Journal of Molecular and Cellular Cardiology 82 (2015) 174-183

Contents lists available at ScienceDirect

Journal of Molecular and Cellular Cardiology

journal homepage: www.elsevier.com/locate/yjmcc Risur

Original article

Experimental heart failure modelled by the cardiomyocyte-specific loss
of an epigenome modifier, DNMT3B™

@ CrossMark

A. Vujic *P, E.L. Robinson ¢, M. Ito ¢, S. Haider ¢, M. Ackers-Johnson ¢, K. See ¢, C. Methner !, N. Figg ?, P. Brien &,
H.L. Roderick &, J. Skepper ¢, A.Ferguson-Smith ¢, R.S. Foo *>¢*

@ Division of Cardiovascular Medicine, Addenbrooke's Centre for Clinical Investigation Building, University of Cambridge, Cambridge CB2 0QQ, UK
b Cardiovascular Research Institute, Centre for Translational Medicine MD6, National University Health System, 117599 Singapore

¢ Department of Physiology, Development and Neuroscience, University of Cambridge, Cambridge CB2 3EG, UK

d Centre for Molecular Oncology, Barts Cancer Institute, London ECIM 6BQ, UK

€ Genome Institute of Singapore, 60 Biopolis Street, 138672 Singapore

f Clinical Pharmacology Unit, Addenbrooke's Centre for Clinical Investigation Building, University of Cambridge, Cambridge CB2 0QQ, UK

& Epigenetics ISP, Babraham Institute, Cambridge CB22 3AT, UK

ARTICLE INFO ABSTRACT

Article history:

Received 8 October 2014

Received in revised form 6 March 2015
Accepted 9 March 2015

Available online 14 March 2015

Differential DNA methylation exists in the epigenome of end-stage failing human hearts but whether it contrib-
utes to disease progression is presently unknown. Here, we report that cardiac specific deletion of Dnmt3b, the
predominant DNA methyltransferase in adult mouse hearts, leads to an accelerated progression to severe systolic
insufficiency and myocardial thinning without a preceding hypertrophic response. This was accompanied by
widespread myocardial interstitial fibrosis and myo-sarcomeric disarray. By targeted candidate gene quantitative
RT-PCR, we discovered an over-activity of cryptic splice sites in the sarcomeric gene Myh7, resulting in a tran-

Keywords: A R L. A . . . . . . .
Epigenome script with 8 exons missing. Moreover, a region of differential methylation overlies the splice site locus in the
DNA methylation hearts of the cardiac-specific conditional knockout (CKO) mice. Although abundant and complex forms of alterna-

tive splice variants have been reported in diseased hearts and the contribution of each remains to be understood in
further detail, our results demonstrate for the first time that a link may exist between alternative splicing and the
cardiac epigenome. In particular, this gives the novel evidence whereby the loss of an epigenome modifier promotes
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the development and progression of heart disease.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Despite remarkable improvements in medical therapy, the prognosis
of patients with cardiac failure remains poor, with almost 50% of patients
dying within 5 year of initial diagnosis. The incidence and prevalence of
cardiac failure is on the rise rapidly worldwide [1]. Thus, new therapeutic
approaches are urgently needed. Cardiac failure develops often after a
prolonged asymptomatic phase, accompanied by changes in heart mass,
size and shape, a process known as pathological remodelling [2,3]. It is
attributed in some cases to a complex genetic predisposition and/or mul-
tiple environmental factors [4]. Nonetheless, gene expression changes are
often consistent in a failing heart, regardless of the original inciting cause.
Therefore, it would be important to explore whether regulating gene ex-
pression in heart failure could be a therapeutic approach. One mechanism
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of gene expression regulation that has gained importance is epige-
netics. The epigenome, unlike the genome, undergoes dynamic changes
throughout the course of life. The epigenome, modifiable by diet and
environment, may hence contribute to and maintain adaptive and devi-
ant gene expression states [5,6]. Globally, the patterns of DNA methyla-
tion established by de novo DNA methyltransferases DNMT3a and
DNMT3b during embryogenesis are maintained by DNMT1 and remain
stable throughout development and adulthood. However, age, sex and
environmental cardiovascular risk factors have been associated
with specific alteration of DNA methylation at individual loci [7-9].
Genome-wide profiling of DNA methylation in blood from participants
in the Normative Aging study showed that lower LINE-1 methylation in
peripheral blood leukocytes is a predictor of incidence and mortality
from ischemic heart disease and stroke [10]. Experimental animal
models have demonstrated that DNA methylation plays a critical role
in the development of atherosclerosis and cardiovascular disease [8].
In humans, DNMT3B mutations are causing the rare autosomal recessive
disorder Immunodeficiency, Centromeric instability and Facial anoma-
lies (ICF) Syndrome, associated with severe mental retardation disor-
ders and immunodeficiency [11]. Characterization of the heart has not
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