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Abstract

Objective—We investigated whether levels of signaling pathways and inflammatory adipokines 

in epicardial fat regulate cardiovascular risks in humans and mice.

Methods—Epicardial fat was obtained from the hearts of patients with heart failure requiring 

coronary artery bypass surgery and signaling pathways were compared with visceral fat. The 

genetic profile of epicardial and visceral fat from humans were also compared to genetic profiles 

of epicardial and visceral fat in obese mice. Left ventricular fractional shortening (LVF) in obese 

mice after treatment with inducers of mitochondrial signaling; HO-1-PGC1α. An RNA array/

heatmap on 88 genes that regulate adipose tissue function was used to identify a target gene 

network.

Results—Human epicardial fat gene profiling expressed decreased levels of mitochondrial 

signaling HO-1-PGC1α and an increase of the inflammatory adipokine NOV. Similar observations 

were seen in epicardial and visceral fat of obese mice. Improvement in LV function was linked to 

the increase in mitochondrial signaling in epicardial fat of obese mice.

Conclusions—There is a link between cardiac ectopic fat deposition and cardiac function in 

humans that is similar to that which is described in obese mice. An increase of mitochondrial 
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signaling pathway genes in epicardial fat attenuates cardiometabolic dysfunction and LV fractional 

shortening in obese mice.
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Introduction

Obesity is a significant risk factor for heart failure with a prevalence of 70% in individuals 

who were morbidly obese for 20 years and 90% in those were morbidly obese for 30 years 

(1). Adipose tissue is an active endocrine organ which secretes multiple signaling molecules, 

among them leptin, adiponectin, and resistin (2). Pericardial thickness had a direct 

association with inappropriately high Left ventricular (LV) mass and inversely with fraction 

shortening (FS) (3) and decreases LV function (2, 4). In contrast, echordiographic 

assessment of epicardial fat may be a reliable markers of cardiovascular risk, at least in 

female (2).

Enlarged white adipose cells secrete a number of inflammatory cytokines (5, 6). Elevated 

adipokine nephroblastoma over expressed CCN3 (NOV) which is a multifamily protein of 

the CCN family, and is elevated in obesity. Elevated NOV levels are associated with 

inflammation and tissue damage (7). NOV is a matricellular protein that regulates multiple 

cellular activities including cell adhesion, migration, proliferation, differentiation, and 

survival. Induction of NOV increased adipose tissue deposition and enhanced cholesterol 

and increased insulin resistance and sleep apnea (8). In particular, epicardial fat is a distinct 

source of adipokines, reactive oxygen species (ROS), and inflammatory cytokines and has 

been tied to significant cardiac remodeling due to a decrease in the levels of heme oxygenase 

(HO-1) (9, 10) and peroxisome proliferator-activated receptor gamma coactivator (PGC-1α) 

(11, 12). HO-1 is regarded as the first line of defense against oxidative stress, given that 

oxidative stress is a strong inducer of HO, which comprises both an inducible and a 

constitutive form (HO-1 and HO-2, respectively) and catalyzes the oxidative degradation of 

heme into iron, biliverdin and carbon monoxide (CO). An increase in HO-1 expression 

triggers an increase in heme degradation and in the production of CO and bilirubin, an 

antiapoptotic and an antioxidant respectively, and both of which decrease cardiac 

remodeling (10, 13, 14). An increase in mouse epicardial fat deposition is associated with a 

decrease of fat in HO-1 levels and a resultant increase in ROS (9, 11). Importantly, 

perturbations in the levels of HO-1 regulate mitochondrial biogenesis, (15) levels of 

mitochondria carriers and their function (16).

PGC-1α, a regulator of PPARα in brown adipose tissue rich with mitochondria, has a 

critical role in thermogenesis (17) in maintaining mitochondrial biogenesis and function as 

well as cellular energy metabolism (18). Transgenic mice with mildly elevated levels of 

muscle PGC-1α are resistant to age-related obesity and diabetes suggesting that PGC-1α 
stimulates the secretion of factors that affect the function of other tissues (19). Adipose-

specific PGC-1α deficiency decreased mitochondrial biogenesis, glucose uptake and the 
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development of insulin resistance (20). Moreover, HO-1 expression is mediated via PGC-1α 
activation, and, indirectly, can further increase PGC-1α (21). Overexpression of PGC-1α in 

cardiac tissue of mice activated mitochondrial biogenesis and proliferation (22, 23). 

Conversely, mice lacking PGC-1α in adipose tissue and fed a high fat diet (HFD) develop 

insulin resistance and increased levels of circulating lipids (20). PGC-1α along with the 

transcriptional regulator PR domain containing 16 (PRDM16), are the major facilitators of 

adipocyte browning and are responsible for thermogenic activation of brown fat (24, 25). In 

humans, adipose tissue is located beneath the skin (subcutaneous fat), around internal organs 

(visceral fat), in bone marrow (yellow bone marrow), intramuscularly (muscular system) and 

in breast tissue. Adipose tissue is found in specific locations, one such area of visceral 

adiposity is epicardial fat, located around the heart, which is a major determinant of 

cardiovascular risk.

We examined signaling pathways in adipocyte markers of epicardial fat from diseased hearts 

afflicted with advanced heart failure and requiring coronary artery bypass surgery, and 

compared them with visceral fat obtained from age and sex matched individuals undergoing 

abdominal surgery. Alterations in levels of inflammatory mediators, and cytoprotective/

antioxidant autacoids are related to, and appear to be responsible for, the development of 

heart failure in the obese mouse. Specifically, local adipose tissue appears to have a more 

pronounced effect on the myocardium than other visceral adipose tissue.

To identify novel relevant epicardial fat adipokines, we combined a genome-wide and 

heatmap analysis of gene expression in adipocytes that allowed us to identify levels of novel 

regulatory genes in epicardial and visceral fat. The results indicate that in both humans and 

mice HO-1, PGC-1α and adiponectin genes expression follow the same pattern. HO-1-

PGC1α-UCP1 correlate positively with adiponectin and each other suggesting networks for 

these message expressions. Further, an increase of HO-1-PGC-1α is associated with a 

decrease in inflammatory adipokines including NOV and improvement in LV function.

Materials and Methods

Animal Protocols

All mouse experimental protocols were performed following an IACUC of New York 

Medical College approved protocol in accordance with the NIH Guide for the Care and Use 
of Laboratory Animals. We used db/db mice as a model of obesity induced diabetic 

cardiomyopathy as these mice develop insulin resistance, hyperglycemia and fail to control 

gluconeogenesis, leading to peripheral neuropathy and myocardial disease. Sixteen week old 

male db/db mice, on C57BL/6J background (Jackson Labs, Bar Harbor, ME), were divided 

into two groups, 6 mice per group, following a 16-week acclimatization period weighing 

approximately 54 g at the start of the experiment 1) Control and 2) group treated with EET-

agonist; an inducer of HO-1, injected intraperitoneal twice/week for eight weeks at a dose of 

1.5 mg/kg body weight and ECHO determined as described (26, 27).
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Patient Population

Following informed consent, epicardial fat specimens were obtained from 16 sequential 

overweight patients undergoing coronary artery bypass surgery. Visceral fat specimens were 

obtained from age and sex matched controls of 6 donors, 3 females and 3 males, undergoing 

abdominal surgery. Written informed consent was received from participants prior to 

inclusion in the study. The human specimens were obtained at St. Mary’s Medical Center, 

Huntington, WV. The protocol and informed consent were approved by the local IRB.

Human Echocardiograms

Echocardiograms were performed on a Philips IE 33 machine. All echocardiograms were 

performed by a standard protocol in a laboratory accredited by the Intersocietal 

Accreditation Commission on Echocardiography Laboratories. The measurements were 

performed according to the recommendations set forth by the American Society of 

Echocardiography (28).

Sample Collection

Informed consent was obtained prior to planned surgery. During surgery, samples of 

epicardial fat and 2 tubes of blood were obtained, placed on ice, and stored at −80 °C. 

Samples were shipped on ice to New York Medical College for further analysis.

Echocardiogram Measurement of Fractional Shortening (FS)

Echocardiography was performed using a 12-MHz probe on isoflurane anesthetized mice. 

Images of the left ventricular (LV) diameter was obtained in M-mode and used to measure 

the end-diastolic and end-systolic diameters from which the LV fractional shortening was 

calculated (29).

Real-time quantitative PCR

Pooled the pericardial and visceral fat data from both the human (Figure 3) and mouse 

(Figure 6). The correlations are between the different gene expressions within the specific 

subjects are presented. PCR array analysis of mRNAs was carried out in randomly selected 

subjects as well as in mice. Total RNA was extracted from epicardial and visceral adipose 

tissue with TRIzol (Ambion, Austin, TX). A Biotek plate reader and the Take3 plate (Biotek 

Winooski, VT) were used to determine RNA at an absorbance of 260 nm (A260). RNA 

measurements were subsequently evaluated by the A260-to-A280 ratio. A High-Capacity 

cDNA Reverse Transcription Kit (Applied BioSystems) was used to synthesize cDNA from 

total RNA (Applied Bio Systems). TaqMan Fast Universal Master Mix (2×) on a 7500 HT 

Fast Real-Time PCR System (Applied BioSystems) was used to perform real-time PCR. 

Specific TaqMan Gene Expression Assay probes for mouse HO-1, PGC-1α, NOV, Mfn2, 

TNF-α, IL-4, PRDM16, adiponectin, and GAPDH were used as previously described (9, 

11).

ScienCell’s GeneQuery™ Human Preadipocyte Cell Biology qPCR Array Kit (GQHPAD) 

Catalog #GK103 was used as an array to find expression of target genes. GeneQuery™ 

qPCR array kits are qPCR ready in a 96-well plate format, with each well containing one 
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primer set that can specifically recognize and efficiently amplify a target gene’s cDNA. Each 

GeneQuery™ plate contains eight controls. Five target housekeeping genes (β-actin, 

GAPDH, LDHA, NONO, and PPIH) enable normalization of data. Pre-adipocyte cell 

markers: ADIPOQ, LEP, HOXC8/9, TBX1, TMEM26, UCP1, CIDEA, PRDM16, 

SLC7A10, P2RX5 • Proliferation: CCND1, PROKR1, LYRM1, FTO, SLC2A4, PDGFA, 

IL4, IGF1, FGF5, MAPK1/3, TNFSF10 • Differentiation and adipogenesis: PPARG, 

CEBPA/B, KLF2/5/15, SOCS1/3, INSR, DLK1, ADD1, SREBF1 • ECM and cytoskeleton: 

MMP1/2/3, FAP, DPP4, TGFB1, COL1A1/2, SMAD2/4 • Lipid metabolism: FABP5/7, 

LBP, LPL, PLIN2, ACSL1, LIPC • Obesity: MC4R, UCP3, ADRB2/3, POMC, FFAR4, 

CARTPT • Liposarcoma: FUS, MDM2, HMGA2, DDIT3, CDK4, EWSR1, DES, VIM. 

Aforesaid genes were analyzed in both epicardial and visceral adipose tissue (9, 21).

Gene expression is presented as a heatmap of log10 transformed mean values (n=3) relative 

to the mean values (n=16) expressed in the human and mice pericardial vs visceral 

subgroup. The color code appears as a legend in the upper left hand corner of the graph. 

Values of relative expression ranged from 0.15 to 16.5 or log10 transformed values of −0.83 

to 1.22. Genes are ordered from highest increase in expression to greatest decrease in 

expression in high fat subgroup. Note that the subgroup of enhanced visceral fat 

demonstrates marked attenuation of the changes compared to pericardial fat. In the short list, 

we selected those 10 genes that had the highest increase in expression and those 10 genes 

which had the greatest decrease in expression in visceral vs pericardial fat. Again, the color 

code for the log10 transformed data is shown in the upper left hand corner of the graph, and 

again, pericardial fat vs visceral fat changes. The correlation plot shows the Pearson 

correlation between different gene expressions in the entire set of data (e.g., visceral fat vs 

pericardial fat). We note that substantial positive and negative correlations of gene 

expressions exist. As we perform network analysis, we see that to a large degree, there is a 

group of genes (about 1/2) that correlated positively with each other and negatively with the 

remaining genes (again, about 1/2). This is illustrated by choosing the genes focused on in 

the “short” list of top 10 upregulated and top 10 downregulated genes. Very clearly, the top 

10 upregulated genes correlated strongly positively with each other (pericardial fat) and the 

top 10. Details of this method is well described (30, 31)

Statistical analysis

Data analysis was performed using the R programming language with network analysis 

performed on correlation plots using the gplots package (30, 31). Data values are expressed 

as means ± SE. Individual group means compared using unpaired Student’s t-test. The null 

hypothesis was rejected at P < 0.05.

Results

Baseline characteristics are shown in Table 1. The mean body mass index (BMI) of the 

participants was 28.3 ± 6.8. The mean age was 65.8 years ± 9.9 years. We enrolled 16 

sequential patients undergoing a planned cardiac surgery, 15 coronary bypass surgeries alone 

and one coronary bypass plus valve replacement. The mean age was 65.8 years, 50% were 

female. The mean BMI was 28. Data regarding cardiac risk factors was collected. All 
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participants were hypertensive, 50% had diabetes. Chronic kidney disease was present in 

25%, and 37.5% were smokers.

Lab data was available for lipid studies in 14 of 16 participants. The average total cholesterol 

was 135.8 mg/dl. The average LDL cholesterol was 78.9 mg/dl and the mean HDL was 43 

mg/dl. Average triglyceride level among participants was 122.8 mg/dl. The lipid data may be 

affected by fluctuations in cholesterol levels during acute events and by treatment with 

statins. The mean fasting glucose level was 126.3 mg/dl.

Echocardiographic data was obtained prior to surgery in all participants. The average 

thickness of epicardial fat by echocardiography was 6.7 mm. The mean ejection fraction was 

49.7%, with a mean fractional shortening of 23.6%.

Human epicardial fat and visceral fat exhibit similar differences in the expression levels of 
PGC1α, HO-1, and adiponectin, UCP1, PRDM16 and MFN2

The mRNA expression levels of PGC1α, HO-1 and adiponectin in human epicardial fat 

were significantly (p < 0.05) reduced as compared to visceral fat during RT-PCR analysis 

(Figure 1A, B and C). Similarly, uncoupling gene UCP1, thermogenesis gene PRDM16 and 

mitochondrial dynamics related mitofusion gene Mfn2 were also significantly (p < 0.05) 

decreased in epicardial compared to visceral fat (Figure 1D, E and F). Furthermore, Glut4 

expression was decreased in epicardial fat (Figure 1G).

Human epicardial fat displays increased expression of adipogenic and inflammatory 
markers

There was higher mRNA expression of inflammatory adipokine CCN3/NOV in epicardial 

fat (Figure 2A) compared to visceral fat. Moreover, the mRNA expression of adipogenic 

CEBPα (p< 0.05) was significantly upregulated in human epicardial fat compared to visceral 

fat (Figure 2B), and expression of inflammatory TNF-α and IL-4 mRNA expression was 

significantly higher (p<0.05) in epicardial fat compared to visceral fat (P < 0.05) (Figure 2C 

and D).

RNA array analyses identify changes in correlation coefficients of gene expression in 
human epicardial and visceral fat

Examination of the upper part of the graph indicates a color code for the correlation 

coefficients positive, as yellow to red and negative is blue to black. In human genes (Figure 

3), it is clear that IL4 correlates with TNFα and CEBPα, those latter two, correlate very 

tightly with each other and also positively with NOV. This group of four correlates 

negatively with MFN2, adiponectin, UCP1, PRDM16, HO-1 and SLC2A4 genes of which 

HO-1 and SLC2A4 correlate closely with each other. UCP1 and adiponectin correlate 

positively with each other suggesting networks for these message expressions. MFN2 

correlates with HO-1 and SLC2A4 but not as tightly as these two correlate with each other. 

UCP1 is red but almost as red with adiponectin and is less strong with MFN2 almost in the 

no correlation range. PRDM16 is very tightly connected to HO-1 and SLC2A4.
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HO-1, PGC-1α in mouse epicardial fat vs visceral fat and left ventricular fractional 
shortening

Decreased levels of PGC-1α and HO-1 were found in epicardial fat compared to visceral fat 

p<0.05), Figure 4 A and B. The expression of adiponectin mRNA was decreased in 

epicardial vs visceral fat (p<0.05) (Figure 4 C). Similarly, levels of the mitochondrial 

uncoupling gene UCP1 and PRDM16, a thermogenic gene, are decreased in epicardial fat 

compared to the levels found in visceral fat, p<0.05 (Figure 4 D and E). The decrease in 

HO-1 and PGC-1α was associated with a decrease in the mitochondrial biogenesis gene 

Mfn2. The levels of Mfn2 in epicardial adipose tissue are less than 50% than in visceral fat 

p<0.05) (Figure 4F). Further, we examined the effect of the increase of HO-1 PGC1-α levels 

on cardiac function in mice. Cardiac function, measured by echocardiography and 

calculation of left ventricular fractional shortening (FS) was impaired (p<0.05 in db/db mice 

when compared to lean mice). Mice (db/db) were administered with an inducer of HO-1,-

PGC1-α using EET agonist, for 8 weeks; followed by measuring FS (as described (10, 11)). 

As depicted on Figure 4G, FS was reduced (p<0.05) in untreated obese mice while the 

treated mice with HO-1 PGC1-α inducer (EET-agonist ) exhibited improved heart function 

as measured by increased FS. FS in wild type obese mice treated with EET-agonist mice as 

measured by M-mode echocardography was 55% in lean mice, while the FS in obese mice 

was reduced to 29% (Figure 4 G).

Differential levels of adiponectin and inflammatory adipokines in mouse visceral fat and 
epicardial fat

Inflammatory adipokine NOV and IL4 and TNF-α in epicardial fat of obese mice are 

markedly elevated (p<0.05) compared to levels found in visceral fat. (Figure 5A, B and C).

RNA array analyses identify similar changes in correlation coefficients of gene expression 
in mouse epicardial and visceral fat

Although identifying fewer genes, the mouse heatmap demonstrates similarities to the 

human in that HO-1, PGC1α and adiponectin correlate closely with high levels of TNF, 

NOV and IL4 (Figure 6). Red represents a complete correlation, while the color orange in 

this figure represents an R value of 0.65 – 0.7. Conversely, UCP1 correlates negatively with 

IL 4 and TNFα represented by blue and black. IL4 and MFN2 are negatively correlated 

(Figure 6).

Discussion

In the present report, we describe signaling pathways in the epicardial fat of overweight and 

obese patients with coronary disease that correspond to pathways that we have previously 

described in epicardial fat of an obese mouse model. In addition, we describe adverse 

signaling expression pathways in the epicardial fat of overweight humans with vascular 

disease that are significantly more prominent than those found in visceral fat, another 

observation in concert with that seen in our mouse model (9, 11, 12). This suggests that the 

accumulation of inflammatory cytokines and chemokines in epicardial fat has a significantly 

greater toxic effect on the heart than those emanating from visceral fat, both in human and 

mice. Additionally, epicardial fat NOV is highly expressed compared to visceral fat. More 
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importantly, we identify PGC-1α and HO-1 as candidate markers for attenuation of LV 

dysfunction and, as such, may be the basis for the development of personalized therapeutic 

approaches to this problem due to obesity. The correlations are between different gene 

expressions within the specific subjects are presented. For example, that SLC2A4 gene 

expression correlates extremely well with HO1 gene expression between visceral and 

pericardial fat. HO-1-PGC1α-UCP1 correlate positively with adiponectin and each other 

suggesting networks for these message expressions. Further, an increase of HO-1-PGC-1α is 

associated with a decrease in inflammatory adipokines including NOV and improvement in 

LV function.

Adipose tissue exerts powerful effects on both vascular and cardiac function (32, 33). In 

particular, excess epicardial fat is associated with cardiac remodeling and cardiomyopathy 

(29, 34). Epicardial fat is anatomically adjacent to the epicardium and is not separated by 

any fascial layer (35). The lack of a significant barrier between epicardial fat and the 

myocardium allows for the transport of adipokines into the heart with relative ease by a 

number of mechanisms, including a concentration gradient. This is suggested by our prior 

observation of a greater expression of NOV in the epicardial fat than in the myocardium of 

obese mice (9).

HO-1 reduces adiposity and vascular dysfunction in obese mice by a number of 

mechanisms, among which is the increased expression of adiponectin through an increase in 

bilirubin and carbon monoxide, products of HO-1 mediated heme degradation, known to 

attenuate vascular dysfunction in hypertension (36, 37, 38, 39, 40). In the heart, the anti-

inflammatory effects of bilirubin include increasing nitric oxide bioavailability (41). 

Similarly, bilirubin decreased levels of inflammatory cytokines as well as markers of 

endoplasmic reticulum stress (42). Reduction in HO-1 expression is associated with an 

increase in ROS resulting in organ damage in both humans and mice (43, 44).

We have previously shown that ablation of HO-1 is associated with a reduction in PGC-1 α, 

which, itself, is responsible for a decrease in Mfn2 and a resulting increase in white fat over 

brown-like fat (6, 45). As noted above, HO-1 expression is also mediated via PGC-1α 
activation, and, indirectly, can further increase PGC-1α by enhancing EET activity. As 

PGC-1α is downstream of EET, it becomes clear that HO-1, EET, and PGC-1α together 

constitute a feedback loop that has critical ramifications for cardiac function (Figure 7).

Inhibition of PGC-1α is accompanied by a reduction in mitochondrial biogenesis as 

manifested by a concurrent reduction in Mfn2 and thermogenic genes such as PRDM16. 

This, in turn, results in cardiac remodeling and cardiomyopathy as well as reduced energy 

expenditure and conversion of brown to white adipose tissue. This process can be reversed in 

the mouse by induction of the increase in HO-1-PGC-1α axis. Increased levels of HO-1, and 

PGC1α are essential in restoring LV function (9, 10, 11).

The increase of FS in obese mice treated with EET agonist significantly decreases NOV 

protein expression in epicardial fat, which concurrently upregulated HO-1-PGC1α 
downstream signaling and restores ejection fraction and heart function. The observed 

reduction of HO-1 and PGC-1α in untreated obese mice was associated with a marked 
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increase in NOV indicating that inflammatory markers NOV is located downstream of either 

HO-1 or PGC-1α. Moreover, downregulation of NOV is associated with a reduction of other 

inflammatory adipokines (9, 11, 12). We have previously demonstrated that NOV is 

interrelated with HO-1 and PGC-1α in the obese db/db mouse and that it is located 

downstream of PGC-1α in the signaling pathway (9).

In conclusion, we demonstrate in the epicardial fat of humans with coronary disease, there is 

a significant reduction in HO-1, PGC-1α, adiponectin, Mfn2, and PRDM16 when compared 

to the visceral fat of age and sex matched controls. This is accompanied by a reciprocal 

increase in NOV, TNF-α in the epicardial fat. This latter observation is identical to that 

reported in the mouse, (11) as is the reduction in the activity of the HO-1-PGC-1α levels. 

Moreover, reduction in the activity of the HO-1-PGC-1α levels in the epicardial fat appears 

to promote myocardial dysfunction and cardiomyopathy (Figure 4). As seen on Figure 3 and 

6 pooled the pericardial and visceral fat data from both the human and mouse. The 

correlations are between the different gene expressions within the specific subjects as in 

obese mice vs lean are presented. For example, that SLC2A4 gene expression correlates 

extremely well with HO-1 gene expression between visceral and pericardial fat. This study 

provides the first evidence for a difference in activity of the HO-1-PGC-1α levels between 

epicardial fat and visceral fat, and demonstrates for the first time that these signaling 

pathways previously described in the mouse appear to be active in human epicardial fat as 

well. Stimulation of HO-1-PGC-1α in the mouse is associated with significant improvement 

in the ejection fraction of the hearts of mice with obesity and diabetic cardiomyopathy (9, 

11). Hence, the current observations open the way toward additional human studies that may 

further elucidate these pathways and consequently lead to novel targets for the treatment 

both of obesity itself and its related cardiomyopathy syndromes.
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What is already known about this subject?

• Site specific pericardial fat affects ventricular function

• Pericardial and epicardial fat metabolic profile affects cardiac structure

• Adipose tissue surrounding the heart can have local toxic effects
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What does this study add?

• The signaling profile of epicardial fat reveals an increase in inflammatory 

adipokines and a reduction in inducers of mitochondrial biogenesis compared 

to visceral fat in both overweight humans and mice with heart failure.

• RNA arrays and heatmap identifies target genes that may be essential to LV 

function in humans and mice.

• An increase of mitochondrial signaling genes correlates closely with a 

decrease in inflammatory adipokines in epicardial fat and restoration of LV 

fractional shortening in obese mice.
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Figure 1. 
mRNA expression of (A) PGC-1α, (B) HO-1, (C) Adiponectin, (D) UCP1, (E) PRDM16, 

(F) MFN2 and (G) SLC2A4 in Human epicardial (P) vs Visceral adipose (V) tissues. Results 

are mean ± SE, n=4, *p<0.05 vs epicardial fat, **p<0.02 vs epicardial fat.
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Figure 2. 
mRNA expression of inflammatory markers (A) NOV, (B) CEBPα, (C) TNFα, and (D) IL4 

in Human epicardial (P) vs visceral adipose (V) tissues. Results are mean ± SE, n=4, 

*p<0.05 vs epicardial fat, **p<0.02 vs epicardial fat.
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Figure 3. 
RNA array analyses-changes in correlation coefficients gene expression of SLC2C4, HO1, 

PRDM16, UCP1, Adiponectin, MFN2, NOV, CEBPα, TNFα and IL4 both in Human 

epicardial (P) and visceral fat (V). Data from pericardial and visceral fat were compared 

using heatmap. Results are mean ± SE, n=4, *p<0.05 vs epicardial fat
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Figure 4. 
mRNA expression of (A) PGC-1α, (B) HO-1, (C) Adiponectin, (D) UCP1, (E) PRDM16, 

(F) MFN2 and in mice epicardial (P) vs Visceral adipose (V) tissues. Results are mean ± SE, 

n=4, *p<0.05 vs epicardial fat, **p<0.02 vs epicardial fat. (G) Increase of HO-1-PGC-1α 
using EET-A as an inducer, improved FS. Results mean ± SE, n=5, *p<0.05 vs db/db/ 

(saline) mice. Echocardiogram measured LV and FS as previously described by Singh et al, 

(11).
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Figure 5. 
mRNA expression of inflammatory markers (A) NOV, (B) TNFα, (C) IL4, in mice 

epicardial (P) vs Visceral adipose (V) tissues. Results are mean ± SE, n=4, *p<0.05 vs 

epicardial fat, **p<0.02 vs epicardial fat.
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Figure 6. 
FS in lean and obese mice and RNA array analyses-changes in correlation coefficients gene 

expression of adiponectin, MFN2, UCP1, PGC1α, PRMD16, IL4, TNF and NOV in mice 

epicardial (P) and visceral (V) fat. Data from pericardial and visceral fat were compared 

using heatmap. Results are mean ± SE, n=4, *p<0.05 vs epicardial fat..
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Figure 7. 
Schematic depiction showed in the epicardial fat of humans and mice with coronary disease, 

there is a significant reduction in HO-1, PGC-1α, adiponectin, Mfn2, and PRDM16 when 

compared to the visceral fat of age and sex matched controls as well in lean obese mice. This 

is accompanied by a reciprocal increase in NOV and the inflammatory marker, TNF-α in the 

epicardial fat.
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TABLE 1

Visceral fat specimens were obtained from age and sex matched controls undergoing abdominal surgery.

Age years 65.8 ± 9.9

Female 8/16 (50%)

BMI kg/m2 28 ± 6.8

Hypertension 16/16 (100%)

Diabetes 8/16 (50%)

Smoking 6/16 (37.5%)

Chronic Kidney Disease 4/16 (25%)

Total Cholesterol mg/dl 135.8 ± 36

HDL mg/dl 43.1 ± 21.4

LDL mg/dl 78.9 ± 30.4

Triglycerides mg/dl 122.8 ± 24.5

Fasting glucose mg/dl 126.3 ± 35.5

Epicardial fat thickness by echo mm 6.7 ± 1.8

Ejection fraction % 49.7 ± 8.8

Fractional Shortening % 23.6 ± 8

Listed as mean ± standard deviation. BMI = Body mass index.
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