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            Abstract
Developing tissues and growing tumours produce vascular endothelial growth factors (VEGFs), leading to the activation of the corresponding receptors in endothelial cells. The resultant angiogenic expansion of the local vasculature can promote physiological and pathological growth processes1. Previous work has uncovered that the VEGF and Notch pathways are tightly linked. Signalling triggered by VEGF-A (also known as VEGF) has been shown to induce expression of the Notch ligand DLL4 in angiogenic vessels and, most prominently, in the tip of endothelial sprouts2,3. DLL4 activates Notch in adjacent cells, which suppresses the expression of VEGF receptors and thereby restrains endothelial sprouting and proliferation2,4,5,6. Here we show, by using inducible loss-of-function genetics in combination with inhibitors in vivo, that DLL4 protein expression in retinal tip cells is only weakly modulated by VEGFR2 signalling. Surprisingly, Notch inhibition also had no significant impact on VEGFR2 expression and induced deregulated endothelial sprouting and proliferation even in the absence of VEGFR2, which is the most important VEGF-A receptor and is considered to be indispensable for these processes. By contrast, VEGFR3, the main receptor for VEGF-C, was strongly modulated by Notch. VEGFR3 kinase-activity inhibitors but not ligand-blocking antibodies suppressed the sprouting of endothelial cells that had low Notch signalling activity. Our results establish that VEGFR2 and VEGFR3 are regulated in a highly differential manner by Notch. We propose that successful anti-angiogenic targeting of these receptors and their ligands will strongly depend on the status of endothelial Notch signalling.
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                    Figure 1: 
                        Notch inhibition promotes angiogenesis independently of VEGFR2.
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Figure 2: 
                        VEGFR2 strongly regulates VEGFR3 protein levels but not DLL4 at the angiogenic front.
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Figure 3: 
                        Notch regulates VEGFR3 activity independently of VEGFR2.
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Figure 4: 
                        Inhibition of VEGFR3 kinase activity suppresses Notch-regulated sprouting.
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        Editorial Summary
VEGFR3 and angiogenesis control
DLL4–Notch signalling suppresses endothelial sprouting and angiogenic growth through crosstalk with the VEGF pathway. The current widely accepted model for how this crosstalk operates proposes a crucial role for VEGFR2. It is thought that DLL4 expression in tip cells is induced by the actions of VEGF-A on VEGFR2, and that subsequent Notch signalling in stalk cells suppresses VEGFR2 and VEGFR3 transcription, which prevents these cells from adopting tip-cell behaviour. Benedito et al. now show that this model needs to be revised. They show that DLL4 protein expression in tip cells is only weakly modulated by VEGFR2 signalling, and that Notch inhibition can induce endothelial sprouting even in the absence of VEGFR2. They further find that Notch inhibition has little impact on VEGFR2 transcription, but strongly modulates VEGFR3, the main receptor for VEGFC, and that VEGFR3 kinase inhibition, but not VEGFR3 ligand-binding antibodies, suppresses the sprouting of endothelial cells with low Notch signalling. Their findings may help to explain why some patients treated with VEGF-A inhibitors for cancer and age-related macular degeneration do not respond to this therapy, and the work suggests that investigating the status of vascular Notch or VEGFR3 activation might provide clues for more effective therapies.
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