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Cardiac rhythm disorders account for significant morbidity and mortality at a very high 

cost to both patients who suffer from them and the system that pays for these disorders. 

Ventricular arrhythmias, ventricular tachycardia (VT) and ventricular fibrillation (VF) 

account for more deaths than stroke, lung cancer, breast cancer and AIDS combined1
. 

Atrial fibrillation (AF) is the most common cardiac rhythm disorder and is a major cause of 

hospitalization, morbidity and mortality. 

It is estimated that over 400,000 people per year in the United States suffer sudden 

cardiac death 1. In an effort to reduce the number of these catastrophic events, significant 

resources are spent on primary and secondary prevention. Pharmacological therapies 

provided minimal benefit for these arrhythmias, and are associated with significant long 

term side effects, limiting their use in these potentially life threatening disorders2
. The 

implantable cardioverter defibrillator (lCD) has proven effective in lowering mortality rates 

due to ventricular arrhythmias for many patients with heart failure3
. Given the high cost and 

invasive nature of ICDs, it is not feasible to provide this therapy to all patients with 

ventricular hypertrophy and failure, especially outside the USA. More cost-effective 

methods for preventing and treating arrhythmias must be developed. This can best be 

accomplished with improved understanding of the mechanisms of arrhythmogenesis 

associated with pathological cardiac remodeling. 

AF is the most common cardiac rhythm disorder and it is associated with significant 

morbidity and mortality. AF affects around 2.5 million Americans with a prevalence of 1% 

in population under 60 years of age that approaches to around 8% in population ages 80 

and over. It is the most common arrhythmia in hospitalized patients accounting for almost 

35% of arrhythmias in hospitalized patients. This rhythm disorder can be a source of 

significant symptoms in patients and is associated with a high risk of stroke with an annual 

risk of 1.5% in patients under 60 years of age and around 25% in patients aged 80 and 

above. In additions, AF is associated with increased mortality and with around 67,000.00 

deaths related to AF each year4
. 

A common feature in almost all rhythm disorders is cardiac remodeling from a variety 

of stressors including coronary artery disease, hypertension, valvular heart disease and 

non-ischemic dilated cardiomyopathy, amongst others5
. Two main aspects of cardiac 

remodeling are myocyte hypertrophy and remodeling and extracellular matrix (ECM) 
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deposition or scar formation. While significant progress has been made in understanding 

the mechanisms of myocyte remodeling, much less is known about the mechanisms that 

underlie ECM deposition resulting in cardiac fibrosis. A hallmark of pathological cardiac 

remodeling is the deposition of interstitial fibrosis, which in turn contributes not only to 

systolic and diastolic cardiac dysfunction, but also to cardiac rhythm disturbances. While 

transcriptional pathways that contribute to myocyte remodeling are well characterized, 

fundamental mechanisms underlying remodeling of cardiac fibroblasts remain largely 

unknown. 

It is now established that cardiac fibrosis contributes to rhythm disorders, once again 

mechanism of this process are less well understood. Several pharmacological therapies, 

currently in clinical use, have antifibrotic properties and the impact of these therapies that 

modulate cardiac fibrosis was previously not established. The focus of research in our 

laboratory is to define the mechanisms of cardiac fibrosis and better understand the 

electrophysiological impact of therapies with antifibrotic properties on the rhythm, normal 

and abnormal, of the heart. 

Background and Significance. 

In response to a variety of stressors, the heart invokes a diverse and complex array of 

cellular responses that involve both cardiomyocytes and fibroblasts, initiating and 

sustaining structural remodeling of the heart5. This complex remodeling process, which 

involves numerous transcriptional events, leads to pump dysfunction and enhanced risk of 

cardiac rhythm abnormalities. 

Cardiac dysfunction and arrhythmias: Patients with left ventricular hypertrophy and 

failure have an increased incidence of ventricular arrhythmias6
-
8

, and these patients are at 

higher risk for sudden cardiac death9
. Not surprisingly, the presence of ventricular 

arrhythmias in patients with cardiac hypertrophy and failure is associated with higher 

mortality1°-11
. These facts point to the importance of electrical remodeling in pathological 

cardiac remodeling. Hypertrophic transformation of the myocardium may be a pathogenic 

milestone in the development of heart failure. In recent years, considerable progress has 

been made in elucidating intracellular signaling pathways mediating hypertrophic growth of 

the heart. Less is known, however, about heart failure and mechanisms of progression 
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from hypertrophy to failure and relevant to this proposal, deposition of extracellular matrix 

(ECM) leading to fibrosis. 

Pathological left ventricular hypertrophy occurs as a consequence of hypertension, 

aortic stenosis, and following myocardial infarction. Myocardial remodeling is characterized 

by altered gene expression with reactivation of a fetal gene program, hypertrophic growth 

of cardiac myocytes 12
, electrical remodeling, including ion channel alterations as well as 

increased action potential duration, and increased deposition of ECM constituents resulting 

from proliferation and differentiation of cardiac fibroblasts. As a consequence of this 

remodeling process, decreased ventricular compliance contributes to diastolic dysfunction, 

which over time is followed by the development of progressive contractile dysfunction and 

reentry arrhythmia. Once considered a compensatory response of the stressed 

myocardium, hypertrophic remodeling is increasingly viewed as a maladaptive feature of 

these diseases 13
. Indeed, studies indicate that cardiac hypertrophy is an independent risk 

factor for adverse cardiovascular events and death 14
-
16

. Given the large population of 

patients at risk, it is crucial to understand the mechanisms by which pathological 

hypertrophy and remodeling contribute to adverse outcomes. 

Cardiac fibrosis and arrhythmias: Fibrosis is an integral part of the pathologically 

remodeled ventricle, contributing both to diastolic and systolic contractile dysfunction and 

arrhythmogenesis 17
-
18

. The mammalian heart undergoes profound remodeling when 

subjected to abnormal stress, such as that associated with hypertension or myocardial 

infarction 19
. This remodeling process includes altered gene expression, cardiomyocyte 

hypertrophy, deposition of interstitial fibrosis, and electrical remodeling20
. These 

remodeling processes are associated with adverse events, including a markedly increased 

risk of heart failure and sudden cardiac death. A better understanding of the molecular 

mechanisms underlying the mechanical and electrical events occurring during pathological 

cardiac remodeling is essential for effective risk stratification and improved treatment 

options in the future. 

The relationship between cardiac myocyte remodeling and cardiac fibrosis, though 

long observed, has remained poorly understood. While the transcriptional program that 

controls myocyte remodeling has been extensively described, little is known regarding the 

transcriptional program that regulates cardiac fibroblast proliferation, differentiation and 
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extracellular matrix biosynthesis. Myocyte enhancer factor 20 (MEF2D) and protein 

kinase D (PKD), a stress responsive kinase, are major contributors to the pathogenesis of 

heart disease21
. Class II histone deacetylase (HDAC) activity can act to repress myocyte 

remodeling by repressing MEF2D activity. Inhibition of class II HDAC activity by PKD 

leads to MEF2 activation and myocyte remodeling. Class 1 HDAC activity has been 

shown be involved in both cardiac hypertrophy and fibrosis, although the mechanisms for 

its role in fibrosis are still ill-defined. Numerous studies have demonstrated a critical role 

for these signaling cascades in myocyte remodeling. That said little is known regarding the 

role of these converging regulatory pathways in disease-related pathological fibrosis. A 

main focus of research in our laboratory is to define the contribution of these pathways to 

fibrogenesis, both in vitro and within the context of the remodeling myocardium. 

Transforming growth factor p (TGFp)signaling pathway in cardiac fibrosis: Cardiac 

repair requires that new tissue be produced, and since myocytes have very limited, if any, 

proliferative capacity, in the heart this is achieved by fibroblasts. Cardiac fibroblasts in 

response to stress proliferate and differentiate into myofibroblasts which are specialized 

cells that express the pro-contractile protein a-smooth muscle actin (a-SMA) and secrete 

extracellular matrix proteins contributing to tissue repair and fibrosis. Although the 

fundamental mechanisms of 

this process are largely 

unknown, several cytokines 

contribute, the most important 

of which is transforming 

growth factor ~1 (TGF~1 ). 

SMAD's (Small Mothers 

Against Decapentaplegic) are 

a class of proteins that 

modulate the activity of 

TGF~ ligands. The Smad 

family consists of receptor

regulated Smads (R-Smad, 

Smad 2 and Smad 3), 

• P/CAF (pJOO/CBP associated fat101) 

KLF15 = Kruppel-like factor 15 

TGFp 

Smad3 psmad36 

pSrnad40 

Fig. 1: TGF fJ signaling cascade in cardiac fibrosis. 
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common mediator Smad (Co-S mad 4) and inhibitory Smads (1-Smad 6 and 1-Smad 7). 

Phosphorylation of Smad3, through the TGF~ pathway, facilitates binding with Smad4, and 

this complex is then translocated into the nucleus where profibrotic genes are activated. 

Smads can bind DNA only with low affinity and broad specificity, and they usually interact 

with other promoter-specific or cell-type-specific transcription factors to promote 

transcriptional activity. 

Connective tissue growth factor (CTGF) is a downstream target of Smad3 and an 

upstream regulator of both collagen I and fibronectin. One known co-activator of Smad 

proteins on the CTGF promoter is P/CAF. Recently Kruppel-like factor 15 (KLF15) has 

been shown to be a negative regulator of cardiac fibrosis by competing for P/CAF binding 

site on the KLF promoter and inhibiting CTGF transcription27 (Fig. 1 ). Antifibrotic 

pathways, such as atrial natriuretic peptide (ANP) act via inhibiting movement of the 

Smad3/4 complex in the nucleus28
. 

MEF2D-PKD Axis in cardiac fibrosis: Myocyte Enhancer Factor 20 (MEF2D) is a 

downstream target of calcineurin and a known stress-dependent regulator of gene 

expression29
. Whereas recently published reports have implicated MEF2D in cardiac 

fibrosis, the mechanism of this regulation are currently unknown30
. In addition, Protein 

Kinase D (PKD1 ), a stress responsive kinase, is required for pathological cardiac 

remodeling, and evidence strongly suggests 

that this kinase has a role in cardiac fibrosis. 

Again mechanisms underlying this are 

unknown, but are a focus of this proposal31
-

32 Recently published reports implicate a 

prominent role of the MEF2-PKD axis in 

cardiac fibrosis (Fig. 2). Initial reports of 

cardiac remodeling in mice over-expressing 

PKD in myocyte suggested that these mice 

develop dilated cardiomyopathy with minimal 

HDACs 

Fig. 2: PKD-HDAC-MEFs axis in cardiac 
remodeling. 

fibrosis31
. Our analysis in same animal model showed that although these mice had 

diminished fibrosis earlier in life (eight to ten weeks), they develop significant fibrosis later 

in life that accompanies dilated cardiomyopathy. These data suggest that although PKD 
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has a role in fibrosis the findings in models in which the over-expression pattern is limited 

to myocytes might not accurately reflect mechanisms in fibrosis. In addition, subsequent 

publications from the same group showed that both cardiac specific PKD knockout mice 

and whole body MEF2D mice develop minimal fibrosis under a variety of stressful 

conditions that lead to cardiac structural remodeling30
· 

32
. Collectively these data point to a 

specific role of PKD and or MEF2D in cardiac fibrosis but also show that cardiomyocyte

specific manipulations in animal models do not necessarily reflect the true actions and 

mechanism of PKD and MEF2D and their role in fibrosis. 

Role of histone deacetylases (HDACs) in cardiac fibrosis: Genomic DNA within the 

nuclei of eukaryotic cells is highly compacted with histone and nonhistone proteins to 

create a condensed structure that limits access of genomic DNA to transcription factors, 

thereby repressing gene expression. Acetylation of conserved lysine residues in histone 

tails by histone acetyltransferases (HATs) stimulates gene expression by neutralizing 

interactions that limit access of transcription factors to DNA. The stimulatory effect of HATs 

on gene expression is countered by histone deacetylases (HDACs), which repress 

transcription. A common feature of many HATs and HDACs is their ability to interact with 

nonhistone nuclear proteins, such as DNA-binding transcription factors, co-activators, and 

co-repressors, thereby activating or repressing specific genes. HATs and HDACs are key 

regulators of cardiac growth and gene expression in pathological cardiac remodeling and 

heart failure. HDAC inhibition has been shown to blunt pressure-overload induced cardiac 

hypertrophy with significant reduction in myocardial fibrosis33
. These fibrosis related 

findings in-vivo could be a secondary effect from lack of myocyte remodeling or a direct 

effect on fibroblasts, but this question has not been explored. Our data (please see below) 

establishes that HDAC activity is required for cardiac fibrosis. 

Published data supporting role of fibrosis in cardiac rhythm disorders: 

Fibrosis contributes to arrhythmogenesis: Fibrosis is a hallmark feature of the 

pathologically remodeled ventricle, contributing to both diastolic and systolic contractile 

dysfunction and arrhythmogenesis 17
. A variety of sources contribute to the fibroblast 

population within the heart in response to stress, including resident cardiac fibroblasts, 

cells of bone marrow origin, and fibroblasts that originate from cardiac endothelial cells 

(endothelia-mesenchymal transition)26
. In response to myocardial stress, these fibroblasts 
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differentiate into myofibroblasts, and transforming growth factor-~1 {TGF~), a molecule 

prominently activated by stress, facilitates this process along with stimulating collagen 

secretion39 . The resulting collagenous septa and ventricular myofibroblasts both have 

been shown conclusively to facilitate the arrhythmic phenotype of the remodeled 

myocardium22-23· 25. Therefore, it is not surprising that recent investigations have targeted 

the fibrotic scar of the heart to manipulate the structure and arrhythmic phenotype of the 

remodeled heart40-42 . 

Fibrotic burden correlates with ventricular arrhythmias and sudden cardiac death: 

It is well established that increased amounts of fibrotic tissue in the heart strongly 

correlates with an increased incidence of atrial and ventricular tachyarrhythmia's and 

sudden cardiac death34· 43 . Fibrotic scar size in the heart can be reliably and accurately 

measured using contrast enhanced magnetic resonance imaging (CE-MR1)44. Amount of 

fibrosis in the heart is directly associated with ventricular arrhythmias on halter 

monitoring45. In both non-ischemic and ischemic cardiomyopathy increased amount of 

fibrosis in the heart is directly related to ventricular arrhythmias, sudden cardiac death and 

mortaligl3, 46-47. 

Cardiac fibrosis is reversible: Recent work suggests that cardiac fibrosis, long held to be 

irreversible, may regress under certain conditions26. Current standard of care for patients 

with heart failure includes pharmacological therapies known to modulate fibrosis in the 

structurally remodeled myocardium, including HMG-CoA reductase inhibitors (statins) and 

angiotensin converting enzyme inhibitors (ACEi)17· 34. In addition, spironolactone, an 

aldosterone antagonist currently used in patients with symptomatic congestive heart 

failure, inhibits profibrotic activity35 and reduces cardiac fibrosis36. Spironolactone has 

been shown to reduce the incidence of sudden cardiac death in patients with heart failure, 

and this is, in part, related to reduction in markers of fibrosis37-38 . The mineralocorticoid 

hormone, aldosterone, contributes to cardiovascular remodeling and, in turn, morbidity and 

mortality through multiple mechanisms including cardiac fibrosis36. Spironolactone, an 

aldosterone inhibitor, attenuates cardiac fibrosis35-36 and reduces mortality and risk of 

sudden cardiac death in patients with dilated cardiomyopathl7. 
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Work accomplished: 

Modulation of cardiac fibrosis reduces arrhythmia burden and alters VT phenotype: 

While several pharmacological agents with anti-fibrotic properties, such as spironolactone, 

Statins and ACEi are currently in wide spread clinical use. The effects of these agents of 

ventricular arrhythmia burden, rate and duration has not been investigated. Utilizing an 

animal model of dilated cardiomyopathy with diminished fibrosis, we recently showed that 

reduction in fibrosis in the setting of structural heart disease significantly changed the VT 

phenotype. In addition to a diminished burden of VT in the animals with reduced fibrosis, 

in the setting of dilated cardiomyopathy, these animals interestingly showed slower rates of 

VT48 (Fig. 3). This is a surprising but a potentially clinically relevant finding, since slow 

ventricular tachycardia is better tolerated in patients with already diminished cardiac 

reserve49
. In addition, slow VT is more A 

response to anti-tachycardia pacing 

(ATP) in patients with implantable 

cardioverter defibrillators (lCD) 

reducing the number of device shocks. 

Recent evidence also suggests that VT 

that is responsive to ATP therapy has 

less overall mortality compared with VT 

that requires shock50
. These data B 

strongly suggest that therapies that 

alter VT phenotype, from fast VT to 

slow VT, might provide significant 

clinical benefit in patients with heart 

failure including a probable reduction in 

mortality. With this as background we 

set out to characterize VT in patients 

with structural heart disease that were 

actively treated with the 

aforementioned therapies that target 

fibrosis. 

caPKD 

.JilDINc:;;~~~ 
VT Inducibility 

80 

0 "---------
wr 

fn-121 
caPKD 
(n-121 

* 

sTAB 
tn-101 

Fig 3: Images of induced VT in sTAB and PKD 

mice (A). PKD mice showed significantly less 

induced VT compared with mice with sTAB 

induced cardiomyopathy (B). 
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Anti-fibrotic therapies reduce VT rate: Our findings described above, along with other 

published data, strongly suggests that antifibrotic therapies, such as spironolactone, may 

provide clinical benefit from reduction in VT burden as well slowing VT rates and 

preventing at least some lCD shocks. We have started to address this question in a 

retrospective review of patients with structural heart disease who presented with VT while 

on spironolactone therapy for at least six months and compared this group with those that 

were not on this medication. The major finding we observed in this analysis was that VT 

rate (beats per minute) is altered in patients on pharmacological therapies with anti-fibrotic 

properties. Specifically, VT rates are significantly slower in patients on spironolactone 

therapy, and a similar but less significant reduction was observed in patients on therapies 

such as statins and ACEi (unpublished data). Together, these results suggest a previously 

unknown, and clinically beneficial, electrophysiological effect of therapies that modulate 

cardiac fibrosis (Fig.4). 

A B c 
300 300 300 

150 250 

? 
250 

200 

~ $ 200 

$ 
200 ~ $ VT Rill 150 VT Rate ISO vr Rate ISO 

100 100 IOU 
p=077 

p•< 0001 p=O 001 

50 so 50 

0 0 Not Ischemic lsch1mlc No Mods Sp ronol ctono No Spironolactone Splrono~tone 

n 3S 88 n 13 21 'I 82 21 
lOR 188 (170. 200] 179 (1S4, 203] lOR 200 (200, 206) 1 58 (140, 176) lOR 190 (167. 203) 1 58(140. 17S] 

Fig 4: Analysis of ventricular tachycardia rates in ischemic and non-ischemic cardiomyopathy showed 

no significant differences between the two groups in mean rate of ventricular tachycardia (Panel A). 

However, the average ventricular tachycardia rate was significantly slower in patients who were 

actively treated with Spironolactone as compared with patients on no medical therapy (Panel B) and 

patients not treated with spironolactone theraplf (Panel C). 

Spironolactone therapy in atrial fibrillation reduces AF related hospital admissions: 

Atrial remodeling processes underlie most if not all AF51
. Components of atrial remodeling 

include autonomic nervous system alteration, myocyte remodeling, electrical remodeling 
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and atrial fibrosis. Current therapies, including pharmacological therapies and catheter 

ablation, have major limitations. For decades, pharmacological therapies for AF have 

targeted electrical remodeling events. The utility of these therapies remains modest given 

their low effectiveness and high 

side effect profile52
. Several 60% 

P=0.0005 
studies have shown that the 

modulation of fibrotic scar in 

cardiac diseases has beneficial 

effects on cardiac arrhythmias. 

In addition, recent reports 

suggest a potential role of 

mineralocorticoid receptor up

regulation in AF. The role of 

spironolactone, a 

mineralocorticoid receptor 

blocker and a potent anti-fibrotic 

agent, in AF is as yet 

unexplored. A comprehensive 

50% 

40% 

30 0,' 
10 

20% 

10% 

0% 

I I 

I P=O.o1 

DCCV Hospitalizations tor AF 

1 Spironolactone 

1 U9.1al care 

Figure 5: Spironolactone therapy significantly increases 
cardioversion success rates and reduces AF related 
hn.c;ni tnlim tinns 

retrospective analysis was performed on 83 patients with AF, including 23 that were 

treated with spironolactone for at least 3 months. The primary outcome of hospitalization 

for AF and direct current cardioversion (DCCV) was compared between patients treated 

with spironolactone in addition to usual care for AF and those receiving conventional 

medical therapy alone. Spironolactone therapy is associated with a reduction in the 

burden of AF, as reflected by hospitalizations for atrial fibrillation and a trend towards lower 

rates of DCCV (Fig. 5). Larger randomized controlled studies should be performed to 

evaluate the efficacy and safety of spironolactone as an adjunctive therapy for patients 

with AF. 

Histone deacetylase 1, member of class 1 HDAC family, promotes cardiac fibrosis: 

Previously published data have identified HDACs as modulators of cardiac fibrosis33
· 

53
. 

Data suggest that HDACs are required for TGF~ induced extracellular matrix biosynthesis 

and this effect, at least in part, stems from HDACi (histone deacetylase inhibitor) induced 

suppression of connective tissue growth factor (CTGF) expression, an upstream regulator 
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of both collagen 1 and fibronectin. We have also established that non-specific and class I 

HDAC inhibitors {such as trichostatin A (TSA) and Valproic acid (VPA)} do not interfere 

with fibroblast transformation to myofibroblasts as evident by gel contraction assays and 

ongoing expression of myofibroblast marker (aSMA) in cells that are treated with an HDAC 

inhibitor (Fig.6). In addition, our preliminary data suggest that HDAC activity is required for 

transcription of CTGF and/or (kruppel like factor 15-KLF15). Given our cumulative 

preliminary data, with non-specific HDAC inhibitors and class I HDAC inhibitors, we have 

established that class I HDAC inhibitors are required for cardiac fibrosis and that this effect 

is mediated through their inhibitory effects on KLF15 binding to the CTGF promote. 

Building on our preliminary data we will further It is important to investigate the role of 

individual HDACs in cardiac fibrosis, as it has the potential for therapeutic implications. 

We have undertaken analysis in our laboratory in adult fibroblasts and have established 

the HDAC expression pattern in cardiac fibroblasts. Using this information we have 

outlined experiments that will start to address this question, and we anticipate that the 

information that is yielded from these set of experiments will form the basis of future 

investigations. 

Histone deacetylase 5, member of class II HDAC family, blunts cardiac fibrosis: 

Class II HDACs have been shown to act as repressors of cardiac hypertrophy in response 

to a variety of stressors54
. However, a specific role of class II HDACs in cardiac fibrosis 

has not been explored to date. Our preliminary data suggests that broad-spectrum 

inhibition of HDACs, using either TSA or valproic acid, diminishes extracellular 

biosynthesis. That said, non-specific HDAC inhibition also induces myocyte remodeling by 

increasing MEF2D activity. Therefore, the exact role of HDACs in fibrosis is not well 

defined and as yet not explored in a systematic fashion. The microarrays we performed 

have helped us narrow down the HDACs that are expressed in fibroblasts and have 

directed several of the preliminary findings described below. To begin to explore the role 

of class II HDACs in fibrosis we have initially performed gene knockdown experiments by 

siRNA. Using siRNA knockdown of HDAC 5 we observed that this inhibition reproducibly 

promotes collagen biosynthesis. Based on this result and expression pattern of different 

markers of myofibroblat differentiation, we hypothesized that HADC5 blunts fibroblast to 

myofibroblast differentiation. Using gel contraction assay, which is the gold standard test 
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to evaluate this differentiation process, we have now established that HDAC5 blunts 

differentiation of fibroblasts to myofibroblasts {Fig.6). This effect may be in part related to 

promotion of fibroblast differentiation to myofibroblast. We have now reproduced this 

result using two independent siRNA's in two separate sets of experiments and have 

duplicated this potentially very interesting finding. In addition, similar results, on expression 

of aSMA expression, were not seen with other class II HDACs that are expressed in 

cardiac fibroblasts as established by our array results. 

HDACS HDACl 

1 l 
Differentiation Collagen Biosynthesis 

Fibroblast Myofibroblast Fibrosis 

Fig. 6: Using a variety of techniques in our lab, we have now established that HDACS blunts cardiac 
fibrosis through its inhibitory effect on fibroblast differentiation to myofibroblasts. HDACl, a member 
of class 1 HDACs promotes fibrosis through facilitating ECM deposition. 

Collagenous septa as well as cardiac myofibroblasts both contribute to heart rhythm 

disorders. To dissect the mechanisms of how fibrosis contributes to arrhythmogensis it will 

be useful to further identify the potential role each of these plan in this process. Our 

findings of specific "markers" of differentiation and matrix deposition, will facilitate efforts to 

begin to further address this question. 

Future Directions: Published data and work from out laboratory that we have outlined 

above establishes a role of fibrosis in cardiac rhythm disorders. While cardiac scar is 

beneficial to maintain structural integrity, it interferes in coordinated conduction of the 

cardiac impulse and hence contributes to arrhythmogenesis. Therefore a better 

understanding of the mechanisms of cardiac fibrosis and its contribution to 

arrhythmogenesis is important both in terms of current therapies and identification of future 

therapeutic targets. To further address these questions our lab is focused on major 

aspects within this field: 1) we have designed a series of clinical trial to evaluate the 
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beneficial effects, in terms of rhythm disorders, of current therapies with antifibrotic 

properties. We plan to prospectively follow patients with structural heart disease and 

confirm observations that we have collected in our retrospective analysis. We also are in 

the process of addressing if spironolactone adds additional benefit to current therapies for 

atrial fibrillation which include anti-arrhythmic medications and catheter ablation. 2) The 

major focus in our laboratory continues to be on better understanding of the mechanisms 

of cardiac fibrosis. We believe that different aspects of fibrotic scar have separate 

influences in terms of arrhythmogensis. To this end, we have postulated that while ECM 

provides ongoing structural integrity to the heart after a variety of insults, ongoing scar 

formation and differentiation of fibroblasts to myofibroblasts provides the arrhythmic 

substrates. Better understanding of these mechanisms and molecules that target specific 

aspects of cardiac scar can potentially lead to novel therapies for these disorders that are 

very prevalent, disabling to our patients and at times have devastating consequences. 
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