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Abstract

Objective—To explore the transcriptome of epicardial adipose tissue (EAT) as compared to
subcutaneous adipose tissue (SAT) and its modifications in a small number of patients with
coronary artery disease (CAD) versus valvulopathy.

Design and Methods—SAT and EAT samples were obtained during elective cardiothoracic
surgeries. The transcriptome of EAT was evaluated using an unbiased, whole-genome approach as
compared to SAT in subjects with CAD (n=6) and without CAD (n=5), where the patients without
CAD had cardiac valvulopathy.

Results—Relative to SAT, EAT is a highly inflammatory tissue enriched with genes involved in
endothelial function, coagulation, immune signaling, potassium transport and apoptosis. EAT is
lacking in expression of genes involved in protein metabolism, TGF-beta signaling, and oxidative
stress. Although underpowered, in subjects with severe CAD, there is an expression trend
suggesting widespread downregulation of EAT encompassing a diverse group of gene sets related
to intracellular trafficking, proliferation/transcription regulation, protein catabolism, innate
immunity/lectin pathway and ER stress.
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Conclusions—The EAT transcriptome is unique when compared to SAT. In the setting of CAD
versus valvulopathy, there is possible alteration of the EAT transcriptome with gene suppression.
This pilot study explores the transcriptome of EAT in CAD and valvulopathy, providing new
insight into its physiologic and pathophysiologic roles.
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Introduction

The adipose organ plays an active role in the development and progression of
cardiometabolic syndromes. It is well accepted that anatomically distinct fat depots differ in
their biomolecular properties and contribution to disease; considerable data suggests
metabolically detrimental effects of increased visceral adipose tissue (VAT). Epicardial
adipose tissue (EAT) is the VAT of the heart (1) and is present in humans and other large
mammals, but not in rats or mice (2). EAT has unique embryologic, anatomic, and histologic
features (3), including smaller adipocytes (4) and higher prevalence of immune cells when
compared to subcutaneous adipose tissue (SAT) (5). EAT lies in direct contiguity with the
myocardium without fascial barrier (Figure 1) such that some EAT adipocytes even appear
to invaginate the epicardial surface. The myocardium and EAT are supplied by branches of
the coronary arteries whereas other paracardiac adipose depots are located external to the
parietal pericardium (Figure 1) and are supplied by branches of noncoronary arteries (2).
Hence, the physical proximity, lack of fascial barrier and shared microcirculation potentially
allows for a bi-directional crosstalk through paracrine and vasocrine pathways (6, 7).

Its unique features and the clinical evidence that EAT thickness might serve as a marker of
visceral adiposity (1), have sparked interest in defining its biomolecular properties. EAT is
enriched with saturated fatty acids, has high protein content, and has greater capacity for
lipogenesis and fatty acid metabolism (2, 8, 9). Most studies have evaluated the EAT in
subjects with CAD and thus the nature of the EAT-myocardial relationship in normal
conditions is not clear. It has been hypothesized in CAD that EAT could negatively affect the
heart via macrophage activation, oxidative stress, innate inflammatory response and plaque
destabilization (7, 10, 11, 12). Clinically, EAT as measured by echocardiography or CT has
been associated with increased cardiovascular risk, CAD (13) and metabolic syndrome (14)
independent of traditional risk factors.

Microarray offers an unbiased approach to the study of genomewide expression analysis; the
relevance is strengthened when gene expression is considered in the context of
mechanistically related gene sets (15). Few analyses of EAT’s transcriptome have been
performed. In one study, a microarray of EAT versus SAT in CAD patients found that
upregulated genes in EAT were associated with the inflammatory and immune responses,
whereas downregulated genes were adipocyte-related (5). In other patients, a microarray of
EAT compared to SAT in both CAD and nonCAD subjects found the highest ranked gene
encoding for a secreted protein to be secretory type Il phospholipase A2, the rate limiting
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enzyme in the synthesis of a proinflammatory lipid mediator (16). Lastly, another study
evaluated the genome-wide mRNA profile of EAT versus mediastinal adipose tissue (MAT,
or paracardial adipose tissue) and SAT in men with CAD and found enrichment in genes
involved in cardiovascular disease including ADORAL (17). In the present study,
microarrays were performed and the data evaluated to i) comprehensively define the EAT
transcriptome compared to SAT and ii) determine the transcriptional profile of EAT of CAD
subjects compared to the EAT of subjects without CAD but with cardiac valve disease.

Methods and Procedures

Subjects

Once weekly from March, 2012 through April, 2013, consecutive patients undergoing
elective cardiothoracic surgery (CABG or cardiac valve replacement) who provided
informed consent were enrolled to participate; this enrollment approach resulted in 23
sequentially enrolled patients. The study was conducted in accordance with 7he Declaration
of Helsinkiand the protocol approved by the University of Miami IRB. Participants were
analyzed in two groups based on clinical findings indicating the lack or presence of CAD on
preoperative testing. Of the 23 participants enrolled, 18 patients (14M:4F) aged 45-79 (57.8
+ 8.8 years) were found to have severe CAD (triple-vessel involvement meeting criteria for
CABG) on preoperative cardiac angiography; this was termed the CAD group. The other
five patients (3M:2F), aged 33-58 (45.0 £ 9.3 years) in the valvulopathy group had no
clinical signs of CAD and normal coronary arteries on preoperative angiography; these
patients were undergoing cardiac valve replacement (4 mitral: 1 tricuspid). Clinical
characteristics are shown (Table 1). Laboratory analyses and anthropometrics were
performed during routine preoperative evaluation and fasting blood samples were obtained.
In this cross-sectional study, clinical data was obtained at perioperative evaluation (adipose
samples obtained during surgery). Clinical outcomes were not followed beyond surgery.

Epicardial Fat Thickness

Subjects had preoperative echocardiographic measurements of EAT thickness, by the
previously described method (18). Briefly, EAT was identified as the echo-free space
between the outer wall of the myocardium and the visceral layer of pericardium. Maximum
EAT thickness was measured perpendicularly on the free wall of the right ventricle at end-
systole.

Adipose tissue collection

Subcutaneous and epicardial adipose samples were collected during cardiothoracic surgeries
of all 23 patients. SAT samples were obtained from the median sternotomy site and EAT
samples (~ 1 gram) were obtained near the proximal segment of the right coronary artery,
deep to the visceral layer of the pericardium (Figure 1) prior to the patients being placed on-
pump. Each tissue sample was immediately frozen over dry ice and then stored at -80°C
until processing.
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RNA extraction

Microarray

RNA was extracted from frozen samples; samples were homogenized on ice with TRIzol
Reagent (Invitrogen, Carlsbad, CA). RNA was extracted using a kit for lipid-containing
tissues (Qiagen RNeasy Lipid Tissue Mini Kit, Germantown, MD) following the
manufacturer’s protocol.

From the 5 valvulopathy patients, all SAT and EAT samples were analyzed by microarray.
Only a subset of samples from the CAD group were analyzed by microarray; from the 18
CAD patients, 6 were chosen by BMI-matching compared to the valvulopathy group (these
were the 6 with the lowest BMIs). From these 6 CAD patients, SAT and EAT samples were
analyzed by microarray. Table 1 shows clinical characteristics of the subset of patients
analyzed by microarray. Gene expression was evaluated using Genechip Human Gene 2.0
ST arrays (Affymetrix) which utilizes a whole-transcript design to assess >30,000 coding
genes. Microarray was performed at the Joslin Diabetes Center Genomics Core Laboratory
(Boston, MA).

Microarray analysis

Gene expression data was preprocessed using GenePattern (Broad Institute, Cambridge,
MA). Differential analysis was performed in GenePattern to identify individual genes
demonstrating enrichment in two separate comparisons: EAT versus SAT and EATCAD
versus EATVal. The Student’s t-test yielded p-values for individual genes. Select genes were
highlighted in Table 2. Then, to discern functional patterns among enriched genes, gene
ontology analysis was used to determine enrichment of gene sets (Gene Set Enrichment
Analysis (GSEA), Broad Institute)(15). No filter was applied to eliminate genes with low
expression. GSEA included calculation of enrichment scores (ES), estimation of significance
level of ES (nominal p-value), and adjustment for multiple hypothesis testing including the
normalized enrichment score (NES) and FDR (15). Gene sets with an FDR <25% were
limited and the goal was to generate hypotheses, so a nominal p-value of <1% was chosen to
indicate significance for gene sets (Figure 2). Core enrichment of individual genes was
defined as those genes contributing to the leading-edge subset within the gene set (Tables
S1, S2). All individual genes demonstrating core enrichment within enriched gene sets were
further considered by investigators (investigator analysis) consisting of searches in
publically available databases (PubMed, UniProt) to determine the context in which each
gene had been previously evaluated. Gene sets enriched in EAT versus SAT are listed (Table
3) and for EATCAD versus EATVal (Table 4).

Statistical analysis

Clinical data were analyzed using PRISM software (GraphPad, San Diego, CA).
Comparisons between groups were performed using the Mann-Whitney test or Fisher’s
exact test where differences with p<0.05 were considered statistically significant for clinical
data. Microarray statistical analysis was performed as above.

For statistical power analysis, the raw microarray data was log,-transformed and baseline-
transformed to median of all samples using Agilent Genespring 12.6. Welch’s t-test was
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performed for each individual gene, then the p-values were corrected using Benjamini-
Hochberg FDR. For gene sets, the gene values for each sample were averaged. Cohen’s d
was computed using group means and pooled standard deviation for the averaged or
individual gene values. For individual genes, statistical power was computed from Cohen’s d
and an FDR-corrected significance level of 0.05. For gene sets, statistical power was
computed from an FDR-corrected significance level of 0.05. The pwr package of R was used
for power calculations.

CAD study participants exhibit features of metabolic syndrome

Over the course of about one year 18 patients with CAD (14M:4F) aged 45-79 (57.8 + 8.8
years) and 5 patients with valve disease (3M:2F) aged 33-58 (45.0 + 9.3 years) were

studied. Patients were defined as either CAD or valvulopathy based on the presence or lack
of CAD/valvulopathy on preoperative coronary angiography. CAD patients had ~25% higher
BMI, ~20% larger waist circumference, ~50% higher fasting glucose, ~80% higher total
cholesterol, and ~90% higher low-density lipoprotein. None of the valve patients had a
diagnosis of diabetes whereas > 70% of the CAD patients were diabetics. Further studies
were performed in a subset of 6 CAD patients and all of the 5 valvulopathy patients (Table
1). These groups of patients were matched for BMI but the subset of CAD patients was older
(~33%), had higher systolic blood pressure (~15%), fasting glucose (~60%), total serum
cholesterol (~65%), and LDL (~75%) compared to valve patients. Most of the CAD patients
carried diagnoses of diabetes but none of the valve patients were known to be diabetic. EAT
thickness did not differ between these groups.

EAT and SAT samples were evaluated using Genechip Human Gene 2.0 ST arrays.
Differential analysis was used to identify enrichment of individual genes at a p-value <0.05
and GSEA was used to determine enrichment of gene ontology sets where a nominal p-value
<1% was chosen to indicate significance. Determination of core enrichment of individual
genes within these sets was according to GSEA criteria, where an enriched gene contributed
to the leading-edge subset within the gene set. All individual genes with core enrichment
were further considered investigators. This consisted of searches in public databases to
determine the context in which each gene had been previously evaluated. The samples are
referred to as follows: EAT of CAD patients (EATCAD), EAT of valvulopathy patients
(EATVal), SAT of CAD patients (SATCAD) and SAT of valvulopathy patients (SATVal).
Two different differential analysis and GSEA comparisons were made: EAT versus SAT and
EATCAD versus EATVal (Figure 2).

EAT exhibits a unique transcriptome

The first approach was to compare the EAT and the SAT samples from the 11 (6 CAD and 5
valve) patients. Differential analysis revealed enrichment at a p-value <0.05 of 4491 genes in
EAT and 5635 genes in SAT; select individual genes are highlighted for discussion and
shown in Table 2. Only 1420 of these genes had a fold change of expression that was
detectable with significance <5% and 80% power. GSEA revealed enrichment at nominal p-
value <1% for 13 gene sets in EAT and 14 gene sets in SAT (Table 3) at adequate power;
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three of these sets (GO:0015457/auxiliary transport protein activity, GO:0044257/cellular
protein catabolic process, and GO:0007179/transforming growth factor beta (TGF-beta)
receptor signaling pathway) were additionally enriched at an FDR g-value <25% in SAT
(Table 3). The individual genes demonstrating core enrichment by GSEA within the 13
enriched gene sets in EAT are listed (Table S1) and within the 14 enriched gene sets in SAT
(Table S2). The 50 most enriched individual genes are displayed by heat map (Figure 3).

Gene expression in the EAT of CAD patients may be downregulated

Within EAT samples, a comparison of CAD and valvulopathy subjects was performed
(EATCAD versus EATVal) to generate hypotheses on the modifications in gene expression
associated with CAD. To provide a comparison between the transcriptome of EATCAD and
EAT Val, the 6 samples from EATCAD were compared against the 5 EATVal samples as
described (Figure 2). Although our study was underpowered for this comparison, the results
provide a foundation for hypothesis generation and can be considered exploratory.

In the EATCAD versus EAT Val, there were 1298 individual genes enriched in EATCAD and
1210 genes in EAT Val (Table 2). GSEA revealed enrichment for 1 gene set in EATCAD and
15 gene sets in EATVal (Table 3); although differential analysis and gene set analysis in
these comparison were underpowered. The individual genes displaying core enrichment
within the 1 enriched gene set in EATCAD, just 7 genes, are listed in Table S3, the
individual genes with core enrichment within the 15 enriched gene sets in EAT Val are listed
in Table S4. A heat map of the 50 most enriched genes is shown in Figure 4.

Discussion

The comparison of EAT to SAT samples (from CAD and valvulopathy patients) yields the
transcriptional identity of EAT in these patients. Although the majority of enriched genes are
related to endothelial function, coagulation, and inflammation, the enrichment of many
genes is unexpected such as those involved in potassium transport (Table 3). The genes less
represented in EAT, and thus demonstrating core enrichment in SAT, were related to protein
metabolism including ubiquitin and proteasome components, oxidative stress, and TGF-beta
signaling. In addition to defining the EAT transcriptome, this study served to explore the
transcriptional profile of the EAT in subjects with severe CAD versus subjects without CAD
but with valvulopathy. This analysis, although underpowered for definitive conclusions,
found a trend toward suppression of diverse genes and gene sets involved in housekeeping
cellular functions in the EAT of CAD patients, suggesting a global downregulation of the
tissue (Table 4).

Inflammatory markers in the EAT transcriptome include T-cell and macrophage markers as
well as B-cell-associated factors like TGFbeta2 (Table S1). Multiple chemokine ligands and
chemokine receptors including CCL21, CXCR5 and CCR2 (Table 2) were expressed in
EAT; chemokine expression in fat is associated with obesity and increased systemic
inflammation (19). This supports data from previous studies demonstrating inflammatory
infiltrates in the EAT (5, 12, 20). The gene with the highest fold change (34.8, FDR 0.01) in
EAT in comparison to SAT was ITLN1, omentin, an adipokine expressed in stomal vascular
cells of omental tissue (21).
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Endothelial function and coagulation enrichment further demonstrates the inflammatory
properties of EAT. This likely reflects a difference in gene expression between peripheral
versus the cardiac vasculature, as the EAT is supplied by branches of the coronary arteries
(3). There were many enriched genes related to coagulation in the EAT; most were classified
into the hemostasis (G0O:0007599) and coagulation (GO:0050817) gene sets. These included
tissue plasminogen activator (PLAT, Table 2) an inhibitor of endogenous fibrinolysis that
links fibrinolysis and inflammation in fat (22) and impairs fat development (23).

Unexpected gene sets included the potassium channel activity set (GO:0005267). Of these
enriched genes, several are of particular interest (Table 2). KCNK17 has been noted to be
overexpressed in human BAT compared to WAT (24) but is a nonspecific marker (25); this
gene has also been associated with cerebrovascular events in a genome-wide study (26).
KCNAZ3 plays a role in immunomodulation of effector memory T cells (27); this gene is also
involved in glucose tolerance and insulin sensitivity (28). Another gene in this group that
may suggest a link to inflammation is KCNNS3; it is involved in endothelial function and is
downregulated in hypoxia (29).

In agreement with previous studies we found that EAT was enriched in secretory type Il
phospholipase A2 (SPLA,-11A or PLA2G2A) (16) at more than twice its mean expression in
SAT (Table 2). ADORAL as highlighted in previous microarray of EAT(17) did not reach
significance at the FDR <0.05 level as an individual gene (Table 2); this receptor is
implicated in cardioprotection in the face of ischemia (30, 31).

The genes downregulated in EAT, thus enriched in SAT, were involved in processes
including protein metabolism, TGF-beta signaling and oxidative stress (Table 2, Table S2).
The cellular protein catabolic process gene set (GO:0044257) was enriched not only at a
nominal p-value of <1% but also at an FDR of <25%; the individual genes demonstrating
core enrichment in this set are involved in ubiquitin pathways and proteasome-mediated
degradation. The ubiquitin/proteasome pathway has been implicated in obesity and insulin
resistance (32). Furthermore, ubiquitin removal is related to the TGF-beta pathway and
SMAD; all of these pathways are downregulated in EAT (33).

Markers of oxidative stress are implicated in insulin resistance (34) and increased in obesity
and type 2 diabetes. Several genes related to oxidation/detoxification were enriched in the
SAT, particularly represented in the cofactor binding gene set (G0:0048037). AOC3, MAOB
and LOXL2 and -4 were also enriched (Table 2). SOD1 was of particular interest as it has
been shown to prevent oxidation of LDL in the arterial wall (Table 2) (35).

The EATCAD versus EAT Val transcriptome analyses were limited due to small sample size
but the results may lay the foundation for future studies and hypothesis generation.
Differential analysis in the EATCAD versus EAT Val revealed enrichment of fewer
individual genes (Figure 2). GSEA was able to identify a diverse array of genes that are
downregulated in EATCAD (Table 3); these are related to a broad spectrum of cellular
processes including intracellular trafficking, proliferation/transcription regulation, protein
catabolism, innate immunity/lectin pathway and ER stress. This is in contrast to the very
limited upregulated gene enrichment profile of EATCAD, consisting of just one gene set,
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G0:0050906/Detection of stimulus involved in sensory perception. Individual genes
demonstrating core enrichment in this set were related to taste and photo perception (Table
S3); this has not been previously described in EAT. Because previous microarray studies of
EATCAD used SATCAD as the control rather than EATVal, gene enrichment in EATCAD
could have been masked by the inherent differences between EAT and SAT (5, 16, 17).
Future studies in which EATCAD is compared with EAT from healthy subjects (as opposed
to valvulopathy subjects as in the present study) would help to characterize the relationship
between CAD and EAT.

The high diversity of downregulated genes in EATCAD may suggest relative downregulation
of robust cellular activities in this tissue in the setting of severe CAD resulting from
adaptive, or even maladaptive, mechanisms of CAD progression. Evaluation of EAT taken
from individuals with variable stages of CAD, or in which samples are collected from the
same individuals as disease progresses, would aid in determining causation.

The inflammatory components of the EATVal were numerous (Table S4); inflammation in
the EAT of these patients could be a consequence of the valvulopathy itself. It will be
interesting to further evaluate EAT inflammatory activity in vivo using non-invasive,
imaging techniques such as positron emission tomography, in different clinical settings (36,
37). There were also markers of cellular stress. Elements of the MAP kinase stress response
were enriched including MAP3K1 (Table 2). GSEA also identified gene sets related to ER
stress and proteases that play roles in lysosomal degradation and apoptosis, including
cathepsin E (CTSE, Table 2).

This study has several notable limitations. The CAD and valvulopathy patient groups
differed significantly in terms of their cardiovascular risk factor profiles where the CAD
patients were older, exhibited higher risk lipid profiles and were mostly diabetics. This could
introduce confounding in the EATCAD versus EAT Val analysis; future studies could be
considered in which the CAD and valvulopathy groups are more similar in terms of their
cardiovascular risk. However the lack of difference between the two groups in BMI or EAT
thickness makes it unlikely that the gene expression pattern we observed was due to a
difference in amount of general or organ-specific adiposity. Sample size was also a
limitation of the study as the EATCAD vs. EATVal comparisons were underpowered. The
analysis in the EAT versus SAT, however, was sufficient to determine enrichment of many
individual genes and all of the gene ontology sets. Specifically, it would be important to
repeat these analyses in a larger sample of nondiabetic patients to eliminate this source of
confounding and to improve the power to detect gene enrichment while accounting for
multiple hypotheses.

This is the first study providing an exploration of the transcriptome of EAT in both CAD and
nonCAD, valvulopathy subjects. In addition to being an anatomically unique adipose depot,
EAT demonstrates a transcriptome different from that of SAT in the same subjects. The EAT
transcriptome is primarily characterized by markers of inflammation and is modified in
subjects with CAD versus valve disease. These data may provide the basis for new
hypothesis generation in the understanding of the physiologic role of EAT and its
pathophysiologic involvement in CAD and valve disease.
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What is already known about this subject?

. Epicardial adipose tissue (EAT) is an anatomically unique adipose
depot; it is the visceral adipose depot of the heart.

. EAT is enriched with saturated fatty acids, has high protein content,
and has greater capacity for lipogenesis and fatty acid metabolism.

. EAT thickness as measured by echocardiography or CT has been
associated with increased cardiovascular risk, coronary artery disease
and metabolic syndrome independent of traditional risk factors.
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What this study adds

. The epicardial adipose transcriptome is distinct compared to
subcutaneous fat.

. Epicardial fat is an inflammatory visceral fat depot.

. Epicardial adipose tissue is altered in coronary artery disease versus
valvulopathy.
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Figure 1. Epicardial adipose tissue (EAT) is an anatomically distinct adipose depot
EAT lies on the myocardial surface without fascial separation such that epicardial adipocytes

are in direct contact with the myocardium, even appearing to invaginate the myocardial
surface on histology. In healthy adult subjects, EAT lies in the atrioventricular grooves and
follows the branches of the major coronary arteries such that the coronary vessels are
embedded within the EAT, although some patients may present with a massive epicardial fat
pad as shown. Superficial to the epicardial fat are the visceral and parietal layers of the
pericardial sac. Paracardial adipose tissue (PAT) is superficial to the pericardium and thus
has no direct anatomical contact with the EAT or myocardium; it also has a separate
microcirculation from EAT, as EAT shares the microcirculation of the heart. Paracardial fat
is alternatively termed mediastinal fat. Although EAT and PAT are anatomically distinct,
they are sometimes discussed under the umbrella term pericardial fat which refers to
epicardial plus paracardial fat (6).
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Figure 2. Microarray analysis protocol
Gene expression was evaluated using Genechip Human Gene 2.0 ST arrays (Affymetrix,

Inc., Santa Clara, CA) which utilizes a whole-transcript design to assess >30,000 coding
genes. The resulting data files were preprocessed with GenePattern (www.broadinstitute.org,
Cambridge, MA). Files were then analyzed by two methods. Differential analysis identified
individual genes with enrichment and GSEA identified enriched gene sets by gene ontology.
Individual genes were considered statistically significant with an FDR <0.05 in the EAT
versus SAT analysis, and in the EATCAD versus EAT Val analysis at an FDR <0.15. Gene
sets were considered enriched at statistical significance with nominal p-value <1%. Two
comparisons were made: EAT versus SAT to define the transcriptome of EAT and EATCAD
versus EATVal to clarify how the transcriptome of EAT is modified in CAD. GO: gene
ontology; EAT: epicardial adipose tissue; SAT: subcutaneous adipose tissue; CAD: coronary
artery disease; Val: valvulopathy.
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Figure 3. Heat map of the 50 most enriched genes in EAT samples compared with SAT samples
Heat mapping demonstrates the unique features of EAT where expression values are

represented as colors (red: increased expression; blue: decreased expression) with the degree
of color saturation indicating the degree of expression. Heat map generated by Broad
Institute’s Gene Set Enrichment Analysis. EAT: epicardial adipose tissue; SAT:
subcutaneous adipose tissue.
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Figure 4. Heat map of the 50 most enriched genes in EATCAD samples compared with EATVal
samples

Heat mapping demonstrates the unique features of EAT where expression values are
represented as colors (red: increased expression; blue: decreased expression) with the degree
of color saturation indicating the degree of expression. Heat map generated by Broad
Institute’s Gene Set Enrichment Analysis. EAT: epicardial adipose tissue; CAD: coronary
artery disease; Val: valvulopathy.
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Table 1

Anthropometric and Clinical Characteristics of Participants

CAD-AIIBMI (n=18) CAD—microarray subgroup (n =6) Valvulopathy (n=5) pvalue
Age (years) 57.8 (8.8) 60.0 (10.8) 45.0 (9.33) 0.0498
F:M 4:14 2:4 2:3 >0.999
BMI (kg/m2) 30.5 (6.2) 25.7 (2.6) 23.4(2.5) 0.1255
Waist (cm) 41.9 (6.5) (n=15) 36.8 (3.6) (n =5) 34.5 (4.1) (n=4) 0.3730
SBP (mmHg) 129.2 (14.8) 133.2 (17.7) 110.8 (17.1) 0.0476
DBP (mmHg) 68.9 (11.2) 66.8 (7.1) 73.4 (8.8) 0.2424
Glucose (mg/dl) 133.6 (47.9) 140.0 (49.7) 85.0 (9.6) 0.0173
Total cholesterol (mg/dl)  213.0 (60.6) (n=17) 198.3 (30.5) 117.7 (22.0)(n=3) 0.0238
HDL (mg/dl) 48.2 (17.1) (n=17) 46.8 (18.4) 28.0(165)(n=3)  0.3333
Triglycerides (mg/dl) 145.4 (77.5) (n=17) 121.8 (40.0) 94.3 (31.0) (n=3) 0.5952
LDL (mg/dl) 135.7 (58.8) (n = 17) 127.2 (34.8) 71.0(225)(n=3)  0.0238
EATt (mm) 7.14 (2.41) (n = 16) 8.87 (2.60) 7.34 (3.19) 0.5108
Risk factors:
Dyslipidemia 6/18 3/6 1/5 0.5455
Diabetes 13/18 5/6 0/5 0.0152
HTN 15/18 6/6 2/5 0.0606
Medications:
ACE-Inhibitors 11/18 4/6 1/5 0.2424
ARBs 3/18 1/6 0/5 >0.999
Beta-Blockers 14/18 5/6 3/5 0.5455
Statins 12/18 3/6 0/5 0.1818
Fibrates 1/18 0/6 1/5 0.4545
Nitroderivates 5/18 3/6 1/5 0.5455
Metformin 3/18 1/6 0/5 >0.999
Insulin 9/18 3/6 1/5 0.5455
Antiplatelet 15/18 4/6 2/5 0.5671

Page 18

Values presented as mean (SD); nis indicated at the column header unless otherwise stated (in cases where the value was not obtained from all
participants). The ‘CAD—all BMI” column represents the characteristics of all of the enrolled participants within the CAD group, whereas the
‘CAD-microarray subgroup’ column represents these data from the patients selected for microarray analysis based on BMI-matching to valve
patients; p values correspond to the comparison of ‘CAD-microarray subgroup’ and valvulopathy subjects. The data were analyzed using a Mann-
Whitney test; Fisher’s exact test was used for categorical data. Blood samples were drawn pre-operatively from fasting patients. CAD, coronary
artery disease; F:M, female:male; BMI, body mass index; mmHg, millimeters of mercury; SBP, systolic blood pressure; DBP, diastolic blood
pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; EATt, epicardial adipose tissue thickness; ACE, angiotensin converting
enzyme; ARB, angiotensin Il receptor antagonist; antiplatelet: aspirin and/or clopidogrel.

Obesity (Silver Spring). Author manuscript; available in PMC 2016 August 30.



Page 19

McAninch et al.

Author Manuscript

1701 1ee T 0T | #0660 | zzoo 9vT 4031 | Avolv3 ul payouus
(5=u) (9=u)
[BA LY avolva
[EALV3 SNSIOA VDLV
66T 2.5 6978y | 8e00 | €000 TT | THHNS
wzFoziz | TezFsut | zvoo | €000 6T'T £49491
6 T 168 0.F.z. | T100 | TOOO> €T ZAvINS
90z F Lv.T | 86TFLeeT | L0000 | T000> €T 100S
99T ¥ 660T 86¥6e8 | 000 | TOO0O> €T v1dsn
EEF OVT 1z¥89T | 2000 | T000> vt 0€dsN
8LF TIE v9F90z | 8s00 | €000 15T LAYINS
£V 7922 0zFs8eT | 1000 | TOOO> €97 raren
AL zsFosz | 000 | 100> 20°C ZIX0T
8sTF0/8 | zor¥sie | Looo | TOOO> el'e GOV 1VS U1 payoru3
eTF 28 9TF96 | «88C0 | o0 9TT | Tvdoav
02768 sz¥let | ogo0 | 2000 A f4%fe}e)
£Fze 6Fzy | 2100 | 1000 €T SHOXO
LF6L zzFver | o000 | T000> IST | ZTHNOM
€S T 19T 18¥59z | 6v00 | 1000 59T EVNOM
v8TF €95 | zoeFzeoT | TT00 | TOOO> 8T 1vd
vIzFvee | TreFssg | o0zoo | T000 €2z | veoevd
0T FEL y¥08T | 2000 | TO00> e ENNOM
9 7905 | 25TeFe€9s | 000 | TOO0> T 12100
TTF0S | 66T F92/T | 1100 | T000> 8ve INLI 1v3 ur payorug
(TT=U) (TT=u)
1vs 1v3
uolssaadx3 uea|y dad | enjead | abueyD pjo4 | sweu sus
LVS shstan 1v3

¢ dlqeL

Author Manuscript

Author Manuscript

‘sisAJeue [enualaylp Ag sauab [enpiAlpul 19913s JO uolssaldx3

Author Manuscript

Obesity (Silver Spring). Author manuscript; available in PMC 2016 August 30.



Page 20

McAninch et al.

"UOISSNISIP 8181|1984 0} PAPN|IUI BJBM 1B} 965G Hd4 Ue YlIM sauab saeslpul
-

‘sabueyd

pIo} pue ¥d4 ‘senjeA-d J19y} Y paisl| aJe SISAeue [enualap sIyl woly sausb 19919 (lBALYI-QYD L) RUBISE 10 (1S~ 1v/3)jeubist SE UIBIEdausD Ul sanfeA-d a1e|nojed 0) pasn sem sajdwes paired
J0 15911 5,JUBPNIS PapIs-Z v "dS F Ueaw se pajussaid ale elep uoissaidx3 ‘siskjeue [enusiayip uisledauss) Buisn pazAjeue pue Aeiieoloiw Ag painsesw sem aual [enpiaipul yoea oy Asuaiul [euBis ay L

Author Manuscript

€21 7 6101 9,7ve8 | «7770 | 1000> 2zT | TMEdVIN
9782 172e | «V170 | 1000> 82T V62310
z1e 72261 | vozF1evT |« V110 | 100°0> ST ON3
SLF 20V evFecz [ «7170 [ T000> €LT £6A0
85 FviT sz765T | «7170 | 1000> €LT THVHEO |  [BA-Lv3 Ul payoLu3
09TFTee | esTFees | «5960 [ coo0 52T 19dSH
€27 85 26 76T | 6660 | gz00 A4 NayL
0eFvL | TITFz8T | 6660 | 000 8’z £1414
vwFe6 | vrTF vz | £6660 [ peo0 152 3s10
(TT=U) (TT=u)
1vs 1v3
uolssaadx3 uea|y Ha4d | enjead | ebueyp pjo4 | sweu susn
LyS snsian 1v3

Author Manuscript

Author Manuscript

Author Manuscript

Obesity (Silver Spring). Author manuscript; available in PMC 2016 August 30.



Page 21

McAninch et al.

65S°0 0T00 89T- /S0- 9 ¢z Aemyyed Burjeubis aseury suluoaiy} sunies utajoid 101dedal suelquiswsuel]  82T/000:09
€€E0 0700 69T- L¥O- 19 T€ spuog usbo.u uogues Buiwioy Aianoe asebl7  6.89100:09
€850 0100 8S'T- 60~ LT 4 sisojdode UoINGN  Z0Y1S00:09
1620 0700 TLT- 60— 0S Ge Ainnoe swAzus Buirebnfuod uisiold lewS  6£98000:09
1670 8000 ¢ST- Gv0- 514 8 AIAnoe aseury dv/IA o uole|nbal aAnIsod  90¥EY00:09
€190 8000 8ST- €S0- [44 9 AnAioe Joje|nBal jpuueyd  Ly29100:09
1520 8000 €LT- €L0- (14 8 Buipuig 10390400 /£08700:09
T9€°0 7000 /9T- 090- LT g JusLINU 0} 3sU0dsay  #852000:09D
1220 1000> 6.T-  90- 144 L Ainnoy ulelold podsuel ] Aeijixny  /G4ST00:09
eo ¢000 SLT- €90- 13 qT AKemuyed Buifeubis Joydadal e1aq 10306} UimolB Bululiojsuell  6.T.000:09
¢92'0 ¢000 88T- 690- €9 9¢ ssa00.d 01]0qEIRD UIBI0Id  €9TOE00:0D
LST'0 2000 /8T- 290- S5 ve ssa00.d d1j0qeied utgloud Jen|I8d  LS2v00:09D
%T > anjeA d euiwou 1e 173 0} patedwod 1S Ul payduug

Lvy'0 8000 Se'T €e0 68€ ¥6 Burreubs 1120 1190 2922000 0D
0050 ¥000  9¥'T  9€0 8 ST uolsaype |80 180 /E€9T00:0D
6€5°0 9000 eL'T 150 9¢ 8 sfeuBis Jeynjjaoexa Aq sisoydode Jo uonaonpul  $298000:09
L09°0 8000 VLT L0 6T 0T AIA110R 8sB10NPaIopIXO Jejndgjowenu]  0989T00:09
0,80 T00°0> LT 690 19 8T Burlesy punopd  0902700:09
1950 8000 19T Y50 e} 8T sjang] pinjy Apog Jo uonenBay  8/80500:09
800 #00°0 18T 750 % 9 Annoe 10yoey uonduosuel || asedswAjod YN 914199dS  ¥0.£000:09
8550 8000 69T 190 114 9T uone|nBeod poojg  9652000:09
¢15°0 8000 LT 190 474 9T uoneinBeod  2180500:09
LES0 0100 997 850 o 1T SiselsowsH  665.000:09
0.0 9000 99'T A4 6 8T Auanoe jauueyd wnisselod  £925000:09
9590 000 91T 190 144 4> Ananoe asedijoydsoyd  0297000:09
6790 ¢00°0 91T 790 [44 0T juawdo[aAsp WISPOSINL - 86%7.000:0D
leA-b yad  rea-d WON  S3aN S3 189S uIsausb #[e10L  JUBWIYDIIUS 8109 UM SBUID) wJel 09 aros

06T > anfea d [eulwou Je 1S 01 padedwod 13 ul paydliusg

Author Manuscript

€ 9lqeL

Author Manuscript

“IWS SNSIBA 173 Ul $13s auab payotiua Apuediyiubis

Author Manuscript

Author Manuscript

Obesity (Silver Spring). Author manuscript; available in PMC 2016 August 30.



Page 22

"anfeA d [euiwou ‘fea-d INON ‘onjea-b a1es A19A00sIp as|ey ‘[eA-b Ha4 ‘8109S WUBIYDLIUS PaZIjewIou ‘SN ‘8109 JUsWYdLUS ‘ST ‘ABojoluo aush ‘09

McAninch et al.

vy 7000 /E€T- 0€0- 09¢ €L sisauaboydiow a1njonns [ealworeuy  £596000:09
€92°0 9000 08T- ¢S0- 99 92 Ananoe asebi| pioe oulwe pI9yY  T889T00:09
len-b ya4 1eaA-d NON  S3N S3 19sulsausb # €10l  JUBWIYDLIUS 3109 YlIM S8Us9) w8l 09 aloo

06T > anjeA d [eulwou 1e | VS 01 patedwod |3 ul payoliug

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Obesity (Silver Spring). Author manuscript; available in PMC 2016 August 30.



Page 23

McAninch et al.

‘anjen d feutwou ‘feA-d INON ‘anjen b aes A1an09sIp asfey ‘feA-b ¥4 {0109s JuswiydLIus pazijewlou ‘SN ‘2409 uswydLua ‘s3 ‘ABojojuo auab ‘09

650 8000 TIST- 9€0- 89T 18 Aunnoe ssepndad  €€28000:09
G970 8000 9T- GG0- 1€ 1T Buisssooudone uteoid  0%S9T00:09D
€0 8000 LT-  T190- 8¢ 14 uoisnj suelquisN - ¥769000:09
€220 8000 9.T- €50- 6€ GT Auanoe ssepndadopus adf1 sute1sAd  26T#000:09
99%°0 9000 T9T- 6€0- 18T 29 si1sAj0910ld  8059000:09
Y10 9000 LT~ TS0- ST L Buipuig i@ ¥¥18000:09
8€C°0 9000 LL'T- ¢S0- €9 0¢ Annnoe ssepndad adA suteIsAD  ££28000:09
€120 9000 8.T- 90— 9T 8 Aemuyred Buieubis Jeajonu ¥3  £869000:09
G89°0 Y000 €Ev'T- 70— ¥8 6¢ Auanoe ssessysues Jo uonenfial aAmsod  /¥€1500:09
€LV0 ¥000 8ST- 8E0- 9TT Ty siseusfiolq pue uoneziuelio Jusuodwod Jejn|jsd Jo uoneinfsy  82TTS00:09
€90 ¢000 Lv'T- SE0- S0T €¢ Buipuig uor e1sw uonisuell  $T69700:09
¥05°0 1000> 6ST- Ov0- 0€T 0S sisauafiolq pue uoneziuehio suelqWBIN - #¥09T00:09
66€°0 T000> S91T- EVO- S8 [44 Butpuig uot oulZ - 0,28000:09
9220 T000> ¥.7- 690- T¢ [4% AlIAnoe aselajsuenjAoe N 0808000:09
G920 TO0'0> S8T- T.0- ST 14 $s8904d 2118YluAsolq uedk|bfosiold  99T0S00:0D
%T > anfeA d jeuiwou e syuaied QD 40 13 031 pasedwod syuaired aAjeA JO 13 Ul paydiiug

90€°0 8000 6T /S0 12 L uondadlad AI0SUSS Ul PAAJOAUL SNNWINS JO UORISIBA  9060500:0D
feA-bya4  reA-d NON S3N S3 1S UISAU3D #[BI0L  JUSWIYDIIUS 9109 YIIM SBUID) w8l 09 aioo
9T > anfea d [eujwou e siuaned aAfeA o |3 01 patedwod syusired Qv JO 13 Ul payorug

‘[eALVT SNSIaA QD13 Ul $19s auab payatiua Ajpueaiyiubis
¥ a|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Obesity (Silver Spring). Author manuscript; available in PMC 2016 August 30.



	Abstract
	Introduction
	Methods and Procedures
	Subjects
	Epicardial Fat Thickness
	Adipose tissue collection
	RNA extraction
	Microarray
	Microarray analysis
	Statistical analysis

	Results
	CAD study participants exhibit features of metabolic syndrome
	EAT exhibits a unique transcriptome
	Gene expression in the EAT of CAD patients may be downregulated

	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2
	Table 3
	Table 4

