
Specific Aims 
Atrial fibrillation (AF) is the most common arrhythmia encountered in the U.S.1 and the growing burden of AF2 
has profound health implications due to the association of AF with an increased risk of stroke, heart failure, and 
mortality.3-5 Despite the great need for better AF risk prediction, few biomarkers exist to identify individuals at 
risk for AF and its complications.  
 

In order to identify novel AF biomarkers and determine the key pathways regulating pathological atrial 
remodeling, we will take advantage of recent developments in the field of gene regulation. MiRNAs, a class of 
endogenous non-coding RNA species, are key regulators of gene expression in cardiovascular development 
and disease (CVD).6 Moreover, data indicate that miRNAs are exported from cells and can provide insights into 
gene regulatory events in vivo.6-8 MiRNAs have been associated with different forms of heart disease, including 
atrial and ventricular arrhythmias (miR-1, miR-133), myocardial fibrosis (miR-21, miR-29), and cardiac 
hypertrophy (miR-208).6-8 MiRNAs regulate genes important to cardiac conduction (HCN2&4, GJA1), some of 
which have been implicated in the pathogenesis of AF.6-8 MiRNAs have ideal characteristics as biomarkers, 
since they are stable, easily detectable, and present in the peripheral circulation.6-9 However, we do not know 
the extent to which atrial pathological events are reflected in the circulating miRNA pool or the time course(s) 
involved in miRNA release. Despite their potential prognostic utility, no prior study has examined the 
relations between circulating miRNAs and development of incident or recurrent AF.  
 

Focusing on the 19 miRNAs known to be present in the heart, I propose to test the central hypothesis that 
circulating cardiac miRNAs are associated with atrial injury and that key miRNAs are associated with 
increased risk for AF.6-8 In the 3 proposed investigations, I will also examine the relations of an additional 75 
non-cardiac-specific circulating miRNAs to discover new associations between miRNAs and AF not 
constrained by existing knowledge. My approach will provide insights into potentially novel mechanisms 
underlying AF and will establish a mechanism-based framework for identifying new biomarkers for AF risk 
prediction and targeting of therapies. I will accomplish these goals through the following aims: 
 

Aim 1. To determine the time-dependent changes in key circulating miRNAs after left atrial (LA) 
ablation and relate these changes to recurrence of AF in a prospectively recruited patient cohort. 
Hypothesis 1: In 180 UMMS participants with intensive AF phenotyping and undergoing LA ablation, circulating 
levels of 19 cardiac miRNAs will be up- or down-regulated from baseline at 1-hour post-ablation and will relate 
to recurrence of AF over a 12-month follow-up period. 
 

Aim 2. To evaluate the cross-sectional relations of key circulating miRNA levels with AF in a case-
control study. 
Hypothesis 2: In 360 UMMS participants (180 AF cases, 180 controls) with intensive AF phenotyping recruited 
over a 30-month period, circulating levels (plasma and whole-blood) of 19 cardiac miRNAs will differ between 
subjects with AF and age- and sex-matched controls without AF. 
 

Aim 3. To evaluate the relations of key circulating miRNA levels with prevalent and incident AF, and 
chronic atrial remodeling, as assessed by echocardiographic LA dimension, in the Framingham Heart 
Study (FHS) Offspring Study, a community-based cohort. 
Hypothesis 3: In 2,477 FHS participants, circulating levels of 19 cardiac miRNAs will be associated with 
prevalent AF, new-onset AF, and higher echocardiographic (echo) LA dimension. 
 

Background and Rationale 
Epidemiology and Public Health Impact of AF: AF is an important clinical and public health problem and the 
prevalence of AF is expected to rise from 3-6 million Americans today to 12 million in 2050.1,2 AF is associated 
with an increased risk of stroke, heart failure, and all-cause mortality.3,4 The estimated excess annual national 
cost from AF treatment is $26 billion.10 
 

Importance of atrial injury and structural remodeling to development of AF: AF is a heterogeneous 
disorder with multiple initiating and perpetuating mechanisms, including reentry.11 CVD risk factors such as 
hypertension cause increased LA wall stress, ischemia, inflammation, myocyte apoptosis and atrial fibrosis.12 
We have proposed a pathophysiologic model of AF that emphasizes the role of LA structural change over time 
in generating a substrate that is vulnerable to electrical anisotropy, reentry and AF.13 Our model (Figure 1) is 
based on observations that pathologic LA structural remodeling reflects duration and intensity of exposure to 
CVD risk factors known to promote AF, precedes the development of AF, and is associated with increased risk 
of AF. An increased appreciation for the importance of LA structural remodeling to the pathogenesis of AF is 
reflected by the conceptual model proposed by a recently convened NHLBI working group on AF prevention.14 



  
Genomics and transcriptomics of AF and atrial remodeling: AF is a heritable disorder.15 Genome-wide 
association studies have identified several loci associated with an increased risk for AF.16 Animal models of AF 
have shown changes in atrial transcripts involved in natriuretic peptides and fibrosis.17 Human RNA studies 
have demonstrated atrial remodeling,18 as evidenced by up-regulation of genes involved in calcium signaling, 
potassium channels, antioxidant activity, inflammation, metabolic processes, fibrosis, apoptosis,19 and down-
regulation of genes involved in signal transduction and cell communication.20,21 
 

MiRNA as Biomarkers: MiRNAs are single-stranded, non-coding, highly conserved post-translational 
regulators found in a variety of tissues.6 MiRNAs regulate gene expression transcriptionally and post-
transcriptionally through inhibiting translation and inducing degradation of specific RNAs.9 Certain miRNAs are 
expressed cell-type specifically, or in association with particular physiological processes. Remarkably, miRNAs 
can be detected circulating in blood plasma or serum, as a result of cellular damage or secretion.22 Therefore, 
circulating miRNAs have ideal characteristics as biomarkers, since they are stable and easily detectable 
(miRNA are comprised of nucleic acids and their sequences can be amplified). They also provide insight into 
mechanisms underlying disease.23 Intronic miRNA are coded within a host gene, often regulating similar 
pathways to those of the protein encoded by the host gene and frequently acting to regulate a single biological 
process. Since miRNAs may be functionally redundant and can target a number of related RNAs, miRNA can 
mitigate against biological perturbations, such as in the setting of end-organ injury and AF.24 
  

MiRNA in CVD: MiRNAs contribute to cardiac development and remodeling, including embryonic stem-cell 
differentiation, cardiomyocyte proliferation, electrical remodeling, and cardiac conduction.25 MiRNAs found in 
cardiac tissue show dynamic changes in heart disease, suggesting their involvement in the regulation of CVD.7 

MiRNAs play important roles in different forms of heart disease, including atrial and ventricular arrhythmias 
(miR-1, miR-133, miR-328), fibrosis (miR-21, miR-29), and ventricular hypertrophy (miR-208, miR-133).9 In 
animal models, miRNAs regulate genes known to control cardiac conduction (HCN2&4, GJA1, KCNJ2, and 
CACNA1C) and, in some cases, implicated in the pathogenesis of AF.6,8,26 MiRNA-208 transgenic mice have a 
prolonged PR interval (an AF phenotype related to atrial remodeling)27,28 and miR208a-/- mice develop AF.29 In 
human models of AF, miR-328 was up-regulated and, in mouse and canine models, forced expression of miR-
328 enhanced vulnerability to AF.30 Circulating miRNAs have been associated with CVD, including coronary 
artery disease, myocardial infarction and heart failure.8 MiRNA are released or secreted by cardiomyocytes, 
and the cellular secretion of unique miRNA suggests process specificity.6 Unique patterns of miRNA are 
associated with different forms of ventricular remodeling phenotypes.7 This serves as an important proof-of-
concept for the science proposed herein, namely that miRNAs can be used as in vivo diagnostic and/or 
prognostic tools.7 Moreover, and in contrast to other cellular disease mediators, drugs can target miRNAs. 
Since miRNA can modulate disease pathways, miRNA-based therapeutics would theoretically enable 
modulation of the cardiac stress response in a unique and powerful manner.31 
 

Background and Rationale Summary 
• AF is a major health problem because of its increasing prevalence and associated risk of stroke, heart 

failure, and death. 
• Exposure to CVD risk factors injures the LA and promotes pathological atrial remodeling. 
• Variation in RNA and miRNA has been associated with CVD and its risk factors, including cardiac 

remodeling and AF. 

Figure 1. Conceptual Model 
Pathophysiologic model of the progression from 
a normal atrium to a remodeled atrium vulnerable 
to AF as a result of atrial injury (from ablation 
and CVD risk factors). The importance of miRNA 
to the pathogenesis of atrial remodeling is 
emphasized.6,7 The study aims are juxtaposed, 
illustrating how the proposed research plan 
relates to the model proposed by the NHLBI 
working group. Only pathways relevant to the 
research application are emphasized. RA=right 
atrium; LA=left atrium; RV=right ventricle; LV=left 
ventricle  
	  



• Collaborations across UMMS and the FHS will accelerate discovery of pathophysiologically significant 
miRNA contributing to atrial remodeling and AF risk. 

 

Preliminary Studies 
I have conducted research that demonstrates my experience in 
studying cardiac remodeling and circulating biomarkers (e.g., 
miRNAs) in relation to clinical outcomes.32-36 I have published in the 
area of AF13,34,37-39 and established the UMMS AF Treatment 
Registry. The characteristics of the 120 AF patients recruited into the 
Registry over the last 12 months are shown in Table 1. 

 

Cardiac remodeling and biomarkers in relation to clinical 
outcomes: I have examined the associations of cardiac remodeling 
phenotypes with the risk of heart failure and death. I found that an 
increase in ventricular volume after exercise was associated with 
total mortality.40 In a 2nd investigation, I showed that increased 
ventricular volume was an independent predictor of hospitalization 
for heart failure.39 In a 3rd study, I observed that, when compared to 
participants with preserved kidney function, those with reduced 
kidney function had a 3-fold greater odds of developing AF.34 In a 4th 
study involving FHS Offspring participants, I demonstrated that 
higher circulating concentrations of adiponectin and resistin were 
associated with higher left ventricular mass and lower fractional 
shortening, respectively.35 During my FHS fellowship (07/08-6/09), 
I examined the clinical correlates of echo LA enlargement over the 
adult lifecourse in the FHS.36 The findings 
of these studies informed a model of LA 
remodeling that serves as the foundation 
for the current application.13 
 

Plasma miRNA and atrial injury: To 
determine the time-dependent changes to 
miRNAs after LA injury, I conducted 
expression profiling of 382 circulating 
miRNAs before and after LA ablation in 8 
subjects (Ambros laboratory). I found 17 
miRNAs (Figure 2) that were up- or down-
regulated at least 2-fold by 1-hour after LA 
injury (including 3 candidates selected for 
hypothesis testing). The link between 
these 17 miRNAs and LA injury is novel, 
but some are known to regulate relevant 
processes such as cardiovascular 
development, cardiometabolic disease, or 
end-organ injury response.6 Although 
power was limited by the small sample 
size, these data emphasize the feasibility 
of my approach and suggest my findings will be novel and identify new molecular targets. I will expand upon 
these preliminary results as described in Aim 1. 
 

Plasma miRNA and AF: To establish the circulating miRNAs associated with AF, I also conducted expression 
profiling of 94 circulating miRNAs in 17 individuals with AF and 24 control subjects. I found that plasma levels 
of 20 miRNAs (Figure 1) differed significantly between those with and without AF (including 6 candidates 
selected for hypothesis testing). I observed overlap (3 miRNAs: miRs-218 and 302, let-7g) between miRNAs 
associated with AF and miRNAs up- or down-regulated after LA injury (labeled in red in Figure 2). These data 
support my hypothesis that altered gene regulation after atrial injury plays an important role in the 
pathophysiology of AF. Although power was limited by the modest sample size, these data support the 
rationale for using circulating miRNA as AF biomarkers. I will expand upon these results in Aims 2-3. 
 

Table 1. Characteristics of 120 Patients 
Enrolled in UMMS AF Registry 
Age, years, SD 59 ± 10 
Male sex (%) 68 (64.8%) 
Weight (kg), SD 97.7 ± 21.3 
Paroxysmal AF (%) 68 (65%) 
Coronary Artery Disease 20 (19%) 
Diabetes Mellitus 18 (17%) 
Hypertension 75 (71%) 
Failed Anti-Arrhythmic Drugs, n (%) 
 None 5 (5 %) 
 1 53 (50%) 
 2 36 (34%) 
 ≥3 11 (10%) 
AF Quality of Life Score 84 (23.3) 
Echocardiography  
Ejection Fraction, %    58 ± 5% 
LAD, mm, SD 42 ± 7 
Post-ablation arrhythmias at 6-months 
Recurrent AF 25 (21%) 
Atrial Flutter 24 (20%) 

Figure 2. MiRNAs Differentially Expressed (Fold-Difference) in AF (top) and After LA 
ablation (bottom). MiRNAs up- or down-regulated in both experiments are highlighted in 
red. N.B., miR-223 and 218 expression was >10-fold higher in AF patients than in controls. 



Circulating miRNA: To establish which miRNA are expressed in the circulation of patients with and without 
CVD, Dr. Freedman and I comprehensively profiled miRNAs (762) in the peripheral circulation of individuals 
with and without CVD. We found 75 miRNA expressed in plasma or whole blood. Only those miRNAs present 
in the peripheral circulation or associated with AF or atrial injury were included in our proposed investigations. 
 

FHS miRNA profiling and QC: The Freedman laboratory (UMMS Gene Expression Core) assayed 
expression for 347 unique miRNAs, listed as a cycle threshold (CT) value with standard deviation, in 2,477 
FHS Exam 8 participants. MiRNA expression profiling was conducted using whole blood from PAXgene tubes. 
The lab employed the TaqMan chemistry miRNA profiling system (used in Studies 1-3). The FHS steering 
committee has reviewed the QC measures and praised its excellent reproducibility (variation coefficient <10%). 
 

Experimental Design 
Aim 1. To determine the time-dependent changes in key circulating miRNAs after LA ablation and 
relate these changes to recurrence of AF in a prospectively recruited patient cohort. 
 

Rationale and Hypothesis: The degree to which atrial pathologic events such as atrial myocyte injury, 
apoptosis, and fibrosis are manifest in the circulating miRNA pool, as well as the time course(s) involved in 
their release, are unknown. Although ≈40% of patients with AF experience a recurrence at 12-months after LA 
ablation,41 the physiology underlying treatment failure also remains poorly understood.41,42 It is also unknown 
whether or not baseline miRNA levels, or changes in miRNA levels after ablation, relate to AF recurrence in 
patients with AF undergoing catheter-based ablation. I hypothesize that key circulating miRNAs are up- 
and down-regulated within 1-hour after atrial injury and relate to AF after LA ablation. 
 

Data Source: Individuals who present for index radiofrequency LA ablation at UMMC and are in sinus rhythm 
at the time of their procedure will be recruited by trained study staff prior to their procedure. All participants 
must be ≥ 21 years and must meet pre-defined inclusion-exclusion criteria (UMMS IRB #PRO00000027). Over 
a 4-month period, we have recruited 30 participants (80% of those eligible). 
 

Study Design: The baseline clinical, electrophysiologic, echo, ablation, and laboratory characteristics of 180 
study participants undergoing index LA ablation for AF will be abstracted from the UMMS AF Treatment 
Registry (Table 1). To enable comparison of results to those of Study 1 (whole blood), yet improve our ability 
to detect subtle changes in extracellular miRNA levels (plasma), study staff will collect both fasting whole blood 
and plasma. Whole blood (PAXgene) and plasma will be obtained just prior to LA ablation (baseline) as well as 
at 1-hour and 1-month after the initial atrial ablation. Plasma will be isolated from K2EDTA venous blood 
samples via centrifugation by the PI or a Research Technician using a standardized laboratory protocol and 
stored at -80°C.43 Participants undergo a standard clinical exam at 1- and 12-months after enrollment in the AF 
Treatment Clinic. History and 12-lead electrocardiogram (ECG) are obtained at this visit, with particular 
attention paid to medications used and any intervening symptoms consistent with arrhythmic episodes. Upon 
study completion, a trained study nurse or physician will review all clinical data (including any hospitalizations 
or physician visits related to possible AF recurrence) from the medical records of study participants. Since 90% 
of UMMC patients undergoing AF ablation follow-up in the AF Treatment Center and are re-hospitalized at the 
UMMC, we do not anticipate significant missing data or losses to follow-up. Participants will be consented for a 
telephone health history update and solicitation of outside records if they do not return to UMMC. 

 

Selection and profiling of miRNA: The 19 most abundant miRNAs in the heart account for more than 90% of 
all cardiac miRNAs.6 So far, a functional role has been ascribed to only the most enriched miRNAs, reflecting 
the fact that a threshold level of miRNA expression seems to be required for effective repression of target gene 
expression.31 However, the degree to which cardiac-specific miRNAs are present in the circulation under 
stress-related conditions remains poorly defined. For hypothesis testing and to minimize multiple testing  
concerns, I will focus on 19 miRNAs expressed in the heart or associated with processes implicated in the 
pathogenesis of atrial remodeling (Table 2). For hypothesis generation, I will examine 75 non-cardiac miRNAs 
expressed in plasma to discover new associations not constrained by existing knowledge. I will use these data 
to identify a set of invariant miRNAs to use as normalization controls. The UMMS Gene Expression Core will 
help to isolate miRNAs and profile miRNA expression using the TaqMan chemistry miRNA profiling system. 
 

Timing of miRNA assessment: Since circulating miRNA levels can change rapidly after organ injury, I will 
assess miRNA levels at baseline and 1-hour (3-hours after first ablative lesion administered) after LA ablation. 
Because we are also interested in establishing the miRNAs associated with atrial structural remodeling, a 
process which can take weeks to occur, we will also measure miRNA levels at 1-month after ablation.  
 

Feasibility/Attrition: This study has been designed to minimize patient inconvenience (only 1 f/u exam) and 



costs, as outlined in the budget justification. 
Biospecimens from study participants (DNA, 
RNA, miRNA) will be de-identified and stored 
at no cost to the investigator or patient 
(Mentor’s Letter). I anticipate a 10% attrition 
rate based on the literature and AF Treatment 
Center experience.44 This application includes 
strategies to reduce attrition, establishing 
multiple ways to contact the participant 
(phone, email) and phone calls to participants 
to remind them of follow-up exams. To date, 
80% of eligible participants have been 
recruited with no attrition. 
 

Aim 1 Analytical Approach: I will describe 
fold-change in miRNA expression from 
baseline to 1-hour and 1-month post-ablation. 
MiRNA expression will be listed as a CT 
value, consistent with RT-PCR-based data. To 
test the hypothesis that miRNAs up- or down-
regulated by 1-hour after AF ablation relate to 
recurrence of AF, I will describe how fold-
change in miRNA expression (Table 2) from 
baseline to 1-hour after ablation relates to AF 
recurrence over a 12-month follow-up 
(dependent variable) using Cox proportional 
hazards modeling, adjusting for duration of 
ablation, number of ablative lesions, and 
factors associated with LA dimension or 
AF.28,36 Secondarily, similar analyses will be 
performed for changes from baseline to 1-
month. Patterns of miRNA expression change 
from baseline to 1 hour and 1 month will be 
classified and associated with time to AF 
recurrence as an exploratory analysis.  

 

Aim 1 Power: For a given number of events, the standard error of β coefficient per standard deviation for a 
continuous variable in a Cox proportional hazard model was empirically estimated from FHS exam 7 biomarker 
data (standardized to mean=0, SD=1). The standard errors of the β coefficients per standard deviation of 
change (from baseline to 1-hour) in miRNA levels were rescaled according to the number of expected events. 
Bonferroni correction was used to account for inflated type I error by multiple testing. The minimum detectable 
hazard ratios with 80% and 90% power are 1.61 and 1.70 respectively, assuming an AF recurrence rate of 
40% at 12-months45 and an overall 0.05 level of significance, i.e. alpha = 0.05/19 = 0.0026 for each test. 

 

Anticipated Results and Future Directions: I anticipate that biologically important, circulating miRNA will be 
up- or down-regulated by 1-hour post-ablation and will relate to recurrence of AF. This work will: 1) determine 
the time-dependent changes to circulating miRNA in response to acute atrial injury; 2) examine the 
associations between baseline levels of key plasma miRNAs and factors associated with recurrence of AF; and 
3) evaluate the relations between miRNA up- or down-regulated after ablation and recurrence of AF. I 
anticipate that the validation of our study findings will be necessary. I have secured the MGH AF Cohort as a 
potential replication partner for the proposed investigation (Dr. Patrick T. Ellinor III, Principal Investigator MGH 
AF Cohort, signed letter of collaboration). The proposed studies will lead to the identification of circulating 
biomarkers related to atrial injury that may have diagnostic and or prognostic value in AF. Mechanistic 
inferences will be made about the kinds of injury responses seen on the basis of evaluating which miRNAs are 
up- or down-regulated early after atrial injury vs. later. MiRNA found to be in association with LA injury after 
ablation will be compared with miRNA related to AF and increased LA dimension in the community (Aim 3). 
Gene targets will be determined using TARGETSCAN 6.0 and miRanda. 
 

Table 2. Putative Functions and Phenotypes Associated with 
19 Cardiac-Enriched or Specific miRNAs 

MIRNA FUNCTION (TARGET 
GENES) 

ASSOCIATED 
PHENOTYPE** 

miR-1 Cell cycle regulation; (Ion Channels 
and gap junction genes, GJA1, KNJ2) 

Cardiac arrhythmia, cardiac 
development 

miR-21 Upregulation of the protein sprouty 
(ERK-MAPK) 

Anti-apoptotic factor, cardiac stress 
response 

miR-23a Inhibition of ubiquitin proteolysis Regulates cardiac hypertrophy 

miR-29 Inhibition of collagen and extracellular 
matrix proteins (ELN, FBN1, COL1A1) 

Cardiac fibrosis 

miR-92a* Inhibition of neorevascularization 
(integrin subunit α5 and eNOS) 

Reduction in cellular apoptosis and 
improved cardiac function 

miR-122* fatty acid beta-oxidation endothelial dysfunction  

miR-133a Cell cycle regulation; (Ion Channel 
genes HCN2, HCN4) 

Cardiac arrhythmia, cardiac 
development 

miR-195 Phosphatidylserine decarboxylase 
Cardiac growth and heart failure in 
transgenic mice 

miR208a* 
Transcriptional regulator, cardiac stress 
response (α-MHC, Connexin-40 
(GJA5).  

Cardiac hypertrophy; cardiac 
arrhythmia 

miR-208b* Controls myosin isoform switching; 
Intronic to Myh7 

Cardiac hypertrophy, fibrosis 

miR-218* Suppresses Robo1 and 2 Cardiac development 

miR-221* P27(Kip1) and p57(Kip2) Vascular smooth muscle growth 
miR-223* Regulates GLUT4 AF in dog model 
miR-302* Regulates E-cadherin  Cell–cell adhesion 

miR-320 
Pro-apoptosis (HSP20 levels); 
Increases expression of insulin-like 
growth factor-1 

Down-regulated after ischemia 
reperfusion injury; down-regulated in 
AF  

miR-328 Shortened atrial action potential 
(CACNA1C) 

AF in rheumatic mitral valve disease 

miR-499 Intronic to Myh7b  
Myosin function; down-regulated in AF 
models 

miR-590 TGF-beta1 and betaRII Increases AF vulnerability  

miR-664 Heparan sulfate 6-O-sulfotransferase 3 AF in dog model 

 * Associated with atrial injury or AF in preliminary studies. 
** References6-8,18,19,22,23,26,29-31,46,49 



Potential Problems and Solutions: 
1. Hypothesis-testing vs. hypothesis-generation: I will focus on 19 miRNAs associated with processes 
implicated in the pathogenesis of atrial remodeling or AF. I will update the 19 miRNAs examined if interim 
publications suggest other miRNA putatively related to AF. Because existing data are limited, I will conduct a 
secondary analysis examining 75 non-cardiac miRNAs expressed in circulating blood to discover new 
mechanisms related to the development of AF. 
2. Radiofrequency ablation as a model of LA injury: In order to investigate time-dependent changes in 
circulating miRNAs after LA injury, I will use radiofrequency LA ablation as an in vivo model for atrial injury. 
Although LA injury in the community, like LA injury from ablation, is associated with myocyte apoptosis and 
enhanced fibrosis, the generalizability of this model to chronic atrial injury from CVD risk factors such as 
hypertension remains unclear. However, I will validate Study 1 findings in the community by examining the 
associations between the same cardiac miRNAs and echo markers of chronic LA injury in Study 3.  
3. Causation vs. association: Gene targets of miRNAs associated with AF will be determined. However, 
since miRNAs can affect several genes, the mechanisms underlying these associations will require further 
exploration. Recognizing this, as part of a future R03 application, Dr. Chinmay Trivedi (UMMS) and I have 
begun to transfect candidate miRNAs (e.g., miR-302) into atrial myocytes (H2c9) in order to ascertain the 
effects of miRNA gain-of-function on target gene expression. We will also examine the in vitro effects of miRNA 
loss-of-function using this model. 
 

Aim 2. To evaluate the cross-sectional relations of key circulating miRNA levels with AF in a case-
control study. 
 

Rationale and Hypothesis: MiRNAs regulate gene expression in a number of diseases, including AF.24 
MiRNAs have been detected in cell-free human plasma preparation, where they appear to be stable and 
protected from endogenous RNase activity.46 Although experimental models suggest dynamic regulation of 
miRNAs by the heart in certain pathologic states, it is unknown if circulating levels of key cardiac-specific or 
enriched miRNAs differ between individuals with AF and those in normal rhythm. I hypothesize that plasma 
levels of cardiac-specific or enriched miRNAs will differ between individuals with AF and controls. 

 

Data Source: Individuals with a history of paroxysmal or persistent AF who present for a LA ablation at UMMC 
and are in sinus rhythm at the time of their procedure will be recruited by trained study staff in the cardiac 
short-stay area. Individuals who are hospitalized at the UMMC, are in normal sinus rhythm, have no evidence 
of an acute coronary syndrome, and do not have a history of AF will be recruited by trained study staff in their 
hospital room and will comprise the control group. All participants must be ≥ 21 years and must meet pre-
defined inclusion/exclusion criteria (Human Subjects Protection; UMMS IRB #PRO00000027). Over the past 3 
months, we have recruited 30 participants with AF (80% of all eligible) and 27 controls. 

 

Study Design: The baseline clinical, demographic, electrophysiologic and laboratory characteristics of 180 
study participants with paroxysmal or persistent AF (cases) will be abstracted from the UMMS AF Treatment 
Registry (Table 1). Hospital electronic records will be used to abstract data on 180 controls. To enable 
comparison of results to those of Study 3 (whole blood), yet improve our ability to detect subtle changes in 
extracellular miRNA levels (plasma), staff will collect both fasting whole blood and plasma. Whole blood and 
plasma will be obtained on participants with AF prior to their LA ablation. Whole blood and plasma will be 
obtained on controls in the same manner. Plasma will be isolated from K2EDTA venous blood samples using 
the laboratory methods described in Study 1.43 MiRNA expression profiling methods are described in Study 1. 

 

miRNA profiling: The Freedman laboratory will assay miRNA expression for a total of 94 miRNAs, listed as a 
cycle threshold (CT) value with accompanying standard deviation. The lab will employ the TaqMan chemistry 
miRNA profiling system described in Preliminary Studies and Study 1. 

 

Feasibility: Given the minimal risks of the proposed study, the number of patients with AF treated in the 
electrophysiology lab (≈200/year), the committed assistance of a trained study technician (Mentor’s Letter), 
UMMS co-investigators with expertise in miRNA isolation and expression profiling (Ambros, Freedman), the 
present study is feasible. Attrition is not a concern given the single study visit required for study completion. 
The study has been designed to minimize patient inconvenience and costs, as outlined in the budget 
justification. Biospecimens from study participants (DNA, RNA, miRNA) will be de-identified and stored at no 
cost to the investigator or patient (Mentor’s Letter). 

 

Aim 2 Analytical Approach: I will test the hypothesis that cardiac-specific or enriched circulating miRNAs are 
associated with paroxysmal or persistent AF by conducting a logistic regression analysis, adjusting the relative 



effect of miRNA expression for several potential confounders. MiRNA expression will be listed as a CT value, 
consistent with RT-PCR-based data. AF risk factors will be adjusted for (e.g., age, sex, heart rate, blood 
pressure, body mass index, diabetes mellitus, prevalent myocardial infarction and heart failure) and AF 
characteristics (e.g., AF duration, or AF classification) when estimating the association of each of the 19 
miRNA candidate levels (range 3-28 CT) with AF. For hypothesis testing, as described in Study 1, I will focus 
on 19 miRNAs expressed in cardiac tissue and/or associated with processes implicated in the pathogenesis of 
atrial remodeling (Table 2).6,47 For hypothesis generation, I will examine 75 miRNAs expressed in plasma (as 
described in Study 1) to discover new associations not constrained by existing knowledge. 

 

Aim 2 Sample Size/Power: For this study, the total sample size is 360, with 180 cases of AF and 180 
individuals in the comparison group (no AF). For each of the 19 miRNA expression variants, I have 80% power 
to detect an odds ratio of ≥ 1.56 or 90% power to detect an odds ratio of ≥ 1.65 for AF for a 1 standard 
deviation increment in miRNA at alpha=0.0026.  

 

Anticipated Results and Future Directions: I anticipate that biologically important, cardiac-specific or 
enriched circulating miRNA will be associated with AF. I also anticipate that the validation of our study findings 
will be necessary. The FHS Offspring Study will serve as an internal validation cohort (Study 3). The Multi-
Ethnic Study of Atherosclerosis (MESA) will serve as an external replication partner (Dr. Liu, collaboration 
aggreement). MiRNA associated with AF will be compared with miRNA related to atrial injury in Study 1. We 
will study the RNA targets of miRNAs associated with atrial injury and/or AF by reviewing current publications 
and using algorithms such as TARGETSCAN 6.0 and miRanda.48 The proposed studies are complementary 
and will lead to the identification of circulating biomarkers that may have diagnostic value in AF. 
 

Potential Problems and Solutions: 
1. Whole Blood vs. Plasma miRNA Profiling: Preliminary data suggest that plasma and whole blood miRNA 
profiles may differ in patients with CVD (Preliminary Data). In order to maintain uniformity of methods between 
the 3 proposed investigations, promote comparability of findings, and enhance the clinical applicability of 
results, I will analyze miRNA from whole blood in all Study 2 participants. To maximize my ability to detect 
subtle changes in extracellular miRNAs released into the circulation, I will also analyze miRNA from plasma.49 
2. Novelty vs. replication: With all transcriptomic studies, replication is critical. I will internally replicate 
findings using data from the FHS Study as outlined in Study 3. I will also leverage my affiliation with the 
CHARGE-AF Consortium to recruit additional replication partners (e.g., MESA, MGH AF cohort). 
3. Cell-type specificity vs. generalizability: Although dynamic regulation and cellular secretion of miRNAs 
suggests process specificity,9 the present study will not confirm whether miRNAs associated with AF are 
secreted/released by atrial myocytes. I will, however, compare miRNAs associated with AF from Aim 2 with 
those released after LA injury (Aim 1) and/or in association with echo markers of chronic LA injury (Aim 3).  

 

Aim 3. To evaluate the relations of key circulating miRNA levels with prevalent and incident AF, and 
chronic atrial remodeling, as assessed by echocardiographic LA dimension, in the FHS Offspring 
Study, a community-based cohort. 
 

Rationale and Hypothesis: Data are limited on how miRNAs relate to pathologic changes in LA structure and 
AF, especially in the broader community setting. To further explore the hypothesis that miRNAs contribute to 
LA structural remodeling and AF, I will examine the relations of the same set of 19 cardiac-specific or enriched 
miRNAs with echo LA dimension (a marker of chronic LA injury) and AF. I hypothesize that key circulating 
miRNAs are associated with AF and increased echo LA dimension. The analyses outlined in this 
application have undergone peer-review and have been approved by the FHS Executive Committee. 

 

Study Sample: The study sample will be comprised of FHS Offspring Exam 8 (n=2,608, 2005-08) participants 
with available echo, electrocardiographic, and miRNA data (n=2,477). All FHS blood samples are obtained and 
stored using methods proven to maintain miRNA stability. The average age of FHS Exam 8 participants is 66 
years, 55% are women, 7% have a history of myocardial infarction, 3% have a history of heart failure, and 7% 
have been diagnosed with AF. Participants undergo an exam at the FHS once every 4-8 years. 

 

FHS AF: Participants are asked about AF at exams and at biennial health updates. If AF is reported, records 
are sought. Presence of AF is determined from multiple sources: 12-lead ECGs obtained at each FHS exam 
and from all CVD-related hospitalizations and clinician visits. Cases of suspected AF undergo rigorous 
adjudication. 188 Exam 8 participants have AF. 223 incident AF cases (9%) are projected for analysis in 2014. 

 

FHS Echo: At Exam 8, participants underwent resting echo evaluation. Echos were performed by experienced 
technicians and evaluated using a standardized protocol with excellent reproducibility.36 LA dimension was 



determined from M-mode in accordance with Society guidelines.50,51 FHS also allows for off-line analyses of 
digitized echos to augment the standardized protocol. The archived digital recordings (2- and 4-chamber 
views) of 300 FHS subjects with no prior AF will be used for a focused measurement of LA volume (LAV) at 
end-ventricular systole and diastole (then indexed to height and adjusted for BMI to calculate LAV index), LA 
emptying fraction (LA-EF; LAVmax-LAVmin/LAVmax), and tissue Doppler A’, using standard techniques in 
accordance with guidelines.52 LAV index, LA-EF, and tissue Doppler A’ have been selected because they 
share strong and independent associations with AF53-55 and reflect distinct aspects of LA structure or function.56 
The 3 echo variables will be available for a subset of the sample because the PI or a technician must measure 
archived images. 

 

miRNA profiling: For hypothesis testing, I will focus on 19 miRNA abundantly expressed in the heart and/or 
associated with processes implicated in the pathogenesis of atrial remodeling or AF (Table 2).6 For hypothesis 
generation, and because these analyses can be performed at no additional cost, I will examine 329 non-
cardiac SABRe miRNAs to discover new associations not constrained by existing knowledge. 
 

Aim 3 Analytical Approach: Regression models with mixed effects will be used, in which random effect will 
be used to account for sibling correlation among FHS Offspring cohort enrollees. Linear mixed effect 
regression models will be used for associating miRNA with quantitative variables (e.g., LA dimension), 
generalized linear mixed models will be used for binary outcomes (e.g., prevalent AF), and Cox proportional 
hazards models with robust sandwich estimators will be used for time-to-event analyses (e.g., incident AF). 
Standardized miRNA data will be used in all association tests. AF risk factors (including age, blood pressure, 
body mass index, prevalent myocardial infarction and heart failure) will be adjusted for in estimating the 
association of each of the 19 miRNA levels with prevalent or incident AF. Death before new-onset AF will be 
treated as a censoring factor in time to AF analysis. For miRNA associated with AF, I will test for effect 
modification by age, sex, and body mass index by including interaction terms with these variables and miRNA 
(using 1 miRNA at a time). Kaplan-Meier curves will be used to depict the probability of developing AF 
according to miRNA tertiles. Since I hypothesize that the relation between miRNA and AF may be mediated by 
the influence of miRNA on LA structure, I will construct additional models with adjustment for LA dimension. In 
order to develop a more complete picture of the mechanisms underlying LA remodeling, I will relate miRNA 
expression for 19 candidates (independent variables) with echo LA structure or function in 300 FHS Offspring 
participants with intensive echo phenotyping using linear regression for each of the specified dependent 
variables (LAV index, LA-EF, and tissue Doppler A’) as exploratory analyses. 

 

Aim 3 Power: An attrition rate of 10% was applied to all the estimated samples sizes, including the numbers of 
prevalent or projected events for power calculations, because a few samples could fail to generate valid 
miRNA data (per FHS investigators). Since 3 primary outcomes will be studied in this aim, the Bonferroni 
approach corrected alpha level is 0.05/19/3=0.0009. For examining the association between miRNA 
expression and LA dimension, power calculations are based on established methods.57 We calculated the 
minimum detectable effect size in terms of partial R2, i.e. the percentage of variability in LA dimension that 
each of the 19 miRNAs could explain in addition to covariates. Using our available sample size of 2,230 
participants, we will have 80% and 90% to detect partial R2 of 0.8% and 0.9%, respectively. In testing the 
hypothesis that key circulating miRNAs are associated with prevalent AF, I have over 80% and 90% power to 
detect odds ratios of 1.42 and 1.47, respectively, for a 1 standard deviation increment in miRNA with a total 
sample size of 2,347 and 169 prevalent cases of AF at alpha=0.0009. For the test of linking miRNA expression 
and time to new-onset AF, the method for power calculation is the same as that in Aim 1. Assuming the sample 
size of 2,347 and 201 cases of incident AF, I have 80% and 90% power to detect hazard ratios of 1.36 and 
1.41, respectively, for a 1 standard deviation increment in miRNA expression at alpha=0.0009. 

 

Anticipated Results and Future Directions: I anticipate that biologically important miRNA will be related to 
prevalent and incident AF as well as greater LA dimension. We will study the RNA targets of miRNAs 
associated with atrial remodeling or AF by reviewing current publications and using algorithms such as 
TARGETSCAN 6.0 and miRanda.48 These investigations will provide insight into which genes are involved in 
atrial remodeling and AF and identify biomarkers with potential prognostic or diagnostic importance in AF. 
 

Potential Problems and Solutions 
1. Whole Blood (PAXgene) miRNA Profiling: RNA signatures may vary by cell type and patterns of miRNA 
expression may differ between blood components. Utilization of whole blood preparations for the proposed 
miRNA analyses will not provide the specific source of miRNA. Recognizing this, this project is designed to be 
resource effective, utilizing existing miRNAs on over 2,000 FHS participants. Plasma from FHS participants is 



stored and the FHS Executive Committee will be petitioned for its use for miRNA analyses if necessary. 
2. Classification of AF Type: The methods used to define incident and prevalent cases of AF in the FHS are 
well validated.29 They do not, however, enable classification of AF based on contemporary criteria (paroxysmal, 
persistent, permanent) due to limitations in the methods of data abstraction. The UMMS AF Treatment Cohort 
employed for Studies 1 and 2 complements the FHS dataset and will allow us to examine associations 
between AF type and/or duration of AF with miRNA profiles. Associations between miRNAs and AF will also be 
validated in external replication partners (MGH AF Cohort, MESA) with robust AF phenotyping. 
3. Use of M-mode as a marker of LA enlargement: The LA dimension provided by M-mode and used for the 
determination of LA enlargement may underestimate atrial size.56 M-mode based LA assessment is, however, 
a valid measure of LA size.56 To address this potential limitation, I will measure LAV index, LA-EF, and tissue 
Doppler A’ in a subset of FHS participants, thereby allowing me to relate miRNAs to contemporary atrial 
remodeling traits. 
 

Study Strengths: This set of studies uses a novel transcriptional regulator, miRNA, to directly assess 
regulatory mechanisms underlying atrial remodeling and AF. The investigations are further bolstered by the 
hypothesis-driven selection of cardiac-specific or enriched miRNAs for study. The measurement of serial 
miRNAs at baseline and at several time points post-ablation further strengthens Study 1, since each patient will 
serve as his/her own control, thereby diminishing differences in miRNA expression extrinsic to the exposure of 
interest and enabling us to assess temporal changes in plasma miRNA expression in the short- and medium-
term. The use of a relatively large sample of patients with symptomatic and well-characterized AF and 
analysis of miRNAs in both plasma and whole blood strengthens Study 2. The use of a well-characterized, 
large sample from a seminal longitudinal study with standardized miRNA assessment and contemporaneous 
ascertainment of echo traits strengthens Study 3. 
 

Impact and Future Directions: AF is highly prevalent and the burden of AF is increasing.2 New avenues are 
needed to identify cellular and developmental pathways for AF that incorporate epidemiologic, genetic and 
transcriptomic data.58-60 At the end of the grant period, I will have established a clinical and translational UMMS 
AF research program focused on advancing our understanding of the mechanisms underlying atrial structural 
remodeling and AF. I will build a UMMS AF cohort with extensive phenotyping and will add to the FHS by 
better characterizing LA structure and function in selected participants. This research will be used to generate 
new insights into the pathogenesis, risk prediction, and therapeutic management of AF. 
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