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Introduction: Severe coronary artery disease leads to heart failure when conventional treatments, such as, medication, angioplasty, stenting, and/or coronary artery bypass surgery are not indicated.
Methods: Animals with severe coronary artery disease (CAD) due to lack of blood flow in the heart muscle were treated with systemic delivery by pegylated DOTAP-Chol based nanoparticle formulation carrying the Nos3 gene, which encodes eNOS (Nos3-nanoparticle) termed as SV22.
Results: Post-treatment, the pegylated Nos3 nanoparticle upregulated Nos3 gene, enhancing expression of endothelial nitric oxide synthase (eNOS), which increased nitric oxide(NO) mediated angiogenesis vessel branching and vessel coverage, maturation and/or remodeling, according to a fibronectin-typeI collagen gel embedded with vascular endothelial cells (human umbilical vein endothelial cells-HUVECs), and human microvascular endothelial cells-HMVEC). Immunohistochemistry analysis exhibited enhanced endothelial cell proliferation. Analysis of endothelial cells by RT-PCR, and in situ hybridization demonstrated enhanced expression of endothelial related markers, such as, KDR, CD34, CD31, VE-cadherin, cyclinD1, VEGF-A, Ang-2, and IL-8.There was enhanced functional, and molecular expression of cytokines and their receptors, angiogenic proteins, and microvessel counts. Enhanced hemoglobin levels in Matrigel plugs exhibited high degree of angiogenic response mediated by the gene therapy. Ten weeks following the Nos3 gene therapy, there was growth of new coronary artery branches enhancing blood flow, and oxygen to the heart muscle circumventing severe coronary artery disease.
Conclusion: Pegylated DOTAP-Chol nanoparticle Nos3 gene therapy (SV22) might be used in the near future as an important breakthrough treatment alternative for cases that have run out of conventional treatments for severe coronary artery diseases, which might lead to heart failure by growing new coronary arteries via angiogenesis.    

