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Aspirin is among the most widely prescribed drugs in cardiovascular and cerebrovascular diseases for 

both primary and secondary prevention. The major mechanisms underlying its benefits are the inhibitory 

effects on platelet activation and prostanoid biosynthesis induced by COX-1 and COX-2 inactivation. Mi- 

croRNAs (miRNAs) are newly proposed mediators of the effects of aspirin. In this review, we summarize 

the evidence on the links between miRNAs and aspirin use in relation to cardiovascular diseases. In ad- 

dition, we discuss the studies suggesting a possible role for miRNAs as biomarkers of aspirin resistance, 

a condition during which atherothrombotic events occur despite aspirin use, and which affects a consid- 

erable proportion of patients with cardiovascular disease. 

© 2019 Elsevier Inc. All rights reserved. 
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MicroRNAs (miRNAs) are a class of small non-coding RNAs

hat post-transcriptionally regulate gene expression by inhibition

f mRNA translation or induction of mRNA degradation [1] . These

olecules are involved in various physiological and pathologi-

al processes, examples being cardiovascular events [2–4] , cancer

5–10] , diabetes mellitus [11] , etc. Platelets are nuclear cellular

ragments that originate from megakaryocytopoiesis; despite the

bsence of genomic DNA and a nucleus, post-transcriptional gene

egulation can still occur due to the presence of the necessary

pliceosome factors [12,13] . 

Cyclooxygenase (COX) has two well-known membrane-

nchored functional isoenzymes in humans: COX-1 and COX-2.
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OX-1 are constitutively expressed in most normal tissues while

OX-2 is highly induced by proinflammatory mediators. COX-1

s the predominant isoform in normal vessels with constitutive

xpression in the endothelium and irregular expression in the

ascular smooth muscles. On the contrary, COX-2 is not expressed

n the majority of normal endothelial or vascular smooth muscle

ells while it could be rapidly induced with vascular injury or

nflammation. Aspirin is an analgesic and anti-inflammatory drug

hat works as an irreversible inhibitor of COX-1. COX-1 is the

atalytic enzyme of arachidonic acid conversion to prostaglandins

 2 , H 2 and subsequently to thromboxane A 2 ; it is largely found in

latelets but is not restricted to that location [14] . Thromboxane

 2 acts as a vasoconstrictor, a proliferative factor for vascular

mooth muscle cells and also a platelet aggregator. The COX-1 en-

yme inhibition is irreversible and persists for the entire lifespan

f the platelets [15] . Aspirin also inhibits COX-2, though to a lesser

xtent [14] . 

Besides the irreversible inhibition of COX-1, aspirin acts through

ther mechanisms in the prevention of cardiovascular disease, such

s platelet inactivation by inhibition of P-selectin glycoprotein fa-

oring leukocytes recruitment and rolling, and inhibition of platelet

actors and fibrinogen, which favor the development of thrombo-

is. Aspirin also prevents thrombin formation which is the conver-

or of fibrinogen to fibrin or influences the quality of fibrin within
al., Modulation of microRNAs by aspirin in cardiovascular disease, 
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Fig. 1. miRNAs and aspirin in cardiovascular disease. 
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the thrombus. Increasing the rate of fibrinolysis is another mecha-

nism of action of aspirin that is related to the acetylation of fib-

rinogen [16] . A pharmacokinetic and pharmacodynamic study of

aspirin in 22 healthy volunteers showed almost complete inhibi-

tion of platelet function 20 min and 5 min after its administration

in oral or intravenous form respectively [17] . There are a few small

and heterogenous studies investigating the impact of aspirin on the

vascular function and blood pressure in patients with arterial hy-

pertension that are not adequate for drawing reliable conclusions

[18] . Further studies are needed to address this issue. 

Besides the COX-dependent mechanisms, COX-independent

ones are also involved, and among them miRNAs have received

attention in recent years. Therefore, in this review we summarize

the data related to miRNAs modulation following aspirin adminis-

tration as it relates to cardiovascular disease. We also look at the

data that address miRNAs as potential diagnostic or even prognos-

tic markers in aspirin resistance ( Fig. 1 ). 

Aspirin, miRNA, and cardiovascular disease 

In spite of decades of wide administration of low-dose aspirin

for primary prevention of atherosclerotic cardiovascular disease,

the results of three large randomized controlled primary preven-

tion clinical trials, the ASCEND trial (15,480 participants with di-

abetes mellitus and no evident cardiovascular disease, with me-

dian follow up of 7.4 years) [19] , the ARRIVE trial (A Study to As-

sess the Efficacy and Safety of Enteric-Coated Acetylsalicylic Acid

in Patients at Moderate Risk of Cardiovascular Disease; 12,546 non-

diabetic participants, with median follow up of 5 years) [20] , and

the ASPREE trial (Aspirin in Reducing Events in the Elderly study;

19,114 participants without known cardiovascular diseases, with

median follow up of 4.7 years) [21] revealed a lack of net bene-

fit for aspirin since the elevated risk of bleeding with its use was

much higher than the preventive role toward atherosclerotic car-

diovascular diseases. This evidence led to the revision of the 2019

ACC/AHA Guideline on the Primary Prevention of Cardiovascular

Disease, with the following recommendations: 

• Low-dose aspirin might be considered for primary prevention

of atherosclerotic cardiovascular diseases (ASCVD) in selected
Please cite this article as: M. Paseban, R.M. Marjaneh and M. Banach et 
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higher-risk adults aged 40–70 years who are not at increased

bleeding risk. 

• Low-dose aspirin should not be administered on a routine basis

for primary prevention of ASCVD among adults > 70 years. 

• Low-dose aspirin should not be administered for primary pre-

vention among adults at any age who are at increased bleeding

risk [22] . 

In addition, the US Food and Drug Administration (FDA) does

ot recommend aspirin for the primary prevention of heart attacks

nd strokes for the general population, while its use should be

onsidered limited to those individuals for whom the benefits out-

eigh the risks [23] . Therefore, aspirin use is supported by strong

vidence of overweighing benefits vs potential risks only in the

econdary prevention of cardiovascular disease [24] . 

At present, very few studies are available about the potential

ole of miRNAs in determining/modulating the effects of aspirin in

he prevention of cardiovascular diseases. Among the 532 miRNAs

hat have been recognized in platelets of healthy humans, the most

bundant ones are the members of let-7 family [25] . 

There are three types of platelet secretory granules includ-

ng α–granules, dense granules, and lysosomes. Among them, α–

ranules are the most abundant and necessary for the activity

f platelets. Following the activation of platelets, α–granules fuse

ith the plasma membrane and release their content. Different

unctional roles, implicated in the pathogenesis of cardiovascular

iseases have been identified for platelet α–granules, such as pro-

oagulative and pro-inflammatory effects, and treatments specifi-

ally targeting their content release might be used to control these

rocesses [26] . miR-21 may modulate proteins that regulate the

elease of α-granule from platelets; proteomics analysis of the

latelet releasate showed that treatment with antagonists of miR-

1 affects the release of α–granule proteins, such as TGF- β1, von

illebrand factor, and fibronectin [27] . 

Considering the high clinical importance of aspirin in the man-

gement of coronary artery disease, we are going to discuss the

ole of miRNA in diagnostic tests of aspirin resistance along with

ts role in the proposed mechanisms for aspirin resistance. 

latelet reactivity/ASA resistance 

Aspirin resistance is defined as aspirin inability in the reduc-

ion of thromboxane A2 production by platelets which causes im-

aired suppression of platelet activation and aggregation and has

een associated with an increased cardiovascular risk. The follow-

ng mechanisms have been implicated in aspirin resistance: inad-

quate aspirin dosage or patient compliance, aspirin interactions

ith drugs like nonsteroidal anti-inflammatory drugs (NSAIDs), ge-

etic polymorphisms, upregulation of thromboxane biosynthesis in

on-platelet sources, and increased turnover of platelets. Therefore,

ifferent strategies should be used to overcome aspirin resistance

ased on the type of cause(s). Developing reliable tests is neces-

ary to investigate the potential mechanisms of action and to in-

estigate the efficacy of treatments [28] . 

Aspirin resistance is experienced in approximately one fourth of

ardiovascular patients [29] . Variability of platelet reactivity among

ardiovascular patients treated with antiplatelet drugs such as as-

irin is a matter of concern and has been shown to be not only

elated to inter-individual genetic variations but also to epigenetic

actors such as miRNAs. miR-135a-5p and miR-204-5p are two

andidate miRNAs that are correlated with platelet reactivity and

ynergistically affect a group of candidate genes (THBS1, CDC42,

ORO1C, SPTBN1, TPM3, GTPBP2, and MAPRE2); these genes were

dentified via a network biology approach using proteomic and

ranscriptomic data from two groups of patients, either with ex-

remely high or extremely low platelet reactivity [30] . Another
al., Modulation of microRNAs by aspirin in cardiovascular disease, 
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Table 1 

MiRNAs, cardiovascular disease and platelets. 

Regulated miRNA Cardiovascular disease or event Target gene References 

miR-45 Ischemia stroke CD40 [67] 

miR-135a-5p and miR-204-5p Platelet reactivity THBS1, CDC42, CORO1C, SPTBN1, 

TPM3, GTPBP2, and MAPRE2 

[30] 

lower expression of miR-19b-1-5p Aspirin insensitivity - [30] 

miR-92a level and platelet distribution width (PDW) assay Aspirin insensitivity - [68] 

miR-223 Platelet reactivity - [32] 

miR-126 Platelet levels altered by aspirin 

administration 

CXCL12, PIK3R2, SPRED1 [30] 
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roup measured sustained platelet aggregation following incuba-

ion with indomethacin, a drug that mimics aspirin effect; they re-

orted, a relationship between lower expression of miR-19b-1-5p

nd aspirin insensitivity and proposed miR-19b-1-5p as a suitable

arker for aspirin insensitivity [31] . 

An association of circulating miR-223 and platelet reactivity has

een reported in patients suffering from coronary artery disease

ho undergo dual antiplatelet therapy with aspirin and clopidogrel

32] . This was a proof-of-concept study for identification of poten-

ial platelet miRNAs that could be substitute markers to determine

he efficiency of antiplatelet therapy. MiR-126, miR-197, miR-223,

iR-24, and miR-21 were discovered by microarray screening as

he most highly expressed miRNAs in platelets and platelet mi-

roparticles. Among them, a low circulating level of miR-223 was

hown to be an independent predictor of poor prognosis associated

onditions, such as myocardial infarction, according to the popula-

ion based study of Bruneck [33] , and type 2 diabetes [32,34] . 

Comparing plasma circulating level of miR-223 quantified by

eal time PCR between normal-responders and low-responders to

ntiplatelet therapy with clopidogel and aspirin with troponin-

egative non-ST elevation acute coronary syndrome, a de-

reased level of miR-223, but not other factors (including

YP2C19 ∗2/ ∗3 loss-of-function genotypes, use of calcium chan-

el blockers/proton-pump inhibitors, age, diabetes and smoking),

esulted in an independent predictor for responsiveness to an-

iplatelet therapies [35] . 

There is an association between overexpression of multidrug

esistance protein-4 (MRP4), an ATP binding cassette membrane

ransporter with active role in extrusion of pharmacological and

hysiological molecules, and reduction in post by-pass efficacy of

spirin. Using Real time PCR, flow cytometry and western blot-

ing techniques, Giolio et al. reported up-regulation of MRP4and

own-regulation of miR-26b in platelets from patients on chronic

SA treatment in comparison with the control group. In addition,

iR-26b transfection in platelets was associated with a significant

own-regulation of MRP4 expression. Thus, miR-26b seems to be

nvolved in MRP4 modulation and may contribute to ASA resis-

ance [36] . 

Platelet resistance could potentially be identified with a com-

ination of circulating levels of miR-92a and the platelet distribu-

ion width (PDW) assay. The arachidonic acid stimulated aggrega-

ion test multiplate analyzer (ASPItest) has been widely used to

dentify aspirin resistance and aspirin responders. The cut-off val-

es for discrimination of these two groups are ≥30 U in the AS-

Itest, N 11.8 fL in the PDW test, and a relative expression level of

.5 for miR-92a. A PDW/miR-92a-score using these cut-off values

ould successfully detect aspirin resistance with the positive and

egative predictive values of 88.9% and 95.1%, respectively. Rou-

ine laboratory tests in current use for evaluating platelet function

uffer from some limitations, including inter-and intra-individual

ariability, possible inaccuracy due to in vitro and in vivo differ-

nces and the need to perform the test within a brief window of

0–120 min post sampling. Therefore, this new method described

bove could potentially represent an advance for discriminating
Please cite this article as: M. Paseban, R.M. Marjaneh and M. Banach et 
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atients who would benefit from platelet inhibition with aspirin

rom those who would not [37] . In a validation cohort, both PDW

nd plasma levels of miR-92a were confirmed to be significantly

igher in patients who were aspirin-resistant in comparison to re-

ponsive individuals; however, researchers failed to validate the

ewly developed score as mentioned in the pilot study and the

ohort study did not confirm high sensitivity of this score [38] 

Two main issues are still to be addressed in validation clinical

tudies. First, we do not know how to manage the patients who are

oor responders to aspirin, and then we do not know if the labo-

atory monitoring of aspirin therapy is really cost-effective [39] . 

ndothelial and vascular smooth muscle cells 

Aspirin is a drug used both for primary prevention of cere-

rovascular and cardiovascular disease [40,41] and also for sec-

ndary prevention of recurrent ischemic vascular events [42] . Al-

hough these effects are mainly mediated through COX inhibition,

iRs are also involved in both aspirin’s cardiovascular benefits and

spirin resistance ( Table 1 ). 

Abnormal proliferation of vascular smooth muscle cells is one

f the pathological features in atherosclerosis, which underlies,

mong others, ischemic stroke [43,44] . The anti-proliferative and

nti-inflammatory effects of aspirin on vascular smooth muscle

ells are mediated through inhibition of CD40 mRNA translation by

iR-145. This inhibitory effect improves the stability of atheroscle-

otic plaques. By comparing pre and post aspirin treatment level

f miR-145 in 46 ischemic stroke patients, it was revealed that ten

ays aspirin treatment elevated the level of this miR in periph-

ral blood mononuclear cells. In addition, this increase in miR-145

nd decrease in CD40 expression was more evident in atheroscle-

otic plaques of aspirin-treated ischemic stroke patients compared

o those untreated. In vitro studies reported in vascular smooth

uscle cells a significant decrease in IL-6 levels and a signifi-

ant suppression of cells proliferation and CD40 mRNA expres-

ion following aspirin treatment [45] . These effects were reversed

hen a miR-145 inhibitor was used to suppress the expression

f this miRNA. In this study, miR-145 was measured by Real-

ime PCR after transfection with either miR-145 inhibitor (50, 100,

00 nmol/L) or the miR-145 inhibitor control for 24 h, and the stem

oop primers of miR-145 was used to amplify miR-145 in the pe-

ipheral blood mononuclear cells from ischemic stroke patients.

urthermore, treatment of ischemic stroke patients with aspirin for

0 days significantly increased the expression of miR-145 in pe-

ipheral blood mononuclear cells [45] . 

Anti-platelet therapy reduces plasma levels of platelet-related

iRNAs, including miR-126 and miR-223 [46] . The atheroprotec-

ive role of miR-126 has already been recognized. Local CXCL12

a known mediator of progenitor cell mobilization) induction con-

erred by miR-126 in endothelial apoptotic bodies may promote

theroprotection, which can be enhanced by miR-126-mediated re-

ression of endothelial vascular cell adhesion molecule-1 expres-

ion, thereby limiting inflammatory cell arrest. Recent miRNA pro-

ling studies revealed that circulating levels of vascular-derived
al., Modulation of microRNAs by aspirin in cardiovascular disease, 
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miRNAs, including miR-126, were reduced in individuals with CAD

[47] . miR-223 has been used to categorize patients as ’responder’

and ’non-responder’ to the clopidogrel, which is a P2Y12 inhibitor

[48] . In an interesting study, the correlation of plasma miRNA lev-

els with platelet function was studied in 125 patients who had

a past 30 days history of acute coronary syndrome [49] . Among

the identified miRNAs with next-generation sequencing of small

RNAs in plasma, miR-126 and miR-223 showed the greatest depen-

dency on platelets [49] . Platelet aggregation was reduced in mice

with inhibited miR-126 and this miR affects both directly and in-

directly the expression of ADAM9, a predicted and experimentally

confirmed target of miR-126 that acts as an accelerator of the ad-

hesion of platelets to collagen [49] . Given the function of ADAM9

as a protease of the ADAM family, it may alter the platelet re-

sponse by cleaving membrane proteins and also by the expression

of P2Y12 receptor that plays an important role in platelet reactivity

[49] . However, there is concern that antiplatelet drugs like aspirin

and lipid-lowering medications like statins may affect the profile

of circulating miRNAs [50,11] . For example, aspirin has been shown

to suppress the release of miR-126 following ex vivo activation of

platelets [51] . 

When considering the use of miR-126 as a proposed biomarker

for endothelial dysfunction in type 2 diabetes (DM2) and coronary

artery disease (CAD), the fact that this miRNA is abundant not only

in endothelial cells but also in platelets must be taken into ac-

count. Both in vitro and in vivo activation of platelets, with the

resultant confounding effect on the plasma level of miR-126, could

be impacted by aspirin administration, especially in pathophysi-

ological conditions associated with platelet activation like T2DM

[46] . Moreover, de Boer and colleagues revealed the contribution

of platelets to the plasma pool of miR-126 in patients with T2DM

and the effect of aspirin treatment on this factor. Both platelet in-

hibition and reduction in miR-126 levels were observed following

aspirin administration. This finding suggested that a major part of

circulating miR-126 is produced by platelets. Therefore, in patho-

logical states associated with platelet hyper-reactivity such as in

T2DM, aspirin may cause reduced levels of circulating miR-126.

Hence, the use of platelet inhibitors such as aspirin should be con-

sidered as a confounding parameter in any diagnostic application

of plasma miR-126 concentrations [52] . 

In order to determine the possible association between miRNA

levels and clinical outcome in patients with acute CAD, large co-

hort studies with prolonged follow-up are necessary. 

Resolvins and lipoxins 

Lipoxins and resolvins are anti-inflammatory and inflammatory-

resolving lipid mediators, respectively. They are among the first

mediators identified that actively promote the resolution of inflam-

mation [53] . 

Lipoxins are lipoxygenase interaction products that are synthe-

sized from arachidonic acid by three major routes. In the first one,

taking place in platelets, 12-Lo lipoxygenase converts leukotriene

A4 to lipoxins [54] ; in the second route, in neutrophils, erythro-

cytes and reticulocytes, 5-LO lipoxygenase and 15-LO lipoxygenase,

respectively, act in series to convert arachidonic acid to lipoxin A

and lipoxin B.4, the third route, is aspirin dependent and gener-

ates aspirin-triggered lipoxin (ATL) and 15 epi-lipoxin B4 [55] . It

has been proved that local anti-inflammatory actions of low-dose

aspirin in healthy individuals is mediated through ATL generation

[55,56] . 

Acetylation of COX-2 following aspirin administration leads to

epilipoxins formation and also aspirin could amplify epi–lipoxins

formation by nitrosylation of statin-induced COX-2 [57,58] . Re-

solvins are specialized lipid mediators that promote the resolution

of acute inflammation and could be divided into two classes, the
Please cite this article as: M. Paseban, R.M. Marjaneh and M. Banach et 
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-series resolvins (RvE1, RvE2, and RvE3) which synthetized from

icosapentaenoic acid and the D series resolvins (RvD1–RvD6) de-

ived from docosaesaenoic acid. RvD1 regulates miRNAs target

enes with roles in the human immune system, and is associated

ith resolution of acute inflammation [59] . It has been shown that

vD1 selectively interacts with receptors ALX/FPR2 and GPR32;

he administration of RvD1 in ALX/FPR2 transgenic mice signifi-

antly up-regulated miR-208a, which then downregulated PDCD4,

 proinflammatory regulatory protein acting both as an IL-10 in-

ibitor and a promoter of the NF- κB pathway [59] . This effect was

lso accompanied by upregulation of 5-lipoxygenase and regulation

f leukotriene B4 production, both of which are targets of miR-219

59] . 

These two miRs are both endogenously expressed in res-

dent peritoneal cells. Overexpression of miR-208a in human

acrophages is accompanied by IL-10 upregulation [60] . The role

f miRNAs in modulating the cardiovascular effects of aspirin

hrough resolvins or lipoxins warrants study by further research. 

DP receptor antagonists 

Ticlopidine, clopidogrel, and prasugrel are antagonists of the

2Y12 platelet adenosine diphosphate (ADP) receptor. ADP P2Y12

s one of the genes regulated by miR-223, a miRNA abundant in

latelets, and also a key target of antiplatelet therapy. The circulat-

ng level of this miR has been reported to be inversely associated

ith major cardiovascular events in patients with CAD receiving

ntiplatelet treatment [61] . In a study by Ambrose et al., washed

latelets from healthy subjects were stimulated with specific ago-

ists of the receptors for collagen (glycoprotein VI (GPVI), throm-

in (PAR1/PAR4) or ADP (P2Y1/P2Y12)) and then assessed the pro-

le of microRNAs using TaqMan microRNA microarray cards. They

howed that following the activation of platelets, the release of 46

iRNAs was stimulated with all agonists. miR-223-3p with a role

n myeloid linage development and anti-inflammatory effects was

he most abundant among these microRNAs and ADP was shown

o play an important role in the release of microRNAs [62] . 

Significant inter-individual variability in pharmacokinetics ex-

sts among patients with a past myocardial infarction or stroke

ho receive clopidogrel, one of the most commonly used drugs

or the secondary prevention of atherothrombotic events. About

/3 of these patients receive no benefit from Clopidogrel; ge-

etic variability in intestinal drug efflux through permeability gly-

oproteins (P-gp) and in metabolizing enzymes such as the cy-

ochrome P450 (CYP) which converts inactive pro-drug to the ac-

ive thiol metabolite are possible underlying causes. Aspirin, com-

only co-administered with clopidogrel, decreases the bioavail-

bility of clopidogrel by decreasing oral absorption and inducing

ntestinal permeability P-gp expression. The effect of aspirin ad-

inistration on the pharmacokinetics of clopidogrel was investi-

ated in 18 healthy volunteers with CYP2C19 and PON1 genotypes

f cytochrome P450, an important metabolizing enzyme affecting

he bioactivation of absorbed clopidogrel [63] . An increase (up to

.67-fold) in the expression of miR-27a was found after aspirin ad-

inistration [63] . MiR-27a is known to upregulate the expression

f P-gp protein by inhibiting transcriptional factors such as phos-

holipase C/Raf/mitogen-activated protein kinase pathway or the

-terminal-binding protein 1 [64] . After coadministration with low

ose of aspirin (2 and 4 weeks of once-daily 100-mg aspirin ad-

inistration), the antithrombotic efficacy of clopidogrel was not

ecreased [65] . Aspirin significantly increased the level of plasma

iR-27a, which peaked at 1 week after once-daily administration

64] . 

Among six miRNAs that were screened by high-throughput il-

umina sequencing in the plasma of patients with CAD undergo-

ng coronary angiography and antiplatelet therapy with clopidogrel
al., Modulation of microRNAs by aspirin in cardiovascular disease, 
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nd aspirin, a high level of miR-142 resulted in an independent

isk factor of major adverse cardiovascular events [66] . This result

as subsequently validated in 1230 patients with CAD, thus sug-

esting miR-142 as a potential predictive marker in patients with

re-existent cardiovascular diseases [66] . 

uture directions 

By clarifying the modulating effect of aspirin on miRNAs in

he primary and secondary prevention of cardiovascular diseases,

 better comprehension of the possible contributors to success or

ailure of aspirin treatment might be recognized and used to iden-

ify patients who benefit greatly from this therapy. Another topic

orth studying is the possible use of miRNAs as a fast, reliable

ethod of identification of patients with aspirin resistance. 

onclusion 

MiRNAs play an important role in platelet function. Platelets

ake a substantial contribution to the circulating miRNA pool.

ome miRNAs have been identified as antiplatelet. However, the

otential confounding effects of the antiplatelet therapy should be

onsidered when interpreting the findings of case–control studies

valuating circulating miRNAs in cardiovascular disease. Further-

ore, miRNAs could be used as in vivo biomarkers when assessing

latelet responses rather than the current ex vivo ones. At present,

nly few studies are available on the interactions between miRNAs

nd aspirin and further investigations are required. 

eferences 

[1] Mirzaei H , Gholamin S , Shahidsales S , Sahebkar A , Jaafari MR , Mirzaei HR ,
et al. MicroRNAs as potential diagnostic and prognostic biomarkers in

melanoma. Eur J Cancer 2016;53:25–32 . 
[2] Romaine SPR , Tomaszewski M , Condorelli G , Samani NJ . MicroRNAs in cardio-

vascular disease: an introduction for clinicians. Heart 2015;101(12):921 . 

[3] Barwari T , Joshi A , Mayr M . MicroRNAs in cardiovascular disease. J Am Coll
Cardiol 2016;68(23):2577–84 . 

[4] Mirzaei H , Momeni F , Saadatpour L , Sahebkar A , Goodarzi M , Masoudifar A ,
et al. MicroRNA: relevance to stroke diagnosis, prognosis, and therapy. J Cell

Physiol 2018;233(2):856–65 . 
[5] Peng Y , Croce CM . The role of MicroRNAs in human cancer. Signal Transduct

Target Ther 2016;1:15004 . 

[6] Jansson MD , Lund AH . MicroRNA and cancer. Mol Oncol 2012;6(6):590–610 . 
[7] Momtazi AA , Shahabipour F , Khatibi S , Johnston TP , Pirro M , Sahebkar A . Cur-

cumin as a MicroRNA regulator in cancer: a review. Rev Physiol Biochem Phar-
macol 2016;171:1–38 . 

[8] Fathullahzadeh S , Mirzaei H , Honardoost MA , Sahebkar A , Salehi M . Circulat-
ing microRNA-192 as a diagnostic biomarker in human chronic lymphocytic

leukemia. Cancer Gene Ther 2016;23(10):327–32 . 

[9] Ghandadi M , Sahebkar A . Microrna-34a and its target genes: key factors in
cancer multidrug resistance. Curr Pharm Des 2016;22(7):933–9 . 

[10] Moridikia A , Mirzaei H , Sahebkar A , Salimian J . MicroRNAs: potential can-
didates for diagnosis and treatment of colorectal cancer. J Cell Physiol

2018;233(2):901–13 . 
[11] Paseban M , Butler AE , Sahebkar A . Mechanisms of statin-induced new-onset

diabetes. J Cell Physiol 2019;234(8):12551–61 . 

[12] Lindsay CR , Edelstein LC . MicroRNAs in platelet physiology and function. Semin
Thromb Hemost 2016;42(03):215–22 . 

[13] McManus DD , Freedman JE . MicroRNAs in platelet function and cardiovascular
disease. Nat Rev Cardiol 2015;12(12):711 . 

[14] Warner TD , Nylander S , Whatling C . Anti-platelet therapy: cyclo-oxygenase in-
hibition and the use of aspirin with particular regard to dual anti-platelet ther-

apy. Br J Clin Pharmacol 2011;72(4):619–33 . 

[15] Smyth EM . Thromboxane and the thromboxane receptor in cardiovascular dis-
ease. Clin Lipidol 2010;5(2):209–19 . 

[16] Mekaj YH , Daci FT , Mekaj AY . New insights into the mechanisms of action of
aspirin and its use in the prevention and treatment of arterial and venous

thromboembolism. Ther Clin Risk Manag 2015;11:1449–56 . 
[17] Nagelschmitz J , Blunck M , Kraetzschmar J , Ludwig M , Wensing G , Hohlfeld T .

Pharmacokinetics and pharmacodynamics of acetylsalicylic acid after in-
travenous and oral administration to healthy volunteers. Clin Pharmacol

2014;6:51–9 . 

[18] Dzeshka MS , Shantsila A , Lip GYH . Effects of aspirin on endothelial function
and hypertension. Curr Hypertens Rep 2016;18(11):83 . 

[19] Bowman L , Mafham M , Wallendszus K , Stevens W , Buck G , Barton J . Effects of
aspirin for primary prevention in persons with diabetes mellitus: the ascend

study collaborative group. J Vasc Surg 2018;69(1):305 . 
Please cite this article as: M. Paseban, R.M. Marjaneh and M. Banach et 

Trends in Cardiovascular Medicine, https://doi.org/10.1016/j.tcm.2019.08
20] Gaziano JM , Brotons C , Coppolecchia R , Cricelli C , Darius H , Gorelick PB ,
et al. Use of aspirin to reduce risk of initial vascular events in patients at

moderate risk of cardiovascular disease (ARRIVE): a randomised, double-blind,
placebo-controlled trial. Lancet 2018;392(10152):1036–46 . 

[21] McNeil JJ , Wolfe R , Woods RL , Tonkin AM , Donnan GA , Nelson MR , et al. Effect
of aspirin on cardiovascular events and bleeding in the healthy elderly. N Engl

J Med 2018;379(16):1509–18 . 
22] Arnett DK BR , Albert MA , et al. 2019 ACC/AHA guideline on the primary pre-

vention of cardiovascular disease: a report of the American College of Cardi-

ology/American Heart Association Task Force on Clinical Practice Guidelines. J
Am Coll Cardiol. 2019 . 

23] Huang Q-Y , Yang R-Q . Should aspirin be used for the primary preven-
tion of cardiovascular disease in the general population? Med Princ Pract

2015;24(2):198 . 
[24] Millard MA , Hernandez-Vila EA . What do the guidelines really say about as-

pirin? Tex Heart Inst J 2018;45(4):228–30 . 

25] Sisodia P , Bhatia R . Aspirin resistance and stroke. J Stroke Med
2018;1(1):19–27 . 

26] Blair P , Flaumenhaft R . Platelet alpha-granules: basic biology and clinical cor-
relates. Blood Rev 2009;23(4):177–89 . 

[27] Barwari T , Eminaga S , Mayr U , Lu R , Armstrong PC , Chan MV , et al. Inhibi-
tion of profibrotic microRNA-21 affects platelets and their releasate. JCI Insight

2018;3(21):e123335 . 

28] Hankey GJ , Eikelboom JW . Aspirin resistance. Lancet 2006;367(9510):606–17 . 
29] Du G , Lin Q , Wang J . A brief review on the mechanisms of aspirin resistance.

Int J Cardiol 2016;220:21–6 . 
30] Zufferey A , Ibberson M , Reny JL , Nolli S , Schvartz D , Docquier M ,

et al. New molecular insights into modulation of platelet reactivity in
aspirin-treated patients using a network-based approach. Hum Genet

2016;135(4):403–14 . 

[31] Kok MG , Mandolini C , Moerland PD , de Ronde MW , Sondermeijer BM , Hal-
liani A , et al. Low miR-19b-1-5p expression in isolated platelets after aspirin

use is related to aspirin insensitivity. Int J Cardiol 2016;203:262–3 . 
32] Chyrchel B , Toton-Zuranska J , Kruszelnicka O , Chyrchel M , Mielecki W ,

Kolton-Wroz M , et al. Association of plasma miR-223 and platelet reactivity
in patients with coronary artery disease on dual antiplatelet therapy: a pre-

liminary report. Platelets 2015;26(6):593–7 . 

[33] Zampetaki A , Willeit P , Tilling L , Drozdov I , Prokopi M , Renard JM ,
et al. Prospective study on circulating MicroRNAs and risk of myocardial in-

farction. J Am Coll Cardiol 2012;60(4):290–9 . 
34] Duan X , Zhan Q , Song B , Zeng S , Zhou J , Long Y , et al. Detection of platelet mi-

croRNA expression in patients with diabetes mellitus with or without ischemic
stroke. J Diabetes Complicat 2014;28(5):705–10 . 

[35] Zhang YY , Zhou X , Ji WJ , Shi R , Lu RY , Li JL , et al. Decreased circulating mi-

croRNA-223 level predicts high on-treatment platelet reactivity in patients
with troponin-negative non-ST elevation acute coronary syndrome. J Thromb

Thrombolysis 2014;38(1):65–72 . 
36] La Rosa G , Biasucci LM , Mandolini C , Massimi I , Copponi G , Pulcinelli FM ,

et al. Platelet miRNA-26b down-regulates multidrug resistance protein 4
in patients on chronic aspirin treatment. J Cardiovasc Med (Hagerstown)

2018;19(10):611–13 . 
[37] Binderup HG , Houlind K , Madsen JS , Brasen CL . Aspirin resistance may be iden-

tified by miR-92a in plasma combined with platelet distribution width. Clin

Biochem 2016;49(15):1167–72 . 
38] Binderup H , Houlind K , Lohman Brasen C , Madsen J . Identification of aspirin

resistance using a PDW-miR92a-score: validation in an intermittent claudica-
tion cohort. Clin Biochem 2018;64(2019):30–6 . 

39] Cattaneo M . Laboratory detection of ‘aspirin resistance’: what test should we
use (if any)? The opinions expressed in this article are necessarily not those of

the editors of European Heart Journal or of the European Society of Cardiology.

Eur Heart J 2007;28(14):1673–5 . 
40] Paseban M , Mohebbati R , Niazmand S , Sathyapalan T , Sahebkar A . Comparison

of the neuroprotective effects of aspirin, atorvastatin, captopril and metformin
in diabetes mellitus. Biomolecules 2019;9(4):118 . 

[41] Hennekens CH , Dalen JE . Aspirin in the primary prevention of cardiovascular
disease: current knowledge and future research needs. Trends Cardiovasc Med

2014;24(8):360–6 . 

42] Boonyawat K , Crowther MA . Aspirin in secondary prevention of recurrent ve-
nous thromboembolism. J Thromb Thrombolysis 2015;39(3):392–4 . 

43] Doran AC , Meller N , McNamara CA . Role of smooth muscle cells in the initi-
ation and early progression of atherosclerosis. Arterioscler Thromb Vasc Biol

2008;28(5):812–19 . 
44] Orr AW , Hastings NE , Blackman BR , Wamhoff BR . Complex regulation and

function of the inflammatory smooth muscle cell phenotype in atherosclerosis.

J Vasc Res 2010;47(2):168–80 . 
45] Guo X , Yu L , Chen M , Wu T , Peng X , Guo R , et al. miR-145 mediated the role of

aspirin in resisting VSMCs proliferation and anti-inflammation through CD40.
J Transl Med 2016;14(1):211 . 

46] Willeit P , Zampetaki A , Dudek K , Kaudewitz D , King A , Kirkby NS , et al. Cir-
culating microRNAs as novel biomarkers for platelet activation. Circ Res

2013;112(4):595–600 . 

[47] Weber C , Noels H . Atherosclerosis: current pathogenesis and therapeutic op-
tions. Nat Med 2011;17(11):1410–22 . 

48] Shi R , Ge L , Zhou X , Ji W-J , Lu R-Y , Zhang Y-Y , et al. Decreased platelet miR-223
expression is associated with high on-clopidogrel platelet reactivity. Thromb

Res 2013;131(6):508–13 . 
al., Modulation of microRNAs by aspirin in cardiovascular disease, 

.005 

http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0001
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0001
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0001
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0001
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0001
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0001
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0001
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0001
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0002
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0002
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0002
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0002
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0002
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0003
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0003
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0003
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0003
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0004
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0004
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0004
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0004
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0004
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0004
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0004
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0004
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0005
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0005
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0005
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0006
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0006
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0006
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0007
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0007
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0007
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0007
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0007
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0007
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0007
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0008
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0008
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0008
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0008
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0008
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0008
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0009
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0009
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0009
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0010
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0010
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0010
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0010
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0010
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0011
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0011
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0011
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0011
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0012
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0012
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0012
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0013
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0013
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0013
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0014
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0014
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0014
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0014
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0015
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0015
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0016
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0016
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0016
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0016
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0017
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0017
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0017
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0017
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0017
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0017
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0017
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0018
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0018
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0018
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0018
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0019
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0019
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0019
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0019
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0019
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0019
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0019
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0020
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0020
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0020
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0020
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0020
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0020
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0020
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0020
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0021
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0021
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0021
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0021
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0021
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0021
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0021
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0021
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0022
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0022
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0022
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0022
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0023
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0023
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0023
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0024
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0024
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0024
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0025
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0025
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0025
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0026
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0026
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0026
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0027
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0027
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0027
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0027
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0027
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0027
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0027
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0027
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0028
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0028
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0028
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0029
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0029
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0029
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0029
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0030
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0030
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0030
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0030
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0030
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0030
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0030
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0030
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0031
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0031
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0031
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0031
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0031
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0031
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0031
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0031
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0032
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0032
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0032
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0032
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0032
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0032
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0032
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0032
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0033
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0033
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0033
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0033
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0033
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0033
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0033
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0033
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0034
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0034
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0034
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0034
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0034
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0034
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0034
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0034
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0035
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0035
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0035
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0035
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0035
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0035
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0035
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0035
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0036
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0036
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0036
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0036
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0036
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0036
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0036
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0036
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0037
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0037
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0037
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0037
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0037
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0038
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0038
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0038
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0038
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0038
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0039
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0039
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0040
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0040
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0040
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0040
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0040
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0040
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0041
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0041
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0041
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0042
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0042
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0042
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0043
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0043
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0043
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0043
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0044
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0044
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0044
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0044
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0044
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0045
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0045
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0045
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0045
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0045
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0045
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0045
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0045
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0046
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0046
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0046
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0046
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0046
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0046
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0046
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0046
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0047
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0047
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0047
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0048
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0048
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0048
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0048
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0048
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0048
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0048
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0048
https://doi.org/10.1016/j.tcm.2019.08.005


6 M. Paseban, R.M. Marjaneh and M. Banach et al. / Trends in Cardiovascular Medicine xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: TCM [m5G; August 20, 2019;6:1 ] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[49] Kaudewitz D , Skroblin P , Bender LH , Barwari T , Willeit P , Pechlaner R ,
et al. Association of microRNAs and YRNAs with platelet function. Circ Res

2016;118(3):420–32 . 
[50] Mohajeri M , Banach M , Atkin SL , Butler AE , Ruscica M , Watts GF , et al. Mi-

croRNAs: novel molecular targets and response modulators of statin therapy.
Trends Pharmacol Sci 2018;39(11):967–81 . 

[51] Cavarretta E , Chiariello GA , Condorelli G . Platelets, endothelium, and circulat-
ing microRNA-126 as a prognostic biomarker in cardiovascular diseases: per

aspirin ad astra. Eur Heart J 2013;34(44):3400–2 . 

[52] de Boer HC , van Solingen C , Prins J , Duijs JM , Huisman MV , Ra-
belink TJ , et al. Aspirin treatment hampers the use of plasma microR-

NA-126 as a biomarker for the progression of vascular disease. Eur Heart J
2013;34(44):3451–7 . 

[53] Serhan CN , Chiang N , Van Dyke TE . Resolving inflammation: dual anti-inflam-
matory and pro-resolution lipid mediators. Nat Rev Immunol 2008;8(5):349 . 

[54] Serhan CN , Sheppard K-A . Lipoxin formation during human neutrophil-platelet

interactions. Evidence for the transformation of leukotriene A4 by platelet
12-lipoxygenase in vitro. J Clin Invest 1990;85(3):772–80 . 

[55] Chiang N , Bermudez EA , Ridker PM , Hurwitz S , Serhan CN . Aspirin triggers
antiinflammatory 15-epi-lipoxin A4 and inhibits thromboxane in a randomized

human trial. Proc Natl Acad Sci USA 2004;101(42):15178–83 . 
[56] Morris T , Stables M , Hobbs A , de Souza P , Colville-Nash P , Warner T , et al. Ef-

fects of low-dose aspirin on acute inflammatory responses in humans. J Im-

munol 2009;183(3):2089–96 . 
[57] Planaguma A , Pfeffer MA , Rubin G , Croze R , Uddin M , Serhan CN , et al. Lo-

vastatin decreases acute mucosal inflammation via 15-epi-lipoxin A4. Mucosal
Immunol 2010;3(3):270–9 . 

[58] Degraeve F , Bolla M , Blaie S , Créminon C , Quéré I , Boquet P , et al. Modulation
of COX-2 expression by statins in human aortic smooth muscle cells involve-

ment of geranylgeranylated proteins. J Biol Chem 2001;276(50):46 84 9–55 . 
Please cite this article as: M. Paseban, R.M. Marjaneh and M. Banach et 

Trends in Cardiovascular Medicine, https://doi.org/10.1016/j.tcm.2019.08
[59] Recchiuti A , Krishnamoorthy S , Fredman G , Chiang N , Serhan CN . MicroRNAs
in resolution of acute inflammation: identification of novel resolvin D1-miRNA

circuits. FASEB J 2011;25(2):544–60 . 
[60] Krishnamoorthy S , Recchiuti A , Chiang N , Fredman G , Serhan CN . Resolvin D1

receptor stereoselectivity and regulation of inflammation and proresolving mi-
croRNAs. Am J Pathol 2012;180(5):2018–27 . 

[61] Shi R , Zhou X , Ji W-J , Zhang Y-Y , Ma Y-Q , Zhang J-Q , et al. The emerging role
of miR-223 in platelet reactivity: implications in antiplatelet therapy. Biomed

Res Int 2015;2015:981841 . 

[62] Ambrose AR , Alsahli MA , Kurmani SA , Goodall AH . Comparison of the release
of microRNAs and extracellular vesicles from platelets in response to different

agonists. Platelets 2018;29(5):446–54 . 
[63] Oh J , Shin D , Lim K , Lee S , Jung KH , Chu K , et al. Aspirin decreases systemic ex-

posure to clopidogrel through modulation of P-glycoprotein but does not alter
its antithrombotic activity. Clin Pharmacol Ther 2014;95(6):608–16 . 

[64] Zhu H , Wu H , Liu X , Evans BR , Medina DJ , Liu CG , et al. Role of MicroRNA

miR-27a and miR-451 in the regulation of MDR1/P-glycoprotein expression in
human cancer cells. Biochem Pharmacol 2008;76(5):582–8 . 

[65] Oh J , Shin D , Lim KS , Lee S , Jung KH , Chu K , et al. Aspirin decreases systemic
exposure to clopidogrel through modulation of P-glycoprotein but does not al-

ter its antithrombotic activity. Clin Pharmacol Ther 2014;95(6):608–16 . 
[66] Tang QJ , Lei HP , Wu H , Chen JY , Deng CY , Sheng WS , et al. Plasma miR-142

predicts major adverse cardiovascular events as an intermediate biomarker of

dual antiplatelet therapy. Acta Pharmacol Sin 2019;40(2):208–15 . 
[67] Guo X , Yu L , Chen M , Wu T , Peng X , Guo R , et al. miR-145 mediated the role of

aspirin in resisting VSMCs proliferation and anti-inflammation through CD40.
J Transl Med 2016;14(1):211 . 

[68] Binderup HG , Houlind K , Madsen JS , Brasen CL . Aspirin resistance may be iden-
tified by miR-92a in plasma combined with platelet distribution width. Clin

Biochem 2016;49(15):1167–72 . 
al., Modulation of microRNAs by aspirin in cardiovascular disease, 

.005 

http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0049
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0049
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0049
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0049
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0049
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0049
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0049
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0049
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0050
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0050
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0050
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0050
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0050
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0050
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0050
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0050
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0051
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0051
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0051
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0051
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0052
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0052
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0052
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0052
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0052
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0052
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0052
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0052
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0053
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0053
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0053
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0053
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0054
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0054
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0054
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0055
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0055
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0055
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0055
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0055
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0055
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0056
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0056
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0056
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0056
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0056
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0056
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0056
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0056
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0057
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0057
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0057
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0057
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0057
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0057
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0057
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0057
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0058
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0058
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0058
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0058
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0058
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0058
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0058
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0058
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0059
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0059
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0059
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0059
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0059
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0059
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0060
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0060
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0060
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0060
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0060
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0060
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0061
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0061
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0061
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0061
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0061
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0061
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0061
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0061
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0062
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0062
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0062
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0062
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0062
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0063
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0063
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0063
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0063
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0063
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0063
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0063
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0063
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0064
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0064
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0064
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0064
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0064
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0064
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0064
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0064
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0065
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0065
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0065
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0065
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0065
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0065
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0065
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0065
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0066
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0066
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0066
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0066
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0066
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0066
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0066
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0066
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0067
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0067
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0067
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0067
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0067
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0067
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0067
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0067
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0068
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0068
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0068
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0068
http://refhub.elsevier.com/S1050-1738(19)30114-8/sbref0068
https://doi.org/10.1016/j.tcm.2019.08.005

	Modulation of microRNAs by aspirin in cardiovascular disease
	Introduction
	Aspirin, miRNA, and cardiovascular disease
	Platelet reactivity/ASA resistance
	Endothelial and vascular smooth muscle cells

	Resolvins and lipoxins
	ADP receptor antagonists

	Future directions
	Conclusion
	References


