
The use of devices to capture rare circulating cells from the blood under flow is an ongoing challenge for multiple fields within the biomedical sciences. Whether attempting to capture circulating tumor cells for diagnostics or capturing the rare endothelial progenitor cells (EPC) for use in vascular tissue engineering, the target cell populations are incredibly small in comparison to the rest of the cells within the blood. Therefore, there is a great need for the ability to capture rare circulating cells with high specificity, while enabling proliferation of immobilized cells to stimulate tissue regeneration. Vascular endothelial growth factor, VEGF, is an extensively studied mitogen for its role in angiogenesis in both healthy tissue and tumor microenvironments. VEGF binds with high affinity to its respective receptors and in turn induces proliferation and differentiation as well as serving as a chemo-attractant to nearby cells. Therefore, the high affinity binding between VEGF and its receptors could be utilized to selectively capture cells expressing VEGF receptors with high specificity. 
We hypothesized that immobilized VEGF might capture EPC and/or other VEGFR expressing cells under in-vivo like conditions such as physiological shear. 
In this study we pursued this hypothesis using a genetically engineered VEGF that was immobilized on the surface of a microfluidic device and assessed its ability to capture cells under flow. Our work may have implications in tissue engineering, diagnostics and development of personalized medicine strategies. Recombinant human VEGF-165 was produced in large quantities and immobilized by the naturally occurring heparin binding domain of VEGF to surfaces treated with heparin. Surfaces functionalized with Heparin and VEGF were placed under a microfluidic device designed to modulate flow with adjustable shear strengths by differing flow rates, from low shear to physiological shear. Human umbilical vein endothelial cells (HUVECs) and ovine pulmonary artery endothelial cells (OPAECs) were used as representative endothelial cells. Mouse fibroblasts (NIH-3T3), human hair-follicle mesenchymal stem cells (HF-MSC), and human neonatal dermal fibroblasts (hd-FB) were used as non-endothelial control cells. In addition, runs were performed using HUVEC supplemented human whole blood, whole blood, and isolated peripheral blood mononuclear cells (PBMC).  Surfaces functionalized with PLL-heparin-VEGF were shown to capture endothelial cells under static and varying flow conditions. Immobilized VEGF retained the ability to induce proliferation HUVECs. Under flow conditions, endothelial cells were selectively captured with high efficiency under a range of shear strengths. Remarkably, VEGF mediated capture was highly specific, capturing only endothelial cells with high efficiency under low shear. VEGF mediated capture is physiologically and clinically relevant due to the ability to capture spiked endothelial cells (HUVECs) from whole blood in addition to the capture of the rare endothelial progenitor cell from runs of whole blood, as identified through immunocytochemistry.
 Immobilized VEGF is capable of selectively capturing endothelial cells under a range of shear conditions as well as in homogenous or heterogeneous populations, including EPCs from whole blood. These results are very promising and could be implemented in multiple ways such as tissue engineered vessels capable of regenerating an endothelial lumen through VEGF mediated capture of EPCs and subsequent VEGF induced proliferation, migration, and differentiation towards a mature endothelial phenotype or for use in capturing circulating tumor endothelial cells for cancer diagnostics.
