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Purpose of review:

This review intends to outline the novel findings on the effects of matricellular proteins in the development of organ fibrosis and present recent advances towards a potential usage of matricellular proteins as markers or targets of therapy for fibrotic diseases.

Recent findings:

Recent studies elucidated the sites of production of different matricellular proteins during fibrosis of several organs, their specific binding receptors and their effects on different cell types. For some proteins, a differential function between chronic disease and acute injury and a connection to regulation of inflammatory cell subtypes with relevance to fibrosis was established.

Summary: Matricellular proteins have evolved as important mediators in the progression of fibrosis. Several studies have already depicted their potential as biomarkers of the disease stage and evolution in patients, while the evaluation of their utility as therapeutic targets has been limited in animal models of fibrosis. This knowledge should guide future research on the development of drugs to treat fibrosis.

Introduction

Matricellular proteins were first described by the team of Paul Bornstein twenty years ago, in order to characterize a family of non-structural proteins secreted in the extracellular matrix (ECM). Some of the most well-known members of the family include CCNs, thrombospondins, osteopontin, periostin, secreted protein acidic and rich in cysteine (SPARC) and tenascins. These proteins are dynamically expressed by several cell types into the ECM, but they do not represent primary structural components of the matrix; instead, they mediate the interaction between cells and their surrounding microenvironment modulating cell function [START_REF] Bornstein | Matricellular proteins: an overview[END_REF][START_REF] Murphy-Ullrich | Revisiting the matricellular concept[END_REF].

Presently, matricellular proteins are well described to display certain distinct characteristics.

First, their expression is tightly regulated, being highly induced during development or under pathological conditions. Secondly, they are capable of interacting with a large variety of matrix proteins, cell-surface receptors and cytokines present in the ECM which accounts in large part for the complexity of their functions. Moreover, most of these proteins fail to support cell adhesion, while they induce an intermediate adhesive state characterized by formation of focal adhesions and stress fibers. Lastly, contrary to the initial anticipation, a targeted disruption of the genes of most matricellular proteins in the mouse presents only a subtle or no apparent phenotype [START_REF] Bornstein | Matricellular proteins: an overview[END_REF][START_REF] Murphy-Ullrich | Revisiting the matricellular concept[END_REF].

The key function of matricellular proteins to mediate communication and modulate the signaling between cells and their extracellular environment has introduced them as potentially crucial players in several pathophysiological conditions, such as embryogenesis, angiogenesis, cancer or chronic wound healing. This review will summarize the recent findings on matricellular proteins in the field of organ fibrosis by taking a closer look at each protein separately in different tissues and models of fibrosis. The advances towards a potential usage of matricellular proteins as therapeutic targets to treat fibrosis will also be discussed.

Wound healing and fibrotic diseases

Wound repair is a complex fundamental process that takes place in all mammalian tissues after exposure to an injurious stimulus. The normal response to injury comprises of three distinct but overlapping phases: inflammation, new tissue formation and remodeling. Initially, inflammatory pathways are activated and immune cells are recruited at the site of injury in order to prevent blood loss and infections or remove cell debris. In a second time, new tissue formation occurs characterized by re-epithelialization, angiogenesis and granulation tissue formation. At this stage, activated fibroblasts differentiate into myofibroblasts which proliferate and produce high amounts of ECM to support the repair of the damaged tissue. At the last phase, all unnecessary cells undergo apoptosis or exit the wound, while excess matrix is remodeled in the final step to restore the original tissue architecture. However, excessive ECM deposition may occur in case of chronic wound healing which leads to fibrosis, tissue degeneration and dysfunction. The multiple steps linking wound healing to fibrosis are illustrated in Figure 1. Fibrosis plays a major role in the pathology of chronic diseases in many organs; for example, in case of myocardial scar formation after infarction, fibrosis in the liver or the lung after viral infections or toxic injuries, or fibrosis in the kidney triggered by chronic occurrence of diabetes or hypertension [START_REF] Gurtner | Wound repair and regeneration[END_REF][START_REF] Jun | Taking aim at the extracellular matrix: CCN proteins as emerging therapeutic targets[END_REF]. Although these pathologies can impair tissue function and lead to death, there is still no available treatment targeting fibrosis.

Recent findings indicate that several matricellular proteins contribute to tissue remodeling by promoting or inhibiting fibrosis, and therefore may serve as intriguing novel targets of therapy against fibrotic diseases.

Matricellular proteins in fibrotic diseases

CCNs

CCN proteins comprise a family of six cysteine-rich homologous members that have been denominated CCN1-6 according to international nomenclature. The CCN acronym was introduced from the names of the first three members of the family that were identified: cysteine-rich 61 (CYR61/CCN1), connective tissue growth factor (CTGF/CCN2) and nephroblastoma overexpressed (NOV/CCN3). The last three members of the family were discovered as Wnt-inducible signaling pathway proteins (WISP) (4).

CCN2 is the most extensively studied member of the family which has been shown to function as a pro-fibrotic mediator in nearly every organ or tissue, including the heart, kidney, liver and lung [START_REF] Jun | Taking aim at the extracellular matrix: CCN proteins as emerging therapeutic targets[END_REF][START_REF] Díez | Understanding the Role of CCN Matricellular Proteins in Myocardial Fibrosis[END_REF]. CCN2 was shown to exert its functions through direct activation of cells to produce ECM, induction of cell cycle arrest or hypertrophy, and conversion of resident cells to activated myofibroblasts. CCN2 acts downstream the pro-fibrotic cytokine TGFβ, but it has also been shown to activate or co-activate TGFβ through binding to cell-surface receptors like tropomyosin-related kinase A (TrkA) and activation of downstream signaling which prevents the expression of inhibitory Smad7 (6, 7). More recent findings verified the pro-fibrotic role of CCN2 in the mdx mouse model of muscular dystrophy, since hemizygous mice or mice treated with an anti-CTGF monoclonal antibody showed improved muscle strength, reduced apoptotic damage and fibrosis [START_REF] Morales | Reducing CTGF/CCN2 slows down mdx muscle dystrophy and improves cell therapy[END_REF]. Another study on the same model found that ACE inhibition reduced muscle damage and ECM accumulation by inhibiting the expression of CCN2 [START_REF] Morales | Inhibition of the angiotensin-converting enzyme decreases skeletal muscle fibrosis in dystrophic mice by a diminution in the expression and activity of connective tissue growth factor (CTGF/CCN-2)[END_REF]. Interestingly, RNA interference silencing CCN2 in activated primary cardiac fibroblasts was found to block multiple pro-inflammatory and pro-fibrotic pathways, demonstrating that CCN2 is a central regulator in these processes [START_REF] Tank | Single-target RNA interference for the blockade of multiple interacting proinflammatory and profibrotic pathways in cardiac fibroblasts[END_REF].

Contrary to the well-established pro-fibrotic role of CCN2, the functions of three other members of the family, CCN1, CCN3 and CCN5, have been rather controversial. These proteins are mainly considered to possess anti-fibrotic functions, however certain studies have also revealed opposite effects. Several recent studies on models of liver fibrogenesis have pinpointed the anti-fibrotic role of CCN1 [START_REF] Borkham-Kamphorst | CCN1/CYR61 overexpression in hepatic stellate cells induces ER stress-related apoptosis[END_REF][START_REF] Borkham-Kamphorst | The anti-fibrotic effects of CCN1/CYR61 in primary portal myofibroblasts are mediated through induction of reactive oxygen species resulting in cellular senescence, apoptosis and attenuated TGF-β signaling[END_REF][START_REF] Kim | Matricellular protein CCN1 promotes regression of liver fibrosis through induction of cellular senescence in hepatic myofibroblasts[END_REF]. In one study, hepatocyte-specific deletion of CCN1 exacerbated fibrosis, while CCN1 overexpression or tail vein delivery of recombinant protein attenuated the fibrotic phenotype. CCN1 was shown to exert this function by triggering ER stress and ROS production in activated hepatic stellate cells (HSCs) to induce cellular senescence and apoptosis. On the other hand, recent findings have shown that CCN1 overexpression through adenovirus-mediated gene transfer in mouse lungs induces acute lung injury evident by increased bronchoalveolar lavage (BAL) neutrophil counts, protein concentrations, weight loss and mortality, while increased CCN1 expression was also observed in biopsies from patients with idiopathic pulmonary fibrosis (IPF) [START_REF] Grazioli | CYR61 (CCN1) overexpression induces lung injury in mice[END_REF]. CCN3 has also been shown to play a role in models of hepatic fibrosis, where it was found increased in activated HSCs. In vitro, treatment of cells with pro-fibrotic cytokines suppressed CCN3 expression, while treatment with CCN3 siRNA enhanced the expression of pro-fibrotic marker proteins [START_REF] Borkham-Kamphorst | CCN3/NOV small interfering RNA enhances fibrogenic gene expression in primary hepatic stellate cells and cirrhotic fat storing cell line CFSC[END_REF]. In animal models of diabetic nephropathy (DN), intraperitoneal injections with recombinant CCN3 reduced the renal expression of pro-fibrotic markers and prevented the establishment of glomerular fibrosis and podocyte loss [START_REF] Riser | This review discusses a novel approach of how combination of protein targeting can assist in treatment of fibrosis. 7. Mason RM. Fell-Muir lecture: Connective tissue growth factor (CCN2) --a pernicious and pleiotropic player in the development of kidney fibrosis[END_REF]. On the contrary, CCN3 KO mice were protected in the unilateral ureteral obstruction (UUO) model of renal fibrosis, displaying reduced inflammation and fibrosis, while CCN3 was consistently found increased in biopsies of tubulointertitial nephritis patients [START_REF] Marchal | Reduced NOV/CCN3 Expression Limits Inflammation and Interstitial Renal Fibrosis after Obstructive Nephropathy in Mice[END_REF]. Lastly, CCN5 may be considered as a natural inhibitor of CCN2, since it suppresses the expression of CCN2 in fibroblasts, concomitantly with that of several pro-fibrotic molecules, preventing myofibroblast transformation [START_REF] Díez | Understanding the Role of CCN Matricellular Proteins in Myocardial Fibrosis[END_REF][START_REF] Xu | CCN5 attenuates profibrotic phenotypes of fibroblasts through the Smad6-CCN2 pathway: Potential role in epidural fibrosis[END_REF][START_REF] Zhang | CCN5 overexpression inhibits profibrotic phenotypes via the PI3K/Akt signaling pathway in lung fibroblasts isolated from patients with idiopathic pulmonary fibrosis and in an in vivo model of lung fibrosis[END_REF]. Overexpression of CCN5 in mouse models of IPF or myocardial fibrosis decreased fibrosis and preserved organ function.

Thrombospondins

Thrombospondins (TSPs) are highly conserved, multi-domain, calcium-binding glycoproteins of connective tissues. There are five TSP genes in mammals which are divided into two subgroups. TSP1 and TSP2 belonging in subgroup A, represent trimeric proteins with low expression in normal ECM which are transiently induced in tissue injury and remodeling conditions. TSP3, TSP4 and TSP5 are subgroup B TSPs and constitute pentameric highlyabundant components of the ECM in cartilage, bone, tendons and blood vessel walls [START_REF] Kim | Intermolecular interactions of thrombospondins drive their accumulation in extracellular matrix[END_REF].

Interestingly, a recent study revealed the mechanism of recruitment of TSPs into the ECM; their accumulation is controlled by intermolecular interactions through a novel site on the Ltype lectin domain of TSPs, which can take place extracellularly and are concentrationdependent [START_REF] Kim | Intermolecular interactions of thrombospondins drive their accumulation in extracellular matrix[END_REF].

Most work on the involvement of TSPs in organ fibrosis has been focused on the prototype member of the family, TSP1, in part because of its ability to activate latent TGF-β1 and its angiostatic function. A recent study in Col4a3 KO mice which develop spontaneous renal failure revealed that TSP1 deficiency induced a shift from a fibroproliferative to an inflammatory phenotype with less collagen accumulation and reduced activation of latent TGF-β1 [START_REF] Zeisberg | Thrombospondin-1 deficiency causes a shift from fibroproliferative to inflammatory kidney disease and delays onset of renal failure[END_REF]. Separate studies on animal models of renal disease also confirmed the profibrotic role of TSP1. In a high-fat diet mouse model, wild-type obese mice showed increased expression of TSP1 in the kidney and developed albuminurea, renal hypertrophy and fibrosis, while these effects were abrogated in TSP1 KO mice. The authors treated primary isolated mesangial cells with leptin and showed that leptin-stimulated ECM production was abolished by TSP1 deficiency [START_REF] Cui | Thrombospondin 1 mediates renal dysfunction in a mouse model of high-fat diet-induced obesity[END_REF]. Moreover, TSP1 deficiency or treatment with shRNA against TSP1 was protective in mouse UUO, leading to decreased inflammation and fibrosis, increased VEGF expression and preserved endothelial capillary network [START_REF] Bige | Thrombospondin-1 plays a profibrotic and pro-inflammatory role during ureteric obstruction[END_REF][START_REF] Sun | Thrombospondin-1 short hairpin RNA suppresses tubulointerstitial fibrosis in the kidney of ureteral obstruction by ameliorating peritubular capillary injury[END_REF]. TSP1 was also found to mediate high-fat diet-induced skeletal muscle fibrosis or diabetes-induced myocardial fibrosis by either inducing collagen expression or inhibiting collagen degradation through regulation of MMP2 and MMP9 activities, respectively [START_REF] Inoue | Thrombospondin 1 mediates high-fat diet-induced muscle fibrosis and insulin resistance in male mice[END_REF][START_REF] Gonzalez-Quesada | Thrombospondin-1 induction in the diabetic myocardium stabilizes the cardiac matrix in addition to promoting vascular rarefaction through angiopoietin-2 upregulation[END_REF].

Several studies have also demonstrated a role for TSP2 in development of fibrosis with, however, contradictory results. In a mouse cardiomyocyte grafting model, lack of TSP2 led to reduced fibrosis and peri-graft scar thickness, while endothelial cell density and cardiomyocyte graft size were increased [START_REF] Reinecke | Lack of thrombospondin-2 reduces fibrosis and increases vascularity around cardiac cell grafts[END_REF]. Moreover, TSP2 was the only TSP increased in fibrosclerotic and stenotic aortic valves of patients with calcific aortic valve disease, expressed in valvular myofibroblasts and neovessels [START_REF] Pohjolainen | Increased thrombospondin-2 in human fibrosclerotic and stenotic aortic valves[END_REF]. In patients with systemic sclerosis (SSc), TSP2 serum levels were increased and correlated with the severity of the disease.

Primary fibroblasts isolated from these patients showed increased expression of TSP2 in their conditioned medium, while TSP2 knock-down inhibited the expression of collagen type I [START_REF] Kajihara | Increased accumulation of extracellular thrombospondin-2 due to low degradation activity stimulates type I collagen expression in scleroderma fibroblasts[END_REF]. On the contrary, a study on doxorubicin-induced cardiomyopathy revealed opposite effects; TSP2 KO mice showed depressed cardiac function, increased scar formation and cardiomyocyte apoptosis attributed to impaired activation of the Akt pathway [START_REF] Van Almen | Absence of thrombospondin-2 increases cardiomyocyte damage and matrix disruption in doxorubicininduced cardiomyopathy[END_REF].

Periostin

Periostin (Postn) is a 90kDa secreted protein with adhesive function, mostly abundant in periosteum, periodontal ligament, bone, skin and developing heart. The protein is composed of four fasciclin domains which derive from the insect fasciclin I domain, known to mediate neuronal adhesion. Postn has been shown to directly interact with ECM components like collagen I, tenascin-C and fibronectin in order to promote collagen fibrilogenesis, as well as several surface integrins to mediate cell adhesion and migration. The expression of Postn is dynamically regulated being highly induced during development and tissue remodeling, while it is also highly up-regulated by TGF-β1 [START_REF] Horiuchi | Identification and characterization of a novel protein, periostin, with restricted expression to periosteum and periodontal ligament and increased expression by transforming growth factor beta[END_REF][START_REF] Oka | Genetic manipulation of periostin expression reveals a role in cardiac hypertrophy and ventricular remodeling[END_REF].

Certain important studies few years ago were the first to indicate the crucial role of Postn during cardiac healing. In mouse acute myocardial infarction (AMI) models, the absence of Postn led to impaired healing and death because of reduced myocardial stiffness and impaired collagen fibrilogenesis. On the other hand, mice surviving infarction or subjected to long-term pressure overload were protected from hypertrophy and fibrosis [START_REF] Oka | Genetic manipulation of periostin expression reveals a role in cardiac hypertrophy and ventricular remodeling[END_REF][START_REF] Shimazaki | Periostin is essential for cardiac healing after acute myocardial infarction[END_REF]. Most recent studies have verified the deleterious effect of Postn in chronic cardiac fibrosis models [START_REF] Wu | Resveratrol ameliorates myocardial fibrosis by inhibiting ROS/ERK/TGF-β/periostin pathway in STZ-induced diabetic mice[END_REF][START_REF] Guan | Elevated expression of periostin in diabetic cardiomyopathy and the effect of valsartan[END_REF][START_REF] Wu | Periostin expression induced by oxidative stress contributes to myocardial fibrosis in a rat model of high salt-induced hypertension[END_REF]. Kaur et al. showed that Postn is the marker with the highest correlation to an activated cardiac fibroblast phenotype, while targeted ablation of Postn-expressing fibroblasts reduced fibrosis and improved cardiac function after AMI or Ang-II exposure [START_REF] Kaur | Targeted Ablation of Periostin-Expressing Activated Fibroblasts Prevents Adverse Cardiac Remodeling in Mice[END_REF]. Interestingly, another study applied a selective blockade of Postn using a targeted neutralizing antibody, thus linking the deleterious function of Postn in the heart to a specific region of the full-length Postn isoform [START_REF] Taniyama | Selective Blockade of Periostin Exon 17 Preserves Cardiac Performance in Acute Myocardial Infarction[END_REF]. These results suggest that Postn may play a differential role in acute vs. chronic injury.

Postn was shown to be highly expressed in the lungs of patients with IPF and asthma downstream of IL-13. In animal and in vitro studies, Postn was shown to mediate pulmonary fibrosis by promoting the production of pro-inflammatory cytokines and inducing secretion of collagen by lung fibroblasts [START_REF] Sidhu | Roles of epithelial cellderived periostin in TGF-beta activation, collagen production, and collagen gel elasticity in asthma[END_REF][START_REF] Uchida | Periostin, a matricellular protein, plays a role in the induction of chemokines in pulmonary fibrosis[END_REF][START_REF] Naik | Periostin promotes fibrosis and predicts progression in patients with idiopathic pulmonary fibrosis[END_REF]. In recent clinical studies, high serum Postn levels could predict a shortened survival and worsened outcome with increased fibrosis in patients with IPF [START_REF] Tajiri | Serum level of periostin can predict long-term outcome of idiopathic pulmonary fibrosis[END_REF]. Moreover, clinical trials with type 2 immune response antagonists showed good efficacy in asthmatic patients with high serum Postn levels [START_REF] Izuhara | Recent developments regarding periostin in bronchial asthma[END_REF].

We were among the first to discover that Postn was highly induced during chronic kidney disease (CKD) being well correlated with progression or reversal of the disease and with classical indexes of renal function [START_REF] Guerrot | Identification of periostin as a critical marker of progression/reversal of hypertensive nephropathy[END_REF]. Moreover, we showed that Postn deficiency or antisense delivery against Postn were largely protective in CKD models leading to less inflammation and fibrosis [START_REF] Mael-Ainin | Inhibition of periostin expression protects against the development of renal inflammation and fibrosis[END_REF]. Induction of Postn was attributed to pro-inflammatory pathways, while its deleterious function was linked to activation of integrin signaling [START_REF] Prakoura | NFB-Induced Periostin Activates Integrin-β3 Signaling to Promote Renal Injury in GN[END_REF]. In parallel, other studies mainly performed on renal biopsies highlighted the overexpression of Postn in several renal diseases, including focal segmental glomerulosclerosis, mesangial and IgA nephropathy, diabetic nephropathy, lupus nephritis and polycystic kidney disease, also correlating its expression levels with renal function [START_REF] Sen | Periostin is induced in glomerular injury and expressed de novo in interstitial renal fibrosis[END_REF][START_REF] Satirapoj | Periostin as a tissue and urinary biomarker of renal injury in type 2 diabetes mellitus[END_REF][START_REF] Wantanasiri | Periostin: a novel tissue biomarker correlates with chronicity index and renal function in lupus nephritis patients[END_REF][START_REF] Wallace | Periostin promotes renal cyst growth and interstitial fibrosis in polycystic kidney disease[END_REF]. On the other hand, the potential role of Postn in acute kidney injury has not been examined yet.

Postn has been also found particularly up-regulated in other fibrotic diseases, like various skin pathologies, muscular dystrophy or liver fibrosis, with KO mice being protected towards progression of the disease in animal models [START_REF] Zhou | Spatiotemporal expression of periostin during skin development and incisional wound healing: lessons for human fibrotic scar formation[END_REF][START_REF] Yang | Periostin facilitates skin sclerosis via PI3K/Akt dependent mechanism in a mouse model of scleroderma[END_REF][START_REF] Lorts | Deletion of periostin reduces muscular dystrophy and fibrosis in mice by modulating the transforming growth factor-β pathway[END_REF][START_REF] Hong | Periostin down-regulation attenuates the pro-fibrogenic response of hepatic stellate cells induced by TGF-β1[END_REF][START_REF] Sugiyama | Periostin promotes hepatic fibrosis in mice by modulating hepatic stellate cell activation via αv integrin interaction[END_REF]. The function of Postn in dermal fibroblasts or HSCs was associated with activation of the cells towards a proliferative and ECM-producing phenotype. Interestingly, in acute versus chronic skeletal muscle injury models Postn showed a similar function as in cardiac healing, being transiently expressed to assist in myotube regeneration or persisting with stable overexpression in fibrotic compartments, respectively [START_REF] Ozdemir | Periostin is temporally expressed as an extracellular matrix component in skeletal muscle regeneration and differentiation[END_REF]. In a recent study on a laser-induced choroidal fibrosis model, local application of a new class siRNA against Postn drastically inhibited fibrosis formation, indicating the potential utility of Postn-targeting drugs for therapeutic applications towards fibrosis [START_REF] Nakama | Inhibition of choroidal fibrovascular membrane formation by new class of RNA interference therapeutic agent targeting periostin[END_REF].

Osteopontin

Osteopontin (OPN) is a multifunctional protein abundantly expressed in bone as an organic component, but also expressed by a variety of other tissues and cell types, such as fibroblasts, immune cells, smooth muscle cells, endothelial cells and several epithelial cell types. OPN is up-regulated by pro-inflammatory cytokines such as TNF-α or TGF-β and has been shown to play critical roles in inflammation and tissue repair of several organs. The diversity of OPN functions has been related to its extensive post-translational modifications and interactions with various integrin and CD44 receptors, mediating cell activation, cell attachment and immune system modulation [START_REF] Lancha | Osteopontin deletion prevents the development of obesity and hepatic steatosis via impaired adipose tissue matrix remodeling and reduced inflammation and fibrosis in adipose tissue and liver in mice[END_REF][START_REF] Coombes | Osteopontin neutralisation abrogates the liver progenitor cell response and fibrogenesis in mice[END_REF][START_REF] Pritchett | Osteopontin is a novel downstream target of SOX9 with diagnostic implications for progression of liver fibrosis in humans[END_REF].

Many recent studies have focused on the implication of OPN in hepatic fibrosis. In several of these studies, OPN deficiency or neutralization protected from progression of fibrosis in various mouse models [START_REF] Lancha | Osteopontin deletion prevents the development of obesity and hepatic steatosis via impaired adipose tissue matrix remodeling and reduced inflammation and fibrosis in adipose tissue and liver in mice[END_REF][START_REF] Coombes | Osteopontin neutralisation abrogates the liver progenitor cell response and fibrogenesis in mice[END_REF]. Pritchett et al. showed that the transcription factor SOX9 controls the up-regulation of OPN in HSCs in rodent and human hepatic fibrosis [START_REF] Pritchett | Osteopontin is a novel downstream target of SOX9 with diagnostic implications for progression of liver fibrosis in humans[END_REF]. In a recent study, OPN was shown to promote the acetylation of nuclear HMGB1 and translocation to the cytoplasm leading to enhanced collagen I expression in HSCs [START_REF] Arriazu | Signalling via the osteopontin and high mobility group box-1 axis drives the fibrogenic response to liver injury[END_REF]. A clinical study on a large group of HCV patients revealed that serum OPN levels were progressively increased and correlated with the progression of fibrosis, indicating its potential use as a prognostic factor [START_REF] Matsue | Serum osteopontin predicts degree of hepatic fibrosis and serves as a biomarker in patients with hepatitis C virus infection[END_REF]. On the other hand, OPN or OPN-related signaling pathways were shown to participate in liver regeneration after partial heparectomy and have protective role in experimental alcoholic hepatitis [START_REF] Wang | Gene expression profiles predict the possible regulatory role of OPN-mediated signaling pathways in rat liver regeneration[END_REF][START_REF] Lazaro | Osteopontin deficiency does not prevent but promotes alcoholic neutrophilic hepatitis in mice[END_REF].

OPN has been also shown to affect the progression of cardiac, renal, pulmonary and muscle fibrosis. In a recent clinical study, OPN was found increased in the fibrotic tissue and plasma of patients with calcific aortic valve disease and it was shown to function by directly inhibiting the proliferation of cultured endothelial and valvular interstitial cells of aortic valves [START_REF] Passmore | Osteopontin alters endothelial and valvular interstitial cell behavior in calcific aortic valve stenosis through HMGB1 regulation[END_REF]. In a chronic cardiac fibrosis model, OPN was necessary for the AP1-mediated induction of pro-fibrotic miR-21 [START_REF] Lorenzen | Osteopontin is indispensible for AP1-mediated angiotensin II-related miR-21 transcription during cardiac fibrosis[END_REF]. On the contrary, OPN was found to be protective in AMI models, either by promoting fibroblast migration and collagen expression through its Nterminal domain, or by inducing antioxidative mediators, chemokines and cardiomyocyte contraction [START_REF] Uchinaka | SVVYGLR motif of the thrombin-cleaved N-terminal osteopontin fragment enhances the synthesis of collagen type III in myocardial fibrosis[END_REF][START_REF] Duerr | Cardioprotective effects of osteopontin-1 during development of murine ischemic cardiomyopathy[END_REF]. In animal models of renal fibrosis, OPN was expressed by injured epithelial cells and it was shown to be regulated by transcriptional activation through AP-1 and to enhance the macrophage recruitment and the pro-fibrotic phenotype of pericytes [START_REF] Yano | Participation of bone morphogenetic protein (BMP)-6 and osteopontin in cisplatin (CDDP)-induced rat renal fibrosis[END_REF][START_REF] Kashiwagi | Involvement of neutrophil gelatinase-associated lipocalin and osteopontin in renal tubular regeneration and interstitial fibrosis after cisplatin-induced renal failure[END_REF][START_REF] Tachibana | Activation of liver X receptor inhibits osteopontin and ameliorates diabetic nephropathy[END_REF][START_REF] Tan | Matrix metalloproteinase-9 of tubular and macrophage origin contributes to the pathogenesis of renal fibrosis via macrophage recruitment through osteopontin cleavage[END_REF]. White et al. showed that the serum levels of OPN could function as biomarker in pulmonary fibrosis by distinguishing IPF patients from alternatively idiopathic ones [START_REF] White | Plasma Surfactant Protein-D, Matrix Metalloproteinase-7, and Osteopontin Index Distinguishes Idiopathic Pulmonary Fibrosis From Other Idiopathic Interstitial Pneumonias[END_REF].

Moreover, OPN was recently shown to play a role in the phenotypic polarization of inflammatory cells; in bleomycin-induced pulmonary fibrosis, OPN promoted the disease by inducing the Th17 and inhibiting the Th1 differentiation, while in a muscle degeneration model OPN ablation reduced fibrosis and improved muscle strength by changing macrophage polarization to a pro-regenerative M2c phenotype [START_REF] Oh | Osteopontin Potentiates Pulmonary Inflammation and Fibrosis by Modulating IL-17/IFN-γ-secreting T-cell Ratios in Bleomycin-treated Mice[END_REF][START_REF] Capote | Osteopontin ablation ameliorates muscular dystrophy by shifting macrophages to a proregenerative phenotype[END_REF].

Tenascins

Tenascins are a family of large oligomeric ECM glycoproteins consisting of four members, tenascin C, X, R and W, with similar characteristics but differing expression patterns [START_REF] Kasprzycka | Tenascins in fibrotic disorders-from bench to bedside[END_REF][START_REF] Imanaka-Yoshida | Tenascin-C in cardiovascular tissue remodeling: from development to inflammation and repair[END_REF].

Among them, tenascin C (TN-C) has been mostly associated with fibrotic and tissue remodeling conditions, since contrary to the other family members it shows limited expression in adult tissues but is de novo induced after injury. TN-C has been shown to interact via its multiple domains with several cell-surface receptors including integrins α9β1, αvβ3, αvβ6, and toll-like receptor 4 (TLR-4), controlling cell adhesion, motility, proliferation, differentiation and survival.

While several past studies showed the up-regulation of TN-C and examined its role in fibrotic diseases of various organs [START_REF] Kasprzycka | Tenascins in fibrotic disorders-from bench to bedside[END_REF], recent research has been mostly focused on the identification of TN-C as biomarker for disease progression. In cardiac disease, re-expression of the fetal splicing variant B+ TN-C in the heart or serum was correlated with signs of rejection of transplanted subjects or decreased survival and increased risk to undergo transplantation in a group of dilated cardiomyopathy patients [START_REF] Franz | De novo expression of fetal ED-A(+) fibronectin and B (+) tenascin-C splicing variants in human cardiac allografts: potential impact for targeted therapy of rejection[END_REF][START_REF] Franz | Matrix metalloproteinase-9, tissue inhibitor of metalloproteinase-1, B + tenascin-C and ED-A + fibronectin in dilated cardiomyopathy: potential impact on disease progression and patients' prognosis[END_REF]. High TN-C serum levels were shown to predict a greater incidence of maladaptive cardiac remodeling and worse prognosis in AMI patients [START_REF] Nishioka | Tenascin-C may aggravate left ventricular remodeling and function after myocardial infarction in mice[END_REF]. Moreover, TN-C was suggested as a marker to distinguish inflammatory cardiomyopathy from other types of cardiac disease, which would improve the management of patients [START_REF] Imanaka-Yoshida | Tenascin-C in cardiovascular tissue remodeling: from development to inflammation and repair[END_REF]. Another recent study showed that TN-C promotes inflammation by inducing macrophage migration and secretion of pro-inflammatory cytokines through activation of integrin avβ3, subsequent phosphorylation of FAK and nuclear translocation of NFκB [START_REF] Shimojo | Tenascin-C may accelerate cardiac fibrosis by activating macrophages via the integrin αVβ3/nuclear factor-κB/interleukin-6 axis[END_REF].

High TN-C levels were also detected in serum and biopsy samples from patients with scleroderma and in fibrotic skin of mice [START_REF] Inoue | Serum levels of tenascin-C in collagen diseases[END_REF][START_REF] Bhattacharyya | Tenascin-C drives persistence of organ fibrosis[END_REF]. Secreted TN-C was described to act through TLR-4 in a mouse model of scleroderma to stimulate collagen expression and myofibroblast transformation. Similarly, TN-C was shown to affect hepatic fibrosis by stimulating HSCs to increase production of collagen I through signaling via integrin a9β1 [START_REF] Ma | Tenascin-C promotes migration of hepatic stellate cells and production of type I collagen[END_REF]. In idiopathic interstitial lung diseases, TN-C was found up-regulated both in fibroblasts and alveolar epithelial cells of patients and was shown to mediate TGF-β-induced collagen deposition and Smad signaling [START_REF] Estany | Lung fibrotic tenascin-C upregulation is associated with other extracellular matrix proteins and induced by TGFβ1[END_REF][START_REF] Fitch | Oxidative damage and TGF-β differentially induce lung epithelial cell sonic hedgehog and tenascin-C expression: implications for the regulation of lung remodelling in idiopathic interstitial lung disease[END_REF][START_REF] Carey | Tenascin-C deficiency attenuates TGF-ßmediated fibrosis following murine lung injury[END_REF]. Moreover, fibroblasts lacking TN-C have an increased capacity to digest fibrin which could explain the correlation of TN-C and fibrin deposition in several fibrotic disorders [START_REF] Brellier | Tenascin-C triggers fibrin accumulation by downregulation of tissue plasminogen activator[END_REF]. A recent interesting study proposed a novel role for TN-C as an important component of the fibrogenic niche which facilitates fibroblast proliferation and expansion of fibrosis. The authors showed that TN-C was produced by fibroblasts and localized in fibrogenic foci in two models of kidney fibrosis, while it induced fibroblast proliferation and activation of proliferation-related genes through an integrin/FAK/mitogenactivated protein kinase pathway, both in vivo and in vitro [START_REF] Fu | Tenascin-C Is a Major Component of the Fibrogenic Niche in Kidney Fibrosis[END_REF].

SPARC

SPARC is a collagen-binding protein secreted by various cell types into the ECM. Several studies have reported elevated expression of SPARC in fibrosis of many tissues including heart, lung, skin, kidney and liver, showing that absence of SPARC results in significant attenuation of ECM deposition. SPARC has been described to function by binding to procollagen which inhibits its interaction with cell-surface receptors and stimulates collagen processing and incorporation into insoluble fibers [START_REF] Trombetta-Esilva | The Function of SPARC as a Mediator of Fibrosis[END_REF][START_REF] Bradshaw | The role of secreted protein acidic and rich in cysteine (SPARC) in cardiac repair and fibrosis: Does expression of SPARC by macrophages influence outcomes?[END_REF].

In a recent study, SPARC deletion attenuated myocardial stiffness and collagen content in aged mice attributed to decreased expression and activity of ADAMTS1 metalloproteinase [START_REF] Toba | Increased ADAMTS1 mediates SPARC-dependent collagen deposition in the aging myocardium[END_REF]. Apart from its high expression by fibroblasts during organ fibrosis, SPARC was also found to be produced by circulating inflammatory cells, mainly macrophages, regulating their extravasation into the fibrotic interstitium of heart and lung [START_REF] Bradshaw | The role of secreted protein acidic and rich in cysteine (SPARC) in cardiac repair and fibrosis: Does expression of SPARC by macrophages influence outcomes?[END_REF]. Sangaletti et al. proposed a differential function of SPARC in fibroblasts and macrophages in a model of bleomycininduced lung fibrosis; using SPARC depleted mice and bone marrow chimeras, they found that SPARC expression by fibroblasts was required to induce collagen deposition, while SPARC depletion from macrophages caused exacerbated inflammation and fibrosis because of their inability to downregulate TNF-a production [START_REF] Sangaletti | SPARC oppositely regulates inflammation and fibrosis in bleomycin-induced lung damage[END_REF]. In another study, SPARC was required for H2O2 production by lung fibroblasts after TGF-β1 treatment, while SPARC knock-down in fibroblasts attenuated epithelial cell injury in a co-culture system [START_REF] Shibata | Secreted protein acidic and rich in cysteine (SPARC) is upregulated by transforming growth factor (TGF)-β and is required for TGF-β-induced hydrogen peroxide production in fibroblasts[END_REF]. In liver fibrosis SPARC is upregulated in activated HSCs and mediates their migration towards TGF-β1 and TGF-β1 secretion [START_REF] Atorrasagasti | SPARC downregulation attenuates the profibrogenic response of hepatic stellate cells induced by TGF-β1 and PDGF[END_REF]. Aseer et al. recently showed a differential expression of SPARC in liver and pancreas of streptozotocin-induced diabetic rats; SPARC was upregulated in the liver accompanied by TGF-β1 induction and elevated fibrogenesis, while it was downregulated in the pancreas accompanied by chronic inflammation and strong expression of inflammatory genes [START_REF] Aseer | Opposite Expression of SPARC between the Liver and Pancreas in Streptozotocin-Induced Diabetic Rats[END_REF]. Increased SPARC expression in the bone marrow stroma was also shown to contribute to myelofibrosis, while its deficiency induced an enhanced myeloproliferative response [START_REF] Tripodo | Stromal SPARC contributes to the detrimental fibrotic changes associated with myeloproliferation whereas its deficiency favors myeloid cell expansion[END_REF]. Interestingly, a recent study showed that SPARC siRNA could be encapsulated in nanoparticles leading to a significant target gene knock-down in cultured cells without any cytotoxicity, introducing a novel technology for the targeted inhibition of SPARC to treat fibrosis [START_REF] Tan | Layer-bylayer nanoparticles as an efficient siRNA delivery vehicle for SPARC silencing[END_REF].

Matricellular proteins as biomarkers or therapeutic targets of fibrosis

Several studies have explored the utility of matricellular proteins as biomarkers both in animal and human biofluids and tissue samples, while their potential as targets of therapy has mostly been examined in animal models of fibrosis to date. In pulmonary fibrosis or asthmatic patients, serum Postn levels could efficiently predict a worsened outcome or resistance to therapy [START_REF] Tajiri | Serum level of periostin can predict long-term outcome of idiopathic pulmonary fibrosis[END_REF][START_REF] Izuhara | Recent developments regarding periostin in bronchial asthma[END_REF]. Moreover, plasma levels of OPN cound distinguish subgroups of lung disease patients [START_REF] White | Plasma Surfactant Protein-D, Matrix Metalloproteinase-7, and Osteopontin Index Distinguishes Idiopathic Pulmonary Fibrosis From Other Idiopathic Interstitial Pneumonias[END_REF]. In terms of therapy, adenoviral CCN5 overexpression or treatment with a blocking antibody against Postn limited collagen deposition in IPF mouse models [START_REF] Zhang | CCN5 overexpression inhibits profibrotic phenotypes via the PI3K/Akt signaling pathway in lung fibroblasts isolated from patients with idiopathic pulmonary fibrosis and in an in vivo model of lung fibrosis[END_REF][START_REF] Naik | Periostin promotes fibrosis and predicts progression in patients with idiopathic pulmonary fibrosis[END_REF].

In several studies, increased serum TN-C levels in cardiac disease patients were associated with worse prognosis, adverse cardiac remodeling and increased risk to undergo transplantation [START_REF] Franz | De novo expression of fetal ED-A(+) fibronectin and B (+) tenascin-C splicing variants in human cardiac allografts: potential impact for targeted therapy of rejection[END_REF][START_REF] Franz | Matrix metalloproteinase-9, tissue inhibitor of metalloproteinase-1, B + tenascin-C and ED-A + fibronectin in dilated cardiomyopathy: potential impact on disease progression and patients' prognosis[END_REF][START_REF] Nishioka | Tenascin-C may aggravate left ventricular remodeling and function after myocardial infarction in mice[END_REF]. Cardiac overexpression of CCN5 or antibody targeting of Postn preserved cardiac function and decreased myocardial fibrosis [START_REF] Díez | Understanding the Role of CCN Matricellular Proteins in Myocardial Fibrosis[END_REF][START_REF] Taniyama | Selective Blockade of Periostin Exon 17 Preserves Cardiac Performance in Acute Myocardial Infarction[END_REF]. Interestingly, normalization of matricellular protein expression by aldosterone receptor antagonism, further improved cardiac structure and function in addition to standard pharmacological heart failure therapy [START_REF] Muñoz-Pacheco | Eplerenone enhances cardioprotective effects of standard heart failure therapy through matricellular proteins in hypertensive heart failure[END_REF]. In liver disease patients increased serum OPN levels correlated with the degree of fibrosis, while OPN neutralization in mice protected from liver fibrosis progression [START_REF] Coombes | Osteopontin neutralisation abrogates the liver progenitor cell response and fibrogenesis in mice[END_REF][START_REF] Matsue | Serum osteopontin predicts degree of hepatic fibrosis and serves as a biomarker in patients with hepatitis C virus infection[END_REF]. CCN1 delivery via tail vein could also attenuate hepatic fibrosis [START_REF] Kim | Matricellular protein CCN1 promotes regression of liver fibrosis through induction of cellular senescence in hepatic myofibroblasts[END_REF]. In animal models of kidney fibrosis, delivery of recombinant CCN3 or antisense targeting of Postn could ameliorate the progression of the disease [START_REF] Riser | This review discusses a novel approach of how combination of protein targeting can assist in treatment of fibrosis. 7. Mason RM. Fell-Muir lecture: Connective tissue growth factor (CCN2) --a pernicious and pleiotropic player in the development of kidney fibrosis[END_REF][START_REF] Mael-Ainin | Inhibition of periostin expression protects against the development of renal inflammation and fibrosis[END_REF][START_REF] Prakoura | NFB-Induced Periostin Activates Integrin-β3 Signaling to Promote Renal Injury in GN[END_REF]. Elevated serum and tissue levels of TN-C were associated with increased number of lesions and higher skin thickness in scleroderma patients [START_REF] Inoue | Serum levels of tenascin-C in collagen diseases[END_REF][START_REF] Bhattacharyya | Tenascin-C drives persistence of organ fibrosis[END_REF]. In a mouse model of choroidal fibrosis, new generation RNA interference against Postn could inhibit fibrosis formation [START_REF] Nakama | Inhibition of choroidal fibrovascular membrane formation by new class of RNA interference therapeutic agent targeting periostin[END_REF]. Of note, pharmaceutical industries are becoming interested in the development of matricellular protein-based drugs to treat fibrosis, with few molecules currently in preclinical or clinical studies [START_REF] Riser | This review discusses a novel approach of how combination of protein targeting can assist in treatment of fibrosis. 7. Mason RM. Fell-Muir lecture: Connective tissue growth factor (CCN2) --a pernicious and pleiotropic player in the development of kidney fibrosis[END_REF]. The recent utilization of matricellular proteins as markers or targets of therapy in clinical studies and models of fibrosis is summarized in Table 1.

Conclusions

Since their identification matricellular proteins have evolved as crucial players in fibrotic diseases which renders them intriguing therapeutic targets. The last years large amounts of knowledge have been obtained on the differential function of these proteins as mediators or inhibitors of the progression of fibrosis in nearly every body organ, denoting their value as biomarkers or targets in a variety of therapeutic strategies. Notably, although they share common characteristics, several of these proteins were found to serve distinct functions in different disease contexts, suggesting that the use of matricellular proteins for prognostic or therapeutic purposes should be targeted and dependent on the disease background. These studies have contributed to our deeper understanding of the various roles of matricellular proteins and paved the way for the development of convenient detection systems or efficient drugs targeting matricellular proteins for future use in fibrosis patients. 
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 1 Figure 1. The process of wound healing can be divided into three distinct but highly