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In breast cancer, transition of ductal carcinoma in situ
(DCIS) to invasive ductal carcinoma (IDC) is associated
with increased metastatic risk and drop in survival rate.
The invasive switch of breast cancer requires tumor cells to cross the basement membrane (BM),
a specialized extracellular matrix (ECM) that separates epithelial cells from the stroma. Following
BM transmigration, invading tumor cells migrate through three-dimensional (3D) type I collagen
networks that can act as physical barriers against invasive migration of tumor cells. Invasive
migration requires proteolytic remodeling of ECM barriers by cancer cells, which is executed by
matrix-degrading proteases. Membrane-tethered 1 Matrix Metalloproteinase (MT1-MMP) is a key
enzyme responsible for degradation of speciﬁc pericellular ECM substrates including ﬁbrillar type
I collagen and BM. We aim at understanding the molecular and cellular mechanisms underlying
the invasive and metastatic programs of breast tumor cells.

Collagen staining of a section of a microinﬁltrating
ductal carcinoma in situ generated by intraductal
injection of MCF10DCIS.com human breast cancer

Based on the Incentive and Cooperative
Program “Breast cancer Invasion and Motility”
launched by Institut Curie (coordinated by Drs
A Vincent-Salomon & P. Chavrier) we analyzed
the expression of MT1-MMP by
immunohistochemistry in a TMA comprising
~500 breast tumors and found that MT1-MMP is
up-regulated at the transition of DCIS to
inﬁltrating breast lesions and is associated with
higher metastatic risk. Studies performed in
collaboration with pathologists and
bioinformaticians from Institut Curie revealed
the prognostic value of co-upregulation of MT1MMP and several components of an exocytic
machinery involved in MT1-MMP surface
delivery in high-grade hormone receptornegative breast tumors.

INSTITUT CURIE, 20 rue d’Ulm, 75248 Paris Cedex 05, France | 1

Membrane and Cytoskeleton Dynamics
UMR144 – Cell biology and cancer

cells in the mammary gland of SCID mouse.

Earlier work established that MT1-MMP is
recruited to actin-based matrix proteolytic
structures called invadopodia. How
mechanisms of actin assembly, signaling and
MT1-MMP traﬃcking are integrated to produce
the ECM degrading machine of invasive tumor
cells is poorly understood and has been the
focus of our studies during the past years. By
modulating expression of regulators of MT1MMP traﬃc combined with high-resolution cell
imaging approaches we have generated a
structural and functional map of invadopodia.
Our recent data support a model whereby late
endosomes serving as storage MT1-MMP
compartments establish dynamic membrane
tubular connections with the invadopodial
plasma membrane, allowing exocytosis and
accumulation of MT1-MMP to invadopodia.

We also found that epithelial polarity factors are diverted
from their physiological functions in normal breast
epithelial cells and contribute to the invasive capacity of
breast tumor cells by controlling the traﬃcking and
exocytosis of MT1-MMP. Polarity proteins involved in MT1MMP traﬃc to invadopodia include the Rho GTPases Cdc42
and RhoA, the microtubule and actin crosslinker protein
IQGAP1 and the oncogenic and polarity protein atypical
protein kinase C iota. We investigated the function of
microtubules during the polarized traﬃcking of MT1-MMP
and identiﬁed an important role of tubulin posttranslational modiﬁcations and microtubule-based motors
in MT1-MMP function. Our most recent ﬁndings point to the
unprecedented idea that invadopodia formation and matrix
remodeling by MT1-MMP are adaptive responses triggered
by mechanical conﬁnement of tumor cells in the 3D
collagen environment
In order to validate mechanisms based on studies with
breast cancer-derived cell lines in vitro, we set-up an
intraductal human-in-mouse orthotopic xenograft model
that revealed that MT1-MMP is required for the BM
transmigration and for the invasive switch of breast cancer.

A myoepithelium/basement
membrane transmigration assay. A
primary in situ tumor xenograft of
MCF10DIS.com cells expressing MT1MMPmCherry (red) has been digested
to tumor organoids, composed of
several hundred of adherent tumor
cells, and embedded in 3D
collagen/Matrigel matrix. After
ﬁxation, organoids have been stained
for alpha smooth muscle actin, a
myoepithelial cell marker.
Microinvasion of tumor cells through
the myoepithelium are visible.

INSTITUT CURIE, 20 rue d’Ulm, 75248 Paris Cedex 05, France | 2

Membrane and Cytoskeleton Dynamics
UMR144 – Cell biology and cancer

Key publications
Year of publication 2015
C Lodillinsky, E Infante, A Guichard, R Chaligné, L
Fuhrmann, J Cyrta, M Irondelle, E Lagoutte, S Vacher, H
Bonsang-Kitzis, M Glukhova, F Reyal, I Bièche, A VincentSalomon, P Chavrier (2015 Apr 21)

p63/MT1-MMP axis is required for in situ to
invasive transition in basal-like breast cancer.
Oncogene : 344-57 : DOI : 10.1038/onc.2015.87
Year of publication 2014
Mathieu Boissan, Guillaume Montagnac, Qinfang Shen,
Lorena Griparic, Jérôme Guitton, Maryse Romao, Nathalie
Sauvonnet, Thibault Lagache, Ioan Lascu, Graça Raposo,
Céline Desbourdes, Uwe Schlattner, Marie-Lise Lacombe,
Simona Polo, Alexander M van der Bliek, Aurélien Roux,
Philippe Chavrier (2014 Jun 28)

Membrane traﬃcking. Nucleoside diphosphate
kinases fuel dynamin superfamily proteins with
GTP for membrane remodeling.
Science (New York, N.Y.) : 1510-5 : DOI :
10.1126/science.1253768
Carine Rossé, Catalina Lodillinsky, Laetitia Fuhrmann,
Maya Nourieh, Pedro Monteiro, Marie Irondelle, Emilie
Lagoutte, Sophie Vacher, François Waharte, Perrine PaulGilloteaux, Maryse Romao, Lucie Sengmanivong, Mark
Linch, Johan van Lint, Graça Raposo, Anne VincentSalomon, Ivan Bièche, Peter J Parker, Philippe Chavrier
(2014 Apr 21)

Control of MT1-MMP transport by atypical PKC
during breast-cancer progression.
Proceedings of the National Academy of Sciences of the
United States of America : E1872-9 : DOI :
10.1073/pnas.1400749111

INSTITUT CURIE, 20 rue d’Ulm, 75248 Paris Cedex 05, France | 3

Membrane and Cytoskeleton Dynamics
UMR144 – Cell biology and cancer

Year of publication 2013
Pedro Monteiro, Carine Rossé, Antonio Castro-Castro,
Marie Irondelle, Emilie Lagoutte, Perrine Paul-Gilloteaux,
Claire Desnos, Etienne Formstecher, François Darchen,
David Perrais, Alexis Gautreau, Maud Hertzog, Philippe
Chavrier (2013 Dec 18)

Endosomal WASH and exocyst complexes
control exocytosis of MT1-MMP at invadopodia.
The Journal of cell biology : 1063-79
Year of publication 2012
Guillaume Montagnac, Vannary Meas-Yedid, Marie
Irondelle, Antonio Castro-Castro, Michel Franco,
Toshinobu Shida, Maxence V Nachury, Alexandre
Benmerah, Jean-Christophe Olivo-Marin, Philippe Chavrier
(2012 Jul 11)

αTAT1 catalyses microtubule acetylation at
clathrin-coated pits.
Nature : 567-70 : DOI : 10.1038/nature12571
Year of publication 2010
Guillaume Montagnac, Hélène de Forges, Elizabeth
Smythe, Charles Gueudry, Maryse Romao, Jean
Salamero, Philippe Chavrier (2010 Nov 23)

Decoupling of activation and eﬀector binding
underlies ARF6 priming of fast endocytic
recycling.
Current biology : CB : 574-9 : DOI :
10.1016/j.cub.2011.02.034

INSTITUT CURIE, 20 rue d’Ulm, 75248 Paris Cedex 05, France | 4

