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The ability of skin to act as a barrier is primarily determined by cells that maintain the continuity and integrity of skin and restore it after injury. Cutaneous wound healing in adult mammals is a complex multi-step process that involves overlapping stages of blood clot formation, inflammation, re-epithelialization, granulation tissue formation, neovascularization, and remodeling. Under favorable conditions, epidermal regeneration begins within hours after injury and takes several days until the epithelial surface is intact due to reorganization of the basement membrane. Regeneration relies on numerous signaling cues and on multiple cellular processes that take place both within the epidermis and in other participating tissues. A variety of modulators are involved, including growth factors, cytokines, matrix metalloproteinases, cellular receptors, and extracellular matrix components. Here we focus on the involvement of the extracellular matrix proteins that impact epidermal regeneration during wound healing.

Introduction

The ability of skin to act as a barrier is primarily determined by cells that maintain the continuity and integrity of skin and restore it after full-thickness wounds (Fig. 1A).

Cutaneous wound healing is not, as was long believed, a simple linear process in which growth factors are synthesized that activate cell proliferation and migration. Rather, wound healing is a complex multi-step process that involves closely related dermal and epidermal events. Skin repair is the result of dynamic and interactive processes that involve soluble factors, blood elements, extracellular matrix (ECM) components, and cells [START_REF] Clark | Wound repair. Lessons for tissue engineering[END_REF]. In adult mammals, skin repair can be divided into four continuous phases, namely hemostasis, inflammation, proliferation (including re-epithelialization, granulation tissue formation, and neovascularization), and maturation or remodeling, and it generally leaves a scar [START_REF] Martin | Wound healing-aiming for perfect skin regeneration[END_REF][START_REF] Shaw | Wound repair at a glance[END_REF]. In mammals, blood clotting occurs first, and this provides chemotactic factors that attract inflammatory leukocytes and ECM proteins that serve as a substrate for migrating cells. Neutrophils help cleanse the wounded area and are eventually phagocytosed by macrophages, which enter the wound slightly later [START_REF] Kim | Dynamics of neutrophil infiltration during cutaneous wound healing and infection using fluorescence imaging[END_REF]. Macrophages also secrete growth factors that attract keratinocytes, fibroblasts, and blood vessels into the wound, thereby promoting re-epithelialization, granulation tissue formation, and vascularization [START_REF] Shaw | Wound repair at a glance[END_REF][START_REF] Singer | Cutaneous wound healing[END_REF]. Both keratinocytes and fibroblasts synthesize key ECM components that are needed to re-form the basement membrane (BM) beneath the epidermal basal layer. There is wound contraction due to fibroblasts pulling on the ECM; this facilitates human wound remodeling, and the associated traction forces contribute to scarring [START_REF] Shaw | Wound repair at a glance[END_REF]. The orchestration of these events relies on the spatial and temporal expression and the activation of a variety of proteins, such as growth factors, cytokines, matrix metalloproteinases (MMPs), and ECM components.

In contrast, wounds in mammalian embryos heal via rapid re-epithelialization and, in the absence of inflammation, via granulation tissue formation and contraction [START_REF] Redd | Wound healing and inflammation: embryos reveal the way to perfect repair[END_REF].

Epithelialization of wounds

Re-epithelialization is a critical step in the wound healing response (Fig. 1B). Defects in re-epithelialization lead to chronic non-healing wounds, such as venous stasis, diabetic and pressure ulcers [START_REF] Greaves | The role of skin substitutes in the management of chronic cutaneous wounds[END_REF]. Under favorable conditions, epidermal regeneration begins within hours after injury and continues until the epithelial surface is intact.

The inflammatory reaction to wounding results in the appearance of matrix molecules in the wound bed, with keratinocytes migrating rapidly from the edges of the wound and from hair follicles and sweat glands into the wound bed (Fig 1B) [START_REF] Larjava | Expression of integrins and basement membrane components by wound keratinocytes[END_REF][START_REF] Juhasz | Regulation of extracellular matrix proteins and integrin cell substratum adhesion receptors on epithelium during cutaneous human wound healing in vivo[END_REF][START_REF] Woodley | Reepithelialization[END_REF]. As fibroblasts begin to produce new ECM, epithelialization is initiated by epidermal growth factor (EGF) and transforming growth factor (TGF) , which is produced by platelets, macrophages, and keratinocytes [START_REF] Yates | Epidermal growth factor and related growth factors[END_REF][START_REF] Schultz | EGF and TGF-α in wound healing and repair[END_REF][START_REF] Michopoulou | How do epidermal matrix metalloproteinases support re-epithelialization during skin healing?[END_REF].

Normally, the epithelialization of wounds involves an orderly series of events in which keratinocytes migrate, proliferate, and differentiate to restore the barrier function [START_REF] Sivamani | Wound re-epithelialization: Modulating keratinocyte migration in wound healing[END_REF].

Keratinocytes change shape and migrate, and this is one of the earliest and most crucial events in determining the efficiency of the overall wound repair process. Their migration is regulated at both the extracellular and intracellular levels and depends on the carefully balanced dynamic interaction of keratinocytes with ECM through adhesion complexes that form at matrix contact sites. These adhesion complexes involve transmembrane receptors such as integrins and syndecans. Migrating keratinocytes lose their apical-basal polarity, adhere to the provisional matrix, and project protrusive adhesion contacts such as filopodia and lamellipodia, which enables them to migrate laterally (Fig. 1B) [START_REF] Larjava | Expression of integrins and basement membrane components by wound keratinocytes[END_REF]. Lateral migration requires profound reorganization of the keratinocyte cytoskeleton, which loosens the adhesion complexes and intercellular junctions [START_REF] Litjens | Current insights into the formation and breakdown of hemidesmosomes[END_REF][START_REF] Jacinto | Mechanisms of epithelial fusion and repair[END_REF][START_REF] Stenn | Re-epithelialization[END_REF][START_REF] Odland | Human Wound Repair I. Epidermal Regeneration[END_REF]. MMP-9, which is produced by migrating keratinocytes, degrades BM components, allowing the keratinocytes to migrate over the wound [START_REF] Thomas | Alpha v beta 6 integrin upregulates matrix metalloproteinase 9 and promotes migration of normal oral keratinocytes[END_REF].

Keratinocytes move into the healing wound by polymerizing cytoskeletal actin fibers in the outgrowth and by forming new adhesion complexes. Integrins and syndecans, which lack enzymatic activity, transmit intracellular signals by interacting with structural and signaling molecules. These events are accompanied by the expression of the following: integrin αvβ5, αvβ6, and α5β1; various proteases, such as plasminogen and MMPs; growth factor receptors; cell surface proteoglycans; and ECM components like laminin (LM) 332 [START_REF] Rousselle | Kalinin: an epitheliumspecific basement membrane adhesion molecule that is a component of anchoring filaments[END_REF][START_REF] Carter | Epiligrin, a new cell adhesion ligand for integrin α3β1 in epithelial basement membranes[END_REF][START_REF] Hamill | The alpha-3 polypeptide chain of laminin 5: Insight into wound healing responses from the study of genodermatoses[END_REF][START_REF] Rousselle | Laminin 332 processing impacts cellular behavior[END_REF]. This process proceeds until the migrating cells touch each other. The fusion of the opposing epithelia is accomplished by the degradation of the actin fibers in filopodia, as the actin fibers are replaced by intercellular adhesion contacts that finally close the wound much like a zipper [START_REF] Jacinto | Mechanisms of epithelial fusion and repair[END_REF]. When the epithelium has covered the wound bed, the proteins of the dermal-epidermal junction (DEJ) reappear in sequential order from the margins to the center of the wound, due to the concerted action of epidermal and dermal cells (Fig. 1A) [START_REF] Clark | Wound repair: overview and general considerations[END_REF][START_REF] Breitkreutz | Skin basement membrane: the foundation of epidermal integrity-BM functions and diverse roles of bridging molecules nidogen and perlecan[END_REF]. Basal keratinocytes then revert to a stationary phenotype in which they have apical polarity and are firmly anchored to the DEJ through reconstituted hemidesmosomes on their basal surface.

Epithelialization steps are stimulated by the local wound milieu, which typically shows altered ECM composition and the presence of cytokines that are produced by cells in the granulation tissue and by the clot [START_REF] Singer | Cutaneous wound healing[END_REF]. In this review, we focus on the involvement of ECM proteins during the re-epithelialization phase of wound healing. Notably, the involvement of cytokines, growth factors, and MMPs has been described elsewhere [START_REF] Michopoulou | How do epidermal matrix metalloproteinases support re-epithelialization during skin healing?[END_REF][START_REF] Werner | Regulation of wound healing by growth factors and cytokines[END_REF][START_REF] Röhl | The role of inflammation in cutaneous repair[END_REF].

The provisional ECM during epidermal repair

The migrating keratinocytes are in close contact with a provisional ECM that is associated with early wounds and is mainly composed of fibrin, plasma fibronectin (FN), vitronectin, and platelets [START_REF] Clark | Wound repair: overview and general considerations[END_REF][START_REF] Clark | Fibronectin and fibrin provide a provisional matrix for epidermal cell migration during wound reepithelialization[END_REF][START_REF] Chester | The role of biophysical properties of provisional matrix proteins in wound repair[END_REF]. There are two forms of FN: plasma FN, which is synthesized in a soluble form by hepatocytes into the blood plasma [START_REF] To | Plasma and cellular fibronectin: distinct and independent functions during tissue repair[END_REF], and cellular or tissue FN, which is produced by other cells, such as fibroblasts, endothelial cells, and keratinocytes [START_REF] Hynes | Fibronectins: multifunctional modular glycoproteins[END_REF] (Fig. 2A). Plasma FN is more important in the early phase of wound healing when it binds to platelets and fibrin, thereby increasing the strength of the fibrin clot [START_REF] To | Plasma and cellular fibronectin: distinct and independent functions during tissue repair[END_REF][START_REF] Clark | Fibronectin in the skin[END_REF][START_REF] Ffrench-Constant | Reappearance of an embryonic pattern of fibronectin splicing during wound healing in the adult rat[END_REF]. The strong adhesion of keratinocytes to the BM is disrupted when their hemidesmosomes dissolve; when their cell-cell connections are weakened, they then start to migrate underneath or through the temporary scaffolding that fills the wound defect [START_REF] Donaldson | Fibrinogen and fibronectin as substrates for epidermal cell migration during wound closure[END_REF]. In vivo studies have shown that plasma FN plays an important role in keratinocyte adhesion and migration [START_REF] Igisu | The role of fibronectin in the process of wound healing[END_REF]. Migrating keratinocytes are highly phagocytic, which allows them to penetrate through the clot. Degradation of the fibrin-FN clot appears to be critical for wound healing, since mice that lack the plasminogen gene or the uPA/tissue-type plasminogen activator (tPA) gene exhibit a number of wound abnormalities, including defects in wound healing and in keratinocyte migration [START_REF] Carmeliet | Physiological consequences of loss of plasminogen activator gene function in mice[END_REF][START_REF] Bugge | Urokinase-type plasminogen activator is effective in fibrin clearance in the absence of its receptor or tissue-type plasminogen activator[END_REF][START_REF] Rømer | Impaired wound healing in mice with a disrupted plasminogen gene[END_REF].

Interestingly, keratinocytes migrate through tunnels of digested fibrin matrix in vitro, a process that requires plasminogen activation at the leading edge [START_REF] Ronfard | Migration of keratinocytes through tunnels of digested fibrin[END_REF]. Tunnel formation and cell track length are differentially influenced by cytokines such as TGF1 and EGF in the wound fluid. The exact mechanisms underlying keratinocyte adherence to the fibrin matrix remain unknown, and it is also unknown whether this migration process takes place in vivo, where keratinocytes migrate collectively. The migration of keratinocytes through a clot may be the result of the synergistic action of MMPs and plasmin.

FN plays a role in inflammation by promoting macrophage activation and opsonizing debris [START_REF] Clark | Wound repair: overview and general considerations[END_REF]. Keratinocytes deposit newly produced ECM proteins along their migration path, including cellular FN, tenascin C, and LM 332 (Fig. 3) [START_REF] Larjava | Expression of integrins and basement membrane components by wound keratinocytes[END_REF][START_REF] Clark | Fibronectin matrix deposition and fibronectin receptor expression in healing and normal skin[END_REF][START_REF] Cavani | Distinctive integrin expression in the newly forming epidermis during wound healing in humans[END_REF][START_REF] Gailit | TGF-beta 1 stimulates expression of keratinocyte integrins during re-epithelialization of cutaneous wounds[END_REF], suggesting that wound edge keratinocytes can modulate their own adhesion and migration substrates. Surprisingly, the wound healing process, including re-epithelialization, appears normal in plasma FN-deficient animals [START_REF] Sakai | Plasma fibronectin supports neuronal survival and reduces brain injury following transient focal cerebral ischemia but is not essential for skin-wound healing and hemostasis[END_REF], suggesting that cellular FN may compensate for the lack of plasma FN. As the provisional matrix matures, cellmediated remodeling takes place that is directed primarily by inflammatory cells and fibroblasts. This remodeling includes a transition from a fibrin-FN-dominated scaffold to a tissue-FN-dominated one that contains proteoglycans and interspersed crosslinked collagen; the tissue progressively becomes granulation tissue with which keratinocytes interact [START_REF] Clark | Fibronectin in the skin[END_REF][START_REF] Barker | The provisional matrix: setting the stage for tissue repair outcomes[END_REF].

Cellular fibronectin

FN is an important constituent of the vertebrate ECM that is ubiquitously expressed in human tissue and has long been known to be a major component in wound healing [43, Zollinger and Smith, 2017]. FN is multi-domain glycoprotein composed of an array of multiple repeated modular structures (Fig. 2A). It is secreted as a dimer maintained by two disulfide bonds at its C-terminus [START_REF] To | Plasma and cellular fibronectin: distinct and independent functions during tissue repair[END_REF][START_REF] Mao | Stimulatory effects of a three-dimensional microenvironment on cell-mediated fibronectin fibrillogenesis[END_REF]. The FN gene has three sites for alternative splicing: extra domain A (EDA) or extra type III homology A (EIIIA), EDB or EIIIB, and type III homologies connecting segment (IIICS; V region in rat) [Schwarzbauer, 1991]. Alternative splicing varies in a cell type-specific manner and can modulate the functional properties of the molecule. In humans, over 20 main different isoforms are generated after mRNA processing, whereas in rats and mice, 12 variants are produced [ffrench-Constant, 1995;Kornblihtt et al., 1996]. Alternative splicing of the FN gene is important in the context of wound repair [START_REF] Ffrench-Constant | Reappearance of an embryonic pattern of fibronectin splicing during wound healing in the adult rat[END_REF][START_REF] Brown | Macrophages and fibroblasts express embryonic fibronectins during cutaneous wound healing[END_REF]. In situ hybridization studies on healing wounds in adult rat skin revealed that wounding induces FN mRNA expression both directly beneath the wounded area and in adjacent dermal tissue. This increased level of FN mRNA was evident within 1 d after wounding, with the highest levels seen at the fourth and seventh day. The splicing pattern of FN mRNA in the wound bed differs from that in normal skin. Cells at the base and edges of the wound expressed mRNA that included both of the alternatively spliced EDA and EDB regions; in contrast, mRNA expression in adjacent dermis and muscle showed the same splicing pattern as that seen in normal skin; that is without the spliced segments EDA and EDB. [START_REF] Ffrench-Constant | Reappearance of an embryonic pattern of fibronectin splicing during wound healing in the adult rat[END_REF]. Macrophages were found as the first cells to express increased amounts of FN mRNA as early as 2 days after injury; some of these macrophage FN mRNAs contain the EDA and EDB domains [131, Gratchev et al., 2001]. Besides, at a late (7-day) interval after wounding, granulation tissue fibroblasts assumed the role of expressing FNs with and without the EDA and EDB fragments [START_REF] Brown | Macrophages and fibroblasts express embryonic fibronectins during cutaneous wound healing[END_REF]. Additional studies revealed that, during their migration in human wounds, keratinocytes deposit EDA FN underneath the leading epithelial tongue, while both the EDA and EDB FN isoforms are found in the granulation tissue (Fig. 3) [START_REF] Larjava | keratinocyte interactions with fibronectin during wound healing[END_REF][START_REF] Singh | The spatial and temporal expression patterns of integrin alpha9beta1 and one of its ligands, the EIIIA segment of fibronectin, in cutaneous wound healing[END_REF]. In vitro, cultured keratinocytes leave behind trails of EDA FN that correlate with their migration [START_REF] Larjava | keratinocyte interactions with fibronectin during wound healing[END_REF]. Transgenic mice lacking the EDA exon in FN displayed majors defects in reepithelialization during the late phase of wound healing (day 5-7), consistent with the fact that in the first days after wounding, deposited FN is mainly derived from plasma [START_REF] Muro | Regulated splicing of fibronectin EDA exon is essential for proper skin wound Healing and normal lifespan[END_REF]. In addition to the epidermal ulceration, the granulation tissue displayed edematous regions causing abnormal healing of the wounds. Although no defects were seen in the healing of wounds in mice lacking the EDB segment, in vitro studies revealed reduced growth of fibroblasts and defaults in FN matrix assembly [START_REF] Fukuda | Mice lacking the edb segment of fibronectin develop normally but exhibit reduced cell growth and fibronectin matrix assembly in vitro[END_REF]. These data suggest that the EDA and EDB domains may have distinct functions.

The N-terminal portion of FN contains a self-assembly domain that allows individual FN dimers to come together in a process termed fibrillogenesis that results in the assembly of a three-dimensional (3D) matrix [START_REF] Schwarzbauer | Identification of the fibronectin sequences required for assembly of a fibrillar matrix[END_REF]. In contrast to collagen self-assembly, FN fibrillogenesis is a non-spontaneous cell-mediated process [START_REF] Singh | Assembly of fibronectin extracellular matrix[END_REF]. FN is secreted in a compact conformation and must be engaged by cell-surface integrins, most notably by  integrin, in order to reveal the cryptic self-association domains needed to form a definitive 3D matrix [START_REF] Schwarzbauer | Fibronectin fibrillogenesis: a paradigm for extracellular matrix assembly[END_REF]. FN polymerization is a critical regulator of ECM organization and stability. It is essential for the deposition and retention of collagen-I and thrombospondin (TSP) 1 within the ECM and regulates the turnover and endocytosis of collagen I, which stabilizes collagen I matrix fibrils in the granulation tissue [START_REF] Sottile | Fibronectin polymerization regulates the composition and stability of extracellular matrix fibrils and cell-matrix adhesions[END_REF][START_REF] Shi | Collagen I matrix turnover is regulated by fibronectin polymerization[END_REF].

Interestingly, a macrophages sub-population appears to participate in collagen endocytosis and degradation [Madsen et al., 2013].

Along with FN, the ECM is made up of collagens, proteoglycans, LMs, TSP 1 and tenascin.

Collagen

Dermal reconstitution begins approximately 3 to 5 days after injury, characterized by granulation tissue formation, which includes new blood vessel formation and the accumulation of fibroblasts. As dermal fibroblasts begin to migrate into the wound site, fibrillar collagen production gradually increases and the resulting collagen matrix will ultimately replaces the provisional fibrin matrix [START_REF] Raghow | The role of extracellular matrix in postinflammatory wound healing and fibrosis[END_REF]. Collagen constitutes more than 50% of the protein in scar tissue, and its production is essential to the healing process [Nimmi, 1974]. In the initial steps, collagen III and fibronectin are deposited and later on, collagen III is gradually replaced by collagen I of which deposition was observed at day 7 [57;[START_REF] Grinnell | Distribution of fibronectin during wound healing in vivo[END_REF]Kurkinen et al., 1980;Mäkelä and Vuorio, 1986;Ignotz and Massague, 1986). This was confirmed by in situ hybridization that revealed type I collagen mRNA in the upper layer of granulation tissue by days 6-13 after wounding [Scharffetter et al., 1989]. In early granulation tissue type III collagen is high (30%), whereas in the mature scar its expression goes back to that in intact dermis (10%) [Ehrlich and Krummel, 1996]. Despite that the migration tongue might have already significantly progressed before apparition of collagen I in granulation tissues, a number of studies have suggested a potential role for collagen I in re-epithelialization. A study reported that keratinocytes need to be activated by collagen I integrins before migration occurs [START_REF] Guo | Activation of human keratinocyte migration on type I collagen and fibronectin[END_REF], and another one revealed that keratinocytes that are in direct contact with collagen I begin to increase their production of collagenase [START_REF] Petersen | Enhanced synthesis of collagenase by human keratinocytes cultured on type I or type IV collagen[END_REF]. Ligation of integrin α2β1 to dermal matrix collagen I stimulates the expression and catalytic activity of MMP-1 in keratinocytes, thus facilitating directional keratinocyte migration over the dermal matrix [START_REF] Pilcher | The activity of collagenase-1 is required for keratinocyte migration on a type I collagen matrix[END_REF]. MMP-1 is present in human cutaneous wounds during reepithelialization but is no longer expressed when wound closure is complete [START_REF] Saarialho-Kere | Cell-matrix interactions modulate interstitial collagenase expression by human keratinocytes actively involved in wound healing[END_REF].

Examination of healing wounds and a variety of chronic ulcers shows that MMP-1 is expressed by leading edge keratinocytes, but the surrounding epidermis shows decreased MMP-1 expression [START_REF] Saarialho-Kere | Cell-matrix interactions modulate interstitial collagenase expression by human keratinocytes actively involved in wound healing[END_REF][START_REF] Saarialho-Kere | Interstitial collagenase is expressed by keratinocytes which are actively involved in re-epithelialization in blistering skin diseases[END_REF]. The involvement of collagen I as a major substrate for keratinocyte migration during epithelialization was suggested by a study showing its capacity to promote keratinocyte migration in vitro [Woodley et al., 1988] and reinforced by findings reporting that fibrinogen, its derivatives, and the FN/fibrin complex are anti-adhesive for keratinocytes. This study suggested that keratinocytes do not invade the fibrin-rich clot in vivo but rather migrate on a pathway between the fibrin clot and the collagen-rich viable dermis, using dermal collagen I as a substrate for their migration (Fig. 3) [START_REF] Clark | Wound repair: overview and general considerations[END_REF][START_REF] Kubo | Fibrinogen and fibrin are anti-adhesive for keratinocytes: a mechanism for fibrin eschar slough during wound repair[END_REF]. Therefore additional studies are needed to elucidate whether collagen I impacts epidermal closure and how. Suprisingly, a recent study challenged the recognition of fibrillar collagens by collagen-binding integrins Recent studies have revealed that other collagens may play roles in the repair process by directly or indirectly influencing the re-epithelialization process. An early analysis of collagen VII expression did not support its potential involvement in skin epithelialization [START_REF] Larjava | Expression of integrins and basement membrane components by wound keratinocytes[END_REF]; however, more recent studies of genetic recessive dystrophic epidermolysis bullosa (RDEB) disorders revealed that the loss of collagen VII results in delayed reepithelialization by altering keratinocyte migration that is associated with the irregular deposition of LM 332. Moreover, the absence of collagen VII in skin delays fibroblast migration and granulation tissue formation [START_REF] Nyström | Collagen VII plays a dual role in wound healing[END_REF]. These findings reinforce previous studies that showed that collagen VII plays a role in keratinocyte migration [START_REF] Woodley | Characterization of molecular mechanisms underlying mutations in dystrophic epidermolysis bullosa using site-directed mutagenesis[END_REF].

Besides, collagen VII was found in the provisional ECM under the epidermal tongue [START_REF] Nyström | Collagen VII plays a dual role in wound healing[END_REF]. The topical application of recombinant collagen VII to full-thickness wounds in a murine wound healing model revealed that collagen VII stably incorporated into the DEJ and accelerated wound closure by increasing re-epithelialization and decreasing scaring and pro-fibrotic markers [START_REF] Wang | Topical application of recombinant type VII collagen incorporates into the dermalepidermal junction and promotes wound closure[END_REF]. Applying collagen VII onto collagen VII-null skin grafted onto athymic nude mice corrected the poor dermal epidermal adherence and anchoring fibrils defects [START_REF] Wang | Topical application of recombinant type VII collagen incorporates into the dermalepidermal junction and promotes wound closure[END_REF]. Collagen IV is not highly deposited in the provisional matrix under migrating keratinocytes in vivo. Immunohistochemical analysis of human skin wounds reveals its expression in BM fragments as early as four days after wounding. After 8 to 21 days, collagen IV is detected in newly formed BM [Betz et al., 1992;[START_REF] Larjava | Expression of integrins and basement membrane components by wound keratinocytes[END_REF] confirming its role in BM assembly and stabilization.

Transmembrane collagen XVII, also known as the hemidesmosomal component Bullous Pemphogoid Antigen (BPA) 180, was found to play a role in keratinocyte adhesion to collagen IV and migration in vitro [START_REF] Qiao | Collagen XVII participates in keratinocyte adhesion to collagen IV, and in p38MAPKdependent migration and cell signaling[END_REF]. Further, its increased expression and the shedding of its collagenous ectodomain in acute skin wounds suggested that it might play a role in keratinocyte motility and proliferation [START_REF] Jacków | Generation of a functional non-shedding collagen xvii mouse model: relevance of collagen XVII shedding in wound healing[END_REF]. Analysis of wound closure in mice that expressed a functional non-shedding collagen XVII revealed that collagen XVII ectodomain shedding is a highly dynamic modulator of in vivo proliferation and motility in activated keratinocytes during epidermal regeneration [START_REF] Jacków | Generation of a functional non-shedding collagen xvii mouse model: relevance of collagen XVII shedding in wound healing[END_REF][START_REF] Jacków | Collagen XVII shedding suppresses re-epithelialization by directing keratinocyte migration and dampening mtor signaling[END_REF]. Further analysis revealed a role for collagen XVII in keratinocyte adhesion and directional motility through integrin-dependent PI3K activation and through stabilization of the lamellipodia at the leading edge of re-epithelializing wounds [START_REF] Löffek | Transmembrane collagen XVII modulates integrin dependent keratinocyte migration via PI3K/Rac1 signaling[END_REF]. The heparan sulphate proteoglycan (HSPG) collagen XVIII is also suspected to play a role in wound healing. Genetically modified mice that lack collagen XVIII displayed accelerated wound healing [START_REF] Seppinen | Lack of collagen XVIII accelerates cutaneous wound healing, while overexpression of its endostatin domain leads to delayed healing[END_REF]. In these mice, the vascularization rate of the wound bed was accelerated and the myofibroblast density was increased, suggesting that the accelerated healing was due to changes in wound contraction. Conversely, the healing of the wounds was delayed in mice overexpressing endostatin in skin, displaying abnormalities in epidermal and endothelial BMs but without significant effect on angiogenesis [START_REF] Seppinen | Lack of collagen XVIII accelerates cutaneous wound healing, while overexpression of its endostatin domain leads to delayed healing[END_REF]. On the other hand, the use of endostatin in a rabbit ear hypertrophic scar model reduced the size of scars possibly through reduction of vascularization and angiogenesis [START_REF] Ren | Endostatin inhibits hypertrophic scarring in a rabbit ear model[END_REF].

Laminin

All LMs are composed of three different gene products, termed the α, β, and γ chains, that are assembled into an heterotrimer, αβγ. LM α chains have a large LM globule (LG) at the carboxyl-terminal end that consists of five structurally similar domains (LG1 to LG5) that each contains about 200 residues (Fig. 2B) [START_REF] Aumailley | A simplified laminin nomenclature[END_REF]. The major LM isoforms that are expressed in the DEJ, LM 332 (formerly called kalinin, epiligrin and nicein [START_REF] Aumailley | A simplified laminin nomenclature[END_REF]), LM 511 and LM 521, appear to be involved in wound repair (Fig. 2B,C). Increased LM 332 expression is one of the earliest events in wound epithelialization, and LM 332 is expressed in epidermal keratinocytes within hours of injury. LM 332 appears to be the first BM component laid down onto the wound bed, as its expression precedes that of all other ECM components (Fig. 3) [START_REF] Ryan | Cloning of the LamA3 gene encoding the alpha 3 chain of the adhesive ligand epiligrin. Expression in wound repair[END_REF][START_REF] Ryan | Targeted disruption of the LAMA3 gene in mice reveals abnormalities in survival and late stage differentiation of epithelial cells[END_REF][START_REF] Kurpakus | Analysis of wound healing in an in vitro model: early appearance of laminin and a 125x10 3 Mr polypeptide during adhesion complex formation[END_REF][START_REF] Nguyen | Deposition of laminin 5 by keratinocytes regulates integrin adhesion and signaling[END_REF][START_REF] Laplante | Mechanisms of wound reepithelialization: hints from a tissue-engineered reconstructed skin to longstanding questions[END_REF]. In uninjured skin, LM 332 is synthesized by keratinocytes as a 460-kDa high molecular weight precursor protein.

After secretion and deposition into the ECM, the α3 and γ2 chains undergo maturation events consisting of loss of the 2 globular LG45 domains at the C-terminus of the α3 chain and loss of a 50-kDa fragment at the N-terminus of the γ2 chain (Fig. 2B) [START_REF] Rousselle | Laminin 332 processing impacts cellular behavior[END_REF].

These physiological post-translational processing events appear to allow the stable integration of LM 332 into the BM [Tunggal et al., 2002;Aumailley et al., 2003]. Mature LM 332 is the major component of anchoring filaments in skin [START_REF] Rousselle | Kalinin: an epitheliumspecific basement membrane adhesion molecule that is a component of anchoring filaments[END_REF] where it mediates cell adhesion via interaction of the α3 carboxyl-terminal LG1-3 triplet domain with both α3β1 and α6β4 integrins [START_REF] Carter | Epiligrin, a new cell adhesion ligand for integrin α3β1 in epithelial basement membranes[END_REF][START_REF] Sonnenberg | Formation of hemidesmosomes in cells of a transformed murine mammary tumor cell line and mechanisms involved in adherence of these cells to laminin and kalinin[END_REF][START_REF] Rousselle | Kalinin is more efficient than laminin in promoting adhesion of primary keratinocytes and some other epithelial cells and has a different requirement for integrin receptors[END_REF][START_REF] Mizushima | Identification of integrin-dependent and -independent cell adhesion domains in COOH-terminal globular region of laminin-5 α3 chain[END_REF], while the N-terminal short arms connect to BM components. In vivo, epidermal injury activates the transcription and deposition of LM 332 into the provisional matrix by the leading keratinocytes in the process of epidermal outgrowth and migration at the wound edge [START_REF] Ryan | Cloning of the LamA3 gene encoding the alpha 3 chain of the adhesive ligand epiligrin. Expression in wound repair[END_REF][START_REF] Kainulainen | Laminin-5 expression is independent of the injury and the microenvironment during reepithelialization of wounds[END_REF][START_REF] Lampe | Cellular interaction of integrin alpha3beta1 with laminin 5 promotes gap junctional communication[END_REF]. Precursor LM 332 is found in this provisional matrix, but it is absent from mature BMs [START_REF] Lampe | Cellular interaction of integrin alpha3beta1 with laminin 5 promotes gap junctional communication[END_REF][START_REF] Goldfinger | The α3 laminin subunit, α6β4 and α3β1 integrin coordinately regulate wound healing in cultured epithelial cells and in the skin[END_REF].

Keratinocytes leave behind trails of precursor LM 332 while migrating on collagen I [START_REF] Nguyen | Deposition of laminin 5 by keratinocytes regulates integrin adhesion and signaling[END_REF] or after stimulation by TGFß1 [START_REF] Decline | Keratinocyte migration requires α2β1 integrin-mediated interaction with the laminin 5 γ2 chain[END_REF]. Because LM 332 with a full-length α3 chain is found in epidermal repair [START_REF] Ryan | Targeted disruption of the LAMA3 gene in mice reveals abnormalities in survival and late stage differentiation of epithelial cells[END_REF][START_REF] Hintermann | Epithelial cell motility on laminin-5: regulation by matrix assembly, proteolysis, integrins and erbB receptors[END_REF][START_REF] Frank | Laminin 5 deposition regulates keratinocyte polarization and persistent migration[END_REF], it was assumed that the LG45 domains also play a role. Indeed, a function for LG45 in the deposition of LM 332 in the ECM was hypothesized [START_REF] Rousselle | Laminin 332 processing impacts cellular behavior[END_REF][START_REF] Sigle | Globular domains 4/5 of the laminin α3 chain mediate deposition of precursor laminin 5[END_REF], as was a direct function in keratinocyte adhesion and migration [START_REF] Frank | Laminin 5 deposition regulates keratinocyte polarization and persistent migration[END_REF][START_REF] Goldfinger | Processing of laminin-5 and its functional consequences: role of plasmin and tissue-type plasminogen activator[END_REF][START_REF] Okamoto | Normal human keratinocytes bind to the α3LG4/5 domain of unprocessed laminin-5 through the receptor syndecan-1[END_REF].

Syndecan-1 and -4 have been identified as cellular receptors for the LG45 domains [START_REF] Utani | Laminin α3 LG4 module induces matrix metalloproteinase-1 through mitogen-activated protein kinase signalling[END_REF][START_REF] Carulli | Cell surface proteoglycans syndecan-1 and -4 bind overlapping but distinct sites in laminin α3 LG45 protein domain[END_REF], supporting the idea that keratinocytes migrate by forming actin-based cellular protrusions [START_REF] Sulka | Tyrosine dephosphorylation of the syndecan-1 PDZ binding domain regulates syntenin-1 recruitment[END_REF] or by activating MMP-1 [START_REF] Utani | Laminin α3 LG4 module induces matrix metalloproteinase-1 through mitogen-activated protein kinase signalling[END_REF]. It has been shown that the expression and processing of the LG45 module is enhanced in keratinocytes after infection and in chronic wounds and that the level of expression and further processing correlate with the speed of wound healing [START_REF] Senyürek | Processing of laminin α chains generates peptides involved in wound healing and host defense[END_REF]. Furthermore, LG45-derived peptides have antimicrobial activity and chemotactic activity in mononuclear cells, suggesting that

LG45 may also participate in host defense. The full-length γ2 chain is also an important regulator of keratinocyte migration during wound repair [START_REF] Decline | Keratinocyte migration requires α2β1 integrin-mediated interaction with the laminin 5 γ2 chain[END_REF][START_REF] Natarajan | Coexpression of p16(INK4A) and laminin 5 gamma2 by microinvasive and superficial squamous cell carcinomas in vivo and by migrating wound and senescent keratinocytes in culture[END_REF][START_REF] Natarajan | A keratinocyte hypermotility/growth-arrest response involving laminin 5 and p16INK4a activated in wound healing and senescence[END_REF], and it is hypothesized to be involved in LM 332 incorporation during BM assembly [START_REF] Gagnoux-Palacios | The short arm of the laminin gamma2 chain plays a pivotal role in the incorporation of laminin 5 into the extracellular matrix and in cell adhesion[END_REF]. The α3β1 integrin was identified as an important mediator of LMγ2 processing, both in vivo during wound healing and in cultured keratinocytes (Longmate et al., 2014) through the upregulation of the mTLD/BMP-1 metalloproteases [START_REF] Longmate | Opposing roles of epidermal integrins α3β1 and α9β1 in regulation of mTLD/BMP-1-mediated laminin-γ2 processing during wound healing[END_REF]. In contrast, the α9β1 integrin plays a role in the inhibition of LMγ2 processing by antagonizing α3β1dependent mTLD/BMP-1 expression during re-epithelialization [START_REF] Longmate | Opposing roles of epidermal integrins α3β1 and α9β1 in regulation of mTLD/BMP-1-mediated laminin-γ2 processing during wound healing[END_REF]. Studies of wound healing in conditional knockdown of the BMP-1/tolloid-like proteinases (BTPs) activity in mice, revealed delays in re-epithelialization and dramatic reduction in ECM deposition [Muir et al., 2016]. Incomplete processing of precursor ECM proteins, including that of the LMγ2, is most likely involved in this mechanism [Muir et al., 2016].

LM 511 and LM 521 may also contribute to epidermal regeneration. Although they were described as potent keratinocyte adhesion substrates with the capacity to induce proliferation and migration in vitro [START_REF] Pouliot | Laminin 10/11: an alternative adhesive ligand for epidermal keratinocytes with a functional role in promoting proliferation and migration[END_REF], they were not found under migrating keratinocytes [102, Has and Nyström, 2015] and their expression and deposition in the maturing BM increase after re-epithelialization is complete [START_REF] Nyström | Collagen VII plays a dual role in wound healing[END_REF][START_REF] Botta | Confluence switch signaling regulates ECM composition and plasmin proteolytic cascade in keratinocytes[END_REF]. Their expression was found to correlate with the increased ability of keratinocytes to regenerate intact epithelium and detachment from LN-10/11 in the BM is likely to be a key factor in promoting keratinocyte differentiation [START_REF] Li | Extensive tissue-regenerative capacity of neonatal human keratinocyte stem cells and their progeny[END_REF]. Laminin 511 is an abundant isoform both at interfollicular sites and surrounding hair follicles that is synthesized by basal keratinocytes [Sorokin et al., 1997]. In a regenerative context, LM 511 was described as also produced by dermal pericytes located adjacent to the proliferative basal layer of the skin's epidermis [START_REF] Paquet-Fifield | A role for pericytes as microenvironmental regulators of human skin tissue regeneration[END_REF]. Recent data from keratinocyte specific LM  KO suggest that LM a5 is inhibitory of keratinocyte proliferation and migration through the control of epidermal and dermal growth factor expression [Wegner et al., 2016].

Perlecan

Perlecan has a structural bridging function and assemble the major constituents of the BM, collagen IV, LMs, and nidogen/entactin [Timpl and Brown, 1996;103] within molecular suprastructures therefore creating molecular bridges that are compatible with cellular interactions [START_REF] Yurchenco | Integrating activities of laminins that drive basement membrane assembly and function[END_REF]. Perlecan is the major proteoglycan component of BMs et al., 2009). A study reported that the BM HSPG perlecan deposition in the ECM of confluent keratinocytes strengthens cell adhesion and inhibits keratinocyte motility [START_REF] Botta | Confluence switch signaling regulates ECM composition and plasmin proteolytic cascade in keratinocytes[END_REF]. Furthermore, perlecan co-localizes with LM 332 at the wound margin of full thickness wounds in mice and concentrates where BM matures to stabilize keratinocyte adhesion (Fig. 3). This finding suggests the proximity of these two components during BM remodeling [START_REF] Botta | Confluence switch signaling regulates ECM composition and plasmin proteolytic cascade in keratinocytes[END_REF][START_REF] Yurchenco | Integrating activities of laminins that drive basement membrane assembly and function[END_REF]. Wound healing studies in perlecan heparan sulfate (HS)-deficient revealed significantly delayed wound healing due to reduced granulation tissue formation and decreased vascular density without affecting epidermal closure (Zou et al., 2004). In line with its potential involvement of in the late phases of epidermal regeneration, it was shown to play a role in keratinocyte survival and terminal differentiation [Sher et al., 2006]. A recent study also revealed its potential to influence keratin 15 expression in keratinocytes [START_REF] Santos | Perlecan expression influences the keratin 15-positive cell population fate in the epidermis of aging skin[END_REF], suggesting that it may influence keratinocytes stemness during wound repair.

Nidogens

The BM isoforms nidogens 1 and 2 bind to several BM-associated proteins and have been described as connecting elements between the LM and collagen IV networks thereby facilitating BM formation and stabilization (Aumailley et al., 1993;Fox et al., 1991;Kohfeldt et al., 1998). The analysis of mice lacking both isoforms, that die shortly after birth from numerous tissues abnormalities related to defects in BM assembly (Bader et al., 2005), revealed that skin displayed an ultrastructurally normal BM (Mokkapati et al., 2008) demonstrating that in vivo some BMs can still form without nidogen. A role of non-structural nature was proposed for nidogen 1 in skin wound repair (Baranowsky et al., 2010). Wound healing studies in nidogen 1 deficient mice revealed no defects in re-epithelialization but deficiency in the newly formed epidermis that showed marked hyperproliferation and delayed differentiation with an altered deposition of LM containing  chain.

Matricellular proteins

Matricellular proteins are multi-domain extracellular proteins. They do not appear to play structural roles in tissues. Rather, they are involved in a wide variety of cellular processes and are also able to influence cell behavior associated with wound healing.

Many matricellular proteins show increased expression in response to injury, including TSP1 and TSP2, osteopontin (OPN), tenascin C, and SPARC [START_REF] Bornstein | Matricellular proteins: Extracellular modulators of cell function[END_REF].

Thrombospondin

TSP1 and TSP2 are matricellular proteins; as such, they are released and/or secreted following tissue injury and exert their cellular effects by associating with the ECM. While TSP1 and 2 are produced by fibroblasts, TSP1 is also a major component of platelet α-granules and is found in the circulation. TSP1 and TSP2 appear to play distinct, nonoverlapping roles in the healing of skin wounds. Although TSP1 and TSP2 are dispensable for developmental angiogenesis, they are critical for proper tissue repair, both directly through their interactions with cell receptors and/or indirectly by modulation of the levels or bioavailability of effector molecules, including growth factors and MMPs [START_REF] Kyriakides | The role of thrombospondins in wound healing, ischemia, and the foreign body reaction[END_REF]. In addition, TSP1 has been shown to be involved in the activation of latent TGF-β 1 [Murphy-Ullrich & Poczatek, 2000] and is considered as a major in vivo activator of TGF-β1 as TSP1-null mice revealed suppressed active TGF-β1 levels [Crawford et al., 1998]. The spatial and temporal expression of TSP1 and TSP2 are distinct in dermal wound healing [START_REF] Agah | The lack of thrombospondin-1 (TSP1) dictates the course of wound healing in double-TSP1/TSP2-null mice[END_REF][START_REF] Kyriakides | Accelerated wound healing in mice with a disruption of the thrombospondin 2 gene[END_REF]. TSP1 is induced early in wound healing, concomitant with thrombus formation, edema, and inflammation. TSP2 expression occurs after resolution of the inflammatory phase and during granulation tissue remodeling. Wound healing studies in TSP1-null or knockdown mice indicate delayed repair that is characterized by loosely compacted and disorganized granulation tissue due to decreased levels of both total and active TGFß1 and delayed re-epithelialization [START_REF] Agah | The lack of thrombospondin-1 (TSP1) dictates the course of wound healing in double-TSP1/TSP2-null mice[END_REF][START_REF] Dipietro | Thrombospondin 1 synthesis and function in wound repair[END_REF]. Full thickness wounds in TSP2-null animals heal at an accelerated rate compared to WT mice and show alterations in the remodeling phase of healing [START_REF] Kyriakides | Altered extracellular matrix remodeling and angiogenesis in sponge granulomas of thrombospondin 2-null mice[END_REF].

Complete re-epithelialization of full thickness excisional wounds occurs earlier than in WT mice, and the epithelial layer is thicker. Further, granulation tissue at the wound site is disorganized: the morphology of collagen fibers is altered as is FN distribution; these effects are most likely secondary to increased MMP-2 and MMP-9 expression [START_REF] Maclauchlan | Enhanced angiogenesis and reduced contraction in thrombospondin-2-null wounds is associated with increased levels of matrix metalloproteinases-2 and -9, and soluble VEGF[END_REF].

Osteopontin

OPN is a phosphorylated acidic glycoprotein [START_REF] Senger | Transformed mammalian cells secrete specific proteins and phosphoproteins[END_REF] that acts as a secreted chemokinelike protein and as part of an intracellular signaling complex, depending on the cellular context. A number of studies have reported elevated OPN expression in fibrosis, supporting the idea that OPN may contribute to inflammation-associated fibrosis. Even though OPN is needed for proper wound healing, it leads to fibrosis and excess scar formation if it persists for too long or in too high a concentration. OPN acts as a cytokine that is a chemoattractant for fibroblasts, and it appears to be necessary for fibroblast deposition of ECM components and collagen (Fig. 3) [START_REF] Buback | Osteopontin and the skin: multiple emerging roles in cutaneous biology and pathology[END_REF]. There are changes in the matrix architecture and in collagen fibril formation in the deep layers of wounds in OPNdeficient mice, indicating that OPN is involved in matrix reorganization [START_REF] Liaw | Altered wound healing in mice lacking a functional osteopontin gene (spp1)[END_REF]. One study reported faster re-epithelialization and decreased granulation tissue/scar formation in the healing of skin wounds of mice with acute local knockdown of OPN [START_REF] Mori | Molecular mechanisms linking wound inflammation and fibrosis: knockdown of osteopontin leads to rapid repair and reduced scarring[END_REF].

Macrophage-derived platelet derived growth factor (PDGF)-BB appears to be responsible for inflammation-induced OPN expression in wound fibroblasts, indicating that inflammation-triggered expression of OPN both hinders the rate of reepithelialization and contributes to wound fibrosis.

Tenascin-C

Tenascin-C is a large hexameric extracellular glycoprotein. The founding member of a family of four tenascins, it is unique in its distinct pattern of expression. Little or no tenascin-C is detected in healthy adult tissues. Tenascin-C has many extracellular binding partners, including matrix components, soluble factors; it also influences cell phenotype directly through interactions with cell surface receptors. Upon tissue damage, tenascin-C plays a multitude of different roles that mediate both inflammatory and fibrotic processes to enable effective tissue repair [Midwood and Orend, 2009].

Tenascin-C mRNA and protein expression is induced rapidly upon skin injury [START_REF] Betz | Localization of tenascin in human skin wounds-an immunohistochemical study[END_REF][START_REF] Latijnhouwers | Tenascin expression during wound healing in human skin[END_REF][START_REF] Midwood | Tenascin-C at a glance[END_REF]. De novo expression of tenascin-C is a hallmark of inflammation, and a number of cytokines were shown to induce the gene (Chiquet-Ehrismann and Chiquet, 2003).

It is expressed in areas of increased immune cell infiltration during the acute inflammation phase and it co-localizes with polymorphonuclear lymphocytes in the inflamed human dermis (Seyger et al., 1997). A role for tenascin-C in stimulating lymphocyte migration and activation was suggested [START_REF] Clark | Wound repair. Lessons for tissue engineering[END_REF], Nakahara et al. 2006). Tenascin-C was also shown to stimulates the production of pro-inflammatory cytokines TNFα, IL-6 and IL-8 in primary human macrophages and synovial fibroblasts, via activation of Toll-like receptor 4 mediated signaling pathways (Midwood et al. 2009).

In addition its expression is also observed within 24 h of injury underneath migrating and proliferating keratinocytes [START_REF] Betz | Localization of tenascin in human skin wounds-an immunohistochemical study[END_REF][START_REF] Mackie | Induction of tenascin in healing wounds[END_REF]. In situ hybridization demonstrates that keratinocytes are the major source of tenascin-C (Fig. 3) [START_REF] Latijnhouwers | Human epidermal keratinocytes are a source of tenascin-C during wound healing[END_REF], suggesting that tenascin-C may help promote the proliferation and migration of epithelial cells.

Tenascin-C is increased in the wound edges of the dermis associated with activated fibroblasts and extends throughout the dermis. High levels are also found in the new granulation tissue [START_REF] Betz | Localization of tenascin in human skin wounds-an immunohistochemical study[END_REF][START_REF] Latijnhouwers | Tenascin expression during wound healing in human skin[END_REF][START_REF] Mackie | Induction of tenascin in healing wounds[END_REF][START_REF] Fassler | Differential regulation of fibulin, tenascin-C, and nidogen expression during wound healing of normal and glucocorticoid-treated mice[END_REF], suggesting a role for tenascin-C in and promoting fibroblasts migration and tissue rebuilding during wound healing. Tenascin-C expression is not detected after wound repair is complete; indeed, tenascin-C levels return to normal after wound contraction, and the protein is not present in scar tissue [START_REF] Betz | Localization of tenascin in human skin wounds-an immunohistochemical study[END_REF][START_REF] Mackie | Induction of tenascin in healing wounds[END_REF][START_REF] Fassler | Differential regulation of fibulin, tenascin-C, and nidogen expression during wound healing of normal and glucocorticoid-treated mice[END_REF]. Its persistent expression is concomitant with chronic inflammation and it is persistently upregulated in fibrotic disease, including keloids and photo-damaged skin [Dalkowski et al, 1999;Filsel et al., 1999]. SPARC SPARC (secreted protein acidic and rich in cysteine), also known as BM-40 and osteonectin, is a 32-kDa calcium-binding glycoprotein that is secreted by various cells, including fibroblasts, endothelial cells, and platelets [START_REF] Bradshaw | SPARC, a matricellular protein that functions in cellular differentiation and tissue response to injury[END_REF]. Although SPARC is expressed in both the dermis and epidermis of uninjured skin, its expression increases during wound healing early after injury and reaches the highest level later during remodeling of the dermal ECM [START_REF] Reed | Differential expression of SPARC and thrombospondin 1 in wound repair: immunolocalization and in situ hybridization[END_REF][START_REF] Hunzelman | BM-40 (osteonectin, SPARC) is expressed both in the epidermal and in the dermal compartment of adult skin[END_REF]. Interestingly, SPARC-null mice display accelerated cutaneous wound closure [START_REF] Bradshaw | SPARC-null mice exhibit accelerated cutaneous wound closure[END_REF], which could be due to the reduced collagen content of the SPARC-null dermis, which appears to render the skin intrinsically more susceptible to cell contraction. In addition to modulating the activity of a number of growth factors and ECM, SPARC may also influence MMP expression by several types of cells that participate in wound healing.

Proteoglycans and glycosaminoglycans (GAGs)

The involvement of proteoglycans and GAGs in wound healing is important as they play key roles in both fibrotic and regenerative wound healing. Their influence has mainly been described in the dermal repair processes, scar formation and fate [Tracy et al., 2016].

Final considerations

Several ECM proteins play roles in wound re-epithelialization, either via direct contact with keratinocytes or indirectly by affecting the granulation tissue. The quality of the granulation tissue, as well as its sequentially modified composition and structure, clearly influence the speed of epithelialization and the properties of the newly produced epidermis. While disorganized or excessive granulation tissue correlates with delayed re-epithelialization, decreased granulation tissue formation and/or enhanced contraction speeds re-epithelialization. In adult mammals, inflammatory cells such as macrophages start the process by providing growth factors, chemokines, cytokines and ECM proteins that activate the proliferation phase; this phase is beneficial and necessary for the timely repair of injured skin. Macrophages also source of ECM proteins and express high levels of proteases that can contribute to the cleavage and remodeling of ECM [Murray and Wynn, 2011]. Concomitantly, these early inflammatory signals appear to influence fibrosis and scar formation [START_REF] Röhl | The role of inflammation in cutaneous repair[END_REF]. Interestingly, studies have revealed that wounds in the epidermis of zebrafish and mammalian embryos close via similar principles [START_REF] Redd | Wound healing and inflammation: embryos reveal the way to perfect repair[END_REF]. In these systems, wounds are re-epithelialized extremely rapidly and independently of inflammation and the ECM proteins supplied by the blood clot or granulation tissue [START_REF] Richardson | Adult zebrafish as a model system for cutaneous woundhealing research[END_REF]. This might be due to a predominant impact of tissueautonomous extension movements within the re-epithelializing epidermis, a process that is likely to also occur in wounds of mammalian embryos (Caddy et al., 2010). In adult zebra fish, keratinocytes repopulate the wounds via TGF-β-dependent and integrin-dependent lamellipodial crawling at the leading edges of the epidermal tongue, thereby leading to epidermal closure that is independent of keratinocyte proliferation [START_REF] Richardson | Re-epithelialization of cutaneous wounds in adult zebrafish combines mechanisms of wound closure in embryonic and adult mammals[END_REF]. This process resembles primary healing in adult mammals in small or acute wounds where wound edges approximate. The actions of myofibroblasts are minimized, and regeneration of the epidermis is optimal, since epidermal cells need to migrate only a minimal distance. Future research will undoubtedly clarify which inflammatory cues and which ECM proteins (either produced by the keratinocytes themselves or present within the granulation tissue) are central to efficient re-epithelialization in adult mammals. This will identify putative targets for innovative therapeutic strategies that favor wound closure in clinical situations in which healing is delayed or prevented. 

[

  Waltersdorf et al., 2017]. Collagen V was, in turn, proposed as implicated in the dermal wound healing response by modulating fibroblast behavior and tissue contraction (Berendsen et al., 2006). The classical Elhers-Danlos syndrome, caused by collagen V gene mutations, displays skin fragility and abnormal wound healing (Martin, 2012). Additional studies in mice revealed that reduced collagen V expression (Wenstrup et al., 2006) is associated with decreased fibroblast proliferation, migration and reduced attachment to the ECM (De Nigris et al., 2016). The presence of non-fibrillar collagen type VI has also been demonstrated in granulation tissue. It is deposited during the early stages of wound healing and its synthesis increases in parallel with type I collagen reaching a peak about 8 days postwounding [Betz et al., 1993; Oono et al., 1993). A recent study has demonstrated that type VI collagen is a key regulator of dermal matrix assembly and composition and that it influences fibroblasts behavior (Theocharidis et al., 2016). Interestingly, macrophages were shown to produce collagen VI to modulate their own binding properties (Schnoor et al., 2008).

[

  Hassell et al., 1980; Paulsson et al., 1986] and as such acts as the reservoir for heparin-binding growth factors limiting their diffusion to act on cells on either side of the BM [Iozzo et al., 2009]. Perlecan's degradation during wound healing or tissue remodeling may act to quickly introduce necessary mitogens and trophic factors to begin regenerative processes. It can also instruct cells through direct interaction (Iozzo
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and type III modules are found in cell-binding domains [START_REF] To | Plasma and cellular fibronectin: distinct and independent functions during tissue repair[END_REF]. Three alternatively spliced regions include the extra domain-A (EDA) and EDB regions, both type III repeats, and a variable (V) region [START_REF] Schwarzbauer | Alternative splicing of fibronectin: three variants, three functions[END_REF]. Alternative splicing of the FN gene is important in the context of wound repair, since alternatively spliced forms are present in the matrix due to migrating keratinocytes as well as in the granulation tissue [START_REF] Larjava | keratinocyte interactions with fibronectin during wound healing[END_REF][START_REF] Ffrench-Constant | Reappearance of an embryonic pattern of fibronectin splicing during wound healing in the adult rat[END_REF][START_REF] Brown | Macrophages and fibroblasts express embryonic fibronectins during cutaneous wound healing[END_REF]