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Abstract

Cardiovascular disease (CVD) is the leading cause of morbidity and mortality for both men and
women among all ethnicities worldwide. Although significant improvements in the management
of CVD occurred in the 20th century, non-invasive, universal, early diagnostic biomarkers and
newer therapeutic drugs are needed for clinical treatment by physicians. MicroRNAs (miRNAs)
are a class of endogenous, non-coding, single-stranded, small RNA molecules that are critically
controlled by all human biological processes. Moreover, dysregulated miRNA expression is
directly involved in various CVDs, including stable coronary artery disease and acute coronary
syndrome. Several miRNAs that are enriched in the plasma of CVD patients have potential as
clinical biomarkers, and overexpression or inhibition of specific miRNAs has novel therapeutic
significance in the management of CVD. Aging is a multifactorial physiological process that grad-
ually deteriorates tissue and organ function and is considered a non-modifiable major risk factor
for CVDs. Recently, several studies established that various miRNAs essentially regulate aging and
aging-related disease processes. This narrative review briefly discusses the recently updated
molecular involvement of miRNAs in CVDs, their possible diagnostic, prognostic, and therapeutic
value, and their relationship to the aging process.
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Introduction

Cardiovascular disease (CVD) is a major

cause of morbidity and mortality in both
developing and developed countries,
among all races and in both sexes, and
causes a huge societal economic burden.'
Although significant improvements have
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occurred in the primary prevention, diagno-
sis, prognosis, and treatment of CVD, its
prevalence has substantially increased in
recent years because of unhealthy lifestyles,
lack of physical exercise, an increased pro-
portion of overweight individuals, low vita-
min D levels, increased consumption of
saturated fatty foods, stressful job environ-
ments, air pollution, often poorly treated
major atherosclerotic events such as dysli-
pidemia, uncontrolled hypertension, type-2
diabetes mellitus, the aging population, and
the substantial influence of genes. Hence, it
is essential to explore the molecular patho-
logical process of CVD in-depth and dis-
cover novel, effective clinical biomarkers
and safer, more advanced drugs for CVD
management that will reduce its future
incidence.*

Accumulating basic and clinical research
studies using next-generation sequencing
have revealed that microRNAs (miRNAs,
miRs) are predictive biomarkers and thera-
peutic targets for CVD. These miRNAs are
small, noncoding, endogenous, highly spe-
cific, single-stranded, functional RNA mol-
ecules with a length of 21 to 25 nucleotides
that regulate nearly half of all protein-
coding gene expression, usually by binding
with the 3’-untranslated region of target
messenger RNAs (mRNAs).?

Mature miRNAs play a key role in mul-
tiple human biological processes such as cell
cycling, cell proliferation, cellular aging,
cellular apoptosis, angiogenesis, autophagy,
mitochondrial metabolism, hematopoiesis,
and cardiovascular development.
Additionally, dysregulated miRNA expres-
sion is directly involved in various CVDs
including stable and unstable atherosclerot-
ic coronary artery disease (CAD), acute
myocardial infarction (AMI), cardiomyop-
athy, heart failure, atrial fibrillation, hyper-
tension, metabolic syndrome, and stroke.>*
Several miRNAs, including miR-15a-5p,
miR-199a-3p, miR-34a, miR-146a, and
miR-217, are involved in cellular

senescence, endothelial dysfunction, inflam-
mation, and progression of atherosclerosis,
whereas miR-342-5p protects against endo-
thelial cellular injury during atherosclerosis.’
Interestingly, expression levels of circulating
plasma miR-423, miR-320, miR-765,
miR-149, miR-21, miR-126, and miR-1 are
altered in stable CAD and AMI patients,
which suggests that these miRNAs could
be used as diagnostic or prognostic bio-
markers and may have a therapeutic
impact for ischemic heart disease patients.®”’

MiR-221/222, miR-125b, miR-30d-5p,
and miR-126a-5p were shown to be directly
regulated by various pathological processes
of heart failure, suggesting that these
miRNAs might be potential targets for the
diagnosis and treatment of heart failure.®
Hypertension is a global burden among
CVDs. Recently, several researchers found
that dysregulation of circulating miR-122,
miR-199, miR-223, miR-29, miR-182,
miR-30, and miR-510 expression was a
major risk factor for essential hypertension,
and these miRNAs may represent advanced
biomarkers and new molecular targets for
hypertension management.’ '

Aging is a non-modifiable major risk
factor for CVDs, and its underlying molec-
ular mechanisms are complex. Recently,
several studies identified a set of dysregu-
lated miRNAs including miR-101, miR-
142, and miR-146 that critically regulate
the aging process.'' '? Alzheimer’s disease
(AD) is a multifactorial, age-related, pro-
gressive, neurodegenerative disorder char-
acterized by a gradual deterioration of
numerous cognitive functions in the aged
population. Several miRNAs (miR-132,
miR-539, miR-26, miR-143, miR-195,
miR-20, and miR-17) play crucial roles in
the initiation and progression of AD
through regulation of tau phosphorylation,
amyloid B peptide metabolism, synaptic
function, and neuroinflammation.’® Li
et al. found that miR-219 remarkably
reduced AD progression in mice by
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inhibiting tau phosphorylation through reg-
ulation of tau tubulin kinase 1 and glycogen
synthase kinase 3B expression.'* Microglia
that were regulated by miR-155 were shown
to acquire the neurodegenerative phenotype
(MGnD) and the interferon-y-responsive
pre-MGnD mechanism to prevent neurode-
generative molecular pathological progres-
sion and preserve cognitive function in a
mouse AD model. Thus, miR-155 is a
potential molecular target for the manage-
ment of AD."®> The main aim of this narra-
tive review is to broadly discuss the impact
of miRNAs as clinical biomarkers, their
therapeutic applications, their associated
molecular insights into CVDs, and their
correlation with aging.

Literature search strategy

This review followed the Scale for the
Assessment of Narrative Review Articles
methods.'® We used several combinations
of keywords including CVD and miRNAs,
CAD and miRNAs, stable angina and
miRNAs, unstable angina and miRNAs,
ACS and miRNAs, the severity of CAD
and miRNAs, atherosclerotic heart disease
and miRNAs, biomarker’s role of miRNAs
in CAD and AMI, the therapeutic signifi-
cance of miRNAs in CAD and AMI, and
aging and miRNAs when searching various
scientific  databases including PubMed
Central, MEDLINE, Scopus, Embase, Web
of Science, Google Scholar, and miRNA
target databases (TargetScan, miRbase,
miRDB, PicTar) to obtain articles published
up to July 2024.

Role of miRNAs in CAD

Dyslipidemia plays a vital role in the devel-
opment of atherosclerotic coronary heart
disease (CHD). Recently, Vancheri et al.
demonstrated that hsa-miR-200c-3p expres-
sion was distinctly downregulated in CAD
patients, allowing significant discrimination

between CAD patients and healthy individ-
uals. Additionally, this miRNA had a
strong positive relationship with lipid disor-
ders and creatinine clearance, indicating it
as a clinical biomarker.'” Mishra et al.
noticed that the endothelium-enriched cir-
culating miRNA miR-122 was decreased
in CAD patients and plays key roles in
small dense low-density lipoprotein (LDL)
metabolism, apoptosis, oxidative stress, and
the endothelial inflammation process.'®

Abdallah et al. showed that circulating
miR-133a was downregulated and miR-
182, miR-205, and miR-145 were upregu-
lated in CAD patients, exhibiting the highest
areas under the receiver operating character-
istic (ROC) curve (AUCs), suggesting these
miRNAs as non-invasive biomarkers for
CAD. Furthermore, miR-133a showed a sig-
nificant correlation with obesity and family
history of CAD. The authors also reported
that miR-135b and 140b exhibited positive
correlations with the wall motion severity
index, fatty acid biosynthesis, and endothe-
lial cellular interaction during the inflamma-
tory process, providing new insights into
CAD pathogenesis."”

Recently, Coban et al. showed circulat-
ing miR-26a-5p was highly elevated in
CAD patients compared with that in non-
CAD patients and that it had a high sensi-
tivity rate; therefore, it is considered to have
diagnostic importance in CAD patients.
They also found strong correlations of this
miRNA with diabetic risk factors including
HbAlc, blood glucose, and body mass
index; therefore, it could be a major risk
factor and new molecular therapeutic
target for CAD patients.?’

Circulating exosomal miR-122-5p was
significantly increased while miR-378 expres-
sion was prominently reduced in patients
with coronary stenosis and was correlated
with the Gensini score. Furthermore, the
LDL level had a significant inverse relation-
ship with miR-378 expression. Therefore,
these miRNAs may serve as important risk
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factors and promising non-invasive bio-
markers for coronary atherosclerosis
staging.>' > In patients with CHD, the
expression levels of peripheral blood miR-
26a and miR-195 were decreased compared
with those of control subjects. These
miRNAs showed high AUC values and
were able to distinguish CHD patients
from healthy individuals. Moreover, miR-
26a was inversely associated with triglycer-
ides (TGs), total cholesterol, C-reactive
protein, and interleukin (IL)-1B, and
miR-195 was negatively linked with total
cholesterol, LDL cholesterol, tumor necrosis
factor (TNF)-a, and IL-6. Reduced circulat-
ing miR-26a and miR-195 levels comprised a
significant risk factor for the development of
CHD and may also serve as clinical bio-
markers for CHD patients.*

In CHD patients, circulating miR-128
was apparently downregulated and dis-
played a significant AUC value that could
potentially distinguish CHD patients from
controls. It was also negatively correlated
with LDL cholesterol, inflammatory cyto-
kines (IL-1B, IL-6, TNF-o), and cellular
adhesion molecules (ICAM-1, VCAM-1),
which critically regulate the pathogenesis
of CHD. Therefore, a reduced miR-128-3p
level and an elevated level of its target long
noncoding RNA HULC have strong clini-
cal value for determining the severity of
coronary stenosis and for treatment of
CHD patients.** Individuals with severe
coronary artery stenosis (>90%) showed
remarkably lower has-miR-130b-5p and
miR-18a-3p levels than individuals with
less stenosis or non-CAD participants
(<20% stenosis), and these miRNAs were
revealed to be positively associated with
high-density lipoprotein and negatively cor-
related with fasting TG levels. Furthermore,
the level of peripheral blood miR-130b-5p
showed a negative link to CAD in female
patients. Both miRNAs might be considered
diagnostic markers for the development and
progression of CAD.?

Vascular endothelial growth factor
(VEGF) is directly correlated with the
development of atherosclerotic CHD. Low
expression levels of serum miR-296 and
high levels of VEGF were detected in
patients with severe coronary artery steno-
sis compared with those of controls, and
these miRNAs were inversely related to car-
diac troponin-I (cTnl), brain natriuretic
peptide, and high-sensitivity C-reactive pro-
tein. Low levels of peripheral miR-296 have
a strong clinical diagnostic value for the
degree of severity of coronary artery steno-
sis.”® MiR-27a and miR-23a were highly
upregulated and Sirtuin 1 (SIRT1) expres-
sion was downregulated in peripheral blood
mononuclear cells of patients with athero-
sclerotic CAD; thus, they are potentially
correlated with the grading of coronary
artery stenosis. Furthermore, miR-27a
exhibited a high AUC value, suggesting it
has a potential role in the progression of
coronary atherosclerosis and may be a
new diagnostic biomarker for CAD.?’

The relative expression levels of plasma
miR-125b and miR-423-5p were decreased
in stable CAD patients and could accurate-
ly distinguish these individuals from con-
trols and unstable CAD patients. This
finding suggests their possible clinical appli-
cation as biomarkers to determine severity
in CAD patients.>**

Our prior research exhibited that CAD
patients with blockage of one, two, or three
or more vessels had increased plasma miR-
21 concentrations resulting in significant
AUC values that could accurately differenti-
ate them from healthy individuals.
Moreover, miR-21 was highly upregulated,
and its target, PDCD4, was greatly down-
regulated in hypoxia-reoxygenation-induced
human umbilical vein endothelial cells
(HUVECs) compared with that in controls.
Furthermore, inhibition of miR-21 evidently
reduced caspase-3 activity and reactive
oxygen species (ROS) generation and greatly
improved cellular viability. Therefore,
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miR-21 may be a biochemical marker as well
as a new therapeutic target for ischemic
heart disease patients (Table 1).%

Biomarkers and therapeutic role
of miRNAs in acute coronary
syndrome

Acute coronary syndrome (ACS) usually
develops because a vulnerable coronary
atherosclerotic plaque ruptures and subse-
quently forms a thrombus, which leads to a
critical blockage of coronary artery blood

flow to the myocardium. This results in the
development of myocardial ischemia and
later produces myocardial injury followed
by cell death, which is called a heart
attack or AMI. Globally, this process
causes premature death in both men and
women. '

Early and accurate diagnosis and imme-
diate appropriate management may
remarkably decrease the cardiac mortality
rate. AMI is usually diagnosed based on
ischemic chest pain, electrocardiogram
changes, and elevation of cardiac enzymes.

Table I. Role of circulating (plasma/serum) miRNAs in CAD.

Important target

miRNAs Expression Role Associated with genes References
miR-200c-3p Downregulated Diagnostic, Lipid disorders 9p21, SLC30A7 7
prognostic
miR-122 Downregulated Diagnostic Endothelium inflalmmation '8
miR-133a Downregulated Diagnostic Obesity and CAD 19
pathogenesis
miR-135b, Upregulated Diagnostic Age and dyslipidemia MEF2C gene, 19
miR- 145 TGFBR2,
TGF-B1
miR-26a-5p  Upregulated  Diagnostic,  Blood glucose, HbAlc,  TRPC3, Cox5a  2°
therapeutic  and BMI
miR-378 Downregulated Diagnostic LDL BMP4 2!
miR-122-5p  Upregulated Diagnostic Gensini score 2
miR-26a, Downregulated Diagnostic Dyslipidemia, TNF-o, Lnc-UCAI =
miR-195 IL-1B, and IL-6
miR-128 Downregulated Diagnostic, Inflammatory cytokines Lnc-HULC "
therapeutic  (IL-1p, IL-6, TNF-o),
adhesion molecules
(ICAM-I, VCAM-1),
and pathogenesis of
CAD
miR-130b-5p, Downregulated Diagnostic HDL, TG, and progression »
miR-18a-3p of CAD
miR-296 Downregulated Diagnostic Grading of CAD stenosis VEGF-B 2
miR-27a Upregulated Diagnostic Progression of coronary ~ FOXOI, SIRT| 7
atherosclerotic lesions
miR-125b Downregulated Diagnostic Severity of CAD lesions  IncRNA MALAT| 28
miR-21 Upregulated  Diagnostic, ~ ROS and Caspase-3 PDCD4 »
therapeutic

CAD, coronary artery disease; BMI, body mass index; LDL, low-density lipoprotein; TNF, tumor necrosis factor;
IL, interleukin; ROS, reactive oxygen species; miRNA, microRNA; HDL, high-density lipoprotein; TG, triglyceride.
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However, older adults and patients with
diabetes generally present atypical chest
pain, and although electrocardiogram mon-
itoring is helpful for the diagnosis of ST-
elevation myocardial infarction (STEMI)
and non-STEMI (NSTEMI) patients, it
only has 50% to 60% sensitivity. The car-
diac markers ¢Tnl and troponin T (cTnT)
are currently used internationally and are
the most useful clinical biomarkers for the
diagnosis of AMI. However, they are usu-
ally released into the bloodstream within 4
to 6 hours of cardiomyocyte injury, and
the peak concentration is observed
approximately 12 to 24 hours after AMI.
Therefore, repeated measurements are
needed to make clinical decisions.
Additionally, troponin levels in NSTEMI
patients are generally increased in later
stages. Furthermore, troponin levels are
evidently increased in patients with chronic
stable angina, end-stage renal failure, and
severe heart failure. Although thermolytic
drugs and primary percutancous interven-
tion (PCI) are currently used for manage-
ment of AMI patients, these are not
suitable for all patients, and PCI is not
available in all hospitals, especially in devel-
oping countries and those with low
socioeconomic levels. Therefore, universal,
novel, biochemical markers for the early
evaluation of AMI and new molecular
drugs are essential for cardiac clinicians to
manage AMI patients.>3*-3!

Recently, several excellent basic and clin-
ical research studies demonstrated that var-
ious cardiac-specific miRNAs are released
into the peripheral circulation during
AMI, which may be used as novel diagnos-
tic biomarkers for the early detection of
AMI.>*3° Moreover, inhibition or mimick-
ing of cardiomyocyte-enriched miRNAs
could prevent ischemia and cardiac cell
death by regulating various target proteins,
which may have potential therapeutic value
for the treatment of AMI patients.

Serum miR-497 levels were significantly
upregulated in ACS patients and were pos-
itively linked with Gensini scores, vascular
endothelial injury, and adhesion factors.
Furthermore, an elevated miR-497 level
was strongly associated with development
of major adverse cardiovascular events
(MACEs) during a 6-month follow-up
after PCI, suggesting serum miR-497 as a
possible clinical biomarker for the diagnosis
of ACS.?' Meng et al. reported that plasma
miR-143 and miR-145 expression was
markedly decreased in patients with ACS
compared with that in controls. These two
miRNAs were inversely related to the
Gensini score, revealing their high diagnos-
tic value for ACS onset.*

Zhang et al. demonstrated that the
expression of serum miR-361-5p in patients
with ACS was markedly increased and pos-
itively interrelated with the Gensini score
and the expression of endothelial dysfunc-
tion markers including VCAM-1, ICAM-1,
and E-selectin. Additionally, serum miR-
361-5p expression patterns clearly distin-
guished ACS patients from healthy
individuals and stable CHD patients.
Moreover, a high level of circulatory miR-
361-5p was an individual risk factor for the
development of MACEs following a 30-day
hospitalization period. The results indicated
that upregulated serum miR-361-5p might
be a useful diagnostic and prognostic bio-
marker for the evaluation of ACS patients,
and it has a significant impact on the pre-
diction of MACE onset.*”

Elgebaly et al. found that the expression
levels of serum miR-137 and miR-106b-5p
were distinctly elevated by 1382-fold and
192-fold in patients with unstable angina
(UA) compared with those in healthy indi-
viduals and were increased by 2.5-fold and
4.6-fold in STEMI patients compared with
those in individuals with UA. Furthermore,
an early inflammatory mediator, Nourin,
was significantly increased in ACS patients
but not in healthy participants, and Nourin
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is a direct target of miR-137 and miR-106b.
The results suggested that Nourin is depen-
dent on these two miRNAs and might be a
novel blood-based biomarker for the diag-
nosis of UA and STEMI.**

Plasma miR-183-5p expression was
increased by 8-fold in ACS patients with
NSTEMI, and miR-15a-5p and miR-
134-5p were decreased by 7-fold and
5-fold in STEMI patients compared with
those in healthy subjects. Moreover, circu-
lating miR-183-5p, miR-15a-5p, and miR-
134-5p exhibited high AUC values and had
significant power to differentiate NSTEMI
and STEMI patients from healthy controls.
These dysregulated miRNAs could be
potential clinical biomarkers for the assess-
ment of ACS patients.*> The expression of
circulating miR-587 in UA patients was evi-
dently upregulated compared with that in
control subjects. Additionally, in ACS
patients with three vessel lesions, the miR-
587 level was markedly elevated compared
with that in patients with double and single
vessel lesions. Additionally, the creatine
kinase isoenzyme (CK-MB) Ilevel and
Gensini score of ACS patients were posi-
tively associated with miR-587 expression.
Moreover, an increased level of circulating
miR-587 was closely correlated with the
severity of CAD lesions and could be used
as a blood-based marker for the diagnosis
and prognosis of ACS patients.®

Serum miR-483-5p expression was highly
elevated in ACS patients compared with that
in healthy subjects and was correlated with
the Gensini and SYNTAX scores. An
increased occurrence of MACEs was
observed in patients with elevated miR-
483-5p levels during a 6-month follow-up
after PCI treatment. Additionally, upregu-
lated miR-483-5p effectively differentiated
ACS patients from healthy participants and
suggested that circulating miR-483-5p can
be a wuseful non-invasive biochemical
marker for the assessment of ACS patients

and prediction of MACE onset after PCI
management.®’

In patients with ACS, serum miR-122-5p
expression was remarkably higher than that
in control subjects, and the expression level
could significantly differentiate between
UA and AMI patients according to the
high AUC value. Based on the Gensini
score, elevated serum miR-122-5p was pos-
itively associated with the severity of coro-
nary artery lesions in UA patients. In
addition, elevated expression of serum
miR-122-5p was observed in ACS patients
with coronary artery stenosis severity of
more than 80%. A high level of serum
miR-122-5p is a new biomarker for ACS
patients and could be useful for assessment
of the severity of coronary artery stenosis.>®

A multicenter prospective study reported
that plasma miR-4286 expression was sig-
nificantly upregulated in ACS patients and
the TG level was positively correlated with
the circulating miR-4286 level. The results
suggested that an elevated plasma miR-
4286 level was directly related to an
increased incidence of ACS (Table 2).*°

The role of miRNAs as
biomarkers of AMI

Recently, Liu et al. demonstrated that exo-
somal plasma miR-4516 and miR-203 levels
were significantly elevated in AMI patients
compared with those in healthy individuals
and showed high AUC values with a high
diagnostic accuracy for the evaluation of
AMI patients. Moreover, exo-miR-4516 was
positively associated with the SYNTAX
score, and the plasma SFRP1 level was
directly correlated with LDL and c¢Tnl
levels. The results also suggested that upregu-
lated exo-plasma miR-4516, miR-203, and
SFRP1 levels could be used in combination
to predict the severity of AMI.*°

In patients with STEMI, serum miR-
30d-5p, miR-146a-5p, and miR-23a-3p
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Table 2. Role of circulating (plasma/serum) miRNAs in ACS.

Important
target
miRNAs Expression Role Associated with genes References
miR-497 Upregulated Diagnostic Endothelial injury, TNF-0, TRAF6 331
ICAM-1, IL-1B
miR-143, Downregulated Diagnostic Gensini score, degree of 32
miR-145 coronary artery
stenosis
miR-361-5p Upregulated Diagnostic, Endothelial dysfunction VEGF 33
prognostic
miR-137, Upregulated Diagnostic Inflammatory mediator, Nourin, 3
miR-106b-5p severity of myocardial ANAPCI I,
ischemia FTHL-17
miR-183-5p Upregulated Diagnostic Three-vessel CAD Claudin-5 33
protein
miR-134-5p, Downregulated Diagnostic Plasma troponin | 3
miR-15a-5p
miR-587 Upregulated Diagnostic, Creatine kinase isoen- 3
prognostic zyme and severity of
CAD
miR-483-5p Upregulated Diagnostic, Major cardiovascular risk ~ PLA2G5 37
prognostic factors
miR-122-5p Upregulated Diagnostic Severity of coronary SIRT6 8
artery lesions
miR-4286 Upregulated Diagnostic Triglyceride levels and PI3K 39

incidence of ACS

miRNA, microRNA; ACS, acute coronary syndrome; CAD, coronary artery disease; TNF, tumor necrosis factor;

IL, interleukin.

expression levels were downregulated
by 1.581-fold, 4.048-fold, and 4.857-fold
compared with those in control subjects.
Moreover, downregulated serum miR-
23a-3p levels were significantly inversely
associated with the APACHE II and
Global Registry of Acute Coronary Events
risk scores. Therefore, these miRNAs could
be used as blood-based clinical markers for
severity assessment and may have potential
diagnostic and prognostic value in STEMI
patients.*!

The plasma expression levels of miR-
26a-1, miR-146a, and miR-199a-1 in
patients with AMI (before and after PCI)
were markedly upregulated compared with
those in healthy controls, and their AUC

values could significantly distinguish
between AMI patients and healthy subjects.
Moreover, miR-26a-1, miR-146a, and miR-
199a-1 expression levels were directly
associated with high sensitivity-cTnT and
N-terminal pro b-type natriuretic peptide
levels in patients with AMI before and
after PCI, indicating these -elevated
miRNAs may be considered as risk factors
and new blood-based biomarkers for the
early diagnosis of AMI and provide useful
molecular information for the pathogenesis
of AMIL.*

Patients in the STEMI group exhibited
significantly higher expression levels of
miR-223-3p, miR-142-3p, miR-146a-5p,
miR-125a-5p, miR-486-5p, and miR-155-5p
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than those in controls. Patients with higher
levels of miR-223-3p, miR-142-3p, and miR-
146a-5p demonstrated an increased risk of
developing MACEs during 1 year of follow-
up. Additionally, the expression of miR-
125a-5p was negatively correlated with
aging, and miR-142-3p expression was
inversely related to sex. Moreover, the rela-
tive expression levels of miR-223-3p and
miR-146a-5p were positively correlated with
the left ventricular global longitudinal strain
values but negatively associated with the two-
dimensional left ventricular ejection fraction
values and myocardial work indices (global
work index, global constructive work, and
global work efficiency). These results suggest
that upregulated plasma levels of miR-223-
3p, miR-142-3p, and miR-146a-5p have sig-
nificant prognostic value for AMI patients.*’

The serum miR-96-5p level was signifi-
cantly decreased and BCL2L13 expression
was markedly upregulated in AMI patients
compared with those in healthy subjects.
Low levels of miR-96-5p also presented a
good AUC value with high sensitivity and
specificity and could clearly differentiate
AMI patients from healthy participants.
Furthermore, expression of a miR-96-5p
mimic remarkably reduced oxidative stress
and cellular apoptosis and evidently
improved H9¢c2 cellular viability by targeting
BCL2L13, indicating downregulation of
serum miR-96-5p as a potential non-
invasive diagnostic biomarker. Additionally,
overexpression of miR-96-5p may be consid-
ered a new molecular target for the treatment
of AMI patients.**

Circulating miR-21-5p and miR-126
expression levels were remarkably higher
in the infarct-related artery total occlusion
(IR-ATO) AMI group than those in the
control group and exhibited a significant
correlation with ¢Tnl and CK-MB. ROC
curve analysis revealed a strong diagnostic
accuracy for IR-ATO AMI and suggested
that miR-21-5p and miR-126 may also be
promising prognostic clinical biomarkers

for AMI and IR-ATO patients.* The
expression of serum miR-499 was signifi-
cantly increased and the serum miR-22
level was markedly reduced in AMI patients
compared with those in healthy controls
and the non-myocardial infarct group, and
these two miRNAs showed significant
AUC values with high sensitivity and spe-
cificity for the diagnosis of AMI patients.
MiR-499 expression showed considerable
positive correlations, whereas miR-22
exhibited strong negative correlations with
total cholesterol, CK, and CK-MB levels.
In addition, serum miR-499 was evidently
higher and miR-22 was noticeably lower in
the MACE group than in the non-MACE
group, suggesting that these two miRNAs
have strong clinical significance for the
diagnosis of AMI.*¢

Significantly upregulated serum miR-
32-5p expression was observed in AMI
patients; inversely, marked downregulation
of serum KLF2 mRNA was found in
patients with AMI compared with that in
healthy participants. Additionally, elevated
serum miR-32-5p expression was positively
correlated with c¢Tnl, heart-type fatty acid
binding protein, Von Willebrand factor
(VWF), IL-1B, IL-6, and TNF-a levels and
showed a high AUC value, indicating that
elevated serum miR-32-5p may serve as a
useful diagnostic biomarker and molecular
target for the treatment of AMI (Table 3).%’

Therapeutic role of miRNAs in
AMI treatment

Recently, Boxhammer et al. reported that
miR-30d-5p expression was significantly
downregulated in the ischemic myocardium
of a rat model of myocardial infarction
compared with that in healthy myocardium.
AMI rats treated with miR-30d-5p mimic
after 72 hours and after 6 weeks showed a
significantly reduced infarct area size in the
left ventricle. Furthermore, in HUVECs
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Table 3. Role of circulating miRNAs in AMI.

Important target

miRNAs Expression Role Associated with genes References
miR-4516, Upregulated Diagnostic SYNTAX score, LDL  SFRPI 0
miR-203 and cTnl
miR-23a-3p Downregulated Diagnostic, ~ APACHE Il and MnSOD, NF-kB '
prognostic GRACE risk scores target genes
miR-26a-1, Upregulated Diagnostic Hs-cTnT, NT-proBNP,  Irakl and Trafé 2
miR-146a, and pathogenesis of
miR-199a-1 AMI
miR-223-3p, Upregulated Prognostic LV GLS and LVEF s
miR-146a-5p
miR-96-5p Downregulated Diagnostic, Oxidative stress, BCL2LI3 4
therapeutic apoptosis
miR-21-5p Upregulated Prognostic cTnl and creatine *
kinase isoenzyme
miR-499 Upregulated Diagnostic TC, creatine kinase 46
isoenzyme. and
major cardiovascular
events
miR-32-5p Upregulated Diagnostic, ~ H-FABP, IL-1B, IL-6, KLF2 4

therapeutic

TNF-o

miRNA, microRNA; AMI, acute myocardial infarction; LDL, low-density lipoprotein; cTnl, cardiac troponin-l; Hs-cTnT,
high sensitivity cardiac troponin T; TC, total cholesterol; LV GLS, left ventricular global longitudinal strain; LVEF, left
ventricular ejection fraction; NT-proBNP, N-terminal pro b-type natriuretic peptide; GRACE, Global Registry of Acute
Coronary Events; IL, interleukin; TNF, tumor necrosis factor; H-FABP, heart-type fatty acid binding protein.

and cardiomyocytes transfected with a

let-7e-5p s

essentially

involved in

miR-30d-5p mimic, gap closures were
markedly increased and the cardiomyocyte
apoptosis rate was remarkably reduced 20
hours post-scratching. These results indi-
cate that mimic miR-30d-5p may signifi-
cantly enhance infarct healing and could
be a novel therapeutic target for the preven-
tion of ischemic cardiomyopathy after
AMIL* Serum expression levels of let-
7e-5p, let-7g-5p, and miR-26a-5p were dis-
tinctly downregulated during the acute
onset of NSTEMI compared with those in
healthy participants and were inversely cor-
related with the pro-inflammatory cytokine
TNF-o and the chemokines MCP-3 and
MDC. Moreover, HUVECs transfected
with let-7e-5p mimic or inhibitor showed
markedly enhanced cellular adhesion
and angiogenesis capacity, suggesting that

NSTEMI pathogenesis and may constitute
a potential therapeutic target for AMI.*
Our previous study found that plasma
miR-375 expression in STEMI and
NSTEMI patients and in mouse AMI
models was significantly downregulated in
relation to that in controls. Additionally the
AUC values were increased with remarkable
sensitivity and specificity and clearly distin-
guished STEMI and NSTEMI patients from
healthy volunteers. Furthermore, hypoxia-
reoxygenation-induced H9c2 cells treated
with mimic miR-375 demonstrated reduc-
tions of the apoptosis rate and caspase-3
activity and showed markedly improved car-
diomyocyte viability through upregulation
of its target protein, NLK. These results sug-
gested that downregulation of plasma
miR-375 may serve as a promising clinical
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biomarker for the early detection of AMI,
and overexpression of miR-375 could be
considered a new molecular target for the
management of AMI patients.”

Zhang et al. demonstrated that miR-27a-
S5p is markedly decreased in H9c¢2 cells
exposed to hypoxia for 24 hours and in
the myocardium of a rat AMI model. This
result was associated with increased HIF-1a
protein expression, cell membrane damage,
apoptosis and necrosis, and proapoptotic
gene expression (caspase-3, BAX, Faslg,
and P53) but decreases in expression of
the antiapoptotic gene Bcl-2 and cell viability.
Overexpression of miR-27a-5p remarkably
reduced hypoxia-induced cardiomyocyte
injury, cell membrane damage, and cellular
apoptosis, decreased the level of autophagy,
and significantly improved cellular viability
through inhibition of expression of its target
gene, Atg7. These results suggested that
mimic miR-27a-5p plays a significant cardio-
protective role against hypoxia-induced H9c2
cell injury and may be an innovative target
for the treatment of ischemic heart disease.”!

MiR-150 expression was prominently
downregulated in the infarcted myocardium
region after AMI in a rat model, and the
myocardial fibrosis-related proteins collal,
colla2, col3, and a-SMA were significantly
elevated. Moreover, overexpression of
miR-150 remarkably decreased the expres-
sion levels of collal, colla2, col3, and
o-SMA in the border area of the infarcted
myocardium, reduced the collagen volume
fraction and apoptosis rate, and inhibited
myocardial fibrosis but significantly
enhanced ventricular remodeling and cardi-
ac function after AMI. These results indi-
cated that upregulation of miR-150 has a
significant impact on the clinical outcomes
of AML>

Wang et al. found that miR-29b levels in
the infarct border zone of a rat AMI model
were markedly decreased, but COL1A1 and
a-SMA levels were remarkably upregu-
lated. Furthermore, expression of a

miR-29b mimic significantly downregulated
COLI1A1 and a-SMA expression levels and
reduced the collagen volume fraction and
myocardial fibrotic level but markedly
improved cardiac function by upregulating
SH2B3 gene expression, suggesting overex-
pression of miR-29b might be a novel ther-
apeutic target after AMIL>* Xue et al. also
reported that overexpression of miR-29b-3p
significantly inhibited the proliferation,
migration, and differentiation of TGF-
Bl-mediated cardiac fibrosis after AMI in
rats. They suggested that mimic miR-
29b-3p has a significant anti-fibrotic effect
on cardiac fibrosis by targeting FOS and
might be helpful for post myocardial infarc-
tion management.>*

The relative expression of miR-206 in
infarcted myocardial areas and in hypoxia-
induced cardiomyocytes was significantly
decreased compared with that in controls.
Overexpression of miR-206 in rat hearts
injected with a miR-206 agomir resulted in
a marked reduction of the myocardial
infarct size compared with that in control
rats. Mimic miR-206 expression remarkably
decreased the apoptosis rate in hypoxia-
exposed neonatal rat cardiomyocytes through
downregulation of protein tyrosine phospha-
tase 1B expression, suggesting that a high
level of miR-206 is a significant cardioprotec-
tive therapeutic strategy in AMI treatment.>

The cardiac-enriched miR-210 level was
significantly increased in a rat model of
AMI. Overexpression of miR-210 markedly
promoted angiogenesis with amplified
microvessel density in the infarcted myocar-
dium area, enhanced left ventricular frac-
tional shortening and the left ventricular
ejection fraction ratio, improved cardiac
contractility and left ventricular remodeling
after AMI, and significantly enhanced car-
diac function by suppressing B-MHC and
elevating HGF expression. The results sug-
gested that a miR-210 agonist could be a
molecular therapeutic tool for AMI
treatment.>®
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miRNAs are critically regulated in
angiogenesis, and angiogenesis plays an
essential role in tissue repair after myocar-
dial infarction. Recently, Bestepe et al.
revealed that miR-409 expression was sig-
nificantly upregulated in ACS patients and
a mouse model of AMI compared with that
in control groups. Moreover, inhibition of
miR-409 in endothelial cells subjected to
ischemia-reperfusion (I/R) resulted in sig-
nificant elevation of pro-angiogenic factors
including VEGF and fibroblast growth
factor, increased endothelial cell prolifera-
tion and migration via upregulation of its
target mRNA, DNAJBY9, and increased
protein expression through p38 mitogen-
activated protein kinase pathways. In addi-
tion, in miR-409-3p knockout mice, the left
ventricular ejection fraction was amplified
by 28% and the infarct area was diminished
by 33.8% compared with that in control
mice. These results suggest that miR-409
has a substantial effect on the angiogenic
endothelial cell response to cardiomyocyte
ischemia and could be a new molecular
target for therapeutic intervention for
AML”’

Cardiac miR-1 levels in rat hearts
exposed to I/R were significantly increased,
but after administration of telmisartan
(12mg/kg/day for 3 weeks) miR-1 expres-
sion was remarkably downregulated,
Cnx43, KCNQI, and Bcl-2 levels were
markedly  upregulated, cardiomyocyte
injury was significantly reduced, and cellu-
lar viability was improved. These results
suggested that miR-1 has a cardioprotective
effect against myocardial damage through
telmisartan by modulation of its targets,
Cnx43, KCNQI, and Bcl-21.®

MiR-21 was downregulated in a rat
model of AMI, oxidative stress-induced
cardiomyocytes, and infarct areas of a
mouse I/R model. However, a miR-21
mimic significantly attenuated apoptosis,
caspase-3 activity, and the myocardial
infarct size and markedly enhanced

angiogenesis, cellular viability, and cardiac
function after AMI through suppression of
PDCD4 expression. These results indicated
miR-21 as a potential therapy for AMI
(Table 4).%°

Role of miRNAs in
cardiovascular-related aging

Aging is a complex multisystem physiolog-
ical process characterized by progressive
degeneration of human tissues or organs,
a subsequent decline in cellular repair
capacity, and loss of function. Globally,
approximately 20% of people will be 65
years or older by 2030. Biological aging is
a non-modifiable major risk factor for
CVDs including atherosclerosis, hyperten-
sion, CHD, myocardial infarction, cardiac
hypertrophy, heart failure, peripheral arteri-
al diseases, and stroke. Recently, several
basic and clinical studies demonstrated that
various miRNAs are differentially expressed
during aging, critically regulate the aging
process, and have a potential for use as
aging biomarkers and therapy.®

Lee et al. reported that the peripheral
circulating  hsa-miR-409-3p  expression
level was remarkably higher in people
older than 65 years than in those younger
than 30 years among both healthy male and
female individuals. In senescent human
endothelial progenitor cells (EPCs), hsa-
miR-409-3p expression was significantly
upregulated compared with that in young
EPCs, markedly inhibited angiogenesis
through targeting of protein phosphatase
2 catalytic subunit alpha (PPP2CA) gene
expression, and was controlled by the
PP2A/p38 signaling pathways. The results
suggested that hsa-miR-409-3p might be
an innovative biomarker for human
aging.®' Carini et al. found that circulating
miR-101-3p and miR-142-5p expression
levels were evidently downregulated in a
group of frail individuals more than
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Table 4. Therapeutic role of miRNAs in AMI.
Important
miRNAs Expression  target genes Function/Effects References
miR-30d-5p  Mimic p53/pp53 Reduced infarct size of the left 8
ventricle and cardiomyocyte
apoptosis
let-7e-5p Mimic TNF-0, MCP-3, Improved angiogenesis capacity +
and MDC
miR-375 Mimic NLK Reduced apoptosis and enhanced 50
cardiomyocyte viability
miR-27a-5p Mimic Atg7 Cardioprotective role via preventing >
cardiomyocyte injury
miR-150 Mimic collal, colla2, Inhibited myocardial fibrosis and 52
col3, and a-SMA enhanced cardiac function
miR-29b Mimic SH2B3, FOS Markedly improved cardiac function, ~ >***
anti-fibrotic role in cardiac
fibrosis
miR-206 Mimic Protein tyrosine Reduced myocardial infarct size and 5
phosphatase |B cardioprotective effects
miR-210 Inhibition B-MHC and HGF Enhanced LVEF, improved cardiac 36
contractility, and ventricular
remodeling
miR-409 Inhibition DNAJB9 and Increased LVEF, reduced infarct size, 57

mitogen-activated
protein kinase

and improved angiogenesis.

miRNA, microRNA; AMI, acute myocardial infarction; LVEF, left ventricular ejection fraction.

70 years old compared with those in con-
trols.®” Additionally, these two miRNAs
showed excellent AUC values and signifi-
cantly discriminated frail patients from con-
trol subjects. Furthermore, these two
miRNAs could potentially regulate cellular
aging processes through their targets and
could be new biomarkers for aging-related
frailty syndrome patients.”® High expres-
sion of circulating miR-34a, miR-34b, and
miR-34c was observed in CAD patients,
and these three miRNAs were significantly
associated with aortic stiffening. Elevated
levels of miR-34a and miR-34c were negative-
ly correlated with SIRTI or JAGI,
NOTCH2, CTNNBI, and ATFI. Inhibition
of miR-34a/b/c ameliorated atherosclerotic
plaque formation in an atherosclerotic
mouse model through elevation of Sirtl and
Jagl expression, indicating that miR-34a/b/c

have potential clinical roles in human arterial
aging and atherosclerotic vascular disease.*®
MiR-34a and IL-6 expression levels were
increased in 21-month-old mice, human
aortic smooth muscle cells (HASMCs) of
different ages, and cells that had undergone
senescence. Expression of a miR-34a mimic
significantly accelerated HASMC senes-
cence and calcification through activation
of the senescence-associated secretory phe-
notype and augmented IL-6 secretion, sug-
gesting that miR-34a is directly associated
with vascular inflammation.®* Circulating
miR-23a levels were markedly higher in a
middle-aged group (45-60 years old) than
in a young (20-35 years old) group of par-
ticipants, and animal studies showed that
miR-23a significantly increased with aging.
Upregulation of miR-23a remarkably
inhibited cell proliferation and restricted
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the WI-38 cell cycle through downregula-
tion of its target, FOXO3a. Therefore,
miR-23a plays an essential role in regulat-
ing cellular senescence and the human aging
process.®

Endothelial cell senescence and endothe-
lial barrier dysfunction are significantly
induced by advanced glycation end-
products (AGEs) through downregulation
of the transepithelial electrical resistance
and elevation of p-MLC/MLC and
MLCK expression. Expression of a miR-
1-3p mimic decreased the MLCK signal,
enhanced AGE-influenced endothelial bar-
rier function impairment, and decreased
oxidative stress and endothelial cell senes-
cence associated with aging.® The miR-
146a expression level was remarkably
increased in post-myocardial infarction
aged mouse model hearts, and matrix met-
alloprotease (MMP)2/16 levels were evi-
dently decreased in cardiomyocytes,
leading to elevated MLCK3 and MLC2
expression. MiR-146a knockout mice were
unable to control the MMP2/16-MLCK 3-
p-MLC2 pathway in senescent cardiomyo-
cytes and subsequently exhibited decreased
cardiac function in post-myocardial infarc-
tion hearts. In aging mice, miR-146a failed
to regulate the MMP2/16-MLCK23-
p-MLC2 axis and enhanced myocardial
ischemic injury.®’

Cellular anti-aging activity is crucially
controlled by nicotinamide adenine dinucle-
otide (NAD™). MiR-146a expression was
elevated in senescent cells, and AMPK
activation was decreased. Furthermore,
inhibition of miR-146a  upregulated
metformin-mediated NAMPT expression,
NAD™ synthesis, and SIRT activity and
markedly protected against cellular senes-
cence, suggesting miR-146a as a new molec-
ular target for the prevention of aging and
aging-associated diseases.!

In older mice (24-25 months), miR-29a
expression was highly increased in the
heart compared with that in younger mice

(2-3 months). Expression of a miR-29a
mimic in cardiac muscle greatly reduced cel-
lular proliferation and migration and pre-
vented aging-related cardiac fibrosis
through downregulation of SERPINHI
gene expression. Therefore, miR-29a has
prospective therapeutic value in preventing
cardiac aging.®® In senescent endothelial
cells, the miR-217 level was highly upregu-
lated, and expression of a miR-217 mimic
considerably  decreased  proliferation,
migration, and angiogenesis during endothe-
lial cell growth through enhancement of
senescence-associated [B-galactosidase (SA-
B-gal). Inhibition of miR-217 evidently
diminished SA-B-gal via targeting the
SIRT1/p53 signaling pathway, providing a
new molecular mechanism for the develop-
ment of vascular endothelial cell senescence.®”
In centenarians (mean age 101.80 years old)
miR-142-3p expression was more strongly
upregulated than that in elderly control par-
ticipants (mean age 72.5 years old) with no
family history of longevity. Moreover, expres-
sion of a miR-142-3p mimic improved
genotoxicity-related  stress resistance and
impaired cell cycle growth in IMR90 cells.
Additionally, miR-142-3p mimic-injected
mice exhibited greatly diminished insulin/
insulin-like growth factor signaling and dis-
tinctly modified longevity-linked phenotypes,
including enhanced stress resistance, aug-
mented diet/aging-associated glucose intoler-
ance, and longevity-related changes in the
metabolic profile. These results suggest
miR-142-3p as a potential therapeutic
option to prevent human aging or aging-
related disease and promote human
longevity.™

Circulating miR-17 and miR-126-3p
expression levels in geriatric (>65 years
old) hospitalized patients were highly
downregulated during 31 days, 1 vyear,
and 2 years of follow-up and were signifi-
cantly associated with the neutrophil-
to-lymphocyte ratio, estimated glomerular
filtration rate, and cardiovascular
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multimorbidity and mortality. Decreased
miR-17 and miR-126-3p levels have a
strong clinical impact on evaluation of an
increased risk of short- and medium-term
mortality in older patients. Therefore,
these miRNAs may have diagnostic and
prognostic biomarker value for aged
people.”! Circulating miR-126-3p expres-
sion progressively increased from 18 years
to 99 years of age in healthy subjects, but it
was significantly decreased in centenarians
(100-111 years old) compared with that in
younger subjects. Moreover, increased
miR-126-3p expression was observed in

senescent endothelial cells compared with
that in younger cells. MiR-126-3p might
have diagnostic or prognostic significance
for bio-positive aging and age-related dis-
eases.”” Plasma miR-3162-3p levels in elderly
(>65 years old) UA patients were exception-
ally increased and showed the best accuracy,
highest discrimination power, and remark-
able sensitivity and specificity for the
diagnosis of older UA patients (Table 5).”

Our previous study found that plasma
miR-21 progressively increased with aging
among healthy subjects, and higher
expression was observed in the 70 to

Table 5. Role of miRNAs in aging and aging-related cardiovascular diseases.

Important
miRNAs Expression Role target genes Effects References
miR-146a Upregulated in aged  Molecular target for ~ SIRT Inhibition of miR-146a 12
mouse heart the prevention of and markedly pro-
aging-related tected against cellular
cardiovascular senescence
diseases
miR-409-3p Upregulated in older  Biomarker for human PPP2CA Inhibited angiogenesis in ~ ©'
adults aging gene senescent human
endothelial progenitor
cells
miR-23a Elevated with aging Cellular senescence ~ FOXO3a Inhibited cell proliferation ©°
levels and human aging through downregula-
tion of its target,
FOXO3a
miR-29a Increased in aged Therapeutic role in SERPINHI Overexpression of 8
mouse heart preventing cardiac miR-29a prevented
aging aging-related cardiac
fibrosis
miR-142-3p Upregulated in Prevent human aging miR-142-3p mimic- &
101.80-year-old and promote injected mice showed
individuals human longevity reduced insulin/IGF-|
signaling and regulated
longevity-linked
phenotypes
miR-17, Downregulated in Diagnostic, prognostic Associated with eGFR, 7!
miR-126-3p >65-year-old neutrophil-to-lympho-
individuals cyte ratio, cardiovas-
cular multimorbidity
and mortality
miR-21 Upregulated in Prevents aging-associ- p53, y-H2AX, Reduced oxidative stress 7 *7¢
individuals ated oxidative PTEN, PI3K, damage in senescent
>65 years old stress Nrf2 CD4™" T cells

miRNA, microRNA; eGFR, estimated glomerular filtration rate.
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84-year-old group than that in the 30 to
49-year-old group. Moreover, in the 70- to
84-year-old and 50- to 69-year-old groups,
circulating miR-21 levels were markedly
elevated in both stable angina and UA
patients compared with those in younger
(30- to 49-year-old) stable angina and UA
patients. Additionally, miR-21 showed out-
standing AUC values for the diagnosis of
stable angina and UA patients. Therefore,
miR-21 plays an important role in cardio-
vascular aging.”

Increased expression of circulating miR-
21 was found in older hypertensive patients
(>65 years), and echocardiographic reports
showed markedly increased septal thickness
and left ventricular mass indices in aged
hypertensive patients compared with those
of normal subjects. Furthermore, miR-21
expression in cardiomyocytes isolated
from aged mice (50 weeks old) was signifi-
cantly higher than that in younger mice
(12 weeks old) and was strongly related to
the S100a8/NF-kB/NFAT signaling path-
way. Additionally, miR-21 levels and
cardiac-correlated proteins such as myosin
heavy chain 7, atrial natriuretic peptide,
lactic dehydrogenase, and cTnl were
significantly upregulated in aged cardio-
myocytes compared with those in young
cardiomyocytes. Furthermore, elevated
miR-21 expression augmented pressure
overloaded-associated cardiac hypertrophy
in the aging population.”

Mesenchymal stem cell (MSC)-derived
exosomes have a potential role in aging-
related diseases. Human placenta MSC-
derived exosomal (hPMSC-exo) treatment
of senescent CD4™ T cells resulted in signif-
icant reduction of oxidative stress-induced
damage (ROS and 8-hydroxy-2'-deoxygua-
nosine), aging-associated protein expression
(p53 and vy-H2AX), and senescence-
associated secretory phenotype expression
(IL-6 and OPN). The hPMSC-exo-miR-21

evidently reduced PTEN expression, elevat-
ed p-PI3K and p-AKT expression and Nrf2
nuclear translocation, and markedly pre-
vented aging-associated oxidative stress-
induced damage of senescent CD4" T cells
through targeting of the PTEN/PI3K-Nrf2
axis.”®

Conclusion

MiRNA-based basic and clinical research
is progressing rapidly. However, most
research is related to the pathophysiology,
diagnosis, and prognosis of various CVDs.
Although many studies have reported that
cardiac-enriched circulating miRNAs have
a significant clinical impact as biomarkers
for ischemic heart disease, further large
multicenter clinical studies are needed
to explore their advantages and side
effects before wuse in clinical practice.
Recently, several AMI animal models
showed that some miRNAs, including
miR-590, miR-199a, miR-210, and miR-
34a, significantly protected against cardio-
myocyte injury and improved cardiac
function. Therefore, these miRNAs should
be used as novel therapeutic targets for the
treatment of AMI patients, but this
research is still in the primary stage and
requires more extensive animal studies and
human clinical trials before the findings are
applied to humans. Aging is an irreversible
cause of cellular degeneration, and several
mimics and inhibitory miRNAs strongly
regulate cellular aging processes and delay
cellular death. They may be used as new
molecular targets for aging and aging-
related CVDs, but more advanced basic
and clinical experiments are needed prior
to their use in medical practice.
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