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Introduction.

Angiogenin, a 14-kDa polypeptide, was originally isolated from medium conditioned by HT-29 human tumour cells, on the basis of its ability to induce neovascularization in the chick chorioallantoic membrane assay [START_REF] Fett | Isolation and characterization of angiogenin, an angiogenic protein from human carcinoma cells[END_REF]. Its amino acid sequence shows 35% identity to that of pancreatic ribonuclease A (RNase A), many of the remaining residues being conservatively replaced [START_REF] Strydom | Amino acid sequence of human tumor derived angiogenin[END_REF]. Angiogenin has endonucleolytic activity, demonstrated in vitro on 18S and 28S rRNAs as well as tRNAs [START_REF] Shapiro | Characteristic ribonucleolytic activity of human angiogenin[END_REF][START_REF] Rybak | Base cleavage specificity of angiogenin with Saccharomyces cerevisiae and Escherichia coli 5S RNAs[END_REF][START_REF] Lee | Characterization of ribonucleolytic activity of angiogenin towards tRNA[END_REF]. A functional enzymatic active site and a cell-binding domain are both required for its angiogenic property to be expressed [START_REF] Hallahan | Dual site model for the organogenic activity of angiogenin[END_REF].

Indeed, angiogenin-specific receptors have been detected on subconfluent endothelial cells, but not at confluence [START_REF] Badet | Specific binding of angiogenin to calf pulmonary artery endothelial cells[END_REF][START_REF] Chamoux | Characterization of angiogenin receptors on bovine brain capillary endothelial cells[END_REF][START_REF] Hu | A putative angiogenin receptor in angiogenin-responsive human endothelial cells[END_REF]. Angiogenin is present in normal plasma [START_REF] Shapiro | Isolation of angiogenin from normal human plasma[END_REF]. In addition, cultures of vascular endothelial cells, aortic smooth muscle cells (SMC), fibroblasts and tumour cells secrete angiogenin into the medium [START_REF] Fett | Isolation and characterization of angiogenin, an angiogenic protein from human carcinoma cells[END_REF][START_REF] Moenner | The widespread expression of angiogenin in different human cells suggests a biological function not only related to angiogenesis[END_REF]. This widespread expression raises the possibility that angiogenin has an important role in cell-cell communications.

Interactions between endothelium and SMC have been implicated in vascular growth control [START_REF] Orlidge | Inhibition of capillary endothelial cell growth by pericytes and smooth muscle cells[END_REF][START_REF] Dodge | Density-dependent endothelial cell production of an inhibitor of smooth muscle cell growth[END_REF]. Smooth muscle cells and pericytes suppress endothelial cell proliferation [START_REF] Orlidge | Inhibition of capillary endothelial cell growth by pericytes and smooth muscle cells[END_REF]. Media conditioned by endothelial cells stimulate or inhibit SMC growth depending on endothelial cell density [START_REF] Dodge | Density-dependent endothelial cell production of an inhibitor of smooth muscle cell growth[END_REF]. Secretion of angiogenin by cultured endothelial cells correlates with their growth state. It increases during exponential growth, reaching a plateau before confluence [START_REF] Moenner | The widespread expression of angiogenin in different human cells suggests a biological function not only related to angiogenesis[END_REF]. As, angiogenin has been shown to activate phospholipase C, to induce cholesterol esterification and to depress cAMP in rat aortic SMC [START_REF] Moore | Angiogenin activates phospholipase C and elicits a rapid incorporation of fatty acid into cholesterol esters in vascular smooth muscle cells[END_REF][START_REF] Xiao | Angiogenin depresses aortic smooth muscle cell cAMP by a pertussis toxin sensitive mechanism[END_REF], we focused our attention on the interactions of angiogenin with SMC.

In this study, evidence is provided for the ability of angiogenin to inhibit SMC proliferation. Cell surface binding sites for human angiogenin were characterised by ligand binding and affinity labelling techniques, on bovine and human aortic SMC. Potential modulators of angiogenesis were studied in ligand competition experiments.

MATERIALS AND METHODS

Materials.

Human recombinant angiogenin with an additional methionine residue at the N-terminal (Met-(-1) angiogenin) was produced in Institut des Biotechnologies de Vitry (Rhône-Poulenc Rorer, France) [START_REF] Denèfle | Chemical synthesis of a gene coding for human angiogenin, its expression in Escherichia coli and conversion of the product into its active form[END_REF]. Human recombinant wild type angiogenin (<Glu-1 angiogenin) was a gift from R. Shapiro (Boston, MA). Both angiogenins have been shown to act as angiogenic factors in the chorioallantoic membrane assay and in the rabbit cornea [START_REF] Denèfle | Chemical synthesis of a gene coding for human angiogenin, its expression in Escherichia coli and conversion of the product into its active form[END_REF][START_REF] Kurachi | Expression of human angiogenin in cultured baby hamster kidney cells[END_REF][START_REF] Badet | In vivo and in vitro studies of angiogenin -a potent angiogenic factor[END_REF], and to exhibit characteristic ribonucleolytic activity [START_REF] Denèfle | Chemical synthesis of a gene coding for human angiogenin, its expression in Escherichia coli and conversion of the product into its active form[END_REF][START_REF] Kurachi | Expression of human angiogenin in cultured baby hamster kidney cells[END_REF].

Bovine serum albumin (BSA), actin, RNase A, and protamine and poly-DL-lysine were from Sigma (St. Louis, MO). Suramin was from Mobay Chemical Corp. (New York).

Heparin was a gift from J. Choay. Placental ribonuclease inhibitor (PRI) was from Promega (Madison, WI). The N-terminal peptide of angiogenin 5-19 was synthesised by the group of T. Cartwright (Rhône-Poulenc Rorer, France) and the C-terminal segment 108-123 was provided by Bachem (Budendorf, Switzerland). Culture media and gelatine were from Gibco BRL (Gaithersburg, MD) and fetal bovine serum was from Boehringer Mannhein (Germany) and Eurobio (Toulouse, France). Sera were tested for the absence of mycoplasmas and were heat-inactivated before use. Na 125 I and [ 3 H]methyl-thymidine were from ICN Biomedicals Inc. (Costa Mesa, CA). Chemicals for SDS-PAGE and molecular mass markers were from BioRad (Hercules, CA) and acrylamide was from Serva (Heidelberg, Germany). All chemicals were of analytical grade.

Cell culture. Primary bovine aortic SMC were generously supplied by P. D'Amore (Boston, MA) and were grown in Dulbecco's modified Eagle's medium (DMEM), 4.5 g/l glucose, 2.2 g/l sodium bicarbonate, 10% fetal bovine serum for less than ten subcultures.

Alternatively, SMC were cultured in serum-free medium as described elsewhere [START_REF] Moenner | Secretion of ribonucleases by normal and immortalized cells grown in serum-free culture conditions, In Vitro Cell[END_REF].

Human aortic SMC immortalised by the E6 and E7 open reading frames of human papillomavirus type 16 (AALTR 16-2) were given by J. K. McDougall (Seattle, WA) and propagated as previously reported [START_REF] Perez-Reyes | Immortalization of primary human smooth muscle cells[END_REF], except that the cells were plated in 0.1% gelatinecoated dishes and cultured without antibiotics. AALTR 16-2 cells were used between passages 18 and 30. SMC were checked for phenotypic expression of smooth musclespecific α-actin by indirect immunofluorescence. Dede Chinese hamster lung fibroblasts (CCL39) were from the American Type Culture Collection (Rockville, MD) and subcultured under the conditions used for SMC. Primary cultures of fibroblasts from human saphenous veins were grown as previously described [START_REF] Moenner | The widespread expression of angiogenin in different human cells suggests a biological function not only related to angiogenesis[END_REF]. Cells were maintained at 37°C in a humidified atmosphere of 5% CO 2 , 95% air.

Cell proliferation assay. Cells (1-2 x 10 4 /cm 2 ) were seeded in 24-well plates (2 cm 2 /well) (Costar, Brumath, France) in 0.5 ml of DMEM/10% fetal bovine serum and allowed to attach for 0.5-2 h before adding various concentrations of <angiogenin or Metangiogenin. On day 3 or 4, cells from triplicate wells were trypsinized and counted by using a particle counter (Coultronics, France). Means and standard deviations were compared to control values obtained in the absence of angiogenin, by using Student's t test.

Measurement of DNA synthesis. Subconfluent SMC in 48-well plates were rinsed and maintained in DMEM, BSA 1 mg/ml for 24 h. The medium was renewed and various concentrations of angiogenin were then added for an additional day. For the last 4 h, 1 µCi/ml of [ 3 H]methyl-thymidine (1 Ci = 37 GBq) was added to each well. Culture medium was removed and the cells were fixed with ice-cold 10% trichloroacetic acid for 20 min at 4°C. The plates were then washed 3 times with water. The precipitates were solubilized in 0.1 M NaOH and radioactivity was determined in an LKB model 1215 Rackbeta liquid scintillation counter (LKB Wallac, Turku, Finland). Means and standard deviations were compared to control values obtained in the absence of angiogenin, by using Student's t test.

Protein iodination. Angiogenin was iodinated by the chloramine-T method [START_REF] Hunter | Preparation of iodine-131 labelled human growth hormone of high specific activity[END_REF] in a final volume of 25-30 µl angiogenin (2 µg, 4.7-5.7 µM) was added to 0.5 mCi of Na 125 I (21 µM) neutralised by 0.1 M Mops, and 3.3 mM polyethylene glycol 1000. The reaction in 0.1 M Mops buffer pH 7.2 was started by adding 80 µM chloramine-T for 3 min at room temperature and was stopped by adding 90 µM sodium bisulfite and 1.25 mM NaI for 1 min. The volume was then adjusted to 0.5 ml with Mops-buffered saline (20 mM Mops, 130 mM NaCl, pH 7.2) containing 1 mg/ml BSA. The iodination yield was > 70% as determined by filtration of the reaction mixture on a PD10 Sephadex G25-M column (Pharmacia, Uppsala, Sweden) equilibrated in the same buffer. Iodinated angiogenin was then purified by affinity chromatography on a small (0.2 ml) heparin-Sepharose column (Pharmacia) equilibrated in Mops-buffered saline with BSA. After loading, the column was washed with 15 ml of buffer. About 85% of the bound 125 I-angiogenin was eluted with 2 ml of the same buffer containing 2 M NaCl, and was finally desalted on a PD10 Sephadex G25-M column in Mops-buffered saline with BSA. Specific activity was 2.5-4.0

x 10 5 cpm/ng (2-3.2 Ci/µmol), corresponding to about 1 to 2 atoms of iodine per molecule.

RNase A was iodinated to a specific activity of 4.0 x 10 5 cpm/ng according to the same protocol without the affinity chromatography step.

Cell-binding studies. Cells were seeded at 1.5-2 x 10 4 /cm 2 in multiwell plates and cultured for 2 days before binding experiments. The cultures were placed at 4°C and all subsequent operations were done in the cold. The cells were washed twice with 0.25 ml/cm 2 of binding buffer (20 mM Mops, 130 mM NaCl, 1 mM MgCl 2 , 1 mM CaCl 2 , 3 mM KCl, 1 mg/ml BSA, pH 7.2) and incubated with 125 I-angiogenin at the appropriate concentration in binding buffer (0.1 ml/cm 2 ) on a shaking platform at 40 cycles/min.

For equilibrium binding experiments, the cell monolayers were incubated with the indicated concentration of 125 I-angiogenin for 3-4 h at 4°C. The cells were then rinsed four times with binding buffer and solubilized overnight in 4 M guanidine hydrochloride, 2% Triton X-100, 50 mM sodium acetate, pH 5.8. Determinations were done in triplicate and repeated at least three times. In some experiments, monolayers were pre-treated as follows to remove any angiogenin already bound. The monolayers were washed with cold acidic buffer (Haigler's buffer, 0.2 M CH 3 COOH, 0.5 M NaCl, pH 2.5) for 1 min and then rinsed four times with binding buffer. This treatment has been shown to dissociate ligands bound to their receptors [START_REF] Haigler | Dansylcadaverine inhibits internalization of 125 I-epidermal growth factor in BALB 3T3 cells[END_REF]. Alternatively, monolayers were preincubated in DMEM, 1 mg/ml BSA at 37°C for 2-4 h to dissociate any bound angiogenin.

Competitive 125 I-angiogenin binding experiments with increasing concentrations of various effectors were performed in the equilibrium binding conditions described above.

For saturation experiments, cultures were incubated for 3-4 h at 4°C with increasing concentrations of 125 I-angiogenin plus various amounts of unlabelled angiogenin to achieve the indicated final concentrations, and were then treated as described above. Data were analyzed by using the LIGAND fitting program ( [START_REF] Munson | LIGAND: A versatile computerized approach for characterization of ligand-binding systems[END_REF], version 4.97).

To study the regulation of receptor numbers during cell growth, SMC were seeded at 1.5 x 10 4 /cm 2 in 6-well plates (10 cm 2 /well) and grown for 1 to 4 days in DMEM, 10% fetal bovine serum. Every day, one plate was placed at 4°C and the cells were washed twice with binding buffer and once with Haigler's buffer for 1 min [START_REF] Haigler | Dansylcadaverine inhibits internalization of 125 I-epidermal growth factor in BALB 3T3 cells[END_REF]. After 4 washes with binding buffer, the cells were incubated for 3 h at 4°C in the same buffer containing 0.2 nM 125 I-angiogenin alone or with 0.1 µM angiogenin. The cells were then rinsed three times with binding buffer, washed once for 2 min with washing buffer (binding buffer containing 0.6 M NaCl) to remove 125 I-angiogenin bound with low affinity to extracellular matrix and cells [START_REF] Badet | Specific binding of angiogenin to calf pulmonary artery endothelial cells[END_REF]. Cell-associated 125 I-angiogenin was released by dissolving the cells with 1% Triton X-100 in 20 mM Mops, 2% glycerol, 1 mg/ml BSA, pH 7.2 for 20 min. This radioactivity has been shown to represent high-affinity specific binding to cell-surface receptors on endothelial cells [START_REF] Badet | Specific binding of angiogenin to calf pulmonary artery endothelial cells[END_REF]. Briefly, cell monolayers grown for 2 days in 4-well plates (28 cm 2 /well) or in 60-mm Petri dishes were rinsed twice with binding buffer and incubated for 3 h at 4°C in 2 ml of the same buffer containing 0.4 nM 125 I-angiogenin alone or with 0.2 µM unlabelled angiogenin. After incubation, the medium was removed and the cells were washed twice with binding buffer and twice more with binding buffer without BSA, and were then placed in 2 ml of the latter buffer. BS 3 was dissolved extemporaneously in the same buffer and added at a final concentration of 0.5 mM, for 15 min at 4°C. The reaction was quenched by adding 40 µl of 1 M Tris, 1 M glycine pH 7.2, for 3 min. The cells were washed once with Mops-buffered saline and then solubilized with 200 µl of electrophoresis sample buffer (50 mM Tris-HCl, 5% glycerol, 1% SDS, 0.14 M β-mercaptoethanol, 0.001% bromophenol blue, pH 6.8). Alternatively, cells were scraped in Mops-buffered saline containing protease inhibitors (20 u/ml aprotinin, 10 µM leupeptin, 10 µM pepstatin, 0.1 mM phenylmethylsulfonyl fluoride and 0.1% EDTA). The two methods gave similar results. The samples were subjected to SDS-PAGE in a 3% stacking gel and a 5-10% gradient resolving gel. The gels were dried and exposed to X-OMat AR autoradiography films (Kodak) at -80°C using intensifying screens for the indicated times.

RESULTS

Angiogenin inhibits SMC proliferation. When human recombinant angiogenin (0.1 to 100 ng/ml) was added to bovine aortic SMC cultures on day 0, the number of cells on day 3-4 fell by up to 35% relative to SMC cultured in its absence (Fig. 1A). Maximal inhibition of cell proliferation was observed at 1-10 ng/ml angiogenin in 6 independent experiments. When angiogenin was added for 24 h to subconfluent SMC cultures deprived of serum for 24 h, up to 70% inhibition of [ 3 H]methyl-thymidine incorporation was obtained with angiogenin in the same range of concentrations in 3 independent experiments (Fig. 1B).

Angiogenin binds to aortic SMC. Binding of 125 I-angiogenin to sparsely cultured SMC at 4°C was rapid and reached equilibrium after 1.5-2 h of incubation (not shown).

The specificity of these interactions was shown by competitive binding of 0.14 nM 125 I-<angiogenin and unlabelled <angiogenin or Met-angiogenin that reached 80% (Fig. 2A).

The competition curves obtained with the two forms of angiogenin were identical and covered 4-log units of concentrations. The wide range of concentrations and the two-step shape of the curves pointed to two classes of interactions. Despite their sequence homology with angiogenin, RNase A and RNase S (RNase 21-124) only competed at high concentrations and only affected low-affinity binding of angiogenin to SMC (Figs. 2 A andB). Note that radiolabeled RNase did not bind to SMC (not shown). The N-terminal region of angiogenin (angiogenin 5-19) and the C-terminal peptide (angiogenin 108-123) did not significantly compete with 125 I-angiogenin for binding to SMC (Fig. 2B).

Analysis of binding data from four independent saturation experiments on SMC grown to a density of 2.3-3.8 x 10 4 /cm 2 , using four different iodinated Met-angiogenin and <angiogenin, was resolved by using the LIGAND program [START_REF] Munson | LIGAND: A versatile computerized approach for characterization of ligand-binding systems[END_REF] and suggested the existence of two families of interactions (Fig. 3). Serum in SMC cultures did not influence the results, as binding data for cells passaged 6 times in serum-free conditions resolved into dissociation constants in the same range as those obtained for cells cultured in 10% fetal bovine serum (Table 1).

To investigate possible species specificity, saturation and competition experiments were carried out using AALTR 16-2 human aortic SMC in the same experimental conditions as above. However, to release presumably bound angiogenin either provided by the culture medium containing 10% fetal bovine serum [START_REF] Bond | Isolation of bovine angiogenin using a placental ribonuclease inhibitor binding assay[END_REF] or secreted by the cells [START_REF] Moenner | The widespread expression of angiogenin in different human cells suggests a biological function not only related to angiogenesis[END_REF], cultures were pre-incubated at 37°C for 4 h in the presence of DMEM, 1 mg/ml BSA before binding experiments. Analysis of the binding data converged to a higher apparent K d for high-affinity sites and low-affinity/high -capacity interactions in the same range as bovine SMC (Table 1).

Density-dependent regulation of angiogenin receptors. Binding assays at 4°C on bovine SMC cultured in the presence of serum for 1 to 4 days revealed a decrease in 125 Iangiogenin cell-specific binding as the cell density increased (Fig. 4). From the third day of culture, the binding of 125 I-angiogenin was not competitively inhibited by a 500-fold molar excess of the unlabelled molecule. LIGAND analysis of the binding data obtained with confluent SMC (6-day culture) confirmed the absence of high-affinity binding sites (not shown).

Characterisation of angiogenin cell-binding sites. Affinity labelling of cell-binding

sites was performed with BS 3 under conditions that favoured occupancy of high-affinity binding sites (2-day-cultured bovine and human aortic SMC and 125 I-angiogenin concentration in its K d range). Autoradiography of the electrophoresis gels of affinitylabelled bovine SMC revealed seven major complexes at 45, 52, 70, 87, 98, 210 and about 250-260 kDa that were displaced by unlabelled molecule (Fig. 5A). However, competitive inhibition of the 87-kDa band was weak and three more bands at 57, 76 and 110 kDa were detected in some experiments. Acid treatment of the cultures before binding experiments resulted in a significant increase in signal intensity, suggesting that some sites were masked (not shown). A similar profile was obtained with affinity-labelled human AALTR 16-2 cells; complexes were found at 45, 52, 64-68, 87, 98, 210 and about 250 kDa (Fig. 5B). Protamine, a polycation, is known to inhibit angiogenesis in vitro and in vivo [START_REF] Taylor | Protamine is an inhibitor of angiogenesis[END_REF]. It was found to be the best competitor for 125 I-angiogenin binding to SMC as well as polylysine (Fig. 6). They compete for high and low affinity sites (not shown) pointing to a role of positive charges on the angiogenin molecule in angiogenin-cell interactions.

Competition of 125 I-angiogenin

Heparin, a polyanion, is a potential regulator of angiogenesis [START_REF] Folkman | Angiogenesis inhibition and tumor regression caused by heparin or a heparin fragment in the presence of cortisone[END_REF] and an inhibitor of vascular SMC proliferation in vitro and in vivo [START_REF] Au | Mechanisms of inhibition by heparin of vascular smooth muscle cell proliferation and migration[END_REF]. Heparin was found to compete for angiogenin binding only at the higher concentrations (Fig. 6), probably through a direct interaction between heparin and angiogenin [START_REF] Soncin | Interaction of heparin with human angiogenin[END_REF]. Suramin, an anticancer drug that inhibits angiogenesis in vivo and prevents the binding of several growth factors to their surface receptors [START_REF] Stein | Suramin: a novel antineoplastic agent with multiple potential mechanisms of action[END_REF], did not affect angiogenin binding at the highest concentration used (a 10 5fold molar excess, 14 µM).

Placental ribonuclease inhibitor (PRI), a 1:1 stoichiometric tight-binding competitive inhibitor of angiogenin ribonucleolytic activity that inhibits all the known properties of angiogenin [START_REF] Badet | Specific binding of angiogenin to calf pulmonary artery endothelial cells[END_REF][START_REF] Shapiro | Human placental ribonuclease inhibitor abolishes both angiogenic and ribonucleolytic activities of angiogenin[END_REF] as well as angiogenesis in vivo [START_REF] Polakowski | A ribonuclease inhibitor expresses anti-angiogenic properties and leads to reduced tumor growth in mice[END_REF], antagonised angiogenin binding to the cells (Fig. 6), reflecting the low K i (0.7 x 10 -15 M) for the PRI-angiogenin interaction [START_REF] Lee | Tight-binding inhibition of angiogenin and ribonuclease A by placental ribonuclease inhibitor[END_REF].

As bovine actin has been reported to be a binding site for bovine angiogenin on bovine endothelial cells [START_REF] Hu | Actin is a binding protein for angiogenin[END_REF] and to bind tightly both bovine and human angiogenin [START_REF] Olson | Angiogenin antagonists prevent tumor growth in vivo[END_REF], it was tested as a potential competitor. Interestingly, it did not compete at a 500-fold molar excess for 0.2 nM 125 I-angiogenin binding to bovine SMC (not shown), indicating that angiogenin interacts differently with the two types of cell.

DISCUSSION

Sparse bovine aortic SMC (≈ 3 x 10 4 cells/cm 2 ) express two classes of binding site for angiogenin. High-affinity binding sites with an apparent K d of 2 x 10 -10 M bound 1 x 10 4 molecules/cell, and low-affinity binding sites (K d 1 x 10 -7 M) bound millions of molecules. This points to the involvement of pericellular components, as previously described on endothelial cells [START_REF] Badet | Specific binding of angiogenin to calf pulmonary artery endothelial cells[END_REF]. The apparent dissociation constants determined at binding equilibrium at 4°C revealed binding sites with higher affinity than those observed on calf pulmonary artery endothelial cells [START_REF] Badet | Specific binding of angiogenin to calf pulmonary artery endothelial cells[END_REF] and capillary endothelial cells [START_REF] Chamoux | Characterization of angiogenin receptors on bovine brain capillary endothelial cells[END_REF], suggesting that SMC are potential angiogenin target cells.

We found that AALTR 16-2 human aortic SMC had a higher K d for angiogenin highaffinity binding sites, involving a larger number of molecules than bovine SMC. As we used human angiogenin, affinity would be expected to be higher. However, indirect immunofluorescence indicated that α-actin filaments in AALTR 16-2 cells were distributed in an irregular pattern (not shown), in agreement with the observations of Perez-Reyes et al. [START_REF] Perez-Reyes | Immortalization of primary human smooth muscle cells[END_REF], reflecting the transformed phenotype of those cells. Thus, the difference observed between bovine and human cells would be explained more by the phenotypic transformation of the latter. Alternatively, the difference might be explained by the culture conditions, as the human cells were grown on gelatine-coated dishes (see below).

In contrast to sparse bovine SMC (one-third of confluence), only low-affinity angiogenin binding sites were expressed when cells reached confluence (Fig. 4). Densitydependent regulation of angiogenin receptors has also been observed on endothelial cells [START_REF] Badet | Specific binding of angiogenin to calf pulmonary artery endothelial cells[END_REF][START_REF] Chamoux | Characterization of angiogenin receptors on bovine brain capillary endothelial cells[END_REF][START_REF] Hu | A putative angiogenin receptor in angiogenin-responsive human endothelial cells[END_REF] and for several growth factors on their respective target cells [START_REF] Holley | Density-dependent regulation of growth of BSC-1 cells in cell culture: control of growth by serum factors[END_REF][START_REF] Neufeld | The identification and partial characterization of the fibroblast growth factor receptor of baby hamster kidney cells[END_REF][START_REF] Rizzino | Regulatory effects of cell density on the binding of transforming growth factor β, epidermal growth factor, platelet-derived growth factor, and fibroblast growth factor[END_REF]. The decrease in receptor numbers with cell density could result from mechanisms such as density inhibition, down-regulation induced by the growth factor itself and receptor transmodulation [START_REF] Rizzino | Regulatory effects of cell density on the binding of transforming growth factor β, epidermal growth factor, platelet-derived growth factor, and fibroblast growth factor[END_REF]. Preliminary experiments did not point to down-regulation of angiogenin receptors by angiogenin (not shown). The early loss of angiogenin receptors might be explained by the phenotypic modulation of SMC in culture. Indeed, changes in the differentiated properties of SMC which take place both in vitro and during normal development and atherogenesis result in major changes in cellular behaviour [START_REF] Thyberg | Differentiated properties and proliferation of arterial smooth muscle cells in culture[END_REF][START_REF] Thyberg | Phenotypic modulation of smooth muscle cells during formation of neointimal thickenings following vascular injury[END_REF].

Angiogenin inhibited both the growth of bovine SMC and [ 3 H]thymidine incorporation (Fig. 1). However, considerable inter-experiment variance was observed. In some experiments, no inhibition was observed. This heterogeneity in SMC responses with respect to cell proliferation has previously been reported [START_REF] Majack | Beta-type transforming growth factor specifies organizational behavior in vascular smooth muscle cell cultures[END_REF][START_REF] Owens | Transforming growth factor-β-induced growth inhibition and cellular hypertrophy in cultured vascular smooth muscle cells[END_REF]. Among the factors known to regulate the phenotypic modulation of SMC [START_REF] Thyberg | Differentiated properties and proliferation of arterial smooth muscle cells in culture[END_REF], factors such as extracellular matrix components, the transformed phenotype of the cells and their density could be involved in our observations. It may be significant that the maximal inhibitory effects of angiogenin on the proliferation of bovine SMC were obtained at concentrations around 3 ng/ml (≈ 0.2 nM), as value is in the range of the angiogenin-receptor dissociation constant and corresponds to 50% receptor occupancy. In addition, in the same concentration range, angiogenin (1 ng/ml) has been shown to stimulate inositol triphosphate formation and cholesterol esterification in rat aortic smooth muscle cells [START_REF] Moore | Angiogenin activates phospholipase C and elicits a rapid incorporation of fatty acid into cholesterol esters in vascular smooth muscle cells[END_REF].

Affinity labelling in conditions that favoured occupancy of high-affinity binding sites revealed several complexes whose apparent molecular masses, were 45, 52, 70, 87, 98, 210 and about 250-260 kDa. They were present on both bovine and human cells (Fig. 5), but none of these cross-linked complexes were detected on CCL39 hamster fibroblasts or human fibroblasts (not shown). Whether these angiogenin-binding molecules are part of a complex receptor or entities bearing different functions remains to be determined.

However, these findings suggest that the number of bound angiogenin molecules per cell could differ from that of angiogenin receptors.

These results, in addition to those published by other investigators on angiogenininduced intracellular events [START_REF] Moore | Angiogenin activates phospholipase C and elicits a rapid incorporation of fatty acid into cholesterol esters in vascular smooth muscle cells[END_REF][START_REF] Xiao | Angiogenin depresses aortic smooth muscle cell cAMP by a pertussis toxin sensitive mechanism[END_REF], suggest that angiogenin receptors are expressed by aortic SMC in culture.

Conversely, angiogenin has been shown to stimulate the proliferation of endothelial cells [Chamoux, 1991 #262;Hu, 1997 #587]. In addition, a 170-kDa putative angiogenin receptor has been detected on angiogenin-responsive human endothelial cells [START_REF] Hu | A putative angiogenin receptor in angiogenin-responsive human endothelial cells[END_REF]. This data suggest that angiogenin exerts opposite biological effects on endothelial and aortic smooth muscle cells via distinct interaction types. Angiogenin concentration in plasma (100 to 400 ng/ml) is 20 to 800 times that needed to induce intracellular events and experimental angiogenesis in vivo. Thus, the physiological action of angiogenin would depend on modulatory mechanisms. Highaffinity receptors could mediate cellular responses at low angiogenin concentrations, while low-affinity/high-capacity binding sites could modulate its activity. modulation is thought to be among the mechanisms regulating the biological actions of numerous growth factors, including angiogenic polypeptides such as fibroblast growth factor -2, transforming growth factor-β and vascular endothelial growth factor [START_REF] Ruoslahti | Proteoglycans as modulators of growth factor activities[END_REF][START_REF] Park | The vascular endothelial growth factor (VEGF) isoforms: differential deposition into the subepithelial extracellular matrix and bioactivity of extracellular matrix-bound VEGF[END_REF]. Proliferation of endothelial cells and SMC is rare and tightly regulated in adults [START_REF] Klagsbrun | Smooth muscle cell and endothelial cell growth factors[END_REF]. Arterial SMC have a differentiated phenotype, but have the potential to revert to a synthetic phenotype and, in response to stimulation, to divide. These events might occur if the endothelium or basement membrane was damaged. The growth-promoting factors would then derive from plasma, degranulating platelets, monocytes/macrophages or endothelial cells [START_REF] Thyberg | Phenotypic modulation of smooth muscle cells during formation of neointimal thickenings following vascular injury[END_REF]. The stimulating effects of these factors are likely to be counterbalanced by an endogenous inhibitory mechanism. Although further investigations are required to understand the physiological functions of angiogenin, we postulate, as a framework for future studies and based on the experimental data presented in this paper, that angiogenin might play a role as a regulator of SMC growth or differentiation and could therefore contribute to vessel wall homeostasis. Table 1. Binding constants of angiogenin for aortic smooth muscle cells. Binding data are from studies performed at 4°C. The apparent dissociation constants (K d1, K d2 ) and the number of molecules (N 1, N 2 ) per cell were calculated by the LIGAND program [START_REF] Munson | LIGAND: A versatile computerized approach for characterization of ligand-binding systems[END_REF] as the best fit of a two-site independent model. Cell density was 2. [START_REF] Shapiro | Characteristic ribonucleolytic activity of human angiogenin[END_REF] 

  Covalent cross-linking of 125 I-angiogenin to SMC. The cross-linkers tested were either photoactivable reagents such as N-hydroxysuccinimidyl-4-azido-benzoate (HSAB) and p-azidophenylglyoxal (APG), or chemical reagents such as 1-ethyl-3-(3dimethylaminopropyl)carbodiimide (EDC), EDC added to N-hydroxysuccinimide ester (NHS) and bi(sulfosuccinimidyl)suberate (BS 3 , Pierce Chemical Co., Rockford, IL). Only the homobifunctional cross-linking agent (BS 3 ) resulted in significant affinity-labelling.

  binding to SMC. The ability of different angiogenesis effectors to interfere with 125 I-angiogenin binding was studied in competition experiments with low-density SMC (2.3-3.5 x 10 4 cells/cm 2) , a low concentration of 125 I-angiogenin (0.14 nM) to favour occupancy of high-affinity binding sites, and various concentrations of effectors.

Fig. 1 .

 1 Fig. 1. Angiogenin-induced inhibition of cell proliferation and [ 3 H]thymidine incorporation in replicating DNA of bovine aortic SMC. (A) SMC were plated at 1 x 10 4 /cm 2 in DMEM containing 10% fetal bovine serum and grown in the presence of various concentrations of human angiogenin for 4 days. Cell counts were determined in triplicate wells. (B) SMC (2 x 10 4 cells) were cultured in 1-cm 2 wells in DMEM, 10% fetal bovine serum for 3 days and then serum-deprived for 24 h before adding various concentrations of angiogenin for 24 h. They were pulse-labelled for the last 4 h. The radioactivity incorporated was determined. Error bars indicate standard deviations for three determinations. Differences between mean values and that of the control are significant at * P < 0.05 and ** P < 0.01 (Student's t test).
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 2 Fig. 2. Competition for binding of 125 I-<angiogenin to bovine aortic SMC by unlabelled <angiogenin, Met-angiogenin and RNase A and their fragments at 4°C. Cultures containing 3 x 10 4 cells/cm 2 were incubated for 3 h at 4°C with 0.14 nM 125 I-<angiogenin and various concentrations of unlabelled molecules in binding buffer. Cellassociated radioactivity was determined in triplicate wells. Results are expressed as a percentage of the binding occurring in the absence of competitor. (A) Competition curves. Competing ligands are unlabelled <angiogenin (), Met-angiogenin() and RNase A (). (B) Binding of 125 I-<angiogenin to bovine aortic SMC in the presence of a 10 4 -fold molar excess of <angiogenin, Met-angiogenin, angiogenin 5-19, angiogenin 108-123, RNase A, peptide S and RNase S. Differences between mean values and that of the control are significant at * P < 0.01 (Student's t test).
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 3 Fig. 3. Scatchard plot of the binding data of 125 I-angiogenin to bovine aortic SMC at 4°C. The curve was deduced by the LIGAND program and resolved into two linear components with the following parameters: K d1 = 2 x 10 -10 M, K d2 = 1 x 10 -7 M, B max1
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 4 Fig. 4. Effect of cell density on 125 I-angiogenin binding to bovine aortic SMC. Cells were plated at 1.5 x 10 4 /cm 2 in DMEM supplemented with 10% fetal bovine serum. The cultures were washed twice with binding buffer and once with acidic Haigler's buffer to remove any angiogenin already bound to the cells. The cells were then rinsed four times with binding buffer and incubated for 3 h at 4°C in the same buffer containing 0.2 nM 125 I-angiogenin. Iodinated angiogenin bound to high-affinity binding sites on the cell surface was determined as indicated in Materials and Methods (). Parallel cultures were incubated in the same conditions in the presence of 0.1 µM unlabelled angiogenin ().Results are expressed as cpm bound per 10 2 cells. Cell density was determined ().
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 5 Fig. 5. Affinity labelling of angiogenin-specific binding sites on bovine and human aortic SMC. Cultures of bovine SMC (6.7 x 10 5 cells/28-cm 2 well) (A) and human AALTR 16-2 cells (9 x 10 5 cells/30-cm 2 well) (B) were incubated for 3 h at 4°C in the presence of 0.4 nM 125 I-<angiogenin alone (lanes 1, 3) or with a 500-fold excess of unlabelled <angiogenin (lanes 2, 4). Monolayers were then washed and cross-linked to bound 125 I-angiogenin with (+) or without (-) 0.5 mM bi(sulfosuccinimidyl)suberate (BS 3 ). After cross-linking, cells were extracted from the plates in electrophoresis sample buffer. The extracts were subjected to 5-10 % SDS-PAGE. The resulting autoradiograms from the fixed, dried gels exposed for 2 days (A) and 4.5 days (B) are shown. Specifically labelled bands are marked with arrow-heads and shown with the approximate molecular mass in kDa.
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 6 Fig. 6. Competition for 125 I-angiogenin binding to bovine aortic SMC by angiogenesis effectors. Monolayers of 2-day SMC cultures (2.3-3.5 x 10 4 cells/cm 2 ) were rinsed twice with binding buffer at 4°C and then incubated with 0.14 nM 125 I-<angiogenin and various amounts of potential effectors. After 3-h incubation at 4°C, the cells were washed four times with binding buffer and solubilized, and radioactivity was determined. Data obtained with the highest molar excess of each competitor, i.e. 10 4 -fold except for PRI (5-fold) and suramin (10 5 -fold) are reported, and the results are expressed as the percent of control cpm. Error bars indicate standard deviations for three determinations. Differences between mean values and that of the control are significant at * P < 0.01 (Student's t test).

  -3.8 x 10 4 /cm 2 .

	Cells (Culture condition)	K d1	N 1 per cell	K d2	N 2 per cell
		nM		nM	
	Bovine SMC				
	+ 10% fetal bovine serum	0.2 ± 0.1	10 ± 5 × 10 3	110 ± 50	4.2 ± 2.3 × 10 6
	Serum-free medium	0.5 ± 0.3	58 ± 28 × 10 3	34 ± 21	3.0 ± 1.5 × 10 6
	Human AALTR 16-2				
	+ 10% fetal bovine serum	2.2 ± 0.7	1400 ± 500 × 10 3	80 ± 30	4.2 ± 1.6 × 10 6
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