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Progress in AAV-based gene therapy for cardiovascular diseases: Towards improved outcomes and higher 
quality of life

Adeno-associated virus (AAV) is a vector which is highly appropriate for the field of cardiovascular gene therapy, being very 
long-lived and is weakly recognized by the immune system compared to adenovirus vectors (Ad). We have made progress 

in the last few years in AAV-based gene therapy against cardiovascular disease (eg. atherosclerosis), both in the selection of 
therapeutic genes and in the selection of transcriptional promoters to express those genes. For example, transforming growth 
factor beta 1 (TGFβ1) is known to be a powerful gene in regulating immune response and TGFβ1 gene delivery inhibits 
atherosclerosis. Yet TGFβ1, a secreted protein, is very pleomorphic in its phenotypes and can give strong systemic adverse 
reactions (eg. fibrosis, increased infections). In an attempt to identify an intracellular substitute protein from one of TGFβ1’s 
signal transduction pathways, we chose to study human (h) SMAD3. AAV2/8-hSMAD3 gene delivery was compared to AAV/
Neo (control), both being tail vein injected into the low density lipoprotein receptor knockout (LDLR-KO) mice, and then 
placed on a high-cholesterol diet (HCD). After 20 weeks on HCD the AAV/hSMAD3 delivery resulted in significantly lower 
atherosclerosis (versus Neo control) as shown by larger aortic cross sectional lumen area, thinner aortic wall thickness, and 
lower aortic systolic blood velocity. HSMAD3 delivery also pushed aortas into a Th2 response, but without increased fibrosis. 
Thus SMAD3 represents a new type of efficacious therapeutic gene, with higher safety than its related, stimulatory chemokine 
“parent” TGFβ1. Additionally, we’ve tried to improve therapeutic gene delivery and expression. To do this we observed the 
disease-responsive lectin-like oxidized low density lipoprotein receptor 1 transcriptional promoter (LOX1pr) for its ability to 
express the therapeutic interleukin 10 (IL10) genes within an AAV vector. Like TGFβ1, IL10, is known to give adverse reactions 
such as increased infections and cancer. Thus an AAV/LOX1pr-hIL10 vector was compared to a similar vector using the 
strong constitutive CMVpr for efficacy in the LDLR KO-HCD model. Both the AAV/LOX1pr-hIL10 and AAV/CMVpr-hIL10 
gene deliveries were found to give statistically equal efficacy in their down-regulation of atherosclerosis (aortic systolic blood 
velocity, aortic cross sectional area, and aortic wall thickness). However, overall IL10 transgene expression was much lower 
when the LOX1pr was used versus the CMVpr. These data suggest that the use of a disease-specific promoter, such as LOX1pr, 
is highly appropriate for giving therapeutic efficacy, yet also giving a built-in safeguard against adverse reactions due by also 
giving overall lower transgene expression than the CMVpr. Finally, an overview will be given as to what I believe AAV-based 
cardiovascular gene therapy can be expected to do in the future of health care and the field of cardiology.
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