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Abstract: Cardiovascular disease is the leading cause of
morbidity in patients with diabetes mellitus. In 2019, the
American Heart Association and the American Diabetes
Association (along with industry leaders) launched the
groundbreaking collaborative initiative “KnowDiabetes by
Heart™” to reduce cardiovascular deaths in type 2 diabetic
patients. The molecular basis linking diabetes with car-
diovascular complications has not yet been fully defined.
Recent clinical and experimental studies strongly suggest
that adipocyte dysfunction and subsequent pathological
communications between adipocyte and cardiomyocytes
play important roles in diabetic cardiac injury. This
perspective article will review recent development con-
cerning adipocyte-cardiomyocyte communications, and
identify the most critical questions remain to be answered
in this filed.
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Cardiovascular disease is the leading cause of death for
people with type 2 diabetes [1]. Obesity, hyperglycemia, and
hyperlipidemia are the most common metabolic disorders
identified in diabetes and are established cardiovascular
risk factors. However, recent large-scale clinical trials failed
to demonstrate cardiovascular mortality benefit from strict
glycemic control in diabetic patients [2]. Novel strategies
capable of protecting diabetic cardiomyocytes from exac-
erbated post-myocardial infarction (MI) remodeling and
heart failure are urgently needed.

Research in the past decade has increased under-
standingof the role adipocytesplay inhealth anddisease [3].
Three distinct but inter-related pathways mediating
adipocytes-cardiomyocytes communicate have been
recognized (Figure 1). Classically, the role of the adipocyte
has been energy storage. In adult humans, adipocytes are
the most effective cell type in the storage and (upon
demand) release of energy. In the postprandial state,
adipocytes esterify non-esterified fatty acids and take
up glucose. During fasting, adipocytes hydrolyze tri-
acylglycerols. Adipocyte metabolic function is tightly
regulated by the balance between lipogenesis and lipol-
ysis. Maintaining normal plasma glucose and fatty acid
levels is particularly important to the cardiomyocyte, as it
is themost energy consuming cell type. Under pathological
conditions, the equilibrium between lipogenesis and
lipolysis is disrupted. Unrestrained adipocyte lipolysis
results in increased fatty acid release, leading to hyper-
lipidemia and hyperglycemia, two major metabolic phe-
notypes of type 2 diabetes. Adipocyte-derived glucose and
lipid are the traditional “messengers” mediating commu-
nication between adipocytes and cardiomyocytes. Normal,
controlled glucose/lipid release by adipocytes maintains
cardiac energy supply, whereas uncontrolled pathologic
glucose/lipid release by adipocytes contributes to ischemic
heart injury and heart failure (Figure 1A).

Adipocyte endocrine signaling is the second most
importantadipocyte-cardiomyocyte communicationpathway.
Adipocytes release proteins, signaling lipids, and metabolites
(collectively known as adipokines), all of which are involved
in an extensive network of inter-organ communication. Since
adipose tissue can represent up to 50%of total bodyweight, it
is therefore considered a significant endocrine organ with
profound systemic influence. Among all currently recognized
adipokines, leptin, and adiponectin are most extensively
investigated for their roles in type 2 diabetic and diabetic
cardiovascular complications [4]. Plasma leptin is significantly
increased in type 2 diabetes. Hyperleptinemia is a risk factor
fordiabetic cardiovascular complications.However, the roleof
adiponectin in type 2 diabetes and cardiovascular complica-
tions is markedly more complex [5]. Numerous epidemiolog-
ical studies demonstrate that plasma adiponectin is
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significantly reduced (rather than increased) in obesity and
type 2 diabetic patients. Clinical observations show that
reduced adiponectin levels correlate with increased risk of
cardiovascular disease, a relationship that persists even after
adjustment for diabetes, dyslipidemia, hypertension, smok-
ing, and BMI. Consistently low plasma adiponectin concen-
tration after acute MI is predictive of future adverse cardiac
events, and post-MI plasma adiponectin levels correlated
positively withmyocardial salvage index and ejection fraction
recovery [5]. The causative role of adiponectin deficiency in
type 2 diabetes and diabetic cardiac injury has been estab-
lished in animal models. We were the one of the two groups
that first independently reported that adiponectin deficiency
significantly increases myocardial ischemia/reperfusion
injury and post-MI remodeling [6–8]. Two evolutionarily
acquired specific adiponectin receptors (AdipoR1 and
AdipoR2) have been cloned. They belong to a new family
of membrane receptors (PAQR) predicted to contain
seven transmembrane domains similar to G-protein-
coupled receptors (GPCRs), but structurally and topolog-
ically distinct. Adiponectin can also bind with T-cadherin,
in an interaction tethering adiponectin to the cell surface,
but without transmembrane signaling (as T-cadherin
lacks an intracellular domain). Activation of AdipoR1

(primarily expressed in muscular cells) and AdipoR2
(primarily expressed in hepatocytes) by adiponectin in-
creases glucose and free fatty acid utilization, stimulates
mitochondrial biogenesis, and inhibits inflammatory
response [9]. It is now generally accepted that balanced
production of leptin and adiponectin is critical in the
maintenance of healthy heart function. In contrast,
pathological disturbance of this balance significantly
contributes to cardiovascular complications (Figure 1B).
However, many questions remain. In particular, how ad-
ipocytes regulate production of leptin and adiponectin
and maintain a normal balance during physiologic con-
ditions, and how this balance is disturbed during patho-
logical conditions, remains unknown.

It should be noted that, while the cardioprotective
effects of adiponectin in acute myocardial ischemic injury
are well-recognized, adiponectin’s role in chronic heart
failure is controversial. Despite clear experimental evidence
demonstrating adiponectin deficiency significantly exacer-
bates heart failure progression, several clinical observations
demonstrate hyperadiponectinemia is associated with poor
cardiac function and increased mortality in these patient
populations. In this regard, we have recently demonstrated
that AdipoR1 is a direct substrate of GRK2, a molecule
significantly upregulated in failing cardiomyocytes. GRK2
phosphorylates AdipoR1 at multiple serine sites, blocking
AdipoR1 mediated cardioprotective signaling [10]. These
results demonstrate that augmented adiponectin produc-
tion in advanced heart failure patients is likely a compen-
satory mechanism due to the development of ‘adiponectin
resistance’ similar to hyperinsulinemia during insulin
resistance [11].

While there is clear evidence that metabolites and
adipokines travel through the conventional diffusion pro-
cess and regulate remote organ function, many recent
studies reveal strong evidence for additional mechanisms
of transport, particularly extracellular vesicles. Several
types of extracellular vesicles exist, but exosomes
(a 30–150 nm particle of endosome origin) are the most
extensively investigated [12]. Despite their discovery
decades ago, exosomes have only recently been identified
to play an important role in inter-cellular and inter-organ
communication. Recent studies demonstrate that the
adipocyte is amajor source of exosomes, particularly those
containing miRNA in circulation. In adipocyte specific
dicer deficiency mice, there is a substantial reduction in
circulating exosomal microRNAs [13]. More importantly,
substantial evidence supports the critical role of dysfunc-
tional adipocyte exosomes in promoting remote organ
pathologic remodeling (i.e. liver, skeletal muscle, and
cancer) during diabetes. The regulatory functions of

Figure 1: Adipocytes “watch” and “talk” to cardiomyocytes through
three balanced systems and their interaction, remotely regulating
heart function.
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adipocyte-derived exosomes upon cardiovascular systems
have been recently recognized. Exosomes from PPARγ
function-inhibited adipocytes attenuate cardiac hypertro-
phy [14], whereas exosomes from diabetic animals exac-
erbate atherosclerosis. Finally, we recently demonstrated
for the first time that diabetes causes adipocyte exosome
dysfunction, switching adipocytes-derived exosome
phenotype from protective to harmful [15]. Specifically,
adipocyte exosomes from non-diabetic adipocytes carry
protective signaling from adipocytes to cardiomyocytes,
significantly attenuating post-MI injury. In contrast,
adipocyte-derived exosomes from diabetic animals exac-
erbate MI/R injury, evidenced by decreased cardiac func-
tion, larger infarct size, and increased apoptotic death.
Mechanistic investigation identified miR-130b-3p as a
common molecule significantly increased in diabetic
human serum exosomes, high fat diet-fed animal serum
exosomes, high fat diet adipocyte-derived exosomes, and
high glucose/high lipid-challenged non-diabetic adipocyte
released exosomes. In vitro and in vivo experiments revealed
that miR-130b-3p suppresses multiple anti-apoptotic/
cardioprotective molecules (including AMPK, Birc6, and
Ucp3) in cardiomyocytes, exacerbating post-MI injury in the
diabetic heart [15]. Collectively, accumulating evidence sug-
gests that exosome production is the third function medi-
ating adipocyte-cardiomyocyte communications (Figure 1C).
Healthy adipocytes release cytoprotective exosomes, pro-
tecting cardiomyocytes from pathological injury. In con-
trast, exosomes from diabetic adipocytes are enriched with
cytotoxic molecules, mediating pathological communica-
tion between adipocytes and cardiomyocytes. However,
multiple critical questions remain to be answered. Mole-
cules present in non-diabetic adipocyte-derived exosomes
that are cardioprotective need to be identified. Howdiabetes
causes the phenotypic switch, and whether blocking the
switch may protect against diabetic post-MI remodeling re-
mains unknown. Finally, whether diabetic cardiomyocytes
(recipient cells) may have an altered response to adipocyte-
derived exosomes needs to be clarified.

In summary, as the heart is the organ “knowing”
(sensing) diabetes, and adipocyte is the “culprit” of
obesity-induced diabetes, complete understanding of the
molecular mechanisms mediating the adverse communi-
cation between diabetic adipocytes and diabetic car-
diomyocytes may lead to the discovery of novel effective
therapies against diabetic cardiac injury.
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