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IN VIVO MR AND ULTRASOUND IMAGING OF CATHETER-BASED VASCULAR GENE DELIVERY
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Background and Objectives: To date, most investigations about imaging of gene therapy have focused on non-cardiovascular systems. The purpose of this study was to establish the feasibility of monitoring catheter-based vascular gene delivery using MR and ultrasound imaging.  Methods: We produced two media by mixing Magnevist with trypan-blue dye, and with a lentivirus vector carrying a green fluorescent protein (GFP) gene. In both media, Magnevist served as an imaging marker for MRI to visualize the enhancement of the target vessel wall. The blue-dye served as a tissue stain marker for histology and GFP served as an immunohistochemistry marker to confirm the success of the delivery procedure. For ultrasound imaging, we produced polymeric biodegradable, echogenic microspheres that encapsulate DNA plasmid-encoding GFP. Using Remedy catheters, we transferred the Magnevist/blue-dye (n=8), Magnevist/GFP-lentivirus (n=4), or GFP/microsphere (n=6) into the iliac or femoral arterial walls of 18 pigs. Pre-, during-, and post-gene infusion, MR or ultrasound images were acquired. Transgene expression was detected by immunohistochemical staining with anti-GFP.  Results: These two technical developments enabled us to dynamically visualize: (i) where the genes/vectors distributed; (ii) how satisfactorily the target portion of the vessel wall was marked; and (iii) whether the gene transfer procedure caused complications. The subsequent laboratory examination showed 100% correlation between the Magnevist/microsphere enhancements of the target vessel walls on MR/ultrasound images and the blue-dye/GFP staining of the target vessel tissues with histology/immunohistochemistry.  Conclusion: Our study represents the first evidence that catheter-based vascular gene delivery/distribution can be monitored by MR and ultrasound imaging in vivo.
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