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We differentiated hES or hiPS cells in OP9 co-cultures18 or under EB conditions17 for 1 week and 

then expanded cells in endothelial media (Supplementary Figs. 1a and 2a) to search for cells 

with CB-ECFC  properties (clonal high proliferative potential and robust in vivo vessel forming 

ability). Early passage cells (passage [P]1) displayed some features of endothelium but, by P4, 

the cultures became predominantly comprised of cells with a fibroblastic appearance 

(Supplementary Figs. 1a and 2a) and a heterogeneous pattern of CD31, CD144, and CD146 

expression (Supplementary Figs. 1b and 2b). When plated on Matrigel, cells either formed 

vascular-like networks with a few large branches (Supplementary Fig. 1c) or vascular-like 

networks with numerous smaller incomplete sprout-like branches (Supplementary Fig. 2c). At 

P3 or P4, we plated single cells for clonal proliferative potential analysis and scored the outcomes 

as single cells that did not divide or divided to form colonies of 2-50 (ECFC clusters), 51-500 (low 

proliferative potential ECFC; LPP-ECFC), 501-2000 (LPP-ECFC), or ≥2000 cells (high 

proliferative potential-ECFC; HPP-ECFC) as previously described4-6. Less than 2% of the 

endothelial cells derived from OP9 co-cultures or EB-derived cells gave rise to HPP-ECFCs. In 

fact, most of the OP9 co-culture derived or EB-derived endothelial cells did not divide or gave rise 



to ECFC clusters (Supplementary Figs. 1d and 2d). These patterns of ECFC colony formation 

were significantly different from the pattern displayed by single endothelial cells derived from CB-

ECFCs, which primarily gave rise to HPP-ECFC or LPP-ECFC and rare clusters (Supplementary 

Figs. 1d and 2d). We were unable to expand the OP9 co-culture– derived or EB-derived 

endothelial cells beyond P7 due to replicative senescence (data not shown), and the endothelial 

cells at P5 failed to give rise to human blood vessels in vivo upon implantation (Supplementary 

Figs. 1e and 2e).  

 

Next we tested a more recent 2 step endothelial differentiation protocol that involves initial EB 

formation and then 2D adherent cell culture (with added growth factors and TGFβ inhibitor)19. 

Given the known importance of the vascular endothelial growth factor (VEGF) signaling pathway 

in the emergence of endothelial cells during development24 and during endothelial lineage 

differentiation of hES cells17, we used neuropilin-1 (NRP-1) as one of the endothelial markers for 

identifying putative ECFCs. NRP-1 is a VEGF co-receptor and Semaphorin 3A binding 

multifunctional protein that is expressed in various tissues including endothelial cells, vascular 

smooth muscle cells and lymphocytes24. While the role of NRP-1 in vasculogenesis is unknown, 

a double knock out of NRP-1 and NRP-2 in mice leads to an embryonic lethal phenotype similar 

to that of the VEGFR-2 knockout24. We generated hES (H9 line) and hiPS cell-derived (DF19-9-

11T, FCB-iPS-1 and FCB-iPS-2) EBs in suspension culture for 4 days, and seeded them on 

Matrigel coated dishes for 10 days19 (Supplementary Fig. 3a,b). Cells co-expressing NRP-1 and 

CD31 (NRP-1+CD31+ cells) appeared on day 3 (0.17%) and increased overtime to peak at day 

14 (1.6%) (Supplementary Fig. 3c). The different subsets of sorted cells were subsequently 

cultured in endothelial growth (EGM-2) media supplemented with TGFβ inhibitor (10 μM 

SB431542) for 2 weeks as described19, as TGFβ inhibition has been reported to promote 

endothelial lineage differentiation from hES or hiPS cells and to prevent the cells from transitioning 



to a mesenchymal fate. While most hES-derived cell subsets formed incomplete capillary 

networks upon plating in Matrigel, NRP-1+CD31+ cells formed complete structures similar to those 

exhibited by CB derived ECFCs (Supplementary Fig. 3d). At a clonal level, all of the individual 

NRP-1+CD31+ plated cells divided and many clones (37%) formed HPP-ECFC, while few NRP-

1+CD31- or NRP-1-CD31+ cells formed HPP-ECFC (Supplementary Fig. 3e). Thus, co-

expression of NRP-1 and CD31 in hES-derived cells undergoing endothelial differentiation (EB 

plus 2D protocol) identified a progenitor subset that gave rise to endothelial cells with high clonal 

proliferative potential and angiogenic activity, but only if cultured in the continual presence of TGF-

β inhibition. Removal of the inhibitor was associated with diminished proliferative potential, loss 

of endothelial morphology, and increased expression of alpha-smooth muscle actin [α-SMA] as 

previously described19, 23. Thus, all of the tested methods did not generate stable endothelial cells 

with CB-ECFC properties. 

 

Human iPS-Day 0 cells displayed a transcriptome profile characteristic of pluripotent cells with 

limited expression of transcripts typically seen in differentiated cells (Supplementary Fig. 7a). 

However, hiPS-Day 3 cells displayed increased expression for multiple lineage specific genes 

(primitive streak, endoderm, mesoderm, hematopoietic, and chondro-osteo-adipogenic genes), 

indicating initiation of pluripotent cell differentiation (Supplementary Fig. 7a). 
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