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Results

Dilated cardiomyopathy (DCM) is a rare disease with poor prognosis. Hearts of patients with DCM show
systolic dysfunction, cardiac fibrosis, and heart failure; therefore, the ultimate and only therapy for DCM is
heart transplantation. Regenerative therapy has received attention as a new treatment for severe heart failure.
Moreover, there are no effective therapies/drugs for cardiac fibrosis, and no vectors targeting cardiac fibroblasts
have been identified. We first reported that the cardiac-specific transcription factors—Gata4, Mef2c, and
Thx5—reprogrammed cardiac fibroblasts into induced cardiomyocyte-like cells (iCMs) in vitro and in vivo.
Moreover, in vivo cardiac reprogramming using retroviral vectors regenerated infarct hearts and improved
cardiac function (leda et al, Cell, 2010, Inagawa et al, Circ Res, 2012, Wada et al, PNAS 2013, Muraoka et
al, EMBO J 2014). To translate this new regenerative technology to the clinical setting, it is necessary to
develop new vectors expressing transgenes efficiently and safely in cardiac fibroblasts. In this study, we will
develop a novel gene therapy using adeno-associated virus (AAV) and lentivirus vectors, which express cardiac
reprogramming factors that convert cardiac fibroblasts into iCMs. Specifically, this year, we developed vectors
and promoters that specifically express transgenes in cardiac fibroblasts.

1. Identification of vectors expressing transgenes specifically in cardiac fibroblasts

To develop vectors expressing transgenes specifically in cardiac fibroblasts, we performed the following
experiments: (1) in vitro screening using primary cultured cardiac fibroblasts, (2) in vivo screening using a
mouse myocardial infarction model, and (3) identification of cardiac fibroblast-specific promoter sequences.
This year, we analyzed AAV and lentivirus vectors for infection of cardiac fibroblasts and identified the cardiac
fibroblast-specific promoter.

(1) Invitro screening using primary cultured cardiac fibroblasts and cardiomyocytes

Viral vectors preferentially infect specific cell types and tissues depending on the composition of viral capsids.
We screened for vectors expressing transgenes using rat primary cultured cardiac fibroblasts and
cardiomyocytes in vitro. We analyzed 10 different serum types of AAV vectors and lentivirus vectors (F/HN-
SIV and VSVG-HIV) in this screening. Cardiac fibroblasts and cardiomyocytes were infected with AAV and
lentivirus vectors expressing GFP, and the cells were analyzed by FACS after 1 week. We found that the serum
type X AAV vector (AAV-X) and lentiviral vectors preferentially infected cardiac fibroblasts in vitro.

(2) In vivo screening using mouse myocardial infarction model

We used a mouse myocardial infarction (MI) model in this study, as a mouse DCM model does not exist. Cardiac
fibroblasts in DCM and MI hearts were derived from cells of the same origin and showed similar characteristics.
We generated large amounts of AAV-GFP and lentiviral GFP vectors for infection in the MI model and analyzed
the expression of GFP in infarct hearts after 2 and 4 weeks. Both AAV-GFP and lentiviral GFP preferentially
infected cardiac fibroblasts in the infarct zones, but not in remote healthy myocardium.

(3) Identification of cardiac fibroblast-specific promoters

We next determined the promoter regions specifically expressing transgenes in cardiac fibroblasts. We selected
several candidate promoter sequences by analyzing the gene expression patterns in fibroblasts using
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bioinformatics. We cloned the candidate promoters in the luciferase vector, infected these luciferase vectors into

primary cultured cardiac fibroblasts and cardiomyocytes, and evaluated the luciferase activity after 1 week. We

identified a novel cardiac fibroblast-specific promoter sequence in which luciferase activity was stronger in

fibroblasts than in cardiomyocytes.
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