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Heart failure (HF) and atrial fibrillation (AF) are two major life-threatening diseases worldwide. Causes and
mechanisms are incompletely understood, yet current therapies are unable to stop disease progression. In our
study, we focus on the contribution of the transcriptional modulator, Jun dimerization protein 2 (JDP2), and on HF
and AF development. In recent years, JDP2 has been identified as a potential prognostic marker for HF
development after myocardial infarction. This close correlation to the disease development suggests that JDP2

may be involved in initiation and progression of HF as well as in cardiac dysfunction.

heart failure atrial fibrillation transcription factor remodeling

| 1. Transcriptional Control by JDP2

JDP2 belongs to the leucine zipper superfamily of transcription factors that predominantly binds to the promoter
elements cAMP response element (CRE) or 12-O-tetradecanoylphorbol-13-acetate (TPA) response element (TRE)
(2 1t was originally described as a transcriptional repressor of activator protein 1 (AP-1). JDP2 displaces the
typical binding partner from the AP-1 dimer, thereby producing a transcriptionally inactive complex. Meanwhile, it
became clear that JDP2 not only represses transcription via the AP-1 blockade, but also via binding to core
histones and nucleosomes in a sequence specific manner. In this situation, JDP2 provokes chromatin remodeling,
since it prevents histone modifying and transcription promoting enzymes, such as histone acetyltransferases (HAT)
or methylases, from accessing the nucleosome B4, |n addition, JDP2 can recruit histone deacetylases into the
complex as a further regulating step in transcriptional Inhibition RIEIZ, Besides these pleiotropic effects on
transcriptional repression, JDP2 can also activate transcription. It acts as a coactivator of the progesterone
receptorBIBIILALL By binding to anti-oxidant responsive element (ARE) sites, in association with the Nrf2/MafK
complex, JDP2 promotes the transcription of antioxidant genesl22ll13l Thus, overall it can be said, that JDP2
primarily acts as a sequence specific inhibitor of transcription, but in some instances it may also promote

transcription.

| 2. Correlation between JDP2 Expression and Heart Failure

The first report about the association of increased JDP2 expression after myocardial infarction (MI) with HF
progression was published by Maciejak and coworkers in 20154l They collected peripheral blood samples from
patients with acute myocardial infarction (AMI) at admission and at three consecutive dates following admission,
with the latest 6 months after AMI. Gene profiling in peripheral blood mononuclear cells (PBMCs) of these patients

revealed differential gene expression at admission in patient groups that developed HF within 6 months after AMI
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compared to the patient group who did not. JDP2 was among these differentially expressed genes with an
upregulation at admission and up to 6 days after AMI. Thus, JDP2 expression in AMI patients indicates a more
severe initial damage to the heart, which then culminates in HF at later time points. In another study, Qui and Liu3
analyzed two independent datasets from gene expression studies of peripheral blood cells from Ml patients, and
identified 477 conserved genes that were differentially expressed in both datasets, and JDP2 was one of them. The
latest study revealing JDP2 as a prognostic marker for HF development was just recently published€l. Within
1007 differentially expressed mRNAs, JDP2 belonged to the top 20 differentially expressed mRNAs.

| 3. Influence of JDP2 on Ventricular Remodeling and Function

Overexpression of JDP2 for one week in adult mice provoked ventricular dysfunction, since cardiac output,
fractional shortening, and ejection fraction declined. This ventricular dysfunction aggravated during prolongation of
JDP2 overexpression up to five weeksXd, Contractile dysfunction was observed also on a cellular level. Isolation of
ventricular cardiomyocytes from these mice revealed reduced cell shortening and contraction velocity under
electrical stimulation after one week of JDP2 overexpression. After prolonged JDP2 overexpression, the contractile
capacity declined further, and after lifelong JDP2 overexpression, positive inotropic effects by beta-adrenergic

stimulation were abolished28,

Surprisingly, JDP2 KO did not protect the heart against pressure overload induced damage following transverse
aortic constriction (TAC). Instead, the JDP2 KO mice performed worse than wild typel22. Thus, in response to
pressure overload the absence of JDP2 caused stronger ventricular impairments compared to WT mice. However,
hypertrophic enlargement of the heart was already detectable in JDP2 KO mice without any additional provocation,
indicating that basal JDP2 expression is responsible for the control of cardiac size and function in the healthy heart.
However, when the heart is exposed to sustained stress, i.e., under pressure overload or JDP2 overexpression,

contractile impairment of cardiomyocytes assumes the prevailing role and HF progresses.

| 4. IDP2 Promotes Atrial Remodeling and Arrhythmias

Much clearer, and without any doubt, is the influence of JDP2 on the induction of atrial arrhythmias, such as
conduction defects or AF. Already the first description of transgenic JDP2 mice with a continuous cardio-specific
JDP2 overexpression from birth up to 4 weeks of age characterized JDP2 as a major mediator of massive bi-atrial
dilatation22, ECG recordings on anesthetized animals revealed conduction abnormalities and occurrence of AF.
The observed connexin 40 downregulation under JDP2 overexpression may contribute to prolongation of atrial
conduction times, since the electrical coupling is reduced in connexin KO micel2ll. Interestingly, arrhythmias and
atrial dilatation were almost fully reversible upon cessation of JDP2 overexpression29. The absence of ventricular
impairments at that time point under JDP2 expression in juvenile mice suggested development of atrial defects

without any secondary effects on ventricles.
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Just recently, we extended these studies on JDP2 mice, starting with JDP2 overexpression in adult mice at the age
of 5 weeks. ECGs were recorded on non-anesthetized mice in order to exclude side effects of anesthetics on heart
rhythm(22!, Within 4 to 5 weeks of JDP2 overexpression, atrial dilatation and fibrosis, prolongation of conduction
times, and episodes of AF became evident. Within this time, reduced expression and phosphorylation of calcium
handling proteins (SERCA, RyR2) and connexin 40, as well as a massive increase in pro-inflammatory marker
genes, such as MCP1, was detected. Therefore, dysregulated calcium handling and reduced electrical coupling of
atrial myocytes likely contribute to atrial dysfunction. Moreover, increased inflammation may provoke arrhythmias,
since a role of pro-inflammatory macrophages in the pathogenesis of AF has recently been described23l24. Many
of the characteristics of the atrial remodeling found in JDP2 mice resemble atrial remodeling in human AF, e.g.,
atrial myocyte hypertrophy, atrial dilatation, increased fibrosis, alterations in connexin expression and atrial
conduction, and dysregulation of myocyte calcium handling!22l. Moreover, recent clinical data also suggest a link
between inflammation and AF[28],

| 5. Summary and Conclusions

In summary, studies from transgenic mice have implicated the transcriptional modulator JDP2 in the development
of cardiac remodeling culminating in HF and AF. Patient data suggest JDP2 may be a marker for development and

progression of HF. Thus, JDP2 emerges as a novel molecular player in cardiac remodeling in HF and AF.
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