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REVIEW

Thermogenic potential and physiological relevance of human

epicardial adipose tissue

K Chechi and D Richard

Epicardial adipose tissue is a unique fat depot around the heart that shares a close anatomic proximity and vascular supply with the
myocardium and coronary arteries. Its accumulation around the heart, measured using various imaging modalities, has been
associated with the onset and progression of coronary artery disease in humans. Epicardial adipose tissue is also the only fat depot
around the heart that is known to express uncoupling protein 1 at both mRNA and protein levels in the detectable range. Recent
advances have further indicated that human epicardial fat exhibits beige fat-like features. Here we provide an overview of the
physiological and pathophysiological relevance of human epicardial fat, and further discuss whether its thermogenic properties can
serve as a target for the therapeutic management of coronary heart disease in humans.
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Human heart is surrounded by multiple layers of fat, which can be
divided into fat depots that lie inner to the visceral pericardium
and the ones lying outside the parietal pericardium. Inconsistencies
in the definition of these depots have generated various
commonly used terms such as epicardial fat," pericardial fat,>~
mediastinal fat,®” paracardial fat,® intrathoracic fat,”'° perivascular
fat'"'2 and periadventitial fat.®'* Although some of them by and
large represent the same depot, significant differences do exist in
the origin, anatomical location and hence in the plausible
physiological relevance of other fat depots around the heart. This
understanding underscores the growing need to standardize
these definitions such that the relative importance of each fat
depot can be appreciated. The epicardial adipose tissue repre-
sents the fat surrounding the heart that lies inner to the visceral
pericardium, whereas the terms ‘paracardial’, ‘intrathoracic’ or
‘mediastinal’ adipose tissue refer to the fat that lies outside the
parietal pericardium but sits within the thoracic cavity.'® The term
‘pericardial fat’ is often used interchangeably with epicardial fat,
however, there is growing consensus for this term to be used as a
representative of the total fat around the heart, that is, epicardial
and paracardial fat combined.”>'® The terms ‘perivascular’ and
‘periadventitial’ adipose tissue are used to represent fat depots
that cover various blood vessels including coronaries and the
peripheral vasculature,'? leading to the occasional use of the term
‘pericoronary fat’ to represent epicardial fat."”

Despite the discrepancies in the nomenclature, it has become
clear that epicardial fat, which is the subject of the current review,
is capable of influencing cardiac physiology and function in a
unique manner. Burgeoning evidence also points toward its
association with the pathophysiology of coronary artery disease
(CAD) in humans.'®' Here we provide a brief overview of the
current perspectives on epicardial fat and its association with the
development of CAD in humans. In addition, we have identified
gaps in the current understanding of epicardial fat, and further
discuss a potential role for its thermogenic properties in the
management of cardiovascular risk in humans.

PHYSIOLOGICAL RELEVANCE OF HUMAN EPICARDIAL FAT

Epicardial fat is derived from the splanchnopleuric mesoderm and
is considered to be the true visceral fat depot of the heart®
A recent study further demonstrates that the origin of human and
mouse epicardial fat lies in the epicardium itself.%° In terms of its
distribution, postmortem studies have revealed that epicardial fat
can cover up to 80% of the heart surface and contribute up to 20%
of total ventricular weight under normal conditions, while being
capable of covering the heart completely and even extending up
to 2 cm in thickness during obesity in humans.2'*? Anatomically,
epicardial fat is not separated from the underlying myocardium
with any fascia-like structure and is also known to share coronary
blood supply with the latter, thereby supporting the idea of
plausible ‘vasocrine’ or ‘paracrine’ cross talk between the two.
However, a direct microcirculatory interconnection between the
two has not been established so far.>*** Nonetheless, owing to its
unique anatomic juxtaposition, numerous plausible physiological
roles have been offered to epicardial fat including, but not limited
to, that (1) it serves as the anatomic site for the cardiac nervous
system,25 (2) it serves to cushion the coronary arteries against
pulse wave torsion,'® (3) it serves as a heating blanket to protect
the myocardium during hypothermia,®®?” (4) it is an immuno-
logical tissue that serves to protect the myocardium and
coronaries against pathogens and inflammatory activators®® and
(5) it serves to maintain fatty acid homeostasis in the coronary
microcirculation.®

In a seminal study looking at the anatomy, histology and
biochemical properties of epicardial fat across a spectrum of
species, epicardial fat was reported to exhibit a higher capacity for
breakdown, synthesis and release of fatty acids relative to other
intra-abdominal fat depots in guinea pigs.*® In addition, epicardial
fat exhibited higher rates of fatty acid incorporation, basal- as well
as insulin-induced lipogenesis in a subsequent study involving
guinea pigs.”> Based on these observations, Marchington et al.
proposed that epicardial fat could serve as a buffer to protect the
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Figure 1. Thermogenic/oxidative potential of epicardial adipose
tissue. We propose that epicardial adipocyte dysfunction occurs as a
result of dietary, metabolic and environmental factors, which
contribute to the loss of its brite adipocytes and progression of
CAD in humans. Thermogenic activation of brite adipocytes, thus,
represents a plausible target to alter the metabolic health of
epicardial adipose tissue. However, regulation of the their oxidative
and thermogenic capacity by well-known central and peripheral
regulators such as SNS, FGF21 and NPs remains unknown. SNS,
sympathetic nervous system; FGF21, fibroblast growth factor 21;
NPs, natriuretic peptides; CAD, coronary artery disease.

myocardium from lipid toxicity during times of energy excess by
absorbing excess fatty acids, whereas it could also serve to
provide fuel for myocardial contraction during times of energy
restriction by undergoing fatty acid release. Considering that fatty
acids are the major source of fuel for contracting heart muscle, this
proposal is highly plausible and therefore widely accepted.®?%%’
However, it is important to note that these observations have not
been repeated in other animal models or validated for human
epicardial fat. Considering that rodents do not necessarily possess
epicardial fat under normal conditions and even when observed
(that is, due to obesity or aging), such as in the case of guinea pigs,
epicardial fat distribution differs from that in humans.?®*® Thus,
species—specific differences in the biochemical, molecular as well
as physiological relevance of epicardial fat can be expected, and
hence it can be stated that our understanding of the human
epicardial fat is quite limited at this point. By demonstrating that
human and mouse epicardial adipocytes originate from ventri-
cular epicardium that constitutively express peroxisome
proliferator-associated receptor-y in case of humans, but not in
case of mice, Yamaguchi et al.?® have pinpointed such differences.
Additional studies looking at the characterization of biochemical
and molecular properties of epicardial fat and other cardiac fat
stores in humans as well as in other animal models are thus
required to clearly understand the biology of this unique
fat depot.

PATHOPHYSIOLOGICAL RELEVANCE OF HUMAN
EPICARDIAL FAT

Despite our limited understanding of human epicardial fat under
physiological conditions, there is no dearth of evidence that
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points toward a definite role for epicardial fat under pathophy-
siological conditions, especially in the development of CAD in
humans. Clinical assessment of epicardial fat mass/volume using
various imaging modalities has clearly revealed that epicardial fat
accumulation shares a strong association with the onset and
development of CAD in humans. Initial studies, including the
Framingham Heart Study and Multi-Ethnic Study of Atherosclerosis,
identified pericardial fat as an independent predictor of cardio-
vascular risk*'® In fact, in comparison with the Framingham risk
score (where smoking and type 2 diabetes mellitus only account
for 1.6- and 3-fold risk of having CAD, respectively), pericardial fat
volume was identified as the strongest predictor of developing
CAD (odds ratio of 4.1).3%3" In addition, a case-control study
identified pericardial fat volume to be a strong predicator of
myocardial ischemia in patients without CAD.>?

The question of whether such predictive capabilities can be
attributed specifically to epicardial fat has been addressed by
recent studies such as the Heinz Nixdorf Recall study, where
epicardial fat volume was significantly associated with coronary
events over the course of 8 years, even after adjusting for
traditional cardiovascular risk factors.3®* Another recent study
indicated that epicardial fat volume could serve as a marker for
the presence and severity of atherosclerosis burden in asympto-
matic patients>3* Bachar et al® further suggested that an
epicardial fat thickness of 24 mm can be used as an optimal
cutoff to predict the occurrence of CAD in asymptomatic patients.
Epicardial fat volume has also been associated with obstructive
CAD and non-calcified plaque burden, or, in other words, with the
plaque characteristics in patients with CAD." In addition, epicardial
fat volume has been shown to independently predict thin-cap
fibroatheromas, which can in turn predict the recurrence of
adverse cardiovascular events in patients with advanced CAD.>®
It can therefore be concluded that epicardial fat accumulation
shares a distinct and robust association with the onset, as well as
with various stages of CAD progression in humans, thereby
supporting the idea that its assessment should become a part of
the routine clinical practice to aide with the risk stratification and
appropriate management of CAD.

Evidently, these observations further underscore the possibility
of a causal association between epicardial fat accumulation and
development of CAD, thereby raising yet another important
question of whether epicardial adipose tissue should be targeted
therapeutically to manage CAD in humans. Weight loss in
association with caloric restriction,” bariatric surgery®® and
physical activity®® has been shown to result in the reduction of
epicardial fat volume, and at least in one study, this reduction was
shown to correlate with improvements in the insulin resistance
status of obese men with metabolic syndrome.*® However,
whether a reduction in epicardial fat would directly translate into
a reduction of CAD burden in humans remains to be seen. In a
recent study involving mini-pigs serving as their own controls,
selective surgical resection of epicardial fat surrounding the left
anterior descending artery was shown to be associated with
slower progression of coronary atherosclerosis over a period of
3 months.*' In this particular study, McKenney et al. *' first fed an
atherogenic diet to Ossabaw miniature swines for a period of
6 months in order to induce CAD, following which selective
coronary adipectomy was performed on their left anterior
descending artery and animals were allowed to recover while
continuing on the atherogenic diet. Three months later, no plaque
progression was observed in the surgically manipulated section of
left anterior descending artery relative to the baseline as opposed
to other coronary arteries that exhibited plaque progression.
Despite its limitations, this study supports the hypothesis that
epicardial fat contributes to the development of coronary
atherosclerosis locally, and further makes the case that targeting
its reduction can help with the progression of CAD. Such
experimental setups can also be utilized to explore whether
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reduction in epicardial fat can lead to a reversal of existing CAD in
the future.

ASSOCIATION BETWEEN EPICARDIAL FAT AND CAD: IS IT
SIMPLY A PROXY FOR OBESITY-INDUCED CAD?

Obesity is an independent risk factor for the development of
cardiovascular disease and CAD. Indeed, epicardial fat mass and
volume are known to exhibit strong associations with visceral fat
accumulation,”? although such associations are not always
reported for total body fat mass. Increased epicardial fat mass
has also been shown to correlate with most of the common risk
factors for metabolic syndrome and cardiovascular disease
including low-density lipoprotein (LDL) cholesterol, high-density
lipoprotein (HDL) cholesterol, diastolic blood pressure, plasma
insulin, fasting glucose, insulin resistance as well as the presence
of CAD in humans. These associations have led to the paradigm
that an increase in epicardial fat mass due to obesity, in particular
visceral obesity, leads to the development of CAD in humans.*? As
a result, epicardial fat has been discussed as a therapeutic target
for the management of obesity-related cardiovascular disease.*

Strong associations between epicardial fat mass and CAD,
however, have also been reported independent of body adiposity
measures,> including abdominal visceral fat mass.** In the
Framingham Offspring Heart Study, epicardial fat volume was
significantly associated with prevalent cardiovascular disease, even
after adjustments for body mass index (BMI) and waist
circumference.'®** Recently, epicardial fat volume was reported
to associate positively with coronary atherosclerosis burden as
assessed by coronary artery calcium score independent of
abdominal visceral fat.** In addition, non-obese patients with CAD
have been shown to exhibit higher epicardial fat volume compared
with non-obese patients without CAD.***® In one of these studies,
epicardial fat volume was compared for both obese and non-obese
patients with and without CAD, and the differences in epicardial fat
volume among CAD and non-CAD patients were found to be
specific for non-obese patients.*> Indeed, obese individuals had
higher epicardial fat volume relative to non-obese patients, raising
the question of whether presence of obesity can mask the direct
effects of epicardial fat on the development of CAD. Alternatively, it
has been postulated that the mechanisms underlying the associa-
tion between epicardial fat and development of CAD might be
different for lean and obese individuals.?'

MECHANISMS UNDERLYING THE PATHOPHYSIOLOGICAL
ASSOCIATION BETWEEN EPICARDIAL FAT AND CAD

A plausible role for direct involvement of epicardial fat in the
development of CAD is supported by the observations that its
absence from certain sections of coronary arteries protects them
against atherosclerosis.>® It has been observed in both animal and
human studies that segments of coronary arteries that are covered
by intramyocardial bridges instead of epicardial fat do not develop
atherosclerosis.*®*” Indeed, epicardial fat has been proposed to
influence the myocardium and coronary arteries via paracrine and
vasocrine mechanisms.*®

Human epicardial fat is known to be a source of various
bioactive molecules including adipokines and cytokines that are
altered under CAD conditions. Mazurek et al.*° reported elevated
inflammatory infiltrate in epicardial relative to subcutaneous fat in
patients with CAD. Elevated expression of most classic inflamma-
tory cytokines including tumor necrosis factor-o, monocyte
chemoattractant protein 1, interleukin (IL)-1, IL6, IL receptor 2-q,
IL8, IL10, IL13 and C-reactive protein has been observed in
epicardial fat of CAD patients.®*° In addition, epicardial fat
obtained from patients with CAD has been shown to exhibit
a pro-inflammatory polarization of M1/M2 macrophages.®’
A potential role of nuclear factor-kB and c-Jun N-terminal kinase
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pathways in the enhancement of inflammation observed in
epicardial fat under CAD conditions has also been proposed.
In addition, higher oxidative stress levels, including reactive
oxygen species production and higher levels of enzymes involved
in regulating oxidative stress such as catalase and glutathione
S-transferase P, have been reported in epicardial fat relative to
subcutaneous fat in patients with CAD.>?

In addition to the studies looking at gene expression of the
inflammatory and oxidative stress markers, proteomic and
secretome analyses of epicardial fat obtained from CAD patients
have also revealed that it is capable of secreting factors that can
induce atherogenic changes in monocytes and endothelial cells,>
as well as induce cardiomyocyte dysfunction.®® Conditioned
media derived from epicardial fat of guinea pigs was also reported
to induce insulin resistance in rat cardiomyocytes.>® These
observations tend to support the ‘outside to inside’ signaling
hypothesis, which suggests that secretory products of dysfunc-
tional epicardial fat or adventitia can lead to the development of
intimal atherosclerotic lesions in coronary arteries and other blood
vessels.?? If this hypothesis was to be accepted, it would raise a
series of other important questions such as to what initiates or
precedes epicardial fat dysfunction? Does epicardial fat undergo
its transformation into a dysfunctional depot concomitantly with
other fat stores, or does it parallel systemic inflammation?

Epicardial fat volume has been shown to associate with
systemic inflammation as measured by C-reactive protein, IL6
and monocyte chemoattractant protein 1 previously.>® In addition,
epicardial fat volume was found to be significantly associated with
circulating C-reactive protein levels.’” However, a direct role for
inflammation in the onset of epicardial adipocyte dysfunction
remains to be demonstrated. Alternatively, the idea that
endothelial dysfunction within vessel wall could induce epicardial
adipocyte dysfunction in an ‘inside to outside’ signaling model
cannot be ruled out either.*®

HUMAN EPICARDIAL FAT: A THERMOGENIC TISSUE?

Recent advances in the field of adipose tissue biology have clearly
revealed that brown adipocytes, which are characterized by the
presence of multiple elongated mitochondria and the expression
of a unique mitochondrial protein named uncoupling protein 1
(UCP1), are not obsolete cells that were once thought to be carried
by human newborns only.”®*° With the aid of imaging studies
looking at the uptake of radiolabelled fluorodeoxyglucose ('8FDG)
to identify metabolically active areas, thermogenic brown
adipocytes have been identified in adult humans throughout
most ages, their presence and metabolic activity being affected by
the age, sex, BMI and diabetes status of the individual.®%"

Fat depots around the heart in the pericardial-mediastinal
region were reported to possess multilocular brown adipocytes as
early as in 1972.5% However, presence of UCPT mRNA in human
epicardial fat was not demonstrated until 2009.2° In their seminal
work, Sacks et al?® further reported that UCP1 expression
associated with the age and BMI of the study participants, and
also hypothesized that the thermogenic activity of epicardial
brown adipocytes could serve to protect the underlying
myocardium from hypothermia during cold challenge. We
confirmed the presence of UCPT mRNA in human epicardial fat
in a cohort of CAD patients, and further proposed a more
metabolically active role for its brown adipocytes.® Epicardial fat
exhibited a gene expression profile that was consistent with this
depot having a higher capacity for oxidizing fatty acids relative to
subcutaneous fat. In addition, epicardial fat expression of genes
involved in beta oxidation and thermogenesis correlated posi-
tively with circulating HDL cholesterol and negatively with
circulating triglyceride (TG) levels in a depot-specific manner, as
no such associations were seen for paired biopsies of mediastinal
fat.® Indeed, one cannot establish a cause and effect relationship
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in these settings; however, our observations clearly suggest that
the thermogenic activity of brown adipocytes could contribute to
the systemic lipid metabolism in humans, as previously reported
in case of rodents.®®

It is important to acknowledge that in the field of brown
adipose tissue biology, thermogenic capacity and thermogenic
activity are two closely related yet clearly distinct terms. Indeed,
thermogenic capacity does not necessarily equate with the
thermogenic activity of a fat depot, especially considering that
the sympathetic nervous system exerts a strict control over the
phenomenon of thermogenesis.** Most studies including ours
have only looked at the thermogenic capacity of epicardial fat.
Whether UCP1 expression truly translates into epicardial fat
having a higher capacity for thermogenesis remains to be
demonstrated. Furthermore, the question of whether thermogen-
esis in epicardial fat is regulated by sympathetic nervous system
remains to be addressed.

HUMAN EPICARDIAL FAT: A CLASSIC BROWN OR BEIGE
DEPOT?

Owing to significant interest in unlocking the thermogenic
potential of brown adipocytes to treat metabolic conditions in
humans, this field has seen exponential growth in the recent
years. Parallel advances in our understanding of both human and
rodent brown fat biology further revealed that all brown
adipocytes are not alike. Much similar to the anatomical and
functional disparity between subcutaneous and visceral white
adipocytes, differences in the anatomic location of brown
adipocyte populations were found to associate with distinct
developmental origins as well as molecular signatures in
rodents.”® Two specific brown adipocyte subtypes were identified:
the classic brown and beige/brite/recruitable adipocytes.
Although classical brown adipocytes are known to be clustered
at specific anatomic locations, such as interscapular brown fat, and
share their developmental origins with myocytes, brite adipocytes
are found diffused among white adipocytes and share their
ontogeny with white adipocytes. Furthermore, it has been
demonstrated that the basal UCP1 expression in brite adipocytes
is very low (that is, close to white adipocytes); however, upon
stimulation with B-adrenergic agonists, these cells upregulate
their UCP1 expression as well as the thermogenic capacity to
levels comparable to classic brown adipocytes.®® Indeed, this
understanding called for deciphering the nature of human brown
fat, and, as a result, multiple studies reported the presence of both
classic brown and brite cells in humans.®*®® However, human
adipose organ was found to be even more complex than once
expected, as, unlike rodents, classic brown and brite adipocytes
were found sitting right next to each other anatomically in the
neck region of adult humans.®® The physiological or metabolic
context for the anatomic juxtaposition of classic brown and brite
adipocytes in humans remains to be explored.

A relevant question of whether human epicardial adipose tissue
carries classic brown or brite adipocytes have been looked at by
Sacks et al.”® who reported that in middle-aged humans epicardial
fat exhibits features of beige fat, that is, the expression of UCP1
protein and beige marker CD137 mRNA. We have observed the
presence of UCP1-positive multilocular cells in the epicardial fat
depot of patients with CAD, and also observed clear upregulation
of beige markers TMEM26, TBX1 and CD137 in this depot,
indicating that epicardial fat is certainly beige in nature
(unpublished observations). However, whether epicardial fat is
capable of upregulating its thermogenic machinery and activity
upon stimulation, similar to classic brown adipocytes, remains to
be seen.
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AS A CARDIAC FAT DEPOT, ARE THERMOGENIC PROPERTIES
EXCLUSIVE TO EPICARDIAL FAT?

Besides epicardial fat, there is some evidence linking mediastinal
fat as yet another cardiac fat store with the development of insulin
resistance, hypertension and metabolic syndrome in humans.””!
Furthermore, all of the studies looking at pericardial fat that do not
demarcate between epicardial and paracardial/mediastinal fat
may indirectly support a role for this depot in the development of
CAD as well. However, as previously highlighted, epicardial and
paracardial are not the same fat depots. Besides the anatomic
distinction, paracardial and epicardial fat depots are also known to
have separate developmental origins. Although epicardial fat
originates from mesothelial cells migrating from the septum
transversum, the paracardial fat depot originates from primitive
thoracic mesenchymal cells.”? Furthermore, unlike epicardial fat,
this fat depot gets its blood supply from non-coronary sources.”?
Based on these differences, a difference in the metabolic profile
and oxidative capacity of epicardial and paracardial/mediastinal
fat can be easily expected. We and others have reported that
UCPT mRNA is detectable in the human mediastinal depot;
however, this expression is at a much lower level relative to
epicardial fat.>?®”3 In addition, UCP1 protein does not seem to be
found in abundance in human mediastinal fat depot so far.

In a recent study, Cheung et al.”* compared the gene expression
data of the human mediastinal fat depot with murine brown and
white fat depots using microarrays, and found gene set
enrichments that pointed toward a higher mitochondrial activity
for this depot relative to subcutaneous fat depot. They further
reported that the human mediastinal depot expresses UCP1
mRNA and contains multilocular UCP1-immunopositive adipo-
cytes, thereby exhibiting brown fat-like features. However, neither
UCP1 protein (at the tissue level) nor any of the beige markers
were detectable in this depot.”* In contrast, Sacks et al.”® noticed
higher expression of beige marker CD137 in paracardial fat (even
higher than epicardial fat); however, as they also could not locate
UCP1 protein in this depot, they attributed the beige phenotype
only to epicardial adipose tissue. We have observed gene
expression of various beige fat markers in the mediastinal fat
depot similar to the epicardial fat depot, however at lower
expression levels (unpublished observations), leading to the
suggestion that the mediastinal fat depot is likely to be a beige
fat depot that possesses higher mitochondrial activity. Whether
this higher mitochondrial activity translates into higher UCP1-
mediated uncoupling under basal or stimulated conditions
remains to be seen.

It is important to note that Cheung et al.”* did not observe any
associations between brown-like features of human mediastinal
fat and any of the physiological parameters, similar to our
observations where associations among circulating lipids and
brown fat gene expression were exclusive to epicardial fat.® Future
studies would be required to either completely dismiss or
acknowledge a role for mediastinal fat and its thermogenic
properties in terms of physiological relevance in humans.

THERMOGENESIS AND ATHEROSCLEROSIS: CAN THE FORMER
BE ACTIVATED TO REDUCE THE DEVELOPMENT OF THE
LATTER?

Thermogenesis has always been considered to be a tightly
regulated phenomenon that is predominantly involved in
thermoregulation. The observations that activation of brown fat
could also burn signficant calories and stored energy further
paved the way to our massive interest in understanding brown fat
thermogenesis. However, the realization that activation of
thermogenesis could also help reduce atherosclerosis came only
in 2011, when Bartelt et al.%®> demonstrated that cold exposure
turned brown adipose tissue into a major TG-rich lipoprotein
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uptake and catabolism site in mice. The net effect of brown fat
activation in this study was a reduction in circulating TG levels and
increase in HDL cholesterol levels that reflected a plasma lipid
profile long known to be beneficial in terms of atherosclerosis.
Indeed, this study did not identify any direct reciprocal relation-
ship between thermogenesis and atherosclerosis.

A direct role for UCP1-mediated lipolysis and thermogenesis in
the onset and progression of atherosclerosis was reported in mice
recently; however, contrary to what one might have expected, this
relationship was found to be deleterious in nature. Using LDL
receptor and apolipoprotein-E knock-out mice and persistent cold
exposure (periods of 4-8 weeks) during which these mice were
pair-fed to mice kept at thermoneutrality, Dong et al.”* reported
that UCP1-mediated lipolysis caused massive hypercholesterole-
mia and an upregulation in plaque-growth and -instability. In our
opinion, and as rightly speculated by the authors themselves,
much of their observations stemmed from the absence of the
lipoprotein clearance receptors or apolipoproteins in these mice.
Thus, we believe that these observations cannot be used to
represent the relationship between cold-induced thermogenesis
and atherosclerosis under normal conditions. In normal mice, cold
exposure would result in the upregulation of lipolysis as well as
lipoprotein metabolism such that peripheral TGs can be transported
to brown fat in order to fuel thermogenesis driven by sympathetic
stimulation of UCP1. After the lipoproteins are depleted of TGs, their
cholesterol remnants would undergo catabolism in the liver via
clearance receptors that would be upregulated to meet the
demands of a cold-challenged system. Indeed, Dong et al. observed
an upregulation in the lipoprotein clearance receptors and hence
could not observe cold-induced hyperlipidemia in normal mice
within the same study.

It is well known that atherosclerosis cannot be induced in
normal mice until lipoprotein receptors are knocked off, which
results in a plasma lipoprotein profile carrying significantly higher
levels of atherogenic LDL cholesterol. As demonstrated by Bartelt
et al,®® lipoprotein metabolism is tightly linked to the metabolic
adaptations of a thermogenically stimulated system. Absence of
lipoprotein clearance receptors per se would directly interfere with
the regular function of the thermogenic machinery. Thus, in our
opinion, LDL receptor or apolipoprotein-E knock-out mice do not
represent an optimal model to study the relationship between
thermogenesis and atherosclerosis. Animal models such as mini-
pigs that can develop atherosclerosis in response to high-fat-diet
feeding,*' but still retain a working lipoprotein metabolism cycle,
would serve as a better model to assess this relationship. Indeed,
a recent study using APOE*3-Leiden.CETP mice, which retain a
functional hepatic lipoprotein remnant clearance route and a
human-like lipoprotein metabolism, demonstrated that brown fat
activation can result in amelioration of hyperlipidemia and
protection from atherosclerosis in mice.”®

CAN BROWN ADIPOCYTES OF EPICARDIAL SERVE AS A
THERAPEUTIC TARGET FOR CAD?

Besides the association between whole-body thermogenesis that
could occur as a result of the activation of total brown fat in the
body, the question of whether brown adipocytes within the
epicardial fat depot could have a specific role to play in the onset
and progression of atherosclerosis has been addressed to a certain
extent recently.

Epicardial fat has previously been reported to express both pro-
and anti-inflammatory factors, an observation that led lacobellis
et al”” to propose that yet-to-be identified factors could tilt the
balance between pro- and anti-inflammatory properties of
epicardial fat, which could eventually alter its association with
the onset and progression of CAD. Based on our own unique
observations for epicardial fat, we had proposed that brown
adipocytes of epicardial fat could serve as ‘the factor’ whose
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presence and absence could alter the inflammatory profile and
nature of epicardial fat, and hence its relationship with
CAD Figure 1.° A recent study demonstrated that increased reactive
oxygen species production from epicardial fat of CAD patients was
associated with brown to white transdifferentiation of adipocytes
within epicardial fat.”® Yet another study revealed that an increase in
brown epicardial fat was associated with a prediction of lack of
progression of coronary atherosclerosis in humans.”® Indeed, these
observations support the hypothesis that brown adipocytes within
epicardial fat could serve as a therapeutic target for altering the
proximal environment around the heart that could eventually alter
the development and progression of CAD; however, a greater
understanding of the thermogenic properties and its association
with the atherogenic profile of epicardial fat would have to be
established before a conclusive role can be offered to these
adipocytes.

CONCLUSIONS AND FUTURE PERSPECTIVES

In conclusion, there is a clear evidence reinforcing that epicardial
fat holds a unique anatomic position around the heart that likely
translates into a unique physiological relevance for this depot. In
addition, an increase in the accumulation of epicardial fat either
due to, or independent of, obesity does result in an increased
propensity not only for the onset but also for the progression and
severity of CAD in humans.'®?%?” Although there are numerous
gaps in our understanding of epicardial fat and its association with
CAD, it is clear that epicardial adipocyte dysfunction may affect
the development of CAD, and hence this depot represents a
therapeutic target for the management of CAD.

Among many other approaches, presence of UCP1 and its
thermogenic capabilities may represent a unique target for
therapeutic intervention that could lead to a loss of excess epicardial
fat on one hand and/or correction of epicardial adipose tissue
dysfunction on the other Figure 1. Either way, such an approach
would depend upon our total understanding of the thermogenic
properties of epicardial fat and its regulation by the central nervous
system and peripheral circulating factors. Factors such as fibroblast
growth factor 21, irisin and natriuretic peptides have been shown to
induce browning of white fat in rodents.>® Could these factors also
affect the thermogenic capacity and thermogenic activity of human
epicardial fat? If so, is it possible that heart exerts its own control
over the thermogenic properties of epicardial fat through natriuretic
peptides. Moreover, how does sympathetic nervous system
mediated regulation factor into this heart-epicardial fat cross talk.
Indeed, much work is needed to complete our understanding of the
thermogenic potential of the epicardial fat as well as its regulation.
Furthermore, the very location of epicardial fat poses a unique
challenge of finding safe ways that could lead to sustained yet
carefully controlled activation of its thermogenic potential without
compromising the temperature or function of heart itself.
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