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The 72-kDa type IV collagenase or gelatinase A is the second member of the matrix metalloproteinase family, MMP-2. Since the discovery of its first two substrates within components of the extracellular matrix, denatured interstitial type I collagen and native type IV collagen, the roles and various levels of regulation of MMP-2 have been intensively studied, mainly in vitro. Its (over)expression in most if not all tumors was considered a hallmark of cancer aggressiveness and boosted investigations aiming at its inhibition.

Unfortunately, the enthusiasm subsided like a soufflé after clinical trial failures, mostly because of insufficient knowledge of in vivo MMP-2 activities and detrimental side effects of broad-spectrum MMP inhibition.

Nowadays, MMP-2 remains a major topic of interest in research, the second in the MMP family after MMP-9. This review presents a broad overview of the major features of this protease. This knowledge is crucial to identify diagnostic or therapeutic strategies focusing on MMP-2. In this sense, recent publications and clinical trials underline the potential value of measuring circulating or tissular MMP-2 levels as diagnostic or prognostic tools, or as a useful secondary outcome for therapies against other primary targets. Direct MMP-2 inhibition has benefited from substantial progress in the design of more specific inhibitors but their in vivo application remains challenging but certainly worth the efforts it receives.
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Introduction

This minireview is not intended to present an extensive review on matrix metalloproteinase (MMP)-2. The purpose is to give an overview of key features of the two lives of MMP-2. Its first life (1980's -1990's) was rich in biochemical characterization: structure, substrates, regulation, mechanisms of activation and inhibition... But most importantly, MMP-2 emerged as a key player in cancer invasion and metastasis, triggering a craze for strategies aiming at its in vivo inhibition. Unfortunately, adverse effects of broad spectrum MMP inhibitors (i.e. due to beneficial effects of MMPs) almost rang the bell for the whole field. However, MMP-2, like its close relative MMP-9, still continues to benefit from a sustained interest, as illustrated by the number of publications focusing on, or related with these two MMPs during the last five years (Fig. 1). This second life of MMP-2 (2000's and 2010's) is clearly focused on two major topics: a better knowledge of its precise functions in vivo and in pathologies, and the design of more specific inhibitors devoid of adverse effects.

In this minireview, we will summarize key features of MMP-2, in a rather historical (and nostalgic) approach, referring to seminal observations and/or outstanding reviews and we will also give a brief overview of the ongoing research.

Discovery

In the early 1970's, Harris and Krane identified in the rheumatoid synovial tissue culture medium an endopeptidase degrading the denatured form of type I collagen or gelatin, but not its native form [START_REF] Harris | An endopeptidase from rheumatoid synovial tissues culture[END_REF]. By analogy with a previously described endopeptidase called collagenase because of its catalytic activity against native type I collagen [START_REF] Gross | Collagenolytic activity in amphibian tissues: a tissue culture assay[END_REF], the gelatindegrading enzyme was termed gelatinase. The gelatinase was then purified in a latent 72-kDa form from culture media of various tissues and cells, including rabbit bone [START_REF] Murphy | Purification and characterization of a bone metalloproteinase that degrades gelatin and types IV and V collagen[END_REF] and H-rastransformed human bronchial epithelial cells [START_REF] Collier | H-ras oncogene-transformed human bronchial epithelial cells (TBE-1) secrete a single metalloprotease capable of degrading basement membrane collagen[END_REF]. The latent gelatinase could be activated to an active form degrading type IV collagen and was therefore also called type IV collagenase [START_REF] Collier | H-ras oncogene-transformed human bronchial epithelial cells (TBE-1) secrete a single metalloprotease capable of degrading basement membrane collagen[END_REF]. This gelatinase/type IV collagenase exhibited the principal characteristics that conventionally define a member of the MMP family, namely secretion as an inactive proMMP, activation, and metallo-dependent degradation of extracellular macromolecules (for a review, [START_REF] Nagase | Matrix metalloproteinases[END_REF]). It was named MMP-2 since it was the second enzyme to enter the family after interstitial collagenase/MMP-1 [START_REF] Nagase | Nomenclature and glossary of the matrix metalloproteinases[END_REF]. A 92-kDa endopeptidase also degrading native type IV collagen and gelatin was later reported in SV40-transformed human lung fibroblast cultures [START_REF] Wilhelm | SV40transformed human lung fibroblasts secrete a 92-kDa type IV collagenase which is identical to that secreted by normal human macrophages[END_REF]. To avoid confusion between these two gelatinases, the 72-kDa enzyme was called gelatinase A whereas the 92-kDa enzyme was called gelatinase B and MMP-9 [START_REF] Nagase | Nomenclature and glossary of the matrix metalloproteinases[END_REF].

Biochemical and biological features

MMP-2 is a Zn 2+ -dependent enzyme encoded by a gene located on the long arm of chromosome 16 at position q12.2. The 27 kb-long MMP2 gene has 13 exons [START_REF] Huhtala | Structure of the human type IV collagenase gene[END_REF] and is classically transcribed in a 3.1 kb-mRNA [START_REF] Collier | H-ras oncogene-transformed human bronchial epithelial cells (TBE-1) secrete a single metalloprotease capable of degrading basement membrane collagen[END_REF]. The cDNA for MMP-2 codes for a 660 residues preproenzyme containing a 29 residues signal peptide responsible for translocation to the endoplasmic reticulum and followed by the 72-kDa-proenzyme (Fig. 2). ProMMP-2 is composed of a propeptide followed by a catalytic domain that is connected to a hemopexin (Hpx)-like domain through a linker sequence. A free zinc-ligating thiol group present in the propeptide maintains the enzyme latency until activation (cysteine switch). The Zn 2+ -binding motif of the catalytic domain is preceded by three cysteine-rich repeats comparable to the collagen-binding fibronectin type II (FN-II) repeats, which are required for recognizing collagen and elastin [START_REF] Murphy | Assessment of the role of the fibronectin-like domain of gelatinase A by analysis of a deletion mutant[END_REF][START_REF] Shipley | The structural basis for the elastolytic activity of the 92-kDa and 72-kDa gelatinases. Role of the fibronectin type II-like repeats[END_REF][START_REF] Van Doren | Matrix metalloproteinase interactions with collagen and elastin[END_REF].

Different mechanisms contribute to regulate the activity of MMP-2 during its molecular existence: expression, secretion, activation, extra/pericellular localization, inhibition, endocytosis and lysosomal degradation (Fig. 3).

Expression

According to the Human Protein Atlas [12], the mRNA and the protein are both present essentially in the heart and smooth muscles, in the lung, in the colon, in the kidney and the urinary bladder, in the testis and the prostate, in the uterine cervix and the endometrium, in the placenta, and in all tumors tested. Values of MMP-2 concentration in the blood of healthy individuals were reported in various studies [START_REF] Thrailkill | Physiological matrix metalloproteinase (MMP) concentrations: comparison of serum and plasma specimens[END_REF][START_REF] Jonsson | Levels of matrix metalloproteinases differ in plasma and serum -aspects regarding analysis of biological markers in cancer[END_REF][START_REF] Groblewska | Serum levels and tissue expression of matrix metalloproteinase 2 (MMP-2) and tissue inhibitor of metalloproteinases 2 (TIMP-2) in colorectal cancer patients[END_REF][START_REF] Preston | Serum matrix metalloproteinases MMP-2 and MMP-3 levels in dialysis patients vary independently of CRP and IL-6 levels[END_REF][START_REF] Meisser | Concentrations of circulating gelatinases (matrix metalloproteinase-2 and -9) are dependent on the conditions of blood collection[END_REF][START_REF] Walsh | Plasma levels of matrix metalloproteinase-2 (MMP-2) and tissue inhibitors of metalloproteinases -1 and -2 (TIMP-1 and TIMP-2) as noninvasive markers of liver disease in chronic hepatitis C: comparison using ROC analysis[END_REF][START_REF] Talvensaari-Mattila | Levels of Circulating TIMP-2 and MMP2-TIMP2 complex are decreased in squamous cervical carcinoma[END_REF][START_REF] Kuvaja | The sample type used affects the levels of gelatinases (MMP-2 and -9) and their inhibitors (TIMP-1 and -2) in circulating blood of healthy controls and breast cancer patients[END_REF][START_REF] Zeng | Serum levels of matrix metalloproteinase 2 and matrix metalloproteinase 9 elevated in polypoidal choroidal vasculopathy but not in age-related macular degeneration[END_REF][START_REF] Incorvaia | MMP-2, MMP-9 and activin A blood levels in patients with breast cancer or prostate cancer metastatic to the bone[END_REF][START_REF] Sheen-Chen | Serum levels of matrix metalloproteinase 2 in patients with breast cancer[END_REF][START_REF] Shi | Serum MMP-2 as a potential predictive marker for papillary thyroid carcinoma[END_REF] summarized in Table 1.

It is important to note that a great variability was observed between MMP-2 concentrations. It could be due to the nature of the samples tested (serum vs plasma), the anti-clotting agent (sodium citrate vs dipotassium EDTA) and/or the molecular MMP-2 forms measured (free vs complexed with TIMP-2; latent vs active).

Historically, (over)expression of MMP-2 in tumors was quickly linked to increased invasive and metastatic potential, fostering research on its transcriptional control. The human MMP2 gene lacks a conventional TATA-box or classical transcription response elements found in other MMP genes [START_REF] Fanjul-Fernández | Matrix metalloproteinases: evolution, gene regulation and functional analysis in mouse models[END_REF][START_REF] Clark | The regulation of matrix metalloproteinases and their inhibitors[END_REF][START_REF] Gaffney | Multilevel regulation of matrix metalloproteinases in tissue homeostasis indicates their molecular specificity in vivo[END_REF][START_REF] Yan | Regulation of matrix metalloproteinase gene expression[END_REF]. Constitutive expression of MMP-2 was shown to depend on p53-, Sp1-, Sp3-and AP-2-binding sites [START_REF] Qin | The transcription factors Sp1, Sp3, and AP-2 are required for constitutive matrix metalloproteinase-2 gene expression in astroglioma cells[END_REF][START_REF] Staun-Ram | p53 mediates epidermal growth factor (EGF) induction of MMP-2 transcription and trophoblast invasion[END_REF] but the promoter contains other cisregulatory elements including C/EBP, ATF2, PEA3/Ets, c-myc and AP-1 binding sites [START_REF] Qin | The transcription factors Sp1, Sp3, and AP-2 are required for constitutive matrix metalloproteinase-2 gene expression in astroglioma cells[END_REF][START_REF] Staun-Ram | p53 mediates epidermal growth factor (EGF) induction of MMP-2 transcription and trophoblast invasion[END_REF][START_REF] Reisdorff | Transcription factor Ets-1 regulates gelatinase a gene expression in mesangial cells[END_REF][START_REF] Song | Activating transcription factor 2 mediates matrix metalloproteinase-2 transcriptional activation induced by p38 in breast epithelial cells[END_REF][START_REF] Bergman | A functional activating protein 1 (AP-1) site regulates matrix metalloproteinase 2 (MMP-2) transcription by cardiac cells through interactions with JunB-Fra1 and JunB-FosB heterodimers[END_REF][START_REF] Hasegawa | A role for AP-1 in matrix metalloproteinase production and invadopodia formation of v-Crk-transformed cells[END_REF]. Epigenetic control also contributes to MMP-2 regulation. For instance, transcriptionally active MMP-2 in invasive cancer cells is characterized by hypomethylation of CpG regions in the MMP2 promoter and low levels of histone H3 lysine-27 trimethylation [START_REF] Chernov | Epigenetic control of the invasion-promoting MT1-MMP/MMP-2/TIMP-2 axis in cancer cells[END_REF].

Secretion or intracellular activity

The N-terminus of preproMMP-2 is a signal peptide responsible for co-translational translocation into the endoplasmic reticulum (ER). Although MMP-2, like all other MMPs, was initially regarded only as a secreted MMP with extracellular activity, this paradigm was progressively modified to account for the accumulating evidence that MMPs are also intracellularly active. Two major mechanisms are proposed to explain intracellular MMP localization. The first one relies on inefficient signal sequence and results in ER translocation of a variable proportion of the proteins being synthesized, while the other ones remain in the cytosol. The other mechanism depends on endocytosis of secreted proteins. MMP-2 can be endocytosed through direct or indirect binding to several membrane proteins (see §3.6).

However, its translocation across the endosome membrane towards the cytosol remains unclear. Moreover, besides its transient journey in the secretory pathway (ER, Golgi apparatus and related vesicles), intracellular MMP-2 is not restricted to the cytosol but is also found in organelles including nucleus and mitochondria. Its intracellular life and activities are reviewed in details by Cauwe and Opdenakker [START_REF] Cauwe | Intracellular substrate cleavage: a novel dimension in the biochemistry, biology and pathology of matrix metalloproteinases[END_REF] and more recently by Jobin et al [START_REF] Jobin | New intracellular activities of matrix metalloproteinases shine in the moonlight[END_REF].

ProMMP-2 activation

The latent proform of most MMPs is generally processed in the extracellular compartment by proteolytic removal of the ~10-kDa propeptide, resulting in an intermediate form which is further activated by another proteinase into a fully active form [START_REF] Birkedal-Hansen | Matrix metalloproteinases: a review[END_REF]. However, proMMP-2 cannot be fully activated by most extracellular proteinases. For example, thrombin alone is unable to fully activate proMMP-2 [START_REF] Zucker | Thrombin induces the activation of progelatinase A in vascular endothelial cells. Physiologic regulation of angiogenesis[END_REF] and activation of proMMP-2 by neutrophil elastase, cathepsin G or proteinase-3 depends on the expression of membrane-type 1 MMP (MT1-MMP) [START_REF] Shamamian | Activation of progelatinase A (MMP-2) by neutrophil elastase, cathepsin G, and proteinase-3: a role for inflammatory cells in tumor invasion and angiogenesis[END_REF]. A prominent mechanism for proMMP-2 activation occurs at the cell surface and depends on the MT-MMPs, mainly MT1-MMP. The six MT-MMPs are associated to cell membranes by either a type I transmembrane domain (MT1-, MT2-, MT3and MT5-MMPs) or a glycosylphosphatidylinositol (GPI) anchor (MT4-and MT6-MMPs).

Their pericellular activities are diverse and include ECM degradation and shedding and activation processes (for recent reviews, [START_REF] Itoh | Membrane-type matrix metalloproteinases: Their functions and regulations[END_REF][START_REF] Turunen | Membrane-type matrix metalloproteases as diverse effectors of cancer progression[END_REF]).

Among the six MT-MMPs tested in vitro, only MT4-MMP does not activate proMMP-2 [START_REF] English | Membrane type 4 matrix metalloproteinase (MMP17) has tumor necrosis factor-alpha convertase activity but does not activate pro-MMP2[END_REF] while MT6-MMP appears not to be very efficient [START_REF] Velasco | Human MT6-matrix metalloproteinase: identification, progelatinase A activation, and expression in brain tumors[END_REF][START_REF] Nie | Direct activation of pro-matrix metalloproteinase-2 by leukolysin/membrane-type 6 matrix metalloproteinase/matrix metalloproteinase 25 at the Asn(109)-Tyr bond[END_REF]. The recombinant catalytic domain of MT5-MMP generates the active form of MMP-2 [START_REF] Llano | Identification and characterization of human MT5-MMP, a new membrane-bound activator of progelatinase a overexpressed in brain tumors[END_REF]. Activation of proMMP-2 by MT3-MMP requires a preliminary interaction between chondroitin sulfate glycosaminoglycans expressed at the cell surface and the Hpx-like domain of proMMP-2 [START_REF] Iida | Cell surface chondroitin sulfate glycosaminoglycan in melanoma: role in the activation of pro-MMP-2 (pro-gelatinase A)[END_REF]. MT2-MMP activates proMMP-2 by directly interacting with the Hpx-like domain of the proenzyme [START_REF] Morrison | TIMP independence of matrix metalloproteinase (MMP)-2 activation by membrane type 2 (MT2)-MMP is determined by contributions of both the MT2-MMP catalytic and hemopexin C domains[END_REF].

Mechanisms of proMMP-2 activation by MT1-MMP have been extensively studied and involve tissue inhibitor of metalloproteinases-2 (TIMP-2), a physiological inhibitor of MMPs [START_REF] Itoh | Membrane-type matrix metalloproteinases: Their functions and regulations[END_REF][START_REF] Strongin | Mechanism of cell surface activation of 72-kDa type IV collagenase. Isolation of the activated form of the membrane metalloprotease[END_REF]. Briefly, proMMP-2 can be secreted either in a free form or already complexed with TIMP-2 through its C-terminal domain [START_REF] Kolkenbrock | The complex between a tissue inhibitor of metalloproteinases (TIMP-2) and 72-kDa progelatinase is a metalloproteinase inhibitor[END_REF]. In the first case, a TIMP-2 that inhibits a cell membrane-anchored MT1-MMP by interaction between its N-terminal inhibitory domain and the catalytic domain of MT1-MMP, acts as a binding site for free proMMP-2 by interaction between the proMMP-2 Hpx-like domain and the TIMP-2 C-terminal domain.

ProMMP-2 present in the resulting MT1-MMP-TIMP-2-proMMP-2 complex can then be activated by another adjacent TIMP-2-free MT1-MMP. In the second case, the N-terminal inhibitory domain of TIMP-2 in the proMMP-2-TIMP-2 complex can interact with a cell membrane-anchored MT1-MMP. This proMMP-2 is then activated by an adjacent free MT1-MMP. To illustrate this process, it has been shown that proMMP-2 colocalizes with TIMP-2 and MT1-MMP inside caveolae on the surface of endothelial cells [START_REF] Puyraimond | MMP-2 colocalizes with caveolae on the surface of endothelial cells[END_REF]. However, a recent study performed both in vitro and in vivo suggests that extracellular association of proMMP-2 and TIMP-2 would depend on TIMP-2 phosphorylation by extracellular c-Src tyrosine kinase [START_REF] Sánchez-Pozo | Extracellular phosphorylation of TIMP-2 by secreted c-Src tyrosine kinase controls MMP-2 activity[END_REF], thereby highlighting that the proMMP-2 activation process is not yet fully understood.

Moreover, as noted by Ra and Parks, mechanisms deduced from in vitro studies investigating proMMP activation show « how a zymogen can be activated, not how it is activated » [START_REF] Ra | Control of matrix metalloproteinase catalytic activity[END_REF].

Interestingly, TIMP-2-deficient mice revealed that TIMP-2 is required for efficient in vivo activation of proMMP-2 by MT1-MMP [START_REF] Caterina | Inactivating mutation of the mouse tissue inhibitor of metalloproteinases-2 (Timp-2) gene alters proMMP-2 activation[END_REF][START_REF] Wang | TIMP-2 is required for efficient activation of proMMP-2 in vivo[END_REF]. Moreover, a good correlation between active MMP-2 and increasing tumor grade exists [START_REF] Davies | Activity of type IV collagenases in benign and malignant breast disease[END_REF]. These seminal data could confer on MT1-MMP the title of the « in vivo activator » of proMMP-2, at least in a malignant disease context.

When proMMP-2 is not secreted, it can also be activated by proteolytic cleavage or alternatively by oxidation (by H2O2), S-nitrosylation and S-glutathiolation (reviewed in [START_REF] Cauwe | Intracellular substrate cleavage: a novel dimension in the biochemistry, biology and pathology of matrix metalloproteinases[END_REF]).

For instance, it was shown that intracellular activation of proMMP-2 by oxidative stress contributes to cardiovascular pathologies (reviewed in [START_REF] Jacob-Ferreira | Activation of intracellular matrix metalloproteinase-2 by reactive oxygen-nitrogen species: Consequences and therapeutic strategies in the heart[END_REF]).

Extra-and peri-cellular substrates

First characterized as a proteinase present in the extracellular compartment for degrading denatured type I collagen [START_REF] Harris | An endopeptidase from rheumatoid synovial tissues culture[END_REF] and intact type IV collagen [START_REF] Collier | H-ras oncogene-transformed human bronchial epithelial cells (TBE-1) secrete a single metalloprotease capable of degrading basement membrane collagen[END_REF], cell-membraneassociated MMP-2 was also reported since the late 1980's (for examples, see [START_REF] Zucker | Enrichment of collagen and gelatin degrading activities in the plasma membranes of human cancer cells[END_REF][START_REF] Zucker | Extraction of type-IV collagenase/gelatinase from plasma membranes of human cancer cells[END_REF][START_REF] Emonard | Tumor cell surface-associated binding site for the M(r) 72,000 type IV collagenase[END_REF][START_REF] Lohi | Pericellular substrates of human mast cell tryptase: 72,000 dalton gelatinase and fibronectin[END_REF][START_REF] Monsky | Binding and localization of M(r) 72,000 matrix metalloproteinase at cell surface invadopodia[END_REF]).

Analysis of the litterature [e.g. 36,63-70] and of the Peptidase Database MEROPS [71] reveals that MMP-2 has more than 1,200 extra-, peri-and intra-cellular substrates based on the determination of their cleavage site(s). Intracellular substrates were mentioned in §3.2.

Table 2 presents a selection of extra-and peri-cellular MMP-2 substrates associated with ECM and its degradation [START_REF] Prudova | Multiplex N-terminome analysis of MMP-2 and MMP-9 substrate degradomes by iTRAQ-TAILS quantitative proteomics[END_REF][START_REF] Crabbe | Human progelatinase A can be activated by autolysis at a rate that is concentration-dependent and enhanced by heparin bound to the C-terminal domain[END_REF][START_REF] Fridman | Activation of progelatinase B (MMP-9) by gelatinase A (MMP-2)[END_REF][START_REF] Knäuper | Cellular mechanisms for human procollagenase-3 (MMP-13) activation. Evidence that MT1-MMP (MMP-14) and gelatinase a (MMP-2) are able to generate active enzyme[END_REF][START_REF] Keller | A statistics-based platform for quantitative N-terminome analysis and identification of protease cleavage products[END_REF][START_REF] Arbeláez | Interaction of matrix metalloproteinases-2 and -9 with pregnancy zone protein and alpha2macroglobulin[END_REF][START_REF] Aimes | Matrix metalloproteinase-2 is an interstitial collagenase. Inhibitor-free enzyme catalyzes the cleavage of collagen fibrils and soluble native type I collagen generating the specific 3/4-and 1/4-length fragments[END_REF][START_REF] Zhen | Characterization of metalloprotease cleavage products of human articular cartilage[END_REF][START_REF] Kleifeld | Isotopic labeling of terminal amines in complex samples identifies protein N-termini and protease cleavage products[END_REF][START_REF] Senior | Human 92-and 72-kilodalton type IV collagenases are elastases[END_REF][START_REF] Hindson | Fibrillin degradation by matrix metalloproteinases: identification of amino-and carboxy-terminal cleavage sites[END_REF][START_REF] Giannelli | Induction of cell migration by matrix metalloprotease-2 cleavage of laminin-5[END_REF][START_REF] Lindsey | Osteopontin is proteolytically processed by matrix metalloproteinase 9[END_REF][START_REF] Fosang | The interglobular domain of cartilage aggrecan is cleaved by PUMP, gelatinases, and cathepsin B[END_REF][START_REF] Imai | Degradation of decorin by matrix metalloproteinases: identification of the cleavage sites, kinetic analyses and transforming growth factor-beta1 release[END_REF][START_REF] Sasaki | Limited cleavage of extracellular matrix protein BM-40 by matrix metalloproteinases increases its affinity for collagens[END_REF][START_REF] Manon-Jensen | Mapping of matrix metalloproteinase cleavage sites on syndecan-1 and syndecan-4 ectodomains[END_REF][START_REF] Ito | Degradation of interleukin 1beta by matrix metalloproteinases[END_REF].

Cell-surface molecules binding (pro)MMP-2

Besides MT-MMPs, which efficiently bind proMMP-2 to induce its activation (see §3.3), a limited number of cell-surface molecules have been shown to contribute to enhance proteolytic activity at the migrating front of invasive cells by clustering active MMP-2 at the cell membrane. Among them the heat shock protein HSP90α expressed at the surface of tumor cells promotes MMP-2 activity and tumor invasion [START_REF] Eustace | Functional proteomic screens reveal an essential extracellular role for hsp90α in cancer cell invasiveness[END_REF] by binding to the Hpx-like domain of MMP-2 [START_REF] Song | The regulatory mechanism of extracellular Hsp90α on matrix metalloproteinase-2 processing and tumor angiogenesis[END_REF]. The αvβ3 integrin was first identified as a binding site for the Cterminal Hpx-like domain of MMP-2 in studies investigating in vivo and in vitro interactions between angiogenic blood vessels and melanoma cells [START_REF] Brooks | Localization of matrix metalloproteinase MMP-2 to the surface of invasive cells by interaction with integrin αvβ3[END_REF][START_REF] Brooks | Disruption of angiogenesis by PEX, a noncatalytic metalloproteinase fragment with integrin binding activity[END_REF]. This αvβ3/MMP-2 interaction was further identified in many other invasive cells such as endothelial cells [START_REF] Silletti | Disruption of matrix metalloproteinase 2 binding to integrin αvβ3 by an organic molecule inhibits angiogenesis and tumor growth in vivo[END_REF], mesenchymal cells [START_REF] Rupp | Matrix metalloproteinase 2-integrin αvβ3 binding is required for mesenchymal cell invasive activity but not epithelial locomotion: a computational time-lapse study[END_REF], lung cancer cells [START_REF] Chetty | MMP-2 alters VEGF expression via αvβ3 integrin-mediated PI3K/AKT signaling in A549 lung cancer cells[END_REF] and glioblastoma cells [START_REF] Yosef | Targeting the MMP-14/MMP-2/integrin αvβ3 axis with multispecific N-TIMP2-based antagonists for cancer therapy[END_REF]. However, the direct interaction between MMP-2 and αvβ3 integrin was challenged [START_REF] Nisato | Dissecting the role of matrix metalloproteinases (MMP) and integrin alpha(v)beta3 in angiogenesis in vitro: absence of hemopexin C domain bioactivity, but membrane-Type 1-MMP and alpha(v)beta3 are critical[END_REF]. Regardless of these proposed molecules, MT-MMPs represent the major proMMP-2 binding partners at the cell surface (see §3.3). Notably, MT1-MMP-mediated proMMP-2 activation on the cell surface promotes tumor cell invasion [START_REF] Itoh | Homophilic complex formation of MT1-MMP facilitates proMMP-2 activation on the cell surface and promotes tumor cell invasion[END_REF].

MMP-2 binding to members of the low-density lipoprotein receptor-related protein (LRP) family to induce endocytic clearance of MMP-2 is presented in details below (see §3.6).

Cell-surface targets of MMP-2

An extensive review published a decade ago listed the main cell-surface molecules degraded or shed by MMP-2 [START_REF] Cauwe | The biochemical, biological, and pathological kaleidoscope of cell surface substrates processed by matrix metalloproteinases[END_REF]. It notably included cytokines and growth factors that can be activated or degraded by MMP-2. Since then, other targets have been identified. As an example, recruitment of MMP-2 by the β1 integrin, concomitant with an altered processing of the β1 integrin, was first reported in apoptotic HUVEC cells [START_REF] Levkau | Activation of metalloproteinases and their association with integrins: an auxiliary apoptotic pathway in human endothelial cells[END_REF]. Kryczka et al later reported that MMP-2 degraded β1 integrin in colon cancer cells by shedding its I-like domain [START_REF] Kryczka | Matrix metalloproteinase-2 cleavage of the β1 integrin ectodomain facilitates colon cancer cell motility[END_REF]. They concluded that sheddase activity promoted cell motility by reducing their adhesion to collagen or fibronectin substrates. MMP-2 also binds and cleaves the transmembrane proteoglycans syndecans 1 and 4, members of the syndecan family that exerts important roles in cell proliferation, differentiation, adhesion and migration [START_REF] Manon-Jensen | Mapping of matrix metalloproteinase cleavage sites on syndecan-1 and syndecan-4 ectodomains[END_REF]. The MMP-2-mediated shedding of human leukocyte antigen-G proteins affects control of pregnancy immune regulation and inflammation [START_REF] Rizzo | Matrix metalloproteinase-2 (MMP-2) generates soluble HLA-G1 by cell surface proteolytic shedding[END_REF]. The α-dystroglycan, a subunit of the dystroglycan receptor, was recently identified as a target of MMP-2. Interestingly, α-dystroglycan degradation contributes to progression of cancer and muscular dystrophies [START_REF] Gioia | The enzymatic processing of α-dystroglycan by MMP-2 is controlled by two anchoring sites[END_REF].

From maturation and activation to shedding or degradation, activity of MMP-2 on its various targets on the cell-surface has profound consequences on cell behavior in term of proliferation, differentiation, adhesion and migration, notably in cancer pathologies.

Non enzymatic membrane-associated activity

Cell membrane-bound MMPs can also act as transducers and trigger outside-in signaling [105]. For instance, binding of proMMP-2 to αvβ3 integrin on the surface of lung cancer cells stimulates tumor angiogenesis by activating PI3K/AKT pathway and HIF-1α, leading to VEGF-A expression [START_REF] Chetty | MMP-2 alters VEGF expression via αvβ3 integrin-mediated PI3K/AKT signaling in A549 lung cancer cells[END_REF].

Inhibition of MMP-2 activity

TIMPs

Like all active endoproteinases, MMPs are inhibited by the "universal" plasma proteinase inhibitor α2-macroglobulin (α2M) [START_REF] Hibbetts | An overview of proteinase inhibitors[END_REF]. MMP activity can also be moderately inhibited by other proteins including domains of netrins, the procollagen C-terminal proteinase enhancer (PCPE), the reversion-inducing cysteine-rich protein with Kazal motifs (RECK), and tissue factor pathway inhibitor (TFPI-2), but their physiological significance remains to be clarified (reviewed in [START_REF] Baker | Metalloproteinase inhibitors: biological actions and therapeutic opportunities[END_REF]).

However the most important inhibitors of MMPs and their close relatives "a disintegrin and metalloproteinases" (ADAMs) and ADAMs with thrombospondin motifs (ADAMTSs) are the tissue inhibitors of metalloproteinases (TIMPs) (reviewed in [START_REF] Arpino | The role of TIMPS in regulation of extracellular matrix proteolysis[END_REF]). Four members, TIMP-1 to TIMP-4, make up the TIMP family [START_REF] Arpino | The role of TIMPS in regulation of extracellular matrix proteolysis[END_REF]. All members inhibit active MMP-2 with a binding constant in the low picomolar range. This binding also involves interaction between TIMP and the MMP-2 Hpx-like domain [START_REF] Willenbrock | The activity of the tissue inhibitors of metalloproteinases is regulated by C-terminal domain interactions: a kinetic analysis of the inhibition of gelatinase A[END_REF].

While TIMP-2, TIMP-3 and TIMP-4 are able to strongly interact with proMMP-2 [START_REF] Baker | Metalloproteinase inhibitors: biological actions and therapeutic opportunities[END_REF][START_REF] Brew | The tissue inhibitors of metalloproteinases (TIMPs): an ancient family with structural and functional diversity[END_REF], TIMP-2 is the only one contributing to cell-surface activation of the proenzyme by MT1-MMP (see §3.3). Such antagonistic properties of TIMP-2 (inhibition vs activation) highlight its seminal role in the control of pericellular MMP-2 activity [START_REF] Bernardo | TIMP-2 (tissue inhibitor of metalloproteinase-2) regulates MMP-2 (matrix metalloproteinase-2) activity in the extracellular environment after pro-MMP-2 activation by MT1 (membrane type 1)-MMP[END_REF].

Synthetic MMP inhibitors

The relationship between MMP activity and tumor aggressiveness and metastatic potential [START_REF] Kähäri | Matrix metalloproteinases and their inhibitors in tumour growth and invasion[END_REF][START_REF] Kleiner | Matrix metalloproteinases and metastasis[END_REF] prompted laboratories and pharmaceutical companies to undergo massive research activity aimed at designing and developing synthetic MMP inhibitors (MMPIs).

Most of these molecules were characterized by their capacity to bind the MMP active site [START_REF] Hidalgo | Matrix metalloproteinase inhibitors: how can we optimize their development?[END_REF]. Unfortunately, these broad spectrum MMPIs presented major side effects and thus failed to pass successfully the phase III clinical trials [START_REF] Fingleton | Matrix metalloproteinase inhibitors for cancer therapy: the current situation and future prospects[END_REF][START_REF] Pavlaki | Matrix metalloproteinase inhibitors (MMPIs): the beginning of phase I or the termination of phase III clinical trials[END_REF]. Different reasons can be pinpointed for explaining such a failure. Among them, the design of these MMPIs was essentially based on in vitro data that did not completely reflect the in vivo complexity. Moreover, besides contributing to cancer progression (drug targets), some MMPs, such as MMP-8, can also act as antitumor agents and must be considered as anti-targets in cancer therapy [START_REF] Overall | Towards third generation matrix metalloproteinase inhibitors for cancer therapy[END_REF][START_REF] Overall | Tumour microenvironment -opinion: validating matrix metalloproteinases as drug targets and anti-targets for cancer therapy[END_REF][START_REF] Decock | Matrix metalloproteinases: protective roles in cancer[END_REF]. Despite these issues MMP-1, MMP-2 and MMP-7 are still the subjects of research aimed at anti-tumor therapies. Studies are in progress to improve specificity towards MMP-2 target versus MMP anti-targets in cancer [START_REF] Yang | Pharmacodynamic considerations in the use of matrix metalloproteinase inhibitors in cancer treatment[END_REF][START_REF] Tauro | Cutting to the chase: how matrix metalloproteinase-2 activity controls breast-cancer-to-bone metastasis[END_REF].

"Exotic" natural inhibitors

Natural compounds represent a promising source of MMPIs [START_REF] Thomas | Metalloproteinase inhibitors: status and scope from marine organisms[END_REF][START_REF] Wang | Natural products as a gold mine for selective matrix metalloproteinases inhibitors[END_REF]. While the crucial problem to be solved is their selectivity, some of them already present moderate natural specificity. For instance, unsaturated long-chain fatty acids inhibit preferentially MMP-2 and -9 with micromolar Ki values but their inhibition of MMP-1 activity is weak [START_REF] Berton | Involvement of fibronectin type II repeats in the efficient inhibition of gelatinases A and B by long-chain unsaturated fatty acids[END_REF].

MMP-2 endocytic clearance

Endocytosis allows the transport of material from extracellular environment into intracellular space for its elimination. This mechanism is well known for the clearance of active proteinases complexed to α2M via the α2M receptor [START_REF] Moestrup | The human alpha 2macroglobulin receptor contains high affinity calcium binding sites important for receptor conformation and ligand recognition[END_REF]. The α2M receptor has been identified as the low-density lipoprotein receptor-related protein (LRP) [START_REF] Strickland | Sequence identity between the alpha 2-macroglobulin receptor and low density lipoprotein receptor-related protein suggests that this molecule is a multifunctional receptor[END_REF]. LRP, now noted LRP-1, is the first member of an endocytic receptor family related to the LDL receptor [START_REF] Etique | LRP-1: a checkpoint for the extracellular matrix proteolysis[END_REF]. Three members of this scavenger receptor family, LRP-1, LRP-1b and LRP-2, are able to endocytose MMP-2 and thus participate in the regulation of extracellular MMP-2 levels [START_REF] Emonard | Low-density lipoprotein receptor-related protein in metalloproteinase-mediated pathologies: recent insights[END_REF].

LRP-1

Binding of (pro)MMP-2 to thrombospondin-2 (TSP-2), which is a ligand of LRP-1 [START_REF] Chen | Metabolism of thrombospondin 2. Binding and degradation by 3T3 cells and glycosaminoglycan-variant Chinese hamster ovary cells[END_REF] allows efficient clearance of MMP-2 [START_REF] Yang | Extracellular matrix metalloproteinase 2 levels are regulated by the low density lipoprotein-related scavenger receptor and thrombospondin 2[END_REF]. When complexed with TIMP-2, proMMP-2 can also be endocytosed by LRP-1 [START_REF] Emonard | Low density lipoprotein receptor-related protein mediates endocytic clearance of pro-MMP-2.TIMP-2 complex through a thrombospondin-independent mechanism[END_REF]. The involvement of TIMP-2 in both activation of proMMP-2 by MT1-MMP and uptake of proMMP-2 by LRP-1 strongly suggests the existence of a competition between these two processes. In contrast, the proMMP-2 activator MT1-MMP is able to shed LRP-1 [START_REF] Selvais | Metalloproteinase-dependent shedding of low-density lipoprotein receptor-related protein-1 ectodomain decreases endocytic clearance of endometrial matrix metalloproteinase-2 and -9 at menstruation[END_REF][START_REF] Selvais | Cell cholesterol modulates metalloproteinase-dependent shedding of LRP-1 (low-density lipoprotein receptor-related protein-1) and clearance function[END_REF]. Consequently it would impede MMP-2 endocytosis by LRP-1 [START_REF] Emonard | Low density lipoprotein receptor-related protein mediates endocytic clearance of pro-MMP-2.TIMP-2 complex through a thrombospondin-independent mechanism[END_REF] and thus would favor the cell-surface bioavailability of MMP-2.

Endocytosis of TIMP-1 [START_REF] Thevenard | Low-density lipoprotein receptor-related protein-1 mediates endocytic clearance of tissue inhibitor of metalloproteinases-1 and promotes its cytokine-like activities[END_REF] and TIMP-3 [START_REF] Scilabra | Differential regulation of extracellular tissue inhibitor of metalloproteinases-3 levels by cell membrane-bound and shed low density lipoprotein receptor-related protein 1[END_REF], both able to bind and inhibit active MMP-2 [START_REF] Arpino | The role of TIMPS in regulation of extracellular matrix proteolysis[END_REF], also contributes to the clearance of MMP-2. Moreover, a recent study demonstrates that different glycosaminoglycans including hyaluronan and sulfated hyaluronan impact negatively or positively on MMP-2/TIMP-3 complex formation [START_REF] Ruiz-Gomez | Glycosaminoglycans influence enzyme activity of MMP2 and MMP2/TIMP3 complex formation -Insights at cellular and molecular level[END_REF].

The net effect of all these mechanisms on regulation of active MMP-2 at the cell surface depends on the cell type, the extracellular environment and the physio-pathological context.

LRP-1b

LRP-1b inactivation in cultured thyroid cancer cells modifies their growth and invasive capacities [START_REF] Prazeres | Chromosomal, epigenetic and microRNA-mediated inactivation of LRP1B, a modulator of the extracellular environment of thyroid cancer cells[END_REF]. Interestingly, restoration of LRP-1b is accompanied by a reduction of MMP-2 in the conditioned medium without concomitant difference in MMP-2 mRNA levels. These data suggest that LRP-1b has the ability to mediate endocytic clearance of MMP-2.

LRP-2/megalin

Using an in vitro model of BN16 cell cultures, we recently showed that LRP-2 was able to bind and endocytose proMMP-2 complexed to TIMP-2 [START_REF] Johanns | Cellular uptake of proMMP-2:TIMP-2 complexes by the endocytic receptor megalin/LRP-2[END_REF]. Moreover conditional renal invalidation of LRP-2 in mice resulted in accumulation of proMMP-2 and TIMP-2 in their urine, highlighting the physiological relevance of the binding of the complex to LRP-2.

As hypothesized for LRP-1, LRP-2 could also represent an additional mechanism to regulate active MMP-2 at the cell surface depending on the cell type, the extracellular environment and the physio-pathological context.

Pathologies

From the first correlation established between metastatic potential and degradation of basement membrane type IV collagen by a 65-kDa endopeptidase [START_REF] Liotta | Metastatic potential correlates with enzymatic degradation of basement membrane collagen[END_REF] up to the discovery of MT1-MMP [START_REF] Sato | A matrix metalloproteinase expressed on the surface of invasive tumour cells[END_REF], MMP-2 overexpression was considered as a hallmark of cancer aggressiveness. Meta-analyses found that MMP-2 expression could be correlated (and often proposed to be used as prognostic marker) with pituitary adenomas [START_REF] Liu | Matrix metalloproteinase-9 and -2 and tissue inhibitor of matrix metalloproteinase-2 in invasive pituitary adenomas: a systematic review and meta-analysis of case-control trials[END_REF], breast cancer [START_REF] Ren | Overexpression of MMP family members functions as prognostic biomarker for breast cancer patients: a systematic review and meta-analysis[END_REF],

ovarian cancer [START_REF] Fu | The expression of tumor-derived and stromalderived matrix metalloproteinase 2 predicted prognosis of ovarian cancer[END_REF], endometrial cancer [START_REF] Liu | Clinical significance of matrix metalloproteinase-2 in endometrial cancer: A systematic review and metaanalysis[END_REF], gastric cancer [START_REF] Wang | Relationships between abnormal MMP2 expression and prognosis in gastric cancer: a meta-analysis of cohort studies[END_REF], and non-small cell lung cancer [START_REF] Qian | The role of matrix metalloproteinase 2 on the survival of patients with non-small cell lung cancer: a systematic review with meta-analysis[END_REF].

However extra/pericellular MMP-2 is also involved in other degenerative pathologies, often in association with other MMPs. MMP-2 is thus involved in neurological disorders including Parkinson's and Alzheimer's diseases and glaucoma (for review, see for instance [START_REF] Singh | Multifaceted role of matrix metalloproteinases (MMPs)[END_REF][START_REF] Hannocks | The gelatinases, MMP-2 and MMP-9, as fine tuners of neuroinflammatory processes[END_REF]). MMP-2 is associated with inflammation of various origins, such as parasitic diseases [START_REF] Medeiros | Synergic and antagonistic relationship between MMP-2 and MMP-9 with fibrosis and inflammation in Chagas' cardiomyopathy[END_REF] and osteoarthritis [START_REF] Alunno | Platelets contribute to the accumulation of matrix metalloproteinase type 2 in synovial fluid in osteoarthritis[END_REF]. MMP-2 also contributes to the rupture of atherosclerotic plaques [START_REF] Newby | Do metalloproteinases destabilize vulnerable atherosclerotic plaques?[END_REF]. Meta-analyses also found that MMP-2 is associated with renal fibrosis [START_REF] Mansour | Biomarkers for the detection of renal fibrosis and prediction of renal outcomes: a systematic review[END_REF] and thoracic aortic aneurysm [START_REF] Rabkin | Differential expression of MMP-2, MMP-9 and TIMP proteins in thoracic aortic aneurysm -comparison with and without bicuspid aortic valve: a meta-analysis[END_REF].

Most of the MMP-2 deleterious activities are associated with up-regulation of its expression/activity. In contrast, a recent review presents important data that demonstrate impact of MMP-2 underactivity, either MMP-2 deficiency or insufficiency, on inflammation, metabolic dysregulation and cardiovascular and skeletal pathologies [START_REF] Cook | Pathologies of matrix metalloproteinase-2 underactivity: a perspective on a neglected condition[END_REF].

Several mutations in the MMP2 gene can cause Multicentric Osteolysis, Nodulosis, and Arthropathy (MONA), a rare skeletal dysplasia characterized by progressive osteolysis (particularly of the carpal and tarsal bones), osteoporosis, subcutaneous nodules on the palms and soles, and progressive arthropathy (OMIM gene entry 120360) [START_REF] Bhavani | Multicentric osteolysis nodulosis and arthropathy, GeneReviews®[END_REF].

Another genetic disease, the Winchester syndrome (OMIM entry 277650) is also linked to deficient MMP-2 activity since it is caused by mutations in the MT1-MMP gene, thereby affecting proMMP-2 activation. Without surprise, the Winchester syndrome shares common symptoms with MONA, including osteolysis and arthropathy.

Moreover, recent meta-analyses have concluded that the -1306 C/T and -735 C/T polymorphisms are potentially linked to increased cancer risk [START_REF] Zhang | Association between MMP2-1306 C/T polymorphism and prostate cancer susceptibility: a meta-analysis based on 3906 subjects[END_REF][START_REF] Kim | Meta-analysis of association of the matrix metalloproteinase 2 (-735 C/T) polymorphism with cancer risk[END_REF].

Perspectives and conclusion

As our knowledge progresses, the original "gelatinase", described as being able to degrade denatured interstitial type I collagen, has grown considerably in importance. In this sense, it has followed the same route as other members of the MMP family: from basic proteinases degrading components of the extracellular matrix, they have become major actors with extra-, peri-and intra-cellular functions. As a predictable consequence, they have been implicated in many pathologies. In particular, MMP-2 has emerged as a key player in tumor development. About 40% of the PubMed entries reporting on MMP-2 in 2018 (MMP2, MMP-2 or gelatinase A in the title) were focusing on cancer. Unquestionably, the in vitro approach has greatly improved our fundamental knowledge about its expression, activation and substrates. However, future investigations will have to focus on its in vivo features.

Recent publications and clinical trials suggest that MMP-2 levels will become useful biomarkers for diagnostic or prognostic evaluation [START_REF] Shapiro | Phase 2 study of bevacizumab in combination with docetaxel in patients with advanced breast cancer[END_REF][START_REF] Ramaswamy | Phase II trial of bevacizumab in combination with weekly docetaxel in metastatic breast cancer patients[END_REF][START_REF] Genre | Study of the predictive impact of MMP2 and MMP9 levels for patients with metastatic kidney cancer treated with anti-angiogenic agents compared to patients not treated with antiangiogenic (localized kidney cancer and oligometastatic)[END_REF][START_REF] Tabouret | MMP2 and MMP9 as candidate biomarkers to monitor bevacizumab therapy in highgrade glioma[END_REF][START_REF] Tabouret | MMP2 and MMP9 serum levels are associated with favorable outcome in patients with inflammatory breast cancer treated with bevacizumab-based neoadjuvant chemotherapy in the BEVERLY-2 study[END_REF][START_REF] Tabouret | Prospective cohort of patients with newly diagnosed glioblastoma: analysis of MMP2 and MMP9 expression and correlation to neuroimaging features[END_REF]. For instance, variations of circulating or tissular MMP-2 levels are measured as a secondary outcome in trials with a different primary target (e.g. VEGF). However, variability between assays will require tightly standardized procedures. Despite a significant progress in the design of more specific MMP-2 inhibitors, their therapeutic usage remains a challenge, due to the reverse effects of systematic MMP-2 inhibition.

In conclusion, we believe that MMP-2 clearly deserves the amount of energy it receives from the scientific community, due to the ever-growing complexity of its physiological functions, and therefore (potential) implication in (severe) pathologies. surface molecules (4). Active MMP-2 can also be inhibited by TIMPs [START_REF] Nagase | Matrix metalloproteinases[END_REF]. The inactive complex can be endocytosed by a member of the LRP family, namely LRP-1 (6) and then be degraded in lysosomes [START_REF] Wilhelm | SV40transformed human lung fibroblasts secrete a 92-kDa type IV collagenase which is identical to that secreted by normal human macrophages[END_REF]. 
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Figure 1 .

 1 Figure 1. Number of entries in PubMed per publication year. For each MMP, the number of entries was calculated by searching PubMed for occurrences of the word MMPx or MMP-x (or MT1-MMP for MMP-14) per year, in any field, for the last five years (2014-2018).

Figure 2 .

 2 Figure 2. MMP-2 structure. The signal peptide (Pre, 29 residues) targets the preproMMP-2 to the reticulum endoplasmic and is followed by the prodomain (Pro, 80 residues), which is involved in enzyme latency. A catalytic domain, similar to the one shared by all MMPs, is composed of two parts (Cat 1, 118 residues and Cat 2, 53 residues). Each part binds to a zinc ion (Zn 2+ ) but the figure only shows the Zn 2+ of the active site (represented by the orange triangle). Inhibition of the catalytic domain in the zymogen form results from its partial coverage by the propeptide through binding of the cysteine switch (represented by Cys) with the Zn 2+ ion of the active site. Three fibronectin type II (FN-II) repeats (165 residues in total) are inserted between the two parts of the catalytic domain. Four domains similar to hemopexin (Hpx domain, 192 residues in total) are bound to the catalytic domain through a linker sequence (hinge domain, 23 residues).
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 32 Figure 3. Levels of control of extra/pericellular MMP-2. After expression (1), preproMMP-2 is usually translocated into the secretion pathway and converted into proMMP-2 by removal of the signal peptide. After secretion (2) into the extracellular space, proMMP-2 is activated (3) at the cell surface by MT1-MMP. Active MMP-2 can bind to various cell-

Table 1 . MMP-2 levels in human serum and/or plasma.

 1 Values are expressed in ng/ml, as means or medians and standard deviation (SD), standard error (SE), interquartile range or global range ([-]). A-C: anti-clotting agent added into plasma. FMAP: Fluorokine MultiAnalyte Profiling. NT: not tested.
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Table 2 . Selected extra-and peri-cellular MMP-2 substrates

 2