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Abstract

Clopidogrel is widely used for antiplatelet therapy in patients with coronary artery
disease (CAD), but clopidogrel resistance (CR) is relatively common in these patients.
The goal of our study was to explore the platelet-derived miRNA expression profile
of CR in CAD patients. In this study, 66 CAD patients treated with dual antiplatelet
therapy (clopidogrel 75 mg once daily plus aspirin 100 mg once daily) were included.
According to inhibition of platelet aggregation (IPA), we divided these patients into
CR group (IPA <30%) and control group (IPA >30%). The concentrations of clopidogrel
and clopidogrel active metabolites in plasma were obtained using UHPLC-Q-Orbitrap
HRMS method. The platelet-derived miRNA expression profiles of these subjects
were detected by high-throughput sequencing and gRT-PCR. Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG) were used for function pre-
diction of differentially expressed miRNAs. Our results suggested no significant dif-
ference of clopidogrel and active metabolic derivative concentrations between CR
group and control group. Correlation analysis showed no significant association be-
tween clopidogrel concentration and IPA; active metabolic derivative and IPA. In ad-
dition, 67 platelet-derived miRNAs were differentially expressed between three CR
and three control patients. After adjusting, eight miRNAs might be related to CR in
CAD. In our validation cohort (30 CR patients and 30 control group), miRNA-142-3p
and miRNA-24-3p expression levels were significantly upregulated, and miRNA-
411-3p expression was significantly downregulated in the CR group. In conclusion,
the miRNA-142-3p, miRNA-24-3p, and miRNA-411-3p might be potential markers for
CR in CAD patients.
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INTRODUCTION

Coronary artery disease (CAD) is the common cause of death in the
world, which is featured on myocardial ischemia and hypoxia caused
by atherosclerotic plaque and stenosis.* Once the coronary athero-
sclerotic plaque ruptures, a mass of subendothelial matrix exposes
and causes platelet activation and aggregation, eventually giving rise
to arterial thrombosis and stenosis.? It follows that platelet plays a
central role in this complicated pathological process of CAD. And
antiplatelet therapy is an effective treatment, which could improve
the prognosis of CAD patients. In the current clinical practice, anti-
platelet drugs mainly include thromboxane A2 inhibitor, platelet gly-
coprotein IIb/llla receptor antagonist, P2Y12 receptor inhibitor, etc.’

Clopidogrel is a frequently used P2Y12 receptor inhibitor, which
needs to be metabolized into active products in vivo to exert the an-
tiplatelet role. The active product could bind to the P2Y12 receptor
irreversibly, and inhibit ADP-induced platelet aggregation selective-
ly.*7 Previous studies have shown that clopidogrel could effectively
reduce the incidence of myocardial infarction and hospitalization
rate.® Although the antiplatelet effect of clopidogrel has been rec-
ognized, different response to clopidogrel exists among individuals,
even taking the same dose of clopidogrel.9 There is an apparent ra-
cial discrepancy in the responsiveness of different populations to
cIopidogreI.10 Low response or no response to clopidogrel might
exist in 4%-30% of patients, which is called clopidogrel resistance
(CR).1* And CR is associated with a higher incidence of clinical ad-
verse events (cardiovascular death, reinfarction, or severe bleeding).
However, the exact mechanisms of the diversity of platelet response
to clopidogrel are still unclear.

The miRNAs are small endogenous non-coding RNAs that are
highly conserved genetically.!? It can bind with the 3’ untranslated
region (UTR) of mRNA to promote mRNA degradation or inhibit
transcription.13 Platelets are small pieces of cytoplasm derived from
mature megakaryocytes. Though there is no nucleus in the plate-
let, a large number of transcripts and miRNAs exist to participate
in the regulation of transcription and translation in the platelet.***®
Mounting evidence indicates that platelet-derived miRNA plays a
regulatory role in various biological functions and diseases includ-
ing cardiovascular diseases.’® For instance, platelet-derived miR-
22/-320b can regulate the expression of proinflammatory mediator
ICAM1 in ST segment elevation myocardial infarction patients.'®
In diabetic mice, decreased expression of platelet-derived miR-223
could enhance dedifferentiation of vascular smooth muscle cells
and abnormal hyperplasia of vascular intima.!” Unfortunately, the
evidence of association between platelet-derived miRNAs and CR
is scarce.

In the present study, we are dedicated to exploring the platelet-
derived miRNA expression profile of CR in CAD patients and pre-
dicting their functions by GO enrichment and KEGG pathway
analysis. In addition, the expression of four platelet-derived miRNAs
was validated in a large cohort. However, further studies should
be conducted to clarify the relationship and mechanism between
platelet-derived miRNAs and CR in CAD patients.

2 | MATERIALS AND METHODS

2.1 | Study population

In this study, 66 CAD patients were recruited from the Ningbo First
Hospital through August 2018 to January 2019. All the patients were
diagnosed as CAD according to the latest clinical guideline and have
undergone percutaneous coronary interventions. Patients were
subsequently treated with dual antiplatelet therapy (clopidogrel
75 mg once daily plus aspirin 100 mg once daily) for 7 days to stabi-
lize the effect of antiplatelet aggregation. This study was approved
by the Ethics Committee of Ningbo First Hospital. All the subjects

have signed the informed consent form.

2.2 | Sample collection and storage

We collected 10 ml blood sample from all the patients after taking
clopidogrel for 3 hours. Subsequently, 5 ml blood sample was used
to sort platelets by magnetic activated cell sorting (MACS) and then
stored in a refrigerator at —-80°C. The tests of platelet function, clopi-
dogrel concentration, and clopidogrel active metabolite concentra-
tion in plasma were performed within 4 h.

2.3 | Platelet function

The platelet function test was performed using VerifyNow analyzer
(Accumetrics). At present, there is no uniform standard for the defi-
nition of CR. Common concepts include clinical CR and laboratory
CR.292! Clinical CR is generally considered to be that thromboem-
bolic events still occur under standard clopidogrel treatment. The
laboratory CR is identified by the results of platelet function test-
ing. Unfortunately, it still lacks a uniform and reasonable threshold
for IPA to determine CR. A review of previous studies suggested
that we could distinguish CR by the cut-off value of inhibition of
platelet aggregation (IPA) between 10% and 40%.%2 Thus, we used
an empirically defined cut-off value of 30% based on our patients’
conditions. The subjects with IPA <30% were included in the CR
group and the subjects with IPA 230% were included in the control
group.

2.4 | The concentration of clopidogrel and
clopidogrel active metabolites

We added 40 ul 2,2'-Methylenebis (6-tert-butyl-4-methylphenol)
into the blood sample in heparin anticoagulant tubes and separated
plasma by centrifugation at 4000 r/min for 5 min. The concentra-
tions of clopidogrel and clopidogrel active metabolites in plasma
were determined using high-performance liquid chromatography
quadrupole-Orbitrap mass (UHPLC-Q-Orbitrap

HRMS).

spectrometry
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2.5 | Separation and purification of platelets and
RNA isolation

MidiMACS™ magnetic cell sorting (Miltenyi) was used to obtain the
purified platelets. The platelet-rich plasma samples were added in
TRIZOL (Thermo Fisher) for 7 min at room temperature, and then
used RNA-Solv reagent (Omega bio-tek) to isolate the total miRNA.

2.6 | miRNA high-throughput sequencing and
function prediction

The platelet-derived miRNA expression profiles of three CR patients
and three control patients were detected by using BGISEQ-500 se-
quencing platform (Huada Gene). After cDNA library construction,
the high-throughput sequencing of the cDNA was accomplished by
Combinatorial Probe Anchor Synthesis (cPAS). The differentially ex-
pressed miRNAs between the CR and control groups were identified by
DEGseq package. The biological functions of differentially expressed
miRNAs were analyzed by Gene Ontology (GO). Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway was used to determine the

signal pathways involved in the corresponding target genes of miRNAs.

2.7 | Quantitative reverse transcription-
polymerase chain reaction

Reverse transcription reaction was performed in the GoScript RT
System (Promega). The real-time quantitative reverse transcription-
polymerase chain reaction (qRT-PCR) was performed using SYBR
Green gPCR SuperMix Kit (Invitrogen) on the Mx3005P QPCR System
(Stratagene) following the manufacturer's instructions. The primers

are listed in Table 1. The 2 ~**“* method was used to analyze the data.

2.8 | Statistical analysis

The primary endpoint was defined as the incidence of CR.% The
power for the primary endpoint weight change is calculated based
on a two-sided t-test with a significance level of 5%. The power with
regard to the co-primary dichotomous endpoints was calculated
based on a two-sided Chi-square test. With a sample size of 30 CR

patients and 30 controls, the trail might have more than 90% power

TABLE 1 The sequences of primers used for gRT-PCR

Forward
miR-3184-3p 5" -AATAGAAAAGTCTCGCTC-3'
miR-24-3p 5'-ACAGCAGGCACAGAGAGGGG-3'
miR-142-3p 5-GTCGTATCCAGTGCAGGG-3'
miR-411-3p 5'-CCGAGTATGTAACACGGTC-3’
GAPDH 5-GCACCGTCAAGGCTGGAAC-3'
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to detect the difference between CR and controls. Our conclusions
need further verification in a wide range of population.

SPSS version 18.0 (SPSS, Inc.) was used for statistical analy-
sis. Normally distributed quantitative variables were expressed by
mean * standard deviation, which were tested by t test when com-
paring differences between two groups. Non-normally distributed
quantitative variables were expressed as medians and interquartile
ranges, which were assessed using the Wilcoxon rank sum test when
comparing differences between the two groups. Pearson correlation
was used to evaluate the correlation between IPA and the concen-
trations of clopidogrel and clopidogrel active metabolites. p < .05
was considered a statistically significant difference.

TABLE 2 The clinical characteristics of control and clopidogrel-
resistant patients

Control p
Characteristics CR (n=33) (n=33) Value
Age, years 60.91 + 10.96 63.33+11.16 .377
Male 25 23 .583
Smoking 19 17 .624
Hypertension 16 20 326
Diabetes mellitus 7 10 402
WBC counts, 10%/L 8.16 £ 3.15 774 £ 3.56 .617

136.21 £ 19.30
242.39 +£78.10

139.15+14.50  .487
215.39 £50.70 .101

Hemoglobin, g/L

Platelet counts,

10%/L
Serum creatinine, 74 (65.5, 81) 71 (66, 82) 542
pmol/L
LDL-C, mmol/L 2.73£0.61 2.60+0.67 44
Total cholesterol, 4.29 +0.89 4.13+0.88 482
mmol/L
HDL-C, mmol/L 1.083+0.23 0.95+0.24 .204
Triglyceride, mmol/L  1.35 (1.00, 1.53(1.20, .323
1.97) 2.16)
CRP, mg/L 3.45 (1.04, 3.10 (1.03, .863
10.56) 10.13)
ALT, U/L 26.00 (17.50, 28.00 (17.50, .954
45.00) 40.50)
AST, U/L 26.00 (19.50, 26.00 (19.00, .817
44.00) 72.00)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; CRP, C-reactive protein; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

Reverse
5-AAGTTAGGCTGAGGGGCA-3'
5'-CTGGCTCAGTTCAGCAGGAACAG-3’
5-CGACGTGTAGTGTTTCCTA-3'
5'-TATGTAACACGGTCCACTAACC-3'
5-TGGTGAAGCGCCAGTGGA-3'
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TABLE 3 The platelet-derived miRNAs

onfe puae it o fe e el e
Upregulated Downregulated resistance group and control group
has-miR-103a-2-5p 2.13 .035 hsa-miR-150-5p 1.04 .046
hsa-miR-548av-3p 3.77 .034 hsa-miR-11401 2.60 .024
hsa-miR-3184-3p 6.54 .001 hsa-miR-6749-3p 1.57 .028
hsa-miR-17-5p 0.91 .013 hsa-miR-100-5p 2.93 .001
hsa-miR-339-5p 1.06 .033 hsa-miR-483-3p 3.68 .005
hsa-miR-454-3p 1.48 .001 hsa-miR-4647 3.90 .022
hsa-miR-106b-5p 1.15 .026 hsa-miR-4676-5p 2.77 .044
hsa-miR-32-5p 1.08 .019 hsa-miR-3181 4.66 .022
hsa-miR-10401-3p 2.80 .001 hsa-miR-4446-3p 1.69 .003
hsa-miR-140-5p 1.08 .024 hsa-miR-6772-5p 4.05 .034
hsa-miR-30e-5p 1.61 .038 hsa-miR-6850-5p 3.67 .004
hsa-miR-330-5p 2.48 .041 hsa-miR-411-3p 5.53 <.001
hsa-miR-138-5p 3.15 .006 hsa-miR-6732-5p 4.87 .039
hsa-miR-181a-5p 1.19 .026 hsa-miR-6837-5p 1.85 .050
hsa-let-7i-3p 1.89 .014 hsa-miR-27b-5p 1.10 .042
hsa-miR-324-5p 1.97 .022 hsa-miR-23b-5p 1.17 .022
hsa-miR-660-5p 0.77 .045 hsa-miR-1236-3p 2.18 .044
hsa-miR-24-3p 1.86 .001 hsa-miR-2110 1.01 .008
hsa-miR-3074-5p 1.52 .002 hsa-miR-485-5p 1.79 .040
hsa-miR-30d-5p 1.03 .017 hsa-miR-485-3p 1.99 .024
hsa-miR-142-3p 1.51 .001 hsa-miR-654-5p 2.00 .027
hsa-miR-186-5p 1.67 .014 hsa-miR-1180-3p 1.46 .002
hsa-miR-25-3p 0.78 .03 hsa-miR-10a-3p 3.86 <.001
hsa-miR-107 1.69 .048 hsa-miR-378f 7.13 <.001
hsa-miR-378e 3.51 .013 hsa-let-7c-5p 0.86 .047
hsa-let-7b-5p 0.96 .019
Downregulated hsa-miR-574-5p 1.09 .022
hsa-let-7d-3p 0.93 .045 hsa-miR-342-5p 2.58 .008
hsa-miR-6819-3p 0.71 .048 hsa-miR-320a-3p 0.87 .039
hsa-let-7e-5p 1.51 .034 hsa-miR-3064-5p 1.61 .035
hsa-miR-490-5p 1.71 .025 hsa-miR-320c 1.07 .040
hsa-miR-6721-5p 2.64 .031 hsa-miR-190b-5p 1.38 .020
hsa-miR-6729-3p 2.98 .032 hsa-miR-1260b 1.34 .013
hsa-miR-505-5p 1.39 .013 hsa-miR-7-5p 1.72 .005

Abbreviation: FC, fold change.

CR group (n = 33) and control group (n = 33) with the IPA cutoff of
30%. The median IPA of CR group was 16%, and the median IPA of

control group was 50%.

3 | RESULTS

3.1 | Clinical characteristics of the patients and
group design

3.2 | Concentrations of clopidogrel and active
In this study, 66 patients with CAD were enrolled, including 48 males metabolic derivative
and 18 females. The clinical characteristics of the subjects were
shown in Table 2. The results of VerifyNow analysis were shown in The concentrations of clopidogrel and active metabolic derivative
Table 3. We used IPA to reflect the inhibition effect of clopidogrel

on platelet aggregation function. The 66 patients were divided into

were detected using UHPLC. The results showed that there was no
significant difference between the two groups in the concentrations
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6 .
of clopidogrel and active metabolic derivative (clopidogrel: p = .308; i
active metabolic derivative: p = .149, Figure 1). Correlation analysis . :
showed no significant association between clopidogrel concentra- '
tion and IPA (p = .958); active metabolic derivative and IPA (p = .698). i
4
. . . x ’
3.3 | Differential expression of platelet- =
derived miRNA =1
o
=]
1
There were six samples from the CR group (n = 3) and the con- 2
trol group (n = 3) selected for high-throughput sequencing of
platelet-derived miRNAs. A total of 67 differentially expressed =~ |J-cmmmmmimmcccccee L S SRR e
miRNAs were identified using DEGseq package in R software
(Table 3). After FDR correction, we obtained eight miRNAs with
significantly different expression (Figures 2 and 3). Compared 0
with the control group, there were four upregulated miRNAs 5 = '0' z 5
(has-miRNA-3184-3p, has-miRNA-10401-3p, has-miRNA-24-3p, log2(FoldChange)

and has-miRNA-142-3p), and four downregulated miRNAs (has-
miRNA-100-5p, has-miRNA-411-3p, has-miRNA-378f, and has-
miRNA-10a-3p) in the CR group.

FIGURE 3 Volcano plot of platelet-derived miRNA expression
profiles between the control and clopidogrel-resistant patients
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A Biological process

G0:0044089: positive regulation of cellular component biogenesis
G0:0051345: positive regulation of hydrolase activity
G0:0042110: T cell activation

G0:0030099: myeloid cell differentiation

G0:0034504: protein localization to nucleus

G0:0048598: embryonic morphogenesis

G0:0000904: cell morphogenesis involved in differentiation
G0:0030029: actin filament-based process

GO0:0007264: small GTPase mediated signal transduction
G0:0002262: myeloid cell homeostasis

G0:0040017: positive regulation of locomotion
G0:0043408: regulation of MAPK cascade

GO0:0045055: regulated exocytosis

GO0:0010506: regulation of autophagy

GO0:0046777: protein autophosphorylation

G0:0051640: organelle localization

G0:0035019: somatic stem cell population maintenance
G0:0007162: negative regulation of cell adhesion

GO0:0060627: regulation of vesicle-mediated transport
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B Cellular component

]

Molecular function

G0:0030659: cytoplasmic vesicle membrane
G0:0030136: clathrin-coated vesicle

GO0:0070160: tight junction

G0:0099568: cytoplasmic region

G0:0005774: vacuolar membrane

G0:0030424: axon

G0:0010008: endosome membrane

GO0:0120111: neuron projection cytoplasm

G0:0016323: basolateral plasma membrane
G0:0032045: guanyl-nucleotide exchange factor complex

G0:0034045: phagophore assembly site membrane
G0:0005874: microtubule
G0:0019898: extrinsic component of membrane

————— G0:0031461: cullin-RING ubiquitin ligase complex
G0:0045177: apical part of cell
G0:0030133: transport vesicle
G0:0031227: intrinsic component of endoplasmic reticulum membrane
G0:0098794: postsynapse
G0:0030425: dendrite

—— G0:0048471: perinuclear region of cytoplasm
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G0:0008289: lipid binding
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G0:0008013: beta-catenin binding

G0:0000987: proximal promoter sequence-specific DNA binding
G0:0016773: phosphotransferase activity, alcohol group as acceptor
G0:0019900: kinase binding

G0:0019903: protein phosphatase binding

G0:0060090: molecular adaptor activity

G0:0015291: secondary active transmembrane transporter activity
G0:0003712: transcription coregulator activity

G0:0019955: cytokine binding

G0:0008324: cation transmembrane transporter activity
G0:0008047: enzyme activator activity

GO0:0008017: microtubule binding

G0:0019992: diacylglycerol binding

G0:0019904: protein domain specific binding

G0:0008237: metallopeptidase activity

G0:0005516: calmodulin binding

G0:0035250: UDP-galactosyltransferase activity

0 1! 2 £}
-log10(P)
hsa04380: Osteoclast differentiation
] hsa05200: Pathways in cancer
] hsa04917: Prolactin signaling pathway
hsa04659: Th17 cell differentiation
hsa01521: EGFR tyrosine kinase inhibitor resistance
hsa04144: Endocytosis
1 hsa04340: Hedgehog signaling pathway
1 hsa04721: Synaptic vesicle cycle
hsa05146: Amoebiasis
hsa01522: Endocrine resistance
1 hsa04072: Phospholipase D signaling pathway
hsa05231: Choline metabolism in cancer
hsa04931: Insulin resistance
hsa04150: mTOR signaling pathway
hsa04066: HIF-1 signaling pathway
hsa04010: MAPK signaling pathway
hsa04142: Lysosome
hsa00603: Glycosphingolipid biosynthesis - globo and isoglobo series
hsa04670: Leukocyte transendothelial migration
| —] hsa04330: Notch signaling pathway
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G0:0043124: negative regulation of I-kappaB kinase/NF-kappaB signaling

FIGURE 4 Top 20 significantly
enriched GO categories for the
differentially expressed platelet-derived
miRNA target genes. Bar charts show the
enrichment of differentially expressed
miRNA target genes in biological

process (A), cellular component (B), and
molecular function (C). Y-axis represents
GO category, and x-axis represents
enrichment significance

FIGURE 5 Top 20 significantly
enriched signaling pathways for the target
genes of eight platelet-derived miRNAs

3.4 | GO and KEGG pathway analysis of eight
miRNAs target genes

We adopted the GO to determine the main biological functions of
eight differently expressed platelet-derived miRNAs corresponding
to the target genes. The top 20 significantly enriched results of dif-
ferent categories are shown in Figure 4, including biological process,

cellular competent, and molecular function. KEGG enrichment
analysis indicated that the target genes were significantly enriched
in top 20 signal pathways shown in Figure 5, mainly including os-
teoclast differentiation, pathways in cancer, prolactin signal pathway,
Th17 cell differentiation, EGFR tyrosine kinase inhibitor resistance,
Hedgehog signal pathway, phospholipase D signal pathway, insulin
resistance, mTOR signal pathway, MAPK signal pathway, Notch sig-
nal pathway, etc.
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3.5 | Validation of differentially expressed miRNA current study. Therefore, it is inappropriate to completely explain the

To explore the promising biomarkers for CR in CAD patients, we
screened four specific miRNA markers (has-miRNA-3184-3p, has-
miRNA-24-3p, has-miRNA-142-3p, and has-miRNA-411-3p) for eval-
uation in the CR group (n = 30) and control group (n = 30). Our results
showed that the expression of has-miRNA-411-3p in CR group was
downregulated (p < .001). The has-miRNA-142-3p and has-miRNA-
24-3p showed significant higher expression levels in the CR group
than controls (both p < .001, Figure 6). However, there was no sig-
nificant difference in the has-miRNA-3184-3p expression level be-
tween the two groups (p = .894).

4 | DISCUSSION
Asthewidely used for antiplatelet therapy, clopidogrel could effectively
reduce the risk of thrombosis. Nevertheless, some patients are resist-
ant to clopidogrel.?* Previous studies have shown that polymorphisms
of CYP2C19, ABCB1, and PON1 genes significantly might affect plate-
let reactivity by influencing the pharmacokinetics of clopidogrel.25'27
A randomized, open-label, assessor-blinded trial found that patients
under CY2C19 genotype-guided strategy for selection of oral P2Y12
inhibitor therapy resulted in a lower incidence of bleeding but no in-
creased thrombotic events compared with those with standard treat-
ment with ticagrelor or prasugrel.?® Therefore, gene-guided therapy
might be a promising antiplatelet therapy in the future.

Interestingly, there was no significant correlation between IPA
and clopidogrel concentration or active metabolic derivative in the

difference of platelet reactivity to clopidogrel by affecting the phar-
macokinetics of clopidogrel. The causes of CR need to be explored
by more biological information. Previous studies have demonstrated
that platelet-derived miRNA is related to CR.?’ For example, miR-
223, the most abundant miRNA in platelets, was reduced in CR pa-
tients, ultimately affecting the expression of P2Y12.% In our study,
we first profiled miRNA expression in the platelet of CR patients
and controls. Also, we utilized GO and KEGG analysis to further ex-
plore the potential regulatory mechanism between platelet-derived
miRNA and CR. By means of synthetic analysis, we selected four
candidate miRNAs to validate the expression levels in large cohorts.
It suggested that miRNA-142-3p and miRNA-24-3p expression levels
were significantly upregulated, and miRNA-411-3p expression was
significantly downregulated in the CR group.

In this study, we first reported that miRNA-411-3p was re-
lated to the CR in CAD patients. Inflammatory was essential
for the hemostatic system in CAD patients, including increased
platelet response and endothelial dysfunction, which may affect
the antiplatelet efficacy.®? It is worth noting that increased miR-
NA-411 suppresses the level of proinflammatory IL-18 by down-
regulating the JNK pathway, thereby reducing inflammation.®?
And an association between inflammation and reduced platelet
response to clopidogrel has been demonstrated in the previous
study.®® In this context, we speculated that lower miRNA-411-3p
was found in CR patients, which may be caused by changes in
inflammation levels. And this inference needs further verifica-
tion. Additionally, miR-24-3p has been reported to play a role
in CR and platelet activity regulation, which could restrain
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endogenous and exogenous coagulation pathways by inhibiting
the synthesis of factor-X (FX).3* In addition, inflammation and
immune response can promote platelet activation and throm-
bosis.3>%¢ The miR-142-3p could control the overexpression of
TNF-a by downregulating protein kinase Ca (PKCa) or inhibiting

37.38 miR-142-3p could reduce the induc-

the expression of IFN-y.
tion of iTreg and significantly decrease the secretion of TGF-§
and IL-10.%? Moreover, miR-142-3p could downregulate the ex-
pression of Racl and Rac1-GTPase, thus activating antiplatelet
and increasing the risk of hemorrhage.40 Though the reasonable
mechanisms of miRNAs in CR were briefly explored in the previ-
ous studies, further studies should be completed to explore the
potential regulatory mechanism deeply to support our findings.

There are the following aspects of main strengths and limita-
tions in our study. The concentrations of clopidogrel and active
metabolic derivative in the peripheral blood were extremely low,
so we used UHPLC-Q-Orbitrap HRMS to accurately determine
their concentrations. Besides, this study mainly focused on the
differences in pharmacodynamics of clopidogrel, so we try to
eliminate the influencing factors of pharmacokinetics. In order
to exclude interference from other sources of miRNA in periph-
eral blood, the object of this study was platelet-derived miRNA,
which could better explain its effect on platelet activity. However,
there were some limitations in the current study. First of all, due
to the limitation of experimental material, our sample size was very
small. And the applicability of relevant miRNA biomarkers needs
further verification in a wide range of population. Besides, we only
selected four platelet-derived miRNAs for subsequent verification,
and then more differential miRNAs need to be clarified whether
they are related to CR. Moreover, the effect of aspirin on CR and
IPA was not evaluated, and needs further investigation. Finally, al-
though we utilized GO and KEGG analysis to further explore the
potential regulatory mechanism between platelet-derived miRNAs
and CR, more studies should be carried out to confirm the regula-
tory mechanism.

In summary, our findings indicate that miRNA-142-3p, miRNA-
24-3p, and miRNA-411-3p are relevant to CR. However, the applica-
bility of relevant miRNA biomarkers needs further verification in a

wide range of population.
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