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Abstract 

Currently the mechanisms that lead an atherosclerotic plaque to become unstable 

and those that trigger the coagulative/thrombotic processes leading to acute cor-

onary syndrome have yet to be clarified. It has been suggested a possible role of 

microRNAs in the physiopathology of the atherosclerotic process related to acute 

and chronic ischemic cardiomyopathy. However, no data exists on the correlation 

between microRNAs expression in coronary (upstream and downstream of the 

coronary lesion) and arterial (at the aortic root level) blood from patients with acute 

coronary syndromes (ACS) and chronic coronary syndromes (CCS) before and after 

angioplasty. The study’s primary objective is to assess miRnome analysis in coronary 

and arterial blood sampling in ACS and CCS patients before and after angioplasty. 

The secondary objective is to analyze interleukin-6 and soluble ST2 levels in the 

peripheral plasma samples before and after angioplasty. Ten patients with ACS and 

ten patients with CCS will be enrolled. Coronary stenosis treated with angioplasty will 

be located in the proximal segments of the three main vessels: the anterior interven-

tricular artery, the circumflex artery, and the right coronary artery. The angioplasty 

procedure will be performed according to standard clinical practice. Before and after 

angioplasty, blood samples upstream and downstream of the coronary lesion will 

be taken, arterial sampling at the aortic root level will be performed, and peripheral 

venous blood will be collected. The expression of serum microRNAs will be analyzed 

by Next-generation sequencing. Quantitative analysis of pro- and anti-inflammatory 

molecules such as interleukin-6 and the soluble form of the soluble ST2 will be 
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performed on various blood samples. This study is registered in ClinicalTrials.Gov on 

October 30, 2023 (ID NCT06103357).

Introduction

Acute Myocardial Infarction (AMI) is the principal clinical presentation of coronary 
artery disease (CAD) [1]. Despite decades of studies of AMI pathophysiology, many 
aspects remain to be clarified. In particular, mechanisms that lead an atherosclerotic 
plaque to become unstable and those that trigger coagulative/thrombotic processes 
leading to acute coronary syndrome (ACS). ACS is a broad term for conditions 
such as Non-ST-Elevation Myocardial Infarction (NSTEMI), ST-elevation myocardial 
infarction (STEMI), and Unstable Angina [2]. The most accepted pathophysiological 
hypotheses maintain that AMI is related to plaque rupture or erosion of vulnerable 
plaque [3], and inflammation was hypothesized to play a role in this context [4,5]. 
Atherosclerotic plaque formation is an inflammatory process in the endothelial vessel 
associated with low-density lipoprotein retention (LDL) [6]. Some potential biomarkers 
from atherosclerotic plaques have been described [7].

miRNAs are small regulatory RNAs involved in different biological processes and 
pathologies and could be efficient biomarkers for diseases. The role of miRNAs in 
regulating different biological pathways involved in the development and progression 
of atherosclerosis has been found using preclinical models [8]. In humans, altered 
expression of several circulating miRNAs has been identified in the presence of sta-
ble atherosclerotic plaques [9]. Our group previously identified the circulating miR-
NAs involved in modulating the inflammatory state, the inflamma-miRs, and miRNAs 
associated with cardiomyocyte necrosis (miR-499) [10,11]. However, no published 
data exists on the correlation between microRNA expression in coronary, arterial, and 
peripheral venous blood from patients with acute (ACS) or chronic (CCS) coronary 
syndromes.

During ACS, the plaque becomes unstable, triggering biological processes that 
lead to partial or complete vessel thrombosis. Many of these mechanisms remain 
unclear and it has been shown that miRNAs are involved [12–15]. In this study we 
aim to investigate whether there are differences in the expression of miRNAs before 
and after the activation of an unstable plaque. Specifically, we aim to compare these 
findings with the miRNA profile in a stable plaque associated with CCS. In this way, 
this study will investigate if there is a different expression of miRNAs downstream of 
the unstable plaque, differing from the levels present before the plaque activation, 
which leads to the acute event.

It is known that some miRNAs are involved in cellular regeneration [16], throm-
botic processes [17], and activating inflammatory pathways [11]. miRNome analysis 
from different blood samples of ACS and CCS patients could reveal the mechanisms 
involved in the pathogenesis of AMI and bring new input to clinical and therapeutic 
perspectives.

This study will enroll patients affected by ACS and CCS with clinical indications 
for coronary angiography, demonstrating the presence of significant coronary artery 
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disease. Three types of samples will be collected, before and after angioplasty. From peripheral venous blood, samples 
upstream and downstream of the coronary lesion, and samples at the aortic root level.

Blood flow before the coronary lesion could reflect more systemic conditions, such as inflammatory status and endo-
thelial dysfunction. Downstream regions of the coronary lesions are characterized by lower oxygenation and nutrient flow 
due to the restricted blood flow, which could alter the miRNAs profile. Changes in miRNA levels downstream of a coronary 
lesion may be due to unregulated secretion from injured/stressed cells.

This study aims to test the miRNome picture in the blood of subjects undergoing an angioplasty procedure according to 
standard clinical practice. The expression of circulating miRNAs will be analyzed by Next-generation sequencing (NGS). 
In addition to blood sampling, where possible, plaque fragments will be taken to highlight differences in the biomarkers 
examined, particularly the immune/inflammatory profile. In addition to miRNome analysis, this protocol will include the 
quantitative analysis of pro and anti-inflammatory molecules such as interleukin-6 (IL-6) [18,19] and the soluble form of 
the interleukin-33 receptor (sST2) [20–22]. IL-33/sST2 axis is involved in the modulation of the inflammatory response 
since sST2 exerts proinflammatory effects when secreted into the circulation. Previous studies demonstrated that ele-
vation of serum sST2 levels was associated with poor prognosis not only in patients with heart failure (HF) but also with 
myocardial infarction (MI), hypothesizing that elevated serum sST2 level might be closely related to vulnerable plaque 
features [23]. Recently it was hypothesized that elevated serum sST2 levels might be closely related to vulnerable plaque 
features, serving as a simple biomarker for coronary plaque vulnerability [24].

Methods

Study design

This protocol (Version 1.0_15 December 2022) has been approved by the Ethics Committee of the IRCCS INRCA (refer-
ence ID: CE-INRCA-22032). This work describes a pilot observational study protocol. Ten patients with NSTEMI ACS and 
ten patients with SCC with clinical indication and favorable anatomy for coronary angioplasty at the Interventional Cardi-
ology Unit, IRCCS INRCA, Ancona, Italy, will be enrolled in this study. Inclusion/exclusion criteria will be applied. Patients 
who meet the inclusion criteria and wish to participate in the trial must sign a written informed consent presented by a 
physician. A schematic representation of the study design is shown in (Fig 1).

Objectives

Primary objective.  To compare miRNome profile in coronary and arterial blood samples between ACS and CCS 
patients before and after angioplasty.

Secondary objective.  To compare levels of biomarkers of inflammation such as IL-6 and sST2 in plasma samples 
between ACS and CCS subjects before and after angioplasty.

Inclusion/exclusion criteria

Inclusion criteria. 

•	  Age > 18 years;

•	 Signed written informed consent;

•	 Clinical indication for the percutaneous coronary intervention (PCI) procedure according to the European Society of 
Cardiology (ESC) Guidelines [25];

•	 Coronary stenosis treated with angioplasty must be located in the proximal segments of the three main vessels: the 
anterior interventricular artery, the circumflex artery, and the right coronary artery;
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•	 The vessels must have a diameter of their mid-distal section ≥ 3 mm;

•	 For ACS group: patients with NSTEMI ACS and clinical indication with favorable anatomy for PCI;

•	 For CCS group: patients with clinically incipient CCS with stable angina (or significant anginal equivalents) and clinical 
indication with favorable anatomy for PCI.

Exclusion criteria. 

•	 Contraindications to anticoagulant/antiplatelet therapy;

•	 Extensive calcifications and/or tortuosity of the major epicardial segments;

•	 Evidence of thrombotic occupation;

•	 Patients with hemodynamic instability;

•	 Patients with EF (ejection fraction) < 35%;

•	 Patients with severe chronic renal failure (e-GFR < 30 mL/min).

Patient screening and recruitment

During the screening phase, information on the of the subject’s health status (diagnosis, medical history, and pharma-
cological therapies), socio-demographic data will be taken, and anthropometric parameters will be measured. In addi-
tion, participants will undergo blood tests according to the profile described in Table 1. The patient’s clinical data will be 

Fig 1.  Schematic representation of the study design.

https://doi.org/10.1371/journal.pone.0324467.g001

https://doi.org/10.1371/journal.pone.0324467.g001
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collected during the care pathway through an electronic medical record. The trial is opened for patient enrollment and 
recruitment on 06 March 2023.

Coronary angiography/angioplasty procedure and conservation of plaque samples

Coronary stenosis treated with angioplasty needs to be located in the proximal segments of the three main vessels: the 
anterior interventricular artery, the circumflex artery, and the right coronary artery.

The coronary angiography will be performed with radial or femoral arterial access, using introducers and 6 or 7 F cath-
eters, and with a Siemens Artis angiography system (Siemens Healthineers, Forchheim, Germany). Intracoronary ultraso-
nography (IVUS), which is routinely performed in hospital INRCA, Ancona, Italy, in case of complex angioplasties, will also 
be carried out using the Philips Core Mobile system, which will allow the evaluation of the plaque both with the grayscale 
and with the virtual histology. The angioplasty procedure will be performed according to standard clinical practice. Blood 

Table 1.  Study schedule.

Screening ACS group CCS group

Before angioplasty After angioplasty Before angioplasty After angioplasty

Informed consent X

Recording demographic data X

Medical history X

Pharmacological therapy X

Anthropometric measurements X

Fool blood exam-FBE1 X

Leukocytes formula2 X

Renal function3 X

Liver function4 X

Lipid profile5 X

Electrolytes6 X

Fasting glucose X

C-reactive protein X

Erythrocyte sedimentation rate X

High-sensitivity cardiac troponin X

Uric acid X

Prothrombin time X

Interleukin-6 X X X X X

sST27 X X X X X

miRNome Blood samples upstream  
and downstream of the coronary 
lesion

Blood samples upstream  
and downstream of the 
coronary lesion

Arterial sampling at 
the aortic root level

Arterial sampling at 
the aortic root level

ACS = acute coronary syndrome; CCS = chronic coronary syndrome;
1White blood cells (WBCs), red blood cells (RBCs), hemoglobin, hematocrit, mean cell volume (MCV), mean corpuscular hemoglobin (MCH), mean 
corpuscular hemoglobin concentration (MCHC), red cell distribution width (RDW), platelets;
2Neutrophils, eosinophils, basophils, lymphocytes, monocytes;
3Creatinine; estimated glomerular filtration rate by CKD-EPI equation;
4Aspartate aminotransferase glutamic oxaloacetic transaminase (AST/GOT), alanine aminotransferase/ glutamic pyruvic transaminase (ALT/GPT);
5Total cholesterols, triglyceride, low-density cholesterol (LDL), and high-density cholesterol (HDL);
6Sodium, potassium, magnesium;
7Soluble form of the IL-33 receptor.

https://doi.org/10.1371/journal.pone.0324467.t001

https://doi.org/10.1371/journal.pone.0324467.t001
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samples and, when possible, fragments of plaque/thrombus in proximity (< 10 mm, upstream and downstream) of the 
coronary lesion will be taken before and after angioplasty using the Pronto LP 5 F microcatheter (Teleflex Inc. USA). 
The distal protection system used to collect plaque fragments during the interventional procedure will be the Spider FX 
Embolic Protection System (Medtronic Europe). The system consists of a microcatheter with a guide wire at the end at 
which point a nitinol basket of variable size is fixed. At the beginning of the interventional procedure, it will be positioned 
distal to the lesion to be examined. The filter’s patency, will allow the collection of plaque fragments that may dislodge 
during the procedure without interfering with the blood supply to the vessel’s periphery. At the end of the procedure, the 
filter will be removed and the plaque fragments will be taken. The material collected in the basket of the Spider Fx device 
will be carefully removed from the filter, collected in Falcon-type test tubes, and frozen at -80° C for future analysis at the 
Hospital INRCA laboratory, Ancona, Italy. Samples at the aortic root level will be drawn using a JR4 Super Torque Plus 5 F 
diagnostic catheter (Cordis Inc. USA) and venous samples from peripheral blood.

Blood samples

Before and after angioplasty, the following blood samples will be taken:

•	 Peripheral venous blood

•	 Upstream and downstream of the coronary lesion

•	 Arterial samples at the level of the aortic root

Blood samples will be centrifuged, plasma and serum samples will be aliquoted and frozen at -80°C until further analysis.

Biomarkers analyses

To identify the miRNome picture, the Next Generation Sequencing (NGS) techniques will be used.
The quantitative analyses of IL-6 and sST2 will be performed by standard procedures.

Outcomes

1.	Difference in miRNome profile in blood samples upstream and downstream of the coronary lesion and arterial samples 
at the level of the aortic root between ACS and CCS subjects;

2.	Difference in pro- and anti-inflammatory molecules such as IL-6 and sST2 levels in peripheral bloods samples before 
and after angioplasty.

Statistical analysis

The expression values of circulating miRNAs and pro- and anti-inflammatory molecules in arterial and venous blood 
samples will be compared by paired measures tests before and after the interventional procedure. Furthermore, the levels 
of biomarkers between the two groups of patients (ACS and CCS) for the various types of sampling will be compared by 
tests for the comparison between independent samples. A value of p < 0.05 will be considered statistically significant.

Ethics and dissemination

The study will follow Good Clinical Practice (GCP), the ethical principles derived from the Declaration of Helsinki, and 
current legislation on observational studies.

•	  All potentially eligible subjects will receive complete information on the study and provide written consent;
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•	 Participants will be informed that they can leave the study anytime without specifying a reason;

•	 Participants must consent to the processing of personal data in anonymous and aggregate form according to EU Regu-
lation 2016/679 (GDPR);

•	 The subject will be informed and asked to provide an ad hoc informed consent to participate in the study, which includes 
data retention for up to 15 years after the study’s conclusion;

•	 The data collected will be kept strictly confidential, and a database will be set up at the Cardiology Unit, Ancona, Italy. In 
compliance with the protection regulations, data entry and processing of data will be accessible only to the personnel of 
the Cardiology Unit involved in the study via password;

•	 Participants will be informed that their data may be reviewed by authorized personnel or members of the relevant ethics 
committee and officials of the relevant regulatory authorities;

•	 Study findings will be presented at scientific conferences and submitted for publication in peer-reviewed journals.

Management and reporting of adverse events/adverse reactions

Due to the observational nature of this study adverse events/reactions except those that may occur during standard clini-
cal practice procedures are not expected.

Dissemination plan and results communication

The study’s supervisor will write a final report and make the results public at the end of the study. The data will be made 
public anonymously and presented as required in aggregated mode.

Discussion

Cardiovascular diseases (CVDs) lead to high prevalence of mortality and are an important global health problem [26]. 
Myocardial infarction is the leading cause of death in developed countries [27]. On the other hand, CVDs have a heavy 
impact on economic burden [28]. It is worth investing time and resources in research that will bring new insights into the 
pathophysiology of myocardial infarction. MiRNAs could be novel potential prognostic biomarkers and contribute to a 
deeper understanding of the etiopathology of AMI.

This study protocol is designed to examine the levels of innovative biomarkers involved in the pathogenesis of AMI in 
subjects with ACS and CCS. The protocol does not include any particular change in clinical procedures compared to the 
standard clinical management of patients affected by ACS and SCC with clinical indications for coronary angiography. The 
study follows GCP and the performance of the routine coronagraphic examination. The sampling of the biological material 
involves a brief extension in the times of the standard procedure. However, before stepping into large sample-size studies, 
it is necessary to examine the feasibility of performing coronary blood sampling from ACS and SCC patients.

Our group strongly supports the transparency of publishing the data in CVD research regardless of the outcome or sig-
nificance of findings [29,30]. A patient’s willingness to participate in this kind of study is relevant. It may give a new insight 
into understanding the physiopathology of AMI, which is still the most common cause of mortality worldwide.

MiRNAs play a crucial role in gene regulation and have been implicated in various diseases, including AMI. To 
our knowledge, no published data exists on the correlation between miRNAs expression in coronary, arterial, and 
peripheral venous blood from patients with ACS or CCS. miRNome analysis from different blood samples of ACS 
and CCS patients could contribute to clarify the molecular mechanisms involved in the pathogenesis of AMI and 
bring new input to clinical and therapeutic perspectives. A limitation of this pilot study is the limited sample size of 20 
patients. Within this small sample size, variability might be an important issue. To overcome this limitation, further 
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study designs should consider the following: maximize the timing between non-STEMI symptoms and PCI labora-
tory assessment, since limited inflammation might be observed after 48 hours [25]; infarct size should be limited as 
this introduces a large inflammatory response [31]; intravascular ultrasound IVUS characteristics of plaque vulner-
ability/rupture/erosion should be performed [32]. Further studies with a larger number of patients will be necessary 
to verify the expression levels of specific miRNA in coronary, arterial and peripheral venous blood before and after 
angioplasty.
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