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Introduction: Tissue Growth and Extension

® Tissue convergence/extension during embryogenesis
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Introduction: Tissue Growth and Extension

e Tissue convergence/extension during embryogenesis
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Introduction: Tissue Growth and Extension

e Tissue convergence/extension during embryogenesis

Thomas LECUIT 2018-2019

Introduction: Tissue Growth and Extension

e Tissue convergence/extension during embryogenesis

Xenopus Gastrulation
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Introduction: Tissue Growth and Extension

e Tissue convergence/extension during embryogenesis

Voiculescu et al, and Stern C. Nature 449:1049. 2007

Firmino J. et al, and Gros J.
Dev. Cell. 36:249.2016
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Introduction: Tissue Growth and Extension

e Tissue convergence/extension during embryogenesis

Origin of cell movements?.

E
RANCE Thomas LECUIT 2017-2018 Firmino J. et al, and Gros J. Dev. Cell. 36:249.2016
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Introduction: Tissue Growth and Extension

e Tissue convergence/extension during embryogenesis
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Introduction: cellular processes underlying tissue extension

® Polarised cell rearrangements drive tissue convergence/extension:
Also called « cell intercalation »

- E

® Polarised cell divisions drive tissue extension

® Interplay between cell rearrangements and cell division
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Introduction: Tissue Growth and Extension

Orientation/polarity: Information?

Origin of forces: Mechanics

Thomas LECUIT 2018-2019

Plan

|. Introduction: convergence/extension movements
cell intercalation and cell division

2. Mechanics of intercalation: cell protrusions
3. Mechanics of intercalation: cortical tension

4. Tissue interactions
5. Roles of cell division in tissue extension

6. Planar polarisation of cell behaviours
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2. Mechanics of cell intercalation: Polarised cell protrusions

e Non adherent mesenchymal cells

The Cellular Basis of the Convergence and Extension of the
Xenopus Neural Plate

Bay Ke!ler ) RAY KELLER, JORN SHIH, aNo AMY SATER
Univ. of Vi rginia Department of Molecular and Cell Binlogy, University of California, Berkeley, Berkeley, Californic 94720
Cell motility driving . ali ion in ex of Xe y DEVELOPMENTAL DYNAMICS 193:199-217 (1992)

laevis

JOHN SHIH* and RAY KELLER
Development 116, 901-914 (1992)
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2. Mechanics of cell intercalation:

e Non adherent mesenchymal cells
0
"TI‘\/T‘\

® Cells exhibit unipolar or bipolar cell
protrusions characteristic of migrating
cells

e Cell intercalation as a form of spatially
biased cell migration
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J. Wallingford et al. R. Harland. Dev Cell 405: 81-84 (2002)

R. Keller Science 298:1950-1954 (2002)
(image: L. Davidson)

J. Wallingford et al. R. Harland. Nature 405: 81-84 (2000)
J. Shi and R. Keller. Development 116-901-914 (1992)
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2. Mechanics of cell intercalation: Polarised cell protrusions

e Adherent epithelial cells

® Adherent epithelial cells also exhibit cell protrusions along their lateral surface.
® Cell protrusions are spatially biased.
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E. Munro and G. Odell. Development 129, 13-24 (2002)

2. Mechanics of cell intercalation: Polarised cell protrusions

¢ Adherent epithelial cells

® Adherent epithelial cells also exhibit cell protrusions along their lateral surface.
® Cell protrusions are spatially biased and depend on Rao activity.
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2. Mechanics of cell intercalation: Polarised cell protrusions

e Adherent epithelial cells

q

® Adherent epithelial cells also exhibit cell protrusions along their lateral surface.
® Cell protrusions are spatially biased.
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Z.Sun et al. and Y. Toyama. Nat Cell Biol. (2018) 20(4):503. doi: 10.1038/541556-018-0069-4.
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2. Mechanics of cell intercalation: Polarised cell protrusions

¢ Adherent epithelial cells "
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2. Mechanics of cell intercalation: Polarised cell protrusions

e Polarised protrusive forces in cell locomotion and intercalation

Contractile
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E. Munro and G. Odell. Development 129, 13-24 (2002)
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2. Mechanics of cell intercalation:

¢ Adherent epithelial cells
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2. Mechanics of cell intercalation: Adhesion hypothesis

e Adherent epithelial cells

e Cells intercalate along media-
lateral axis

e Cell intercalation is associated
with tissue extension
(germband extension)

® Embryo segmental patterning is
required for this process
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K. Irvine and E. Wieschaus. Development 120, 827-841 (1994)
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2. Mechanics of cell intercalation: Adhesion hypothesis

¢ Adherent epithelial cells

Differential Adhesion Hypothesis Eve

o Tissues behave like viscous
fluids
® Cells reorganise so as to
minimise interfacial
adhesion energy
o Tissue surface tension
underlies cell aggregation
behaviour A

neural

epidermis plate

K. Irvine and E. Wieschaus. Development 120, 827-841 (1994)

Department of Molecular Biology, Princeton University, Princeton NJ 08544, USA
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3. Mechanics of cell intercalation: Polarised Cortical tension

e Polarised neighbour exchange drives tissue extension

40 min

Lo
® Cells exchange neighbours N 2
e Local cell displacement scales with

tissue extension
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C. Collinet et al. T. Lecuit. Nature Cell Biol. DOI: 10.1038/ncb3226
(2015)

Thomas LECUIT 2018-2019 C. Bertet, L. Sulak and T. Lecuit. Nature. 429(6992):667-71. (2004)

3. Mechanics of cell intercalation: Polarised Cortical tension

e Neighbour exchange is associated with planar polarised
junction remodelling

TI transition

@)
8"
N
oG
Two sequential steps are spatially
oriented:
e Polarised junction disassembly
® Polarised junction growth
Rosette

T. Blankenship et al, and J. Zallen Dev Cell. 11:459-70 (2006)
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3. Mechanics of cell intercalation: Polarised Cortical tension

e Junction remodelling requires planar polarised
actomyosin cortical tension
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C. Bertet, L. Sulak and T. Lecuit. Nature. 429(6992):667-71. (2004) T. Blankenship et al, and J. Zallen

Dev Cell. 11:459-70 (2006)
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3. Mechanics of cell intercalation: Polarised Cortical tension

® Measurement of tension in vivo: laser nano ablation
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3. Mechanics of cell intercalation: Polarised Cortical tension

® Measurement of tension in vivo: optical tweezers
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3. Mechanics of cell intercalation: Polarised Cortical tension

® Measurement of tension in vivo: force sensor bioprobes
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3. Mechanics of cell intercalation: Polarised Cortical tension

e Measurement of tension in vivo: force inference in equilibrium models
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Thomas LECUIT 2018-2019 Chiou, K. K., Hufnagel, L. & Shraiman, B. PLoS Comput. Biol. 8, 1002512 (2012).

3. Mechanics of cell intercalation: Polarised Cortical tension

e Assessment of tension patterns in equilibrium models

Assumes Force balance at cell vertices.
Change in cell configuration through
minimisation of energy function £
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3. Mechanics of cell intercalation: Polarised Cortical tension

® The « universality » of polarised cortical tension driving cell intercalation

(A) tissue convergence-extension

(B) cell intercalation

actomyosin contraction

X

tensile forces

Nigel Orme
%, COLLEGE
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3. Mechanics of cell intercalation: Polarised Cortical tension

® The « universality » of polarised cortical tension driving cell intercalation

Chick embryonic epiblast
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3. Mechanics of cell intercalation: Polarised Cortical tension

® The « universality » of polarised cortical tension driving cell intercalation

Chick embryonic epiblast
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(Myosin-ll)

Rozbicki E. et al, and Weijer CI. Nature Cell Biol. 17:397.2015
Thomas LECUIT 2018-2019 OZDICRL - ctal, and TWener 1. Mafure &eft Bo

3. Mechanics of cell intercalation: Polarised Cortical tension

The « universality » of polarised cortical tension driving cell intercalation

Vertebrate neurulation
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3. Mechanics of cell intercalation: Polarised Cortical tension

® The « universality » of polarised cortical tension driving cell intercalation

Cortical tension underlies intercalation in mesenchymal cells: Xenopus

(a)

¥
by
Iy
¥
i
il

Cell intercalation
for convergence

(b)

Gastrulation Neurulation
Sst.10 St.11.5 St.12.5 St.14 St17 Anterior

E)ESE! Blastopore I|p \ >
- o I 2 b 1

L > -> ( g ] \ ,
Ventral - =

Copyright © 1994 Picter D. Nieuwkoop and J. Faber. Digital images created by Xenbase.

A. Shindo WIREs Dev Biol, ¢293. doi: 10.1002/wdev.293 (2017)
Thomas LECUIT 2018-2019

3. Mechanics of cell intercalation: Polarised Cortical tension

® The « universality » of polarised cortical tension driving cell intercalation

Cortical tension underlies intercalation in mesenchymal cells: Xenopus
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Cellular Mechanics of Intercalation

® Two force producing modes underly tissue extension
in different organisms and tissues

Crawling mode Contraction mode

Germband

Drosophila;
Neural plate ( phila)

(mouse) @
/ Neural tube

. (chick)
M. Williams et al. A. Sutherland. Notochord
Developmental Cell 29:34-46,(2014) (Xenopus) Kidney tube
(Xenopus)
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4 COLLEGE A. Shindo WIREs Dev Biol, €293. doi: 10.1002/wdev.293 (2017)
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3. Mechanics of cell intercalation: Polarised Cortical tension

e Pulsatile contractile actomyosin drives junction shrinkage
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3. Mechanics of cell intercalation: Polarised Cortical tension

® Anisotropic flow of actomyosin orients junction shrinkage
® Sequential deformation and stabilisation of junction length
ensures persistent cell intercalation

Deformation Stabilisation
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3. Mechanics of cell intercalation: Polarised Cortical tension

® Viscoelastic dissipation at cell junctions underlies the irreversibility
of cell deformation (stabilisation of cell shape)

Deformation  Stabilisation

Maxwell model of viscoelasticity: T :dissipation time scale
0: pulse duration

- Actomyosin flow - Myoll deposition in the junction
- Junction contraction - Junction size stabilization
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3. Mechanics of cell intercalation: Polarised Cortical tension

® Differential effect of tensile and shear stress on E-cadherin dynamics

|. tensile stress stabilises E-cadherin 2. shear stress de-stabilises E-cadherin
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at cell junctions
® See Course |4 Nov 2017 on Adhesion
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3. Mechanics of cell intercalation: Polarised Cortical tension

® Pulsatile contractile actomyosin drives junction extension

(=00~

a Initial configuration
® |ocal extension is mostly associated with £ 8 10+ e e encton et
. . O g 4 :
]unctlon gr’owth g ;3')’6 gg 7W~m\ e g 1.00 1.500
. R 22 g O \sotroplc lenf\on relaxation % o7 1125
® Fixed boundaries prevent cell 552 04 T Z
. . . . . “,-;fw_’/ 0.2 o T 050 0.750
intercalation when modelling isotropic <3% 0o . G 5
. . 024 Y % ‘ Active new juncton § 025 0a7s
tension relaxation . ; e B, .
® Active new junction growth rescues 2§ i : aend - L1
. . e . = T T T T Free posterior boundary Immobile boundaries " Simulaions  Experiment
intercalation within fixed boundaries 20 -10 0 10 20

Time (min)

h

i New junction L = Juncton engih

® Polarised Actomyosin pulses correlate
with and are required for steps of
junction growth.
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~ 003 "—‘
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Other mechanisms: T o oo
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® Myosin-Il depletion in new junction (mediated HE
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by PTEN):
Bardet P-L et al, and Y. Bellaiche Dev Cell 25:534-546. (2013)
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® E-cadherin glycosylation (?)
Zhang et al. J. Grosshans. Dev. Biol. 390:208-220 (2014)
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C. Collinet et al. T. Lecuit. Nature Cell Biol. 17:1247-58. DOI: 10.1038/ncb3226 (2015)
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Plan

|. Introduction: convergence/extension movements
cell intercalation and cell division

2. Mechanics of intercalation: cell protrusions
3. Mechanics of intercalation: cortical tension

4. Tissue interactions
5. Roles of cell division in tissue extension

6. Planar polarisation of cell behaviours
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4. Mechanical tissue interactions: non-locality

® Embryonic axis elongation in Drosophila requires pulling forces
acting at tissue boundaries L,

°
@

Cell Length Change (pp/min)
s o o
g 2 5
g & 3
%\7
a % N
= o

P
s
s
K

-160 -120 -80 -40
Distance from posterior end of embryo (um)

® Cells are stretched along the anteroposterior axis:
Cell deformation and tissue tearing.
® Cell stretching depends on the posterior endoderm

°
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C. Collinet et al. T. Lecuit. Nature Cell Biol. 17:1247-58. DOI: 10.1038/ncb3226 (2015)
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' DE FRANCE  Thomas LECUIT 2018-2019 C. Lye and B. Sanson. PLOS Biology | DOI:10.1371/journal pbio.1002292 (2015)
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4. Mechanical tissue interactions: non-locality

® Embryonic axis elongation in Drosophila requires pulling forces
acting at tissue boundaries

e Simulations:Active (pulling) posterior
boundary increases tissue extension

Relative length (L/Lg)
>

Free Active WT embryo
Pboundary P boundary
active NJ active NJ

E-cad::GFP

i
+ PMG DuHmm
® Ablation experiments reveal tissue level
tension acting in the posterior of the -
(cellintercalation [ < Mechanical tension
em b ryo no PMG pulling) - s anisotropy (AP/DV)
% K Ele [ o
I 212 11 L1 s tor-
] P 509 ‘i eve RNAI
o cation @ ! 300 *for + eve AN
i PG puling S gos
+ - O " Anterior  Middle _ Posterior
ave A ]
e
o PMG puling) re—
+ +
Y— PMG pulling <+ Cell intercalation

1 DV tension <> AP tension

C. Collinet et al. T. Lecuit. Nature Cell Biol. 17:1247-58. DOI: 10.1038/ncb3226 (2015)
Thomas LECUIT 2018-2019

4. Mechanical tissue interactions: non-locality

® Embryonic axis elongation in Drosophila requires pulling forces
acting at tissue boundaries

Local and tissue-scale forces

PMG sy

invagination@E

Mercal%

e Tissue scale pulling forces orient
junction growth associated with

cell intercalation. Local but not tissue-scale forces Tissue-scale forces

® Polarized local and non-local
stresses unsure viscous flow of
tissue along the antero-posteriro
axis.

> from PMG invagination
«—> Cell intercalation

Local forces due to
medial Myoll pulling

 Tissue extension

C. Collinet et al. T. Lecuit. Nature Cell Biol. 17:1247-58. DOI: 10.1038/ncb3226 (2015)

C. Lye and B. Sanson. PLOS Biology | DOI:10.1371/journal.pbio.1002292
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4. Mechanical tissue interactions: non-locality

® Proximodistal extension of the Drosophila wing: proximal
contraction and distal mechanical anchoring/coupling

A B A c *
g A A
15h30) ubi-Ecad:GFP|24h00'y 33h30" Ty
7 E ‘:‘—‘ h

3

Flow
e Cellular flows are oriented along
the proximo-distal axis.
® Active contraction of the proximal Shear rate

hinge tissue (blue) blocks cellular
flow and axis elongation.

B. Aigouy et al. F. Jiilicher and S. Eaton. Cell 142,773-786 (2010)
Thomas LECUIT 2018-2019

4. Mechanical tissue interactions: non-locality

® Wing shape: Proximodistal extension of the Drosophila wing.
® Proximal contraction and distal mechanical anchoring/coupling

® Mechanical coupling at the distal
end of the wing by the ECM
(extra cellular matrix) is required
for axis elongation

® The pattern of mechanical
coupling at the distal end of the
wing shapes the wing

Dumpy protein (Dp) links epithelial
cells to the overlying chitinol

wing blade

hinge

s | leg ) distal
AGHAEE Cuticle ¥

COLLEGE R. Ray et al., B. Thompson. Developmental Cell 34,310-322 (2015)

DE FRANCE  Thomas LECUIT 2018-2019
1530 R. Etournay et al. F. Jiilicher and S. Eaton. eLife 4:¢07090. (2015)




4. Mechanical tissue interactions: non-locality

® Prediction of large scale tissue flows from the pattern of actomyosin contractility

t=25min

bl:25 min

® Viscous flow emerge from gradients of
contractility and stress in the basal and
apical regions of cells: eg. ventral
depletion of Myosin-Il at the base
causes dorsal ward flow which behaves
as a « sink ».

sink

source

sink

source

=3 =3
saddle vortex

basal myosin
i t=-5min

apical myosin

[ ] Non-loca“ty of stress stems from; A towfield imotational  divergence-less  pocE vE _—
I. non-compressibility of material and - |+ '
local forcing. ‘
2. mechanical feedbacks (eg. ventral to :
lateral ectoderm).
[¢] t=-5min t =20 min
.,-:;.,’k g .L.r...:,
-y )
= i e
—rn et 0
o >

residual residual

Streichan et al. B. Shraiman eLife;7:27454. (2018)

residual

M. Dicko et al, B. Sanson and J. Etienne. PLOS Computational Biology |
https://doi.org/10.1371/journal .pcbi.1005443 (2017)
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4. Mechanical tissue interactions: non-locality

® Prediction of large scale tissue flows from the pattern of actomyosin contractility

b [convoiuion | measure
across tissue || myosin tensor
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Streichan et al. B. Shraiman eLife;7:¢27454. (2018)

Thomas LECUIT 2018-2019 see also: Butler LC et al. and B. Sanson. Nature Cell Biology 11:859-864.
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|. Introduction: convergence/extension movements
cell intercalation and cell division

2. Mechanics of intercalation: cell protrusions
3. Mechanics of intercalation: cortical tension

4. Tissue interactions
5. Roles of cell division in tissue extension

6. Planar polarisation of cell behaviours
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5. Roles of cell division during tissue extension

e Growth (cell growth and cell division) underlies tissue shape in plants

Growth rate

=0
Q .,
Low O
Anisotropy
OH‘Q}O
Low\‘ o
Direction ) Observations: clonal analysis
O+2% Q fw 1:2 Observed
—20"\‘0 Time Doubling time Obs. ~ 21h 21h 21h  Obs. Obs.

Anisotropy Obs. Obs. 1.15 1.15 1.3 Obs.
Direction Obs. Obs. Obs. 19.5° Obs. 0°

Growth parameters @ ﬁ ﬁ ﬁ %
a b c d e f

Simulations of growth

LEGE - :
FRANGCE Thomas LECUIT 2018-2019 Rolland-Lagan AG. et al. and Coen E. Nature. 422:161. (2003)
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5. Roles of cell division during tissue extension

® |n animals, though cells move, cell division is also essential for tissue
morphogenesis, in particular tissue extension

e Cell division orientation
e Tissue fluidisation
® Interplay between cell division and cell intercalation

Thomas LECUIT 2018-2019

5. Roles of cell division during tissue extension

e (Cell division orientation

e Embryonic axis elongation in the Zebrafish
requires oriented cell division.

0

%0 Control ~ Xdd1
M Angle < 45°
[ Angle > 45°

Control  Xdd1 Control Xdd1

E
RANCE Thomas LECUIT 2018-2019 Y. Gong, C. Mo and S. Fraser. Nature. 430:689-693 (2004)
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5. Roles of cell division during tissue extension

e Tissue fluidisation by cell division

Origin of cell movements?.

Convergence/Extension
driven by Myosin-I|
dependent cell intercalation

Thomas LECUIT 2018-2019 Firmino J. et al, and Gros J. Dev. Cell. 36:249.2016

5. Roles of cell division during tissue extension

e Tissue fluidisation by cell division

W

10% Associated with cell intercalation

Cell Division Mediated Rearrangements

B oo- @ - 5

(low cortical actomyosin accumulation in neighbors)

Normal
Gastrulation
Movements

Firmino J. et al, and Gros J. Dev. Cell. 36:249.2016




5. Roles of cell division during tissue extension

e Contribution of intercalary cell divisions to cell movements

l - .
/‘ ; i

A
Aphidicolin Treated

Inhibitor of DNA replication/cell cycle (arrest in S phase)

Thomas LECUIT 2018-2019

Firmino J. et al, and Gros J. Dev. Cell. 36:249.2016

5. Roles of cell division during tissue extension

Define Strain tensor (G) characterising tissue growth and
morphogenesis.

G is decomposed into Geometric (S) and Topological (T) strain
components

All strain tensors are dimensionless, spatially averaged based on statistics
of centroid links, and vanish for translation and rotation).

® Geometric strain tensor: Cell shape (S)
® Topological strain tensor: Cell Division (D) + Intercalation (R)

+Apoptosis (A)

Compute strain rates (1/h) (averaged over time interval).

G=D+R+S+A

Thomas LECUIT 2018-2019

Tensorial definition of strain with
amplitude , anisotropy and direction

Cell
Shape

Death

Tissue Deformation

Guirao et al. K. Sugimura, F. Graner and Y. Bellaiche. eLife 4:¢08519 (2015)
F. Graner et al. European Physical Journal E 25:349-369 (2008)

see also: R. Etournay et al. F. Jiilicher and S. Eaton. eLife 4:e07090. (2015)



5. Roles of cell division during tissue extension

Define Strain tensor (G) characterising tissue growth and
morphogenesis.

G is decomposed into Geometric (S) and Topological (T) strain Tensorial definition of strain with
components amplitude , anisotropy and direction

All strain tensors are dimensionless, spatially averaged based on statistics

of centroid links, and vanish for translation and rotation).

a c

D

_ st D %
® Geometric strain tensor: Cell shape (S) Division v - 7@‘ 1 ’e—
® Topological strain tensor: Cell Division (D) + Intercalation (R) f\ s { R

. . L R . ot
+Apoptosis (A) Intercalation (&) — %@ R

J J

. o Cell s S
Compute strain rates (1/h) (averaged over time interval). Shape % S, % @
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Guirao et al. K. Sugimura, F. Graner and Y. Bellaiche. eLife 4:e¢08519 (2015)

. F. Graner et al. European Physical Journal E 25:349-369 (2008)
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5. Roles of cell division during tissue extension
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e Contributions of cell
division, intercalation
and cell shape changes
to tissue deformation . Projecton of cell process P onto diection of isste Slongatin 6~ | mm G ——a- = u, |
vary across the tissue

® In some cases (region 1), cell
division plays a positive
contribution to local tissue
strain.

® But in other cases (region 3) cell
division contributes negatively
to local tissue strain, while cell
rearrangements have a major
role.
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5. Roles of cell division during tissue extension

Comparaison of tissue deformation in control
tissues (Gwt) and tissues in which cell division is
blocked (Gurbi):

AG= Gwt - Gubl

AG// : projection onto principal axis of strain in
the wild-type. Measures whether block of cell
division increases or counteracts tissue
extension.

Throughout the tissue, block of cell division
reduces tissue extension, even in regions where
cell division is not oriented along axis of tissue
deformation.

Blocking cell division affects cell intercalation.
Cell division drives tissue extension via its

orientation (tensorial property) and cell
proliferation per se.

Thomas LECUIT 2018-2019

Guirao et al. K. Sugimura, F. Graner and Y. Bellaiche. eLife 4:¢08519.(2015)

6. Planar polarisation of cell behaviours

Planar cell polarisation entails:

® Local symmetry breaking
e Cell-cell coupling/coordination

e Local symmetry breaking e Cell-cell coupling/coordination e Unipolar or Bipolar Polarity

Thomas LECUIT 2018-2019




6. Planar polarisation of cell behaviours

Global polarity Cell polarity

Planar cell polarisation entails:

® Local symmetry breaking

® Cell-cell coupling/coordination

e Coupling between global information and local
information: the primary axis of the embryo
must orient cell behaviours

6. Planar polarisation of cell behaviours

Thomas LECUIT 2018-2019

® Cascading polarities underly global and local polarity coupling

| cell

cell polarity

5000 cells

@ cell bipolarity

~tis

sue polarised

t

N
I
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6. Planar polarisation of cell behaviours

e Embryonic patterning is required for the establishment of cell bipolarity
Slam/Myosin-Il  Eve

Eve
mis expression

Eve
mis expression

Wild type

J. Zallen and E. Wieschaus Developmental Cell, Vol. 6, 343-355

C. Bertet, L. Sulak and T. Lecuit. Nature. 429(6992):667-71. (2004)

LLEGE
FR E
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6. Planar polarisation of cell behaviours

e Striped expression of Toll like receptors is required for cell bipolarity

WT st 7

e Toll receptors are regulated by
upstream pair-rule genes

e Tolls produce an interfacial
information

¢ This interfacial information is
an output of positional
information 123456 7 8 91011121314

R

e Tolls are required for Myosin-I|
polarisation and cell intercalation

WT
20 Toll-2,6,8

All cells

- ﬁ&

15

-5 0 5 10 1520 25 30
Time (min)

Myosm L} polarity

OLLEGE
E FRANCE Thomas LECUIT 2018-2019 AC Paré, et al. and J. Zallen. Nature. 515:523-527 (2014)
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6. Planar polarisation of cell behaviours

® Striped expression of Toll like receptors is required for cell bipolarity

¢ Toll mediated interfacial information is an output of positional information

e Hypothesis: combinatorial information at cell interfaces.

Positional Information Interfacial Information

[ ] } .
| Toll receptor interactions

5’&& Actomyosin network

I Edge contraction

E
RANCE Thomas LECUIT 2018-2019 AC Paré, et al. and J. Zallen. Nature. 515:523-527 (2014)
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Programmed tissue extension

The spatial program controlling cell intercalation

The pathway: The program:
GPCR and G protein signalling underlies Embryonic prepattern spatially
Myosin2 activation controls signalling
e.g. Smog, Mist

plasma membrane

Information

(genetics/ ‘ ot
biochemistry) | e - 9
i signal molecule @ ‘{ ‘m‘

’J ventral
W

m g i Polarised cues
activated < 3
asubunit E activate

GEF  Rhol GDP

Mechanics

6.g. RhoGEF2 H G Smog
Ubiquitous G proteins,
Rhol GTP factors GEFs,

Rhot, ...
OLLEG
E

FRANCE Thomas LECUIT 2018-2019 Myoll  Factin g Kerridge and A. Munjal et al, and T. Lecuit. Nat Cell Biol. 2016 Mar;18(3):261-70
1530 Manning et al. Sci Signal. 12;6(301):ra98 (2013)

C
D




6. Planar polarisation of cell behaviours

The spatial program controlling cell intercalation

The pathway:

GPCR and G protein signalling underlies

e.g. Smog, Mist Myosin2 activation

cyTosoL
inactive GPCR

signal molecule @

Control - smog~

o 1.2
z 1.0
£ o8
EXYS
g o4
g 0.2
Z oo
Control Gyt~
GEF  Rhol GDP
e.g. RhoGEF2 H =
Rhol GTP
MyoII F-actin
Thomas LECUIT 2018-2019
omas cu 018-20 S. Kerridge and A. Munjal et al, and T. Lecuit. Nat Cell Biol. 2016 Mar;18(3):261-70

6. Planar polarisation of cell behaviours

Programmed polarisation of cortical mechanics

Eve

Twi/Snail

Fog — 4
GPERs‘/ ‘

GaGBy

(PDZ-RhoG
RhoGEF2 RhoGEFs
Rho1 Rho1
\/ \/

v v
Medial Myoll  Junctional Myoll

@

E
RANCE Thomas LECUIT 2018-2019 S. Kerridge and A. Munjal et al, and T. Lecuit. Nat Cell Biol.18(3):261-70 (2016)
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6. Planar polarisation of cell behaviours

Programmed polarisation of cortical mechanics

and self-organisation

Twi/Snail
GPi:Rs i E 4
. il - |
(PDZ-RhoGE
RhoGEF2 RhoGEFs
Mechanical i 1 Rhi 1
‘ ] Rh o - i
Ampllﬁcatlon (local and non-local) \1,0 v Self organlseq
v v Mechano-chemical

R. Fernandez-Gonzalez et al, J. Zallen.

Developmental Cell 17,736-743 (2009) Medial MyO" Junctional MonI OSCI”atIonS

Streichan et al. B. Shraiman eLife;7:627454. (2018) A. Munjal et al, and T. Lecuit.
Butler LC et al. and B. Sanson. Nature Cell Biology 11:859-864. < > Nature. 524:351-355 (2015)

Thomas LECUIT 2018-2019 S. Kerridge and A. Munjal et al, and T. Lecuit. Nat Cell Biol.18(3):261-70 (2016)
Manning et al. Sci Signal. 12;6(301):ra98 (2013)

6. Planar polarisation of cell behaviours

Planar polarisation of actomyosin contractility in vertebrates requires
activity of the planar cell polarity (PCP) pathway

i |
1 u! A 11 W)

MC. Butler and J. Wallingford. Nat Rev Mol Cell Biol. 18(6):375-388. (2017)
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T. Nishimura, H. Honda and M. Takeichi Cell 149, 1084-1097 (2012)
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Summary

. Geometry & .
Orientation of Cell Mechanics + Boundary co)rl1ditions — Tissue
bipolarity (cell intercalation, ( friction, ...) Morphogenesis
cell division:

local active stresses
& tissue strain)

[ —

Flow/Extension

Flow/Invagination
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General conclusion

Polarisation _ Tissue
+ Cell Mechanics +  Geometry &

Regionalisation Boundary conditions Morphogenesis

Buckling/Looping

Division '
— Growth Constraints Flow/Extension
Contractility Non-local coupling
.:' Adhesion @
Motility Sorting
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General conclusion

Program Self-Organisation
Information Information
(genetics/biochemistry) (mechano-chemistry)

Mechanics
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