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Abstract 

Vascular dysfunction can lead to conditions like thrombosis, intimal hyperplasia, or atherosclerosis, eventually causing occlusions and downstream hypoxia. Given the limitations of vascular bypass procedures, primitive stem cells offer a promising source for vascular tissue engineering. Various mechanical shear conditioning techniques have been explored to enhance vascular cell function. In this study, we introduce a novel conditioning method called ‘physiologically modeled dynamic stimulation’ (PMDS), which replicates the mechanical shear stress and wall deformation caused by real-time cardiac variability. The research examined the ability of primary human perinatal mesenchymal stem cells (hMSCs) to differentiate into smooth muscle cells (SMCs) and endothelial cells, while promoting anatomical self-localization and reducing proinflammatory and thrombotic responses.
Using computer-controlled perfusion systems, a flow-conditioning paradigm was applied to adapt co-cultured grafts to arterial pressure, while endothelial cells were exposed to physiological shear stress levels. Constant frequency (1Hz) was compared to a model of continuously variable frequency (PMDS 0.8-2.6 Hz), which simulated the lumen fluctuations seen in healthy cardiac output.
The study demonstrates the feasibility of a faster fabrication process to create functional engineered vessels by combining perinatal stem cells with innovative perfusion conditions. This approach promotes early remodeling and helps mitigate late-stage complications such as inflammation and thrombosis, making significant progress toward developing viable vascular grafts for small diameter applications with a lower risk of occlusive events.
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