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Extracellular matrix (ECM) has for a long time being considered as a simple architectural support for cells. It is now clear that ECM presents a fundamental influence on cells driving their phenotype and fate. This complex network is highly specialized and the different classes of macromolecules that comprise the ECM determine its biological functions. For instance, collagens are responsible for the tensile strength of tissues, proteoglycans and glycosaminoglycans are essential for hydration and resistance to compression, and glycoproteins such as laminins facilitate cell attachment. The largest structures of the ECM are the elastic fibers found in abundance in tissues suffering high mechanical constraints such as skin, lungs or arteries. These structures present a very complex composition whose core is composed of elastin surrounded by a microfibrils mantle. Elastogenesis is a tightly regulated process involving the sialidase activity of the Neuraminidase-1 (Neu-1) sub-unit of the Elastin Receptor Complex. Interestingly, Neu-1 subunit also serves as a sensor of elastin degradation via its ability to transmit elastin-derived peptides signaling. Finally, reports showing that neuraminidase activity is able to regulate TGF-β activation raises questions about a possible role for Neu-1 in elastic fibers remodeling.

In this mini review, we develop the concept of the regulation of the whole life of elastic fibers through an original scope, the key role of Neu-1 sialidase enzymatic activity.

Introduction

Extracellular matrix (ECM) is a network of macromolecules surrounding cells in all tissues. Although it has been considered for years as a simple architectural support, providing structural and mechanical functions, it is now clear that ECM also mediates diverse biological functions and influences cell phenotype. This highly complex and dynamic network is composed of several macromolecules playing distinct and precise roles involved in tissue function, integrity and homeostasis [START_REF] Muiznieks | Molecular assembly and mechanical properties of the extracellular matrix: A fibrous protein perspective[END_REF]. Among these proteins, collagens appear as main structural contributors of the ECM and are responsible for tensile strength [START_REF] Gosline | Elastic proteins: biological roles and mechanical properties[END_REF]. Proteoglycans and glycosaminoglycans have the ability to sequester water allowing resistance of tissues towards forces such as compression, and several glycoproteins such as laminins or fibronectin act as cell attachment facilitators [START_REF] Culav | Connective tissues: matrix composition and its relevance to physical therapy[END_REF].

Elastin, another fibrous protein, is involved in tissues elasticity and resilience enabling them to withstand repetitive mechanical stress. It is consequently found in highly deformable tissues such as skin, lungs or arteries [START_REF] Scandolera | The Elastin Receptor Complex: A Unique Matricellular Receptor with High Anti-tumoral Potential[END_REF][START_REF] Mecham | Elastin in lung development and disease pathogenesis[END_REF], where this highly elastic protein plays a crucial role in their physiological function. One extraordinary example of elastin fundamental function is the adoption by vertebrates of a close circulatory system using a specialized vessel wall designed to provide essential elastic recoil at high pressure [START_REF] Wagenseil | Vascular extracellular matrix and arterial mechanics[END_REF][START_REF] Yanagisawa | Elastic fibers and biomechanics of the aorta: Insights from mouse studies[END_REF]. This wall, highly rich in elastin that accounts for up to 50% of the protein content of the aorta [START_REF] Duca | Matrix ageing and vascular impacts: focus on elastin fragmentation[END_REF], presents an interconnected lamellar network of elastic fibers, responsible for transfer of the deformation stress throughout the wall, a process which is essential for vessels function [START_REF] Dobrin | Mechanical properties of arteries[END_REF].

Elastin is the main component of a more complex supramolecular assembly named elastic fibers, the largest structures in ECM [START_REF] Wagenseil | New insights into elastic fiber assembly, Birth defects research[END_REF]. Elastic fibers are composed of a core of elastin, a polymer of tropoelastin, surrounded by a mantle of microfibrils whose composition is complex. These fibers are assembled primarily during development and childhood. Besides their elastic properties, they also present the ability to sequester highly active growth factors such as latent Transforming growth factor-β (TGF-β), regulating its bioavailibility and activity [START_REF] Kielty | Elastic fibres[END_REF][START_REF] Rifkin | LTBPs in biology and medicine: LTBP diseases[END_REF]. Although elastic fibers are designed to maintain elastic function for a lifetime and consequently are highly resistant to degradation, several enzymes (matrix metalloproteinases, serine proteases or cysteine proteases) are able to cleave elastic fibers [START_REF] Duca | Matrix ageing and vascular impacts: focus on elastin fragmentation[END_REF][START_REF] Ricard-Blum | Fragments generated upon extracellular matrix remodeling: Biological regulators and potential drugs[END_REF]. This leads to loss of tissue elasticity contributing to the ageing of ECM but also to the development of pathologies such as emphysema, aneurysms or atherosclerosis in which the elastin-derived peptides (EDP) produced play a central role [START_REF] Gayral | Elastin-derived peptides potentiate atherosclerosis through the immune Neu1-PI3Kgamma pathway[END_REF][START_REF] Dale | Elastin-Derived Peptides Promote Abdominal Aortic Aneurysm Formation by Modulating M1/M2 Macrophage Polarization[END_REF][START_REF] Sellami | Induction and regulation of murine emphysema by elastin peptides, American journal of physiology[END_REF].

The Elastin Receptor Complex (ERC) has been shown to be actively involved in some of the above mentioned processes through its participation in elastogenesis but also as a sensor of elastin degradation via its ability to bind EDP. In these two phenomena, reports clearly pointed out the central role of the sialidase activity of its Neuraminidase-1 (Neu-1) sub-unit [START_REF] Duca | The elastin receptor complex transduces signals through the catalytic activity of its Neu-1 subunit[END_REF][START_REF] Seyrantepe | Enzymatic activity of lysosomal carboxypeptidase (cathepsin) A is required for proper elastic fiber formation and inactivation of endothelin-1[END_REF]. Neu-1 now clearly appears as the fundamental actor in the homeostasis of elastic fibers, playing a role during their synthesis but also being a crucial sensor of their degradation. Finally, reports showed the importance of sialidase activity in the regulation of TGFβ activation, suggesting an unexpected role for this enzyme class [START_REF] Carlson | Transforming growth factor-beta: activation by neuraminidase and role in highly pathogenic H5N1 influenza pathogenesis[END_REF]. This opens new avenues for a role of the ERC and especially Neu-1 in the biochemistry, biology and functions of mature elastic fibers.

Based on this evidence, we summarized in this mini review the role of Neu-1 in the regulation of the whole life of the elastic fibers. We highlight the original concept of the regulation of elastic fibers from their biosynthesis to their degradation via an innovative and not previously discussed point of view, the crucial participation of a sialidase, Neu-1.

Elastin Receptor Complex-associated Neuraminidase-1 : a crucial actor of elastic fibers biosynthesis

The formation of elastic fibers requires the coordination of several complex processes. It involves intracellular regulation at the transcriptional and posttranscriptional levels, extracellular secretion and assembly of tropoelastin monomers at the site of elastogenesis. Tropoelastin secretion is followed by its maturation involving cross-linking through lysyl oxidase (forming diverse cross-links such as lysinonorleucine, desmosine or isodesmosine) [START_REF] Heinz | Molecular-level characterization of elastin-like constructs and human aortic elastin[END_REF] and its association with the preexisting microfibrils scaffold composed of several classes of glycoproteins such as fibrillins, Microfibrils Associated Glycoproteins (MAGPs), fibulins, Latent TGF-β Binding Proteins (LTBPs) or Elastin Microfibril Interface-Located proteins (EMILINs) [START_REF] Mithieux | Elastin[END_REF]. The components of elastic fibers are synthesized and secreted from several cell types including smooth muscle cells, fibroblasts, endothelial cells, chondroblasts and mesothelial cells [START_REF] Uitto | Molecular biology and pathology of human elastin[END_REF], with tissue-specific expression of elastin during development [START_REF] Swee | Developmental regulation of elastin production. Expression of tropoelastin pre-mRNA persists after down-regulation of steady-state mRNA levels[END_REF]. Importantly, elastogenesis is a process that generally ceases in childhood with little or no renewal of elastin production during adult life, thus exposing elastic fibers to diverse types of alterations [START_REF] Duca | Matrix ageing and vascular impacts: focus on elastin fragmentation[END_REF].

After its synthesis and splicing, tropoelastin mRNA is exported outside the nucleus. Translation occurs at the surface of the rough endoplasmic reticulum (RER) thereby forming in human, for the largest isoform, an about 60 kDa polypeptide with a 6 [START_REF] Grosso | In vitro processing of tropoelastin: investigation of a possible transport function associated with the carboxy-terminal domain[END_REF][START_REF] Halm | Visualizing tropoelastin in a longterm human elastic fibre cell culture model[END_REF]. After release of the signal peptide, the protein is transported to the trans-Golgi apparatus. Tropoelastin is then chaperoned by EBP (Elastin Binding Protein), a splice variant of the lysosomal β-galactosidase that limits premature intracellular selfaggregation and degradation by proteinases [START_REF] Hinek | 67-kD elastin-binding protein is a protective "companion" of extracellular insoluble elastin and intracellular tropoelastin[END_REF]. Tropoelastin is then accompanied to the cell surface through its interaction with EBP [START_REF] Hinek | Recycling of the 67-kDa elastin binding protein in arterial myocytes is imperative for secretion of tropoelastin[END_REF]. When reaching the plasma membrane, the latter assembles with Neu-1 and protective protein/cathepsin A to form a cell surface-targeted molecular complex named Elastin Receptor Complex (ERC). Besides EBP, all three components of the complex have been shown to participate in the regulation and assembly of elastic fibers but Neu-1 is clearly a central actor [START_REF] Hinek | Lysosomal sialidase (neuraminidase-1) is targeted to the cell surface in a multiprotein complex that facilitates elastic fiber assembly[END_REF].

Indeed, the sialidase activity of Neu-1 that cleaves the terminal sialic acids (SA) of the carbohydrate chains of microfibrillar proteins during synthesis of elastic fibers, leads to access to the galactosyl residues. In turn, exposed galactosugars interact with the galactolectin domain of EBP, to induce the release of transported tropoelastin molecules, facilitating their subsequent assembly into elastic fibers. After release of the tropoelastin to the growing elastic fibers, EBP is recycled back into intracellular endosomal vesicles and can bind and escort a new synthesized tropoelastin molecule to the cell surface again [START_REF] Hinek | Recycling of the 67-kDa elastin binding protein in arterial myocytes is imperative for secretion of tropoelastin[END_REF] (Figure 1).

Several elegant studies confirmed the essential role of Neu-1 in the synthesis of elastic fibers. The murine knockout of the Neu-1 gene led to abnormal organization of elastic fibers in the aorta with reduced level of elastin [START_REF] Starcher | Neuraminidase-1 is required for the normal assembly of elastic fibers, American journal of physiology[END_REF]. This is associated with abnormalities characteristic of early-onset of sialidosis in children (growth retardation, severe nephropathy, progressive edema, splenomegaly, kyphosis and urinary excretion of sialylated oligosaccharides) [START_REF] De Geest | Systemic and neurologic abnormalities distinguish the lysosomal disorders sialidosis and galactosialidosis in mice[END_REF]. The treatment of human skin fibroblasts, aortic smooth muscle cells and ear cartilage chondrocytes with sialidase inhibitors suppressed elastic fiber assembly and induced impaired elastogenesis in developing chicken embryos [START_REF] Hinek | Lysosomal sialidase (neuraminidase-1) is targeted to the cell surface in a multiprotein complex that facilitates elastic fiber assembly[END_REF]. Moreover, elastogenesis in cultured dermal fibroblasts from patients with lysosomal β-galactosidase, PPCA and Neu-1 deficiencies (such as congenital sialidosis and galactosialidosis) could be reversed by transformation with Neu-1 cDNA, treatment with bacterial sialidase [START_REF] Hinek | Lysosomal sialidase (neuraminidase-1) is targeted to the cell surface in a multiprotein complex that facilitates elastic fiber assembly[END_REF] or substitutions in the Neu-1 gene [START_REF] Tatano | Elastogenesis in cultured dermal fibroblasts from patients with lysosomal beta-galactosidase, protective protein/cathepsin A and neuraminidase-1 deficiencies[END_REF]. Those findings clearly showed a preponderant role of Neu-1 activity for the correct deposition and assembly of elastic fibers.

Consequently, Neu-1 appears as a key enzyme in the assembly of elastic fibers.

Elastin Receptor Complex-associated Neuraminidase-1: molecular sensor of elastic fibers degradation

Besides its involvement in elastin and elastic fibers biosynthesis [START_REF] Hinek | Lysosomal sialidase (neuraminidase-1) is targeted to the cell surface in a multiprotein complex that facilitates elastic fiber assembly[END_REF], accumulative data from the last decade have shown that ERC and especially Neu-1 also serve as a functional sensor for elastic fiber degradation. Elastic fiber degradation occurs in different pathophysiological contexts and constitutes a typical hallmark of aging and associated diseases. Through EBP engagement, Neu-1 plays a critical role in the signal processes and biological activities mediated by these degradation products. This has been mainly demonstrated for elastin-derived peptides (EDP) [START_REF] Gayral | Elastin-derived peptides potentiate atherosclerosis through the immune Neu1-PI3Kgamma pathway[END_REF][START_REF] Duca | The elastin receptor complex transduces signals through the catalytic activity of its Neu-1 subunit[END_REF][START_REF] Blaise | Elastinderived peptides are new regulators of insulin resistance development in mice[END_REF][START_REF] Kawecki | Identification of CD36 as a new interaction partner of membrane NEU1: potential implication in the pro-atherogenic effects of the elastin receptor complex[END_REF][START_REF] Kawecki | Elastin-derived peptides are new regulators of thrombosis[END_REF][START_REF] Romier | Production of Elastin-Derived Peptides Contributes to the Development of Nonalcoholic Steatohepatitis[END_REF][START_REF] Rusciani | Elastin peptides signaling relies on neuraminidase-1-dependent lactosylceramide generation[END_REF] in the field of cardiovascular diseases [START_REF] Duca | Matrix ageing and vascular impacts: focus on elastin fragmentation[END_REF][START_REF] Robert | Circulating elastin peptides, role in vascular pathology[END_REF][START_REF] Robert | Aging of the vascular-wall and atherosclerosis[END_REF], cancer progression [START_REF] Scandolera | The Elastin Receptor Complex: A Unique Matricellular Receptor with High Anti-tumoral Potential[END_REF] and emphysema [START_REF] Meghraoui-Kheddar | Elastin receptor (S-gal) occupancy by elastin peptides modulates T-cell response during murine emphysema, American journal of physiology[END_REF][START_REF] Lee | Antielastin autoimmunity in tobacco smoking-induced emphysema[END_REF]. Signaling events involve mainly the phosphoinositide-3-kinase γ (PI3Kγ) pathway and converge to ERK1/2 and Akt activation [START_REF] Duca | Elastin peptides activate extracellular signal-regulated kinase 1/2 via a Rasindependent mechanism requiring both p110gamma/Raf-1 and protein kinase A/B-Raf signaling in human skin fibroblasts[END_REF][START_REF] Fahem | Elastokine-mediated up-regulation of MT1-MMP is triggered by nitric oxide in endothelial cells[END_REF][START_REF] Mochizuki | Signaling pathways transduced through the elastin receptor facilitate proliferation of arterial smooth muscle cells[END_REF] (Figure 2).

Identification and functional characterization of EDP released after elastin degradation have been extensively studied from the pioneer works of Senior et al. [START_REF] Senior | Val-Gly-Val-Ala-Pro-Gly, a repeating peptide in elastin, is chemotactic for fibroblasts and monocytes[END_REF], and the discovery of the first EDP having biological activity towards fibroblasts and monocytes, the GxxPG-containing peptide VGVAPG. This hexapeptide is located in the central region of the human tropoelastin polypeptide sequence, where it is repeated six times in the domain encoded by exon 24. To date, VGVAPG is considered as the archetypal EDP. Other tropoelastin-derived GxxPG sequences were further identified as bioactive such as PGAIPG [START_REF] Grosso | PGAIPG, a repeated hexapeptide of bovine and human tropoelastin, is chemotactic for neutrophils and Lewis lung carcinoma cells[END_REF], GVAPG and GLVPG [START_REF] Bisaccia | Migration of monocytes in the presence of elastolytic fragments of elastin and in synthetic derivates. Structureactivity relationships[END_REF], GVYPG, GFGPG, and GVLPG [START_REF] Heinz | The action of neutrophil serine proteases on elastin and its precursor[END_REF]. Moreover, longer bioactive peptides have also been identified [START_REF] Heinz | Insights into the degradation of human elastin by matrilysin-1[END_REF]. Theoretical and experimental results concerning VGVAPG and other GxxPG peptides have demonstrated that these intrinsically disordered peptides can transiently sample the type VIII β-turn conformation that is required for their binding to EBP and their biological activities [START_REF] Blanchevoye | Interaction between the elastin peptide VGVAPG and human elastin binding protein[END_REF][START_REF] Brassart | Conformational dependence of collagenase (matrix metalloproteinase-1) up-regulation by elastin peptides in cultured fibroblasts[END_REF][START_REF] Floquet | Structural characterization of VGVAPG, an elastin-derived peptide[END_REF]. Molecular simulations have proposed that any residues located before this motif increases the β-turn stabilization, but they are not required for biological functions. The residue located after GxxP has no significant structural effect meaning that in the GxxPG bioactive motif, this glycine only has an importance for EBP anchoring and not for the EDPs structural behavior. Moreover, the "x" amino acids found in the GxxPG motif are of importance for obtaining the type VIII β-turn conformation. When x = G at any of these positions, the peptides fail to fold in type VIII β-turn. Additionally, a proline residue located at the first "x" position stabilize the type VIII β-turn structure whereas it blocks the establishment of this conformation when located at the second "x" position [START_REF] Moroy | Structural characterization of human elastin derived peptides containing the GXXP sequence[END_REF].

Although elastin is the ECM protein containing the largest number of GxxPG sequences, many other ECM proteins and proteins involved in the constitution of elastic fibers contain such a sequence. For instance, fibrillin-1, -2, and -3, EMILIN-1 and -2, fibronectin, and type III, IV, V, VII, and VIII collagens include at least three GxxPG motifs in their polypeptide sequences [START_REF] Booms | A fibrillin-1-fragment containing the elastin-binding-protein GxxPG consensus sequence upregulates matrix metalloproteinase-1: biochemical and computational analysis[END_REF]. In this context, a fibrillin-1 fragment containing the EGFEPG sequence has been shown to upregulate MMP-1 expression in fibroblasts [START_REF] Booms | A fibrillin-1-fragment containing the elastin-binding-protein GxxPG consensus sequence upregulates matrix metalloproteinase-1: biochemical and computational analysis[END_REF] and to be chemotactic for macrophages [START_REF] Guo | Induction of macrophage chemotaxis by aortic extracts of the mgR Marfan mouse model and a GxxPG-containing fibrillin-1 fragment[END_REF]. Blocking the interaction between EBP and GxxPG motifs using the BA4 monoclonal antibody [START_REF] Grosso | Peptide sequences selected by BA4, a tropoelastin-specific monoclonal antibody, are ligands for the 67-kilodalton bovine elastin receptor[END_REF] or causing shedding of EBP by lactose [START_REF] Hinek | The elastin receptor: a galactoside-binding protein[END_REF][START_REF] Hance | Monocyte chemotactic activity in human abdominal aortic aneurysms: role of elastin degradation peptides and the 67-kD cell surface elastin receptor[END_REF] inhibit chemotaxis to this fibrillin-1 fragment as well as to aortic extracts of mgR/mgR mice, a mouse model of Marfan syndrome associated with increased susceptibility to fragmentation of elastin and fibrillin-rich microfibrils [START_REF] Guo | Induction of macrophage chemotaxis by aortic extracts of the mgR Marfan mouse model and a GxxPG-containing fibrillin-1 fragment[END_REF]. Importantly, the same group further showed that this monoclonal antibody BA4 can also decrease disease progression and ameliorate manifestations of aortic disease in this mouse model [START_REF] Guo | Antagonism of GxxPG fragments ameliorates manifestations of aortic disease in Marfan syndrome mice[END_REF].

Although a sialidase inhibitor was not tested in the above-cited works, these data argue for a critical sensor role of Neu-1 via EBP engagement during elastic fibers degradation and suggest that specific inhibitors of Neu-1 should be of great value to prevent or decrease the biological effects mediated by these degradation products. Although significant advances have been achieved in the search for Neu-1 inhibitors by using analogs of the broad spectrum sialidase inhibitor 2-deoxy-2,3didehydro-N-acetylneuraminic acid (DANA) [START_REF] Guo | Selective inhibitors of human neuraminidase 1 (NEU1)[END_REF], identification of more selective inhibitors of membrane Neu-1 sialidase activity is hampered by our poor knowledge on Neu-1 structure and membrane topology. In the absence of crystallographic data, homology models of the mammalian sialidase family have been developed based on the crystal structure of Neu-2 [START_REF] Magesh | Homology modeling of human sialidase enzymes NEU1, NEU3 and NEU4 based on the crystal structure of NEU2: hints for the design of selective NEU3 inhibitors[END_REF], with Neu-1 being predicted to have the typical structure of sialidases: a β-propeller composed of four anti-parallel β-sheets organized in six blades. However, recent studies on Neu-1 [START_REF] Maurice | New Insights into Molecular Organization of Human Neuraminidase-1: Transmembrane Topology and Dimerization Ability[END_REF] and Neu-3 [START_REF] Rodriguez-Walker | Human Sialidase Neu3 is S-Acylated and Behaves Like an Integral Membrane Protein[END_REF], the second plasma membrane sialidase, rather suggest that these sialidases have the characteristics of an integral membrane protein. By combining molecular biology and biochemical analyses with structural biophysics and computational approaches, two regions were identified in Neu-1 as potential transmembrane (TM) domains, with its N-and C-termini oriented towards the cytosol. In membrane mimicking environments, the corresponding peptides form stable α-helices and one of these two TM domains is suited for self-association. Interestingly, introduction of point mutations within this TM domain blocks Neu-1 dimerization and decreases membrane sialidase activity [START_REF] Maurice | New Insights into Molecular Organization of Human Neuraminidase-1: Transmembrane Topology and Dimerization Ability[END_REF]. Discovery of such dimer organization opens interesting prospects on ERC stoichiometry at the plasma membrane. Another interesting issue relies on how binding of GxxPG motifs to EBP triggers Neu-1 sialidase activity at the plasma membrane. It is tempting to speculate that the binding of GxxPG motifs to EBP leads to conformational changes within Neu-1 dimers that may help in increasing its catalytic activity. Further clarification on how Neu-1 is inserted within the plasma membrane, together with EBP and PPCA, is required to better understand the regulatory mechanisms of Neu-1 at the molecular level and its participation in biological processes.

Finally, Neu-1 now emerges as a critical regulator of the sialylation level of a myriad of membrane receptors, such as integrins [START_REF] Feng | Endogenous PMN sialidase activity exposes activation epitope on CD11b/CD18 which enhances its binding interaction with ICAM-1[END_REF][START_REF] Uemura | Contribution of sialidase NEU1 to suppression of metastasis of human colon cancer cells through desialylation of integrin beta4[END_REF], tyrosine kinases receptors [START_REF] Blaise | Elastinderived peptides are new regulators of insulin resistance development in mice[END_REF][START_REF] Jayanth | Neu1 sialidase and matrix metalloproteinase-9 cross-talk is essential for neurotrophin activation of Trk receptors and cellular signaling[END_REF][START_REF] Lillehoj | NEU1 sialidase expressed in human airway epithelia regulates epidermal growth factor receptor (EGFR) and MUC1 protein signaling[END_REF], Toll-like receptors [START_REF] Amith | Neu1 desialylation of sialyl alpha-2,3-linked beta-galactosyl residues of TOLL-like receptor 4 is essential for receptor activation and cellular signaling[END_REF][START_REF] Amith | Detection of Neu1 sialidase activity in regulating Toll-like receptor activation[END_REF], and more recently CD36 [START_REF] Kawecki | Identification of CD36 as a new interaction partner of membrane NEU1: potential implication in the pro-atherogenic effects of the elastin receptor complex[END_REF]. Desialylation of these receptors by Neu-1 has been shown to modulate their activation and related signaling pathways. Moreover, recent findings have also reported that plasma membrane Neu-1, in complex with MMP-9, G protein-coupled receptors, and tyrosine kinase receptors or Toll-like receptors, could be involved in receptor transactivation [START_REF] Abdulkhalek | G-protein coupled receptor agonists mediate Neu1 sialidase and matrix metalloproteinase-9 cross-talk to induce transactivation of TOLL-like receptors and cellular signaling[END_REF][START_REF] Haxho | Biased G protein-coupled receptor agonism mediates Neu1 sialidase and matrix metalloproteinase-9 crosstalk to induce transactivation of insulin receptor signaling[END_REF]. This opens new avenues in the complexity of the biological processes mediated by Neu-1, and possibly by elastic fibers degradation through EBP engagement. Taken together, these data clearly position Neu-1 as a fundamental molecular sensor of elastic fibers degradation but also as a central regulator of the plasma membrane proteome.

Neuraminidases and elastic fibers remodeling: an unconsidered role for Neu-1 ?

As described above, Neu-1 plays a key role in elastic fibers assembly and degradation sensing. Interestingly, this sialidase belongs to a large family of enzymes conserved through evolution and this point could bring important information about unconsidered roles for Neu-1.

Neuraminidases, or sialidases, are found in several species such as viruses, bacteria, protozoans, birds and mammals [START_REF] Corfield | Bacterial sialidases--roles in pathogenicity and nutrition[END_REF]. Neuraminidases play a key role in the catabolism of sialoglycoconjugates by cleaving their SA residues to induce temporal changes in their structure and functions [START_REF] Pshezhetsky | Where catabolism meets signalling: neuraminidase 1 as a modulator of cell receptors[END_REF][START_REF] Guillot | Impact of sialic acids on the molecular dynamic of biantennary and tri-antennary glycans[END_REF]. SA, distributed ubiquitously in mammals tissues, are N-or O-substituted derivatives of neuraminic acid (a monosaccharide with a nine-carbon backbone) and their presence in glycoconjugates can modify their functions and interactions with other molecules [START_REF] Cohen | The sialome--far more than the sum of its parts[END_REF].

These compounds constitute terminal residues on glycan chains of glycoproteins and glycolipids on all living cells. Desialylation of glycoproteins and glycolipids is a crucial mechanism regulating molecular recognitions inside cells, between cells, between the cells and the ECM and between the cells and several pathogens [START_REF] Pshezhetsky | Desialylation of surface receptors as a new dimension in cell signaling[END_REF].

Interestingly, viruses, bacteria or protozoans use these processes in order to get biological advantage. In this way, the relation between neuraminidases expression and TGF-β release and activation is of great interest. TGF-β is a cytokine which regulates several cellular and immunological processes such as initiation and resolution of inflammatory responses [START_REF] Morty | Transforming growth factor-beta signaling across ages: from distorted lung development to chronic obstructive pulmonary disease[END_REF][START_REF] Taipale | Latent transforming growth factor-beta 1 associates to fibroblast extracellular matrix via latent TGF-beta binding protein[END_REF][START_REF] Piek | Specificity, diversity, and regulation in TGF-beta superfamily signaling[END_REF]. TGF-β is secreted by cells as a biologically inactive molecule called latent TGF-β (LTGF-β) [START_REF] Gentry | Molecular events in the processing of recombinant type 1 pre-pro-transforming growth factor beta to the mature polypeptide[END_REF][START_REF] Lawrence | Normal embryo fibroblasts release transforming growth factors in a latent form[END_REF]. This latent complex is composed of the N-terminal latency-associated peptide (LAP) and the mature TGF-β domain which are non-covalently linked [START_REF] Munger | Latent transforming growth factor-beta: structural features and mechanisms of activation[END_REF]. Sha et al. have shown that the LAP amino acid sequence 50-85 (including amino acids which are glycosylated and contain terminal SA residues) are essential to LTGF-β complex formation and function [START_REF] Sha | Identification and analysis of discrete functional domains in the pro region of pre-pro-transforming growth factor beta 1[END_REF]. Another form of TGF-β storage involves LTBPs that were identified as forming latent complexes with TGF-β by covalently binding LAP via disulfide bonds. Consequently, it has been proposed that LAP, TGF-β, and LTBP form the large latent complex (LLC). Agents that are able to activate LTGF-β induce the dissociation of LAP with the mature domain either by denaturing LAP or by altering its folding, which is a key step in TGF-β function [START_REF] Carlson | Transforming growth factor-beta: activation by neuraminidase and role in highly pathogenic H5N1 influenza pathogenesis[END_REF][START_REF] Munger | Latent transforming growth factor-beta: structural features and mechanisms of activation[END_REF].

Several pathogens such as bacteria, parasites or viruses are able to evade immune responses by regulating TGF-β activation. Carlson et al. showed that neuraminidases of influenza A viruses and Clostridium perfringens activate LTGF-β by removing SA motifs from LTGF-β [START_REF] Carlson | Transforming growth factor-beta: activation by neuraminidase and role in highly pathogenic H5N1 influenza pathogenesis[END_REF]. Their results have also demonstrated that TGF-β plays a crucial role in the protection of the host from influenza pathogenesis.

Strikingly, human Neu-1 presents high sequence similarity and substrate specificity with viruses and bacteria neuraminidases [START_REF] Achyuthan | Comparative enzymology, biochemistry and pathophysiology of human exo-alpha-sialidases (neuraminidases), Comparative biochemistry and physiology[END_REF][START_REF] Schwerdtfeger | Sialidases in biological systems[END_REF]. It could consequently be speculated that the ERC-associated Neu-1 could also participate in the regulation of the bioavailibility of TGF-β, suggesting a totally unconsidered role for Neu-1 (Figure 3). Thus, in addition to the well-described role of Neu-1 in elastic fibers assembly and degradation sensing, Neu-1 could also have a pivotal role in the remodelling of elastic fibers through a potential function in TGF-β release. Of course, this hypothetical new role for Neu-1 remains to be demonstrated. This hypothesis could also have an importance in pathologies associated with elastic fibers degradation and TGF-β release such as Marfan syndrome (MFS).

Marfan syndrome (MFS) is an inherited, autosomal dominant disorder caused by mutations in the fibrillin-1 encoding gene (FBN1) with prominent skeletal abnormalities and clinical manifestations in eye, skin and the cardiovascular system [START_REF] Verstraeten | Marfan Syndrome and Related Disorders: 25 Years of Gene Discovery[END_REF]. MFS is associated with extensive elastic fibers degradation and excessive TGFβ release [START_REF] Neptune | Dysregulation of TGF-beta activation contributes to pathogenesis in Marfan syndrome[END_REF][START_REF] Ng | TGF-beta-dependent pathogenesis of mitral valve prolapse in a mouse model of Marfan syndrome[END_REF] due to the inability of fibrillin-1 to restrict TGF-β activation. It could consequently be tempting to speculate that the large amount of GxxPG fragments produced in MFS may also affect such processes by increasing the activation of the ERC and enhancing TGF-β release and activation by the sialidase activity of its Neu-1 subunit.

Conclusion

Elastic fibers are fundamental components of the ECM. They provide, via elastin and to a lesser extent through their microfibrils component, elastic recoil to tissues such as skin, arteries or lungs. It is fascinating that their whole life could be seen via the scope of a single enzyme, Neu-1. Indeed, this sialidase plays a key role in their biosynthesis but also has the ability to sense their degradation through the ERC. Finally, interesting data emerging from the sialidase family could lead to the definition of new roles for Neu-1 that could modify the way we consider the regulation of TGF-β bioavailability.

In conclusion, the data summarized here clearly demonstrate that Neu-1 has now to be seen as a crucial regulator of the biochemistry and biology of ECM elastic fibers, opening new ways to consider ECM biology. Binding of GxxPG fragments to the ERC triggers signaling pathways through Neu-1 that involve critical signaling proteins, such as PI3Kγ, and converge to ERK1/2 and Akt activation. In addition, Neu-1 modulates the sialylation level and signaling of membrane receptors, such as the insulin receptor [START_REF] Blaise | Elastinderived peptides are new regulators of insulin resistance development in mice[END_REF] and CD36 [START_REF] Kawecki | Identification of CD36 as a new interaction partner of membrane NEU1: potential implication in the pro-atherogenic effects of the elastin receptor complex[END_REF] that also contributes to the biological activities of GxxPG fragments. EBP, elastin-binding protein; ERC, elastin receptor complex, ERK1/2 extracellular-regulated protein kinases 1/2; Neu-1, neuraminidase-1; PI3K, phosphoinositide 3-kinase; PPCA, protective protein/cathepsin A. 
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 1 Figure 1: Role of ERC in elastogenesis. 1) After its synthesis, tropoelastin
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 2 Figure 2: The sensor role of Neu-1 in elastic fibers degradation. Degradation of
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 3 Figure 3 : Putative role of Neu-1 as a crucial regulator of TGF-β release.
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