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Cardiovascular disease (CVD) is the leading cause of morbidity and mortality globally. In recent decades, clinical research

has made significant advances, resulting in improved survival and recovery rates for patients with CVD. Despite this

progress, there is substantial residual CVD risk and an unmet need for better treatment. The complex and multifaceted

pathophysiological mechanisms underlying the development of CVD pose a challenge for researchers seeking effective

therapeutic interventions. Consequently, exosomes have emerged as a new focus for CVD research because their role as

intercellular communicators gives them the potential to act as noninvasive diagnostic biomarkers and therapeutic

nanocarriers. In the heart and vasculature, cell types such as cardiomyocytes, endothelial cells, vascular smooth muscle,

cardiac fibroblasts, inflammatory cells, and resident stem cells are involved in cardiac homeostasis via the release of

exosomes. Exosomes encapsulate cell-type specific miRNAs, and this miRNA content fluctuates in response to the

pathophysiological setting of the heart, indicating that the pathways affected by these differentially expressed miRNAs

may be targets for new treatments.
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1. Introduction

Cardiovascular disease (CVD) is a leading cause of morbidity and mortality worldwide . It is associated with enormous

health and economic burdens . Despite current risk assessment and treatment modalities, residual CVD hazard

remains unacceptably high . Given its substantial presence in society, extensive research to deepen our

understanding of the underlying mechanisms of CVD initiation and progression are imperative. It has been increasingly

recognized that extracellular vesicles (EVs), specifically exosomes, have a significant role in CVD development and

pathology. Over the last decade, the perception of exosomes as cell debris derivatives with no significant impact on

neighboring and distant cells has changed drastically . These minuscule cellular biological materials are particularly

important in cell–cell communication, information transfer, and cell function. Exosomes are readily accessible and

available from various tissues throughout the body and travel freely through the circulation. They exhibit varying effects via

their contents depending on the type and health of their cell of origin. Due to their unique characteristics and dynamics,

they are key factors in regulating cardiovascular function and play an important role in almost all aspects of cardiovascular

pathology . The various micro (mi)RNAs carried by exosomes directly influence multiple aspects of CVD such as

hypertrophy, angiogenesis, apoptosis, fibrosis, injury, and repair. Given their diverse role in distinct aspects of CVD, these

microvesicles can be leveraged in the diagnosis and treatment of the disease . Their potential as therapeutic agents

and as nanocarriers and protectors of biomolecules has raised interest among researchers and healthcare professionals.

2. Overview of Exosomes

Intercellular communication among cells is vital in all living organisms for normal functioning . Cell-to-cell

communication occurs through direct contact in neighboring cells or via secretion of soluble factors, such as cytokines,

hormones, and chemokines, which can extend interaction over distances . Recent attention has focused on a means

of intercellular communication via extracellular vesicles (EVs), cell-derived membrane-enclosed microvesicles of varying

sizes secreted by most cell types . EVs show promise in a number of medical applications and may be useful as

non-invasive diagnostic biomarkers and therapeutic nanocarriers for the treatment of various diseases, including

neurodegeneration, cardiovascular dysfunction, and cancer . EVs can be categorized into four major classes,

microvesicles, apoptotic bodies, virus-like particles, and exosomes, according to their size, subcellular origin, and content

. While the first three classes of EVs are formed by the outward budding of the plasma membrane, exosomes

originate as intraluminal vesicles contained within multi-vesicular bodies (MVBs) (Figure 1) . Successive
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extracellular secretion of these intraluminal vesicles by fusion with the plasma membrane releases exosomes with

diameters of ~40 to 160 nanometers into the extracellular matrix .

Figure 1. Exosome biogenesis and exosome cargo. Exosomes originate as intraluminal vesicles contained within multi-

vesicular bodies (MVBs) and are formed via outward budding of the plasma membrane. Exosome content is cell-specific

and contains noncoding RNA, such as miRNA and mRNA, lipids, and proteins. These contents play a vital role in

intercellular communication as they reflect the pathophysiological state of the secreting cell.

Exosomes released into surrounding bio-fluids mediate cell–cell communication between adjoining and distant cells by

shuttling cell-specific cargo composed of bioactive molecules such as lipids, carbohydrates, metabolites, surface and

cytoplasmic proteins, and nucleic acids . Exosome cargo is subject to selective sorting, is unique to the cell type

from which they are derived and reflects the functions and current state of the cell of origin . Exosomes are also

enriched in specific proteins such as tetraspanins that distinguish them from their cell of origin and can be used to track

and identify them . Their lipid bilayer structure is well-suited to carrying and protecting their contents over time and

distance so that they can be delivered intact from donor to receptor cell and from one part of the organism to the other.

3. The Link between Cardiovascular Disease and Exosomes

3.1. Exosome Cargo and the Cardiovascular System

Exosomes are key factors in regulating CVD progression due to their role in the transport and exchange of signaling

molecules . A study by Peng et al. found that extracellular vesicles from atherosclerotic plaque with

characteristics of exosomes may be able to spread atherosclerosis distally . Extracellular vesicles were isolated from

carotid atherosclerotic lesions of rats with knockout of the LDL receptor gene on a high-fat diet and injected into LDL

receptor knockout mice on a normal diet, conditions under which they do not normally develop atherosclerosis. The

extracellular vesicles from atherosclerotic tissue were taken up by endothelium in the carotids and promoted endothelial

inflammation.

In the heart and vasculature, cell types that interact to maintain homeostasis and are known to release exosomes include

cardiomyocytes, endothelial and vascular smooth muscle cells, cardiac fibroblasts, inflammatory cells, and resident stem

cells (Figure 2) . Under both physiological and pathological conditions, exosomes are an integral mode of

communication amongst these cell types (Table 1). Their rate of secretion and specific miRNA cargo can change in

response to pathological states or drug treatments . For example, in a mouse model, analysis of the miRNA

content of exosomes derived from EPC found that the top ten miRNAs in abundance were all associated with

atherosclerosis . Administration of EPC-derived exosomes to atherosclerosis-prone hyperglycemic mice lowered

oxidative stress and inflammation and reduced plaque area, indicating that EPC exosomes may improve endothelial

function in diabetic atherosclerosis.
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Figure 2. Exosomes and their cardioprotective potential. Exosomes derived from a variety of cell types can influence the

heart via delivery of their RNA, DNA, lipid, and protein cargo. The exosomal contents can reach the heart via the

bloodstream or directly through cell-to-cell contact and exert beneficial effects on apoptosis, fibrosis, and angiogenesis.

Further supporting exosome influence on atherosclerosis of specific exosome cargo from distinct cell types,

cardiomyocyte exosomes are enriched for heat shock proteins (HSP) such as HSP-20, 60, and 70) . HSPs are

molecular chaperones that aid in protein folding and take part in apoptotic processes, cell proliferation, and inflammatory

responses . A higher expression of HSP-20 has cardioprotective effects, likely via the inhibition of TNF-α and IL-1β 

. HSP-60, localized within mitochondria, supports mitochondrial function and protein homeostasis under stress

conditions, but when released extracellularly, is apoptotic, inflammatory, and is considered destructive and atherogenic 

. HSP-70 is found on the exosome surface and, by binding to toll-like receptor-4 on the cardiomyocyte, it can activate

the MAPK/ERK1/2 signaling pathway leading to pro-survival and cytoprotective effects .

Exosomal HSP-27 release can also affect macrophage cholesterol homeostasis . HSP-27 is considered

atheroprotective, and low levels of this protein in plasma are associated with CVD . Shi et al. combined HSP-27 with an

anti-HSP-27 antibody to form immune complexes and found that exposure of cholesterol-loaded THP-1 human

macrophages to these immune complexes augmented release of exosomes and these exosomes were enriched in

cholesterol, thus facilitating macrophage cholesterol efflux . They propose the possibility of packaging HSP-27 immune

complexes in exosomes as a means of delivering immune therapy against atherosclerosis to macrophages.

Exosomes can also carry lipids, including free fatty acids, which Barcia et al. showed can be delivered to the heart in vivo

and to cardiac cell types in vitro . This group isolated serum exosomes from healthy adults under fasting conditions

and after consumption of a high-calorie meal (post-prandial) and found that each could take up a free fatty acid analogue,

but the post-prandial exosomes had higher levels of the scavenger receptor CD36 content and higher lipid content.

Blocking CD36 reduced free fatty acid analogue uptake, indicating an active role for this receptor in exosomes. In cell

culture experiments, cardiac endothelial cells and cardiomyocytes were able to take up the free fatty acid analogue from

serum exosomes and the mouse heart was able to take up the analogue after tail vein injection of the exosomes, leading

the authors to posit a role for exosomes in delivering this type of lipid fuel to the heart.

3.2. Exosomes in Atherosclerosis: Endothelial Dysfunction, Macrophage Recruitment, and Vascular
Smooth Muscle Behavior

Endothelial dysfunction is an early step in the development of atherosclerosis. Activated endothelial cells upregulate

expression of adhesion molecules ICAM-1, VCAM-1, P-selectin, and E-selectin, which act to recruit monocytes to the

subendothelial layer of the artery. Important risk factors for atherosclerosis that cause activation of endothelium are an

elevation in serum levels of oxidized LDL (ox-LDL) and an inflammatory environment of elevated cytokines and

homocysteine . Ox-LDL and homocysteine have been shown to induce the release of HSP-70-containing

exosomes from aortic endothelial cells that can elicit immune inflammatory responses and selectively activate monocytes

. Monocyte activation leads to monocyte-endothelial cell adhesion and monocyte infiltration into the subendothelial

space. Activated monocyte-derived macrophages in the arterial intima orchestrate multiple inflammatory atherosclerosis-

promoting processes in plaque formation . When activated, monocytes themselves can perpetuate their own adhesion

to endothelium by producing exosomes that enter endothelial cells and activate NF-κB, thus causing endothelial

production of adhesion molecules . Exosomes isolated from murine bone marrow-derived macrophages (BMDM) and
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infused into atherosclerosis-prone ApoE-deficient Western diet-fed mice exhibit an ability to reduce atherosclerotic lesion

necrosis and stabilize atheroma . Cheng et al. showed, in a human cell culture model, that human umbilical vein

endothelial cells cultured under inflammatory conditions were protected from apoptosis by exosomes from M2 polarized

THP-1 macrophages and the effect was mediated by miR-221-3p .

VSMC proliferation, migration, and cytokine secretion contribute to atherogenesis . VSMC behavior can be influenced

by exosomes of macrophage origin. As far back as 2016, Niu et al. showed that extracellular vesicles derived from

J774a.1 macrophage foam cells could enhance migration and adhesion of human aortic VSMC . Ren et al. cultured

VSMC in media with exosomes from ox-LDL-stimulated macrophages and found that these exosomes improved viability

and invasive properties of the VSMC while suppressing apoptosis . Of the overexpressed miRNA in the ox-LDL-

stimulated macrophage exosomes, miR-186-5p was found to be responsible for these pro-atherogenic effects via

inactivation of SHIP2, thus enhancing PI3K/AKT/mTOR signaling.

The influence of VSMC-derived exosomes on atherosclerosis has been studied. Exosomes isolated from cultured primary

human VSMC induced to undergo premature senescence and their properties were then analyzed . The senescent

VSMC produced more exosomes than the control VSMC. When T cells and monocytes were exposed to exosomes of

senescent VSMC origin, they produced more pro-inflammatory cytokines than cells exposed to control VSMC exosomes.

3.3. Exosomes in Apoptosis

A critical event in CVD progression, including myocardial infarction and heart failure, is the apoptosis and autophagy of

cardiomyocytes . Myocardial ischemia followed by therapeutic restoration of blood flow (ischemia-reperfusion) leads to

cardiomyocyte damage and apoptosis in both the hypoxia stage and the rapid recovery stage . Cardiac fibroblasts

release exosomes that rescue cardiomyocytes from ischemia-reperfusion injury by protecting against apoptosis and

pyroptosis (a form of programmed necrosis) . Luo et al. showed that injection of rat cardiac fibroblast exosomes

into the infarct border of the rat heart during hypoxia–reoxygenation (left anterior descending artery ligation and

reperfusion) reduced infarct size. Comparison of expression levels of exosomal miRNAs showed miR-423-3p to be

enriched in exosomes that limited infarct size and knockdown of this miRNA in cell culture companion studies confirmed

its importance in maintaining cell viability and reducing apoptosis .

In studies using human exosomes, Qiao et al. isolated exosomes from conditioned media of cardiac cells from healthy

volunteers and heart failure patients and performed intramyocardial injection of these exosomes into a mouse model of

acute myocardial infarction induced by coronary vessel ligation. The study showed that the healthy volunteer exosomes

had favorable effect on healing, apoptosis, and tissue preservation while exosomes of heart failure patients inhibited

cardiomyocyte proliferation, inhibited angiogenesis, and worsened healing . As in the case of exosomes from heart

failure patients, exosomes from EPC of mice deficient in the anti-inflammatory and atheroprotective cytokine IL-10 also

lose their protective effect in reducing infarct damage and, rather than inhibit apoptosis, these exosomes enhanced

apoptosis .

3.4. Exosomes in Hypertrophy

Pathologic cardiac hypertrophy occurs when the wall of the ventricle thickens, impairing systolic function . It is often a

result of chronic hypertension and can lead to ischemia and eventually to heart failure. Hallmarks of this process are

enlargement of cardiomyocytes and fibrosis. Exosomes have been implicated in the regulation of cardiac hypertrophy via

effects on the renin-angiotensin system. The mechanical stretch of cardiomyocytes has been found to release exosomes

enriched with angiotensin II and its receptor content, contributing to increased vascular resistance and hypertrophy 

.

Constantin et al. found a potential benefit of exosomes from human mesenchymal stem cells in ameliorating hypertrophy

in a model of human hypertrophic cardiomyocytes . When hypertrophic cardiomyocytes were incubated with

extracellular vesicles from subcutaneous adipose tissue stem cells or from bone marrow mesenchymal stem cells, cardiac

markers for cardiomyocyte hypertrophy and inflammatory cytokine such as IL-1β, IL-4, IL-6, and TNF-α decreased .

Mao et al. engineered exosomes derived from human cardiosphere-derived cells to target cardiomyocytes . They then

infused these exosomes into a mouse model of myocardial hypertrophy and showed decreased perivascular and

myocardial interstitial fibrosis of the left ventricle and decreased hypertrophy in treated mice versus sham mice and

attributed the differences largely to effects of miRNA-148a, an miRNA with anti-proliferative properties.
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Ren et al.  evaluated the effect of bone marrow mesenchymal stem cell-derived exosomes from Sprague-Dawley rats on

cultured H9c2 cells (rat embryonic cardiomyocytes) treated with angiotensin (Ang) II to induce hypertrophy and found that

the exosomes increased viability of the Ang II-treated H9c2 cells while reducing apoptosis and inflammation. The bone

marrow mesenchymal stem cell-derived exosomes acted, at least in part, by normalizing expression of Hippo-Yes-

associated protein (YAP) signaling pathway proteins that had been altered by Ang II.

3.5. Exosomes in Angiogenesis

The regulation of blood vessels involved in supporting the myocardium with oxygen and nutrients relies, in part, on

communication between cardiomyocytes and myocardial vascular endothelial cells via exosomes . Angiogenic capacity

is of great importance in cardiac repair and regeneration post-ischemic injury. A number of cell types can release

exosomes that deliver specific pro-angiogenic miRNAs. For example, mesenchymal stem cell exosomes isolated from

human adipose tissue have been shown to promote angiogenesis in human umbilical vein endothelial cells by carrying

miR-125a . Exosomes extracted from cardiomyocytes after cardiomyocyte hypoxic preconditioning can protect cardiac

microvascular endothelial cells from oxidative damage and promote angiogenesis in vitro and in vivo and this effect is

mediated predominantly by miR-222 and miR-143 . Gou et al. showed that purified exosomes from primary neonatal

cardiomyocytes treated with H2O2 to induce injury were enriched in miR-19a-3p and this increase in miR-19a-3p was also

true for human plasma in post-myocardial infarction patients . They demonstrated uptake of exosomes from mouse

neonatal cardiomyocytes by endothelial cells and showed that miR-19a-3p was anti-angiogenic and that neutralizing this

miRNA promoted survival and proliferation of endothelial cells. They performed mouse studies in which they induced

myocardial infarction via ligation of the left anterior descending coronary artery and then silencing of miR-19a-3p and

showed that silencing improved angiogenesis. The target of miR-19a-3p was found to be hypoxia-inducible factor

(HIF)-1α, which is known to drive multiple genes involved in angiogenesis . In a rat model of myocardial infarction

induced by ligation of the left anterior descending coronary artery, exosomes derived from cardiac telocytes enhanced

angiogenesis and reduced cardiac fibrosis . Increased miR-126 and miR-199a in circulating exosomes in patients with

coronary artery disease is associated with a reduced risk for major future adverse cardiovascular events . Cultured

endothelial cells exposed to these exosomes showed increased proliferation, migration, and tube-formation .

In the microenvironment induced by myocardial infarction, M1 macrophages predominate early, are inflammatory, and

generate exosomes that transport miRNAs to endothelial cells that can reduce angiogenic potential and aggravate

myocardial injury . These proinflammatory exosomes are enriched in miR-155, which is known to inhibit pathways

within endothelial cells, such as the Sirtuin 1, adenosine monophosphate-activated protein kinase (AMPK), and

endothelial nitric oxide synthase which promote angiogenesis .

3.6. Exosomes in Cardiac Fibrosis

Cardiac fibroblasts play an integral role in normal myocardial structure and physiology . They produce an extracellular

matrix and pro-fibrotic factors that can be reparative following injury . However, when pathologically activated, they

negatively affect cardiac function as well as myocardial compliance and stiffness . Exosomes derived from

different cell types and originating under normal or pathologic conditions can affect fibroblasts and modulate cardiac

fibrosis. For instance, in a mouse model of diabetes, exosomes released from the heart after exercise on a treadmill

reduced fibrosis via their higher content of miR-29b and miR-455, which acted by downregulating pro-fibrotic matrix

metalloproteinase (MMP)-9 . In humans with heart failure, the level of miR-217 in cardiac tissue is elevated and higher

miR-217 correlates with poorer left ventricular ejection fraction . In a mouse model of heart failure induced by

thoracic aortic constriction, cardiomyocyte-derived exosomes enriched in miR-217 aggravated cardiac fibrosis via

targeting of phosphatase and tensin homolog (PTEN) . Yuan et al. also used the thoracic aortic constriction mouse

model to look at cardiac remodeling under mechanical stress and found inhibition of excessive fibrosis in mice given an

miR-378 mimic. Exosomes from cultured cardiomyocytes that had been subjected to mechanical stress harbored miR-378

and when cardiac fibroblasts that had also been subjected to mechanical stress were exposed to these exosomes, they

showed reduced upregulation of collagen expression and lower MMP9 protein levels . Anti-fibrotic effects on the

cardiac fibroblasts were blocked with depletion of miR-378 from the stretched cardiomyocyte conditioned medium. Using

murine cells in culture, Tang et al. showed that mechanical stress-treated cardiomyocytes can activate cardiac fibroblasts

by delivering miR-494-3p in exosomes . The cardiomyocyte exosomal miR-494-3p targets PTEN in the fibroblasts.

The miR-494-3p enrichment of cardiomyocyte exosomes occurs due to stress-induced upregulation of the E3 ubiquitin

ligase Peli1, a known participant in inflammatory processes, and is abrogated in cardiomyocytes that are deficient in Peli1.

The pathological activation of cardiac fibroblasts is also influenced by exosomes derived from macrophages. In the

diabetic microenvironment, exosomes released from macrophages exacerbate cardiac fibrosis .
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3.7. Exosomes in Myocardial Infarction

Exosomes are considered potential biomarkers for the diagnosis and monitoring of myocardial ischemia and infarction

. This is of value because of the limitations in sensitivity and specificity and delay in detectable change in the

standard marker, troponin T . Earlier diagnosis and confirmation of myocardial infarction allows faster intervention for

heart muscle preservation .

Silvia-Palacios conducted a study in Mexico City in which exosomes were isolated from the plasma of 26 patients

admitted to intensive care with acute ST-segment elevation myocardial infarct (STEMI) and compared to those of 26

healthy donors . They found that ischemia prompted increased exosome release from the myocardial infarction

patients. Both during the acute myocardial infarction and after reperfusion, miR-223-3p, an miRNA that targets

inflammatory molecules, was found at high levels in patient exosomes.

Chen et al. looked at differentially expressed miRNAs in plasma exosomes from patients with STEMI and non-STEMI

versus healthy controls and proposed a set of 10 miRNAs that they found could discriminate between STEMI and non-

STEMI, which has implications for prognosis and treatment planning .

3.8. Adipose Tissue Exosomes

Obesity is often associated with atherosclerosis and the metabolic complications of obesity may implicate adipose-tissue

(AT)-derived exosomes, although their explicit role in atherogenesis remains unclear . Adipocyte-derived

exosomes have been shown to deliver adipocyte-dominant transcripts into macrophages and promote AT macrophage

activation . Xie et al. showed that exosomes released from differently located and stressed ATs have distinct pro-

atherosclerotic effects . Barberio et al. characterized miRNAs from human adipose tissue-derived exosomes from

obese and lean adolescents and found that six miRNAs contained in adipocyte exosomes targeted cholesterol efflux

genes and were significantly associated with cholesterol efflux capacity . They then exposed cultured THP-1

macrophages to adipocyte-derived exosomes and showed that obese subject exosomes significantly increased

macrophage ox-LDL retention compared to lean subject exosomes. The findings of this study exemplify a mechanistic link

between obesity and macrophage lipid handling.

Liu et al. showed, in mice, that perivascular adipose tissue exosomes suppress macrophage foam cell transformation .

Treatment of a mouse macrophage cell line with the perivascular adipose tissue exosomes reduced ox-LDL uptake, likely

due to decreased expression of ScR-A mRNA and promoted cholesterol efflux, likely due to enhanced expression of

ABCA1 and ABCG1 mRNAs. They then conducted further study of the mechanisms involved and found that the key

miRNA mediating the upregulation of macrophage ABCA1 and ABCG1 by perivascular adipose tissue exosomes was

miR-382-5p .

Wang et al. showed that in mice with myocardial infarction induced by ligation of the left anterior descending coronary

artery, intravenous administration of adipose-derived stem cell exosomes reduced infarct area, inhibited apoptosis and

improved cardiac recovery . These myocardium-preserving results were found to be mediated via miR-205.

Evidence is beginning to accumulate that exosomes from different cell types found within obese adipose tissue affects

whole body metabolism, and, indirectly, atherosclerotic risk . For example, macrophages that reside within

adipose tissue produce exosomes that transfer to adipocytes, and, in a murine model, lean mice treated with adipose

tissue macrophage exosomes from obese mice became insulin resistant . Further evidence of the relationship among

obesity, adipose tissue exosomes, and metabolism can be found in a human study showing that weight loss brought

about after gastric bypass surgery changes the miRNA content of adipocyte-derived exosomes isolated from the

peripheral blood . One year after surgery, 10 miRNAs that target insulin signaling pathways were found to be altered

and this correlated with improvements in insulin sensitivity with better glucose homeostasis.

4. The Application of Exosomes in Treatment of Heart Disease

There is great interest in using the unique properties of exosomes to treat and prevent CVD . As discussed in

researchers' full paper, exosomes can affect key signaling pathways that are disrupted in the ischemic state and during

myocardial infarction and they can change the proteome of the heart  . Exosomes may be used as vehicles for

delivery of drugs, lipids, proteins, miRNAs and mRNAs to the heart and blood vessels. Advantages of exosomes in

transporting these therapeutics include their biocompatibility, low immunogenicity and low toxicity as well as their ability to

move through biological fluids . Further, they can be manipulated to target specific cell types by changing their surface
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markers . Initiatives to apply exosomes in human CVD treatment are slow to move forward, but several interventional

studies have been initiated .

Table 1. Summary of cardiovascular impact of exosome cargo from specific cell and tissue types.

Cell/Tissue Source of
Exosomes Reference CVD Impact Key Cargo

Involved

Carotid atherosclerotic tissue Endothelial inflammation in rats Whole exosomes

Endothelial progenitor cells
(EPC)

↓ oxidative stress and inflammation and ↓ plaque area in
hyperglycemic mouse model Whole exosomes

Cardiomyocyte Protects against apoptosis, remodeling and cardiac
hypertrophy in diabetic mice

Heat shock
protein (HSP)-20,

Cardiomyocyte Atherogenic via induction of inflammatory mediators HSP-60

Blood
Anti-inflammatory, atheroprotective effects on

macrophages via IL-10 release, facilitation of cholesterol
efflux

HSP-27

Blood Delivery of free fatty acids to cardiac endothelium and
myocytes for energy CD36

Arterial endothelium Monocyte activation and adhesion HSP-70

Macrophage foam cells Enhanced adhesion and suppressed apoptosis of
vascular smooth muscle cells MiR-186-5p

Cardiac fibroblasts ↓ infarct size in rat ischemia-reperfusion injury, limited
apoptosis MiR-423-3p

Human mesenchymal stem
cells

↓ cardiac markers for cardiomyocyte hypertrophy and ↓
inflammatory cytokine levels Whole exosomes

Human cardiospheres ↓ left ventricular fibrosis and hypertrophy in a mouse
cardiac hypertrophy model MiRNA-148a

Human adipose tissue
mesenchymal stem cells Promote angiogenesis MiR-125a

Cardiomyocyte after hypoxic
preconditioning

Promote angiogenesis and protect microvascular
endothelium from oxidative damage

MiR-222 and miR-
143

Primary neonatal
cardiomyocytes Anti-angiogenic MiR-19a-3p

Blood ↑ proliferation, migration and tube-formation in
endothelial cells

MiR-126 and miR-
199a

Inflammatory M1
macrophages Anti-angiogenic MiR-155

Heart after exercise ↓ fibrosis MiR-29b and miR-
455

Cardiomyocyte ↑ fibrosis and hypertrophy MiR-217

Cardiomyocytes after
mechanical stress ↓ fibrosis MiR-378

Cardiomyocytes after
mechanical stress ↑ fibrosis MiR-494-3p

Perivascular adipose tissue Atheroprotective, ↑ macrophage cholesterol efflux,
ABCA1, and ABCG1 MiR-382-5p

Obese mouse adipose tissue
macrophages Confer insulin resistance on lean mice Whole exosomes
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