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Abstract

Cardiovascular disease is the leading cause of death and disability worldwide. Early detection and treatment
of cardiovascular disease are crucial for patient survival and long-term health. Despite advances in cardio-
vascular disease biomarkers, the prevalence of cardiovascular disease continues to increase worldwide as
the global population ages. To address this problem, novel biomarkers that are more sensitive and specific to
cardiovascular diseases must be developed and incorporated into clinical practice. Exosomes are promising
biomarkers for cardiovascular disease. These small vesicles are produced and released into body fluids by all
cells and carry specific information that can be correlated with disease progression. This article reviews the
advantages and limitations of existing biomarkers for cardiovascular disease, such as cardiac troponin and
cytokines, and discusses recent evidence suggesting the promise of exosomes as cardiovascular disease
biomarkers.
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Introduction

ardiovascular disease (CVD) is the leading global cause of death, resulting in an estimated 18.6 million

deaths in 2019." Its most common form, ischemic heart disease, is a prevalent and deadly condition that can

lead to acute myocardial infarction (AMI).? Only 10.6% of patients survive an out-of-hospital cardiac arrest.”
After an AMI, patients require screening, preventive care, and coordinated follow-up appointments because of their
increased risk of developing heart failure (HF). This comprehensive management may improve patient adherence
to treatment guidelines, decrease rehospitalizations, and reduce the chance of developing HE.**

Biomarkers are critical tools for probing, assessing, and managing cardiovascular risk. In 2001, the National Ins-
titute of Health Consortium defined a biomarker as a “characteristic that is objectively measured and evaluated
as an indicator of normal biological processes, pathogenic processes, or pharmacologic responses to a therapeutic
intervention.” Given the deadly consequences of undiagnosed CVD—including heart attack and sudden cardiac
arrest—the American Heart Association in 2009 unprecedentedly established criteria for assessing the usefulness
and accuracy of cardiovascular biomarkers.”

Two circulating biomarkers—high-sensitivity C-reactive protein and the cardiac troponins (cI'ns)—appear in the
blood when cardiac myocytes undergo necrosis. Testing for high-sensitivity C-reactive protein and ¢I'n plays a crucial
role in the diagnosis, risk stratification, and care of patients with CVD.* Early diagnosis of CVD can be achieved in
the first 2 hours of patient admission through the evaluation of dynamic changes in the concentration of cIns”” Al
hough cTns are the gold-standard biomarkers for acute CVD caused by cardiomyocyte necrosis, false-positive results
can be problematic because increased cIn levels are observed in nonischemic myocardial injury (eg, myocarditis and
cardiotoxicity) and in other conditions with multifactorial injury (eg, congestive HF and pulmonary embolism).®"’
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In the past few years, investigators have been searching
for alternative biomarkers for CVD that can be quick-
ly detected in the circulatory system and can lead to a
more accurate diagnosis. Inflammartory cytokines have
shown promise as diagnostic tools in HF, coronary
heart disease, and other CVDs, given the strong associ-
ation between inflammation and CVD, but conflicting
results have been reported in studies of cytokine levels in
acute CVD. Exosomes have recently emerged as anot-
her promising biomarker for CVD. These small vesicles
are secreted by all cells and found in many biological
fluids. Because they are directly involved in intercellular
communication and the transport of several types of
cargo, exosomes contain valuable information about the
cell of origin and cell-to-cell interactions."

This review discusses the use of traditional and newer
biomarkers in CVD diagnosis. A critical analysis of the
strengths and limitations of established biomarkers un-
derscores the potential of exosomes as a new category of
biomarkers for enhanced risk assessment and diagnosis

of CVD.

Cardiac Biomarkers

Cardiac Troponins

Troponins are proteins that regulate the contraction
of muscle cells, including cardiomyocytes. There are 3
isoforms of ¢Ins in cardiomyocytes: ¢Inl, ¢InT, and
cInC. Elevated levels of cInT and cInl in the blood
indicate myocardial injury.”” The cIn value is conside-
red abnormal when the blood troponin level exceeds the
99th percentile upper reference limit. This criterion is
used to diagnose AMI. Because of its high sensitivity,
the troponin immunoassay has become the gold stan-

dard for CVD biomarkers."

Despite its advantages and technical efficiency, cIn
testing has limitations, including false-positive results
resulting from unspecific causes of ¢In elevation. Any
myocardial damage can cause cIn levels to increase, so
a higher concentration of ¢In in the blood can be seen
even in the absence of AML.” In 1 study, increased levels
of the isoform ¢InT were not linked to any previously
described cause of ¢In increase, including AMI, in 30%
of cases.” Various other conditions can also promote
cIn release into the bloodstream, such as fibrin clots,
heterophile antibodies, alkaline phosphatase, rheuma-
toid factor, and cross-reactions of diagnostic antibodies
with troponin molecules released from skeletal muscle.'
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Key Points

e  Current biomarkers for CVD have limitations as
diagnostic and prognostic tools.

o Exosomes have the potential to be more ef-
ficient and accurate biomarkers for CVD than
traditional biomarkers.

e Overcoming current challenges to the clinical
use of exosomal biomarkers will involve improv-
ing isolation and purification protocols and
studying CVD-related miRNAs and proteins.

Abbreviations and Acronyms

AMI acute myocardial infarction
cln cardiac troponin

CVD cardiovascular disease

EV extracellular vesicle

HF heart failure

miRNA microRNA

The shortcomings of ¢I'n-based diagnosis of AMI are
attributed to the lack of biochemical understanding of
the dynamics of the ¢I'nl and ¢InT proteins.”

The mechanisms of ¢In release in non-CVD patho-
logies are not well understood, and the effect of biologi-
cal factors such as sex on ¢In levels in CVD is an active
area of research. Studies have shown that the average
concentration of cI'n in the blood is lower in female
patients than in male patients, resulting in the under-
diagnosis of AMI in women."® The use of sex-specific
parameters for cI'n concentration in the diagnosis of

AMI may help address this issue.”

Cytokines

Patients who survive an MI are at increased risk of de-
veloping HF. Because prolonged inflammation caused
by AMI can lead to thrombosis, cytokines and chemo-
kines (a type of cytokine associated with cell migration)
have shown promise as alternative CVD biomarkers to
cIn."® Cytokines play a crucial role in the actions and
recruitment of immune cells.” The most common cy-
tokines associated with cardiac inflammation are tumor
necrosis factor ., the interleukins, cardiotropin-1, and
various C-C and C-X-C motif chemokine ligands.”
These small proteins play a role in the interactions
between inflammatory cells and cardiomyocytes and
are produced when coronary arteries are blocked.” As
pro-inflammatory cytokines are triggered by increased
stress in the left ventricular wall, cytokine levels are di-
rectly proportional to HF progression, particularly in-
farction size and clinical outcome.” Studies have shown
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that elevated interleukin levels in plasma and serum are
associated with adverse outcomes in patients with HE.»

Although cytokines can be useful for monitoring CVD
progression and predicting prognosis, they are less
effective in the diagnosis and prediction of acute CVD.
A few cytokines may be strong predictors of a future
ischemic stroke, but they are not able to predict future
coronary heart disease in asymptomatic patients.” Pre-
dicting CVD progression with cytokines is also challen-
ging because of the drastic variation in cytokine levels in
the different stages of CVD. For example, chemokines
such as CCL5 are upregulated in early AMI but are

downregulated in coronary heart disease.”**

Moreover, there are no uniform parameters for using
cytokines in diagnosing CVD. Detecting cytokines
from blood or plasma requires highly sensitive tools
that can measure levels in the picogram range.” These
sensitive tools, such as enzyme-linked immunosorbent
assay, will also capture drastic fluctuations in cytokine
levels based on biological factors, including age, sex,
circadian rhythm, and recent exercise periods. A recent
study of circulating inflammatory markers in AMI
found that interleukin-6 levels were significantly hig-
her in older patients with AMI than in younger ones,
suggesting a worse prognosis with age.”’ These results
highlight a correlation between aging of the immune
system and cytokine levels, indicating a need for iden-
tifying biomarkers that are specific to CVDs in a more
consistently measurable manner.

Exosomes

Extracellular vesicles (EVs), found in serum, plasma,
and urine, are nanosized vesicles that are released from
most cell types by the budding out of the cell mem-
brane. Exosomes are a subtype of EV that are released
by all cells and that contain valuable cell-specific pro-
teins and genetic information.**”” The information wit-
hin exosomes reflects the characteristics of the original
cell and can therefore be used for diagnostic purpo-
ses.”® Exosomes can be classified by size, shape, density,
membrane receptor expression, cargo load, and cell
source.” Exosomes are involved in crucial intercellular
communication, especially in the transfer of cell-derived
DNA, RNA, proteins, and lipids between cells.* Exo-
somal cargo can also be used as biomarkers for disease
progression, as demonstrated in cancer studies.”

RNA-based measurements of exosomal content may
provide valuable clinical insight into the onset and prog-
ression of diseases.”” RNA is a versatile biomolecule with
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numerous essential roles in biological processes and, un-
like cytokines, is stable for extended periods of time.
In addition to small regulatory RNA molecules such
as mictoRNA (miRNA), circulating RNA, and long
noncoding RNA are crucial regulators of gene expressi-
on and mediators of human disease, including CVD.*

Because brain tissue is usually unavailable for clinical
study in cases of brain injury, biomarkers that can be
transported across the blood-brain barrier to the circula-
tory system offer the unique potential for understanding
the pathophysiologic state of the brain tissue after injury
to the central nervous system.* In a case-control study,
exosomal miRNA-223 levels were higher in patients
with acute ischemic stroke than in patients without
stroke, highlighting the potential of exosomal content
as a diagnostic tool for non-CVD diseases with ische-
mic origin.”

Exosomes as CVD Biomarkers

Studies have shown that hypoxia significantly affects
the exosomal cargo, leading to the secretion of differ-
ent proteins and miRNA indicative of angiogenesis,
growth, and progression of CVD through various sig-
naling pathways.* Studying the molecular pathways of
CVD progression has helped researchers identify speci-
fic exosomal proteins and miRNAs that are associated
with certain CVDs (Table I).** For example, levels of
miRNA-1, miRNA-133a, and miRNA-499 are higher
in the plasma of patients with AMI than in those wit-
hout AMI* In fact, miRNA-208a was found only in
the plasma of patients with AMI and was shown to be
a more sensitive and specific biomarker for AMI than
conventional ¢In testing.” Platelet-derived exosomes
containing miRNA-21, miRNA-191, miRNA-223,
miRNA-320, and miRNA-339 have been linked to
the aggregation of platelets, leading to atherosclerosis
formation.”® Exosomal miRNA-486 inhibits the exp-
ression of P7TEN, which codes for a tumor-suppressing
enzyme and can help decrease the level of cell death
after cardiac ischemia or reperfusion injury.*’

In addition to miRNAs, exosomal proteins and lipi-
ds could serve as potential biomarkers for CVD. Inf-
lammatory-cascade proteins, such as serpin Cl, serpin
Gl, CD14, and cystatin C, are elevated in exosomes
in stress-induced ischemia, and cystatin C, polygenic
immunoglobulin receptor, and complement factor C5a
have been linked to acute coronary syndrome. Additi-
onally, serpin F2, serpin G1, CD14, and cystatin C are
associated with a higher risk of HF”” Exosomal lipid
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TABLE I. Cardiovascular Disease-Related Biomarkers

Biomarker Disease Function Reference
clnl AMI Myocardial apoptosis Chaulin AM™ (2022)
mMiRNA-126, miRNA-223, AMI Platelet activation and thrombus  Gidlof O et al*’ (2013), Garcia A et
miRNA-320b formation, endothelial damage,  al*®(2019), and Hromadka M et al*®
myocardial apoptosis, and (2021)
fibroblast proliferation
miRNA-1, miRNA-21a/b, AMI Myocardial apoptosis, fibroblast ~ Grabmaier U et al** (2017), Sassi Y et
miRNA-29b proliferation, and cardiac al’' (2017), and Surina S et al** (2021)
hypertrophy
miRNA-208a AMI Cardiac hypertrophy and Wang GK et al** (2010) and Huang
electrical conduction XH et al** (2021)
miRNA-499 AMI Myocardial apoptosis Zhang L et al** (2015) and JFO
Sullivan et al*® (2016)
miRNA-486 AMI Myocardial apoptosis (protective) BeiY et al’ (2022)
miRNA-223-bp AMI, atherosclerosis, Cell proliferation, migration, Zhang MW et al*® (2020)
and heart failure apoptosis, and polarization;
cardiomyocyte hypertrophy; and
electrical conduction
miRNA-941 Acute coronary Cell proliferation and Bai R et al*® (2017)

syndrome

inflammation

miRNA-216a and miRNA-451 Coronary artery

disease
mMiRNA-223-3p, miRNA-122-5p,
miRNA-93-bp

Coronary artery
disease

Endothelial damage and
monocyte recruitment

Cell proliferation, migration,

and apoptosis; cardiomyocytes
hypertrophy; electrical
conduction; and cardiomyocytes

Lin J et al’® (2018) and Ghafouri-Fard
Setal (2021)

JFO Sullivan et al*® (2016), Zhang
MW et al*® (2020), Ghafouri-Fard S
et al® (2021), and Hosen MR et al
(2022)

apoptosis

AMI and coronary
artery disease

mMiRNA-142-3p, miRNA-17-5p,
miRNA-126

miRNA-133a Coronary artery

disease

Inflammation; cardiomyocyte
hypertrophy; cell proliferation,
migration, and apoptosis

Cell proliferation and
differentiation, cardiac

Zhong Z, et al.%® (2018)

Xue S et al* (2019)

Li N et al*® (2018) and Dai R et al*®
(2020)

hypertrophy, and electrical
conduction (arrhythmia)

Heart failure and
acute coronary
syndrome

Serpin G1, serpin F2,
cystatin C CD14

Inflammation, decrease in kidney
function, decrease in fibrinolysis,
and thrombotic process

Zhang YN et al”” (2016) and Verbree-
Willemsen L et al®® (2020)

AMI, acute myocardial infarction; CTnl, troponin |, cardiac form; miRNA, microRNA.

levels have been linked to atherosclerosis formation.®
Furthermore, the actual concentration of exosomes may
serve as a possible biomarker for CVD. Recent data in-
dicate that platelet-derived exosomes with coagulation
or anticoagulation proteins are associated with the pre-
sence and progression or the lack, respectively, of athe-
rosclerosis.” Thus, changes in the levels of miRNAs,
proteins, and lipids within exosomes as well as changes
in overall exosome levels could indicate the presence and

progression of CVD.

Using exosomes for early detection allows for a faster di-
agnosis and more accurate monitoring of CVD conditi-
ons (Table I).1%"** Exosomal miRNAs can be detected
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at early stages of CVD. The protein-based biomarker
cIn can be measured 2 to 3 hours after onset of MI at
the earliest, and cytokine assays can take several hours
to provide results and may not provide specific informa-
tion regarding the type of cellular damage in the tissue.”
In contrast, exosomal miRNA can be measured in the
plasma in as little as 15 minutes after the onset of ML
By combining the tools of traditional clinical diagnosis
with the use of ¢I'n biomarkers and exosomes, clinici-
ans may be able to better predict prognosis and classify
patients into distinct subgroups, thus possibly creating
personalized therapies.®*

/doi.org/10.14503/TH|J-23-81
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Limitations of Exosomes

Recent studies suggest that the quality of exosomes used
in biomarker and therapeutic studies may be compro-
mised by suboptimal storage and processing methods.
Current methods of isolation and purification of exo-
somes, including affinity-based, flow filtration, and
centrifugation, are inefficient. Although they are scal-
able and can be standardized, these common methods
are labor intensive, require expensive equipment, and
yield inconsistent purity levels.** Centrifugation, the
current primary method of exosome purification, can-
not be used to distinguish between exosomes and other
types of EVs because of their similarities in size and ove-
rall electrical charge.” Furthermore, ultracentrifugation
can aggregate vesicles, compressing EVs*® and making
it difficult to isolate exosomes from other EVs. As a re-
sult, the purity of exosomes through centrifugation can
be low, thus reducing the accuracy of results.* Further
investigation is needed to understand the impact of EVs
on miRNA or protein levels and to develop more effec-
tive isolation and purification methods.

Additionally, preparation of plasma for EV analysis
can induce cell stress and activate platelets, causing
the release of EVs containing biomolecules associated
with pathologies. This process can lead to inaccurate
measurements of EV-derived miRNAs and proteins,
resulting in false diagnoses. Furthermore, the type of
anticoagulant used during the collection and storage
of plasma can also affect the detectable level of EVs.
Platelet activation and hemolysis can easily be triggered
by the handling of the sample, leading to further comp-
lications in EV analysis.**

Further research is needed to determine which exoso-
mal miRNA or protein is the most effective in diagno-
sing a specific disease. The lack of consistency in the
fluctuation of biomolecule levels associated with disease
diagnosis is a barrier to the efficiency of using exosomes
as biomarkers. Although numerous studies have identi-
fied various types of miRs and proteins linked to speci-
fic conditions, it is not clear which biomolecules are the
most reliable indicators of disease. Analyzing all possible
biomolecules is a time-consuming and costly process, so
a targeted approach is necessary to identify the most ef-
fective biomarker for each condition. It is important to
standardize the analysis of exosomal biomolecules and
establish a consensus on the most effective biomarkers
before exosomes can be routinely used in clinical prac-
tice as diagnostic tools.

The Texas Heart Institute Journal 2023, Vol. 50, No. 5

Biomarkers for Cardiovascular Disease

Future Directions

Developing standardized, efficient methods for exo-
some isolation and purification will be crucial for im-
proving the accuracy and specificity of exosome-based
CVD diagnosis and treatment. Further research into
exosome biogenesis, cargo sorting, and secretion mecha-
nisms will be important for advancing our understand-
ing of exosome function in CVD. To identify specific
exosomal biomolecules with high diagnostic and thera-
peutic potential in CVD, large-scale multicenter clinical
trials will be necessary. Additionally, new technologies
such as microfluidics, high-throughput sequencing, and
nanomaterial-based approaches hold promise for ad-
dressing these challenges. Although these technologies
are currently time consuming, with further advances in
the field of molecular biology, exosomes may be used as
CVD biomarkers in the near future to help improve pa-
tient outcomes. Standardized procedures for exosomal
biomarker analysis and evaluation will also facilitate the
development of exosome-based clinical assays. This will
be an important step toward personalized and effective
CVD treatments (Fig. 1).

Conclusion

With continued investment in this research and tech-
nology development, exosomes have the potential to
revolutionize the diagnosis and treatment of CVD.
However, the limitations of exosome isolation and pu-
rification as well as the challenge of identifying the most
effective exosomal miRNAs and proteins for CVD di-
agnosis and treatment are significant obstacles to their
widespread use. Research in this field will continue to
expand our knowledge of CVD pathophysiology and

aid in the development of personalized treatments.
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Fig. 1 Potential use of exosomes in the diagnosis and personalized treatment of cardiovascular disease.
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