Implication of soluble receptors of VEGF, sVEGFR1 and sVEGFR2, in angiogenesis
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Angiogenesis is essential for successful placentation and for tumour growth. Among the various angiogenic factors, we are particularly interested in VEGF family and their receptors. They are key players for normal endothelial function by controlling vascular tonicity, for reproductive and tumour initiation of angiogenesis as well. Indeed, trophoblasts and cancer cells instigate neovascular progression by inducing VEGF production. VEGF is implicated in endothelial cell proliferation, migration and survival, it also increases vascular permeability. The two main VEGF receptors implicated in angiogenesis are VEGFR1 and VEGFR2. A variant transcript of VEGFR1 lead to a soluble form: sVEGFR1. It is detected in plasma of pre-eclamptic women, during ischemia and in some cancer cases. A soluble form of VEGFR2, named sVEGFR2, was recently detected in plasma of healthy people, in leukaemia and in systemic erythematosus lupus cases. However, this form remains uncharacterized and its physiological or pathological role is still unknown.

The aim of this study was to understand and to characterize the role of sVEGFR2 in angiogenesis and in endothelial function. For this, the effect of sVEGFR2 was tested and compared to sVEGFR1 one, in aortic ring assay, in a 3D model of tube-like structure formation assay, in endothelial cell proliferation, apoptosis and migration assay as well. The impact of these receptor soluble forms was tested on VEGF-induced signalling pathways implicated in proliferation and survival. The ability of sVEGFR1 and sVEGFR2 to bind endothelial cells was evaluated as well.

In aortic ring assay, an ex vivo model of angiogenesis, we observed that sVEGFR1 and sVEGFR2 were able to abolish VEGF-induced angiogenesis. In tube-like structure formation assay, similar results were obtained with sVEGFR1 and sVEGFR2: inhibition of VEGF-induced tube-like structure formation. VEGF-induced HUVEC proliferation and migration were also abolished by sVEGFR1 and sVEGFR2 and VEGF-induced phosphorylation of ERK1/2 and Akt was decreased by sVEGFR1 and by sVEGFR2 as well. Additionally, we demonstrated that sVEGFR1 and sVEGFR2 were able to bind endothelial cells in presence of VEGF.

Our results evidence that sVEGFR1 and sVEGFR2 inhibit VEGF-induced angiogenesis in a similar way. In a mechanistic point of view, we demonstrate that sVEGFR1 and sVEGFR2 prevent VEGF-induced angiogenesis by blocking endothelial cell proliferation and migration and signalling pathway leading to these processes as well. Our results suggest that these soluble receptors act, not only as a circulating VEGF trap, but also by direct cellular interactions. These results contribute to identify factors by which it could be possible to regulate the balance between pro-angiogenic and anti-angiogenic factors.

