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Session « Pathologies and cancer »

In both physiological and pathological context, 3D cell cultures are now the new
standard for studying cell behaviours and how dependent they are on the 3D
context, in comparison with 2D cultures. The diversity of 3D culture has also
increased and ranges from arrays of isolated spheroids to bulk cultures of
organoids in Matrigel domes. The group has been developing and upgrading a
microfluidic-based encapsulation system to produce and grow cell aggregates,
confined in hollow alginate capsules. We take advantage of this high-throughput
production of spheroids and organoids to question cell-cell interactions in
confined environment with custom imaging tools. These approaches lead us to
study cell self-organisation depending on the formulation of the cell suspension:
whether cells are mixed with solely medium or with extracellular matrix, or
whether we add endothelial cells to promote micro-vascularisation. This
presentation will end by illustrating the benefits of using pre-assembled building
blocks made with both spherical and tubular capsules for manufacturing
‘vascularised’ tissues.
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Microfluidic system for culture, monitoring and electroporation of
spheroids based on a hydrogel scaffold

Pauline Bregigeon?®', Théo Le Berre?, Julien Marchalot?, Laure Franqueville?, Christian Vollaire2, Marie Frénéa-
Robin? and Charlotte RiviéreP.cd
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Abstract

In the search for a safer and more efficient treatment than
classic chemotherapy, electro-chemotherapy (ECT) has
emerged as a solid alternative’. This method is based on
electroporation (EPN). This phenomenon occurs when a
pulsed electric field is applied to cells, and results in an
increase in cell permeability to drugs. As the interest in such
treatment is growing, the need for reliable tumor models to
study the effect of EPN on cells is rising. Spheroids have
been identified as a relevant model, as they can better
reproduce the tumor microenvironment, compared to cells
grown in 2D on flat surfaces, thanks to the formation of
junctions ensuring cellular cohesion and communication?.

In the literature, the proposed approaches usually consist in
first fabricating the spheroids using droplet-based
microfluidics, hanging drop methods or ultra-low attachment
plates?, and then introducing them in an electroporation
cuvette connected to a pulse generator or using hand-held
electrodes. It involves several handling steps, which can
potentially damage spheroids. Moreover, the location of the
spheroids is not controlled, which may induce differences in
the electric field perceived from one spheroid to the other.
Thus, the parallel treatment of tens of spheroids of similar
characteristics (size, shape) is required to produce relevant
statistical data.

To address this challenge, we designed a microfluidic
platform enabling culture and electroporation of a large
number of spheroids sharing similar characteristics without
requiring any manipulation (Figure 1a)3. Here, we
demonstrate the application of the device to the delivery of
an anti-cancer agent, bleomycin, in HT29 colorectal cancer
cell spheroids using sine wave bursts.
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Figure 1: (a) Computer Assisted Design (CAD) of the
microsystem. (b) 2.5X bright field image of HT29 spheroids after 3
days of culture. (b) Schematic drawing of the microfluidic chamber
(side view). (d) Orthogonal views of confocal images of spheroids
72h after the experiment. Green = cell nuclei, Red = proliferative
cell, Yellow = both.

To produce the spheroids, a 2% agarose hydrogel is
molded and grafted on an amine-functionalized ITO-
coated glass slide*, used as an electrode for EPN. HT29
cells are seeded in the microwells to form spheroids of
reproducible size and location (Figure 1b). A silicone seal
is placed around the hydrogel to form a microfluidic
chamber (Figure 1c), which is closed with another ITO
coated glass slide, and mounted inside a sealing device
enabling water tightness and electrical contact. Low
conductive EPN Hepes buffer, supplemented with the
anticancer drug (bleomycin, 20 pg/mL), is then injected
in the microfluidic chamber. It enables to change the
medium inside the chamber from culture to EPN buffer,
with calibrated time and volume (data not shown). EPN
is performed by applying 2 sine bursts® (300 Vpp, 10 kHz,
5 ms), which parameters were previously determined
with fluorescence method (data not shown). Growth is
monitored by microscope imaging and proliferation is
characterized 3 days after the experiment thanks to a
commercial kit (Click-iT EdU Alexa546, Invitrogen) and
confocal microscope imaging.

Figure 1d shows that EPN parameters used here led to
a reversible EPN as similar proliferation layers can be
seen in yellow for non-treated and EPN only spheroids.
Moreover, ECT (delivery of bleomycin in spheroids by
EPN) is efficient as there are nearly no proliferative cells
for treated spheroids. Figure 1d also shows that, as
expected, for spheroids in contact with bleomycin without
EPN, cell proliferation is not affected. Indeed, as
bleomycin is only efficient on permeabilized cells, it is
especially interesting for ECT, following the trend of safer
therapy with fewer side effects. Spheroid growth was
also quantified by bright field imaging and led to the
same conclusion.

These results highlight the functionality of our device as
an in vitro platform to test and monitor anti-cancer drug
uptake in spheroids by EPN. After this first application,
we intend to complexify the tumor model to analyze EPN
efficiency in the presence of a dense extracellular matrix,
produced by stromal cells. The microsystem also offers
the possibility to perform bioimpedance measurements
to study in real time the EPN of spheroids and to follow
their growth.
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3. Bregigeon, P. et al, Lab On a Chip, DOI:
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de micropuits en hydrogel biocompatible. FR 1870349, 2020.
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Nanofluidics for the study of viral particle transport
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The human cell is organized in compartments between which the transport of biomolecules
is a key step. Among the cell's communication pathways, the nuclear pore complex (NPC), which
regulates transport between the cell nucleus and the cell interior [1], is certainly the most complex.
This pore has exceptional adaptability and selectivity properties, due to the presence of a network
of dynamic polymers inside its central channel. Many viruses (adeno-associated virus, hepatitis B
virus, HIV, ...) must transport their genetic cargo through the nuclear membrane, via the NPC to
replicate inside the cell nucleus.

The strength of our project is to address the issue of virus transport through the NPC, in a
biomimetic environment, i.e. simplified and controlled, to facilitate the study. To do so, we seek to
mimic the nuclear pore by grafting nanoporous membranes with hydrophobic artificial polymers. We
then use a highly sensitive optical system, developed within our team, which allows us to detect in
real time and at the level of a single pore the transport of single viral particles [2]. More precisely,
the device is based on the combination of fluorescence microscopy and the Zero Mode Waveguide
effect which leads to the intensification of the electromagnetic field in the vicinity of a nanopore
covered with a metallic film [3].

Using this device, we have measured the frequency of passage of viruses (labeled by a
fluorophore) through the pores as a function of a control parameter (applied pressure), and we have
highlighted a "jamming" phenomenon related to the confinement of viruses under flow. We studied
the determinants (physical, chemical) of this effect and proposed a physical model of the
phenomenon similar to a phase transition under flow. We were then able to extract parameters
related to the interaction of the viruses with the pore.

[1] Wente S.R.,et al. The nuclear pore complex and nuclear transport. Cold Spring Harb Perspect Biol.2,
(2010).

[2] Chazot-Franguiadakis L., et al., Optical Quantification by Nanopores of Viruses, Extracellular Vesicles and
Nanoparticles. Nano Letters, in press.

[3] Auger T., et al., Zero-Mode Waveguide Detection of Flow-Driven DNA Translocation through Nanopores.
Phys Rev Lett, Vol 113 (2), p028302-07, (2014).
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Figure 1:Zero Mode Waveguide experimental setup for translocation of viral particles (fluorescently labeled) through
a synthetic nanoporous membrane.
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Long-term nuclear regulation of cancer cells under confinement

Maléeke Mouelhi?, Charlotte Riviere! and Sylvain Monnier?!
1 Institute of Light and Matter (ILM), UMR5306 Univ. Lyon, Univ. Claude Bernard Lyon 1, France

The physical properties of the tumor microenvironment are strongly modified during tumor growth and
participate in the development and invasion of cancer cells [1], including not only stiffness, but also
compression [2].

In particular, the nucleus is critically affected during compression [3] and is appearing as an important
mechanosensor of deformations [4,5]. Nevertheless, most studies focus nowadays on short-term cell
response (from minutes to few hours). New questions are open on the long-term adaptation to
deformations and the mechano-sensing mechanism involved. We have recently developed a new agarose-
based microsystem copping with media renewal impediment to investigate cell response to prolonged
confinement [6].

We used this device to apply a tunable and controlled 1D confinement on the colorectal cancer cell line
HT-29 up to several days. We evidenced a decrease of the nuclear volume after 24 hours under
confinement. The overall nuclear shape is also dynamically regulated with the apparition of transient
nuclear blebs. We are currently analyzing the mechanisms and consequences of such adaptation on cell
division, transcription activity and protein expression. Such long-termed adaptation to mechanical
constrains may be of importance for cancer cell plasticity and play a role in their resistance to treatments.

[1] D. T. Butcher, T. Alliston, and V. M. Weaver, A Tense Situation: Forcing Tumour Progression, Nat. Rev. Cancer
9,108 (2009).

[2] Kalli, M.; Stylianopoulos, T. Defining the Role of Solid Stress and Matrix Stiffness in Cancer Cell Proliferation
and Metastasis. Front. Oncol. 2018, 8 (March), 55

[3] P. Shah, C. M. Hobson, S. Cheng, M. ]. Colville, M. ]. Paszek, R. Superfine, and ]. Lammerding, Nuclear
Deformation Causes DNA Damage by Increasing Replication Stress, Curr. Biol. 1 (2020).

[4] A.]. Lomakin, C. ]. Cattin, ]. M. Garcia-Arcos, 1. Y. Zhitnyak, M. K. Driscoll, E. S. Welf, R. ]. Petrie, A. M. Lennon-
Duménil, and D. J. Miiller, The Nucleus Acts as a Ruler Tailoring Cell Responses to Spatial Constraints, 2894, (2020).

[5] V. Venturini, F. Pezzano, F. C. Castro, H. M. Hakkinen, S. Jiménez-Delgado, M. Colomer-Rosell, M. Marro, Q.

Tolosa-Ramon, S. Paz-Lépez, M. A. Valverde, ]. Weghuber, P. Loza-Alvarez, M. Krieg, S. Wieser, and V. Ruprecht, The
Nucleus Measures Shape Changes for Cellular Proprioception to Control Dynamic Cell Behavior, Science (80-.). 370,
(2020).

[6] A. Prunet, S. Lefort, H. Delanoé-Ayari, B. Laperrousaz, G. Simon, C. Barentin, S. Saci, F. Argoul, B. Guyot, J. P.
Rieu, S. Gobert, V. Maguer-Satta, and C. Riviere, A New Agarose-Based Microsystem to Investigate Cell Response to
Prolonged Confinement, Lab Chip 20, 4016 (2020).



Impairment In Mechanotransduction Pathways, A Key For AML Chemoresistance.
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* : corresponding author.

Keywords: Acute Myeloid Leukemia; Bone Morphogenetic Proteins; Mechanotransduction; Treatment
resistance.

Interaction with the hematopoietic niche is a key factor for the leukemic stem cells (LSCs) to survive.
Cytokines and mechanical signals are important regulators for normal hematopoeisis and
leukemogenesis. Among these cytokines, Bone Morphogenetic Proteins (BMP), that also display
mechanosensing activity, have been shown to promote immature properties and cell survival in Acute
Myeloid Leukemia (AML). On the other hand, adhesion to stromal cells as well as ExtraCellular Matrix
remodelling ensure LSC protection. Thus, it was suggested that hyperproliferation of blasts confines
hematopoietic cells and overall bone marrow microenvironment, as intracellular pressure increases.
Since both mechanical and cytokinic contexts are impaired in AML, we investigated how
mechanotransduction pathways and mechanical forces are involved in AML pathogenesis.

Using available AML transcriptomic datasets, we showed that two mechanoresponsive pathways, BMPs
and YAP/TAZ, are upregulated in AML patients at relapse compared to diagnosis, suggesting an
implication of both pathways in chemoresistance. Similarly, cytarabine-resistant AML cell lines (ML2 or
OCI-AML3) display BMPR1b overexpression as well for TEADs and TAZ proteins. Interested by the
mechanical properties, we first measured AML intrinsic rigidity: surprisingly, the AML resistant cell lines
are less rigid than the sensitives. Thus, the cells adhere better to various substrate (fibronectin, stromal
cells) as they seem more deformable and expressing more mechanoreceptors such as B1 integrins.
Moreover, the activation of the B1 integrin of adherent cells is impacted by BMPR1B and YAP/TAZ
inhibitors in an opposite manner: BMPR1B stimulates B1 integrin activation whereas YAP/TAZ prevents
it. Wanting to mimic properties of the bone marrow niche, we used hydrogels of different stiffness to
look at gene expression and localization of the different signalling effectors. Also, thanks to a
confinement system, we showed for the first time, opposite expression of BMP2 and BMP4 in primary
human Stromal Cells (from healthy donors vs AML patients). Finally, through a humanized 3D model of
the bone marrow, we looked how combination of chemotherapeutic treatment and BMPR1B inhibitor
would affect the number of leukemic cells.

Thus, resistant cells have different mechanical properties which help them to be maintained in the bone
marrow microenvironment. These results help us understand the relationship between the
miroenvironment and the leukemic cells and identify new therapeutic targets.



Characterization of the Mechanical

Properties of Lung Adenocarcinoma
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Abstract:

The adverse scenario of lung cancer worldwide encourages research of innovative
methods to improve therapeutic arsenals. The advent of immune checkpoint blockade
therapy and targeted-drugs to driver mutations has changed the prognosis of lung cancer
patients in the past few years, but the majority of them will not benefit from those
treatments. Thus, the development of creative tools and techniques is mandatory to
facilitate research and discovery of new treatments. A primary step involved in cancer
research is cell culture. To date, most cell culture has long been performed on surfaces
that do not reflect the mechanical properties of most tissues in vivo. The use of soft culture
environments that have a similar mechano-physiology of in vivo conditions is seen as a
promising route for the discovery of new cancer drugs and tissue engineering. Based on
this context, it is essential to understand how the mechanical properties are distributed in
healthy and tumor tissues to design cell culture substrates that reproduce the in vivo
mechanical microenvironment. Here, we present a methodology to characterize the
mechanical properties of healthy and adenocarcinoma lung tissues using IT-AFM. Lung
tissues are very sticky. In this context, data post-processing algorithms were implemented
and optimized using contact mechanics models that consider adhesion effects.
Preliminary results from 11 patients showed that the measured rigidities of both types of
tissue obey a log-normal distribution with tumor tissues being slightly stiffer than healthy
ones. A difference in rigidity texture was observed, showing more heterogeneity for tumor
tissues compared to healthy ones. These findings give an indication of the initial
parameters necessary to design a mechano-mimetic environment.
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Substrate stiffness impacts early biofilm formation by modulating bacterial surface motility

Gomez Sofia?, Bureau Lionel?, John Karin?, Débarre Delphine?, and Lecuyer Sigoléne®
Université Grenoble Alpes, CNRS, LIPhy, 38000 Grenoble, France; "Université Lyon, ENS de Lyon, Université Claude Bernard, CNRS, Laboratoire de
Physique, F-69342, Lyon, France

Surface-associated lifestyles dominate in the bacterial world. Large muticellular bacterial
assembilies, called biofilms, are essential to the survival of bacteria in harsh environments,
and are closely linked to antibiotic resistance in pathogenic strains. Biofilms stem from the
colonization of a substrate by bacteria: this process can take place on a wide range of
surfaces, from living tissues to inert materials.
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Here, we have studied experimentally the impact of substrate rigidity on bacterial adhesion
and early biofilm development. By imaging and tracking adhering bacteria in situ, on
polyacrylamide hydrogels of defined stiffness (1-100 kPa), we demonstrate that the
opportunistic promiscuous pathogen Pseudomonas aeruginosa explores substrates
differently based on their rigidity (fig. A). This leads to striking variations in microcolony
structure, strain mixing during co-colonization and phenotypic expression. Using simple
kinetic models, we propose that these phenotypes arise through a purely mechanical
interaction between the elasticity of the substrate and the type IV pilus (T4P) machinery, a
contractile surface appendage that mediates surface-based motility (“twitching”). Our 1D
model is based on a force balance between (i) a pilus that extends, attaches and retracts
with a defined frequency; (ii) the deformation of the underlying substrate at the pilus tip
upon retraction; and (iii) the friction force due to adhesion of the bacterial body when it is
dragged across the surface at the other end of the pilus (fig. D). The efficiency of pili activity
is thus modulated by the deformability of soft substrates [1].

Together, our findings reveal a new role for substrate softness in the spatial organization of
bacteria in complex microenvironments, with far-reaching consequences on efficient biofilm
formation.

[1] Gomez S., Bureau L., John K., Debarre D. and Lecuyer S., “Substrate stiffness impacts early early

biofilm formation by modulating twitching motility in Pseudomonas
aeruginosa”, https://www.biorxiv.org/content/10.1101/2022.02.18.480999v1




Mechanical regulation of cell adhesion to a soft wall under flow

Heather S. Davies', Natalia S. Baranova’, Nouha El Amri', Liliane Coche-Guerente’, Claude
Verdier', Lionel Bureau', Ralf P. Richter**, Delphine Débarre'
1. Université Grenoble Alpes, CNRS, Laboratoire Interdisciplinaire de Physique (LIPhy), 38000 Grenoble, France
2. Université Grenoble Alpes, CNRS, Département de Chimie Moléculaire (DCM ), Grenoble, France
3. School of Biomedical Sciences, Faculty of Biological Sciences, School of Physics and Astronomy, Faculty of Mathematics and Physical
Sciences, Astbury Centre for Structural Molecular Biology, University of Leeds, Leeds LS2 9JT, United Kingdom

Monitoring interactions between objects and a nearby surface is a key aspect of soft matter studies ranging
from wetting to complex fluid flow. In biophysics, they govern cell adhesion or the flow of microswimmers or
blood cells. Blood cell - vessel wall interactions, in particular, are highly regulated as they are critical both for
the flow of red blood cells, and for the control of white blood cell adhesion to the walls (e.g. at a site of
inflammation). However, the biochemical and mechanical cues governing this regulation are still poorly
understood, in particular because of the challenge of non invasive investigation of short-range interactions, in
particular under flow where fast imaging is required.

To decipher the essential parameters controlling blood cell homing or repulsion to the vessel wall, we have
developed an in vitro platform combining microfluidics, advanced biochemistry and reflection interference
contrast (RIC) imaging at high speed [1]. RIC microscopy makes use of partially coherent light to probe optical
distances between two objects based on their reflection interference pattern: typically a cell, bead or vesicle
adhering or hovering over a substrate [2]. Our custom-built setup allows imaging at high frame rate (200 Hz) and
tracking of cell mimetics with an accuracy of ~5 nm in all directions.

Using this platform, we have investigated experimentally the role of the softness of the vessel wall outer
layer in the regulation of blood cell homing under flow. This brush, named glycocalyx and mainly composed of
charged exopolysaccharides, is both thick (up to 1pm) and extremely soft (down to a few Pa in compression
modulus). We have demonstrated that these peculiar mechanical properties induce a short-range repulsion of
non-interacting cells, in good agreement with the theory of elastohydrodynamics (EDH) that accounts for the
effect of substrate deformation under hydrodynamic forces, providing the first experimental evidence of this
"soft biolubrication" effect at play at small scale [3]. On the other hand, we have shown that these same
mechanical properties are a critical factor that stabilizes the homing of cells bearing specific receptors (CD44)
for one of the main coumpound of the glycocalyx, hyaluronan (HA). Our results thus highlight the role of the
glycocalyx as a gatekeeper for the adhesion to the blood vessel wall.
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Fig. 1 (a), the glycocalyx lining the wall of blood vessels is the outermost structure encountered by circulating cells and
hence regulates the first stages of their adhesion to the vessel wall. (b), schematic representation of the stabilized attractive
interactions with the glycocalyx under a shear flow of an activated white blood cell bearing CD44 receptors, and of the
repulsion of red blood cells with no specific biochemical interaction with the polymer brush. a synthetic vessel wall
(polymer brush). (c), velocity under flow of cells bearing different densities of CD44 receptors, showing superlinear
increase of speed for CD44- cells and stabilized rolling for CD44++ cells, up to physiological shear stresses.
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Probing cell crowding in cells and tissues with Brillouin light
scattering
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Volume regulation is key in maintaining important tissue functions, such as growth or healing [1]. This is
achieved by modulation of active contractility, as well as water efflux that change molecular crowding
within individual cells. Local sensors have been developed to monitor stresses or forces in model tissues,
but these approaches do not capture the contribution of liquid flows to volume regulation. Here we use a
new tool based on Brillouin light scattering (BLS) that uses the interaction of a laser light with inherent
picosecond timescale density fluctuations in the sample [2]. To investigate volume and density variations,
we induced osmotic perturbations to compress single cells and multicellular spheroids (MCS). During
osmotic compressions we observe an increase in the BLS frequency shift that reflects local variations in
the refractive index and compressibility. We also measure a non-linear increase of the linewidth of the
BLS frequency for large compressions suggesting a phase transition. To elucidate these data, we propose a
model based on a mixing law that describes the increase of molecular crowding upon reduction of the
intracellular fluids. Comparison with the data suggests a non-linear increase of the compressibility due to
the dense crowding that induces hydrodynamic interactions between the cellular polymers.

[1] Cadart, et al. Nat. Phys. 15,993-1004 (2019)
[2] Scarcelli, et al. Nat. Methods 12, 1132-1134 (2015).
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The mechanics of seed size control in plants

Audrey Creff, Olivier Ali, Vincent Bayle, Gwyneth Ingram and Benoit Landrein
Laboratory of Plant Development and Reproduction (RDP), ENS de Lyon, France

How cells stop their growth once an organ has reached a certain size is a key question in
developmental Biology. In animals, it has been proposed that mechanical signals could act, together
with biochemical factors, in the control of organ growth and size. In plants, mechanical signals
regulate a variety of cellular processes such as growth, division or gene expression; but their
contribution to the regulation of organ size remains to be demonstrated. Using the seed of
Arabidopsis thaliana as a model system, we are studying the mechanical regulation of organ growth
in plants. By combining experimental approaches with modelling, we propose that seed size is
regulated through an incoherent mechanosensitive feedforward loop where the turgor pressure of
the inner tissues (endosperm) induces growth directly but represses it indirectly by promoting the
stiffening of the cell walls of the outer tissues (seed coat) in a tension-dependent manner. Our work
sheds new light on the mechanisms of organ size control in plants and allows us to redefine the
contribution of turgor pressure to plant organ growth.

Creff A,, Ali O., Bayle V., Ingram G. and Landrein B. Endosperm turgor pressure both promotes and
restricts seed growth and size. BioRxiv
https://www.biorxiv.org/content/10.1101/2021.03.22.436392v1




WAVE regulatory complex facilitates cell rearrangements through the generation of a protrusive
F-Actin subpopulation at tricellular junctions.

Lisa Calvary, Pierre Pouchin, Graziella Richard, Hervé Alégot, Olivier Bardot, Vincent Mirouse

Institute of Genetics, Reproduction and Development (iGReD), University Clermont Auvergne, CNRS,
INSERM, Clermont-Ferrand, France.

How cells change their respective position to allow a tissue to acquire a specific shape is a major
question. Drosophila ovarian follicle elongates along its anteroposterior axis and this elongation is driven
by the follicular epithelium that covers each follicle. We have previously described that the first step of
this elongation involved rearrangements such as cell intercalation (Alégot et al., eLife, 2018). However,
in these cells there is no junctional planar polarization of Myosin Il as it is the case in some other epithelia
experiencing cell intercalations. In this context, we became interested in F-actin role in cell
rearrangements. By performing a reverse genetic screen of F-Actin regulators, we identified that the
WAVE regulatory complex (WRC), involved in the generation of branched F-Actin, is required for follicle
early elongation. In follicular cells, WRC is localized at tricellular junctions where it generates an intense
F-Actin population. Tricellular junctions are important hotspots for tissue dynamics thought their role is
not yet fully understood. High-resolution analysis reveals that F-actin at tricellular junction corresponds
to very dynamic protrusions emanating from one cell and extending between the bicellular junction of
the two others. In addition, our work show that WRC protrusive activity is required for new junction
extension in the cells at the extremities of this junction. Thus, WRC promotes oriented cell intercalations,
thereby permitting follicle elongation. Data of our current analyze on living samples of the relationship
between F-Actin protrusions induced by WRC and cell junction dynamics will be shown. Finally, we will
present genetic and biochemical evidence on how WRC is recruited at tricellular junction, deciphering a
critical mechanism for epithelium dynamics at the molecular, cellular and tissular scales.



Friction when changing neighbours
adhesion-regulated junction slippage controls cell intercalation dynamics in living tissue

Alexander Nestor-Bergmann®, Guy B. Blanchard®, Nathan Hervieux®,

Alexander G. Fletcher®, Jocelyn Etienne® and Bénédicte Sanson®
O Univ. Cambridge, ® Univ. Sheffield, ® Univ. Grenoble Alpes - CNRS

During development tissues undergo dramatic shape changes to build and reshape organs. In many instances, these tissue-
level deformations are driven by the active reorganisation of the constituent cells. This intercalation process involves multiple
cell neighbour exchanges, where an interface shared between two cells is removed and a new interface is grown. The key
molecular players involved in neighbour exchanges, such as contractile motors proteins and adhesion complexes, are now well-
known. However, how their physical properties facilitate the process remains poorly understood. For example, how do cells
maintain sufficient adhesive contact while actively uncoupling from one another? Then, how does a new interface grow in
a contractile environment? Many existing biophysical models cannot answer such questions, due to representing shared cell
interfaces as discrete elements that cannot uncouple.

Here, we develop a model where the junctional actomyosin cortex of every cell is modelled as a continuous viscoelastic rope-
loop, explicitly representing cortices facing each other at bicellular junctions and the adhesion molecules that couple them [2].
The model parameters relate directly to the properties of the key subcellular players that drive dynamics, providing a multi-scale
understanding of cell behaviours. The code is distributed as an open-source free software [1].

Mechanical balance during neighbour
exchange in large cell-cell friction con-
ditions. The junction outlined in dark
blue is actively contracting. Black ar-
rows, tension in the cortices of each cell.
Cortices interact via spring-like adhe-
sions. Observe that tension propagates
across tissue, this is due to adhesion re-
sistance to shear.

We show that active cell neighbour exchanges can be driven by purely junctional mechanisms. Active contractility and
cortical turnover in a single bicellular junction are sufficient to shrink and remove a junction. Next, a new, orthogonal junction
extends passively. Our Apposed-Cortex Adhesion Model (ACAM) reveals how the turnover of adhesion molecules regulates
tension transmission and junction deformation rates by controlling slippage between apposed cell cortices. The model addi-
tionally predicts that rosettes, which form when a vertex becomes common to many cells, are more likely to occur in actively
intercalating tissues with strong friction from adhesion molecules.

References
[1] A Nestor-Bergmann et al. ACAM - Apposed Cortex Adhesion Model. Tech. rep. Open-source free software, 2022. DoOI:
10.5281/zenodo.5838249. URL: https://doi.org/10.5281/zenodo.5838249.

[2] Alexander Nestor-Bergmann et al. “Adhesion-regulated junction slippage controls cell intercalation dynamics in an Apposed-
Cortex Adhesion Model”. In: PLoS Comput Biol 18 (1 2022), €1009812. DOI: 10.1371/journal.pcbi.1009812.
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Although they were already observed as early as 400 years before common era by
Androsthenos of Thasos, an admiral of Alexander the Great who reported about
the ““sleep movements” of the tamarind's leaflets and later popularized by
Darwin, the active motions of plants were never quantitatively exploited. In this
talk, I will try to convince you that plant motions are not only beautiful. They're
also important phenomena to observe because they carry information about the
very nature of plant growth. The first part of the talk will be a general introduction
to plant growth and morphogenetic motions, as well as some observations of the
phenomena. In a second part, we will investigate in more detail the case of leaves
development for simple or compound leaves. We will show how the rich
morphogenetic motions are strongly related to posture regulation mechanisms and
mechanosensitivity. Finally, we'll focus on the mechanics of developing plant by
looking at force generation associated to motion in tendrils of climbing plants.
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Hydrogel-based microsystem to study coupling between diffusion and cellular volume in living tissues

Gaétan JARDINE, 1; Héléne DELANOE-AYARI, 1; Gilles SIMON, 1; Charlotte RIVIERE, 1; Sylvain
MONNIER, 1;
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Villeurbanne, France

Abstract

Tissues are spatially heterogeneous structures which give rise to their specific biological functions.
This heterogeneity is essential in both physiological, e.g. patterning in development, and pathological
processes, e.g. the organization of multiple cell subpopulations within a tumour. The emergence of
such spatial distribution can be due to gradients of biomolecules, reaction-diffusion systems and
mechanical cues. In confined environment, tissues will exert forces on their surroundings which will
in turn reacts by generating stresses. Tissues are composite systems including cells, ExtraCellular
Matrix (ECM) and interstitial fluids. ECM is at least 2 orders of magnitudes more deformable than
cells, so its porosity can easily be modified under stress. This can then impede diffusion and lead to
the establishment of chemical gradients of morphogens within the interstitial fluid. This
phenomenon could therefore influence the emergence of a biological heterogeneity in growing
tissues. Our aim is to assess fluxes within the intercellular space in growing tissues under
compression. As cellular volume is highly coupled to water fluxes and linked to biological functions,
we want to measure its distribution and dynamics. We hypothesize that fluxes and volume are
influenced by mechanical stresses which will be assessed using soft probes. All these features are
dynamics and need to be characterized in dense living tissues which makes them challenging to
image. To this end, we developed a hydrogel-based microsystem to limit the thickness of model
tissues to assess cell volume, diffusion in the intercellular space and stress in confined growing
tissues. Moreover, we have setup images analysis tools and extracted cellular volumes in these
densely packed 3D systems. Ultimately, we will spatially correlate these physical parameters to
cancer stem-like cell fate
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The mammary gland is a dynamic organ, where transformation leads to breast cancer (BC), the most
widespread and deadly cancer in women. Previous data supported that tumors are not only
characterized by neoplastic cells, but also by a shaped microenvironment composed of stromal cells and
the extra-cellular matrix (ECM). The mammary gland is indeed in tight communication with its niche that
generates mechanical and biochemical cues, the disruption of which leading to cancer. Indeed, the team
demonstrated a strong deregulation of the Bone Morphogenetic Proteins (BMPs) pathway in response to
biochemical variations of the niche. Other studies also highlighted BMP dysfunctions in response to
biomechanical fluctuations like stiffness variations. However, in the mammary context, the impact of
both microenvironment composition and stiffness is far from clear, due to the lack of relevant models.
Consequently, we aimed to develop models mimicking both features, to investigate their impact on cell
behavior and the BMP pathway. We addressed these features by developing a 3D-bioprinted breast
model. Higher rigidity led to a switch from BMPR1a to BMPR1b cellular expression, mainly followed by
the activation of the MAPK non-canonical cascade via p38. This also led to the amplification of the
immature cells compartment. Our results therefore highlight that biochemical and biomechanical cues
from the cell microenvironment could combine their influence on cellular plasticity and molecular
machinery to sense them, and pinpoint as crucial the design of relevant models recapitulating both types
of signals to address mammary cell transformation.



Exploring BMP2 impact on breast epithelial integrity through integrin dynamics Breast
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Site Santé, Allée des Alpes, 38700 La Tronche

cancer is the most common cancer affecting women worldwide, accounting for about 30% of
new cancer cases diagnosed each year and for 15% of cancer deaths in women. Breast cancer
is not a single disease but rather represents a collection of tumor subtypes with diverse
pathological features, molecular signatures and clinical outcomes. Intra-tumoral heterogeneity
reflects distinct breast epithelial cells that serve as the cells of origin for malignant
transformation. Understand how an aberrant microenvironment impinges on the phenotypic
diversity of breast cells or affects tumor heterogeneity is not well understood. Bone
Morphogenic Protein 2 (BMP2), which controls extracellular matrix composition and tissue
biomechanics is abnormally elevated in luminal breast tumors. Moreover, abnormal BMP-
Receptor signaling has been reported in breast cancers. Our lab has previously shown the
cooperation between BMPR and integrin to drive cell adhesion processes and Smad signaling
as effector downstream BMP receptor in 2D. We are repositioning the contribution of the
cooperation between integrin and BMPR in spatially organized multicellular contexts by
considering the geometry (2D versus 3D), the polarity and the biomechanics of the breast
epithelium. Our hypothesis is that signaling resulting from BMPR/ integrin cross-talk may
impact on the organization of epithelial cells by affecting cell sorting, cell competition and the
direction of cell extrusion within epithelial tissue. We are investigating whether and how BMP2
targets a subpopulation of MCF10A breast cells to promote intra-tumoral heterogeneity. Our
results show that BMP2 induces a partial EMT which is associated with a change in the
expression pattern of integrin and extracellular matrix in 2D environment. MCF-10A cells
adopt an elongated shape when treated with BMP2. PIV analysis of time-lapse data obtained
on MCF-10A monolayers indicates that BMP2 stimulation induces a fluidization of the
monolayer by driving collective cell migration in 2D monolayer. In 3D environment, BMP2
treatment reveals a transition from acini to spheroid which correlate with a redistribution of
integrin. Based on organoids, micropatterns and adaptative microscopy, we anticipate an
integration of integrin dynamics as a molecular basis for tissue fluidization within the context
of intratumoral heterogeneity.



Molecular Bases of Osteogenesis and Therapeutic Perspectives against Osteoporosis
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Many pathologies grouped under the term “osteoporosis” correspond to a set of disorders
affecting the balance between osteoclasts and osteoblasts and leading to a loss of bone tissue
with a higher risk of fracture. Osteoporosis represents a major public health problem: 39% of
women over 60 years old suffer from this pathology. Despite this, osteoporosis remains an
underdiagnosed and undertreated disease. In addition, current treatments target the
osteoclast and cause side effects that limit their long-term usage. A promising alternative
approach is to target osteoblasts to stimulate bone formation, thereby promoting osteogenesis.
My PhD project focuses on the transcriptional co-activator TAZ (also known as WWTR1) that
acts as a downstream regulatory target in the Hippo signaling pathway. TAZ plays a pivotal
role in regulating fate determination including osteogenesis and homeostasis. In the Hippo
pathway, which is activated upon mechanical stress, upstream kinases phosphorylate TAZ,
inducing its interaction with 14-3-3 protein and sequestration in the cytoplasm.
Dephosphorylation of TAZ promotes its shuttling to the nucleus, where TAZ interacts with key
transcription factors such as TEAD or RUNX2 to regulate the expression of specific target
genes. Based on TAZ shuttling activation, we aim to capture the TAZ interactomes in a
compartment specific manner to understand the mode of action of the major regulators of
osteogenesis. To this end, we have developed innovative tools that allow to specifically capture
the full interaction network of nuclear TAZ/TEAD or cytoplasmic TAZ/14-3-3 complexes in live
cells. These pioneer tools provide a unique opportunity to capture cofactors implicated in TAZ
activation, opening new therapeutic perspectives against osteoporosis.
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Investigation of lengthscales in cell rigidity sensing
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alice.nicolas@cea.fr

Determining the scales at which cells sense the mechanical properties of their environment
has become central since it was evidenced that tissues bear micron-scaled rigidity textures
with sharp gradients. Here we show that rigidity sensing takes place at the adhesion and at
the cell scales. By quantifying cellular forces and contractility together with immunostaining
analysis, we show that both types of forces perform a mostly decoupled probing of the rigidity:
the pulling forces that the adhesions transmit to the extracellular matrix locally adapt to
rigidity while cell intracellular stresses adapt marginally to the adhesion-scaled rigidity and
predominantly to the cell-averaged rigidity. These findings evidence parallel rigidity-sensing
machinery in cell adhesion and question signaling pathways that may control this parallel
adaptation.
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Abstract

Cell mechanical stimulation is an active research topic which arouse increasing interest among the
scientific community in the recent years. In this field magnetic nanoparticles have proven to be
valuable assets thanks to their peculiar properties of being actuated remotely through magnetic field
and being able to exert mechanical stimuli very locally even inside the cell, upon internalization.
Among the different mechanosensitive molecules of a cell, an interesting target is the actin
cytoskeleton and therefore the forces organization which determine the contractile state of the cell.
This can be achieved thanks to traction force microscopy (TFM), which allows to measure the forces
the cells transmit to an elastic substrate.

Some preliminary results have shown that low-frequency-vibrating particles, inside the cell or in
contact with the cell membrane, increase the contractility of NIH 3T3 single cells few hours after the
magnetomechanical stimulation. Moreover, it was highlighted a correlation between magnetic
stimulation and NIH 3T3 filopodia development, hinting to a possible response of the cell to its
increased contractile state.



Magnetic actuation of polymer membranes mimicking the intestinal

barrier
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As part of the digestive system, the intestine is a folded organ that is responsible for the
absorption of nutrients in particular thanks to its specific micro-structure, formed by villi and crypts.
This organ also allows the movement of the food bolus to facilitate digestion. Its dysfunction is also at
the origin of serious pathologies, such as the Hirschsprung's disease.

To understand intestinal embryonic development and the origin of these pathologies, and to
develop treatments, it is necessary to propose new approaches. Indeed, the classical 2D in-vitro
models does not allow to replicate the microstructure of the intestine and its movements, and the
animal model is relatively too different from human beings, or not viable for very serious pathologies.

The organ-on-chip approach is very promising because it consists in replicating all or part of an
organ on a small scale, with in addition the possibility of using human cells. Various works have been
recently conducted to mimic the microstructure of the intestine (refs). However, these intestine-on-
chip are microstructured but static and do not accurately reproduce the movements of the intestine,
although these movements may influence the tissue structure and organization in the intestine and
are essential to the digestion function. The aim of this project is therefore to develop an intestine-on-
chip with villi and crypts that can be set in motion in a controlled and reproducible manner.

Inspired by soft robots, we have created deformable magnetic polymer membranes with shape
memory. This wavy membrane can simulate intestinal movements by producing a deformation
amplitude of about 1.4 to 1.7mm at 140 mT and a radius of curvature of about 1 to 2mm (figure 1). It
can also support replicas of villi (made of PDMS or hydrogel), which are 500um high and 200um wide.
This technology has the advantage of being remotely operable using an external magnetic field,
ranging from 5 to 140 mT. It is therefore possible to tune the motion of the structures non-invasively
to study cell growth under dynamic constraints.

Figure 1: Magnetic membrane under a magnetic field of 5 (top) and 140 mT (bottom).




How molecular motors alter microtubule turnover
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ABSTRACT

Microtubules (MTs) and molecular motors are ubiquitous in eukaryotic cells and are
vital for many key cellular functions (eg. chromosome segregation, intracellular
protein transport). Recent experiments have shown that processive molecular motors
may modify the under- lying microtubule lattice yet a mechanistic model has
remained elusive. Here we investigate theoretically how molecular motors could
potentially participate in remodeling the shaft lattice. Using a kinetic Monte Carlo
method we model the MT lattice structure at the tubulin dimer scale. Molecular
motors can attach, detach and walk along the microtubule lattice.

Our leading concept is, that the walk of molecular motors locally destabilizes the
lattice and may facilitate the exchange of tubulin dimers with the surrounding
medium. This view is implemented via two constitutional mechanisms: (1) a transient
conformational change in the underlying lattice induced by the continuous flow of
motors, and (2) the stabilization of a single lattice vacancy due to a steric hindrance
for GTP-tubulins to integrate a GDP-lattice environment. The model reveals that a
small transient perturbation (< 3kT) induced by the motor’s walk is sufficient to modify
significantly the lattice dynamics along the shaft on length and time scales observed
experimentally, even at low motor density.



Mechanical balance of dividing cells in an
epithelial tissue

Ali Alhadi Wahhod, Jocelyn Eteinne

The shape taken by cells is intrinsically linked to the mechanics of their cy-
toskeleton, and importantly the actomyosin cortex that localizes just beneath
the cell membrane. Because this membrane is impermeable in epithelial tissue,
the cell shape is constrained by its interaction with neighboring cells. It is known
that the optimal shape of the cells at their apical surface is typically hexagonal.
Because they adhere on a basement membrane, single-layer epithelial cells are
generally prismatic. However, when a cell within the epithelial tissue undergoes
cell division, cell rounding is observed, that is, the cell detaches from the base-
ment membrane and adopts a shape closer to spherical.. This alters the position
of the neighbor cells as well. Our main purpose is to understand whether we can
understand this shape evolution using a surface tension approach. Indeed, this
shape evolution is simultaneous to an increase of myosin presence in part of the
cell cortex, which is known to increase mechanical tension in the cortex.Thus,
we modeled mechanical tensions as surface tensions and we tested whether these
surface tensions and consequently the intracellular pressure, would explain the
shape observed. Analytically, we used the Lagrange multiplier method to set
the whole Lagrangian of the system, knowing that the cells are constrained by
geometry and volume that alter the cell arrangement, and then establish the
equilibrium equations, dynamically as well. The results allow a better under-
standing of the 3D mechanical balance of cells.



Molecular recognition between biotin and streptavidin
adsorbed on different silane monolayers studied by Single
Molecule Force Spectroscopy (SFMS) and Steered Dynamics
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In a certain number of clinical diagnostic tools, the capture of the analyte to be detected,
target-molecule, by an adsorbed probe molecule is carried out thanks to molecular
recognition. This recognition process between the two target/probe molecules can be limited
by the conformation adopted by the probe molecule when it is adsorbed on the solid substrate.
Silane monolayers are widely used to functionalize SiO, or Glass surfaces and are well
adapted as anchoring layer for the adsorption of probe-molecules.

In this study, we consider the Streptavidin/biotin (Probe/Target) classical model and we
focus on two different silane monolayers, with two different head-groups: one terminated with
an amine group, hydrophilic and positively charged (NHs+) in PBS solution at pH=7.4, and
one terminated with a CHj3 group, hydrophobic and neutral in the same solution.

Single Molecule Force Spectroscopy (SFMS) has proven to be a relevant mode of Atomic
Force Microscopy to study the processes involved in the molecular recognition between a
ligand and a receptor [1,2]. The force-distance curves measured by SMFS are representative
of the detachment process between the 2 molecules. In our study, the AFM tip was
functionalized with a PEG molecule terminated with a biotin and put in contact with
streptavidin molecules adsorbed on the two silane monolayers. Force map curves were
registred and analysed indicating the unbinding force representative of the bioactivity. Our
results showed that under the same experimental conditions, the detachement force is
approximately twice as high for the CHj; silane layer as for the NH3+ silane layer.

The same results were also obtained by Steered Molecular Dynamics (SMD), that mimic
Atomic Force Spectroscopy. They were attributed to a difference in the conformation of the
streptavidin on the two silane layers. In particuler, the streptavidin deforms to fix on the NH3+

silane layer, limiting access to the biotin molecule [3,4].
Références :
(1) Z.Reich, P. Hinterdorfer book chapter in "Nanotribology and Nanomechanics", 2008, pp. pp 279-
308.
(2) F.Zuttion, Doctoral Thesis, University of Lyon, Ecole centrale de Lyon 2016.
(3) S. Lecot, Doctoral thesis, Université de Lyon, Ecole centrale de Lyon 2021.
(4) S. Lecot, Y. Chevolot, M. Phaner-Goutorbe, C. Yeromonahos, J. Phys. Chem. B 2020, 124, 6786-6796
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Collective movements in complex environments:
Fish School evacuation through a bottleneck
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The collective behavior of animals is a fascinating example of coordinated movements that
spontaneously emerge on a large scale despite the local and limited communication
capacities between individuals. One striking observation is that pedestrians, sheep or
granulars behave similarly when urged to pass through a bottleneck [1] with the apparition
of clogging events. On the contrary, ants have been shown to avoid jamming and the
“faster-is-slower” effect[2]. Here, we propose to test the collective behavior of non-
hierarchical groups of small fish (Paracheirodon Innesi) in a typical evacuation experiment.
We observe that, when urged to pass through a small circular aperture in shallow water,
schools of fish show a collective behavior closer to ants than to humans. No clogging events
were detected even when the opening was close to their body size; the statistics of passage
follow an exponential law of queuing. The fish tend to maintain a defined surface density
before the opening, hence avoiding contacts and solid friction. The constant fish-to-fish
distance seems to be controlled by social interactions and cognitive rules.

[1] I. Zuriguel, Clogging and unclogging of many-particle systems passing through a bottleneck,
EPJ Web Conf., Volume140, 2017
[2] D.R. Parisi, Faster-is-slower effect in escaping ants revisited: Ants do not behave like humans,
Safety Science,72, 274-282 (2015)
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Figure 1 : Fish evacuation through a circular aperture image from the top (left). Averaged cumulative passage
of fish as a function of time for different aperture diameters (right). The smaller the opening, the slower the
fish evacuate. For visualization, marker sizes are proportional to the real aperture.



Linear correlation between active and resistive stresses informs on force

generation and stress transmission in adherent cells
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Animal cells are active, contractile objects. While bioassays address the molecular character-
ization of cell contractility, the mechanical characterization of the active forces in cells remains
challenging. Here by confronting theoretical analysis and experiments, we calculated both the re-
sistive and the active components of the intracellular stresses that build up following cell adhesion.
We obtained a linear relationship between the divergence of the passive stress and the traction
forces, which we show is the consequence of the cell adhering and applying forces on the surface
only through very localized adhesion points (whose size is inferior to our best resolution, of 400
nm). This entails that there is no measurable forces outside of these active point sources, and also

that the passive stresses and active stresses inside cells are proportional.

* helene.delanoe-ayari@Quniv-lyonl.fr
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Résumé :

Beside being an archetype of active matter collective migration, epithelial cell monolayer migration is involved
in tissue development, wound healing or metastases. Different controlled experimental set-ups have already
been designed to quantitatively investigate the mechanisms underlying the observed migration. We use two
different set-ups, a classical one where the cell monolayer has a free front, and an original one where a monolayer
of migrating cells uniformly covers a circular racetrack. We let MDCK cells migrate on either set-up, on large scale
(over millimeters) and long time scales (over a day). In each of these spontaneous flows, we introduce an obstacle
to induce a localised spatial heterogeneity which stimulates cell-cell neighbour changes (rearrangements). By
characterising sub-cellular organisation, and supra-cellular long-range coherences of velocity and deformation
fields, we can quantitatively compare in details both geometries. We discuss the existence of two distinct
migration mechanisms. The first one does not require a free front and exists in both geometries; while when
there is a free front, a second mechanism coexists with the first one.

Cell migration

Cell migration with a free front Circular racetrack with several obstacles
around a circular obstacle
(diameter : 150 um)

Mots-clés : Microrheology, Active Matter, Epithelial Cells, Cell Migration



Bacterial motility and early colony formation on a stiffness gradient.

Chagua Encarnacion Kennedy Nexon & Lecuyer Sigolene
Laboratoire de physique de ’ENS de Lyon (LPENSL UMR 5672)

Many bacteria adhere to surfaces, forming macrocolonies called biofilms in response to various
environmental signals, which are still being studied. This transition, from planktonic to sessile state
induces phenotypic changes in the bacteria. One cue that has gained attention in recent years as an
active participant in the phenotypic modification of living organisms is mechanical signals. How does a
mechanical interaction activate the genes that control a collective lifestyle? Recent work has shown that
the twitching motility (powered by contractile filaments called type-4 pili) of the pathogen
Pseudomonas Aeruginosa on a polyacrylamide substrate is affected by the stiffness of the substrate:
single bacteria move faster on stiffer substrates, and are immobile on very soft ones (< 10 kPa) [1].
This directly influences the shape of the microcolonies that form on these substrates. On stiff
substrates, bacteria tend to move over the surface, and form flat, spread-out microcolonies, whether on
soft substrates, bacteria do not move and microcolonies are compact and hemispherical.

Within this framework, our objective is to explore how a polyacrylamide stiffness gradient influences
the individual (mainly the twitching motility) and collective (microcolony formation) behavior of
Pseudomonas Aeruginosa bacteria. For this purpose we perform a multidisciplinary approach using
microfluidics (adhesion and growth take place in flow cells), soft matter (photopolymerization method
is used for the elaboration of the stiffness gradient), microscopy (bacteria are imaged in situ by phase
contrast) and machine learning (Weka plugins of ImageJ for bacterial segmentation). We elaborate
substrates of controlled stiffness (170-340 Pa/um) and mm-sized spatial (500-250 pum) gradients, as
well as carry out studies at an individual and collective level. These first results show that bacteria have
a preference for moving in the direction of the gradient and that microcolonies form with an elongated
pattern, which differentiates them from those forming on homogeneous substrates. Overall, these
results show a correlation between the mechanical feedback sensed by individual bacteria when they
adhere on a stiffness gradient, bacterial displacement and microcolony formation in Pseudomonas
Aeruginosa. Our future work will be to investigate at the single bacteria level whether the bacteria have
a preference towards stiff or soft substrate (directional displacement) and whether displacement is
affected by the polar disposition of the pili filaments at the time of bacterial division.

These results shed new light on the way promiscuous pathogens such as Pseudomonas Aeruginosa

might have developed strategies to adapt and thrive in many different environmental niches.

[1] Gomes S., Bureau L., John K., Debarre D. & Lecuyer S. Substrate stiffness impacts early biofilm
formation via a modulation of twitching motility. bioRxiv, 2022. Doi: 10.1101/2022.02.18.480999



Oxygen regulated microphase separation of living Dictyostelium
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Self-organization occurs in a variety of biological systems and the concept of
active and condensed matter have proven very useful in explaining some of the
mechanisms. Microphase separation is a classic example of self-organization, long
studied in polymeric material and inert system [1] or more recently in biomolecular
condensates, which are micron-scale compartment in eukaryotic cells [2]. To the best of
our knowledge such microphase separation have never been reported in assemblies of
living cells.

When place in a nutritive medium below a millimetric culture medium film, cells of the
social amoeba Dictyostelium Discoideum (Dicty), grow until some critical density. Then
they stop to grow, and assemble in compact domain with a characteristic size of typically
100um surrounded by a dense cellular gas phase. These domains stay mobile and stable
in size during several days. Moreover, if one changes the O, atmospheric level or the
height of the medium, aggregate will quickly equilibrate with a new characteristic size
and spacing. These observations as well as our previous experience about aerotatic
behaviours of Dicty single cells [3] show that this cellular microphase separation of Dicty
cells is oxygen regulated. It results from a balance between competing interaction; a long
range repulsion, trough self-generated O, gradients due to O, consumption, and a short-
range attraction due to cell-cell adhesion. A simple analytical model and lattice based
Monte Carlo simulations support this simple mechanism which highlights the importance
of oxygen regulation and self-generated gradients as an emergent organizing principle for
biological matter.

[1] G.H. Fredickson, Oxford University Press, USA, 2006
[2] S.F. Banani et al, Nat Rev Mol Cell Bio, 2017 May; 18(5) 285-298
[3] O. Cochet-Escartin et al, elife 2021 10:e64731

T

Figure 1: (A) Dicty aggregates under a varying milimetric culture medium layer with the height
profile from the dish wall above. (B) Zoom on one aggregate surrounded by a cellular gas phase
(arrows point to the first layer of cell flattened on the surface)



Hypoxia triggers collective aerotactic spreading of eukaryotic cells
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A state of low oxygen occurs frequently in soil, water and multicellular tissues
and has played a pivotal evolutionary role in shaping multicellularity. While both the
social amoeba Dictyostelium discoideum (Dd) and the asocial amoeba Acanthamoeba
castellani (Ac) are obligatory aerobic organisms, their ecological niche in the soil
exposes them to reduced oxygen availability in particular due to competition with
bacteria.

We have recently observed that vertically confining a micro-colony of Dd cells in
a growth medium triggers cells to move quickly outward of the self-generated central
hypoxia area and thus form an expanding ring propagating for days (Figure, [1]). The
analysis of the cells’ behavior within the micro-colony reveals a complex response to
hypoxia depending upon their position:

- Cells closer to the ring present a clear outward directionality and are capable of
dividing.

- Inner cells are not dividing, very motile but with limited outward directionality.

Using both oxygen sensors and microfluidic devices, we showed that Dicty cells are
aerotactic within 0-2% O; and that the ring of cells occurs at that level where the 02
gradient exists.

The variety of cell behaviors within the micro-colony were mimicked using a

mean field PDE model that includes the cell division rate r, the motility D (diffusion
constant) and a positive aerotactic bias ap where each quantity may depend on the
oxygen level C. This model predicts that if the bias ao is not too steeply decreasing or if D
and/or r are too large, then the ring may disappear [1].
We are testing this model with Ac. Interestingly, upon spreading, no ring formation
occurs even if the cells respond aerotactically as demonstrated by microfluidic
experiments. A detailed quantification of r, D and ap will be presented to explain the
differences between the social and asocial amoebae.

1500 jim-



[1] Cochet-Escartin O. et al. “Hypoxia triggers collective aerotactic migration in Dictyostelium
discoideum.” eLife [Online]. 2021. Vol. 10, p. e64731. Available at : < https://doi.org/10.7554 /eLife.64731
>



Integrating aspiration-assisted bioprinting and near-field electrospinning for tissue
engineering
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Keywords. Spheroids, Solution electrospinning writing, Aspiration-assisted bioprinting

Background. Tissue engineering strategies often rely on the homogenous distribution of cells
throughout a biomaterial scaffold, resulting in tissues of homogeneous composition and lacking the
complexity of their native counterparts. Besides, cell spheroids can be used as building blocks,
generating tissues with composition and architecture mimicking native tissues. For example, spheroids
can be assembled into an organized array of polymeric chambers whose function is to support the
growth of cellular aggregates and provide mechanical reinforcement to the resulting tissues.

Materials & Methods. Here, we propose to use Solution Electrospinning Writing (SEW) to generate a
supporting framework for the assembly of mesenchymal stem cell (MSC) spheroids deposited by
aspiration-assisted bioprinting with the aim to generate cartilage tissues with biomimetic mechanical
properties and content [1].

Results. We will show-that SEW can be used to produce up to 2 mm thick organized array of
polymeric chambers by stacking 4 um fibers, in which MSC spheroids can be successfully seeded and
cultured for several weeks. In parallel, we will present a specially developed aspiration-assisted
bioprinter able to pick and place MSC spheroids into a defined location safely.

Conclusions. Future investigations will look into the automated placement of MSC spheroids into the
SEW scaffold to generate large-scale tissues based on spheroid fusion.

[1] A. Dufour, X. Barcelé Gallostra, C. O'Keeffe, K. Eichholz, S. Von Euw, O. Garcia, D.J. Kelly,
Integrating melt electrowriting and inkjet bioprinting for engineering structurally organized articular
cartilage, Biomaterials, Volume 283, 2022,121405.



Mechanics of Epithelial cell flattening in Drosophila
Muriel Grammont, ENS Lyon, muriel.grammont@ens-lyon.fr

It is unknown how external forces and constraints impact morphogenesis in a neighboring tissue. To
address this, we used the Drosophila ovarian follicle, where a cluster of 15 nurse cells and a posteriorly
located oocyte are surrounded by a layer of epithelial cells, which are themselves resting on a
basement membrane. As the nurse cells grow, the overlying epithelial cells flatten in a wave that begins
in the anterior. We previously showed that muriel.grammont@ens-lyon.frthis flattening depends on the
TGFR signaling. We now demonstrate that an anterior to posterior gradient of decreasing cytoplasmic
pressure is present across the nurse cells and that this gradient acts through TGFRB to control both the
triggering and the progression of the wave of cell flattening. We also prove that BM softens around
the flattening cells and that this softening depends on TGF pathway. Finally, we reveal that nurse cell
pressure and BM softening combine to increase follicle elongation in the anterior, which is crucial for
allowing nurse cell growth and pressure control. Altogether, these results show that BM mechanical
properties and the inner cytoplasmic pressure in the nurse cells have an important role in shaping cells
and tissues



