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The use of commercially available prosthetic cardiac valves in pediatric patients is highly limited due to the low tolerance of children to artificial devices. The development of tissue engineered heart valves will greatly benefit patients with dysfunctional valves. Design of tissue-engineered valves relies on our fundamental knowledge in valvulogenesis in embryos. Our lab has focused on studying the functions of BMP signaling during heart valve development. We specifically inactivated Alk3, which encodes a type I BMP receptor gene, in endothelial cells by crossing Tie1-Cre mice with Alk3loxP/loxP mice. All mutant embryos displayed the severe hypocellular cushions, which are the primordia of mature valves. The defects were caused by reduced epithelial-mesenchyme-transformation, decreased cell proliferation and increased cell apoptosis. To facilitate the application of cellular/molecular approaches to study functions of BMP signaling during valve formation, we developed a novel conditional immortal cushion mesenchymal cell line, tsA58-AVM. To our best knowledge, no other permanent cushion mesenchymal cell line has been reported. At the permissive temperature, these cells grow indefinitely like immortal cells; however, under the restrictive condition, they behave like primary culture cells. These cells express proper mesenchymal molecular markers but do not express myocardial/endocardial specific genes. This cell line provides an attractive model system to address how mesenchymal precursor cells are differentiated into mature valvular cell types. Using this cell line, we identified Sema6D as an unexpected downstream target of BMP signaling in cushion cells. Our functional tests provide evidence supporting the critical role of Sema6D in mediating BMP signaling during valvulogenesis.  

