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Abstract

Perivascular adipocytes residing in the vascular adventitia are recognized as distinct endocrine 

cells capable of responding to inflammatory stimuli and communicating with the sympathetic 

nervous system and adjacent blood vessel cells, thereby releasing adipocytokines and other 

signaling mediators to maintain vascular homeostasis. Perivascular adipocytes exhibit phenotypic 

heterogeneity (both white and brown adipocytes) and become dysfunctional in conditions such as 

diet-induced obesity, thus promoting vascular inflammation, vasoconstriction and smooth muscle 

cell proliferation to potentially contribute to the development of vascular diseases such as 

atherosclerosis, hypertension, and aortic aneurysms. Although accumulating data have advanced 

our understanding of the role of perivascular adipocytes in modulating vascular function, their 

impact on vascular disease, particularly in humans, remains to be fully defined. This brief review 

will discuss the mechanisms whereby perivascular adipocytes regulate vascular disease, with a 

particular emphasis on recent findings and current limitations in the field of research.
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1. Introduction

Most blood vessels, except the cerebral vasculature, are surrounded by perivascular (PV) 

adipose tissue (PVAT), which was long considered to function primarily as a connective 

tissue to support vascular structure. PVAT is now recognized as a physiologically 

independent endocrine tissue that maintains vascular homeostasis, and mounting evidence 

suggests that PVAT becomes dysfunctional under certain disease states, including diet-

induced obesity (DIO), wherein it plays a pathogenic role in vascular disease.1 PVAT 

consists of many types of cells, dominated by mature adipocytes and preadipocytes, and to a 

lesser extent resident mesenchymal stem cells (MSCs), endothelial cells and inflammatory 

cells. PVAT-derived MSCs can differentiate into multiple cell lineages, including adipocytes, 

osteoblasts and endothelial cells. Infiltration of inflammatory cells (e.g. macrophages, T 

cells) is increased in inflamed PVAT, which likely contributes to the pathogenesis of vascular 

disease via “outside-in” signaling.

Perivascular adipocytes communicate with other cells in PVAT, and with vascular cells, by 

directly transferring adipocytokines and by secreting exosomes that contain adipocytokines 

and other signaling molecules, including microRNAs (miRs). Chemokines such as monocyte 

chemoattractant protein-1 (MCP-1, also known as CCL2) and RANTES (known as CCL5) 

produced by PV adipocytes recruit macrophages and other immune cells into PVAT. The 

sympathetic nervous system was suggested to interact with PV adipocytes and/or 

preadipocytes, which express receptors for neurocytokines including neuropeptide Y, to 

modulate PVAT function.2 In physiological conditions, adipocytokines released from PV 

adipocytes play an important role in regulating vasomotor tone and vascular homeostasis, 

while dysfunctional PV adipocytes under inflammatory conditions produce cytokines such 

as tumor necrosis factor-α (TNFα), interleukin-6 (IL-6) and MCP-1 to promote vascular 

disease. PV adipocytes exhibit significant phenotypic heterogeneity, displaying features of 

white or brown adipocytes depending on the anatomic location.3 In animal models, brown-

like PV adipocytes may exhibit anti-atherosclerotic properties by promoting non-shivering 

thermogenesis and fatty acid metabolism, but brown-like perivascular adipocytes are 

observed less frequently in adult humans.4 PV adipocytes surrounding human coronary 

arteries are primarily white-like, but they are more heterogeneous in shape, smaller in size 

and exhibit impaired adipogenic differentiation as compared with subcutaneous (SQ) or 

perirenal adipocytes, suggesting a unique phenotype which may govern their role in vascular 

disease.5

This review focuses on key concepts pertaining to PV adipocyte biology in vascular function 

and disease. For general information regarding pathophysiologic function of PVAT, the 

readers are referred to recent comprehensive review articles.6,7
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2. Brief overview of perivascular adipocyte biology

2.1. Developmental origin and regional differences of PV adipocytes

Adipose tissue depots are comprised of progenitor cells that can be traced to unique 

embryonic lineages, which likely contributes to the specialized functions of the individual 

depots.8 The origin of PV adipocytes remains to be fully elucidated; however, current 

evidence primarily obtained in rodent models suggests that these cells may be derived from 

vascular smooth muscle cell (VSMC) progenitors, neural crest cells, and other unidentified 

lineages, depending on their precise location along the vascular tree.9-11 The phenotype of 

PV adipocytes surrounding the thoracic aorta in rodents resembles brown adipocytes, with a 

multilocular appearance and round nuclei, whereas the abdominal aorta is mainly 

surrounded by white adipocytes. However, mechanisms whereby these distinct PV adipocyte 

populations differentially regulate vascular function and pathophysiology are unclear. 

Human adipocytes from SQ adipose tissue (SQAT) and pericoronary PVAT exhibit distinct 

gene expression patterns related to both early development and vascular functions.5 For 

example, engrailed-1 (En-1), the homeodomain transcription factor (Emx-2), and homeobox 

A10 protein (Hox-A10), genes related to development, are differentially expressed in human 

PV adipocytes. Functionally, human pericoronary PV adipocytes exhibit increased capacity 

to attract immune cells and to induce angiogenesis, which suggests a possible role in 

promoting coronary atherosclerosis.6

2.2. Paracrine activities to regulate vascular function

PV adipocytes secrete factors that can promote either vasoconstriction or vasodilation.12 

Under physiological conditions, PV adipocytes primarily exert vasodilatory effects by 

releasing adipocyte-derived relaxing factor (ADRF), which promotes vasodilation through 

endothelium-dependent or -independent mechanisms, including activating VSMC potassium 

channels. In addition, adiponectin produced by PV adipocytes may regulate AMP-activated 

protein kinase to favorably modulate vascular tone and remodeling. Moreover, omentin 

secreted from healthy PV adipocytes may exert vasoprotection by inhibiting NADPH 

oxidase (NOX) activity and NF-κB signaling. Thus, under physiologic conditions, PV 

adipocytes may promote vascular health and homeostasis. On the other hand, in conditions 

such as DIO, PV adipocytes become dysfunctional, leading to reduced adiponectin 

production and nitric oxide (NO) bioavailability, and loss of vasodilatory function. 

Moreover, proinflammatory cytokines produced by inflamed PVAT during DIO enhance 

vasoconstriction and impair endothelium-dependent relaxation. These inflammatory 

cytokines can also promote VSMC proliferation and migration. For example, IL-6 increases 

the expression of vascular angiotensin II receptor type 1 (AT1) receptors and mediates 

medial hypertrophy through VSMC phenotype switching, while MCP-1 exerts paracrine 

effects on VSMC to promote neointimal formation. Using PVAT transplantation coupled 

with wire injury, Manka et al. demonstrated that MCP-1 locally released by PVAT 

contributes to neointimal formation in the mouse carotid artery.13 Transplantation of similar 

quantities of subcutaneous adipose tissue did not significantly impact neointimal formation, 

pointing to the unique properties of PVAT. MCP-1 expression was increased by 6-fold in 

PVAT of HFD-fed mice, and transplanted PVAT into carotid artery promoted adventitial 

macrophage infiltration and angiogenesis. MCP-1 gene deletion abrogated the effects of 
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PVAT transplantation to promote angiogenesis and neointimal formation, suggesting that 

MCP-1 serves as an ”outside-in” molecular PVAT signal to enhance vasculopathy. However, 

deletion of MCP-1 in PVAT did not significantly diminish adventitial inflammatory cell 

recruitment, suggesting that other chemokines secreted from PV adipocytes can efficiently 

support chemotaxis. Leptin, also produced by PV adipocytes, has multiple opposing effects 

on vasorelaxation and vasoconstriction under normal conditions and thus appears to have 

little impact on blood pressure.14 However, in obesity, it promotes hypertension and release 

of proinflammatory cytokines such as TNFα, IL-6 and IL-12 from macrophages, whereas 

adiponectin suppresses production of TNFα and interferon-γ. Guzik et al. reported that T 

cell infiltration in PVAT is increased in response to angiotensin II (AngII), driven in part by 

RANTES expression in the vascular wall, resulting in hypertension and vascular 

dysfunction.15 Given that HFD increases RANTES expression in adipose tissue,16 PV 

adipocyte-derived chemokines could play an important role in T cell recruitment to the 

vascular wall, suggesting that crosstalk between PV adipocytes and immune cells is an 

important aspect whereby PVAT regulates vascular function.6

2.3. Interaction with sensory nerves

Like other adipose tissues, PVAT is innervated by the sympathetic nervous system (SNS).17 

This SNS produces calcitonin gene-related peptide (CGRP) and other neurotransmitters 

which can regulate vascular tone. Bakar et al. demonstrated that SNS within PVAT plays an 

important role in leptin release and vasodilatation of rat mesenteric arteries, suggesting a 

functional interaction between SNS and PV adipocytes to regulate vasoreactivity.18 In 

addition, stimulation of sympathetic nerves within mesenteric PVAT may induce the release 

of noradrenaline, which activates adipocyte β3-adrenoceptors, leading to adiponectin 

release, suggesting that sympathetic nerve activation promotes PVAT-dependent 

vasodilation.19 Notably, while SNS activity is chronically increased in obesity, SNS 

activation in response to acute glucose load is blunted, suggesting this vasodilatory 

mechanism may be impaired in obese individuals.20 Also, leptin, released from inflamed 

adipocytes in obesity, can reduce adiponectin productio21 and PVAT anti-contractile function 

via β3-adrenoceptor internalization in PV adipocytes.18 Although the mechanisms have not 

been fully elucidated, these data suggest that PV adipocytes and the SNS interact to balance 

pro- and anti-contractile effects of PVAT.

The adrenergic system in PV adipocytes may also store and release norepinephrine to 

regulate vascular function. Ahmad et al. reported that, compared to other adipocytes, PV 

adipocytes are unique in their ability to store norepinephrine through vesicular monoamine 

transporters.22 Norepinephrine selectively enters PV adipocytes in PVAT through plasma 

membrane transporters OCT3 (organic cation transporter 3) and NET (norepinephrine 

transporter) and is subsequently taken up in cytosolic vesicles. These data suggest that 

multiple adrenergic mechanisms are operative in PV adipocytes which could be modulate 

vascular function and inflammation. However, whether norepinephrine storage in PV 

adipocytes is dysregulated in obesity remains to be investigated.

Exercise produces a myriad of beneficial cardiovascular effects that can largely mitigate the 

detrimental influences of obesity. Many of the beneficial effects of exercise are mediated 
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through the SNS in skeletal muscle and the immune system. Interestingly, exercise also 

upregulates adrenoceptor expression in adipose tissues while reducing inflammatory cell 

recruitment and cytokine production, suggesting that exercise may be a promising strategy to 

reduce PVAT inflammation during DIO.23 Moreover, SNS activation induced by exercise 

could potentially promote “browning” of PVAT (discussed below). Collectively, these data 

suggest that crosstalk between SNS and PV adipocytes as well as immune cells plays an 

important role in regulating PVAT inflammation and vascular function.

2.4. Potential mechanisms of phenotypic switching (whitening and re-browning)

PV adipocytes surrounding thoracic aorta in rodents are phenotypically similar to brown 

adipocytes, characterized by small size, high mitochondrial content, multilocular lipid 

droplets and thermogenic gene expression (i.e. UCP-1), whereas abdominal PV adipocytes 

contain both white and brown adipocytes. On the other hand, mesenteric, carotid, and 

femoral artery PVAT is dominated by white adipocytes, indicating phenotypic heterogeneity 

of PV adipocytes depending on their anatomic location.24 Compared to rodent PVAT, 

phenotype of human PVAT is less well defined. Human PV adipocytes surrounding coronary 

arteries are white-like but small in size and inefficient at storing lipid, whereas those 

surrounding radial arteries are larger and exhibit high capacity to form lipid droplets, 

indicating phenotypic variability of human PV adipocytes depending on the associated 

vasculature.25

During DIO in rodents, PV adipocytes become more white-like, with a primarily unilocular 

appearance and large lipid droplets.26,27 While brown-like PV adipocytes, associated with 

non-shivering thermogenesis and combustion of fatty acids, have favorable metabolic and 

anti-atherosclerotic effects,9 metabolic diseases such as obesity and diabetes are 

characterized by PVAT inflammation that may result from PV adipocyte “whitening”.6 

Interestingly, both exercise and brown adipocyte inducers (i.e. cold exposure, β-adrenergic 

stimulation) may enhance “re-browning” of PV adipocytes to restore protective effects on 

metabolism and vascular function.28,29 Using cold exposure, Pan et al. investigated the 

mechanisms of PV adipocyte browning. They found that PV adipocyte browning is 

decreased in aged mice, concomitant with miR-146b-3p downregulation, while loss of 

miR-146b inhibits PV adipocyte browning in young mice. Aging also reduces brown 

adipogenic differentiation of resident stromal cells in PVAT via loss of peroxisome 

proliferator-activated receptor-γ coactivator-1 α (PGC1α). These data suggest that aging 

potentially regulates PV adipocyte phenotypic switching via specific signaling pathways.
30,31 However, the relevance of these pathways to PV adipocyte biology and vascular disease 

in humans is uncertain.

3. Regulatory role of perivascular adipocytes in vascular disease

3.1. Atherosclerosis

Atherosclerosis is characterized by endothelial dysfunction through reduced nitric oxide 

(NO) bioavailability, lipid deposition, VSMC proliferation, inflammatory cell infiltration, 

and vascular inflammation. While inflammatory cells such as macrophages and T cells 

recruited in PVAT may contribute to perivascular inflammation, mounting evidence indicates 

Kim et al. Page 5

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2020 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



that inflamed PV adipocytes also play an important role in the pathogenesis of 

atherosclerosis. In physiological conditions, adipokines such as adiponectin produced by PV 

adipocytes can inhibit plaque formation, reduce inflammation, and improve endothelial 

function through endothelial NO synthase (eNOS) phosphorylation. In addition, 

thermogenic activity of healthy PV adipocytes can increase vascular lipid clearance. Chang 

et al. reported that SMC-selective PPARγ (SMPG) KO mice, which selectively lack PVAT, 

but not white or brown adipose tissues (WAT or BAT), exhibited impaired thermogenic 

activity and endothelial function. Moreover, cold exposure inhibited atherosclerosis in mice 

with intact PVAT, but not in SMPG KO mice, suggesting a potentially protective role of 

PVAT in atherosclerosis.10 However, during high fat feeding under ambient temperature, 

inflamed and dysfunctional PV adipocytes lose these anti-atherosclerotic properties, 

releasing less adiponectin and more proinflammatory adipokines such as IL-6, TNFα and 

MCP-1.

Fat transplantation in mice is a commonly employed method to investigate the role of PVAT 

in atherosclerosis, and linkages between local PVAT and atherosclerosis development have 

been experimentally demonstrated by several investigators using this model. Öhman et al. 
showed that transplantation of visceral adipose tissues isolated from obese mice increased 

endothelial dysfunction and atherosclerosis in recipient low density lipoprotein receptor 

(LDLR) knockout (KO) mice,32 suggesting a pro-atherogenic role in obesity. 

Mechanistically, Li et al. reported that adiponectin/apolipoprotein E (apoE) double KO mice 

exhibited increased perivascular inflammation and atherosclerosis development,33 indicating 

that adiponectin is a key regulator of PVAT inflammation in atherosclerosis. Because the 

transplanted adipose tissues also contain immune cells, the specific role of PV adipocytes is 

difficult to ascertain. Thus, developing more specific in vivo experimental models to 

examine the precise mechanisms whereby PV adipocytes regulate atherosclerosis and other 

vascular diseases is required in the future.

3.2. Remote effects on endothelial dysfunction and atherosclerosis

Proximity of PV adipocytes to vascular adventitia facilitates biotransfer of their 

adipocytokines to the vascular wall. Thus, local inflammation triggered by dysfunctional PV 

adipocytes is presumed to be the predominant mechanism whereby PV adipocytes contribute 

to the pathogenesis of atherosclerosis. However, human pericoronary perivascular adipocytes 

were reported to secrete significantly more pro-inflammatory cytokines compared with 

adipocytes derived from other depots in the same patients; in particular, PV adipocytes 

secreted approximately 50-fold more MCP-1 compared with perirenal adipocytes and 3-fold 

more MCP-1 than omental adipocytes.34 Thus, it is possible that accumulation of 

dysfunctional PV adipocytes could conceivably contribute to systemic inflammation in 

obesity, thereby augmenting endothelial dysfunction and atherosclerosis at remote sites. This 

hypothesis was tested by Horimatsu et al., who demonstrated that transplanting 50 mg of 

PVAT (but not SQ or epididymal adipose tissue) harvested from DIO mice onto the 

abdominal aorta of recipient LDLR KO mice augmented endothelial dysfunction and 

atherosclerosis in the remote thoracic aorta. These effects were independent of body weight, 

plasma lipid levels, body composition and insulin sensitivity, and associated with vascular 

inflammation, suggesting a systemic inflammatory effect of PVAT in vascular disease.35 

Kim et al. Page 6

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2020 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Further in-depth studies are required to elucidate the extent to which endogenous PVAT 

promotes systemic vascular disease, particularly in humans.

3.3. Non-atherosclerotic vascular disease

While the role of PVAT or PV adipocytes in the pathogenesis of atherosclerosis has been 

extensively investigated, their role in non-atherosclerotic vascular diseases, including 

neointimal hyperplasia, abdominal aortic aneurysm (AAA), and arterial stiffness and 

vasculitis, has received less attention. However, accumulating data in humans and 

experimental animal models suggest that dysfunctional PVAT or PV adipocytes may be 

potentially linked to these diseases, which are also commonly characterized by vascular wall 

inflammation, oxidative stress, VSMC phenotypic switching and neovascularization.

Gao et al. reported that HFD feeding increases AAA formation through eNOS uncoupling in 

PVAT in obese mice,36 suggesting a role for PVAT dysfunction during DIO in AAA 

formation. Likewise, transplanting VAT onto the abdominal aorta of ApoE KO mice 

promoted AAA formation via angiotensin II type 1a (AT1a) receptor signaling pathway,37 

suggesting that adipose tissue surrounding the aorta play an important role in AAA 

pathogenesis; however, as in many prior studies, authentic PVAT was not employed in the 

transplantation protocol. It has also been reported that platelet-derived growth factor-D 

(PDGF-D), highly expressed in PVAT of obese mice, promotes AAA formation.38 

Furthermore, RANTES expressed on adipocytes increases T cell infiltration which also 

contributes to AAA formation,15,16 suggesting that crosstalk between PV adipocytes and 

immune cells plays an important role in the pathogenesis of AAA.

Data in humans show that aortic stiffness is positively correlated with the quantity of PVAT, 

which is independent of body-mass index,39 and PVAT-derived IL-6 is associated with an 

increase in aortic stiffness and pulse wave velocity in humans.40,41 Several studies also 

suggest an association between PVAT and vasculitic syndromes, including Takayasu arteritis 

(TA), which is characterized by prominent granuloma accumulation in large elastic arteries. 

TA patients exhibit higher levels of leptin and resistin, which are associated with increased 

expression of inflammatory markers such as pentraxin-3.42

Taken together, these data support a linkage between PVAT and non-atherosclerotic vascular 

diseases; however, definitive evidence is lacking due to limitations in the currently available 

animal models. Importantly, most prior studies focused on the role of inflammatory cells 

rather than adipocytes in PVAT, so the specific contribution of PV adipocytes to these 

diseases remain to be determined. For additional information, the reader is referred to a 

recent review article pertaining to the role of PVAT in non-atherosclerotic vascular disease.43

3.4. Potential linkage with lipodystrophy-related vascular disease

Lipodystrophy, a disease state in which the amount of adipose tissue is severely diminished, 

promotes insulin resistance and hypertension, which is paradoxically similar to that typically 

seen in obese patients with excess adiposity. These metabolic and vascular disorders 

resulting from either excess or insufficient adipose tissue underscore the important 

physiological role of adipocytes. Given that PV adipocytes are adjacent to vascular 

adventitia and play regulatory roles in vasoreactivity and hypertension, it has been 
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speculated that hypertension in lipodystrophic patients may be attributed to reduction or 

absence of adipocytes around resistance vessels. Ablation of adipose tissues in experimental 

animal models produced severe insulin resistance, dyslipidemia and hepatic steatosis, 

providing a model to study the systemic cardiovascular effects of lipodystrophy. Takemori et 
al. investigated the role of PVAT in vascular function using lipoatrophic A-ZIP/F1 transgenic 

mice, which have no WAT and dramatically reduced PVAT and BAT.44 Interestingly, these 

lipoatrophic mice exhibited insulin resistance and hypertension, which was linked to the 

absence of PVAT and upregulated expression of AT1 receptors. SMPG KO mice are 

completely devoid of PVAT, but have normal WAT and BAT and also display hypertension 

and increased arterial stiffness.10,45 On the other hand, Kugo et al. reported that 

hypoperfusion-induced AAA formation in rats was diminished by removal of PVAT, in 

conjunction with decreased number of MSCs in vascular wall.46 These data suggest that 

PVAT atrophy in lipodystrophic states could impact vascular function and disease states in 

complex ways via several mechanisms, elucidation of which may advance our understanding 

of hypertension, vascular stiffness and remodeling, metabolic disease, etc.

4. Clinical implications: perivascular adipose tissue imaging for detection 

or prediction of vascular disease

Temporal and spatial development of aortic PVAT and luminal plaque in mice can be imaged 

by micro computed tomography (CT), a high resolution technique that enables co-

localization of atherosclerotic lesions with PVAT. Using this method, Faight et al. reported 

that in ApoE KO mice fed a high fat diet for 30 weeks, plaque development co-localized 

with luminal ostia and origins of branching arteries which traveled through the greatest areas 

of PVAT volume.47 In humans, PVAT also can be monitored and quantified using CT 

scanning and MRI. Moreover, biological functions of PVAT may be inferred from the CT 

imaging data. Antonopoulos et al. employed the CT fat attenuation index (FAI), an indicator 

of adipocyte lipid mass, which can be obtained from routine coronary CT angiograms, to 

quantify coronary PVAT inflammation.48 The FAI correlated with PV adipocyte size and 

lipid content in adipose tissues procured from the same patients. Moreover, FAI was higher 

in PVAT surrounding unstable plaques, and post-hoc analysis of outcome data obtained from 

consecutive patients undergoing angiography revealed that high PV FAI values were 

predictive of cardiovascular mortality,49 suggesting that imaging PVAT is a promising, 

noninvasive method for monitoring vascular inflammation and predicting coronary events. 

This methodology has been implemented in a large study to noninvasively detect plaque 

instability in the human coronary vasculature. Besides using imaging of PVAT to predict 

future risk of myocardial infarction, Ohyama et al. reported that CT coronary angiography is 

a useful approach to assess coronary perivascular inflammation and disease activity in 

patients with vasospastic angina,50 which may be exacerbated by inflammatory cytokines 

produced by PVAT. Furthermore, Dou et al. reported that inflammatory mediators produced 

in adipose tissues may be linked to local and remote (coronary) microvascular dysfunction in 

aged obese patients, suggesting the potential role of adipose tissues in regulating systemic 

vascular function.51 These emerging data suggest that imaging PVAT may help in 

assessment and therapeutic management of patients with diverse forms of cardiovascular 

disease.
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5. Perspectives

Since the vasoactive effects of PVAT were first reported in 1991, extensive studies have been 

conducted to identify the mechanisms whereby PV adipocytes regulate vascular function and 

disease (Figure). While much is now known, due to the limitations of current experimental 

models, many questions remain unanswered to advance our understanding of the function of 

these unique adipocytes surrounding the vascular wall. The mechanisms that control PV 

adipocyte phenotype switching and communication with other cell types and systems (i.e. 
inflammatory cells, progenitor cells, SNS) to modulate vascular disease remain to be 

delineated. Also, whether and how PVAT-resident progenitor cells/preadipocytes contribute 

to vascular function and disease is largely unknown. Establishing more robust animal 

models is clearly required to answer these questions in the future. Nevertheless, 

accumulating data from experimental mice and humans suggest that PV adipocytes are not 

only important modulators of vascular function, but may also function as predictors of 

vascular disease and possible targets for therapeutic intervention.
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Abbreviations

AAA abdominal aortic aneurysm

apoE apolipoprotein E

BAT brown adipose tissue

CCL chemokine (C-C motif) ligand

CT computed tomography

DIO diet-induced obesity

eNOS endothelial NO synthase

FAI fat attenuation index

IL-6 interleukin-6

KO knockout

LDLR low density lipoprotein receptor

MCP-1 monocyte chemoattractant protein-1

miR microRNA

MSC mesenchymal stem cells

PV perivascular
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PVAT perivascular adipose tissue

SNS sympathetic nervous system

SQ subcutaneous

TNFα tumor necrosis factor-α

VSMC vascular smooth muscle cell

WAT white adipose tissue
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Highlights

• PV adipocytes play a fundamental role in vascular homeostasis. However, 

they become dysfunctional during diet-induced obesity, which disrupts the 

balance between pro- and anti-inflammatory adipocytokine secretion.

• Accumulating data suggest that PV adipocytes play an important role not only 

in atherosclerosis and hypertension, but also in non-atherosclerotic vascular 

diseases. However, direct evidence of their involvement is lacking due to 

technical limitations of current experimental animal models.

• While the bulk of published studies have focused on the local paracrine 

impact of PV adipocytes on the vascular wall, dysfunctional PV adipocytes 

may also be capable of promoting endothelial dysfunction and atherosclerosis 

remotely via their robust capacity to secrete pro-inflammatory adipocytokines 

into the systemic circulation.

• Assessing PVAT volume and PV adipocytes size by CT imaging is a 

promising method for monitoring vascular inflammation and predicting the 

occurrence of vascular events.
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Figure. Proposed mechanisms by which PV adipocytes modulate vascular function and disease.
PV adipocytes exhibit significant phenotypic heterogeneity, displaying features of white or 

brown adipocytes. PV adipocytes become more white-like during DIO, and exercise or 

brown adipocyte inducers (i.e. cold exposure, β-adrenergic stimulation) may enhance “re-

browning” of PV adipocytes to restore protective effects on metabolism and vascular 

function. PV adipocytes communicate with other cells such as immune cells or nerves in 

PVAT and with vascular cells by directly transferring adipocytokines, miRNAs, etc. PV: 

perivascular, PVAT: perivascular adipose tissue, MSC: mesenchymal stem cell, ADRF: 

adipocyte-derived relaxing factor, TNFα: tumor necrosis factor-α, IL-6: interleukin-6, 

MCP-1: monocyte chemoattractant protein-1.
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