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In Brief

Godefroy et al. now demonstrate that ma-
trix metalloproteinase-2 (MMP-2) directly
interacts with and activates dendritic
cells (DCs) via Toll-like receptor-2.
MMP-2-exposed DCs upregulate OX40L,
promoting type 2 polarization both
in vitro and in vivo. This may represent a
key immune regulatory mechanism
involved in a variety of inflammatory
disorders.
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SUMMARY

Matrix metalloproteinase-2 (MMP-2) is involved in
several physiological mechanisms, including wound
healing and tumor progression. We show that
MMP-2 directly stimulates dendritic cells (DCs) to
both upregulate OX40L on the cell surface and
secrete inflammatory cytokines. The mechanism un-
derlying DC activation includes physical association
with Toll-like receptor-2 (TLR2), leading to NF-«xB
activation, OX40L upregulation on DCs, and ensuing
Th2 differentiation. Significantly, MMP-2 polarizes
T cells toward type 2 responses in vivo, in a TLR2-
dependent manner. MMP-2-dependent type 2 polar-
ization may represent a key immune regulatory
mechanism for protection against a broad array of
disorders, such as inflammatory, infectious, and
autoimmune diseases, which can be hijacked by
tumors to evade immunity.

INTRODUCTION

Matrix metalloproteinases (MMPs) are zinc-dependent endo-
peptidases. They can degrade extracellular matrix proteins,
participate in the cleavage of cell-surface receptors and chemo-
kines or cytokines, and modulate cell proliferation, migration,
differentiation, and angiogenesis. MMP-2, a member of the ge-
latinase subfamily of MMPs, participates in the remodeling and
resolution of tissue injury (Bian and Sun, 1997; Brooks et al.,
1998), embryonic development and morphogenesis (Seshagiri
et al., 2003), infection clearance (Atarashi et al., 2011; D’Angelo
etal., 2001; Lima et al., 2012), and tumorigenesis (Coussens and
Werb, 2002; Egeblad and Werb, 2002; Hanahan and Weinberg,
2000; Liotta et al., 1980; Westermarck and Kahéari, 1999).
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We recently identified an unexpected role for MMP-2 in the
modulation of innate immune function and in the differentiation
of inflammatory Th2 responses. MMP-2 pre-exposure inhibits
interleukin-12 (IL-12) function and upregulates OX40L expres-
sion by human dendritic cells (DCs) (Godefroy et al., 2011). Enzy-
matically active MMP-2 causes degradation of the IFNAR1 chain
of the type 1 interferon (IFN) receptor, reducing the ability of
IFN-B to enhance transcription of the IL-12p35 subunit through
STAT1 phosphorylation (Godefroy et al., 2011). In the absence
of IL-12, OX40L now functions as a key costimulatory molecule
for the priming of Th2 cells (Ito et al., 2005; Soumelis et al.,
2002). However, the mechanism by which MMP-2 upregulates
OX40L is not known, and the role of MMP-2-driven T2 cells
in vivo has not been determined.

MMP-2 overexpression is observed in certain infections where
eradication and control of immunopathogenesis rely on the
development of protective type 2 responses (Oakley et al.,
2013; Sauer et al.,, 2013). For instance, various parasites
including plasmodium (Lima et al., 2012) and toxoplasma (Lu
and Lai, 2013) species can trigger MMP-2 overexpression. As
another example, MMP-2 plays a central role during wound heal-
ing and repair (Bian and Sun, 1997; Brooks et al., 1998). Inflam-
matory T2 cytokines (tumor necrosis factor alpha [TNF-o], IL-4,
and IL-13) have been described as essential components in this
process (Chen et al.,, 2012). Last, MMP-2, which is overex-
pressed in tumors, promotes cancer progression (Egeblad and
Werb, 2002; Hofmann et al., 2000), and our prior studies suggest
that this may in part be due to its ability to skew type 2 polariza-
tion (Godefroy et al., 2011). These observations suggest that
MMP-2, through its ability to drive T2 cells, plays a unique
role in modulating effector T cell responses.

In this study, we specifically investigated mechanisms by
which MMP-2 upregulates OX40L on DCs to drive type 2 polar-
ization. We identified a physiological receptor for MMP-2 on DCs
that, upon activation, leads to T2 polarization. Therefore, extra-
cellular MMP-2 has the potential to locally affect DCs leading to
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