
Page 1/15

MicroRNAs Expression Pro�les in Platelet-Derived Exosomes
From Coronary In-Stent Restenosis and the Potential Markers
Lingdi Hua 

Southeast University
Yong Qiao 

Department of Cardiology, Zhongda Hospital a�liated to Southeast University
Linqing Li 

Southeast University
Yuhan Qin 

Southeast University
Dong Wang 

Department of Cardiology, Zhongda Hospital a�liated to Southeast University
Gaoliang Yan 

Department of Cardiology, Zhongda Hospital a�liated to Southeast University
Chengchun Tang  (  tangchengchun@hotmail.com )

Department of Cardiology, Zhongda Hospital a�liated to Southeast University

Research Article

Keywords: In-stent restenosis (ISR), Platelet-derived Exosomes(PDEs), MicroRNA, qRT-PCR

Posted Date: January 12th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-129758/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

https://doi.org/10.21203/rs.3.rs-129758/v1
mailto:tangchengchun@hotmail.com
https://doi.org/10.21203/rs.3.rs-129758/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/15

Abstract
Background: We conducted this study was to identify any difference in platelet-derived exosome micro-RNA (microRNA) pro�le
between patients with in-stent restenosis and patients without restenosis using gene sequencing.

Method: Platelet-derived exosomes(PDEs) were isolated through ultracentrifugation and validated by Western blotting,
transmission electron microscope and NanoSight analysis. The platelet-derived exosome microRNA expression pro�le was
identi�ed by Illumina Hiseq2000/2500 sequencing, and validated by qRT-PCR. Finally, the potential functions of microRNAs
were predicted using miRNA-gene-GO network and miRNA-gene-KEGG network.

Result: We identi�ed several differentially expressed platelet-derived exosome microRNAs. In particular, we found that the
microRNA PC-3p-75179_24 was up-regulated, while hsa-miR-133a-3p_R+1 and hsa-miR-589-5p_R-1 were down-regulated in
patients with in-stent restenosis which were further validated by qRT-PCR results. Our results also showed their potential
miRNA-gene-GO and miRNA-gene-KEGG interaction.

Conclusion: In summary, our study reveals for the �rst time microRNA expression is altered, in platelet-derived exosomes in
patients with in-stent restenosis, with speci�c up-regulation of microRNA PC-3p-75179_24 and down-regulation of hsa-miR-
133a-3p_R+1 and hsa-miR-589-5p_R-1. Our �ndings supports the need to explore the potential of these microRNAs as
biomarkers and the pathological effects on in-stent restenosis.

Background
Percutaneous coronary intervention (PCI) has become the main choice for treatment of acute coronary syndrome. However,
patients treated with PCI tend to have a greater risk of restenosis[1]. In-stent restenosis (ISR) is de�ned as 5 mm proximal or
distal segments in or near the stent that reappear > 50% lumen stenosis during follow-up angiography. Despite the widespread
use of drug-eluting stents and improvements in drug development, ISR remains a signi�cant prognostic factor for
percutaneous vascular revascularization[2]. The pathophysiological process of ISR is complicated, and includes three stages:
injured vascular remodeling, in�ammatory reaction and proliferation and migration of smooth muscle cells. Vascular
endothelial injury and in�ammation are the initial factors of ISR. Proliferation and migration of vascular smooth muscle cells
and excessive thickening of the vascular neointima are the central factors leading to ISR[3]. In addition, emerging evidence
indicates that low-grade chronic in�ammation is a primary mechanism that underlies ISR, as it promotes vascular smooth
muscle cells (VSMCs) to proliferate and migrate to the intima, causing neointimal hyperplasia[4, 5]. Platelets are thought to
have important functions in promoting restenosis[6]. During balloon angioplasty or stent implantation, once the integrity of the
endothelium has been destroyed, exposure to the endothelium leads to extensive activation, adhesion and aggregation of
platelets within lesions. Next, platelets secrete prothrombin and additional in�ammatory factors that together promote
neointimal hyperplasia[7]. The exosome, type of vesicle, has a diameter of 30–150 nm and a cup-shaped lipid bilayer
membrane[8, 9]. As exosomes carry functional proteins, RNA and lipids, they are thought to be messengers for intercellular
communication and have become diagnostic markers for many different diseases[10–12]. Exosomes carry out the key
function of intercellular communication by transferring bioactive substances (including proteins and microRNAs,) to receptor
cells or activating signal transduction pathways in target cells[13].

MicroRNAs (miRNAs) are an endogenous non-coding small RNA, composed of 21–22 nucleotides[14]. Many studies have
indicated that miRNAs are involved in a variety of different cellular processes, including differentiation, proliferation,
metastasis and apoptosis[15]. The main function of miRNAs is the regulation of gene expression at the post-transcriptional
level though degradation of target mRNAs and / or inhibition of mRNA translation[16]. As an important negative regulator of
gene expression, thousands of miRNAs play important physiological and pathophysiological roles in humans[17, 18]. With
regards to PDEs, studies have shown that miRNA-223 and miRNA-339 induce platelet aggregation and regulate the
coagulation pathway in atherosclerosis[19]. Additionally, miRNA-21 and miRNA-223 have been demonstrated to up-regulate
TNF- α- induced ICAM-1 expression in human umbilical vein endothelial cells via a MAPK and NF-kβ dependent manner[20].
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Furthermore, miRNA-320 inhibits, and miRNA-191 induces the expression of ICAM-1 in endothelial cells that are involved in
in�ammation[21, 22].

Upon studying the mechanism of coronary artery ISR, studies have validated that platelet activation can increase ISR
incidence[23, 24]. However, the relationship between PDEs and the mechanism in coronary artery ISR has not yet been
elucidated.

Methods
Study subjects (patients and samples)

Venous blood samples were acquired from 26 patients that underwent coronary stenting at the Department of Cardiology,
Zhongda Hospital a�liated to the Medical College of Southeast University between the year of 2019 to 2020. All participants
provided written consent prior to participating in the study.Study approval was obtained from the Human Subjects Committee
at the Zhongda Hospital, Southeast University. Subjects were enrolled in the study according to the following inclusion criteria:
1) between the ages of 45-75; 2) after stent implantation, the patients adhere to completion of the secondary prevention of
coronary heart disease; 3)the type of stent placed within the patient stent is common, and the surgery was conducted in the
last 1 to 3 years. The exclusion criteria included diagnosis of diabetes mellitus, acute and chronic infection, hepatic and renal
insu�ciency, hematological diseases, severe bleeding, autoimmune diseases, malignant tumors, severe trauma, non-
atherosclerotic acute myocardial infarction. The patients’ plasma samples were collected in EDTA tubes. The patients were
divided into either restenosis group or the no restenosis group (control group), according to their coronary angiography results.
The blood was centrifuged at 4 °, 2000rpm centrifugation for 15min within the �rst hour of collection. The plasma samples
were stored at-80 °C until further processing. Three patients with restenosis and three patients without restenosis were
randomly selected for genetic sequencing, while the remain samples were validated using by qRT-PCR.

Isolation and puri�cation of exosomes

We used the TEN solution(0. 05 mol/L Tris-HCl,0. 15 mol/L NaCl,6 mmol/L EDTA-2Na,pH7. 4) to suspend platelet. Next, we
extracted the platelet exosomes, which were then isolated and puri�ed using the Platelet Exosome Isolation Kit (Invitrogen), as
per the manufacturer’s direction. We obtained the platelet exosome as a precipitate, which was then re-suspended in 50 to 200
μ l PBS and stored at-80 ℃ .

Transmission electron microscopy (TEM), Nanoparticle Tracking Analysis (NTA) and Western blotting(WB)

The exosomes were �xed using glutaraldehyde for two hours. Next, we added 5-10 μ l of exosome solution to copper mesh,
and let it adsorb for appropximately 10min at room temperature. We carefully absorbed the excess liquid with �lter paper.
Then, 10 μ l of 2% phosphotungstic acid solution (pH=6.5) was added to the copper net. Exosome staining was conducted by
treating for 2 min at room temperature. Then, we carefully absorbed the excess dye with �lter paper and dried the copper net at
room temperature. The exosomes were observed on the machine, at a voltage of 120kV. The particle size, concentrations and
distribution of exosomes were analyzed using Nanoparticle Tracking Analysis (NTA) by NanoSight NS300 (Malvern
Instruments, Shanghai, China).

Exosome protein denaturation was carried out as follows. After exosome lysate centrifugation, the supernatant was collected
and 5 × SDS-PAGE protein up-sample buffer was added according to 4:1 ratio. The EP tube was heated in a metal bath at
100℃ for 10 minutes in order to denature the protein. After cooling, the protein was stored at -80 ℃ for future use. The BCA
protein detection kit (DHbiotech, Shanghai) was utilized to detect protein concentration according to the manufacturer’s
instructions. The expression of various exosome markers (CD9, CD69 and TSG101) was analyzed by Western blotting. Next,
proteins were transferred onto a polyvinylidene di�uoride(PVDF) membrane. We used a rabbit monoclonal antibody to CD9
and CD69 (Abcam) and mouse monoclonal antibody to TSG101 (Abcam) with dilution ratio of 1:1000 and secondary
antibody (Abcam) at 1:10 000 dilution.
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Extraction of total RNA, library Construction and RNA sequencing analysis

Using RNAprep pure cell Kit (TianGen BioTech, China), we isolated total RNA from PDEs. The RNA concentrations was
validated by a NanoDrop ND-1000 spectrophotometer (Thermo Scienti�c). The experimental process was conducted
according to instructions provided by Illumina, including the preparation of library and sequencing experiments. The small
RNA sequencing library was prepared by TruSeq Small RNA Sample Prep Kits (Illumina, San Diego, USA). After the library was
prepared, it was sequenced by Illumina Hiseq2000/2500, with a sequencing read length of single-ended 1X50 bp.

qRT-PCR Validation of candidate miRNAs

The expression of differentially expressed miRNAs in the sequencing results was validated by qRT-PCR. The template
complementary DNA (CDNA) was synthesized using the PrimeScript RT kit (China Dalian, Takara), with slightly modi�ed
random primers, as per the manufacturer's instructions. Then, we used the resulting cDNA as a template. RT- PCR
ampli�cation was conducted by SuperReal PreMix Plus (SYBR Green; TianGen BioTech, China) and analyzed using Prism
7500 SDS (Applied Biosystems, Thermo Fisher Scienti�c, USA). The ampli�cation steps included heating to 95 °C for 10
minutes, 95 °C for 40 cycles of 10 seconds each, and then 60 °C for 15 seconds. The last step was to cool down to 72 °C for
20 seconds. GAPDH was used as an internal control for measuring RNA expression. The relative miRNA expression was
calculated using 2−ΔΔCt method.

miRNAs-gene-GO and miRNA-gene-KEGG interaction networks

Several studies have indicated that miRNAs act as negative regulatory factors for regulating various physiological processes
within the body[23, 24]. In order to explore the possible function of microRNAs from PDEs in coronary artery ISR, the
interaction of miRNA-gene-GO and miRNA-gene-KEGG was predicted based on the in silico prediction methods TargetScan
and Miranda. Firstly,gene Ontology (GO) functional signi�cance enrichment analysis mapped all signi�cantly differentially
expressed genes to each term within the GO database, and the number of genes was calculated within each term. We then
used hypergeometric test to identify the GO items that were enriched in signi�cant differentially expressed genes compared to
the whole genome background.

Kyoto Encyclopedia of Genes and Genomes (KEGG) not only provides all possible metabolic pathways, but also
comprehensively annotates each enzymes that catalyzes each step of the reaction, including amino acid sequence, prorein
data bank library, and other characteristics. Therefore we built miRNA-gene-GO network and miRNA-gene-KEGG network
diagram using the Cytoscape 3.7.2 software.

Statistical analysis

All data is expressed as an average ± standard error of the mean(SEM). Non-paired t-test was utilized for comparison between
the restenosis and the non-restenosis group. P < 0.05 was considered statistically signi�cant. All statistical analyses were
conducted using GraphPad Prism 5.0 (GraphPad Prism Software Inc, San Diego, CA,USA) and SPSS software for Windows
(version 25.0, SPSS Inc., Chicago, Illinois, USA).

Authors declare to con�rm that all methods had been performed in accordance with relevant guidelines and regulations.

Results
Clinical characteristic of patients

We found no signi�cant differences between groups with respect to age, gender, lipid pro�le,renal and liver function, glucose,or
platelet counts ( Table 1). Three ISR patients and three controls were randomly selected for gene sequence (Table 2), and the
remaining specimens were used by qRT-PCR for validation.

Identi�cation of exosomes
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After exosomes were extracted from patients' platelets, the expression of exosome markers CD9, CD69 and TSG101 were
detected using western blotting (Fig. 1A). The exosomes revealed a typical cup shape under a transmission electron
microscope, and with particle sizes of the exosome being approximately 100nm (Fig. 1B, C). These results indicated that we
were able to successfully isolate platelet-derived granules, that were identi�ed as exosomes.

Genetic sequencing results

We randomly selected three patients with restenosis and three patients without restenosis to undergo genetic sequencing. At
�rst, we analyzed the small RNAs of PDEs by RNA sequencing. The results indicated that one miRNA was signi�cantly up-
regulated while four miRNAs were down-regulated in the in-stent restenosis group(P<0.05). The identi�ed miRNAs for control
vs ISR groups are outlined in Venn diagrams (Fig.2A). A volcano map and graded clustering heat map indicated signi�cant
different regards to differentiation and aggregation of miRNA expression between the restenosis and non-restenosis group
(Fig. 2B, C). One of the �ve differentially expressed miRNAs is previously unknown with a sequence of 5'
CAGGCCCTGACGGATACGG 3'. We have named this miRNA PC-3p-75179_24. The remain four miRNAs have been previously
identi�ed according to microRNAs databases.They are hsa-miR-133a-3p_R+1, hsa-miR-548ap-5p_R+3, hsa-miR-589-5p_R-1
and hsa-miR-655-3p. And the differentially expressed miRNAs are shown in Table 3.

QRT-PCR-validated differential expression of miRNAs in 20 patients

In order to validate the difference in expression of miRNAs,PC-3p-75179_24, hsa-miR-133a-3p_R+1, hsa-miR-548ap-5p_R+3,
hsa-miR-589-5p_R-1 and hsa-miR-655-3p, we carried out qRT-PCR. We chose 20 patients, including 10 patients with restenosis
and 10 patients without restenosis. The results indicated that the expression of PC-3p-75179_24 was up-regulated while the
expression of hsa-miR-133a-3p_R+1 and hsa-miR-589-5p_R-1 was down-regulated (P < 0.05) (Fig. 3). These results were
consistent with prior RNA sequencing results. However, there were no signi�cant differences in the expression of hsa-miR-
548ap-5p_R+3 and hsa-miR-655-3p, which may need to be further veri�ed using a larger sample size.

MiRNA-gene-GO network and MiRNA-gene-KEGG network diagram

The target genes of each of the miRNAs were predicted using TargetScan and miRanda. The target base scores of each of the
two software were predicted and selected as per the scoring standard of each software. Based on results from both
TargetScan and miRanda, we constructed the miRNA-gene-GO interaction network diagrams of PC-3p-75179_24, hsa-miR-
133a-3p_R+1 and hsa-miR-589-5p_R-1. For each miRNA, we found that several genes were able to regulate each microRNA
(Fig.4A). We continue to identify results from enrichment analysis of the top 25 target genes that are related to cardiovascular
disease, and selected as part of the KEGG-pathway that we focus on as nodes. We also sorted out the miRNA and target genes
that were related to this pathway in order to draw the network diagram with Cytoscape 3.7.2 software. The potential pathways
of these three miRNAs are outlined in Fig. 4B.

Discussion
Thus far, approximately 2200 miRNAs have been identi�ed within the mammalian genome, of which more than 1000 belong
to the human genome[25]. In this study, we identi�ed that the the newly discovered miRNA PC-3p-75179_24 was signi�cantly
up-regulated while hsa-miR-133a-3p_R + 1 and hsa-miR-589-5p_R-1 were signi�cantly down-regulated within the restenosis
group. Additionally we further veri�ed this observation using the blood of select clinical patients, which showed that the
results were consistent. Prior studies have shown that the miR-133a-3p, which is down-regulated in atherosclerosis, inhibits
the proliferation, but induces apoptosis of human vascular smooth muscle cell (hVSMC) in MMP-9 dependent
mechanisms[26]. In the BV2 cells treated with lipopolysaccharide (LPS) or chylomicrons (CM) after ischemia and reperfusion,
miRNA-589 expression was found to be down-regulated, while overexpression of miRNA-589 decreased the release of
in�ammatory cytokines by targeting TRAF6[27]. It has been shown that histone deacetylase (HDACs) expression is negatively
correlated with expression of the tumor suppressor miR-589-5p in NSCLC samples. Speci�cally, phenotypic experiments in
vitro and in vivo shown that miR-589-5p/HDAC5 pathway has a vital function in migration, invasion and tumorigenicity of
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NSCLC cells[28]. Furthermore, miRNA-589 is a tumor suppressor that directly targets breast cancer metastasis-associated
protein[29]. MiRNA PC-3p-75179_24 has never been reported. The role of this miRNA in ISR may be an interesting and
important topic.

Exosomes can founction a bridge for transportation of functional miRNAs to their target cells. In addition, as a medium of
cellular communication, exosomes may be transported through the endothelial monolayer and in�ltrate into VSMCs. Zeng
Wang et al. constructed a co-culture model of endothelial monolayer and VSMCs in order to study the osmotic effect of
exosomes that were derived from macrophages. The exosome was absorbed by human aortic vascular smooth muscle cells
(HA-VSMCs) 12 h after addition, and the �uorescence intensity of HA-VSMCs within the cytoplasm increased with time.
Hence,exosomes have the ability to enter smooth muscle cells across endothelial cells[30].

We found three miRNAs from PDEs that were differentially expressed in patients with ISR. Hence, we constructed a miRNAs-
gene-GO and miRNAs-gene-KEGG network diagram of the three different miRNAs in order to identify their potential roles. As
shown in Fig. 4, among the these speci�c genes and pathways, previous studies showed that MMP-14, ICAM-1, TLR4, and Ras
signaling pathway, AMPK signaling pathway play important roles in the development and progression of atherosclerosis, (i.e.
proliferation and migration of vascular smooth cells), while modulating vascular remodeling and in�ammation[31–35]. Hence,
the miRNA-gene-GO network and miRNA-gene-KEGG network diagram provide novel avenue for searching for potential
diagnostic biomarkers, and also provide a novel direction for assessing the mechanism of these miRNAs in ISR. Further
investigation is needed to evaluate whether these miRNAs have a function in the development of ISR.

Conclusion
In summary, our study provides the �rst data regarding differential expression of miRNAs in PDEs in plasma from patients
with ISR. MiRNA PC-3p-75179_24, hsa-miR-133a-3p_R + 1 and hsa-miR-589-5p_R-1 had signi�cantly differential expression.
Further studies are needed to assess the potential of these miRNAs as biomarkers and pathologic mediators of ISR.
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Tables
Table 1

Clinical characteristics of total patients

  All patients ISR(n = 13) Control(n = 13) P value

Age, y 64.81 ± 6.39 64.31 ± 6.72 65.31 ± 6.22 0.697

Male gender 61.54% 61.54% 61.54% 0.14

Glucose(mmol/L) 6.2 ± 1.30 6.14 ± 1.45 6.34 ± 1.18 0.698

Cr(mmol/L) 81.57 ± 43.59 75.23 ± 27.21 87.92 ± 55.94 0.469

ALT(IU/L) 28.08 ± 11.76 29.92 ± 13.29 26.23 ± 10.21 0.435

LDL-C(mmol/L) 2.25 ± 0.15 2.28 ± 0.63 2.21 ± 0.87 0.799

PLT(×109/L) 193.48 ± 46.67 194.00 ± 47.71 192.92 ± 47.63 0.955
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Table 2
Clinical characteristics of 6 patients.

Patient number Age,y Gender ISR or control

Case1 68 Female ISR1

Case2 62 Male ISR2

Case3 59 Male ISR3

Case4 71 Male Control1

Case5 58 Male Control2

Case6 62 Female Control3

Table 3
The differentially expressed miRNAs

Index miRNA
name

miRNA sequence

(5' to 3')

up/down fold_change log2(fold_change) pvalue(t_test)

1 PC-3p-
75179_24

CAGGCCCTGACGGATACGG up 19.39 4.28 5.76E-04

2 hsa-miR-
133a-
3p_R + 1

TTTGGTCCCCTTCAACCAGCTGT down 0.23 -2.14 2.16E-02

3 hsa-miR-
589-5p_R-
1

AAAAGTAATTGCGGTCTTTGGT down 0.18 -2.44 2.69E-02

4 hsa-miR-
589-5p_R-
1

TGAGAACCACGTCTGCTCTGA down 0.21 -2.27 4.44E-02

5 hsa-miR-
655-3p

ATAATACATGGTTAACCTCTTT down 0.09 -3.49 4.97E-02

Figures
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Figure 1

Characterization of platelet-derived exosomes. (A) PDEs were validated by of CD9, CD69, TSG101 and GAPDH using western
blotting. (B) NTA measurements size of plasma exosomes. (C) Visualized of PDEs by TEM. NTA( Nanoparticle Tracking
Analysis); TEM (transmission electron microscopy).
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Figure 2

Analysis of differentially expressed microRNAs,determined by RNA sequencing, in plasma exosomes from ISR patients
compared to controls. (A) Venn diagrams of miRNAs for control vs ISR patients. (B) Scatter plots are utilized to assess
changes in microRNAs expression between ISR patients and the control group. Taking the line(P<0.05) as the boundary, blue
points are on behave of the down-regulated microRNAs, the red point is on behave of the up-regulated microRNA. (C)
Hierarchical clustering presents a distinct expression pro�le of microRNAs between ISR patients and the control
group(P<0.05). ISR (in-stent restenosis)
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Figure 3

Validation of miRNAs expression by qRT‐PCR. All values are expressed as average value ± S.E.M. (A)Level of miRNA PC-3p-
75179_24 compared to the control group (n = 10; *p < 0. 05). (B)Level of miRNA hsa-miR-133a-3p_R+1 compared to the
control group (n = 10, *p < 0. 05). (C) Level of miRNA hsa-miR-548ap-5p_R+3 compared to the control group (n = 10, *p > 0.
05). (D) Level of hsa-miR-589-5p_R-1 compared to the control group (n = 10; *p < 0. 05). (E) Level of hsa-miR-655-3p compared
to the control group (n = 10, *p > 0. 05).
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Figure 4

MiRNA-gene-GO and miRNA-gene-KEGG interactions analysis for PC-3p-75179_24, hsa-miR-133a-3p_R+1 and hsa-miR-589-
5p_R-1 based on in silico prediction and bioinformatics analysis. (A) The enrichment analysis of target genes, The GO term of
interest was selected as the node. The BP, CC, MF related to this GO term was obtained and network diagram was drawn with
Cytoscape 3.7.2 software. (B) The possible pathways and the top 25 target genes that were related to cardiovascular disease
and may be regulated by these miRNAs. BP( biological process); CC (cell component); MF (molecular function).
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