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Abstract: Cardiovascular diseases (CVDs) are widely recognized as the leading cause of mortality
worldwide. Despite the advances in clinical management over the past decades, the underlying patho-
logical mechanisms remain largely unknown. Exosomes have drawn the attention of researchers for
their relevance in intercellular communication under both physiological and pathological conditions.
These vesicles are suggested as complementary prospective biomarkers of CVDs; however, the role
of exosomes in CVDs is still not fully elucidated. Here, we performed a literature search on exosomal
biogenesis, characteristics, and functions, as well as the different available exosomal isolation tech-
niques. Moreover, aiming to give new insights into the interaction between exosomes and CVDs,
network analysis on the role of exosome-derived mediators in coronary artery disease (CAD) and
heart failure (HF) was also performed to incorporate the different sources of information. The up-
regulated exosomal miRNAs miR-133a, miR-208a, miR-1, miR-499-5p, and miR-30a were described
for the early diagnosis of acute myocardial infarction, while the exosome-derived miR-192, miR-194,
miR-146a, and miR-92b-5p were considered as potential biomarkers for HF development. In CAD
patients, upregulated exosomal proteins, including fibrinogen beta/gamma chain, inter-alpha-trypsin
inhibitor heavy chain, and alpha-1 antichymotrypsin, were assessed as putative protein biomark-
ers. From downregulated proteins in CAD patients, albumin, clusterin, and vitamin D-binding
protein were considered relevant to assess prognosis. The Vesiclepedia database included miR-133a
of exosomal origin upregulated in patients with CAD and the exosomal miR-192, miR-194, and
miR-146a upregulated in patients with HE. Additionally, Vesiclepedia included 5 upregulated and 13
downregulated exosomal proteins in patients in CAD. The non-included miRNAs and proteins have
not yet been identified in exosomes and can be proposed for further research. This report highlights
the need for further studies focusing on the identification and validation of miRNAs and proteins of
exosomal origin as biomarkers of CAD and HF, which will enable, using exosomal biomarkers, the
guiding of diagnosis/prognosis in CVDs.

Keywords: biomarkers; cardiovascular diseases; coronary artery disease; exosomes; heart failure

1. Introduction

Cardiovascular diseases (CVDs) are the leading cause of morbidity and mortality
worldwide [1]. Despite the advances in treatment approaches over the past decades
that have considerably reduced the mortality, the underlying molecular mechanisms
remain largely unknown. Moreover, the development of new diagnostic and therapeutic
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approaches is hampered by the complex nature of CVDs, including risk factors, such as
obesity, diabetes mellitus, and hypertension [2]. The identification of novel biomarkers
that can aid diagnosis and direct therapeutic strategies is a key target to address in order to
achieve further reduction of morbidity and mortality rates [3].

Exosomes are small endosomal-derived membrane vesicles (30-150 nm diameter) [4]
that have drawn the attention of researchers in the past decade for their relevance in inter-
cellular communication [5]. In recent years, exosomes have been described in numerous
cell—cell and cell-environment communications through the release of biological and/or
chemical molecules to recipient cells. They govern physiological processes and show
typical disturbances, which may constitute mechanistic pathways in various disease pro-
cesses [6]. The biological content of exosomes, such as proteins and microRNAs (miRNAs),
is conditioned by the cellular origin, function, and current state as a fingerprint of the
donor cell. Moreover, exosomes provide some target site specificity to their cargos. Thus,
exosomes better reflect cellular and regulatory processes than free circulating markers [7].
Moreover, most circulating miRNAs are enclosed in microvesicles, primarily exosomes,
and exosome isolation improves the sensibility of miRNA amplification from biological
fluids [8]. Evidence supports a potential role of exosomes as CVDs biomarkers, since
profound changes in exosomal composition take place in CVDs, which are commonly
attributed to shifts in cell type of origin and/or stimuli during biogenesis. Nevertheless,
translation to clinically meaningful studies and clinical practice is lacking, mostly due to
inconsistent exosomal isolation methods [9].

In this report, we summarize current knowledge on exosomal biogenesis, features,
and functions, as well as the different available exosomal isolation techniques. Moreover,
the potential use of exosome-derived mediators for diagnostic/prognostic purposes in
CVDs is also emphasized through integrative network analysis.

1.1. Biogenesis, Characteristics, and Functions of Exosomes
1.1.1. Exosomal Biogenesis

Exosomal biogenesis occurs within the endosomal system. Following endocytosis,
early endosomes develop to multivesicular bodies (MVBs), and the cargo sequestered to
the limiting membrane is selectively incorporated into intraluminal vesicles (ILVs) upon
inward budding of the MVBs membrane. Most ILVs are released into the extracellular
space as exosomes upon MVBs fusion with the plasma membrane or these components
are trafficked to lysosomes for degradation [10]. Although the molecular mechanisms
underlying these processes are still not fully understood, cargo sorting and packaging
into ILVs occurs in a regulated mode [11]. Two pathways are proposed: one that requires
the endosomal sorting complex required for transport (ESCRT) machinery (or ESCRT
dependent) and another that is ESCRT independent.

ESCRT that consists of four separate proteins (ESCRT-0, -1, -1I, and -III) works with
vacuolar protein sorting-associated protein 4 (Vps4) to recognize ubiquitinated proteins
and induce the invagination of the MVBs membrane, leading to the generation of ILVs [12].
ESCRT also seems to regulate exosomal release. As described by Ailawadi et al. [5],
different ESCRT components and ubiquitinated proteins have been identified in isolated
exosomes from various cell types. The depletion of ESCRT-0 hepatocyte growth factor-
regulated tyrosine kinase substrate (Hrs) reduced the secretion of exosomes in Hela
cells [13], in dendritic cells [14], and also in HEK293 cells [15]. Conversely, ESCRT-III or
the associated programmed cell death 6-interacting (ALIX) protein silencing increased
exosomal secretion in HeLa cells [13], indicating that ALIX affects the nature of secreted
vesicles. Moreover, ALIX is also required for the sequestration of transmembrane protein
syndecans and, through its interaction with syntenies, participates in exosomal cargo
selection [16]. However, the mechanisms involved in exosomal biogenesis and exosomal
cargo sorting might change depending on the cell type and content [13].

As for the recently described ESCRT-independent pathway;, it seems to depend on the
lipid components of endosomal membranes, which include lipid rafts thought to be highly
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enriched in sphingomyelinases, afterward converted to ceramide by neutral sphingomyeli-
nase 2 (nSMase2). The cone-shaped structure of ceramide and its accumulation causes
spontaneous curvature of the endosomal membrane and coalescence of microdomains,
which triggers the formation of ILVs [17]. Phospholipase D (PLD) is present in endosomal
compartments and exosomes, and its activity regulates exosomal secretion [18]. PLD2 is
responsible for the biosynthesis of lysophosphatidic acid (LPA), which, in turn, promotes
inward budding of vesicles and ILVs formation by interacting with ALIX [19]. In addition
to lipids, proteins are also essential players in ESCRT-independent exosomal biogenesis.
Tetraspanins are the transmembrane proteins highly present in exosomes that, through
interaction with other transmembrane proteins, cytosolic proteins, and lipids, organize
membranes into tetraspanin-enriched microdomains (TEMs). For instance, tetraspanin
CD9 and CD82 were reported to enhance the exosomal release of 3-catenin from HEK293
cells [20], while CD63 is thought to be responsible for the loading of Epstein—Barr virus
(EBV) encoded latent membrane protein 1 (LMP1) into exosomes [21]. Moreover, another
protein that has been suggested to play a role in exosomal formation is the small integral
membrane protein of the lysosome/late endosome (SIMPLE). This protein is not only
present in the ILVs and exosomes, but its overexpression is also known to increase exoso-
mal biogenesis, and exosomal accumulation of ALIX and CD63 [22]. ESCRT-dependent
and ESCRT-independent pathways may also work synergistically, ensuring the specific
sorting of bioactive molecules into exosomes [23].

1.1.2. Sorting of Cargo into Exosomes

Exosomes deliver a complex cargo of proteins, lipids, and nucleic acids to target
cells. Their compositions are, to some degree, conditioned by the cell type of origin and
current state, suggesting the potential of exosomes to become useful biomarkers for disease
diagnosis, prognosis, and treatment [7]. Due to their endosomal origin, exosomes are
highly enriched in proteins that participate in exosomal biogenesis, releasing tetraspanins
and ALIX, along with proteins responsible for membrane transport and fusion, such as
annexins [24]. How cytosolic components are recruited into exosomes is still unclear;
however, it is thought to involve the association of exosomal membrane proteins with
chaperones (e.g., HSP70 and HSP90), engaged in antigen binding and presentation and
found in exosomes derived from most of the cell types [25]. Therefore, certain specifically
enriched members are widely used as exosomal marker proteins, namely TSG101, HSP70,
CD81, and CD63 [24].

A major finding showed that exosomes also contain different patterns of RNAs, in-
cluding both mRNA and miRNAs, and that exosomes-derived mRNAs could be translated
into proteins by the target cells. The miRNAs packed into exosomes regulate gene expres-
sion and can undergo unidirectional transfer between cells, resulting in an effective and
efficient intercellular communication [5]. This allows cells to induce transient or persistent
phenotypic changes of recipient cells [26], revealing possible pathological mechanisms for
disease progression, or potential underlying molecular mechanisms that can be studied
for new treatment strategies in several diseases. According to Li et al. [27], miRNAs are
the most abundant human plasma-derived exosomal RNA species. For instance, miRNAs,
such as miR-214, miR-29a, miR-1, miR-126, and miR-320, are thought to participate in
angiogenesis, hematopoiesis, exocytosis, and tumorigenesis, and have been reported in
exosome-based cell-to-cell communications [7]. Even though several studies were done
on cancer research using RNA sequencing analysis in different cancer cell lines [27], there
is an emerging need of exosomal research for CVDs to gauge how exosomes modulate
cell response to cellular stress during pathological challenges, such as hypoxia or extreme
loading states.

1.1.3. Characterization of Exosomes

The general characterization of exosomes includes the identification, description, and
analysis of marker proteins, typically based on morphology, size, and flotation density. It is
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often challenging due to the method applied for exosomal isolation from conditioned cell
culture media or body fluid samples. For instance, if heterogeneity is present in exosomal
isolate, it will result in a mixed size distribution and also difficulties in profiling the cargo
contents [7].

The description of the exosome-enriched proteins, namely transmembrane proteins
and cytosolic proteins with membrane binding capacity (such as TSG101, HSP70, CD81, and
CD63), can be done using Western blotting, flow cytometry, or global proteomic analysis
using mass spectrometric techniques. Besides evaluating the levels of these proteins, which
are already known to be present in exosomes, the presence of proteins not likely to be
enriched in exosomes should also be determined [28].

Electron microscopy (EM) techniques are generally required to characterize exosomal
morphology because particles are smaller than 300 nm [29]. Although transmission EM
(TEM) is the standard tool, scanning EM (SEM) can be an alternative approach [30]. Both
TEM and SEM studies highlight the heterogeneity of exosomal morphology and size [31,32],
and both require ultracentrifugation to isolate exosomes but differ on the number of sample
processing steps. Exosomes display a particular biconcave or cup-shaped morphology with
a central depression on TEM while under SEM they are roughly spherical with a consistent
size distribution [33]. It is thought that the characteristic central depression on TEM may
be an artifact due to sample preparation owed to embedding in polymeric cellulose or
membrane collapse during drying [25,33].

Although exosomes are commonly described as having diameters ranging from 40 to
100 nm, Wu et al. [33] characterized exosomes derived from mouse melanoma B16F0 cells
that range from 139 to 158 nm. These discrepancies might be explained by the observation
that exosomes appear to shrink over time [30], suggesting that the duration between exoso-
mal isolation and characterization is relevant and should be standardly included in reports.
In addition to EM, another common technique used for exosomal size determination is
nanoparticle tracking analysis (NTA). This technique uses a video file, obtained from any
microscopic technique capable of observing the movement and determining both the size
and concentration of exosomes [34]. NTA has the advantage of being a fast and simple
technique for the analysis of a large number of particles simultaneously. Therefore, it
can be done at a relatively lower price when compared to TEM or SEM [35]. However,
it cannot measure size or concentration when the exosomal number is below the NTA
detection limit (approximately 1 x 107 particles/mL) and does not differentiate an exosome
from a protein aggregate of a similar size [36]. Moreover, recent advances in fluorescent
microscopy (FM) provide non-invasive and direct approaches to image exosomes both
in vitro and ex vitro. By tracking fluorescently labeled exosomal biomarkers, the dynamics
of exosomal biogenesis, release, and uptake by the target cells can be revealed and stud-
ied in detail. Furthermore, FM allows more than two fluorescent dyes to stain and label
different compartments of the cells simultaneously. This feature is particularly useful in
the detection of the exosomal population. In general, exosomes can be visualized either by
direct labeling of certain membrane proteins using fluorescent dyes or through fluorescent
fusion proteins that are introduced in the host cell cytoplasm via transfection. Labeling
with fluorescent dyes is convenient and can be adjusted easily; however, direct labeling
often produces false-positive results by the excess of free dye [37].

One of the most defining characteristics of exosomes is their ability to float in density
gradients. As reviewed by Théry et al. [38], exosomes typically have a density range from
1.13 to 1.19 g/mL in sucrose gradients. This wide density range reflects the heterogeneity
of exosomes obtained by ultracentrifugation and supports a differential analysis of each
fraction that can be accomplished by graded buoyant density centrifugation in which
samples are centrifuged in sucrose gradient for different periods of time [39].

1.1.4. Exosomal Functions

Depending on the cell type or tissue of origin, many distinct functions are recognized
from exosomes. First reports focused on the ability of exosomes to eliminate plasma
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membrane proteins during maturation of reticulocytes into erythrocytes [40]. This pathway
is beneficial to cells that do not have efficient degradation capability and are particularly
efficient removing proteins that are resistant to conventional degradation by lysosomal
proteases [41]. In physiological conditions, exosomes are also involved in facilitating
immune response, antigen presentation, angiogenesis, and coagulation, among others [11].

One of the most relevant functions of exosomes is their ability to deliver macro-
molecular messages for cell-to-cell communications and signaling cascades. Cell-to-cell
communications can be classified as contact dependent (via gap junctions and cell surface
protein—protein interactions) or contact independent (via paracrine, endocrine, exocrine,
or synaptic mechanisms) [24]. Exosomes mediate intercellular communication by direct
ligand-receptor interaction, leading to activation of downstream signaling pathways, by
extracellular cleavage of exosomal membrane proteins, by release of soluble ligands that
bind to receptors of recipient cells, by direct membrane fusion with recipient cells with
exosomal cargo release, and/or by internalization through endocytic mechanisms com-
munication [5]. An advantage of exosome-mediated intercellular communication is the
possibility to target multiple locations with particular specifications. Interestingly, exo-
somes do not randomly interact with any recipient cell, as because of their high expression
levels of particular adhesion molecules (such as integrins and tetraspanins), their targets
are well defined [42]. Selective transmission of exosomal cargo is a unique feature that
renders exosomes valuable candidates for biomarker research. Circulating exosomes and
their cell- or condition-specific cargos reflect ongoing cellular and molecular processes
related to disease progression [7].

In recent years, evidence has suggested a new key role of exosomes in CVDs. Despite
not being considered as typical secretory cells, cardiomyocytes, endothelial cells, and
fibroblasts have been demonstrated to release exosomes, at least in an inducible manner
as demonstrated by in vitro experiments [11]. The contents of released exosomes partly
depend on the secretion stimuli. For instance, during hypoxia, cardiac exosomes are
enriched with both angiogenic and pro-survival factors [43], and after myocardial infarction
(MI), exosomes can inhibit cardiomyocyte apoptosis, induce cardiac repair, and promote
local angiogenesis [44]. Exosomes are also thought to play a role in cardiac protection and
repair. Indeed, cardiac progenitor cells (CPCs) have emerged as one of the most promising
stem cell types for cardiac regeneration and repair since they can replace the apoptotic
or dead cardiomyocytes by contractile cells in the adult heart and are able to release
exosomes [45] that have protective effects against ischemic injury through the inhibition of
apoptosis by the exosomal miR-21 in myocardial cells [46].

1.2. Exosomal Isolation Technigues

Exosomes have been characterized in almost all body fluids, including blood, urine,
saliva, and pericardial fluid. To adequately characterize body fluid or tissue exosome com-
position, exosomes must first be isolated while preserving their structure and compositions
and then analyzed according to size, morphology, concentration, biochemical composition,
and cellular origin [29].

Currently, clinical translation is hampered by the lack of gold standard techniques
to rapidly isolate, purify, and quantify exosomes [9]. Several approaches are available for
exosomal isolation, such as ultracentrifugation- and size-based techniques, precipitation
methods, immunoaffinity techniques, and microfluidics-based methods (Table 1), and
the resulting exosomes fraction gives different yields, purity, and size depending on the
method. The relevance of the approach depends on the sample source and intended use of
exosomes. Moreover, additional challenges include the reproducibility and consistency of
the resulting exosome isolates and the adequate quality control and standardization across
research groups [7].
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Table 1. Main advantages and disadvantages of different exosomal isolation techniques.

Isolation Method Main Advantages Main Disadvantages Ref.
Sucrose density gradient Easy to perform, requires little Time-consuming, risk N f exosomal
. . . ; rupture and loss, requires a large [47-49]
ultracentrifugation technical expertise.
volume of samples.
Size-based methods
. . . Fast m ethoq with no requirement for Risk of exosomal rupture and loss. [50-52]
(i)  Ultrafiltration special equipment.
(if) Size-exclusion Preserves exosomal structure with high  Laborious, possible contamination
. et [ . [50,53]
chromatography purity and good reproducibility. with lipoproteins.
Precipitation Easy. to perform, mm.lmal cc.)st with no Rl.Sk qf contarr}matlon [54,55]
requirement for special equipment. with lipoproteins.
Immunoaffinity-based Pres.erves e>fosoma1 structure with high Low yield, exosomal tags need to
purity, requires a small volume of ) [52,56]
methods - . . be established.
samples with a low experiment time.
Frscrves evsomal s, o Lackotmahod ldoion,
Microfluidics-based methods p rreq standardization and large-scale tests on  [49,52,57]

of samples and reagent consumption at

linical les.
a low cost. clinical samples

1.2.1. Ultracentrifugation-Based Isolation Techniques

Ultracentrifugation is the preferred method for exosomal isolation, since it is easy to
perform, requires little technical expertise, and consists of moderately time-consuming
protocols, with little or no sample pre-treatment. However, due to the heterogeneity of
exosomes and significant size overlap with other cellular compartments, this method is
prone to contamination with other sample components, including lipoproteins and protein
aggregates [52]. For a better separation and further purification of exosomes, the ultracen-
trifugation is widely combined with a sucrose density gradient strategy. Despite being the
most common method, sucrose density gradient ultracentrifugation has disadvantages,
such as the need of multiple centrifugations, risk of vesicle rupture and lower exosome
yield due to high-velocity ultracentrifugation, and the requirement of large sample vol-
umes. The latter may restrict application to cell culture media, since exosomes purified
from urine or serum had a lower purity [47]. Ultracentrifugation-based isolation techniques
thus could turn out to be inadequate for clinical studies on biomarkers [48,49].

1.2.2. Size-Based Isolation Techniques

Size-based exosomal isolation techniques include both ultrafiltration and size-exclusion
chromatography. Ultrafiltration is used to separate suspended particles or polymers using
membrane filters with predefined molecular weight or size exclusion limits. Membrane
filters with low protein-binding properties are more suitable for the isolation of exosomes,
since they reduce the attachment of exosomal proteins and facilitate their isolation and
recovery [50,51]. This method is faster than ultracentrifugation and requires no special
equipment. Nevertheless, the use of force may result in the deformation and rupture of
large vesicles, which may compromise the results of downstream analysis [52]. In size-
exclusion chromatography, exosomes are separated according to their size while passing
through a column packed with a heterosporous gel. The accessibility to the pores of the
gel is differential since larger molecules can enter fewer pores than the smaller molecules
and are eluted earlier [50]. For exosomal isolation, this method allows high efficiency in
removing contaminants with good reproducibility. This approach, however, is laborious
and has the potential for sample contamination with lipoproteins [53].
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1.2.3. Precipitation Methods

Precipitation methods are based on the low solubility of exosomes in solutions con-
taining the hydrophilic polymer polyethylene glycol (PEG) [52]. This solution is most
commonly provided in commercial kits and, therefore, is relatively easy to use with mini-
mal cost. When compared to other methods, precipitation methods are faster and do not
require specialized equipment. However, this method may co-precipitate non-vesicular
contaminants, such as lipoproteins [54,55].

1.2.4. Immunoaffinity-Based Techniques

The presence of different proteins and membrane receptors on the exosomal surface
enables isolation by highly specific immunoaffinity-based techniques [52]. Since these
techniques have high specificity, they can be used to study disease markers of diagnostic
relevance expressed on the surface of exosomes and to reveal their origin and specialized
function. They can be easily coupled with immunoassays and/or molecular diagnostic
assays, such as microplate-based enzyme-linked immunosorbent assay (ELISA). More-
over, these methods recover highly pure and intact exosomes from complex biofluids still
with a lower sample volume, cost, and hands-on time when compared to ultracentrifuga-
tion [56]. Nevertheless, immunoaffinity captures only the subset of exosomes expressing
the antibody-recognized proteins on their surface, lowering the overall yield of the isolation
process. Besides, since it is a relatively new approach, the best exosomal tags are yet to be
established [52].

1.3. Exosomes in CVDs

During the past decade, the interest in the role of exosomes in both physiological and
pathological conditions significantly increased. There is growing recognition of their func-
tion in CVDs pathogenesis through multifarious intercellular communication mechanisms
that, nonetheless, have not yet been fully unraveled [11]. CVDs are the largest contributor
to mortality worldwide, accounting for an estimated 17.9 million deaths and 31% of all
global deaths in 2016. According to the World Health Organization (WHO), this number is
expected to increase up to 23 million by 2030 [1]. Despite significant advances in medical
management over the past decades, the five-year survival rate for CVDs is no longer
improving [58]. Moreover, given their complex nature, including multiple risk factors,
such as obesity, hypertension, diabetes, among others, the intricate molecular mechanisms
underlying CVDs are far from being fully clarified. The identification of novel biomarkers
remains vital to improve diagnosis and prognostic staging, as well as to guide therapy of
CVDs with the goal of further reducing morbidity and mortality rates [59].

The human heart is mostly formed by cardiomyocytes; though, non-myocyte cell
types, such as cardiac fibroblasts and endothelial cells, also have relevant roles in cardiac
homeostasis [60]. The presence of diverse cell types within human cardiac tissue results in a
complex intercellular network of numerous coordinated signaling pathways. These include
cell—cell contacts, cell-extracellular-matrix interactions, and paracrine, autocrine, and en-
docrine effects of extracellular biologic and /or chemical molecules [6]. Exosomes contribute
to these intercellular communications, although little is known about its regulation within
the healthy and diseased hearts [9]. In recent years, accumulating evidence has implicated
exosomes both in normal physiology (cardiac development, reticulocyte maturation, and
myocardial angiogenesis) and in pathophysiological processes, including atherosclerosis,
ischemia/reperfusion (IR) injury, and cardiac remodeling. For instance, stress conditions,
such as hypoxia and inflammation, can modulate exosomal biological content and target
cells, contributing to the improvement or impairment of heart function [43,61,62]. The bio-
logical contents and quantity of released exosomes change in pathological states, reflecting
their cellular origin and the pathological disturbance. Since exosomes can be readily iso-
lated from body fluids, allowing the characterization of both exosomes and their medjiators,
these might serve as non-invasive biomarkers for diagnosis and prognosis of CVDs [63,64].
To date, the potential role of exosomes has not been appraised in cardiovascular clinical



Proteomes 2021, 9, 8

8 of 29

research; therefore, further clinical research studies should be conducted to analyze the
diagnostic and prognostic value as well as the functional role of exosomes in CVDs [3].

2. Material and Methods
2.1. Literature Search

Aiming to explore all basic and clinical research studies on the interactions between
exosomes and CVDs, a literature research was performed up to 31 May 2020 on PubMed
using the keywords “exosome” and “cardiovascular”. A total of 1072 abstracts were
retrieved and analyzed based on three levels of exclusion criteria (Figure 1, Table S1). For
the first level, abstracts in other languages than English or Portuguese, editorial reports,
position papers, viewpoints, meeting reports, commentaries, letters, erratas or retracted
articles, and reviews were excluded. For the second level, off-topic abstracts and study
protocols were excluded. Finally, the third level excluded studies in which access to relevant
clinical or molecular data was not complete or studies in which statistical analysis was
deemed inadequate. After analyzing the abstracts, 31 papers were validated for further
evaluation. In order to extract proteins and miRNAs from exosomal origin and relevant to
CVDs development, data from these articles were manually organized and each mediator
was compared between healthy /non-diseased and diseased conditions.

2.2. Bioinformatic Analysis

In order to evaluate screened molecular species as potential biomarkers for CVDs,
we conducted a network analysis considering the information gathered in Table 2. We
studied the exosome-derived mediators present in plasma and serum of patients with (1)
CAD, which included CAD, AMI, coronary artery dilatation due to KD, myocardial IR,
and CABG; and (2) HF, including acute HE. Only studies report