary hippocampal neurons isolated from E18 
mouse embryos and of human neuroblastoma SH-SY5Y 
model cells were quantified based on AFM measure-
ments. Cells were cultured on plastic Petri dish (to en-
hance neurons adhesion, the Petri dish surface was 
coated with poly-D-lysine). Next, cells were maintained in 
glucose-free medium for 1 and 3 hours ata constant level 
of CO2 (5%) and O2 (0.1%). Mechanical properties of 
cells were quantified through Young’s modulus while the 
organization of actin filaments and microtubules was vis-
ualized using fluorescence microscope. The results 
showed that the level of oxygen affects the elastic prop-
erties of both primary neurons and model SH-5YSY cells. 
Cells become softer within a whole indentation range 
from 200nm to 800nm. Softening of cells was accompa-
nied with the decrease of the effective surface area of 
individual cells. These results suggest that conditions of 
the in vitro ischemic stroke model contribute to rearrange-
ment of all cytoskeleton components including actin fila-
ments and microtubules. Thus, we conclude that the re-
modeling process is one of the main phenomena occur-
ring during early stage of OGD. 
 
Funding information: 

TZ &BS acknowledge the support of InterDokMed project 
no. POWR.03.02.00-00-I013/16. 

Poster 1.5  

Direct measurements of interactions between 
intermediate filaments 

ANNA V. SCHEPERS1, CHARLOTTA LORENZ1, PETER 

NIETMANN2, STEFAN KLUMPP3, ANDREAS JANSHOFF2, SARAH 

KÖSTER1-  

 
1 Georg August University Göttingen, Physics, Institute for 
X-Ray Physics, Friedrich-Hund-Platz 1, 37077, Göttingen, 
Germany 
   
2 Georg August University Göttingen, Chemistry, Institute 
for Physical Chemistry, Tammannstraße 6, 37077, 
Göttingen, Germany 
   
3 Georg August University Göttingen, Physics, Institute for 
Dynamics of Complex Systems, Friedrich-Hund-Platz 1, 
37077, Göttingen, Germany 
 
The cytoskeleton consists of F-actin, microtublues and in-
termediate filaments (IFs), which together form a complex 
composite network. This composite network provides sta-
bility and flexibility for cells and enables them to adapt 
to a variety of external conditions. F-actin and microtu-
bule networks have been studied extensively and a large 
number of different cross-linkers are known. By contrast, 
the interactions within reconstituted IF networks are less 
well understood. Microrheological measurements on vi-
mentin networks reveal slow network dynamics, and al-
low us to separate the filament and network formation 
time scales. By amplifying electrostatic attractions or di-
minishing hydrophobic interactions between filaments, 
we are able to study the impact of the respective effect 
on intra- and inter-filament interactions. Combining opti-
cal trapping and fluorescence microscopy enables us to 
bring two single vimentin IFs in contact and directly study 
the interactions between them. These results, in combina-
tion with studies of the mechanical properties of single 
IFs, allow us to model the interactions with Monte-Carlo 
simulations, thereby gaining a deeper understanding of 
cytoskeletal structures. 
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Soft PDMS substrates make prostate cancer 
cells more resistant to vinflunine 
ANDRZEJ KUBIAK1, MATTEO CHIGHIZOLA2, CARSTEN 
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MACIEJ PUDEŁEK5, DAMIAN RYSZAWY5, AGNIESZKA BASTA-
KAIM3, ALESSANDRO PODESTÀ2, PIOTR LAIDLER6, MAŁGOR-

ZATA LEKKA1 -  
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oli”, Università degli Studi di Milano, via Celoria 16, 
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3 Laboratory of Immunoendocrinology, Department of Ex-
perimental Neuroendocrinology, Maj Institute of Pharma-
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343 Kraków, Poland 
   
4 Laboratory of in vivo and in vitro imaging, Department 
of Experimental Neuroendocrinology, Maj Institute of 
Pharmacology, Polish Academy of Sciences,, 12 Smętna 
St. 31-343 Kraków, Poland 
   
5 Department of Cell Biology, Faculty of Biochemistry, Bi-
ophysics, and Biotechnology, Jagiellonian University, 
Gronostajowa 7. Kraków, Poland 
   
6 Chair of Medical Biochemistry Jagiellonian University 
Medical College, Kopernika 7, 31-034 Kraków, Poland 
 
Since cancer treatment is still one of the biggest chal-
lenges in medicine despite the numerous advances al-
ready achieved in the field of anticancer drug develop-
ments. Recently more attention is paid to alterations in the 
biophysical cues occurring during cancer progression 
and also its treatment. Cancerous cells are known to be 
softer than their healthy counterparts while cancer tissue 
is recognized to be stiffer than tumor microenvironment 
[1]. Mechanical properties of a microenvironment in its 
physiological state are within the range of kilopascals 
(kPa) what is a far lower value than for glass or culture 

plastic those moduli are in gigapascals (GPa). Such a dif-
ference has already been shown to introduce artifacts 
during testing of antitumor drugs for breast cancer treat-
ment. Cancer cells grown on standard plastic plates (non-
physiologically stiff support) were far more sensitive than 
cells cultured on polyacrylamide hydrogels with mechan-
ical properties placed within a physiological range that 
could be connected with changes in mechanotransduc-
tion [2]. Parallelly, our recent studies indicate that cancer-
ous cells change their mechanical properties after expo-
sure to anti-tumor drugs. Cells treated with vinflunine be-
come stiffer for the longest time in comparison to cells 
treated with docetaxel or colchicine. This indicates to 
their resistance to vinflunine [3]. 
 
In the presented work, we evaluate how the stiffness of 
the elastomeric substrate will affect the response of 
DU145 prostate cancer cells to vinflunine treatment. 
DU145 cells were cultured on poly-dimethylsiloxane 
(PDMS) surfaces prepared using various ratios between 
elastomer: curing agents, namely, 1:20 to 1:60. Cells 
preferred to grow on soft PDMS substrates (1:60) while 
they proliferate significantly slower on non-physiologi-
cally stiffer substrates (1:20). After treatment with 350 nM 
of vinflunine, prostate cancer cells were shown to be 
more resistant to this compound while cultured on the soft 
substrates. Cells grown on stiffer PDMS did not respond 
to vinflunine treatment. Summarizing, we demonstrate 
that substrate stiffness affects the response of prostate 
cells to vinflunine treatment. This indicates that biome-
chanics of the microenvironment of cancer cells plays a 
significant role in what could be useful for better and 
more accurate designing and development of anticancer 
drugs. 
 
AK & NB acknowledge the support of InterDokMed pro-
ject no. POWR.03.02.00-00-I013/16 
[1] M. Lekka: Discrimination Between Normal and Can-
cerous Cells Using AFM, BioNanoScience, volume 6, 
pages 65–80 (2016) 
   
[2] S. H. Medina et al.: Identification of a mechanoge-
netic link between substrate stiffness and chemotherapeu-
tic response in breast cancer, Biomaterials, Volume 202, 
May 2019, Pages 1-11 (2019) 
   
[3] A. Kubiak et al.: Stiffening of prostate cancer cells 
driven by actin filaments – microtubules crosstalk confers 
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resistance to microtubule-targeting drugs, bioRxiv, p. 
2020.06.14.146696 (2020) 
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Köster group, Friedrich-Hund-Platz 1, 37077 Göttingen, 
Germany 
   
2 University of Göttingen, Institute for Organic and Bio-
molecular Chemistry, Steinem group, Tammanstraße 2, 
37077 Göttingen, Germany 
   
3 Max Planck Institute for Dynamics and Self-Organiza-
tion, Steinem group, Am Faßberg 7, 37077 Göttingen, 
Germany 
   
4 University of Göttingen, Institute for Dynamics of Com-
plex Systems, Klumpp group, Friedrich-Hund-Platz 1, 
37077 Göttingen, German 
 
The cytoskeleton is a composite network of three types of 
protein filaments, among which intermediate filaments 
(IFs) are the most extensible and most flexible ones. Two 
very important IFs are keratin and vimentin, which are 
vital during the endothelial to mesenchymal transition 
(EMT). In particular, vimentin is overexpressed in cancer 
cells of epithelial origin, is associated with metastasis and 
acts as a tumor marker. Despite their different roles in 
cells, keratin and vimentin IFs have similar molecular ar-
chitectures, which raises the question of how differences 
in the molecular build-up influence mechanical proper-
ties. Here, we study the response of single keratin and 
vimentin filaments to external forces using optical twee-
zers. We show that the mechanics of vimentin filaments 
strongly depends on the ionic strength of the buffer and 
that its force-strain curve suggests a high degree of coop-
erativity between subunits. Keratin filaments are softer in 
comparison to vimentin independent of the ionic strength 
of the surrounding buffer. Indeed, a computational model 

indicates that in contrast to keratin, vimentin is character-
ized by strong lateral subunit coupling of its charged 
monomers during unfolding of  helices. We conclude 
that cells can tune their mechanics by differential expres-
sion of keratin versus vimentin, which might contribute to 
adapted cell mechanics during EMT. 
 
This work is published in: 
C. Lorenz, J. Forsting, A. V. Schepers, J. Kraxner, S. 
Bauch, H. Witt, S. Klumpp, and S. Köster, Phys. Rev. Lett. 
123, 188102, 2019. 
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EMT-induced cell-mechanical changes enhance 
mitotic Rounding strength 
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2 Leibniz Institute of Polymer Research Dresden, Max 
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3 Technische Universität Dresden, Cluster of Excellence 
Physics of Life, Dresden, Germany 
 
To undergo mitosis successfully, most animal cells need 
to acquire a round shape to provide space for the mitotic 
spindle. This mitotic rounding relies on mechanical defor-
mation of surrounding tissue and is driven by forces em-
anating from actomyosin contractility. Cancer cells are 
able to maintain successful mitosis in mechanically chal-
lenging environments such as the increasingly crowded 
environment of a growing tumor, thus, suggesting an en-
hanced ability of mitotic rounding in cancer. Here, it is 
shown that the epithelial–mesenchymal transition (EMT), 
a hallmark of cancer progression and metastasis, gives 
rise to cell-mechanical changes in breast epithelial cells. 
These changes are opposite in interphase and mitosis 
and correspond to an enhanced mitotic rounding 
strength. Furthermore, it is shown that cell-mechanical 
changes correlate with a strong EMT-induced change in 
the activity of Rho GTPases RhoA and Rac1. Accordingly, 
it is found that Rac1 inhibition rescues the EMT-induced 
cortex-mechanical phenotype. The findings hint at a new 
role of EMT in successful mitotic rounding and division in 
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mechanically confined environments such as a growing 
tumor. 
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ance, Cancer Heterogeneity Lab, Bizkaia Technology 
Park, 48160 Derio, Spain 
 
In recent years, the mechanical properties of cells have 
been linked to various altered properties of cancerous 
cells and tissue, such as invasivity, tumor progression and 
metastasis. Among others, alterations in expression of 
proteins related to the cytoskeleton and adhesion lead to 
changes in cell mechanics [1]. Breast cancer is the most 
abundant form of cancer in females and today still high 
mortality and high recurrence rates are present. Around 
70 to 75% of all breast cancer cases show expression of 
estrogen receptor alpha (ER ). Tamoxifen is an anti-
cancer drug widely used in adjuvant endocrine breast 
cancer therapy and works as a selective estrogen recep-
tor modulator. There is evidence for both innate re-
sistance to tamoxifen as well as development during ther-
apy. Different mechanisms of development of tamoxifen 
resistance have been described in the literature with the 
molecular origin still not fully understood. Recently, acti-
vation of Wnt signaling pathway driven by Sox2 has 
been shown to be a driving factor in cancer stem/pro-
genitor cells, which are thought to be of major im-
portance for disease relapse [2–4]. Both Wnt signaling 
as well as ER  signaling have downstream targets in cy-
toskeleton remodeling. We therefore set out to study the 
influence of tamoxifen resistance on the mechanical prop-
erties of breast cancer epithelial cells. 

In this work, we employed Atomic Force Microscopy 
(AFM) in force spectroscopy mode to study the mechani-
cal properties of MCF7 and tamoxifen resistant MCF7 

cells at the single cell level. We performed indentation as 
well as stress relaxation and creep experiments to deter-
mine cell viscoelastic properties such as elastic and relax-
ation modulus, relaxation time and viscosities of cell com-
ponents [5]. We were thus able to show the influence of 
tamoxifen resistance on breast cancer cell mechanics. 

[1] 
Fletcher, D.A.; Mullins, R.D: Cell mechanics and the cyto-
skeleton, Nature, 463, 485-92 (2010)  

[2] 
Domenici, G.; Aurrekoetxea-Rodriguez, I.; Simoes, B.M.; 
Rabano, M.; Lee, S.Y.; Millan, J.S.; Comaills, V.; 
Oliemuller, E.; Lopez-Ruiz, J.A.; Zabalza, I.; et al.: A 
Sox2-Sox9 signalling axis maintains human breast lu-
minal progenitor and breast cancer stem cell, Oncogene, 
38, 3151-3169 (2019)  

[3] 
Novak, D.; Hüser, L.; Elton, J.J.; Umansky, V.; Altevogt, 
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Natural killer (NK) cells are important effector cells of the 
innate immune system to diverse pathogens and cancer 
cells. NK cells have the ability to migrate through the con-
nective tissue of numerous organs to reach and kill their 
targets. Clinical trials on adoptively transferred NK cells 
in patients with solid tumors such as melanoma, which 
lack major histocompatibility complex (MHC) class-1 mol-
ecules on their cell surface and are thus prone to attack 
by NK cells, however, have thus far been unsuccessful. In 
this study, we tested the possibility that treatment failure 
may be due to an impaired motility of NK cells from mel-
anoma patients as compared to NK cells from healthy 
donors. NK cells derived from the peripheral blood of 14 
healthy donors and 9 melanoma patients are ex vivo ex-
panded for 14 days in the presence of IL-2 and gamma-
irradiated leukemia K562 cells expressing membrane-
bound IL-15 and 4-1BB ligand. As a 3-D tissue model for 
investigating cell motility, we use reconstituted self-assem-
bled collagen networks with average pore sizes of 3.8 
μm. We analyze the migration pattern of NK cells both 
before and after expansion. In freshly isolated cells, we 
find a significantly (p < 0.05) lower migration speed (v), 
lower directional persistence (p) and lower motile fraction 
(mf) in NK cells from melanoma patients compared to 
healthy donors (vhealthy = 4.2 μm/min versus vmela-
noma = 3.6 μm/min, phealthy = 0.51 versus pmelanoma 
= 0.43, mfhealthy = 31.6% versus mfmelanoma = 
10.7%). After 14 day expansion period, however, these 
differences disappear (vhealthy = 5.4 μm/min versus 
vmelanoma = 6.0 μm/min, phealthy = 0.59 versus pmel-
anoma = 0.58, mfhealthy = 61.7 %versus mfmelanoma 
= 55.9%). These results demonstrate that expanded NK 
cells from melanoma patients have a similar ability to mi-
grate through connective tissue compared to cells from 
healthy donors. However, from our observation that the 
3D motility of freshly isolated NK cells from melanoma 
patients is impaired, we cannot rule out that a contrib-
uting factor for treatment failure is an impaired motility of 
the expanded cells after they are injected back into the 
patients. 
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Magnetic Resonance Elastography (MRE) uses NMR tech-
niques to quantify viscoelastic properties in the bulk of 
samples by analyzing the propagation of externally in-
duced shear waves of varying frequencies. The Tabletop 
NMR setup is suitable for small ex vivo tissue samples 
enabling a mechanical characterization between 500 
and 6000 Hz. The tumor resectates from cervix and 
mamma carcinomas and the corresponding healthy con-
trol tissues that were used in this study were supplied from 
our collaborators from the University Hospital Leipzig di-
rectly after surgery. The obtained viscoelastic parameters 
were fitted with a fractional element model resulting in 
two frequency independent parameters representing tis-
sue “stiffness” and “fluidity”. Combined with the simulta-
neous measurement of the samples water diffusion (DWI) 
and other standard MRI techniques, compact tabletop 
MRE might be a cheap and easy to access addition to an 
on-site tumor or tissue characterization. 
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Having a deep understanding of the physics behind the 
collective migration of cells is of primary importance in 
order to understand the dynamics behind cancer inva-
sion, wound healing, and morphogenesis. The task is par-
ticularly daunting given the multitude of length and time 
scales involved in these processes, set by cell division, 
motility, interactions and mechanoresponse. In this con-
text, a common belief is that cell motility is inversely pro-
portional to the local cell density. We report here experi-
ments showing a non-monotonic evolution of the cell 
speed with the density. To rationalize this observation, 
we develop a numerical model where the motility of the 
cell is directly related to the local cell density gradient, a 
mechanism known as kenotaxis. This unreported dynam-
ics should shed a new light on the maturation of tissues 
and their theoretical description, and thus bring new in-
sights in biological applications. 
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Cellular force generation and force transduction are of 
fundamental importance for numerous biological pro-
cesses and can be studied with the methods of Traction 
Force Microscopy (TFM) and Monolayer Stress Micros-
copy. Traction Force Microscopy and Monolayer Stress 
Microscopy solve the inverse problem of reconstructing 
cell-matrix tractions and inter- and intra-cellular stresses 
from the measured cell force-induced deformations of an 
adhesive substrate with known elasticity. Although sev-
eral laboratories have developed software for Traction 
Force Microscopy and Monolayer Stress Microscopy 
computations, there is currently no software package 
available that allows non-expert users to perform a full 
evaluation of such experiments. We present pyTFM, a 
tool to perform Traction Force Microscopy and Mono-
layer Stress Microscopy on single cells, cell patches and 
cell layers grown in a 2-dimensional environment. pyTFM 
was optimized for ease-of-use; it is open-source and well 
documented (hosted athttps://pytfm.readthedocs.io/) in-
cluding usage examples and explanations of the theoret-
ical background. pyTFM can be used as a standalone 
Python package or as an add-on to the image annotation 
tool ClickPoints. In combination with the ClickPoints envi-
ronment, pyTFM allows the user to set all necessary anal-
ysis parameters, select regions of interest, examine the 
input data and intermediary results, and calculate a wide 
range of parameters describing forces, stresses, and their 
distribution. The Monolayer Stress Microscopy implemen-
tation in pyTFM allows for the analysis of small cell 
patches and single cells; we analyze the accuracy and 
performance of Traction Force Microscopy and Mono-
layer Stress Microscopy algorithms using synthetic and 
experimental data from epithelial cell patches. 
 
Poster 2.6  

Cytoplasmic lipid droplets directly deform 
hepatocyte nuclei, reducing nuclear repair fac-
tors and increasing DNA damage 

ABIGAIL LONEKER1, REBECCA WELLS1,2 -  



  Abstracts 
 

 27  

1 University of Pennsylvania, Department of Bioengineer-
ing, Philadelphia, PA, United States 
   
2 University of Pennsylvania, Perelman School of Medi-
cine, Department of Medicine, Philadelphia, PA, United 
States 
 
Introduction: Hepatocellular carcinoma (HCC) is the third 
leading cause of cancer related death in the world, re-
sulting in ~800,000 deaths per year [1]. Despite ad-
vances in the treatment and prevention of chronic hepati-
tis, the incidence of HCC continues to increase, largely 
due to an increased incidence of non-alcoholic fatty liver 
disease (NAFLD). The mechanisms of HCC development 
and progression are not well characterized, although 
~80% of HCC occurs in stiff cirrhotic livers, and in-
creased tissue stiffness correlates to poorer clinical out-
comes [2,3], suggesting that mechanical stress may con-
tribute to the initiation and progression of the disease. 
However, HCC can occur in soft fatty livers with minimal 
amounts of fibrosis, and NAFLD-associated HCC tumors 
tend to be softer than those of other etiologies. We hy-
pothesized that lipid droplet accumulation in NAFLD acts 
as an intracellular mechanical stress in hepatocytes, initi-
ating oncogenesis at lower tissue stiffness by disrupting 
the cell cytoskeleton, deforming the nucleus, and leading 
to the accumulation of DNA damage. 
 
Materials and Methods: Primary human hepatocytes or 
isolated rat hepatocytes were cultured on glass and on 
500 Pa and 10 kPa polyacrylamide gels, all coated with 
1 mg/mL collagen 1. After 48 hrs cells were switched to 
serum-free media supplemented with 400 M oleate 
(conjugated to bovine serum albumin) and incubated an 
additional 48 hrs. Cells were fixed and stained using 
DAPI for nuclei and BODIPY for neutral lipids, and nu-
clear shape and chromatin organization were imaged by 
confocal microscopy. Cells were stained with Ku80 and 

H2AX antibodies to determine if lipid loading compro-
mised retention of nuclear repair factors or increased the 
rates of double-stranded DNA breaks. Actin filaments, mi-
crotubules, and the nuclear lamina were stained (with an-
tibodies against Phalloidin, -tubulin, and lamin A/C) to 
look at the effect of lipid droplets on cytoskeletal organi-
zation. Staining intensity and nuclear shape parameters 
were quantified in ImageJ to compare groups. To deter-
mine whether lipid droplets can directly deform the nu-
cleus, we also inhibited actin polymerization and cell 

contraction (using latrunculin or blebbistatin, respectively) 
after lipid loading. 
 
Results and Discussion: Primary human hepatocytes and 
rat hepatocytes readily process oleate into lipid droplets, 
leading to accumulation in the cell cytoplasm. Lipid accu-
mulation is increased on softer substrates with more 
dense packing of lipid droplets. Lipid droplets visibly de-
form and indent the nucleus on all stiffness substrates, and 
the nuclei of lipid-loaded cells have lower volume and 
spread area than controls. Furthermore, lipid loading de-
creases the intensity of nuclear repair factor staining, in-
dicating that fatty hepatocytes may have compromised 
DNA repair ability, and preliminary experiments indicate 
that lipid loaded hepatocytes have increased numbers of 
double-stranded DNA breaks, evidenced by increased 
nuclear H2AX. Actin and microtubule staining also 
show significant differences between control and lipid-
loaded cells, with cytoskeletal fibers being directed 
around or interrupted by lipid droplets, as evidenced by 
decreased fiber length and increased fiber branching fre-
quency. Yet, lamin A/C staining indicates that there is no 
corresponding decrease in the transmission of forces to 
the nucleus. Preliminary experiments inhibiting actin 
polymerization and myosin-mediated cell contraction in-
dicate that lipid droplets indent the nucleus even in the 
absence of an intact cytoskeletal network, suggesting that 
the lipid droplets themselves directly exert mechanical 
stress on the nucleus. 
 
Conclusions: We observed that lipid-loading of hepato-
cytes leads to compression and deformation of the nu-
cleus and alterations in the nuclear lamina and cell cyto-
skeleton Lipid loading also decreases the intensity of re-
pair factors in the nucleus and increases the frequency of 
double-stranded DNA breaks, which could lead to in-
creased accumulation of DNA replication errors. Further-
more, lipid droplets deform the nucleus even in the ab-
sence of an intact actin cytoskeleton, indicating that lipid 
droplets themselves are a source of mechanical stress. 
Taken together, these results suggest that the intracellular 
lipid droplets in hepatocytes seen in NAFLD directly 
cause nuclear stress, at least partially independent of the 
cytoskeleton, and could lead to DNA damage accumula-
tion in soft environments. 
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Deep brain stimulation of neuronal cells with neuroelec-
trodes has already been employed for medical treatment 
of different diseases such as epilepsy and Parkinson’s. 
Additionally, coupling of neuronal cells to multielectrode 
and lab-on-a-chip materials offers new perspectives in in-
vitro assessments ranging from neuronal network for-
mation to drug testing. However, many biomaterials lack 
the ability to promote adhesion of neurons important for 
biomaterial performance. Employing the human glioblas-
toma cell line U87-MG as well as the human neuroblas-
toma cell line SH-SY5Y, we investigate the neuronal cells’ 
proliferation and network formation on custom-made elec-
trode materials composed of titanium nitride with and 
without nanocolumnar surface patterning compared to 
gold and indium tin oxide thin films. We implement a ra-
dial autocorrelation function of cellular positions com-
bined with a K-means clustering algorithm to quantify cell-
surface interactions and cell organization on the elec-
trode materials. Our approach shows that quantification 
of cellular arrangements on a biomaterial’s surface in 
combination with characterization of proliferation behav-
ior can be employed to assess biomaterials performance 
in vitro. 
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Oral squamous cell carcinoma (OSCC) is the sixth most 
common malignancy worldwide. Oral epithelial dyspla-
sia (OED) is the most common precursor to OSCC, but a 
key clinical challenge is the identification of OED lesions 
with the capacity to transform to OSCC, as this is not 
defined with certainty by clinical or pathological meth-
ods. 
 
Our previous work has shown that a novel machine learn-
ing algorithm applied to Fourier transform hyper spectral 
images yielded infrared biomarkers that discriminate be-
tween cancer associated myofibroblasts and adjacent tis-
sue myofibroblasts in oesophageal tissue from the same 
patient providing insight into disease staging [1]. 
 
In this work we show that the algorithm also discriminates 
between transforming (cancer) and non-transforming (not 
cancer) oral lesions with sensitivities and specificities of 
~90%, which is a significant improvement on the 60%-
70% level obtained with current techniques. 
 
[1] "A machine-learning algorithm" [Ingham, Barrett, 
Weightman GB Patent; 1806002.0, Filed: 11/4/18, 
WIPO Patent: PCT/GB2019/050998, Filed: 5/4/19], 
Ingham et al. Infrared Phy. Technol. 102 103007 
(2019). 
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The cytoskeleton is a major determinant of cell mechan-
ics, a property that is altered during many pathological 
situations such as fibrosis or cancer metastasis. To under-
stand these alterations, it is essential to investigate the in-
terplay of the main functional filament systems of the cy-
toskeleton such as actin and intermediate filaments (IF) in 
the form of composite networks. Here, we investigate the 
role of keratins for network strength by studying in vitro 
reconstituted actin and keratin 8/18 filaments via bulk 
shear rheology. We co-polymerized these structural pro-
teins in varying ratios and recorded how their relative 
content affects the overall mechanical response of the var-
ious composites. We found that for relatively small defor-
mations, all composites exhibited an intermediate linear 
viscoelastic behavior compared to that of the pure net-
works. In stark contrast, the composites displayed increas-
ing strain stiffening behavior as a result of increased ker-
atin content when larger deformations were imposed. 
This strain stiffening behavior is fundamentally different 
from behavior encountered with other IF proteins such as 
vimentin as a composite network partner for actin. It fur-
ther provides an explanation for the stability of stressed 

epithelial tissues reflecting their high keratin contents. Ad-
ditionally, our findings help to understand the physiolog-
ical necessity to exchange IF systems during epithelial-
mesenchymal transition (EMT) in order to suppress strain 
stiffening of the network, making cells more elastic and 
thus facilitating their migration through dense tissues. 
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Over many decades, actin has been the gold standard 
for exploring the theories about mechanics and dynamics 
of semiflexible polymers. Unfortunately, naturally occur-
ring biopolymers are limited in their properties such as 
stiffness and interaction strengths. Programmable poly-
mers enable us to study parameters otherwise unavaila-
ble in natural systems and therefore expand theoretical 
approaches. Nanotubes formed from synthetic DNA 
strands are ideal model polymers: they are semiflexible 
and can be hybridized to have characteristics such as a 
persistence length which is similar to actin filaments or 
can be varied in a controllable way. We visualize the 
reptation dynamics of nanotube tracer filaments in entan-
gled and crosslinked semiflexible biopolymer networks. 
The results can be used to measure the networks' tube 
width and mesh size. Scaling laws concerning the param-
eter persistence length that have been beyond reach be-
fore are accessible now. Furthermore, reptation analysis 
with our programmable filaments reveals the dynamics of 
single filaments inside entangled solutions and cross-
linked networks. 
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Research over the past years has demonstrated that tumor 
metastasis is influenced by the mechanical tumor micro-
environment, which in turn is largely determined by ma-
trix-producing and contractile tumor-associated mesen-
chymal cells. In this study, we determine the collective 
forces generated by tumor-associated primary mesenchy-
mal cells isolated from luminal-B breast cancer patients. 
Spheroids containing 4000 cells are seeded in nonlinear 
three-dimensional collagen networks. Force generation is 
computed from the continuously measured (0.2-1 
frame/min over 24h) deformation field in the matrix 
around the spheroids. As individual cells start to migrate 
radially away from the spheroid into the surrounding ma-
trix, increasingly strong contractile forces emerge, reach-
ing stress levels of > 1 kPa. Interestingly, 2-4 h after seed-
ing, contractile forces start to oscillate with an amplitude 
of 10-50 Pa and a period time of 10-30 min, indicating 
that the tractions of individual cells are synchronized 
across the entire spheroid. To test the hypothesis that the 
synchronization is facilitated through long-range stress 
transmission across the non-linear and tensed collagen 
network, we placed spheroids in proximity (< 2 mm) to 
each other and observed a synchronisation of the peri-
odic force oscillation between neighboring spheroids. 
These results demonstrate that tumor-associated mesen-
chymal cells can collectively synchronize their contractile 
activation through a matrix-transmitted mechanical feed-
back. 
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Cancer cells that migrate away from a primary tumor to 
form metastases encounter multiple cues from the sur-
rounding microenvironment. To metastasize successfully 
cells must respond not only to biochemical signals, but 
also to physical interactions with surrounding cells and 
the extracellular matrix. Here we investigate how two key 
microenvironment cues, cell/cell interactions and topog-
raphy, impact the migration of both healthy and tumor-
igenic cells. 
 
Cell/cell interactions are an essential feature of meta-
static migration. Although detachment of single cells from 
a primary tumor is the traditional paradigm for metasta-
sis, recent studies have shown that detached groups of 
cells exhibit higher metastatic potential than individual tu-
mor cells. We developed a quantitative phenotype that 
captures features of collective migration across multiple 
length and time scales. Using this phenotype, we found 
differences in the effect on collective migration of two 
common oncogenic mutations, PTEN loss and KRas acti-
vation. 
 
The tumor microenvironment also critically influences me-
tastasis, including some features of the texture of the ma-
terial surrounding tumor cells. Indeed, aligned collagen 
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fibers have been correlated with poor breast cancer pa-
tient prognosis. To investigate the response of cells to tex-
ture cues, we fabricated controlled nanotopographical 
surfaces. Using these surfaces, we found that topograph-
ical cues bias the migration of both healthy and tumor-
igenic cell types. We also found that topographic sur-
faces are capable of guiding actin dynamics and develop 
an optical-flow-based analysis approach to quantify these 
dynamics. 
 
Increased understanding of the physical forces and inter-
actions that guide migrating tumor cells provides an op-
portunity to identify new targets for the treatment of met-
astatic cancer. The experimental techniques and analysis 
workflows we have developed also create clinical oppor-
tunities to assess the metastatic potential of patient cells. 
 
RM Lee, MI Vitolo, W Losert, SS Martin. Distinct Roles of 
Tumor-Associated Mutations in Collective Cell Migration. 
BioRxiv 2020.06.04.135178 (2020) 
 
RM Lee, L Campanello, MJ Hourwitz, P Alvarez, A 
Omidvar, JT Fourkas, W Losert. Quantifying Topography-
Guided Actin Dynamics across Scales Using Optical 
Flow. Molecular Biology of the Cell, 31, no. 16: 1753–
64 (2020) 
 
S Chen, MJ Hourwitz, L Campanello, JT Fourkas, W 
Losert, and CA Parent. Actin Cytoskeleton and Focal Ad-
hesions Regulate the Biased Migration of Breast Cancer 
Cells on Nanoscale Asymmetric Sawteeth. ACS Nano 
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Glioblastoma multiforme (GBM) is the most common ma-
lignant brain tumor with a poor prognosis and no cura-
tive therapy available. GBM invasion largely contributes 
to the poor prognosis and therapeutic failure. 
Knowledge on the mechanism of GBM cell invasion is 
essential to develop new therapies. Recent literature 

points towards the mechanical properties of tumor cells 
and the extracellular matrix as essential players in GBM 
invasion. Because of their inherent physical properties 
and crosstalk with other cytoskeletal element IFs (inter-
mediate filaments) are ideal candidates to modulate cell 
mechanics. This study aims to determine the contribution 
of IFs in the mechanics of GBM cells and in GBM inva-
sion. 

 

Glial and GBM cells express the IF proteins GFAP, Vi-
mentin, Nestin and Synemin at different levels. The intra-
tumoral heterogeneity of GBMs is likely to be reflected 
by a large diversity in the expression of these IF genes. 
To map the heterogeneity of IF expression in GBMs, we 
have analyzed published single-cell RNA sequencing 
data generated from patient material. Hierarchical clus-
tering of single GBM cells based on IF gene expression 
identified 12 different cell clusters and showed that high 
IF gene expression signatures associate with markers of 
cells localized at the tumor periphery. We further ob-
served a strong correlation between high IF gene ex-
pression and cell migration and mechanosensing gene 
ontology clusters. 

 

Using CRISPR-Cas9 technology to alter IF gene expres-
sion in GBM cell models we have recapitulated this as-
sociation between IF expression and GBM invasion-re-
lated gene expression in patients. Furthermore, in 3D in 
vitro and in vivo migration assays we have observed 
that the loss of IF expression decreases the ability of 
GBM cells to invade as leaders and impairs in vivo in-
vasion in the zebrafish brain. We now use 2D and 3D 
migration assays on different rigidities and within con-
fined environments to further unravel how IFs modulate 
cell mechanics to promote GBM invasion. 
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Adult tissues have specific demands regarding ex vivo 
culture. Surface characteristics of the scaffold as well as 
a sufficient supply of nutrients are crucial for successful 
tissue culture. Since the extracellular matrix is unique for 
every part of the body, also the requirements of the tissue 
regarding the topography and the prominent chemical 
groups on the surface are critical. Fortunately, titanium 
dioxide nanotube scaffolds can be tailored to perfectly fit 
the demands of embryonic and adult tissues. Titanium di-
oxide nanotube layers form in a self-organized manner 
on titanium foils by applying a rather simple electrochem-
ical anodization process. By varying the production pa-
rameters, the resulting nanotube dimensions can be ad-
justed according to the desired surface parameters. For 
example, the chosen nanotube diameters can either en-
hance tissue adhesion or may have a repelling effect. 
Hence, once the ideal surface parameters have been 
identified, long-term tissue culture without degenerating 
effects can be realized on titanium dioxide nanotube scaf-
folds. Thus, compared to standard cellulose filters, nano-
tube scaffolds are an optimized and still customizable al-
ternative tissue culture platform. In particular, the use of 
tissue culture on nanotube arrays facilitates personalized 
medicine approaches, since drug screenings can be per-
formed directly on the patient’s primary tissue. Together 
with an eco-friendly cleaning process that allows multiple 
uses of the scaffolds, we present a stable and conclusive 
tissue culture platform, which promises to serve as an al-
ternative for animal testings in a wide range of applica-
tions. 

The project was funded by the Heinrich Böll Stiftung and 
the BMBF project "EYECULTURE". 

 

Poster 3.7  

Cell and nucleus shape as an indicator of tissue 
fluidity in carcinoma 

STEFFEN GROSSER1, JÜRGEN LIPPOLDT1, LINDA OSWALD1, 
PABLO GOTTHEIL1, FRÉDÉRIC RENNER1, ERIK M MORAWETZ1, 

MATTHIAS MERKEL2, DANIEL M SUSSMANN3, BENJAMIN 

WOLF4, LARS-CHRISTIAN HORN5, SUSANNE BRIEST4, BAHRIYE 

AKTAS4, M LISA MANNING3, JOSEF A KÄS1 -  

   
1 Peter Debye Institute, Leipzig University, Leipzig, Ger-
many 
   
2 Alan Turing Centre for Living Systems and Centre de 
Physique Théorique, Aix-Marseille University, Marseille, 
France 
   
3 Department of Physics, Syracuse University, Syracuse, 
NY 13244, USA 
   
4 Institute for Pathology, Leipzig University, Leipzig, Ger-
many 
   
5 Department of Gynecology, Leipzig University, Leipzig, 
Germany 
 
Tissue, cell, and nucleus morphology change during tu-
mour progression. In patient samples of mamma and cer-
vix carcinoma we find areas where cells can move or are 
immobile. We compare 3D cell spheroids composed of 
cells from a cancerous and a non-cancerous cell line. 
Through bulk mechanical spheroid fusion experiments 
and single live cell tracking, we show that the malignant 
sample is fluidized by active cells moving through the tis-
sue and the epithelial sample with immobile cells behaves 
more solid-like. Full 3D-segmentations of the samples 
show that the fluid-like tissue correlates with elongated 
cell and nucleus shapes. This links cell shapes to cell mo-
tility and bulk mechanical behavior. We find two active 
states of matter in solid tumors: an amorphous glass-like 
state with characteristics of 3D cell jamming, and a dis-
ordered fluid state. This suggests a new physical interpre-
tation of nuclear pleomorphism, a classical cancer grad-
ing criterion, as indicative of the active dynamical state 
of a tumor. Individual cell and nucleus shape may serve 
as marker for fluid and solid tumor areas. 
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Poster 3.8  

Friction in isotropic polymer networks 

PAUL MOLLENKOPF1,2, TINA HÄNDLER1,2, MARTIN GLASER1,2, 
JOSEF KÄS1, DAVID SMITH2, JÖRG SCHNAUß1,2 -    

 
1 University of Leipzig, Peter-Debye Institute: Soft Matter 
Division, Leipzig, Germany, Linnéstr. 5, Leipzig, 
Deutschland 
   
2 Fraunhofer Institute for Cell Therapy and Immunology, 
Leipzig, Germany, Perlickstraße 1, Leipzig 
 
The mechanical behavior of living cells is dominated by 
the properties of the cytoskeleton - a meshwork of differ-
ent biopolymers beneath the cellular membrane [1]. Net-
works of biopolymers can be described energetically by 
theoretic models. The predominant model established in 
the field is the tube model, which assumes the energy of 
an individual filament as the sum of its bending energy 
and its entropic interaction with the surrounding network 
[2]. Recent experimental studies prompt, that the scaling 
relations derived from the model are incomplete, as the 
suggested scaling of the elastic plateau modulus is incon-
sistent with the experimental results. A possible explana-
tion is, that the model does neglect significant energetic 
contributions [3]. 
 
Recent publications highlighted the impact of sliding fric-
tion between polymers in an anisotropic configuration 
[4,5]. In this project, the impact of inter-polymeric friction 
is investigated in isotropic network structures by compar-
ing the mechanical properties of networks, consisting of 
filaments with different modified surface properties. 
 
[1] F. Huber et al., Adv. Phys. 62 1–112 (2013) 
   
[2] H. Hinsch, et al., The European physical journal. E, 
Soft matter 24.1 35–46 (2007) 
   
[3] C. Schuldt et al., Phys. Rev. Lett. (2017) 
   
[4] Strehle, D., Mollenkopf, P. et al., Molecules (2017) 
   
[5] Ward, A. et al., Nature Materials (2015) 
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SSession IV 

Invited Talk Wed 15:30 

Viscoelastic properties of the isolated but met-
abolically intact nucleus 

FITZROY J. BYFIELD, DAWEI SONG, ALISON E. PATTESON, PAUL 

JANMEY - Institute for Medicine and Engineering, Univer-
sity of Pennsylvania, Physics Department, Syracuse Uni-
versity, USA 

Mechanical studies of the nucleus are complicated by the 
fact that in the cell the nucleus rests beneath other viscoe-
lastic materials such as the cytoskeleton and various or-
ganelles, and nuclei removed from the cell are depleted 
of the soluble contents that diffuse out of the nuclear 
pores. Intact nuclei that retain their native contexts and 
are capable of APT production can be prepared by cen-
trifuging them out of the cell at low forces. These nuclei 
are covered with a submicron layer of ATP-generating cy-
toplasm and an intact plasma membrane, but no cytoskel-
eton or cytoplasmic organelles. The mechanical proper-
ties of these nuclei differ from those prepared by complete 
removal from the cell and are sensitive to perturbations of 
ATP levels, osmolarity, membrane permeabilization, and 
solutes that reorganize chromatin or disrupt the nuclear 
lamina. 

Invited Talk Wed 16:00 

The role of tissue biophysics in organ selectivity 
in metastasis 

SARA NIZZERO – t.b.a. 

Contributed Talk Wed 16:30 

Elevation of keratin levels in reconstituted ac-
tin-keratin filament networks gradually in-
creases their stress responsiveness 

IMAN ELBALASY1, PAUL MOLLENKOPF1,2, CARY TUTMARC1,2, 
HARALD HERRMANN3,4, JOERG SCHNAUß1,2,5-  

1 Leipzig University, Peter-Debye Institute for Soft Matter 
Physics, Soft Matter Physics division, BBM group, Lin-
néstraße 5, 04103 Leipzig, Germany. 

2 Fraunhofer Institute for Cell Therapy and Immunology., 
Perlickstraße 1, 04103 Leipzig, Germany. 

3 Molecular Genetics, German Cancer Research Center., 
Im Neuenheimer Feld 280, 69120 Heidelberg, Germany 

4 University Hospital Erlangen, Department of Neuropa-
thology, Maximilianspl. 2, 91054, Erlangen, Germany 

5 Unconventional Computing Lab, Department of Com-
puter Science and Creative Technologies, UWE., Bristol 
BS16 1QY UK 

The cytoskeleton is a major determinant of cell mechan-
ics, a property that is altered during many pathological 
situations such as fibrosis or cancer metastasis. To under-
stand these alterations, it is essential to investigate the in-
terplay of the main functional filament systems of the cy-
toskeleton such as actin and intermediate filaments (IF) in 
the form of composite networks. Here, we investigate the 
role of keratins for network strength by studying in vitro 
reconstituted actin and keratin 8/18 filaments via bulk 
shear rheology. We co-polymerized these structural pro-
teins in varying ratios and recorded how their relative 
content affects the overall mechanical response of the var-
ious composites. We found that for relatively small defor-
mations, all composites exhibited an intermediate linear 
viscoelastic behavior compared to that of the pure net-
works. In stark contrast, the composites displayed increas-
ing strain stiffening behavior as a result of increased ker-
atin content when larger deformations were imposed. 
This strain stiffening behavior is fundamentally different 
from behavior encountered with other IF proteins such as 
vimentin as a composite network partner for actin. It fur-
ther provides an explanation for the stability of stressed 
epithelial tissues reflecting their high keratin contents. Ad-
ditionally, our findings help to understand the physiolog-
ical necessity to exchange IF systems during epithelial-
mesenchymal transition (EMT) in order to suppress strain 
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stiffening of the network, making cells more elastic and 
thus facilitating their migration through dense tissues. 

Invited Talk  Wed 16:45 

Control of cell shape by vimentin intermediate 
filaments 

MAXX SWOGER, SARTHAK GUPTA, BOBBY CARROL, ALISON E. 
PATTESON -- Physics Department and BioInspired Institute, 
Syracuse University, USA 

The ability of cells to take and change shape is a funda-
mental feature underlying development, wound repair, 
and tissue maintenance. Central to this process is physi-
cal and signaling interactions between the three cytoskel-
etal polymeric networks: F-actin, microtubules, and inter-
mediate filaments (IFs). Vimentin is an IF protein that is 
essential to the mechanical resilience of cells and mainte-
nance of nuclear shape, but its role in how cells sense 
and respond to the surrounding extracellular matrix is 
largely unclear. To investigate vimentin’s role in substrate 
sensing, we designed polyacrylamide hydrogels that 
mimic the elastic and viscoelastic nature of in vivo tissues. 
Using wild-type and vimentin-null mouse embryonic fibro-
blasts, we show that vimentin enhances cell spreading on 
viscoelastic substrates, even though it has little effect in 
the limit of purely elastic substrates. Our results provide 
compelling evidence that the vimentin cytoskeletal net-
work is a physical modulator of how cells sense and re-
spond to mechanical properties of their extracellular en-
vironment. 

Invited Talk                Wed 17:15 
Traction-independent cellular flows in cell ag-
gregates 
MICHAEL PETER MURRELL -- Yale University, School of Engi-
neering & Applied Science, New Haven, CT 06520–
8292, USA 

In liquid droplets, the balance of interfacial energies and 
substrate elasticity determines the shape of the droplet 
and the dynamics of wetting. In living cells, interfacial 
energies are not constant, but adapt to the mechanics of 
their environment. As a result, the forces driving the dy-
namics of wetting for cells and tissues are unclear and 
may be context specific. In this work, using a combination 
of experimental measurements and modeling, we show 
the surface tension of cell aggregates, as models of active 

liquid droplets, depends upon extrinsic geometric and 
mechanical parameters, which alters their wetting dynam-
ics. Upon wetting rigid substrates, traction stresses are 
elevated at the boundary, and tension drives forward mo-
tion. By contrast, upon wetting compliant substrates, trac-
tion forces are attenuated, yet wetting occurs at a com-
parable rate. In this case, capillary forces at the contact 
line are elevated and aggregate surface tension contrib-
utes to strong outward, pressure-driven cellular flows. 
Thus, cell aggregates adapt to the mechanics of their en-
vironments, using pressure and traction as compensatory 
mechanisms to drive robust wetting. 

SSession V 

Invited Talk   Thu 09:00 

Microtubules are sensory elements mediating 
feedback from integrin adhesions to the acto-
myosin cytoskeleton 

ALEXANDER D. BERSHADSKY1,2 –  
1 Mechanobiology Institute, National University of Singa-
pore, Singapore 117411, Singapore 

2 Department of Molecular Cell Biology, Weizmann Insti-
tute of Science, Rehovot 7610001, Israel 

The general aim of our studies is to elucidate the crosstalk 
between microtubules, actomyosin cytoskeleton, and in-
tegrin-mediated cell-matrix adhesions. We have demon-
strated that coupling of microtubules to integrin adhesions 
through proteins of KANK family promotes sequestration 
of Rho guanine nucleotide exchange factor GEF-H1 to the 
microtubules and its inactivation. Uncoupling of microtu-
bules from integrin adhesions (either focal adhesion-, or 
podosome-type) results in release of the GEF-H1 from mi-
crotubules, its re-activation, and subsequent activation of 
the RhoA-ROCK signaling cascade. This, in turn, leads to 
the assembly of myosin IIA filaments and their stacks, 
which then remodel the integrin adhesions in a differen-
tial fashion, disrupting the podosomes and augmenting 
the focal adhesions. This feedback loop mechanism con-
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necting the actomyosin cytoskeleton and integrin adhe-
sions could be involved in the regulation of various types 
of cell motile activity and provides potential targets for 
anticancer and anti-angiogenic therapy. We present evi-
dence of involvement of this mechanism in vascular 
sprouting of endothelial cells. 

[1] Hu S, Dasbiswas K, et al., Nat Cell Biol. 19(2): 133-
141. (2017)

[2] Rafiq NBM, Nishimura Y, et al., Nat Mater.
18(6):638-649. (2019)

[3] Rafiq NBM, Grenci G, et al., Phil. Trans. R. Soc. B
374: 20180228. (2019)

Invited Talk   Thu 09:30 

Heterogeneity and plasticity of migratory cell 
behavioursd 

ALEXANDRE KABLA— University of Cambridge, Dept. of En-
gineering, Trumpington Street, Cambridge CB2 1PZ, 
United Kingdom 

One of the key difficulties in mitigating the progression of 
cancer is the heterogeneity and plasticity of cancer cell 
behaviours. I will present two recent studies tackling these 
questions. First, we will consider the behaviour of Dicty-
ostelium cells subjected to uniaxial compression, as a 
model system to investigate how modes of migration are 
influenced by mechanical stimuli. We identified the Piezo 
stretch-operated ion channel as a key player in the tran-
sition from pseudopod- to bleb- driven migration. Such 
transition is fast (detectable less than 10s after the load is 
applied) and associated with relocalisation of Myosin on 
the cortex. The second study will focus on the intra-tu-
moural heterogeneity of glioblastoma (GBM). GBM cell 
populations derived from different tumour fractions of the 
same patient exhibited different migratory and adhesive 
behaviours when placed in standardised environments. 
Cells derived from peripheral regions of the tumour were 
smaller, adhered less well, and migrated quicker than 
cells derived from the tumour core. The work suggests that 
clinical studies on treatments should carefully consider the 
spatial sampling of the tumour to make sure that the rele-
vant populations are targetted. 

doi: https://doi.org/10.1091/mbc.e16-08-0575 

doi: https://doi.org/10.1073/pnas.1905730117 

doi: https://doi.org/10.1101/2020.05.06.080804 

Contributed Talk Thu 10:00 

Non-monotonic relation between cell speed 
and density in expanding 2D epithelia 

MAXIME HUBERT1, DAMIR VURNEK1, SARA KALIMAN1, PHILLIP 

LINKE2, LOVRO NUIC3, VERONIKA PFANNENSTILL4, DIANA 

DUDZIAK5, FLORIAN REHFELDT2, ANA-SUNCANA SMITH1,3  —  

1 University of Erlangen-Nuremberg, IZNF, Department of 
Physics, PULS Group, Cauerstr. 3, 91058 Erlangen, Ger-
many 

2 University of Göttingen, 3rd Institute of Physics-Biophys-
ics, Friedrich-Hund-Platz 1, 37077 Göttingen, Germany 

3 Institut Ruđer Bošković, Group for Computational Life 
Sciences, Bijenička 54, HR-10000 Zagreb, Croatia 

4 University of Oxford, Biophysical immunology, 
Fritzsche laboratory, Roosevelt Drive, Headington, Ox-
ford, OX3 7FY, United Kingdom 

5 University Clinic Erlangen-Nuremberg, Group for the Bi-
ology of Dendritic Cells, Hartmannstr. 14, 91052 Erlan-
gen, Germany 

Having a deep understanding of the physics behind the 
collective migration of cells is of primary importance in 
order to understand the dynamics behind cancer inva-
sion, wound healing, and morphogenesis. The task is par-
ticularly daunting given the multitude of length and time 
scales involved in these processes, set by cell division, 
motility, interactions and mechanoresponse. In this con-
text, a common belief is that cell motility is inversely pro-
portional to the local cell density. We report here experi-
ments showing a non-monotonic evolution of the cell 
speed with the density. To rationalize this observation, 
we develop a numerical model where the motility of the 
cell is directly related to the local cell density gradient, a 
mechanism known as kenotaxis. This unreported dynam-
ics should shed a new light on the maturation of tissues 
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and their theoretical description, and thus bring new in-
sights in biological applications 

Invited Talk Thu 10:15 

Active nematic behavior of epithelial systems: 
a role in cell extrusion and cell sorting 

BENOIT LADOUX  - Université Paris Diderot & Centre Na-
tional de la Recherche Scientifique (CNRS), Bâtiment 
BUFFON 15, rue Hélène Brion, 75205 PARIS CEDEX 13, 
France 

Epithelia are communities of epithelial cells with close in-
tercellular communications and of highly ordered coordi-
nation in their motility. Tissues can adjust their internal 
contractile stresses and organization in response to dif-
ferent stimuli, leading to distinct dynamics. Mechanical 
properties of epithelial tissues are important for our un-
derstanding in many vital biological processes, including 
homeostasis, morphogenesis, and metastasis and are 
tightly regulated by cell-cell interactions. I will focus on 
the active nematic properties of cellular monolayers and 
show how this framework can be used to study multicel-
lular biological systems. I will first describe the example 
of cell extrusion of apoptotic cells from epithelial tissues. 
I will then discuss why cellular monolayers can display 
various active behaviors as exemplified by the contractile 
nature of fibroblasts and the extensile nature of epithelial 
cells or neural crest cells. Through a combination of ex-
periments and in silico modeling, I will show that cell-cell 
interactions, stresses transmitted at cell-cell junctions and 
cell-substrate interface could determine the active nature 
of multicellular systems. 

SSession VI 

Invited Talk Thu 11:15 

How to interact: Investigation cell-substrate ad-
hesion as a prerequisite to study tissue me-
chanics ex vivo 

MAREIKE ZINK - Leipzig University, Faculty of Physics and 
Earth Sciences, PDI, Soft Matter Division, Linnéstr. 5, 
04103, Leipzig 

Besides blood cells, the interaction and adhesion of cells 
to a scaffold material is a prerequisite for proliferation 
and function. Studying cell and tissue behavior ex vivo 
requires a smart choice of a scaffold which supports cell 
adhesion and - in the best case - mimics the microenviron-
ment present in vivo. Here we show how the interaction 
of neuronal and glial cells on various substrate materials 
used e.g. for neuroelectrodes can be quantified by radial 
autocorrelation functions in combination with clustering 
analysis to understand how these cells behave of different 
surfaces. Additionally, by choosing the “right”, viz. tissue-
type-dependent nano-geometry of TiO2 scaffolds, these 
materials offer ideal culture conditions for long-term or-
ganotypic adult tissue preservation ex vivo. Since here 
strong tissue adhesion is achieved without any adhesive 
agents, we present how these scaffolds can be used to 
study the mechanical properties of adult porcine retinae 
under tension in a home-built tissue stretcher in combina-
tion with a self-designed force sensor. 

Invited Talk Thu 11:45 

Nanofibrous biopolymer scaffolds - from mo-
lecular mechanisms to new biomaterials 

DOROTHEA BRÜGGEMANN -- University of Bremen, Institute 
for Biophysics, Otto-Hahn-Allee 1, 28359 Bremen 

Nanofibrous biopolymer scaffolds have become highly 
attractive for cancer diagnosis and therapy due to their 
large porosity, ease of modification and high encapsula-
tion efficiency. Yet, it still remains challenging to prepare 
fibrous scaffolds wieht tailored functionality in vitro under 
physiological conditions. 

Our research aims at a fundamental understanding of 
protein fibrillogenesis under in vitro conditions. We have 
developed a range of new biofabrication techniques to 
prepare fibrous biopolymer scaffolds under physiological 
conditions. Our key methods involve the extrusion of dif-
ferent proteins through ceramic nanopores, the self-as-
sembly of fibrinogen and collagen nanofibers as well as 
the wet-spining of chitosan micro-actuators. These meth-
ods enabled us to tailor the, molecular composition, 
nanotopography and hierarchical arrangement of the re-
sulting fibrous constructs, which we characterized with 
fluorescence, electron and atomic force microscopy as 
well as with mechanical tests. We also studied conforma-
tional changes in extruded and self-assembled protein 
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nanofibers and correlated our experimental findings with 
molecular dynamics simulations to understand the princi-
ples of protein-surface interactions. 

To analyze the growth of cells on fibrous protein networks 
in real time, we have introduced a new process, which 
yields nanofibrous and planar topographies in a single 
protein scaffold. Prolliferation and microscopic analysis 
of the cell interaction revealed that spatially controlled to-
pography variations directly affected cell size and mor-
phology. 

With our novel concepts of fibrous biopolymer scaffolds, 
we have established a versatile biophysical toolbox to 
study and control individual aspects of cell-material inter-
actions in vitro, which could also be of interest in cancer 
research. 

Contributed Talk Thu 12:15 

Rapid modulation of filament mechanics by 
charge modifications 

JULIA KRAXNER1, CHARLOTTA LORENZ1, JULIA MENZEL2, IWAN 

PARFENTEV3, IVAN SILBERN3, HENNING URLAUB3, BLANCHE 

SCHWAPPACH2, SARAH KÖSTER1 — 

1 University of Göttingen, Institute for X-Ray Physics, Frie-
drich-Hund-Platz 1, 37077 Göttingen, Germany 

2 University Medical Center Göttingen, Department of 
Molecular Biology, 37073 Göttingen, Germany 

3 Max Planck Institute for Biophysical Chemistry, Bioana-
lytical Mass Spectrometry, 37077 Göttingen, Germany 

The mechanical properties of biological cells greatly in-
fluence their function, such as the ability to move, contract 
and divide and they need to flexibly adapt, for example 
during wound healing or cancer metastasis. These me-
chanical properties are determined by the so-called cyto-
skeleton, a complex network consisting of three filamen-
tous protein systems, microtubules, actin filaments and in-
termediate filaments (IFs). A rather slow way to adapt cell 
mechanics to varying requirements on the cell is differen-
tial expression of the cytoskeleton proteins which affects 

the network architecture and the interaction between the 
filaments. Here, we focus on the intermediate filament vi-
mentin and introduce post-translational modifications 
(PTMs), i.e. changes applied to specific amino acids in 
the protein after expression in the cell. By such PTMs, e.g. 
the charge pattern along the protein may be altered. In-
terestingly, PTMs occur comparatively fast and thus pro-
vide a mechanism for mechanical modulation on short 
time scales. We study the impact of one such PTM, phos-
phorylation, which is the addition of a phosphate group 
to an amino acid, on filament mechanics by stretching 
single filaments using optical traps. Whereas full phos-
phorylation leads to disassembly of IFs, partial phosphor-
ylation results in softening of the filaments. By employing 
mutants that mimic phosphorylation as well as Monte 
Carlo simulations, we explain our observation through 
the additional charges introduced during phosphoryla-
tion. The results may provide a missing link between the 
importance of phosphorylation of IFs in cancer metastasis 
and the increased motility of the metastasizing cells. 

SSession VII 

Invited Talk Thu 13:30 

Jamming transitions of collective cancer cell in-
vasion in 3D tissue 

PETER FRIEDL1,2 —  

1 Radboud University Nijmegen, Department of Cell Biol-
ogy, RIMLS, Geert Grooteplein 26, 6525 GA Nijmegen, 
NL 

2 David H. Koch Center for Applied Genitourinary Re-
search, UT MD Anderson Cancer Center, Houston, TX, 
USA 

Cancer cell migration is a plastic and adaptive process 
which depends on molecular and physical properties of 
the microenvironment. When monitored in vivo using in-
travital multiphoton microscopy, tissue microniches pro-
vide invasion-promoting tracks that enable collective mi-
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gration along tracks of least resistance. In regions of tis-
sue confinement, invading cancer cells undergo a jam-
ming transition towards collective migration and circulate 
as both individual cells and multicellular clusters for col-
lective organ colonization. Using targeted interference 
with cadherin adhesion systems, conversion from collec-
tive invasion to single-cell dissemination was obtained 
only in zones of low tissue confinement, whereas at high 
tissue density multicellular migration was enforced. The 
data suggest that metastatic cancer cells can undergo 
physicochemical reprogramming in response to physical 
determinants of the encountered tissue, and thereby bal-
ance cell-intrinsic adhesion and mechanocoupling with 
encountered cues. 

Invited Talk Thu 14:00 

Growth mechanics - coexistence and evolution 

JENS ELGETI - Forschungszentrum Jülich, Germany, 52425 
Jülich Germany 

Cancer is in a way evolution on the micro scale. Cells 
aquier new geno- and phenotypes that result in excessive 
growth. Evolution is driven by competition - the fitter phe-
notype outcompetes the weaker one and overtakes the 
compartment. 

For tissue competition, mechanics have been suggested 
to also play a significant role. Growth implies a change 
in volume. In physical terms, the conjugate force to a 
change in volume is a pressure. Thus, in order to grow, 
cells must exert mechanical pressure on the neighboring 
tissue. In turn, mechanical stress influences growth, and 
may play a role in cell competition. This insight has led 
to the notion of homeostatic pressure - the pressure ex-
erted by a tissue in homeostasis [1]. This suggests that the 
tissue with highter homeostatic pressure, overwhelms the 
weaker one ([1-6]. We use particle based computer sim-
ulations [4] to model growing tissues. Surprisingly we 
find, that when cross interactions are taken into account, 
tissues with different homeostatic pressure can coexist [5], 
and the evolution can favor the weaker tissue, or even 
reult in tumor heterogeneity [6]. 

[1] Basan et al.: Homeostatic competition drives tumor
growth and metastasis nucleation, HFSP Journal Volume
3, 2009 - Issue 2 (2010)

[2] Montel et al.: Stress Clamp Experiments on Multicel-
lular Tumor Spheroids, Phys. Rev. Lett. 107, 188102
(2011)

[3] Podewitz et al.: Tissue homeostasis: A tensile state,
EPL (Europhysics Letters), Volume 109, Number 5 (2015)

[4] Basan et al.: Sociedad de Biofisicos Latino America-
nos logo Sociedad de Biofisicos Latino Americanos logo
Dissipative particle dynamics simulations for biological
tissues: rheology and competition, Published 1 April
2011 • 2011 IOP Publishing Ltd (2011)

[5] Ganai et al.: Mechanics of tissue competition: inter-
faces stabilize coexistence, New Journal of Physics, Vol-
ume 21 (2019)

[6] Büscher et al.: Tissue evolution: mechanical interplay
of adhesion, pressure, and heterogeneity, New Journal
of Physics, Volume 22 (2020)

Contributed Talk Thu 14:30 

Synchronization of cellular forces in spheroids 
from primary breast tumor-associated mesen-
chymal cells 

DAVID BÖHRINGER1, CHRISTOPH MARK1, NADINE GRUMMEL1, 
PAMELA STRISSEL2, REINER STRICK2, BEN FABRY1 – 

1 Friedrich-Alexander University, Department of Physics, 
Erlangen, Germany 

2 Friedrich-Alexander University, Department of Gynecol-
ogy and Obstetrics, Erlangen, Germany 

Research over the past years has demonstrated that tumor 
metastasis is influenced by the mechanical tumor micro-
environment, which in turn is largely determined by ma-
trix-producing and contractile tumor-associated mesen-
chymal cells. In this study, we determine the collective 
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forces generated by tumor-associated primary mesenchy-
mal cells isolated from luminal-B breast cancer patients. 
Spheroids containing 4000 cells are seeded in nonlinear 
three-dimensional collagen networks. Force generation is 
computed from the continuously measured (0.2-1 
frame/min over 24h) deformation field in the matrix 
around the spheroids. As individual cells start to migrate 
radially away from the spheroid into the surrounding ma-
trix, increasingly strong contractile forces emerge, reach-
ing stress levels of > 1 kPa. Interestingly, 2-4 h after seed-
ing, contractile forces start to oscillate with an amplitude 
of 10-50 Pa and a period time of 10-30 min, indicating 
that the tractions of individual cells are synchronized 
across the entire spheroid. To test the hypothesis that the 
synchronization is facilitated through long-range stress 
transmission across the non-linear and tensed collagen 
network, we placed spheroids in proximity (< 2 mm) to 
each other and observed a synchronisation of the peri-
odic force oscillation between neighboring spheroids. 
These results demonstrate that tumor-associated mesen-
chymal cells can collectively synchronize their contractile 
activation through a matrix-transmitted mechanical feed-
back. 

Invited Talk Thu 14:45 

Virtual fluidic channels: single cell rheology 
and tissue mechanics 

O. OTTO, M. H. PANHWAR, F. CZERWINSKI, B. FREGIN, V. A. 
S. DABBIRU, D. BIEDENWEG, P. NESTLER, R. PIRES – Erich
Moritz Arndt Universität Greifswald, ZIK HIKE,
Fleischmannstraße 42-44 17489 Greifswald, Germany

Microfluidic chip fabrication and utilization in flow cy-
tometry applications have made great promise of flexible 
measurements reducing experimental bias due to limited 
cross-contamination. However, designing the master 
mold as well as replica production can be considered the 
time-limiting step and requires sophisticaed clean-room 
equipment. 

Here, we introduce the concept of virtual fluidic channels 
to dynamically tune the hydrodynamic dimensions of a 
flow cytometer cuvette within seconds. Virtual channels 
are formed by co-flowing aqueous polymer solutions at 
low Reynolds numbers where a stabilizing sheath con-
fines a sample flow between immiscible liquid phases. 
We demonstrate that virtual channel dimensions follow a 

simple scaling law and can be tailored towards nearly 
arbitrary hydrodynamic stress distributions in real-time. 

As proof-of-principle experiments we combine our tech-
nology with real-time deformability cytometry (RT-DC) as 
a high-throughput method for label-free analysis of single 
cell mechanical properties. While RT-DC has already 
demonstrated its relevance in basic life science research, 
e.g. by observing the activation of immune cells, linking
immune response to underlying tissue alterations has not
been possible so far. Using spheroids as a tissue model
system, we show that virtual fluidic channels can be used
to bridge the gap between cellular rheology and tissue
mechanics.

SSession VIII 

Invited Talk Thu 15:45 

Using CRISPR and TIRFM to interrogate the in 
vivo dynamics of protein complexes with single 
molecule sensitivity 

IAN G. MACARA - Vanderbilt University, School of Medi-
cine, Dept. of Cell and Developmental Biology, Nashville 
TN 37240, USA 

Recent gene-editing technologies enable the facile addi-
tion of fluorescent tags to endogenous alleles. The density 
of the tagged proteins produced in this way is generally 
low enough that, with modern high QE cameras, single 
molecules can be easily imaged at high frame rates, 
within live cells. We have illustrated this approach for the 
exocyst, a conserved octameric complex that tethers exo-
cytic vesicles to the plasma membrane prior to fusion. Ex-
ocyst assembly and delivery mechanisms remain unclear, 
especially in mammalian cells. We tagged multiple en-
dogenous exocyst subunits with sfGFP or Halo using 
CRISPR/Cas9 gene-editing, to create single and double 
knock-in lines of mammary epithelial cells, and investi-
gated exocyst dynamics by high-speed imaging and cor-
relation spectroscopy. We discovered that mammalian 
exocyst is comprised of tetrameric subcomplexes that, un-
expectedly, can associate independently with vesicles 
and plasma membrane and are in dynamic equilibrium 
with octamer and monomers. Membrane arrival times are 
similar for subunits and vesicles, but with a small delay 
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(~80msec) between subcomplexes. From step-bleaching 
and quantitative fluorescence measurements, we estimate 
about 9 exocyst complexes are associated per vesicle. 
These data reveal the mammalian exocyst as a remarka-
bly dynamic two-part complex and provide important 
new insights into assembly/disassembly mechanisms. 

We have extended these approaches to primary cells, 
using genetically engineered mice that express a GFP-
tagged exocyst subunit, with the ultimate goal of true in 
vivo single molecule imaging. We are also examining the 
dynamics of polarity protein complexes in epithelia, com-
bining endogenous protein tagging with a method to syn-
chronize the release of proteins into the polarized vesicle 
transport system from the endoplasmic reticulum, so that 
their itineraries can be tracked as they are transported to 
the plasma membrane. Our goal is to apply these ap-
proaches to determine how the cell polarity machinery is 
subverted during breast cancer initiation and progres-
sion. 

This work was supported by NIH/NIGMS grant 
(GM070902) to I.G.M. 

Contributed Talk Thu 16:15 

Multiscale analysis reveals distinct cancer cell 
responses to environmental cues 

WOLFGANG LOSERT1,2,4, RACHEL LEE1,2, JOHN T. FOURKAS1,3, 
STUART S. MARTIN2 -  

1 Institute for Physical Science and Technology, University 
of Maryland, College Park, MD, USA 

2 Marlene and Stewart Greenebaum NCI Comprehensive 
Cancer Center, University of Maryland School of Medi-
cine, Baltimore, MD, USA 

3 Department of Chemistry and Biochemistry, University 
of Maryland, College Park, MD, USA 

4 Department of Physics, University of Maryland, College 
Park, MD, USA 

Cancer cells that migrate away from a primary tumor to 
form metastases encounter multiple cues from the sur-
rounding microenvironment. To metastasize successfully 
cells must respond not only to biochemical signals, but 
also to physical interactions with surrounding cells and 
the extracellular matrix. Here we investigate how two key 
microenvironment cues, cell/cell interactions and topog-
raphy, impact the migration of both healthy and tumor-
igenic cells. 

Cell/cell interactions are an essential feature of meta-
static migration. Although detachment of single cells from 
a primary tumor is the traditional paradigm for metasta-
sis, recent studies have shown that detached groups of 
cells exhibit higher metastatic potential than individual tu-
mor cells. We developed a quantitative phenotype that 
captures features of collective migration across multiple 
length and time scales. Using this phenotype, we found 
differences in the effect on collective migration of two 
common oncogenic mutations, PTEN loss and KRas acti-
vation. 

The tumor microenvironment also critically influences me-
tastasis, including some features of the texture of the ma-
terial surrounding tumor cells. Indeed, aligned collagen 
fibers have been correlated with poor breast cancer pa-
tient prognosis. To investigate the response of cells to tex-
ture cues, we fabricated controlled nanotopographical 
surfaces. Using these surfaces, we found that topograph-
ical cues bias the migration of both healthy and tumor-
igenic cell types. We also found that topographic sur-
faces are capable of guiding actin dynamics and develop 
an optical-flow-based analysis approach to quantify these 
dynamics. 

Increased understanding of the physical forces and inter-
actions that guide migrating tumor cells provides an op-
portunity to identify new targets for the treatment of met-
astatic cancer. The experimental techniques and analysis 
workflows we have developed also create clinical oppor-
tunities to assess the metastatic potential of patient cells. 

RM Lee, MI Vitolo, W Losert, SS Martin. Distinct Roles of 
Tumor-Associated Mutations in Collective Cell Migration. 
BioRxiv 2020.06.04.135178 (2020) 

RM Lee, L Campanello, MJ Hourwitz, P Alvarez, A 
Omidvar, JT Fourkas, W Losert. Quantifying Topography-
Guided Actin Dynamics across Scales Using Optical 
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Flow. Molecular Biology of the Cell, 31, no. 16: 1753–
64 (2020) 

S Chen, MJ Hourwitz, L Campanello, JT Fourkas, W 
Losert, and CA Parent. Actin Cytoskeleton and Focal Ad-
hesions Regulate the Biased Migration of Breast Cancer 
Cells on Nanoscale Asymmetric Sawteeth. ACS Nano 
13, no. 2: 1454–68 (2019) 

Invited Talk Thu 16:30 

Integrating evolutionary mathematical models 
into cancer therapy to increase the probability 
of control and cure 

ROBERT GATENBY — Moffitt Cancer Center, 12902 USF 
Magnolia Drive Tampa, FL 33612, USA 

An increasing number of treatment agents and strategies 
have extended the lives of patients with metastatic can-
cer. However, evolution of resistance to systemic thera-
pies is virtually inevitable and remains a major barrier to 
durable responses and long-term survival. While cancer 
therapy remains focused on new drug discovery, the Can-
cer Biology and Evolution Program at Moffitt has devel-
oped strategies to integrate evolutionary dynamics into 
treatment mathematically-guided clinical protocols that 
apply existing agents in novel ways to increase the prob-
ability of control and cure. 

Invited Talk Thu 17:00 

Direct evidence that tumor cells soften when 
navigating confined spaces 

SANJAY KUMAR — University of California - Berkeley, 
274A Stanley Hall, Berkeley, CA 94720, USA 

In cancer, invasive and metastatic tumor cells have often 
been reported to be softer than non-tumor cells, raising 
speculation that cancer cells might adaptively soften to 
facilitate migration through narrow tissue spaces. Despite 
growing interest in targeting cell softening to impede in-
vasion and metastasis, it remains to be directly demon-
strated that tumor cells soften as they migrate through con-
fined spaces. Here, we address this open question by 
combining topographically patterned substrates with 
atomic force microscopy (AFM). Using a polydime-

thylsiloxane (PDMS) open-roof microdevice featuring ta-
pered, fibronectin-coated channels, we followed migra-
tion of U2OS cells through various stages of confinement 
while simultaneously performing AFM indentation. As 
cells progress from unconfined migration to fully confined 
migration, cells soften and exclude YAP from the nucleus. 
Superresolution imaging reveals that confinement induces 
remodeling of actomyosin stress fiber architecture. Com-
panion studies with flat 1D microlines indicate that the 
changes in cytoarchitecture and mechanics are intrinsi-
cally driven by topographical confinement rather than 
changes in cellular aspect ratio. Our studies represent 
among the most direct evidence to date that tumor cells 
soften during confined migration and support cell soften-
ing as a mechanoadaptive mechanism during invasion. 



Notes

43






