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Mechanotransductive Activation of the Tumorigenic
B-catenin Pathway in Colon Cancer progression

Mechanosensitivity of the B-cat pathway in the mechanical induction of mesoendoderm

specification of gastrulating bilaterian embryos
(for a review: Fernandez-Sanchez et al, Ann Rev Cell Dev Biol 2015)

Tumour growth pressure: mechanical activation of the tumorigenic pathway in healthy
neighbouring cells?
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B-cat dependent mechanical induction of oncogenes expression ex-vivo

Ex vivo mechanical compression of the distal colon

Control Compressed

c-Myc
(Twist-1)
targets of 3-cat

PP1 (inhibitor
of Src familly
kinases)

In situ ex-vivo: Joanne Whitehead et al, HFSPJ 2008

- 13/06/2016 institut



Magnetic loading to mimic tumour growth pressure in vivo
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Mechanical induction of oncogenesis by tumour growth pressure
In Vivo
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Mechanical activation of the src-familly kinase Ret

Y1062 phosphorylation by tumour growth pressure
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Mechanical induction of p-Y654-Bcat and p-Ser9-GSK3
are p-Y1062-Ret dependent ex-vivo

Control Compressed

Compressed Vandetanib  Compressed Ponatinib  Compressed Sunitinib

p-Ret

p-Peat

Control Compressed Comp. Sunitinib Comp. Vandetanib Comp. Ponatinib

p-GSK3

p-Akt
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Mechanical induction by tumour growth pressure of p-Ser9-GSK3
In Vivo

UML UML + Magnet
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Endogenous hyperproliferative Notch tumour growth pressure activates the
B-cat tumorigenic pathway in neighbouring non tumour Notch negative crypts

N/Apc  Notch negative crypts
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Conclusion - Beta-cat dependent mechanical Induction of Oncogenes Expression
in healthy tissues by tumour growth pressure in vivo

In APC+/-
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Notch hyper-proliferative domains induce crypt strain deformation without change of stiffness
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Magnetic forces induce a mean mechanical pressure on the order of 1kPa, equivalent to tumour growth pressure
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Magnetic forces mimicking tumour growth pressure can induce adenoma-carcinoma, in Apc heterozygous mice colon
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p-Ret

p-fcat

Magnetic forces mimicking tumour growth pressure activates the B-cat tumorogenic pathway, in WT mice colon too
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Mechanotransdcutive pathway: Ret phosphorylation is upstream of B-cat tumorogenic pathway mechanical activation
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Controls: Ret ligands and UMLs by themself, do not activate Ret
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B-catenin cytoplasmic and nuclear translocation are mechanically induced by Y667 B-catenin mechanical
phosphorylation and lead to Twist expression maintenance in the mesoderm
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Zebrafish
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The B-catenin dependent expression of notail in margin cells is induced by the morphogenetic
movement of epiboly onset

: g Blebbistatin Blebbistatin
Control Blebbistatin Compressed Washed

B 7 “mmum' D Blastoderm Cells £
10414 fdmm R
X e s~ o S g < o~
o
N
| T

C % 1,2

- I

2 é’_é 0,8

o B2 oo

L I w— Blebb. Blebb.+compr. Blebb.+washing
1

Fold-change in notail expression
elative to controls

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Uniaxial deformation: -t

35um during 20min ~
21 - - 13/06/2016 institut



B-catenin/Armadillo is also involved as a Mechano-Transcriptional
Pathway in Bone Development

JOURNAL OF BONE AND MINERAL RESEARCH

Volume 20, Number 7, 2005

Published online on February 14, 2005; doi: 10.1359%/JBMR.050210
2005 American Society for Bone and Mineral Research

TOPGAL Mice Show That the Canonical Wnt Signaling Pathway Is
Active During Bone Development and Growth and Is Activated by

Mechanical Loading In Vitro

Julie R Hens,! Kimberly M Wilson.” Pamela Dann,' Xuesong Chen.' Mark C Horowitz.” and John J Wysolmerski'

Hens et al, Journal of Bone and Mineral Research, 2005

Muscle Contraction Is Necessary
to Maintain Joint Progenitor Cell Fate
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Figure 1. Joint Loss in the Absence of
Muscle Contraction

Bone Development: Khan J et al,
Dev Cell 2009

Inhibition of Adipogenesis
Sen, B, et al Endicronology, 2008
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Introduction : mice colon carcinogenesis

Model for the role of B-Catenin in the early stages of intestinal tumorigenesis

+ Wnt signalling

Differentiated cells z APC or B-Cat.enln l
virrerentuated celis e mutation:
crypt progenitor-like
- phenotype Whnt receptors
B-catenin L

Proliferating precursors

wviuimniciinivalteu

precursors APC
degradation l

Nuclear Bcat Bcat
14 B-catenin

l

B-catenin translocation into the nucleus

Adapted from Van de Wetering et al. 2002 Cell

4 cMyc and Twist expression
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Ex vivo mechanical compression of the distal colon, 0.8 kPa @ PY654 B-catenin

control compressed

1638N/+
PC

Whitehead et al. HFSPJ 2008

cMye control compressed
N B-catenin @
E-cadherin \ ex vivo mechanical compression
TT cmyc
TT Twist
ONCOGENES
Whitehead et al, HFSPJ, 2008 (3-cat pathway activated by external pressure)
Samuel et al, Cancer Cell 2011 (B-cat pathway activated by stiffness increase) &
-
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