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ABSTRACT

Obesity and overweight have become a global problem that development of various coronary
artery diseases (CAD), such as myocardial infarction, atherosclerosis and congestive heart failure.
Effective diagnosis is needed for effective treatment and prevention, particularly in healthy over-
weight subject. Platelets is an important component of hemostatic balance, that maintains the
coagulation physiology. Platelets are involved in different pathological events such as thrombosis
and CAD in various inflammatory conditions. There are evidences that highlight an important role
of miRNA in regulation of gene expression profiling in platelets. Current hypothesis has shown the
likelihood of using miRNAs as diagnostic markers in the event of CAD. This review article describes
the association between overweight/obesity and platelets activation in elucidating the gene ex-
pression profiling in platelet miRNAs in CAD patient. The application of platelet miRNAs as predic-
tive markers in overweight/obese individuals may become a marginal milestone in the history of

this diet-related disorder treatment.
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Disease.

INTRODUCTION

Overweight is a major public health issue, which af-
fects conspicuous portion of the world population.
It constitutes a risk factor for metabolic events that
predispose an individual to diabetes, hypertensions
and atherosclerosis. Overweight has been recently
linked to low grade chronic inflammatory diseases,
like type 2 diabetes, cardiovascular disease and can-
cer. However, acute inflammatory responses are im-
portant for defensive and homeostatic mechanisms
of healing, repair and tissue regeneration'. Chronic
inflammatory conditions include hypertension, dia-
betes, cardiovascular disorders (CVDs) and cancer?.
A report by World Health Organization (WHO) in
2016 showed that over 1.9 billion adults above 18 were
overweight worldwide, and 650 million adults were
obese. These figures show, that 39 % of adults >
18 years of age (representing 40 % women and 39 %
men) were overweight, while 13 % of world adult pop-
ulation (representing 15 % women and 11 % men)
were obese. Thus, from 1975 to 20167, the global
prevalence of overweight and obesity cases has nearly
tripled. Epidemiological evidence and clinical stud-
ies have clearly demonstrated, that overweight pre-
disposed an individual to an increased incidence of
thrombotic occlusion, or atherosclerosis that corre-

lated with epicardial fat thickness* and visceral obe-
sity®. Endothelial dysfunction, monocytes recruit-
ment, inflammation and platelet activation are asso-
ciated with dyslipidemia. Studies showed that leptin
resistance could be a possible candidate that links obe-

sity with cardiovascular diseases®®.

Meta-analysis
data by Coronary Heart Prevention of West Scotland
Studies suggested, that leptin could induce CHD in-
dependently®. Although, leptin receptor (ObRb) on
platelet membrane can signal angiogenesis, regulate
bone formation, accelerate vascular endothelial in-
juries and further enhance platelet aggregation via
platelet leptin receptor %! (Figure 1).

Activated platelet releases cytokines, chemokines,
hemostatic factor, adhesion protein, antigen recep-
tor, mitogens and platelet miRNA 2, Platelet miRNA
gene expression pattern has been demonstrated to be
more accurate and precise, compared to mRNA ex-
pression pattern in differentiation and characterizing
various diseases (such as atherosclerosis, myocardial
infarction and cancers'?). Thus, this review article
describes the relationship between overweight, leptin
resistance, platelet activation and platelets miRNAs
expression profiling, as well as to advocates the use-
fulness of miRNAs as predictive biomarkers of CAD
in healthy overweight subjects.
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Figure 1: Proposed leptin-dependent pathway of platelet activation in healthy overweight subjets. Platelet-
free calcium concentration may be involved in platelet response to leptin stimulation via ObRb on platelet mem-
brane. The stimulation of phospholipase C (PLC) in phospholipids membrane is an early step in cellular activation,
including platelets that resulted in the hydrolysis of phosphatidylinositol 4,5 diphosphate. This, in turn, leads to
the formation of 1,2-diacylglycerol (DAG) and inositol 1,4,5 triphosphate (IP3). DAG is known to stimulate protein
kinase C (PKC) and IP3 is able to mobilize intracellular calcium for platelet activation.

THE ASSOCIATION BETWEEN
PLATELET ACTIVATION AND
ATHEROSCLEROSIS IN
OVERWEIGHT

Overweight can be referred as a leptin resistance con-
dition. Leptin is a product of adiponectin from ob
gene ', that signals the energy stores level via recep-
tor in central nervous system. Leptin regulatesac-
tivity of the hypothalamic nuclei, responsible for ap-
petite and energy homeostasis. This hormone is anti-
overweight, with its level decreasing during fasting
and increasing after overfeeding in order to maintain
energy status. Thus, leptin resistance in overweight
subjects may signify the relationship between leptin
concentration and overweight!>. Multiple evidences
have demonstrated that this hormone could engage in
many pathophysiological pathways that could result
in leptin resistance in different cells, arterial thrombo-
sis formation '°, platelet activation and aggregation !,
arterial hypertension '® and vascular response to in-
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flammation %%, Other studies have shown that lep-
tin is a prognosticator of atherosclerosis, myocardial
infarction, stroke and coronary artery episode which
is independent of body fat>!.

The overall ability of this hormone to increase human
platelet activation has been suggested in OB/OB mice
and healthy control subjects ' 2!
al. did not observe leptin on epinephrine, collagen

. However, Ozata et

and ADP platelet activation in both obese and over-
weight healthy subjects, and in leptin-deficient indi-
viduals??. Therefore, the notion of presence of lep-
tin receptor on platelet membrane, signaling the pro-
thrombotic episode of leptin resistance is still contro-
versial. However, the association between platelet ac-
tivation in overweight/obesity with dyslipidemia and
endothelial dysfunction, triggers human platelet ac-
tivation and aggregation, thus further enhancing the
risk of atherosclerosis events?3. Furthermore, stud-
ies have shown that obesity triggers platelet activa-
tion via release of an inflammatory mediator that ac-
tivates multiple internal signaling networks, includ-
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ing platelet miRNA 24, The role of miRNA (miR)
on leptin resistance has been demonstrated in sev-
eral gene expression profiles. MiRNA plays a modu-
lation role in different metabolites. Thus, the exact ef-
fect of platelet miRNA on leptin in hypothalamic cen-
ter remains elusive. The up-regulation of miR-200b
and miR-200a were observed in hypothalamus center
of obese-deficient ob/ob mice, and down-regulation
of miR-200b and miR-200a were reported after lep-
tin treatment in the hypothalamus?>. Reduced level
of miR-200b and miR-200a in the hypothalamic cen-
ter induced the expression of both insulin and leptin
receptors that signal the reduction of fat deposit and
further restored insulin function in the liver2°. These
miRNAs were present in activated platelets, suggest-
ing that up regulation of miR-200a and miR-200b
from activated platelets in overweight/obesity was al-
tered (Table 1). Such alteration influenced leptin and
insulin receptor signaling pathways in the hypothala-
mic nuclei?® which could serve as a target for ther-
apeutic intervention in obesity/overweight individu-
als.

PLATELET ACTIVATION AND
PROTEIN SYNTHESIS

Platelets are made up of three secretory granules: the
a-granules, lysosomes and dense granules?’. The
content of these granules is released into plasma after
platelet activation, which may enhance and promote
elevation levels of pro-atherogenic proteins. This
includes growth factors (TGF-f3, PDGE, bFGF and
EGF), adhesion proteins (fibronectin, fibrinogen, P-
selectin, thrombospondin, vWFE, vitronectin, receptor
complex glycoproteinIba-V-IX (GPIba-V-IX,), colla-
gen receptor GP VI and GPIIb-IITa), epithelial neu-
trophil activating protein 78 (ENA-78), chemokines
CXC chemokineligand 4 (CXCL4), RANTES (CCL5),
platelet factor 4 (PF4), coagulation factors (fac-
tor V, XI, XIII), o2-antiplasmin, PAI-1 (plasmino-
gen activator inhibitor), TFPI (tissue factor path-
way inhibitor), protein S, antithrombin, plasminogen,
cytokine-like factors (CD40L, B-thromboglobulin
and IL-18) and miRNA ?® (Figure 2).

REGULATORY AND B IOGENESIS OF
PLATELET MIRNA

MiRNAs are a short class of non-coding endoge-
nous RNAs, that post-regulate gene expression tran-
scriptionally via either translational mRNA degrada-
tion, or repression. MiRNAs play crucial roles in

controlling biochemical functions and mechanisms

of different types of cells, including cell differentia-
tion, developmental timing, tumorigenesis, prolifer-
ation, apoptosis as well as thrombosis and platelet
functions. Similarly, miRNA itself as a regulatory
element, is coordinatively modulated by multifar-
ious effectors when carrying out basic functions,
such as miRNA editing, single-nucleotide polymor-
Platelet
miRNAs act together in order to fine-tune and reg-

phism, circadian clock and methylation.

ulate a wide variety of this molecules in form of
mRNA in different cellular functions. Those in-
clude aggregation, cell adhesion, proliferation, acti-
vation, chemotaxis, coagulation, proteolysis and cell
survival. During these events, the mRNA is syn-
thesized from DNA transcription and further trans-
lated into protein. Certain specific regions of these
mRNA molecules are not normally translated into
proteins. These regions include the 5’ untranslated
region (5" UTR), 5’ cap, poly-A tail and 3’ untrans-
lated region (3’ UTR). 3’ UTR often contains reg-
ulatory site that influences and regulates the post-
transcriptional gene expression profiling?. Britton
and Davidson, (1969)3° postulated that “activator”
mRNA transcript may work to turn on and off genes
as predicted by Watson-Crick base pairing to region,

located within genes>!.

Three major forms of sR-
NAs regulation in plants and animals were identified,
which include small interfering RNAs (siRNA), miR-
NAs (miRNA) and piwi-interacting RNAs (piRNA).
Landry et al., 200932 found, that the platelet miRNA
was not usually translated into protein, but it regu-
lated mRNA by annealing to the recognition site on
3’ UTR of mRNA, coding gene sequence of 2-8 nu-
cleotide, complementary to miRNA seed region?’.
This pairing was based on Watson-Crick nucleotide
base pairing, such as miRNA-mRNA. The hybridiza-
tion of these complexes does not require full comple-
mentary homology ** and complete homolog usually
leads to degradation of a target mRNA, while par-
tial pairing homology is a translational repression.
Therefore, miRNA influences degradation to regulate
mRNA by switching the functional gene transcript on
and off, while translational repression of miRNA reg-
ulates the function of the protein expression >**°, This
functional role of miRNA presumes a wide range of
miRNA-mRNA interactions, following either conver-
gent (many miRNA-Single targets), or divergent (sin-
gle miRNA-many target mRNA) interaction. This re-
sults in robust pathways that regulate the synthesis of
protein in a cell °.

Currently, the nature and extent of the involvement
of platelet miRNAs in a non-(protein)-coding ribonu-
cleic acids (RNAs) in physiology and pathological
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Figure 2: Activated platelet releases both activation and inflammation makers, including the platelet
miRNA. Blood platelets are important for coagulation physiology and maintaining hemostatic balance, which is
involved in various pathologies, such as thrombosis and atherosclerosis. Anucleated platelets are able to trigger
protein synthesis via mRNA translation for blood platelets function and is regulated by miRNA molecules. Recent
works postulated the possibility of using miRNAs as biomarkers for atherosclerosis and ischemic episodes.

processes (in both plant and animals) has become
clearer®. More than 280 miRNAs have been rec-
ognized and characterized from human nucleated
platelets®"*°. The miRNAs biosynthesis in biological
systems is strictly regulated.

The biogenesis of platelet miRNAs began with tran-
scription of the gene in non-coding region of miRNA
using RNAs poly-III from the genome of megakary-
ocytes, harboring miRNA gene in either intergenic or
intronic at promoter site. The first primary miRNA
as a non-coding transcript is known as pri-miRNA,
which acts upon by RNA poly III (called “Drosha”),
that bounds to the microprocessor subunits DGCR-
8 (di-george syndrome critical region-8) to produce a
small length hairpin called pre-miRNA stemloop with
80-110 nucleotides base in length. Exporting-5 as-
sists the nuclear export of pre-miRNA into the cyto-
plasm®. The presence of pre-miRNAs in the cellu-
lar cytoplasm is identified by ribonuclease (RNase) or
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Dicer enzymes which is a part of transactivation re-
sponse binding protein (TRBP) complex. The com-
plex Dicer/TRBP cleaves the pre-miRNAs loop to re-
lease a short length of double stranded miRNA, such
as miRNA/miRNA, * or duplex?’. The duplex (such
as miRNA/miRNA) are transported into the RNA In-

Y3839 and Helicase

duced Silencing Complex (RISC
enzymes are used to unwind the double stranded
miRNA into a single 22 nucleotides base, which is re-
leased as matured miRNA. The 2"¢ strand miRNA,
known as passenger strand is thought to be digested
by the RISC complex substrate. Argonauts (Ago) pro-
tein family will assemble in RISC and provide stability
and protection to the mature miRNA strand against
RNase enzymes activities and will further guide the
matured miRNA to its target 3'-untranslated region
(UTR) of mRNA transcripts*’ (Figure 3 ). However,
the inverse modulation of platelet miRNA profiling
during adipose tissue development in overweight and
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obesity is important for understanding miRNA dys-
regulation in adipose tissue of both obese humans and
mice. Such modulation enhances chronic inflamma-
tion observed in obesity subject with insulin resis-
tance!. Thus, a single nucleotide base change of ma-
ture and pre-miRNA may drive the emerging of new
miRNA by influencing the biological function of these
cells 0.

PATHOLOGICAL ROLE OF PLATELET
MIRNA IN CORONARY ARTERY
DISEASE

The mutations or single-nucleotide polymorphism
(SNP) that occur in the biogenesis of both mRNA and
miRNA can be classified as follows:

(1) Mutations, that affect biogenesis enzymes of
miRNA, or the promoter region of mRNA.

(2) Mutations, that affect the 3° UTR region of the
mRNA.

(3) Mutations that affect the miRNA seed region. 42

Mutation or SNP that affects miRNA bio-
genesis enzymes

SNP in the processing regions can be categorized as
pri-miRNA, pre-miRNA, mature miRNA sequences
and mRNA biogenesis machinery (promoter region).
In fact, gene variations may influence either miRNA
hairpin and biogenesis proteins, or enzymes in the
processing accuracy 3.

Mutation in the miRNA seed region

SNP in the seed region of miRNA may reduce the
binding strength between miRNA and mRNA target
sites, which will influence hundreds of gene expres-

sions 4.

Mutation in the mRNA 3’ UTR-region

Approximately 180,000 mutations or SNP found
within the 3° UTR region mRNA were demonstrated
with its corresponding mature miRNA 2,600 se-
quences. These were found in database sequence’.
Mutations in the seed region of miRNA and 3> UTR
region of mRNA are almost identical in terms of
variations and regulation of miRNA-mRNA* com-
plex, affecting functions and disease vulnerability*2.
However, further molecular mechanism underlying
disease-associated with 3> UTR SNPs in mRNA still

require further investigation .

For example, SNP
meta-analysis of 8,120 patients and 8,364 controls
identified four different SNPs in the following miR-

NAs (miRNA-149, miRNA-196a2, miRNA-499 and

miRNA-146a), which increased patients CAD vulner-
ability?”. Other articles have demonstrated that miR-
146a was upregulated in CAD*7*8 due to the change
of G to C in pre-miRNA. That affected the expres-
sion of mature miRNA-146a in CAD patients *°. That
finding was confirmed by Wang et al. and showed,
that C allele was greater than G allele in gene that
predisposed individuals to CAD>**!. However, in
type 2 diabetes patients with ischemic stroke, the miR-
146a was downregulated (Table 1) °2. Other abundant
miRNAs found in platelets miRNA were miR-223 and
miR-126. In addition, miR-223, miR-107, miR- 495,
miR-96 and miR-200b were actively involved in var-
ious platelet functions, such as platelet release, adhe-

53

sion and aggregation,”” as summarized in Table 2.

MIRNA AS BIOMARKERS

The fact of discovery of miRNA as a stable molecule
in plasma and serum is surprising despite the level

of RNase enzymes activities**.

The expression of
miRNA in tissue, or organ-specific, and its release into
the plasma in response to tissue injury is considered
to be a potential biomarker for different diseases>”.
The hypothesis that miRNA in blood cells could be
used as diagnostic parameter in different diseases was
first postulated by Mitchell et al.. He showed, that
miRNA remained highly stable in both plasma and
serum even after prolonged storage at room temper-
ature, or repeated cycles of freezing and thawing. For
example, tumor-derived miRNA could easily be iden-
tified in plasma sample from cancer patient with stan-
dard laboratory procedure *°%7, The diagnostic role
of circulating miRNA has been evaluated not only
in cancer, but also in other clinical disorders, such
as hepatic disease 58 heart failure®® and diabetes®.
Few studies have claimed platelets in obesity and over-
weight healthy individuals as the culprit factor, re-
sponsible for coronary artery disease®'. The applica-
tion of specific platelet miRNAs as markers for platelet
activation will be a marginal milestone in the history
of this diet-related disorder.

PLATELET- MIRNA IN ENDOTHELIAL
AND VASCULAR SMOOTH MUSCLE
(VSCM) CELLS IN CORONARY
ARTERY DISEASE (CAD)

Large scale studies, presented by Nagalla et al. and

found, that thirty different platelet
miRNAs modulate platelet and endothelial angio-

Landry et al.

genesis (angio-miRs) 3235 These miRNAs, (miR-21,
miR-200, miR-210 and miR-126), are well known
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Figure 3: Mechanism of platelet miRNA to induce repression of mRNA. Production pri-miRNA* from miRNA
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alyzed the pre-miRNA* hairpin to mature miRNA duplex. Matured miRNA strand is transported into RISC in as-
semble of argonaute-2 (Ago2) proteins to guide the silencing of target mRNA to fully complementary matched for
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to play critical roles in the vessel and capillary for-
mation. The regulation of angiogenesis by miRNA
in the endothelial cell was confirmed, using Dicer-
knockdown mice experiment, demonstrating the es-
sential role of Dicer in miRNA biogenesis °>%. Fur-
thermore, Dicer gene deletion was shown to cause
early death of mice during the embryonic stage, due to
impaired angiogenesis®*. In addition, Dicer knock-
down of vascular smooth muscle cells VSMC spe-
cific caused the late embryonic death due to inter-
nal bleeding®, suggesting that platelet miRNA was
an integral part of vascular development. Therefore,
clusters of miR-221 and miR-222 are the most abun-
dant and well distributed miRNAs across these three
cells(platelet, endothelial and VSMC) °7, Both miR-
221 and miR-222 function as pro-inflammatory in-
hibitor of angiotensin II and reversed leucocytes ad-
hesion (in vivo and in vitro)®, suggesting a possi-
ble role of these miRNA clusters in CAD dysregu-
lation. The endothelial-enriched miR-92a has been
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proposed as a possible therapeutic target after treat-
ment with anti-miR-92a oligonucleotide.Such treat-
ment improved the formation of blood vessel and re-
covery of cardiovascular disorder in acute myocardial
infarction in mice®’. MiR-143/145 is the most abun-
dant miRNA found in VSCM and is well characterized
as part of the same bi-cistronic cluster. These miRNAs
target multiple mRNAs to influence VSCM differenti-
ation and simultaneously reduce proliferation . The
delivery of miR-145 by lentiviral in endothelial and
VSCM inhibits monocyte/macrophages recruitment
and infiltration, thus reducing inflammation and lim-
iting plaque formation. These results suggest a new
therapeutic target in order to decrease atherosclerotic

progression and increase plaque atrial stability®.
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ROLE OF PLATELET MIRNAAS A
MARKER IN CORONARY ARTERY
DISEASE (CAD)

Previous reports showed that more than 80 different
diseases were associated with dysregulation, or mu-
tation in miRNAs”?. The mechanisms of platelet ac-
tivation in various thrombotic diseases were well es-
tablished”!. The accurate etiology of miRNA in acti-
vated platelet in overweight and obesity is not clear,
but obesity is always a risk factor for atherothrom-
botic episodes’!. Landry et al. 2009 demonstrated
that the platelets and megakaryocyte miRNAs had
219 different types of miRNA in platelet expression
patterns and profiles’2. The authors observed three
most abundant miRNAs in human platelets; miR-19a,
let-7c, and miR-223. Binding of miRNA-223 to 3’
UTR region of P2Y12 mRNA receptor in HEK293 cell
line repressed P2Y12 gene and decreased the activ-
ities of both platelet and megakaryocyte. However,
dysregulation of miRNA-233 was observed in hyper-
reactive platelet, leading to overexpression of miRNA-
22373, Thus, miR-223, miR-197 and miR-126 were in-
volved in platelet hyperreactive and endovascular in-
flammation, stretching the application of these miR-
NAs as predictive biomarkers for diagnosis of CAD
(Table 1)7°.

CAD, CORONARY ARTERY DISEASE;
QRT-PCR, REAL-TIME
QUANTITATIVE REVERSE
TRANSCRIPTION PCR

In 2013, Osman and Filker discovered 281 tran-
scripts, of which 228 were mature miRNAs and 53
were pre-miRNAs. Six miRNAs: miR-339-3 p, miR-
15 a, miR-365, miR-495, miR-361-3 p and miR-98,
were upregulated, or downregulated in hyperreactive
platelets>®. The level of expression pattern, or char-
acteristic of miRNAs in platelets were associated with
a procoagulant (such as thrombin stimulation). Na-
galla et al, 2011 demonstrated that there were 284
miRNA transcripts in human platelets, by which 74
were differentially expressed, based on the platelet re-
activity®>. Seven miRNA expression profiles (miR-
320b, miR-190, miR-320d, miR-19b, miR-34b, miR-
320c and miR-320a) were shown to have a strong
relationship with the degree of platelet response to
adrenaline®. In fact, the most abundant expressed
platelets miRNA is miR-223, followed by miR-126 57,
Others were identified as miR-200b, miR-107, miR-96
and miR- 4953, All of these miRNAs were involved
in platelet hyperreactivity (such as platelet activation,
adhesion and aggregation, as summarized in Table 2).
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Table 2: Pathophysiology of platelet miRNA in platelet activation

Platelet miRNA  Target protein Function Pathophysiology Implication Ref
(mRNA)
miRNA-223 P2Y12 receptor Regulate platelet Hyperreactive miRNA-233: Dysregulation of miR-223 and miR-197 are 737°
for ADP miRNA-233 will results in hyper-  platelet activation miRNA
reactive platelet, leading to upreg-  involved in vascular inflam-
ulation miRNA-2231 mation and have been shown
as markers in the diagnosis of
CAD.
miRNA-200b cAMP-dependent PKA Keep platelet in hyporeactive state miRNA-200b: Dysregulation in  Overexpression of miR-200bin 7778
obesity/overweight subjects lead platelet activation may be used
to release of plate alpha- and as a diagnostic maker of CAD
dense granules that harbor in-
flammatory molecules in platelet.
miRNA-200b inhibits endothelial
angiogenesis upregulatest
miR-107 CLOCK/Bmall VWE  gene is regulated by miRNA-107: Dysregulation Association with a prothrom-  7°
CLOCK/Bmall complex in mnor- increased the plasma level of botic state that promote CAD
mal physiological state VWE?T
Member of miR-  Fibronectin Fibronectin aids in the formation of Inhibition of fibronectin by miR-  miR-17-92 and its family were 308!
17-92 cluster stable arterial thrombi at the site of en- 17 leads to impeded platelet coag- ~ dysregulated in CAD
(miR-17) dothelial ulation and wound healing and is
injury downregulated |
miR29a*/miR- FGA, FGB, Fibrinogen functions as hemostatic ~miR-29 reduce the level of mMRNA ~ miR-29 family are grouped 5283
409-3p* and and FGG) plug formation, genes such as FGG, FGB and  with MI-regulated member
fibrinogen FGA. Dysregulation of these

miRNAs has been linked with
cardiac fibrosis |

Continued on next page
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Table 2 continued
Platelet miRNA  Target protein Function Pathophysiology Implication Ref
(mRNA)
6. miR-96 and VAMPS miR-96 and miR-15 regulate VAMP8.  SNPsin the 3’ untranslated region ~ The consequence S
miR-15 VAMPS8 aids in platelet activation, (UTR) of reduced VAMP8 mRNA
secretion of a-granules and platelet of VAMP8 mRNA resulted in control is due to an excess of
function. VMP8 mRNA dysregulation and ~VAMPS8
is upregulated 1 in platelets and higher platelet
reactivity, leading to increased
risk of myocardial infarction
7. miR-495 Kelch protein Platelet activation uses Kelch protein = KLHL5 mRNA is required for ? B
for actin and filament organization platelet activation and miR-495
during platelet function regulates the Kelch-like protein at
3’ UTR region. Repression of this
protein in megakroyocytes leads
to platelet hyporeaction
8 miR-126 present VCAM-1 The target of miRNA-126 is VCAM  Mutation of miR-126 resulted Promotes CAD 2o
in both platelet mRNA, and the suppression of VCAM  in the expression of TNE-¢ that
and endothelial leads to decreasing infiltration of leu-  stimulate VCAM-1 expression
cell cocytes into the vascular endothelial  and increase leukocyte adherence
cell to endothelial |
9 miR-210. ephrina3 receptor (efna3) The repression of the two molecules Mutation lead to downregulation  Angiogenesis after MI &
and (ptp1b and efna3) by miRNA-210 en-  of miR-210J
Tyrosine protein and hances angiogenic property and en-
Phosphatase(ptp1b) dothelial angiogenesis
10 miR-21 Rho kinase, SPROYTY2, All possess anti-angiogenic functions.  Increased expression of miR-21 E=N

RhoB,
BMPRIIL, SOD2 and PTEN

inhibits angiogenesis of endothe-
lial cells by downregulating sev-
eral pro-angiogenic

miR-211

Atherosclerosis, CAD, apopto-
sis and neoangiogenes

miRNA (miR), mRNA (messenger RNA), 1: upregulation, |: down-regulation, CAD: Coronary ArteryDisease

19Z¢€ -85Z¢:(9)9 “Adpiay | pup y>ipasay [pripauiolg



Biomedical Research and Therapy, 6(6):3248- 3261

Plé and colleagues in 2012 detected more than
492 different mature miRNA transcripts in active
platelets7#7>%2. A total of 15 novel miRNAs were
identified from human platelet: miR-103, miR-140,
miR-24, miR-185, miR-223, miR-23, miR-320, miR-
25, miR-21, miR-26, miR-191, miR-423, miR-101,
miR-199 and let-78¢. This finding suggested a pos-
sible relationship between the platelet activation and
the miRNA modification, which may an induce
agonist-specific platelet function.

Jeanine et al., 2014 also reported the expression pro-
file of platelet miRNA in patients with acute coro-
nary syndrome after a series of diagnostic investiga-
tions. In blood sample of STEMI patients, miR185-5p
and miR186-5p were downregulated, while miR221-
3p and miR127-3p were upregulated in platelets. On
the other hand, in blood samples of NSTEMI pa-
tients, miR942 and miR20a-5p were downregulated,
whereas miR146a-5p and miR483-5p were upregu-
lated in platelets (Table 2)7#. Thus, in body circu-
lation, the pathophysiology of platelet miRNA can
exhibit clear characteristic differences of expression
profiling in various platelet disorders. This condition
however is dangerous if urgent measure is not taken,
since the risk of heart failure (HF) in such case is em-
inent. Patients with systolic heart failure were found
to have different platelet miRNA expression profiles,
as compared to control subjects*®. Platelets miRNA-
150 expression level decreased more than three-fold
in blood platelets of patients with heart failure, sec-
ondary to atrial fibrillation (Table 2)7°.

In addition, the study, conducted by Duan et al., 2014
showed, that the expression of platelet miRNA-223
and miRNA-146a in patients with ischemic stroke
and diabetes mellitus was significantly higher, com-
pared to healthy donors. The expression level of these
two platelet miRNAs was suggested to correlate with
platelet activation (Table 2)°2.

CONCLUSION

The gene expression and bioinformatic analysis pro-
cedures have become the state-of-the-art methods
for diagnosing a number of human diseases. Sev-
eral studies have reported different miRNA expres-
sion profiles in platelets. The application of these
miRNAs for diagnostic purpose in overweight healthy
subjects will be a milestone in the history of treatment
of this diet-related disorder. Six notable candidates
of platelet miRNAs have been discovered and pro-
posed for diagnostic accuracy in CAD upregulation:
1 miR483-5p* 1 miR146a-5p* TmiR340* TmiR624*,
TmiR451* and TmiR454*. Current modern diagnos-
tic laboratory method for identification of coronary

obstruction is still in its early stage. Nevertheless,
current molecular medicine and diagnostic methods
are capable to identify if an individual is predisposed
to the illness. Platelet miRNA expression profile de-
tection is associated with platelet hyperactivity and
may serve as an important marker for prevention
of coronary artery disease (CAD) in human over-
weight/obesity.

ABBREVIATIONS

ADP: Adenosine diphosphate

BFGF: Basic Fibroblast Growth Factor

CAD: coronary artery disease

cAMP: cyclic adenosine monophosphate

CCL5: RANTES

CD40L: CD40 Ligand

CHD: Coronary heart disease

CVDs: cardiovascular disorders

CXC: Chemokines

CXCL4: Chemokine ligand 4

DAG: 1,2-diacylglycerol

DGCR 8: di-george syndrome critical region-8
DNA: Deoxyribonucleic Acid

EGF: Epidermal Growth Factor

ENA: 78- epithelial neutrophil activating protein 78
IL-1f: interleukin -1

IP3: inositol 1,4,5 triphosphate.

miRNA: microRNA

mRNA: messenger RNA

NSTEM: Non Segment Elevation Myocardial Infarc-
tion;

ODbRDb: Leptin receptor

PAI-1: Plasminogen Activator Inhibitor,

PDGEF: Platelet-derived growth factor

PF4: platelet factor 4

PiRNA: piwi-interacting RNAs

PKC: protein kinase C

PLC: phospholipase C

RISC: RNA In-duced Silencing Complex
siRNA: small interfering RNAs

SNP: single-nucleotide polymorphism

STEM: Segment Elevation Myocardial Infarction
TFPI. tissue factor pathway inhibitor,

TGF-f: Transforming growth factor beta
TRBP: Transactivation Response Binding Protein
UTR: untranslated region

VAMPS: Vesicle-associated Membrane Protein 8
VCAM-1: Vascular Cell Adhesion Molecules-1
VSMC: Vascular Smooth Muscle Cells

VWE: von willbrand factor

WHO: World Health Organization
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