Expanded Materials and Methods
Cell culture

NIH-3T3 fibroblasts were maintained in DMEM, 4.5 g/l glucose (Invitrogen, Cergy Pontoise, France) supplemented with 10% FBS (Biowest, Abcys, Paris, France). Human dermal microvascular endothelial cells (HMVEC-d) (Cambrex, Verviers, Belgium) were maintained in endothelial growth medium (EGM-2-MV, Cambrex) supplemented with 5% FBS (Cambrex).

Reagents

Recombinant human BMP9, BMP2, BMP7, TGFß1, recombinant human ALK1, 2, 3, 6 extracellular domains/Fc (ALK1ecd, ALK2ecd, ALK3ecd, ALK6ecd), recombinant human soluble endoglin, recombinant mouse noggin, neutralizing anti-TGFß, -BMP9, -BMP2/4 and -BMP7 antibodies were all purchased from R&D Systems (Abingdon, UK). Recombinant human BMP10 was a generous gift of Dr Sabine Mazerbourg (Université Henri Poincaré, Nancy 1, UPRES EA 3442, Vandoeuvre-les-Nancy, France). FGF-2 was a generous gift from Dr A. Baird (Salk Institute, La Jolla, California, USA). VEGF and IL-6 were purchased from AbCys (Paris, France),
Reporter gene constructs and expression plasmids

The reporter plasmids pGL3(BRE)-luc encoding firefly luciferase was kindly provided by Dr P. ten Dijke (Leiden University Medical Center, Leiden, the Netherlands). The pGL3(CAGA)12-luc encoding firefly luciferase and the pcDNA3 expression plasmids encoding pALK1 were kindly provided by Dr C-H. Heldin (Ludwig Institute for Cancer Research, Uppsala, Sweden). The pRL-TK-luc plasmid encoding renilla luciferase was purchased from Promega (Madison, WI, USA). 

DNA transfection and dual luciferase activity assay

NIH-3T3 cells (70,000) were transfected with 0.1 µg pGL3(BRE)-luc or 0.2 µg pGL3(CAGA)12-luc, 0.02 µg of pRL-TK-luc and 0.01 µg of pALK1 in Opti-MEM (Invitrogen) using lipofectamine (Invitrogen). Four hours after transfection, cells were treated for 15 h with the appropriate ligand (BMP9, BMP2, BMP10, BMP7 or TGFß1) or human serum (Cambrex) or active fractions purified from human serum, at various concentrations in the presence or absence of ALKecd or neutralizing antibodies. Serum was eventually heat-activated by a three minutes treatment at 80°C. Firefly and renilla luciferase activities were measured sequentially with the Dual-Luciferase reporter assay (Promega). Results are expressed as ratios of firefly luciferase activity over renilla luciferase activity.

Purification of the ALK1 ligand from human serum

For purification, 250 ml of human serum (pool of human sera from about 250 different individuals, Cambrex) were diluted with 250 ml PBS (Phosphate Buffer Saline 0.15 M, pH 7.4) and applied to a phosphocellulose column (cellulose phosphate P11, Whatman, Maidstone, UK) equilibrated with PBS. After extensive washing with PBS, the bound proteins were eluted with a linear gradient of PBS-NaCl (0.15 to 1 M). The BRE-luc stimulatory activity eluted between 0.3 and 0.6 M NaCl. After dilution to 0.15 M NaCl, the pooled active fractions were applied to a Heparin-agarose column (Heparin Sepharose CL-6B, GE Healthcare, Freiburg, Germany), and eluted with a linear gradient of PBS-NaCl; the active fractions eluted between 0.5 M and 0.8 M of NaCl. To ensure that the active factor was a protein, and to decrease the fractions volumes, we performed an ammonium sulfate precipitation at 80% of saturation, followed by centrifugation at 10,000 rpm. After resuspension of the pellet in water, the preparation was applied to a phenyl-agarose column (Phenyl Sepharose CL-4B, GE Healthcare). The column was then washed with 1% ammonium bicarbonate and elution was performed with a linear gradient of acetonitrile (AcN) from 0 to 100% in 1% ammonium bicarbonate. The active fractions, eluting between 40% and 60% AcN, were pooled, evaporated in a Speed-vac and resuspended in PBS-TFA 0.1%-AcN 5%. The final purification step consisted of reverse-phase FPLC on a pro-RPC column (GE Healthcare). The column was developed with a linear gradient of 5-80% AcN in PBS-TFA 0.1%, and the active fractions eluted between 35% and 45% AcN. The proteins present in the active fractions were then separated by 12% SDS-PAGE under non-reducing conditions. After migration, the gel was sliced and the proteins were electro-eluted from each slice (Electro-eluter, Model 422, BioRad, Marnes la Coquette, France). SDS was removed from each fraction by centrifugation-accelerated gel filtration on G50 mini-columns (Sephadex G50 medium, GE Healthcare). During the purification process, each fraction was examined for BRE activity on the reporter cells described.

Western blot analysis 

Serum-starved (1 h) HMVEC-d cells were stimulated for 1 h with 2% human serum in the presence or absence of neutralizing anti-BMP9 antibody or ALK1ecd. Cells were then washed twice with PBS and lysed in RIPA buffer. Proteins in the lysates were separated by SDS/PAGE (10%) and analyzed by immunoblotting with polyclonal rabbit phospho-Smad1/5/8 (a generous gift from Dr C.H. Heldin, Ludwig Institute for Cancer Research, Uppsala, Sweden). The same membrane was stripped and reprobed with a monoclonal antibody against (-tubulin given to us by Dr D. Job (INSERM U366, CEA-G, Grenoble, France) to confirm equal protein loading. 
ES Cell Differentiation into the endothelial lineage. 

Differentiation of subconfluent R1-ES cells1 (a generous gift from Dr A. Nagy, Toronto, Canada) was initiated in Iscove’s medium containing Glutamax (Invitrogen) supplemented with 1% methylcellulose (FLUKA, Steinheim, Switzerland), 15% FCS (Invitrogen), 450 µM monothioglycerol (Sigma, St Quentin-Fallavier, France), 10 g/ml insulin (Roche, Meylan, France), 50 U/ml penicillin and 50 g/ml streptomycin (Invitrogen) in the presence of a cocktail of growth factors containing 50 ng/ml human VEGF, 10 ng/ml human IL-6, and 100 ng/ml FGF-2 as previously described2. Embryoid bodies (EBs) were collected after 11 days of differentiation and cultured in the same medium as above supplemented with 1.25 mg/ml collagen I (BD Biosciences, Pont de Claix, France) in the presence or absence of BMP9. Fourteen day-old EBs embedded in collagen I gel were fixed in methanol-dimethylsulfoxide (4:1) overnight at 4°C and stained with a rat monoclonal anti-mouse platelet endothelial cell adhesion molecule (PECAM/CD31) antibody (clone MEC-13.3, a gift from Dr A. Vecchi, Milan, Italy) as previously described3. For quantitation of endothelial sprouting, images were captured with a digital camera and measurement of the total length of endothelial sprouts was achieved by morphometric analysis using the Metamorph software.

Chorioallantoic Membrane (CAM) Assay

Fertilized White Leghorn chicken eggs, incubated at 38°C in a humidified environment, were cracked open after 3 days of incubation and the whole embryos were deposited in plastic Petri dishes. On day 9 of incubation two silicone rings (0.3 mm of thickness and 9 mm of inner diameter) were placed on the CAM and received either 25 μl of BMP9 solutions (5.5, 27.5, 55 or 550 ng) or 25 µl of vehicle (PBS + BSA 0.1%). After 24 h of incubation, 50 μl of a 20 mg/ml 70 kDa fluoresceinated dextran (Sigma) were injected in the CAM vessels. The vessels were observed with a MZ FLIII Leica stereomicroscope and digitalized pictures were taken with a Coolsnap digital camera (Roper Scientific, Trenton, NJ). 

Mouse subcutaneous sponge angiogenesis assay

Operations were performed under general anesthesia induced by intraperitoneal injections of DomitorR (Pfizer, Orsay, France) and ImalgeneR (Mérial, Lyon, France). Disc Cellspon cellulose sponges (thickness 2 mm, diameter 10 mm, Cellomeda; Turku, Finland) were implanted under the skin of Balb-C mice. These sponges were hydrated with 50 µl of PBS, or FGF-2 (200 ng) or a mixture of FGF-2 (200 ng) and BMP9 (200 ng). Five mice were used in each group, the experiment was repeated three times. FGF-2 and/or BMP9 (50 µl) were injected again into the sponges through the skin on day 1 and 2. A third injection of BMP9 alone was performed on day 4. In another experiment, BMP9 was only added after FGF-2 on day 4, 5 and 6. The mice were anesthetized and sacrificed by cervical dislocation on day 7 and the sponges were rapidly excised and photographed. Each sponge was then homogenized in 1 ml RIPA lysis buffer and the supernatants were used for quantification. The extent of vascularization of the sponge implants was assessed by measuring the amount of hemoglobin using the Drabkin’s reagent (Sigma). 
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