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INTRODUCTION

Hevin, also called SPARC-like1 (SPARCL1 or SC1), ECM2 or Mast9, is a matricellular glycoprotein of the secreted protein acidic and rich in cysteine (SPARC) family [START_REF] Girard | Modulation of Endothelial Cell Adhesion by Hevin, an Acidic Protein Associated with High Endothelial Venules[END_REF][START_REF] Johnston | Molecular cloning of SC1: A putative brain extracellular matrix glycoprotein showing partial similarity to osteonectin/BM40/SPARC[END_REF][START_REF] Soderling | Cloning and Expression of Murine SC1, a Gene Product Homologous to SPARC[END_REF]. Non-structural matricellular proteins (including hevin, SPARC, thrombospondin and tenascin families) are extracellular matrix (ECM) molecules that do not act directly as scaffold molecules, but interact with other ECM proteins as well as cytokines, proteases, neurotrophic factors and cell surface receptors (Bornstein, 1995). As a consequence of their cell-cell and cell-ECM interactions during brain development, these proteins take part in cell proliferation, differentiation, neuronal migration and synaptogenesis [START_REF] Bornstein | Matricellular proteins: An overview[END_REF][START_REF] Bornstein | Matricellular proteins: Extracellular modulators of cell function[END_REF][START_REF] Eroglu | The role of astrocyte-secreted matricellular proteins in central nervous system development and function[END_REF][START_REF] Murphy-Ullrich | Revisiting the matricellular concept[END_REF]. Hevin distribution along radial glial fibers in the developing cortex signals the end of neuronal migration in the appropriate cortical layer due to its antiadhesive properties [START_REF] Gongidi | SPARC-like 1 regulates the terminal phase of radial glia-guided migration in the cerebral cortex[END_REF]. During synaptogenesis, hevin expression in astrocytes promotes the formation of excitatory synapses during brain development [START_REF] Kucukdereli | Control of excitatory CNS synaptogenesis by astrocyte-secreted proteins Hevin and SPARC[END_REF][START_REF] Risher | Astrocytes refine cortical connectivity at dendritic spines[END_REF], probably by bridging non-interacting presynaptic neurexin-1α and postsynaptic neuroligin-1B proteins [START_REF] Singh | Astrocytes Assemble Thalamocortical Synapses by Bridging Nrx1α and NL1 via Hevin[END_REF].

Whereas most of the matricellular proteins are expressed mostly during brain development, hevin remains highly expressed in adult brain [START_REF] Eroglu | The role of astrocyte-secreted matricellular proteins in central nervous system development and function[END_REF][START_REF] Lively | Localization of the Extracellular Matrix Protein SC1 to Synapses in the Adult Rat Brain[END_REF][START_REF] Lloyd-Burton | SPARC-like 1 (SC1) is a diversely expressed and developmentally regulated matricellular protein that does not compensate for the absence of SPARC in the CNS[END_REF][START_REF] Weaver | Proteolysis of the matricellular protein hevin by matrix metalloproteinase-3 produces a SPARC-like fragment (SLF) associated with neovasculature in a murine glioma model[END_REF]. Recently, we identified hevin cellular expression profile in adult human brain, specifically in astrocytes and in various types of neurons, in particular in GABAergic parvalbumin-positive neurons, as well as other GABAergic neuronal subtypes and some glutamatergic neurons [START_REF] Mongrédien | Cartography of hevin-expressing cells in the adult brain reveals prominent expression in astrocytes and parvalbumin neurons[END_REF]. The systematic comparison between mouse and human adult brain revealed a conserved cellular expression pattern for hevin [START_REF] Mongrédien | Cartography of hevin-expressing cells in the adult brain reveals prominent expression in astrocytes and parvalbumin neurons[END_REF][START_REF] Weaver | Proteolysis of the matricellular protein hevin by matrix metalloproteinase-3 produces a SPARC-like fragment (SLF) associated with neovasculature in a murine glioma model[END_REF]. Hevin is found in all mouse brain regions by virtue of its astrocytic expression and has been observed in every human brain region studied so far including prefrontal cortex, caudate nucleus, brainstem and sensory ganglion neurons [START_REF] Hashimoto | SPARCL1-containing neurons in the human brainstem and sensory ganglion[END_REF][START_REF] Mongrédien | Cartography of hevin-expressing cells in the adult brain reveals prominent expression in astrocytes and parvalbumin neurons[END_REF]. Its physiological role in adult brain has been investigated mainly in animal models of brain diseases such as brain injury, ischemic infarction and epilepsy. Thus, hevin expression is enhanced in reactive astrocytes after ischemic infarction or localized brain injury in adult rodents [START_REF] Lively | SC1/hevin and reactive gliosis after transient ischemic stroke in young and aged rats[END_REF][START_REF] Mckinnon | SC1: A marker for astrocytes in the adult rodent brain is upregulated during reactive astrocytosis[END_REF][START_REF] Mendis | Induction of SC1 mRNA encoding a brain extracellular matrix glycoprotein related to SPARC following lesioning of the adult rat forebrain[END_REF]. In a study of behavioral adaptation to stress, hevin was induced in resilient individuals and its overexpression by viral-mediated transgenesis reversed the effects of social defeat in mice acting like an antidepressant [START_REF] Vialou | DeltaFosB in brain reward circuits mediates resilience to stress and antidepressant responses[END_REF]. Accordingly, hevin is one of the most downregulated transcripts in the frontopolar cortex of depressed/suicide victims [START_REF] Zhurov | Molecular Pathway Reconstruction and Analysis of Disturbed Gene Expression in Depressed Individuals Who Died by Suicide[END_REF]. Hevin has also been looked at as a potential biomarker of neurodegenerative disorders and has been found in the cerebrospinal fluid (CSF) of individuals with Parkinson´s and Alzheimer´s diseases [START_REF] Yin | Neuronal pentraxin receptor in cerebrospinal fluid as a potential biomarker for neurodegenerative diseases[END_REF].

Post-translational modifications are essential to the physiological function of extracellular proteins [START_REF] Correia | Post-translational modifications in brain health and disease[END_REF]. Hevin is a 80 kDa protein that is post-translationally modified, mainly by glycosylation. The glycosylation pattern of hevin was first described in rat brain in 1990 [START_REF] Johnston | Molecular cloning of SC1: A putative brain extracellular matrix glycoprotein showing partial similarity to osteonectin/BM40/SPARC[END_REF]; it was thereafter studied in recombinant hevin in an eukaryotic expression system [START_REF] Hambrock | SC1/Hevin: An Extracellular Calcium-Modulated Protein That Binds Collagen I[END_REF], and described in human CSF [START_REF] Halim | LC-MS/MS Characterization of O-Glycosylation Sites and Glycan Structures of Human Cerebrospinal Fluid Glycoproteins[END_REF][START_REF] Nilsson | Enrichment of glycopeptides for glycan structure and attachment site identification[END_REF]. However, so far no study has assessed hevin's glycosylation pattern in human brain tissue. In addition, despite being characterized as a synaptic junction protein in rodents [START_REF] Kucukdereli | Control of excitatory CNS synaptogenesis by astrocyte-secreted proteins Hevin and SPARC[END_REF][START_REF] Risher | Astrocytes refine cortical connectivity at dendritic spines[END_REF][START_REF] Singh | Astrocytes Assemble Thalamocortical Synapses by Bridging Nrx1α and NL1 via Hevin[END_REF], the subcellular distribution of the protein hevin in human brain remains unknown. In the present study, we provide the first detailed characterization of hevin immunoreactivity by western blot in several postmortem human brain regions. First, we performed the biochemical characterization of hevin proteolysis, deglycosylation and protease cleavage pattern. Second, we performed regional and subcellular expression analyses of hevin in human prefrontal cortex (PFC), hippocampus (HIP), cerebellum (CB) and caudate nucleus (CAU). Sex and age-differences in hevin immunoreactivities in human PFC were also analyzed. In addition, we explored the expression levels of hevin protein in human astrocytomas, meningiomas, CSF and blood samples.

EXPERIMENTAL PROCEDURES

Materials

The different primary antibodies used in this study (catalogue number, type, dilutions) are detailed in Table 1. Goat-IgG anti-mouse biotin (B 2763) was obtained from ThermoFisher Scientific. Recombinant human hevin (2728-SL) and recombinant human ADAMTS4 (A Disintegrin and Metalloproteinase with Thrombospondin motifs 4, 4307-AD) proteins were obtained from R&D Systems. Thrombin, was purchased from Sigma-Aldrich (605195) and human MMP-3 protein (Matrixmetalloproteinase 3, 10467-HNAE) from Sino Biological. EndoF3 (Endoglycosidase F3, P0771S), EndoH (Endoglycosidase H, P0702S) and PNGaseF (N-Glycosidse F, P0708S ) recombinant enzymes were obtained from New England BioLabs.

Human samples

Human samples from subjects who died by sudden and violent causes were obtained at autopsy in the Basque Institute of Legal Medicine, Bilbao, Spain. All the subjects died by sudden and violent causes; postmortem tissue examinations and medical histories determined they were free of psychiatric or neurological disorders. At the time of autopsy, samples from the brain PFC, CAU, HIP, CB and CSF were extracted, at the time of autopsy and immediately stored at -70°C until assayed. Small pieces of brain tissue containing tumor were collected at the time of craniotomy for tumor resection at the Neurosurgery Service, Cruces Hospital (Bizkaia, Spain) and stored at -70°C until assays were performed. Samples were also taken from each patient for diagnosis by neuropathologists according to the International Classification of CNS (central nervous system) tumors drafted under the auspices of the World Health Organization. The tumors were diagnosed as anaplastic astrocytoma (grade III) or meningioma. Samples of blood were immediately processed after extraction from living subjects. The demographic characteristics and the number of the subjects included in the different types of experiments are shown in Table 2. The study was performed in compliance with legal policy and ethical review boards for postmortem brain studies.

Hevin knock out mouse brain samples

Hevin-null mice were obtained from C. Eroglu (Duke University, North Carolina, USA). Hevin-null mice were generated using homologous recombination of the second exon at the transcription start codon resulting in the absence of hevin protein expression [START_REF] Mckinnon | Extracellular Matrix-Associated Protein Sc1 Is Not Essential for Mouse Development[END_REF]. Hevin-null mice were backcrossed to C57BL/6J for 10 generations. Experiments were performed on brains of 2 to 4 months old hevin-null, wild-type (WT) littermates and C57BL/6J mice, after sacrifice. Briefly, mice were decapitated and their brain quickly removed. Cerebellum was dissected and stored at -80°C. Samples were homogenized by sonication in 200 µl of RIPA buffer 1X containing protease inhibitor at 1/1000 on ice (Sigma, Protease Inhibitor Cocktail #11836153001). Protein concentrations were determined by Bradford assay [START_REF] Bradford | A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of protein-dye binding[END_REF]. Proteins samples (50 μg) were suspended in NuPage LDS sample buffer 25% (Invitrogen, Carlsbad, CA, USA, #NP0008) and DTT 1M, heated at 90°C for 10 min, and then analyzed by western blot. All experiments were performed in conformity with the European Union laws and policies for use of animals in neuroscience research (European Committee Council Directive 2010/63/EU), and were approved by the local animal research committee. C57BL6J mice were housed in groups under conditions at 22±1°C and a 12 h light/dark cycle, with food and water provided ad libitum.

Hevin expressing cells

Human carcinoid BON cells maintained in 1:1 DMEM/F12 supplemented with 10% fetal bovine serum and 100 U-100 μg/ml of penicillin-streptomycin, at 37°C in a humidified 5% CO 2 incubator, were transiently transfected with mHevin or mock-transfected, using Lipofectamine 2000 standard protocol. Cells were lysed in 5 mM Tris-HCl Tris-HCl pH 7.4 with a sonicator and then analysed by western blot.

Preparation of brain subcellular fractions

Human brain samples were prepared in order to obtain total homogenates, cytosolic/soluble fractions and membrane-enriched (P2) fraction, as previously described [START_REF] Brocos-Mosquera | Characterisation of spinophilin immunoreactivity in postmortem human brain homogenates[END_REF], with minor modifications.

Preparation of CSF samples and blood fractionation

Human postmortem CSF samples were centrifuged for 10 min (4°C) at 1100xg to remove cell and debris, as previously published [START_REF] Collins | Total protein is an effective loading control for cerebrospinal fluid western blots[END_REF]. For blood fractionation (n=4), 5 mL of blood were added slowly to a 5 mL density bar (0.9 mL OptiprepTM, 0.85% (w/v) NaCl, 20 nM Hepes-NaOH pH 7.4, 1 mM EDTA) to avoid mixing the two phases, and centrifuged 15 min (20°C) at 350×g on a swinging rotor (Eppendorf centrifuge 5810 R, A-4-62 rotor). Whole blood was separated into four phases that were recovered separately, corresponding to serum (top phase), platelets (intermediate thin layer), leucocytes (intermediate layer, under platelets) and erythrocytes (bottom phase) enriched fractions. To remove any serum content of fractions enriched in platelets and leucocytes, they were centrifuged again (5 min, 20°C 600×g) and the supernatants were discharged. The pellet was resuspended in 500 µL of resuspending solution (0.85% (w/v) NaCl, 20 nM Hepes-NaOH pH 7.4, 1 mM EDTA) and centrifuged again. Homogenization buffer supplemented with protease and phosphatase inhibitors was added to each blood fraction and sonicated for 15 s (QSONICA Q55). Protein content was measured by the Bradford method [START_REF] Collins | Total protein is an effective loading control for cerebrospinal fluid western blots[END_REF] and stored at -70°C until analyzed by western blot.

Western blot

Western blot assays were performed as previously described [START_REF] Brocos-Mosquera | Characterisation of spinophilin immunoreactivity in postmortem human brain homogenates[END_REF] with the exception of degradation assays and specificity assays, in which the primary antibody was incubated (1 h at room temperature) with the blocking peptide (R&D Systems 2728-SL, 1:150) in the same incubation solution prior to incubation with the nitrocellulose membrane. The hevin immunoreactivity values were normalized to β-actin signal. A standard pool of total homogenate was processed on the same gels and used as external reference sample.

Immunoprecipitation assay

Immunoprecipitation assays were performed as previously described [START_REF] Brocos-Mosquera | Characterisation of spinophilin immunoreactivity in postmortem human brain homogenates[END_REF]. Polyclonal goat anti-hSPARCL1 antibody (R&D Systems AF2728) was used for immunoprecipitations and goat IgG were used as isotype control of unspecific binding. Lysates were precleared 1 h at 4°C with protein A/G agarose (Santa Cruz, sc-2003) and incubated with 10 μg antibody for 100 μg of tissue and protein A/G agarose beads at 4°C overnight. After three washes with lysis buffer, samples were heated at 95°C for 7 min in loading buffer for elution and centrifuged to pellet the agarose beads. Western blot was used to analyze the supernatants.

Protein identification by LC-MS/MS

Selected bands were excised manually from the gel and subjected to in-gel endopeptidase digestion as previously published [START_REF] Shevchenko | Mass Spectrometric Sequencing of Proteins from Silver-Stained Polyacrylamide Gels[END_REF], with minor modifications. Gel pieces were incubated with DTT (10 mM in 50 mM NH 4 HCO 3 , 56⁰C, 45 min) and Iodoacetamide (25 mM in 50 mM NH 4 HCO 3 , room temperature, 30 min, dark) and digested with proteomics grade trypsin (12.5 ng/μl in 50mM NH 4 HCO 3 , 37⁰C, overnight). The recovered peptides were dried in a SpeedVac (Thermo Fisher Scientific) and desalted with homemade C18 tips (3M Empore C18). Mass spectrometric analyses were performed on an EASY-nLC 1200 liquid chromatography system interfaced with a Q Exactive HF-X mass spectrometer (Thermo Scientific) via a nanospray flex ion source. Desalted peptides were loaded onto an Acclaim PepMap100 precolumn (75 µm x 2 cm, Thermo Scientific) connected to an Acclaim PepMap RSLC (75 µm x 25 cm, Thermo Scientific) analytical column. Peptides were eluted using a linear gradient of 2.4 to 24% acetonitrile in 0.1% formic acid at a flow rate of 300 nL min -1 over 18 min. Full MS scans were acquired from m/z 375 to 1800 with a resolution of 120,000 at m/z 200. The 10 most intense ions were fragmented by higher energy C-trap dissociation with normalized collision energy of 28 and MS/MS spectra were recorded with a resolution of 15,000 at m/z 200. The maximum ion injection time was 100 ms for survey and 120 ms for MS/MS scans, whereas AGC target values of 3 x 10 6 and 5 x 10 5 were used for survey and MS/MS scans, respectively [START_REF] Elu | Detailed Dissection of UBE3A-Mediated DDI1 Ubiquitination[END_REF]. Raw files were processed with Proteome Discoverer 2.2 (Thermo Scientific) and searches were performed against a UniProtKB-SwissProt Human (2020_02) database. Precursor and fragment mass tolerances were set to 10 ppm and 0.02 Da respectively and up to 1 missed cleavage was allowed. Carbamidomethylation of Cys was set as fixed modification and oxidation of Met as variable modification. Peptide and protein FDR were set to 1%.

Deglycosylation assays

Following the manufacturers recommendations, 8 µg of total homogenates obtained from a pool of human PFC or 50 ng of human recombinant hevin (R&D Systems, 2728-SL) as positive control were treated with three deglycosylases separately: EndoF3 (50 U), EndoH (5000 U) and PNGase F (1000 U). Briefly, samples were incubated in the appropriate reaction buffer (final volume of 20 µl), in the presence or absence of the enzyme, for 5 h at 37°C. The reaction was stopped by addition of a final concentration of PMSF 2 mM, DTT 100 mM, Laemmli buffer (2% SDS, 8% glycerol, 0.01% bromophenol blue), and by heating for 5 min at 98°C, before being analyzed by western blot.

Proteolysis study

A pool of total homogenates obtained from human PFC was prepared in the presence or absence of protease inhibitors, as previously published [START_REF] Brocos-Mosquera | Characterisation of spinophilin immunoreactivity in postmortem human brain homogenates[END_REF], and incubated at 37°C for a range of time (0-180 min). Then samples were prepared in the loading buffer, heated at 95°C for 5 min and analyzed by western blot. In temperature-dependent proteolysis assays, a range of different temperatures (4°C-95°C, for 15 min) was used to heat the samples in the loading buffer.

ADAMTS4, MMP-3 and Thrombin proteases digestion

140 µg of total protein of PFC pool were combined with 2 µg of ADAMTS4 or 0.4 µg of MMP-3 in 100 µl incubation buffer B1 (50mM Tris-HCl, 125 mM NaCl, 5 mM H 2 OCaCl 2 , pH 7.5) and incubated 1 h or 5 h at 37°C. In the case of thrombin, 70 µg of total protein of PFC pool were combined with 1 U of enzyme in 50 µl buffer B2 (20 mM Tris-HCl, 0.15 M NaCl, 2.5 mM H 2 OCaCl 2 , pH 8.4) and incubated 15 h at 37°C. 400 ng and 20 ng of human recombinant hevin (R&D Systems, 2728-SL) were used as positive controls for ADAMTS4/MMP-3 and thrombin digestions, respectively. For negative controls, samples were treated in the same way but without the enzyme. In all cases, the reaction was stopped by addition of PMSF 2 mM, DTT 100 mM, Laemmli buffer (2% SDS, 8% glycerol, 0.01% bromophenol blue) and heated 10 min at 75°C, before being analyzed by western blot.

Data analysis

Results are shown in box-and-whiskers plots with the "box" depicting the median and the 25th and 75th quartiles and the "whisker" showing the 5th and 95th percentile. All statistical calculations were performed using GraphPad Prism 7®. Prior to analysis, all data sets were tested for two criteria: (i) normal distribution and (ii) equality of variances. The normal distribution was tested by applying a D'Agostino & Pearson normality test. The equality of variances was tested with an F-test. In the case of normal distribution and of equal variances, statistical comparisons were made with Student's unpaired t test. Otherwise, non-parametric tests were used as detailed below. All used statistical models were fixed-effect models. Results were considered statistically significant when p value < 0.05. Significance levels are symbolized with asterisks if p < 0.05 (*), p < 0.01 (**) or p < 0.001 (***). Subcellular and regional expression pattern for both full-length forms of hevin at ~130 and ~100 kDa. Comparison of hevin levels in total homogenates, cytosolic and membrane-enriched (P2) fraction, and in prefrontal cortex, hippocampus, caudate nucleus and cerebellum were performed from brain samples of 6 individuals (n = 6). Because these data displayed a non-parametric distribution, they were analyzed with a Kruskal-Wallis test followed by a Dunn's multiple comparisons test.

Sex differences on the expression of hevin bands. The data set composed of 29 PFC samples from 11 females and 18 males passed the normality test, and had equal variance. Student's unpaired t test was used and showed no significant differences.

Correlation with Age, PMD, storage time and hevin isoform levels. A simple linear regression analysis was performed to determine the correlation between hevin isoform levels and age, PMD, storage time and in between isoforms. No significant correlation was observed except between hevin isoform (r = 0.8313, p ≤ 0.0001).

Astrocytoma and meningioma. Full-length forms of hevin at ~130 and ~100 kDa in astrocytoma (n = 3), meningioma (n = 3) and prefrontal cortex (n = 6) did not passed normality test. These data were analyzed with Mann-Whitney tests.

RESULTS

Specificity of hevin immunoreactivity

Three antibodies against hevin were tested for specificity by western blotting on human PFC total homogenate pool. Anti-human hevin antibody (R&D systems, AF2728) showed two marked bands at the expected molecular weight (Fig. 1A, left), while neither anti-mouse hevin (R&D Systems, AF2836) nor antihuman hevin (Santa Cruz, sc-514275) antibodies showed specific immunoreactivity at the expected size (Fig. 1B,C). Hevin immunoreactive upper band migrated at 130 kDa and the lower band at around 100 kDa, similar to what has been described by other authors [START_REF] Brekken | Expression and Characterization of Murine Hevin (SC1), a Member of the SPARC Family of Matricellular Proteins[END_REF][START_REF] Johnston | Molecular cloning of SC1: A putative brain extracellular matrix glycoprotein showing partial similarity to osteonectin/BM40/SPARC[END_REF][START_REF] Kucukdereli | Control of excitatory CNS synaptogenesis by astrocyte-secreted proteins Hevin and SPARC[END_REF]Lively & Brown, 2008a;Lively & Brown, 2008b;Mendis, 1996b;[START_REF] Weaver | Processing of the Matricellular Protein Hevin in Mouse Brain Is Dependent on ADAMTS4[END_REF][START_REF] Weaver | Proteolysis of the matricellular protein hevin by matrix metalloproteinase-3 produces a SPARC-like fragment (SLF) associated with neovasculature in a murine glioma model[END_REF]. Intensity of the immunoblot signal increased in a dose-dependent manner (Fig. 1A, right), suggesting specificity. These two bands also appeared when the recombinant hevin protein was loaded (Fig. 1D) and their immunoreactivity was blocked by preincubating the antibody with the blocking peptide (recombinant human hevin, R&D systems, Fig. 1D), supporting the specificity of both bands corresponding to hevin. In addition, we performed western blot experiments on cell extracts and its extracellular medium of BON cells transfected with mouse hevin. Hevin immunoreactivity was detected in hevin-transfected cells and its extracellular medium, but not in mock-transfected cells (Fig. 1E). To further assess the specificity of the selected antibody (R&D AF2728), immunoprecipitation of hevin from PFC total homogenate samples revealed the same bands (~130 and ~100 kDa), which were absent with control IgGs (Fig. 1F). To further assess the specificity of the selected antibody (R&D AF2728), immunoprecipitation of hevin from PFC total homogenate samples revealed the same bands (~130 and ~100 kDa), which were absent with control IgGs (Fig. 1F). Importantly, protein bands at these molecular weights were removed and analyzed by LC-MS/MS, which unambiguously identified hevin protein (UniProtKB Q14515) in both ~130 and ~100 kDa bands (sequence coverage 36 and 18% respectively). Although more unique peptides were found in ~130 kDa band (19 vs 8, probably due to a higher amount of the ~130 kDa isoform), all but one peptide found in the 100 kDa isoforms are common to the ~130 kDa and encompassed almost the entire protein sequence from amino acids A47 to R629 (Supplementary Figure). This proteomic analysis suggests that the 30 kDa difference observed between the two bands are not splicing variants but the result of differential post-translational modifications. Finally, in total homogenates of mouse brain samples, we observed hevin immunoreactivity at ~120 kDa with both antimouse hevin (R&D Systems, AF2836) and anti-human hevin (R&D Systems, AF2728) antibodies (Fig. 1G), which was absent in hevin knockout mice. Altogether, these results demonstrate the specificity of the R&D anti-human hevin antibody. We selected this antibody to further characterize hevin protein in human brain tissue.

Deglycosylation, endogenous proteolysis and proteases digestion assays

We determined to study the glycosylation pattern of hevin, its endogenous proteolytic degradation, and its proteolysis by matrix metalloproteases. Firstly, several deglycosylation assays were carried out in order to gain more insight into the structure of the carbohydrate moieties of each of the hevin bands observed in human brain. Human PFC total homogenate pool and human recombinant hevin (R&D Systems, AF2728) were incubated in the presence of PNGase F, EndoF3 or EndoH deglycosylases, enzymes that remove different types of N-glycosylations. PNGase F (almost all N-glycan, asparagine-linked chains hydrolyzing enzyme [START_REF] Maley | Characterization of glycoproteins and their associated oligosaccharides through the use of endoglycosidases[END_REF]: high mannose, hybrid, bi-, tri-and tetra-antennary) produced a marked shift in both hevin bands of PFC and recombinant protein, leading to lower molecular weight bands of ~125 and ~90 kDa (Fig. 2A-B). These results indicate that both hevin bands are glycosylated proteins. EndoF3 (asparagine-linked fucosylated-bi-antennary and tri-antennary complex oligosaccharides cleaving enzyme) [START_REF] Maley | Characterization of glycoproteins and their associated oligosaccharides through the use of endoglycosidases[END_REF] seemed to produce a slight shift of both bands in PFC and recombinant protein to lower molecular weight bands, although not as pronounced as PNGaseF. And finally, in the presence of EndoH enzyme (high mannose cleaving enzyme [START_REF] Maley | Characterization of glycoproteins and their associated oligosaccharides through the use of endoglycosidases[END_REF], only a fraction of the ~130 kDa band suffered a migration shift in both PFC and recombinant protein, which might suggest that this apparent unique band corresponds to a mix of slightly different isoforms or is even a doublet (Fig. 2A-B). Altogether these results confirm that both hevin bands in human brain are glycosylated but in different manner, as in rodent brain [START_REF] Johnston | Molecular cloning of SC1: A putative brain extracellular matrix glycoprotein showing partial similarity to osteonectin/BM40/SPARC[END_REF].

Second, we wanted to determine if the ~100 kDa band derived from the ~130 kDa band via proteolytic degradation. We incubated PFC total homogenate samples at 37°C in the absence of protease inhibitors for a range of times, then denatured the samples at 95°C for 5 min and immediately processed them by western blot. Immunoreactive intensity of the bands was remained unchanged throughout the entire 3 h experiment (Fig. 3A), suggesting the absence of endogenous proteolysis. We next tested the effect of increasing temperatures on hevin proteolysis. PFC total homogenate samples were incubated for 15 min in temperature ranging from 4 to 95°C, then immediately processed for western blot. Temperature-dependent proteolysis did not alter the intensity of the two bands (Fig. 3B). These results suggest that the lower ~100 kDa band is not a degradation product of the ~130 kDa band.

The matrix metalloproteases ADAMTS4, MMP-3 and thrombin have been described to cleave hevin in rodent brains resulting in a C-terminal SPARC-like fragment (SLF), which shares a high homology with SPARC, a close homologue of hevin, and which antagonizes hevin´s synaptogenic function [START_REF] Weaver | Processing of the Matricellular Protein Hevin in Mouse Brain Is Dependent on ADAMTS4[END_REF][START_REF] Weaver | Proteolysis of the matricellular protein hevin by matrix metalloproteinase-3 produces a SPARC-like fragment (SLF) associated with neovasculature in a murine glioma model[END_REF]. To confirm the sensitivity of human hevin towards ADAMTS4, MMP-3 and thrombin, we preformed proteolysis assays incubating PFC pool preparations and human recombinant hevin with the three proteases. As expected, incubation with ADAMTS4 or MMP-3 enzymes in human PFC led to a marked decreased in the intensity of the ~130 kDa and ~100 kDa bands with a concomitant appearance of an intense ~40 kDa double band (Fig. 4A, arrow), that seems to correspond to the SLF fragment [START_REF] Weaver | Processing of the Matricellular Protein Hevin in Mouse Brain Is Dependent on ADAMTS4[END_REF][START_REF] Weaver | Proteolysis of the matricellular protein hevin by matrix metalloproteinase-3 produces a SPARC-like fragment (SLF) associated with neovasculature in a murine glioma model[END_REF]. Likewise, proteolysis of human recombinant hevin decreased the intensity of full-length hevin protein bands. Surprisingly, the band corresponding to the hypothesized SLF had slightly greater molecular weight (Fig. 4A, filled arrowhead). In contrast, hevin proteolytic cleavage by thrombin in both PFC and recombinant proteins, which decreased levels of the ~130 kDa and ~100 kDa bands, produced many fragments higher than 50 kDa (Fig. 4B). In both ADAMTS4 (Fig. 5) and MMP-3 (Fig. 6) dependent-proteolysis assays, pronounced effects were observed when increasing the incubation time (1 h or 5 h of incubation). Importantly, the SLF fragment was identified in non-digested PFC samples, although it showed lower intensity level compared to the ~130 kDa and ~100 kDa bands (Fig. 4A, open arrowhead).

Subcellular and regional distribution of hevin in the human brain

We studied the subcellular distribution of both full-length forms of hevin at ~130 and ~100 kDa in human brain by western blot using cellular fractionation of brain samples into both a cytosolic and a membraneenriched (P2) fraction. The expression of stathmin and IKβα (NFKB inhibitor alpha) in the cytosolic fraction, together with the enrichment of syntaxin1A, VGLUT1 (Vesicular glutamate transporter 1), NR2A

(N-methyl D-aspartate receptor subtype 2A) and PSD95 (postsynaptic density protein 95) and in P2 neuronal membranes confirmed the correct fractionation of brain preparations (Fig. 7). Both hevin ~130 and ~100 kDa bands were strongly enhanced in the membrane-enriched P2 fraction compared to the cytosolic fraction. This subcellular expression pattern was observed in all brain areas (Fig. 8A-D).

For each subcellular fraction (total homogenate, cytosols and P2), similar regional distribution was observed for the ~130 and ~100 kDa hevin forms, i.e. PFC showed the highest expression of hevin bands in all cases (Fig. 9A-C). In addition, greater levels were detected in ~130 kDa and ~100 kDa bands of total homogenate and ~100 kDa band of cytosol fractions in CAU compared to CB (p<0.05, p<0.01 and p<0.01, respectively); and in ~100 kDa band of cytosol in HIP compared to CB (p<0.05).

Effect of sex, age, PMD and storage time on hevin immunoreactivity.

To test for sex and age differences on the expression of hevin bands, a larger control cohort of 29 PFC samples, composed of 11 females and 18 males ranging from 18 to 71 years old, was analyzed. Neither sex (11 females vs 18 males), nor age (18-71 years) showed significant differences or correlation with the immunoreactivity of any of the two detected bands (sex ~130 kDa band p= 0.3544; ~100 kDa band p= 0.9787; age ~130 kDa p= 0.9248 and ~100 kDa p= 0.0514; Fig. 10A-D). Importantly, no correlation was observed between hevin expression levels and postmortem delay (3-39 h) and storage time (18-244 months; PMD ~130 kDa p= 0.5809 and ~100 kDa p= 0.3022; storage time ~130 kDa p= 0.5252 and ~100 kDa p= 0.9477; Fig. 10E-H). Interestingly, analyzing this larger control cohort there was found to be a positive correlation between the ~130 kDa and ~100 kDa bands in human PFC (p< 0.0001), indicating that subjects that showed high levels for one form also showed high levels for the other and conversely (Fig. 10I).

Hevin expression in astrocytomas, meningiomas, CSF and blood.

Next the relative contribution of the two forms of hevin in astrocytoma tumors (n=3) in comparison with meningioma brain tumors (n=3) were evaluated. Hevin protein expression, clearly detectable in both tumors, was significantly increased in astrocytoma tumors compared with meningioma tumors (~130 kDa band: astrocytoma 200% ± 37 and meningioma 15% ± 7; ~100 kDa band: astrocytoma 121% ± 44 and meningioma 4% ± 1; Fig. 11A). However, the relative expression of the ~130 kDa and ~100 kDa bands (calculated as the 130/100 ratio) was similar in both brain tumors (astrocytoma 34 ± 9 and meningioma 47 ± 13). In contrast, the relative 130/100 hevin bands ratio seems to be increased in both tumor types compared to control PFC brain regions (ratio of 6 ± 1, and p= 0.002 in both cases).

Hevin protein expression was also detected in CSF (n=4) and serum (n=4), with apparent higher levels in the CSF (Fig. 11B). Significantly, a new pattern of hevin immunoreactivity was observed in both fluids. A shorter novel band of ~90 kDa band and the ~130 kDa band were detected, without the ~100 kDa band (Fig. 11B). The presence of hevin in the serum raises the question of its source of expression. We tested the expression of hevin in different blood fractions (serum, platelets, erythrocytes and leucocytes) in order to assess if hevin is produced by blood cells or derives from other organs that would secrete it. Western blot analysis revealed that hevin, which was highly expressed in serum, was absent in any blood cell fraction (~130 kDa and ~90 kDa bands; Fig. 11C), suggesting that hevin is transported into the bloodstream and not synthesized by any blood cell type.

DISCUSSION

In recent years, a number of glycoproteins that constitute the extracellular matrix have been shown to participate in synaptic function [START_REF] Trinidad | Global identification and characterization of both O-GlcNAcylation and phosphorylation at the murine synapse[END_REF]. These matricellular proteins are often secreted by astrocytes and play essential roles during development in synapse formation and plasticity. Among these matricellular proteins, hevin function has been well characterized during development [START_REF] Eroglu | The role of astrocyte-secreted matricellular proteins in central nervous system development and function[END_REF][START_REF] Kucukdereli | Control of excitatory CNS synaptogenesis by astrocyte-secreted proteins Hevin and SPARC[END_REF]Lively & Brown, 2008b;[START_REF] Lloyd-Burton | SPARC-like 1 (SC1) is a diversely expressed and developmentally regulated matricellular protein that does not compensate for the absence of SPARC in the CNS[END_REF]Mendis, 1996a;Mendis et al., 1996b;[START_REF] Mendis | Induction of SC1 mRNA encoding a brain extracellular matrix glycoprotein related to SPARC following lesioning of the adult rat forebrain[END_REF][START_REF] Risher | Astrocytes refine cortical connectivity at dendritic spines[END_REF], but its level remains high during adulthood, suggesting a physiological role in adult synaptic plasticity [START_REF] Johnston | Molecular cloning of SC1: A putative brain extracellular matrix glycoprotein showing partial similarity to osteonectin/BM40/SPARC[END_REF][START_REF] Lively | Localization of the Extracellular Matrix Protein SC1 to Synapses in the Adult Rat Brain[END_REF]Lively & Brown, 2008b;[START_REF] Lively | The Extracellular Matrix Protein SC1/Hevin Localizes to Multivesicular Bodies in Bergmann Glial Fibers in the Adult Rat Cerebellum[END_REF]Mendis et al., 1996a;[START_REF] Mongrédien | Cartography of hevin-expressing cells in the adult brain reveals prominent expression in astrocytes and parvalbumin neurons[END_REF]. In rodents, astrocytic secretion of hevin is increased after brain injury [START_REF] Lively | SC1/hevin and reactive gliosis after transient ischemic stroke in young and aged rats[END_REF][START_REF] Mckinnon | SC1: A marker for astrocytes in the adult rodent brain is upregulated during reactive astrocytosis[END_REF][START_REF] Mendis | Induction of SC1 mRNA encoding a brain extracellular matrix glycoprotein related to SPARC following lesioning of the adult rat forebrain[END_REF] and hevin expression is altered in models of neuropsychiatric disorders [START_REF] Purcell | Postmortem brain abnormalities of the glutamate neurotransmitter system in autism[END_REF][START_REF] Yin | Neuronal pentraxin receptor in cerebrospinal fluid as a potential biomarker for neurodegenerative diseases[END_REF]. In humans, hevin has also been associated with several mental disorders [START_REF] Yin | Neuronal pentraxin receptor in cerebrospinal fluid as a potential biomarker for neurodegenerative diseases[END_REF][START_REF] Zhurov | Molecular Pathway Reconstruction and Analysis of Disturbed Gene Expression in Depressed Individuals Who Died by Suicide[END_REF]. In this context, it is crucial to better characterize hevin protein expression in the human brain. Here, we provide a detailed characterization of hevin protein expression by western blot in postmortem adult human brain.

The reliability of our western blot results rests on a thorough validation of the specificity of the selected antibody. Immunodetection of hevin in postmortem human brain disappeared when the antibody was previously incubated with the blocking peptide, and was absent in mock-transfected cells and hevin knockout mouse brain lysate. Conversely, hevin signal increased in a protein-dependent manner and after antibody immunoprecipitation. In our study, two main hevin immunoreactive bands were detected in human brain, an intense band of ~130 kDa and a lower molecular weight band of ~100 kDa, which agrees to a great extent with previous results in the literature. Hevin immunoreactivity has mostly been described as a 116/120 kDa doublet in rat brain [START_REF] Johnston | Molecular cloning of SC1: A putative brain extracellular matrix glycoprotein showing partial similarity to osteonectin/BM40/SPARC[END_REF]Lively & Brown, 2008a;Lively & Brown, 2008b;Mendis et al., 1996a), but ~130 kDa and 105 kDa hevin bands have also been described in human and mouse brain lysates [START_REF] Brekken | Expression and Characterization of Murine Hevin (SC1), a Member of the SPARC Family of Matricellular Proteins[END_REF][START_REF] Kucukdereli | Control of excitatory CNS synaptogenesis by astrocyte-secreted proteins Hevin and SPARC[END_REF][START_REF] Weaver | Processing of the Matricellular Protein Hevin in Mouse Brain Is Dependent on ADAMTS4[END_REF].

In order to further investigate the nature of the main hevin bands, we performed several biochemical assays. Time-and temperature-dependent proteolysis assays discharged ~100 kDa hevin form as the degradation product of the ~130 kDa form. Hevin is a 664 amino-acids glycoprotein composed of a signal peptide, an acidic N-terminal domain, followed by a follistatin-like domain and an extracellular Ca 2+ binding-domain at the C-terminus. Several potential N-glycosylation sites have been proposed along hevin's protein sequence, mainly in the acidic N-terminal and in the follistatin-like domain (Asn-444) [START_REF] Bendik | Characterization of MAST9/Hevin, a SPARC-like Protein, That is Down-Regulated in Non-Small Cell Lung Cancer[END_REF][START_REF] Girard | Cloning from purified high endothelial venule cells of hevin, a close relative of the antiadhesive extracellular matrix protein SPARC[END_REF][START_REF] Hambrock | SC1/Hevin: An Extracellular Calcium-Modulated Protein That Binds Collagen I[END_REF]. Additionally, several O-glycosylation sites have also been experimentally observed in human CSF [START_REF] Halim | LC-MS/MS Characterization of O-Glycosylation Sites and Glycan Structures of Human Cerebrospinal Fluid Glycoproteins[END_REF]. Our deglycosylation assays demonstrated that both hevin forms in human brain are N-glycosylated (PNGaseF cleavage). In both bands, some glycosylations corresponded to bi-antennary or tri-antennary fucosylation (EnfoF3 cleavage, but less migration shift than PNGaseF), while some N-glycosylation were due to N-linked highmannose hybrid glycosylation (EndoH cleavage) only in the ~130 kDa form [START_REF] Freeze | Endoglycosidase and Glycoamidase Release of N-Linked Glycans[END_REF]. PNGaseF deglycosylation leads to a ~90 kDa band, which may correspond to native hevin -with a calculated theoretical Mw of ~71 kDa [START_REF] Johnston | Molecular cloning of SC1: A putative brain extracellular matrix glycoprotein showing partial similarity to osteonectin/BM40/SPARC[END_REF], or to some form of hevin with other posttranslational modifications such as phosphorylation. These results concord with those described in rat brain lysates and mouse recombinant hevin [START_REF] Hambrock | SC1/Hevin: An Extracellular Calcium-Modulated Protein That Binds Collagen I[END_REF][START_REF] Johnston | Molecular cloning of SC1: A putative brain extracellular matrix glycoprotein showing partial similarity to osteonectin/BM40/SPARC[END_REF]. The expression of two post-translationally distinct forms of hevin in different species suggests a conserved role in adult physiological brain function.

Proteolysis of hevin by ADAMTS4, MMP-3 and thrombin liberates the C terminus portion of mouse and recombinant hevin (amino-acids 350-650), which possess 60 % of identity to SPARC, and hence was named SPARC-like fragment (SLF) [START_REF] Kucukdereli | Control of excitatory CNS synaptogenesis by astrocyte-secreted proteins Hevin and SPARC[END_REF][START_REF] Weaver | Processing of the Matricellular Protein Hevin in Mouse Brain Is Dependent on ADAMTS4[END_REF][START_REF] Weaver | Proteolysis of the matricellular protein hevin by matrix metalloproteinase-3 produces a SPARC-like fragment (SLF) associated with neovasculature in a murine glioma model[END_REF]. SLF, like SPARC, antagonizes the synaptogenic activity of hevin [START_REF] Kucukdereli | Control of excitatory CNS synaptogenesis by astrocyte-secreted proteins Hevin and SPARC[END_REF]. Here we confirmed that human hevin is cleaved by these 3 enzymes. Incubation of human PFC total homogenate samples with ADAMTS4 or MMP-3 produced a double band with similar molecular weight (~40 kDa) to that described in mouse brain [START_REF] Weaver | Processing of the Matricellular Protein Hevin in Mouse Brain Is Dependent on ADAMTS4[END_REF][START_REF] Weaver | Proteolysis of the matricellular protein hevin by matrix metalloproteinase-3 produces a SPARC-like fragment (SLF) associated with neovasculature in a murine glioma model[END_REF]. By contrast, the cleaved product of the recombinant human hevin was larger (~47 kDa). Differences in post-translational modifications in hevin PFC or recombinant protein (in this case produced in a mouse myeloma cell line) could explain the observed molecular weight differences of the cleaved product. Hevin proteolysis by thrombin produced very different molecular weight fragments in both PFC and recombinant proteins, due to thrombin nonspecific cleavage sites [START_REF] Rajalingam | A method for the prevention of thrombininduced degradation of recombinant proteins[END_REF]. Regardless of the protease identity, in vivo digestion of hevin occurs as we could detect the hypothetical SLF fragment in non-digested PFC samples, despite very low levels compared to full-length hevin. Biochemical studies in ADAMTS4-null mice suggest that hevin is endogenously digested primarily by ADAMTS4 at least in the cerebellum [START_REF] Weaver | Processing of the Matricellular Protein Hevin in Mouse Brain Is Dependent on ADAMTS4[END_REF]. Future studies are needed to identify the proteases responsible for the cleavage of hevin in human brain. Based on the antagonistic role of SLF on hevin synaptogenic function, it would be relevant to include the quantification of SLF levels along with hevin in future studies on human neuropsychiatric disorders.

Consistent with the wealth of experimental evidences showing hevin expression in synaptic junctions [START_REF] Hambrock | SC1/Hevin: An Extracellular Calcium-Modulated Protein That Binds Collagen I[END_REF][START_REF] Johnston | Molecular cloning of SC1: A putative brain extracellular matrix glycoprotein showing partial similarity to osteonectin/BM40/SPARC[END_REF][START_REF] Singh | Astrocytes Assemble Thalamocortical Synapses by Bridging Nrx1α and NL1 via Hevin[END_REF], we found that the two human hevin forms, ~130 kDa and ~100 kDa, are strongly enriched in membranous fraction compared to cytosolic preparations in all brain region tested. The enrichment in membrane preparation suggests that hevin is trapped in the complex mesh-like matrix of the synapses. However, hevin's presence in the cytosolic (soluble) fraction reflects its soluble nature and also suggests that it can also attach to different targets before being secreted to the ECM [START_REF] Ge | Olfactory ensheathing cells facilitate neurite sprouting and outgrowth by secreting high levels of hevin[END_REF][START_REF] Hambrock | SC1/Hevin: An Extracellular Calcium-Modulated Protein That Binds Collagen I[END_REF][START_REF] Sullivan | Matricellular Hevin Regulates Decorin Production and Collagen Assembly[END_REF]. Additionally, the two human hevin immunoreactive bands were detected in the four brain regions studied with the largest expression detected in the PFC. This data is similar to the regional expression of hevin mRNA shown in mouse brain, with a strong expression in cortical regions [START_REF] Mongrédien | Cartography of hevin-expressing cells in the adult brain reveals prominent expression in astrocytes and parvalbumin neurons[END_REF]. In addition, we have previously observed in adult human brain, hevin mRNA expression in astrocytes and parvalbumin interneurons in PFC and CAU, and in glutamatergic neurons in PFC [START_REF] Mongrédien | Cartography of hevin-expressing cells in the adult brain reveals prominent expression in astrocytes and parvalbumin neurons[END_REF].

Our present results confirm that hevin mRNA is translated in adult human brain and add evidence for a region-specific expression of hevin. Hevin strong cortical expression suggests a major role in higher cognitive functions such as decision-making, social and emotional behavior, learning and memory. Thus, future analysis of hevin in several limbic brain regions of patients with psychiatric disorders such as depression, drug addiction and schizophrenia would be particularly relevant. In addition, based on recent evidence showing that post-translational modifications are crucial in synaptic functions [START_REF] Zhang | Heparan Sulfate Organizes Neuronal Synapses through Neurexin Partnerships[END_REF], analysis of hevin expression levels should differentiate between the two isoforms. Besides being expressed in the non-pathological brain, previous studies have demonstrated that hevin protein expression is induced in reactive astrocytes [START_REF] Jones | Astrocyte-Secreted Matricellular Proteins in CNS Remodelling during Development and Disease[END_REF][START_REF] Lively | SC1/hevin and reactive gliosis after transient ischemic stroke in young and aged rats[END_REF][START_REF] Mckinnon | SC1: A marker for astrocytes in the adult rodent brain is upregulated during reactive astrocytosis[END_REF][START_REF] Mendis | Induction of SC1 mRNA encoding a brain extracellular matrix glycoprotein related to SPARC following lesioning of the adult rat forebrain[END_REF], and abnormal astrocyte activation has been related with tumor formation, such as astrocytoma [START_REF] Gronseth | The Role of Astrocytes in Tumor Growth and Progression[END_REF][START_REF] Yang | Regulation and dysregulation of astrocyte activation and implications in tumor formation[END_REF]. Upregulated hevin mRNA expression has also been reported in human meningiomas or meningeal tumors [START_REF] Dalan | Simultaneous analysis of miRNA-mRNA in human meningiomas by integrating transcriptome: A relationship between PTX3 and miR-29c[END_REF], which are typically slow-growing tumors of the meninges, where the arachnoid mater cells transform into meningioma cells [START_REF] Buerki | An overview of meningiomas[END_REF][START_REF] Fathi | Meningioma[END_REF]. However, these studies did not distinguish between the different hevin forms. Here we show that astrocytoma samples exhibited greater hevin immunoreactivity than meningioma samples, in both hevin bands. However no significant differences in the relative expression of the ~130 kDa and ~100 kDa bands (ratio) were detected between both types of tumors. These results are consistent with the well-known role of hevin and other ECM molecules in tumor invasion, and the proposal of hevin as a marker of glioblastoma and astrocytoma progression [START_REF] He | Cell-ECM Interactions in Tumor Invasion[END_REF][START_REF] Turtoi | Sparc-Like Protein 1 Is a New Marker of Human Glioma Progression[END_REF][START_REF] Virga | Tumor Grade versus Expression of Invasion-Related Molecules in Astrocytoma[END_REF]. Nevertheless, the fact that hevin expression is downregulated in other types of human cancers, has suggested it may play different roles in tumor biology, as both oncogene and tumor suppressor, based on tumor type [START_REF] Gagliardi | SPARCL1 a novel player in cancer biology[END_REF]). Hevin's implication in cell adhesion, migration and proliferation highlight its role as a key protein in the regulation of tumor biology [START_REF] Claeskens | Hevin is down-regulated in many cancers and is a negative regulator of cell growth and proliferation[END_REF][START_REF] Gagliardi | SPARCL1 a novel player in cancer biology[END_REF].

Finally, we evaluated hevin expression pattern in CSF and blood samples. It has been shown that hevin protein is upregulated in the CSF of multiple sclerosis patients, while it is absent in normal CSF in the same study [START_REF] Hammack | Proteomic analysis of multiple sclerosis cerebrospinal fluid[END_REF]. In contrast to that study, herein we demonstrate that two hevin forms are secreted into the CSF in subjects without psychiatric or neurological disorders. However, the origin of CSF hevin remains unknown; it may originate from brain's astrocytes and/or neurons, meninges or anywhere in the periphery and arrive by bloodstream. In addition, although we clearly detected hevin in blood plasma, none of the blood cell expressed it (platelets, erythrocytes and leucocytes), suggesting that hevin present in blood derives from other organs where hevin is expressed such as brain, endothelial cells of high endothelial venules [START_REF] Girard | Cloning from purified high endothelial venule cells of hevin, a close relative of the antiadhesive extracellular matrix protein SPARC[END_REF], 1996), liver [START_REF] Klingler | Species-, organ-and cell-type-dependent expression of SPARCL1 in human and mouse tissues[END_REF], stomach [START_REF] Klingler | Species-, organ-and cell-type-dependent expression of SPARCL1 in human and mouse tissues[END_REF], small intestine [START_REF] Klingler | Species-, organ-and cell-type-dependent expression of SPARCL1 in human and mouse tissues[END_REF], oesophagus [START_REF] Klingler | Species-, organ-and cell-type-dependent expression of SPARCL1 in human and mouse tissues[END_REF], lung [START_REF] Bendik | Characterization of MAST9/Hevin, a SPARC-like Protein, That is Down-Regulated in Non-Small Cell Lung Cancer[END_REF][START_REF] Klingler | Species-, organ-and cell-type-dependent expression of SPARCL1 in human and mouse tissues[END_REF][START_REF] Weaver | Processing of the Matricellular Protein Hevin in Mouse Brain Is Dependent on ADAMTS4[END_REF], pancreas [START_REF] Bendik | Characterization of MAST9/Hevin, a SPARC-like Protein, That is Down-Regulated in Non-Small Cell Lung Cancer[END_REF][START_REF] Weaver | Processing of the Matricellular Protein Hevin in Mouse Brain Is Dependent on ADAMTS4[END_REF], heart [START_REF] Bendik | Characterization of MAST9/Hevin, a SPARC-like Protein, That is Down-Regulated in Non-Small Cell Lung Cancer[END_REF][START_REF] Johnston | Molecular cloning of SC1: A putative brain extracellular matrix glycoprotein showing partial similarity to osteonectin/BM40/SPARC[END_REF][START_REF] Weaver | Proteolysis of the matricellular protein hevin by matrix metalloproteinase-3 produces a SPARC-like fragment (SLF) associated with neovasculature in a murine glioma model[END_REF], spleen or kidney [START_REF] Bendik | Characterization of MAST9/Hevin, a SPARC-like Protein, That is Down-Regulated in Non-Small Cell Lung Cancer[END_REF][START_REF] Soderling | Cloning and Expression of Murine SC1, a Gene Product Homologous to SPARC[END_REF]. Interestingly, it was noted that, while ~130 kDa band was present in both CSF and serum, the ~100 kDa band was absent and a ~90 kDa band was detected. This band may correspond to non-glycosylated form, as shown in deglycosylation assays. The different proportion of the two detected hevin forms in CSF and in blood suggests a different glycosylation/deglycosylation pattern and/or a different source of origin for hevin in each fluid [START_REF] Barone | Glycomics of pediatric and adulthood diseases of the central nervous system[END_REF][START_REF] Johnston | Molecular cloning of SC1: A putative brain extracellular matrix glycoprotein showing partial similarity to osteonectin/BM40/SPARC[END_REF].

The present study provides a thorough characterization of hevin protein expression by western blot in postmortem human brain. The data herein presented reveal that there are two forms of hevin, both glycosylated, whose expression is higher in the membrane-enriched fraction compared to the cytosolic/soluble fraction. Furthermore, hevin expression is higher in the PFC in comparison to other brain regions. Hevin protein in PFC did not vary with age, nor sex. It is also shown that hevin is expressed in human CSF and blood plasma, but not in blood cells. Taken together, these results constitute an essential resource for future studies of hevin in brain tissue under pathological and non-pathological conditions. Nationale de la Recherche (ANR JCJC 2015). A. Nuñez-del Moral is recipient of a Predoctoral Fellowship from the Basque Government.
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 2 Figure 2. Distinct glycosylation patterns of hevin in human brain. A, B) Hevin immunoreactivity in a PFC total homogenate (A) and in human recombinant (B) hevin after treatment with EndoF3, EndoH or PNGaseF enzymes for 5 h at 37°C. Experiments were performed in triplicates. Representative western blot image for each experiment is shown.

Figure 3 .

 3 Figure 3. Proteolytic degradation of hevin in human brain. A) Hevin immunoreactivity and corresponding ß-actinnormalized quantification in a PFC total homogenate pool (20 µg) after incubation with (+PI) or without (-PI) protease inhibitors for a duration of 0 to 180 min at 37°C. B) Hevin immunoreactivity and corresponding ß-actinnormalized quantification in a PFC total homogenate pool (20 µg) after incubation at different temperatures (4°C-95°C) for 15 min. Experiments were performed in triplicates. Representative western blot image for each experiment is shown.

Figure 4 .

 4 Figure 4. Sensitivity of human hevin to matrix metalloproteases and the serine protease thrombin. A) Hevin immunoreactivity in a PFC total homogenate and in human recombinant hevin after treatment with after treatment with ADAMTS4 or MMP-3 enzymes for 5 h at 37°C (arrow: ~40 kDa double band detected in digested-PFC; filled arrowhead: ~47 kDa double band detected in digested-recombinant protein; empty arrowhead: hypothetical ~40 kDa SLF fragment in non-digested PFC). B) Hevin immunoreactivity of PFC total homogenate pool (70 µg) or human recombinant hevin (20 ng) after 15h (37°C) of incubation in the presence or absence of thrombin (1 U). Experiments were performed in duplicate and a representative western blot image is shown.

Figure 5 .

 5 Figure 5. ADAMTS4-dependent proteolysis of human hevin. A) Hevin immunoreactivity of PFC total homogenate pool (50 µg), B) and human recombinant hevin (140 ng) after 1h or 5h (37°C) of incubation in the presence or absence of ADAMTS4 (2 µg) protease. Experiments were performed in duplicate and a representative western blot image is shown.

Figure 7 .

 7 Figure 7. Human hevin expression in membrane-enriched and cytosolic fraction. Validation of the subcellular isolation of cytosol and P2 fractions from human PFC samples. Immunoreactivities of synaptic proteins (Syntaxin1A, VGLUT1, NR2A, PSD95) are enriched in P2 membrane fraction. Immunoreactivities of cytosolic proteins (Stathmin, IKβα) are enriched in cytosolic fraction.Western blot experiments were performed using a goat anti-human hevin antibody (R&D Systems, AF2728) and those specified in Table1. Experiments were performed in duplicate and a representative western blot image is shown. TH: total homogenate, CYT: cytosol, P2: membrane-enriched fraction.

Figure 8 .

 8 Figure 8. Prominent expression of hevin in membrane-enriched fraction along different brain regions. A-D) Hevin immunoreactivity and its ~130 kDa and ~100 kDa bands quantification (ß-actin-normalized) in different cellular preparations (TH: total homogenate, CYT: cytosol, P2: membrane-enriched fraction) obtained from prefrontal cortex (A), hippocampus (B), caudate nucleus (C) and cerebellum (D). Representative western blot images are shown in the figure. Kruskal-Wallis followed by Dunn's multiple comparisons test was used for each comparison. IR: immunoreactivity. PFC 130 kDa: H 2 = 9.696; CYT vs P2: p = 0.004; PFC 100 kDa: H 2 = 5.626; CYT vs P2: p = 0.117; HIP 130 kDa: H 2 = 7.17; CYT vs P2: p = 0.011; HIP 100 kDa: H 2 = 4.363; CYT vs P2: p = 0.04; CAU 130 kDa: H 2 = 14.36; CYT vs P2: p = 0.0002; CAU 100 kDa: H 2 = 11.66; CYT vs P2: p = 0.0014; CB 130 kDa: H 2 = 14.75; CYT vs P2: p = 0.0001; CB 100 kDa: H 2 = 4.994; CYT vs P2: p = 0.0266. Significance levels: *p< 0.05, **p< 0.01, ***p< 0.001, ****p< 0.0001. Brain regions were collected from 6 individuals. Experiments were performed in duplicate. Data points are added to the box-and-whiskers plot.

Figure 9 .

 9 Figure 9. Comparison of human hevin expression among different brain regions. A-D) Hevin immunoreactivity and its ~130 kDa and ~100 kDa bands quantification (ß-actin-normalized) in different brain areas (PFC: prefrontal cortex, HIP: hippocampus, CAU: caudate nucleus, CB: cerebellum). Representative western blot images are shown in the figure. Kruskal-Wallis followed by Dunn's multiple comparisons test was used for each comparison. IR: immunoreactivity. TH 130 kDa: H 3 = 15.02; PFC vs HIP: p = 0.043; PFC vs CB: p = 0.0006; TH 100 kDa: H 3 = 18.47; PFC vs CB: p = 0.0001; CYT 130 kDa: H 3 = 8.867; PFC vs HIP: p = 0.034; PFC vs CB: p = 0.027; CYT 100 kDa: H 3 = 17.21; PFC vs HIP: p = 0.006; PFC vs CB: p = 0.0003; P2 130 kDa: H 3 = 9.58; PFC vs HIP: p = 0.007; P2 100 kDa: H 3 = 11.49; PFC vs HIP: p = 0.013; PFC vs CB: p = 0.009. Significance levels: *p< 0.05, **p< 0.01, ***p< 0.001, ****p< 0.0001. Brain regions were collected from 6 individuals. Experiments were performed in duplicate. Data points are added to the box-and-whiskers plot.

Figure 10 .

 10 Figure 10. Influence of sex, age, PMD and storage time on hevin expression, and correlation between the two hevin isoforms. A-B) Sex comparison between 11 females and 18 males of ~130 kDa (A) and ~100 kDa (B) hevin bands immunoreactivity (ß-actin-normalized) in PFC total homogenates. Age (C-D), postmortem delay (E-F) and storage time (G-H) correlation with the immunoreactivity of the ~130 kDa and ~100 kDa bands in total homogenate preparations obtained from human PFC of 29 control subjects. I) Statistical linear correlation of hevin ~130 kDa and ~100 kDa bands immunoreactivities in PFC total homogenate pool of 29 subjects. IR: immunoreactivity. Statistical comparison between sexes was performed by two-tailed Student's t-test and correlation analyses by two-tailed Pearson´s correlation test. No statistically significant linear correlations were observed (Pearson' r value and p value are shown in each correlation graph). Simple linear regression analysis showed correlation between the levels of the 130 kDa band with the 100 kDa band (r = 0.8313, p ≤ 0.0001). Prefrontal cortex samples of 29 subjects were used and run in triplicate.

Figure 11 .

 11 Figure 11. Strong expression of hevin in astrocytoma, meningioma and CSF but not in any blood cell type. A) Hevin immunoreactivity and corresponding ß-actin-normalized quantifications in total homogenate preparations of 3 astrocytoma (18 µg), 3 meningioma (18 µg) and 6 PFC samples (15 µg). B) Hevin immunoreactivity in 4 CSF (3.6 µg) and 4 serum samples (3.6 µg). C) Hevin immunoreactivity in different blood fractions (S: serum, P: platelets, E: erythrocytes, L: leucocytes). The same amount of protein was loaded for each sample (37 µg) with the exception of leucocytes (8 µg, due to the sample concentration). β-actin (only present in PFC and serum samples) and Ponceau S staining are also shown. Experiments were performed in duplicate. Representative western blot image is shown. The statistical comparison between astrocytoma, meningioma and PFC was done by Mann-Whitney test. 130 kDa, PFC vs Astrocytoma: U 6, 3 = 0.024; 130 kDa, PFC vs Meningioma: U 6, 3 = 0.024; 100 kDa, Astrocytoma vs Meningioma : U 3,

  

Table 1 .

 1 References and dilutions of the primary antibodies used in this study.

	PRIMARY ANTIBODY	TRADING HOUSE	CATALOG NUMBER	ANTIBODY TYPE	IMMUNIZED SPECIE	DILUTION
	Anti-human SPARCL1	R&D Systems	AF2728	Polyclonal	Goat	1:3000
	Anti-human SPARCL1	Santa Cruz Biotechnology	sc-514275	Monoclonal	Mouse	1:500
	Anti-mouse SPARCL1	R&D Systems	AF2836	Polyclonal	Goat	1:2000
	Anti-human β-actin	Sigma-aldrich	A1978	Monoclonal	Mouse	1: 100.000
	Anti-human Syntaxin1A	Merck Millipore	MAB336	Polyclonal	Mouse	1:2000
	Anti-human Vglut1	Donated by S. El Mestikawy	----	Polyclonal	Rabbit	1:1000
	Anti-human NR2A	Santa Cruz Biotechnology	sc-1468	Polyclonal	Goat	1:1000
	Anti-human PSD95	Merck Millipore	MAB1596	Monoclonal	Mouse	1:1000
	Anti-human Stathmin	Cell Signaling Technology	#3352	Polyclonal	Rabbit	1:200
	Anti-human Ikb-α	Santa Cruz Biotechnology	Sc-371	Polyclonal	Rabbit	1:500
	TYPE OF ASSAY		SAMPLE NUMBER (N)	AGE (MEAN±SEM)	SEX (FEMALE/MALE)
	Antibody specificity, degradation and	Pool preparation containing samples	45±2	4M
	enzymatic assays		from 4 different subjects		
	Regional and subcellular expression assays	6 PFC	44±1	6M
			6 HIP		
			6 CAU		
			6 CB		
	Correlations with different variables	29 PFC	50±2	11F/18M
	Astrocytoma		3		49±8	3M
	Meningioma		3		61±7	2F/1M
	Cerebrospinal fluid	4		65±7	4M
	Blood		4		28±3	4F

Table 2 .

 2 Demographic characteristics and number of the subjects included in each assay of this study.

= 0.024; 130 kDa / 100 kDa ratio, PFC vs Astrocytoma: U 6, 3 = 0.024; Astrocytoma vs Meningioma : U 3, 3 = 0.024. Samples were run in duplicate. Significance levels: *p< 0.05. Data points are added to the box-and-whiskers plot.
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