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Abstract

Atherosclerosis is a progressive inflammatory arterial disease triggered by interplay between immune and vascular cells. Development of atherosclerotic plaque
requires endothelial retention of low-density lipids and its oxidation and immune cell recruitment into the arterial wall. However, recently against the existing
dogma of this inside-out signalling, perivascular adipose tissue (PVAT) has been emerged as central regulator of out-side in signalling to modulate vascular tone
and pathophysiology of atherosclerosis. Furthermore, under atherogenic conditions, PVAT exhibits remarkable plasticity and contributes to cardiovascular disease.
However, understanding of regulatory mechanism by which PVAT plasticity modulates vascular functions particularly atherosclerosis, remains unexplored. This brief
review is focused on understanding the in-depth roles of PVAT in atherosclerotic plaque progression, with the special focus on PVAT plasticity and its therapeutic

implication for treatment of atherosclerosis.

Introduction

Atherosclerosis is a chronic inflammatory disease characterized by
endothelial dysfunction, lipid deposition and inflammatory infiltration
[1]. Endothelial dysfunction/injury caused by high shear stress
promotes initiation of atherosclerosis, followed by subsequent adhesion
of circulating inflammatory cells to the dysfunctional endothelium.
These processes are further aggravated by accumulation of cholesterol
in the arterial wall and lead to atherosclerosis [2]. One of the identified
features of endothelial cells in response to local inflammation is
dedifferentiation and switching of endothelial-to-mesenchymal
transition which may be involved in the loss of endothelial phenotypes
towards unspecialized mesenchymal-like cells that could undergo
redifferentiation into mesodermal cell types, including adipocytes, in
response to local inflammation [3]. This process can be triggered by
various inflammatory cytokines and TGF-$ which are produced in
inflamed adipose tissue [4]. Adipose tissues play a significant role in
atherosclerosis progression and are broadly classified as white adipose
tissue (WAT) and brown adipose tissue (BAT). Initial studies have
supported the hypothesis that dysfunctional WAT might be positively
associated with atherosclerosis development, whereas activation of BAT
may protect against atherosclerosis development. A third type beige
adipose tissue (BeAT), has also been identified which is characterized
by high expression of the brown adipocyte marker uncoupling protein-1
(UCP-1) [5].

Based on anatomical location, most recent addition to the family of
adipose tissues is Perivascular adipose tissue (PVAT) which surrounds
the blood vessels. It shares characteristics to both BAT and WAT and
is an active component of the blood vessel walls and is reported to be
involved in vascular homeostasis [6]. It has a very important function
in providing structural support to the vessels and has been found to
be removed from the vessels regularly highlighting the pro- contractile
function of the PVAT [7]. The roles of PVAT in atherosclerosis
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development have been extensively studied by various researchers
[8-11] and there is growing evidence that suggests that phenotypes of
PVAT differ on anatomical location, morphology and differentiation, as
well as in cell composition [12]. Furthermore, PVAT releases number of
vasoactive factors that triggers both endocrine and paracrine signalling
effects on the vascular wall, influencing its structure and function [13]. In
atherosclerosis, PVAT increases in volume and becomes dysfunctional
with altered cellular composition and molecular characteristics. Various
investigators have demonstrated that the presence of PVAT in healthy
tissue is ‘anti-contractile [14]. PVAT inflammation results in invasion
of leukocytes into the perivascular adipose layer in response to injury
of vessel wall [6]. PVAT exhibits both a deleterious and a protective
role depending on the anatomical location. The PVAT mediated
molecular and cellular responses involve extensive inflammation that
is very peculiar and different from classical visceral or subcutaneous
adipose tissue or from adventitia, emphasizing the unique structural
and functional features of this adipose tissue compartment [15]. The
dysfunctionality of PVAT is characterized by its associated inflammatory
character, oxidative stress, decreased production of vaso-protective
adipocyte-derived relaxing factors (ADRF) and increased production
of paracrine factors such as resistin, leptin, cytokines (IL-6 and TNF-a)
and chemokines [RANTES (CCL5) and MCP-1 (CCL2) [15]. These
adipocyte-derived factors initiate inflammation and are instrumental
in inflammatory cell infiltration that includes T cells, macrophages,
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dendritic cells, B cells and NK cells [16] ultimately leading to formation
of atherosclerotic lesion.

Endothelium dysfunction - inside- out and PVAT mediated
outside —in signaling during atherosclerosis progression

As per outside —in theory during atherosclerosis process, PVAT is
found to be involved in instigating a new paradigm where the process of
developing atherosclerotic plaque is initiated at the outside of the vessel
wall and progressed towards the intima involving adventitia in forming
new blood vessels [17].

Many studies and observations have contributed to the outside-to-
inside signalling paradigm, in which changes in the adventitia and/or
Pericoronary adipose tissue (PCAT) could also induce alterations in
the blood vessel wall thus, having a deleterious influence on coronary
artery disease development and progression. The role of periadventitial
endotoxin, MCP-1, IL-1p, or oxidized LDL elicited inflammatory cell
influx into the arterial wall, coronary vasospasm, or intimal lesions,
suggesting the significant role of these bioactive molecules from
the pericoronary tissues in altering arterial homeostasis [18-21].
Endothelial dysfunction is reportedly characterized by loss of nitric
oxide (NO) and production of vasoprotective substances, such as
prostacyclin (PGIL,) and enhanced production of vascular damaging
and pathologically activating molecules such as ROS, endothelin
and thromboxane [22]. Vasoprotective agents including NO have
potent anti-inflammatory properties, which are triggered through
inhibitory effects on adhesion molecule and chemokine expression.
Loss of vasoprotective agents is further augmented by release of
chemokines such as RANTES, CCL2 and CXCL10 [21,23], which
can induce leukocyte migration or activation. Elevated expression of
adhesion molecules like ICAM-1 (intracellular adhesion molecule) and
VCAM-1 expression, on the vascular endothelium, establishes the link
between endothelium dysfunction and inflammation [24]. When this
dysfunction occurs in microvessels and vasa vasorum of PVAT, it will
lead to the development of perivascular infiltration. Another important
factor of endothelium dysfunctioning is oxidative stress characterized
by the overproduction of superoxide anion and hydrogen peroxide. It
results in rapid scavenging of NO in the blood vessel wall and leads
to activation of redox-sensitive genes within the endothelium, VSMCs

and adventitia. VSMCs are a significant source of chemokines and
cytokines, such as CCL2, CCL7, CCL20, CXCL1, CX3CLI1, CXCL5
and IL-6, IL-23a and IL-1p [25]. Numerous pro-inflammatory genes
including cytokines and chemokines as well as adhesion molecules are
redox sensitive, establishing a link between vascular oxidative stress
and inflammatory processes [26]. Similarly, chemokine receptors, such
as CCR2, CCR5 and CXCR4, are also up-regulated by oxygen radicals
[27,28]. Increased expression of key chemokines in the vascular wall are
observed at the early stages of atherosclerosis and these can be essential
for the induction of perivascular inflammation. Ide et al. reported
that CXCL10 (IP-10) enhanced the expression of RAS components in
endothelial cells [23], making it almost a prototypical ‘bidirectional’
role of released cytokine in atherosclerosis, through which the vessel
wall can regulate inflammation and inflammatory cells. Endothelial
dysfunction can also reduce endothelial nitric oxide synthase (eNOS)
expression, further reducing NO production and bioavailability, with
ensuing adverse consequences on vasodilation, and significantly
increase peripheral resistance of blood vessels. Recent studies have
shown that PVAT expresses eNOS [29], and removal of PVAT reduces
basal NO production in small arteries from healthy individuals,
suggesting that PVAT contributes to vascular NO production [8]. It
has also been demonstrated that PVAT aggravate the macrophage
infiltration in the perivascular area of the aorta and resulting in increased
production of inflammatory cytokines ultimately leading to vascular
inflammation and increased atherosclerotic lesions in the aortic wall
[30]. Consistently, insulin receptor-deficient Apoe” mice showed severe
atherosclerosis and increased expression of TNF-a and leptin while
there was decreased adiponectin in adipose tissues, including thoracic
PVAT [8]. It is known that adiponectin normalizes endothelial function
through a mechanism involving increased eNOS phosphorylation and
controls blood pressure through an endothelial-dependent mechanism
[31]. Thus, endothelial dysfunction and vascular oxidative stress may
initiate and execute PVAT inflammation evoked by key risk factors
for atherosclerosis. All these observations indicate a bidirectional
relationship between the vascular endothelium and PVAT mediated
inflammation in the adventitial layer ultimately leading to migration
of VSMCs and phenotypic switching followed by neovascularization.
These recurrent alterations form the vulnerable plaques and leads the
progression of atherosclerosis as depicted in Figure 1.
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Figure 1. Crucial PVAT trigger in flipping Inside-out and Outside-in signaling in the pathogenesis of atherosclerosis. Lipid laden macrophages mediated inside-out signaling triggers
vascular inflammation via release of proinflammatory cytokines and various growth factors affect the vessel wall and promote atherosclerotic lesion formation. However, in outside — in
theory, PVAT mediated inflammation in the adventitial layer leads to vascular smooth muscle cell migration and phenotypic switching followed by neovascularization. These recurrent

alterations form the vulnerable plaques and leads the progression of atherosclerosis
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Chronology of atherosclerosis: PVAT mediated cellular and
molecular events

Atherosclerotic plaques within the arterial walls are mediated in
the form of lesions within the arterial wall and are mediated through
interplay between a plethora of cellular mechanisms and interactions
between endothelial cells (ECs), smooth muscle cells (SMCs) and
inflammatory cells. Numerous reports suggested that high fat diet
initiates lipid accumulation and leads to chronic endothelial injury,
which further leads to increased permeability of endothelium caused by
factors cytokines including IFN-a, CCL2, IL-6, TNF-qa, IFN-y, CCL3,
CCL5, CXCL2 are released from adipose tissues to the circulation [4,15].
Sequential events, further result in promoting adhesions of circulating
immune cells (monocytes) to its surface before infiltration into intima
[32]. Evidently, the lipid laden macrophages (foam cells) triggers the
secretion of pro-inflammatory cytokines and growth factors that can
signal vascular smooth muscle cell (VSMC) within the medial layer
to migrate to the intima and proliferate [33]. Apart from bidirectional
cross talk between endothelial dysfunction and PVAT of the blood
vessels, there are certain novel mechanisms where structure like the
adventitia via PVAT have been recognized as active participants in the
progression of atherosclerotic plaques through interaction with cellular
players (including monocytes/macrophages, VSMCs, lymphocytes) of
atherosclerosis [8].

Role of cellular players in PVAT inflammation

Macrophages were the first immune cells identified in AT [34]. They
are also the most abundant cell type in typical visceral and subcutaneous
AT, representing more than 50% of all leukocytes [35]. The increase in
the density of CD68* macrophages and CD20* B lymphocytes called
periplaque PVAT leads to the instability of plaques by carrying the
lipoproteins from the PVAT to the artery wall and may disrupt the vessel
tone [16]. Infiltration of M2 type (anti-inflammatory) macrophages in
PVAT and in adventitia during atherosclerosis [28] produces array of
cytokines such as IL-6, IFN-y and TNF-a that change the vascular and
PVAT cellular events through the release of adipokines [15]. Recent
studies suggest significant infiltration of M2 macrophages in PVAT,
which may regulate the release of adipokines. Macrophages in PVAT
also regulates the release of mediators that modulate the expression of
co-stimulatory ligands and their functions related to T cell activation
through antigen presentation. This activation further, can trigger the
aggregation of other pro inflammatory cells like CD4*, CD8, B cells and
dendritic cells [36]. These PVAT mediated proinflammatory cytokines
(IFN -y, IL-17, etc) release is found to be associated with progression
of atherosclerosis [8]. Another pathway suggested by Gaborit et al. in
2015 is the communication of PVAT with the atherosclerotic plaque
through the infiltration of adipocytes in the adventitial layer [37]. The
important function of this layer includes growth and repair of the
vessel wall, and it also communicates between vascular endothelial cells
and smooth muscle cells (SMCs) and their local tissue environment
[38]. The adventitia is also critical in formation and regression of
microvessels, nourish the media and intima. In response to injury
and stress, fibroblasts from the adventitia proliferate, differentiate
into myofibroblasts, and migrate to the intima [39]. During plaque
development, it stimulates abnormal formation of vasa vasorum which
can trigger neovascularization through the production of vascular
endothelial growth factors (VEGF). These immature micro vessels
are prone to rupture and may cause haemorrhage in plaques leading
to plaque vulnerability. These neo vessels can also enhance monocytes
recruitment and release of cytokines thus perpetuating inflammation.
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During PVAT inflammation, inflammatory mediators released from
DCs stimulate T cells to produce pro-inflammatory cytokines by
blocking the CD28/CD80/CD86 co-stimulatory axis between DCs and
T cells [15]. However, the contributions of DCs and T cells in PVAT to
atherosclerotic lesion formation remains largely unclear.

Proinflammatory cytokines and PVAT

During atherosclerosis, PVAT releases pro-inflammatory factors
like leptin, adiponectin, resistin, visfatin, interleukins into circulation.
Hypertrophic PVAT may release abundant free fatty acids into the
perivascular area and blood vessel wall and trigger nuclear factor-kB
(NF-xB), protein kinase C (PKC) and Toll-like receptors (TLRs) which
in turn promote phosphorylation of insulin receptor substrate 1 (IRS-1)
in PVAT and vascular cells reducing its ability to activate downstream
PI3K/Akt signalling [8]. This could probably result in inhibition of
eNOS synthesis and NO production, triggering changes in vascular
modelling and accumulate oxidative stress, resulting in endothelial
dysfunction. Parallelly, they also activate TLR2 and TLR4, which
regulate the NF-kB signaling pathway in macrophages [40]. Modified
lipids in PVAT adipocytes lead ROS mediated vascular inflammation.
Evidence demonstrates a more complex two-way communication
between the arterial and venous wall and their surrounding PVAT
where signals originating from the vascular wall or lumen can affect
PVAT phenotype, and signals from PVAT can influence structure and
function of the vascular wall in a paracrine manner. Hence, its critical
to study and decipher the dual role of PVAT in atherosclerotic plaque
progression. PVAT triggers release of vasoactive substances to target
VSMCs and regulate the pathological process of vascular remodelling
[41]. Persistent inflammation during atherosclerosis triggers
phenotypic switching of VSMCs, their proliferation and migration.
These molecular modulations consecutively trigger dysfunctional
vasculo-adipose balance and significantly alter the microenvironment,
for once or recurrent alterations leading towards enhanced disease
susceptibility [5].

Role of PVAT in vascular smooth muscle cells proliferation
and migration

PVAT is found to release relaxing factors [42] and growth factors
[43] which are involved in the proliferation of VSMCs. Study published
by Takaoka et al. demonstrated that after implanting adipose tissue
to surround the blood vessel affects neointimal formation following
endovascular injury, indicating the important role of PVAT in VSMC
growth and migration [44]. The adipocytes, stem cells, immune cells,
and other components in PVAT, such as extracellular vesicles (EV),
can produce and secrete PVAT-derived factors such as adipokines,
cytokines and growth factors which regulate vascular remodelling.
Mechanistically, TGF-B (transforming growth factor-f) signalling
promotes differentiation of PVAT resident progenitors into VSMC
since they express Tgfbr2 (transforming growth factor f receptor 2) and
Anxal (annexin Al) [5]. Treatment of PVAT-derived progenitors with
TGEFpP promoted differentiation towards VSMC. The characteristics
of those progenitors in PVAT and other signalling pathways which
contribute to vascular remodelling remains unexplored. The effects
of PVAT on intimal SMC infiltration have been investigated after
transplantation of thoracic PVAT to wire-injured carotid arteries,
where the presence of PVAT accelerated neointimal formation in an
MCP-1 dependent manner [45,46]. Also, transplantation of PVAT
derived from transgenic mice overexpressing adipose tissue-specific
angiopoietin like 2 (ANGPTL2) accelerated neointimal hyperplasia
induced by wire injury of the femoral artery, which was attenuated by

Volume 21: 3-7



Kaur N (2021) PVAT mediated immunomodulation in vasculo-adipose balance in atherosclerosis

transplantation of PVAT from Angptl2~~mice [47]. Moreover, inflamed
PVAT increases VSMC proliferation in a TGF-p dependent manner,
suggesting that TGF-{ secretion from PVAT can potentiate neointima
formation [8]. Furthermore, It has also been shown that PVAT derived
factors such as leptin, viafastin, TNF-a, IL-6 and IL-8, promote VSMC
proliferation and migration [19]. As described earlier, PVAT has
been argued to be both an instigator and a protective compensator
in diseases at the levels of vascular remodelling and arterial plasticity.
VSMCs are characterized by display of extensive plasticity and undergo
phenotypic switching as response to injury to a proliferative state [48].
The same is observed during restenosis following angioplasty where
VSMC proliferation and VSMC migration from media to intima are
involved. The phenotypic switch is controlled through factors like
visfatin released from PVAT, and may act as regulators for VSMC fate
change [8]. The role of visfatin during diseased state, in proliferation
of VSMC as well as inflammations is closely related to the genesis,
development and rupture of atherosclerotic plaques [49]. It was even
more interesting to note that the growth-promoting effect of PVAT
was significantly enhanced in aged rats and in high-fat diet-induced
obese rats, suggesting the significant role of PVAT in atherosclerosis.
PVAT derived growth factors, including thrombospondin-1, serpin-E1,
TGEF-B, PDGF-BB, VEGF (vascular endothelial growth factor), bFGF
(basic fibroblast growth factor), PLGF (placental growth factor), HGF
(hepatocyte growth factor), and ILGFBP-3 (insulin-like growth factor-
binding protein-3), have well-known effects in stimulation of VSMC
proliferation and migration [50] (Figure 2).

Role of PVAT in modulating cellular plasticity

Growing number of evidences suggested that the biological role
of PVAT under physiological and pathological conditions is mediated
by perivascular adipocytes surrounding human coronary arteries
called pericoronary perivascular adipocytes. They exhibit adipogenic
differentiationandelevated proinflammatorystateleadingtotremendous
release of proinflammatory cytokine (monocyte chemoattractant
peptide-1) [8] hence, contribute to increased inflammation of PVAT
observed in atherosclerotic human blood vessels [19]. Adipocytes are
also responsible for the release of anti-inflammatory molecules such as
adiponectin. It has also been seen that inflammation of PVAT may be
modified by environmental factors, such as high-fat diet and tobacco
smoke, which are relevant to atherosclerosis. These findings suggested
the diverse nature of the inflammatory phenotype of PVAT based on
species, anatomic location, and environmental factors which vary
depending on the stage of disease. PVAT is also found to be associated
with VSMC'’s plasticity in atherosclerosis depending on the release of
inflammatory cytokines by PVAT. Contractile and anti- contractile
characteristics can also have a very important role in the modulation
of VSMC'’s plasticity which may play significant role in stabilization /
destabilization of the atherosclerotic plaques [51]. VSMCs plasticity in
response to the changes in microenvironment acquire diverse range of
structural and functional properties characterized by expression of a
unique set of structural, contractile, and receptor proteins and isoforms
that can be correlated with differing patterns of gene expression [52].
Recent studies have identified signaling pathways and transcription
factors (e.g., RhoA GTPase/ROCK, also known as Rho kinase, and
serum response factor) that regulate the transcriptional activities of
genes encoding proteins associated with the contractile apparatus.
These types of changes can extend further during functional plasticity
[53]. Anticontractile effects of PVAT could be regulated by uptake and
metabolism of the vasoactive amines such as dopamine, norepinephrine,
and serotonin in PVAT itself [54]. The PVAT’s anticontractile effects are
also reported to be mediated by PVRF (PVAT-derived relaxing factors).
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Recent studies also demonstrated that PVAT secretes PVCF (PVAT-
derived contracting factors), which induces blood vessel contraction.
PVRF and PVCF influence local vascular tone through endothelium-
dependent or endothelium-independent effects [5]. Endothelium-
derived NO (nitric oxide), one of the most potent vascular dilators,
stimulates guanylate cyclase in VSMCs, resulting in upregulated
expression of GMP and related signalling cascades to induce blood
vessel relaxation [55]. The anticontractile effects of PVAT on blood
vessels might be mediated by PVAT-derived NO. Inhibition of NOS
attenuated the anticontractile effects of PVAT. PVAT mediated release
of vasoconstrictors helps in elicitation of contraction in mesenteric
arteries suggesting PVAT induces contractile response. Therefore,
it is possible that PVRE such as NO, directly target VSMC to induce
vessel relaxation. Numerous studies have also documented that PVAT
controls vascular tone through potassium channels in VSMC. PVAT
mediated release of PVRF such as H,S, Ang (1-7) and methyl palmitate,
could induce vasodilation by opening of K* channels on VSMC [56].
PVAT also releases PVCF such as calpastatin, Ang II, 5-HT, chemerin
and norepinephrine which could induce vasoconstriction by, in some
cases, still underdetermined mechanisms, albeit most likely mediated
by their receptors on VSMC [8]. Thus, PVAT-derived bioactive factors
collectively and coordinately regulate vascular tone by targeting VSMC.

Role of PVAT
inflammation

intervention in sustaining recurrent

Endothelial dysfunction is now well correlated with dysfunctional
PVAT, which can be well characterized by the loss of protective
functions of PVAT. PVAT-derived adiponectin inhibits plaque
formation via a reduced vascular inflammatory response by secreting
biologically active H,S (mechanism unknown), which improves
endothelial function. PVAT reportedly has a protective role on
vascular grafts, especially the no-touch saphenous vein, in patients
undergoing coronary artery bypass providing mechanical protection
[12]. Initially it was found to be related to aberrant adipokine profile,
but it soon became evident that PVAT dysfunction is mobilized by
inflammatory responses. Hence probably, perivascular adipocytes
may de-differentiate which were primarily lipid-storing cells but
become a metabolically active tissue that produces pro-inflammatory
adipokines and chemokines and become key factors of inflammation
in atherosclerosis [8]. This is supported by the study where the loss
of perilipin, which directly induces this change in PVAT phenotype,
causes vascular dysfunction due to dedifferentiation of PVAT adipocyte
and inflammatory cell infiltration [54]. Under normal physiological
state, PVAT releases substances including beneficial adipocyte-derived
relaxing factor (ADRF), which has been shown to affect vasomotor tone
and regulate important homeostatic blood vessel functions through
endothelium-dependent or endothelium-independent mechanisms,
including activating VSMC potassium channels [57]. However, under
pathological conditions, PVAT becomes pro-atherogenic and secretes
adipocytokines and chemokines which targets a variety of cell types
including macrophages, ECs, T cells and VSMCs [8].

PVAT-derived adipocytokines such as adiponectin (APN) and
IL-10 regulate VSMC migration and proliferation and help maintain
the vascular tone through the control of endothelial vasodilator/
constrictor release and other inflammatory cell migration [58].
However, in atherosclerotic conditions, homeostatic functions of PVAT
become dysregulated and induces atherogenesis through secretion
of adipocytokines such as leptin, visfatin, Tumour necrosis factor- o
(TNF- a), interleukin-6 (IL-6) and monocyte chemoattractant protein
(MCP-1) [59]. Alteration of endocrine functions of adipose tissue
negatively affects the secretion of different adipocytokines under disease
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conditions. Adiponectin acts as a regulator of metabolic responses such
as energy metabolism and insulin-sensitivity, and has pleiotropic effects
during atherosclerosis [60]. The presence of high cholesterol and other
inflammatory-inducing factors could probably induce the progression
of disease due to decreased expression of adiponectin expression
in adipose tissue during inflammation. Low-grade inflammation in
atherosclerosis has been found to be associated with decreased plasma
adiponectin, whereas advanced, chronic inflammation is associated
with increased adiponectin levels. With available could be inferred the
role of adiponectin regulation is complex in humans [61].

Antonopoulos et al. have demonstratedhow the reciprocal effects
of systemic inflammation and brain natriuretic peptides (BNP)

influence adiponectin expression in patients with heart failure using
non-invasive imaging to establish that inflammation within PVAT and
plaque are directly proportional [62]. This idea was further supported
by a study published in Lancet in 2018 by same group utilising non-
invasive imaging to establish correlation between PVAT and plaque
inflammation. These studies raise further questions and probabilities
that blocking inflammation in PVAT can also influence/alter plaque
dynamics [63]. The homeostasis of anti-atherosclerosis adipokines and
pro- atheromatous adipokines serum levels is perturbed in people with
coronary disease and all these factors have potential as future biomarkers
which can be useful during the follow up of the atheromatous plaque
development (Figure 3).
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Conclusion

Location of adipose tissue with specific morphological distribution,
composition, structure and its functionality have inherent role and
these well correlated individual factors can serve as important factors
in outside in theory elucidating the role of various pro inflammatory
cytokines and signaling cascades in atheroprogression. PVAT, here in
coordination with and progressive / recurrent inflammation becomes
the pivotal checkpoint. The essential contribution of PVAT towards
vascular homeostasis is crucial for biological designs as diagnostic and
therapeutics for targeted restoration of the vasculo-adipose balance to
prevent occurrence of acute cardiovascular events. Alterations in the
paracrine control of PVAT in the regulation of arterial tone contributes
to vascular dysfunction in obesity, hypertension, and cardiometabolic
diseases. Perivascular relaxing factors, or perhaps their putative targets,
might represent exciting new targets for the prevention and treatment
of cardiovascular and metabolic diseases.
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