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ABSTRACT

Myocardial ischaemia that occurs during acute coronary syndrome (ACS) induces a cascade of patho-
physiological processes which might lead to left ventricle dysfunction reflected by decreased left ventricular
ejection fraction (LVEF) in the echocardiographic examination. The enzymes regulating extracellular matrix
(ECM) like matrix metalloproteinase 9 (MMP-9) also take part in this process. The MMP-9 activity is under
control of a microRNA particle miR-21, which down-regulates its inhibitors. The study has shown, that
in ACS population (n = 26) patients with LVEF < 50% presented increased miR-21 relative expression
levels in plasma comparing to patients with LVEF > 50% (3,33 vs. 1,64; p = 0,015). Moreover, a significant
negative correlation between LVEF and miR-21 in this group of patients has also been presented.

Key words: acute coronary syndrome; metalloproteinase; extracellular matrix; micro-RNA; myocardial
ischaemia; left ventricle ejection fraction

Introduction

Acute coronary syndromes (ACS) including unsta-
ble angina (UA), ST-Elevation Myocardial Infarction
(STEMI) and Non-ST Elevation Myocardial Infarction
(NSTEMI) have crucial epidemiological importance
among heart diseases. The main reason for ACS
is abrupt stenosis of coronary arteries mainly due
to atherosclerotic plaque rupture and subsequent
thrombosis which reduce the lumen of the vessel [1,
2]. As a result, myocardium undergoes ischaemia
(like during UA) or even necrosis (like during NSTEMI
and STEMI) [3]. Myocardial ischaemia leads to con-
tractile dysfunction which can be observed on echo-
cardiography as a reduction of left ventricle ejection
fraction (LVEF) [4, 5]. Various molecular pathways
are activated and one of the released enzymes group,
which causes structural changes of extracellular matrix
constructing the scaffold for the entire heart muscle
are matrix metalloproteinases [6, 7]. Studies on mice
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model revealed that increase in expression of matrix
metalloproteinase-9 (MMP-9) is observed during
myocardial infarction and its plasma levels remain
elevated from the first to the seventh day of the infarc-
tion. Induction of MMP-9 by LPS causes a decrease
in LVEF in the course of myocardial infarction [8].
One of the factors regulating the activity of MMP-9 is
a molecule of microRNA called hsa-miR-21-5p. Mi-
croRNA are short (20-25 nucleotides), single-stranded
RNAs synthesized endogenously which inhibit the
expression of a specific mRNAs by the induction of
their degradation through RISC complex [9]. Hsa-miR-
21-5p suppresses the expression of MMP-9 inhibitors
(RECK and TIMP-3 proteins), thus contributing to the
enhancement of MMP-9 activity [10, 11]. In the present
study, the authors used plasma from patients admitted
to the hospital on emergency procedure due to ACS
to compare the level of hsa-miR-21-5p expression in
correlation with LVEF measured on echocardiography
during hospitalization.
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38 subjects (patients and healthy volunteers)

6 patients initially qualified
as UA or NSTEMI, excluded
due to lack of significant

2 patients with STEM excluded due
to active psoriasis (1st patient),
as well as recent gastric ulcer perforation

(2nd patient)

atehrosclerotic lesions in

coronary angiography

4 patients with initial diagnosis of UA/NSTEMI
excluded due to unmet ESC Guidelines criteria

A 4

| 26 subjects finally enrolled into the study |

|
| STEMI(n=8) | |NSTEMI(n=10)] |

UA(n =8) |

Figure 1. The enrolment to the study

Materials and methods
The project and population of the study

In this study, the plasma samples from patients who
had been admitted to the hospital in an emergency
procedure due to ACS were collected. The patients
were recruited from October 2014 to March 2018. The
study included patients with a definitively confirmed
diagnosis of the acute coronary syndrome (UA, STEMI
and NSTEMI) following guidelines of the European So-
ciety of Cardiology [12, 13]. The excluding criteria were:
— Malignant tumour (active or in the medical history),
— Active autoimmune or rheumatic disease,

— An operation or an invasive procedure for the
6 months before the ACS,

— ChronicKidney Disease (grade G3b, G4 or G5 accord-
ing to KDIGO, means eGFR < 45 ml/min/1,73 m2 us-
ing MDRD formula),

— Diabetes mellitus (diagnosis according to guidelines
of the American Diabetes Association — ADA),

— Acute infection or recovering from infectious disease
during the last 3 months.

Initially, 38 patients were enrolled into this study but
finally n = 26 patients met all inclusion and exclusion
criteria. All of the participants signed up with informed
consent. The study obtained approval from the Bioeth-
ical Committee KB/55/2016 and KB/26/A/2017. Figure
1. shows the included protocol of the study.

Blood samples

Blood samples were collected from patients to EDTA
tubes during the first 24 hours after the admission be-
fore coronary angiography with percutaneous coronary
intervention. Samples were centrifuged (1200 x g, for

10 minutes), supernatants were aspirated and trans-
ferred to microcentrifuge tubes then placed in a freezer
(-80°C temperature). The whole procedure from blood
collection to the placement in a freezer lasted no longer
than 4 hours. Additionally, blood samples were used
to determine complete blood count, lipid profile, blood
glucose level and creatinine concentration.

Assay of hsa-miR-21-5p expression level via qRT-
PCR method

MiRNA molecules measured in plasma were: cel-
miR-39-3p (,spike-in” control), hsa-miR-93-3p, hsa-
miR-191-5p (control miRNA) and researched molecule
hsa-miR-21-5p. Plasma samples were placed in ice for
a few minutes, then spined (20000 x g for 15 minutes
in 4°C). Clear supernatants (300 ul) were transferred
to the tubes ,DNAse/RNAse free” and merged with
denaturing buffer (300 ul), then mixed by vortexing
for 15 seconds. After 5 minutes of incubation, 30 fem-
tomols of synthetic cel-miR-39-3p (index number:
10620000) phosphorylated in the 5’ position was added
to each sample as a ,spike-in” control. Further isolation
of miRNA was performed according to the producer
guidelines (miRVana™ miRNA Isolation Kit, AM1560,
Thermo Fisher Scientific). Expression levels of miRNA
were assessed via ,TagMan Advanced miRNA Assays
kit” (Thermo Fisher Scientific Co.) — cel-miR-39-3p (ID:
478293), hsa-miR-93-3p (ID: 478209), hsa-miR-191-5p
(ID: 477952) and hsa-miR-21-5p (ID: 477975), accord-
ing to the producer guidelines. Subsequently, RNA
samples were succumbed to the reverse transcription
using ,TagMan Advanced miRNA cDNA Synthesis
Kit” (Thermo Fisher Scientific Co.). Finally, there were
carried out qPCR in 96 holes plates using ,Applied
Biosystems 7500 Fast Real-Time PCR” system and
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Table 1. Baseline characteristics of the examined population, the difference between patients with ACS and LVEF

< 50%
LVEF > 50% LVEF < 50% P (statistical significance)
(n=14) (n=12)

Age (years)' 62,2 [9,2] 63,1 [14,2] Insignificant* (p = 0,852)
Sex, women (%) 2 (14,3%) 2 (16,7%) Insignificant * (p = 0,706)
BMI (kg/m?3) 1 27,7 [4,1] 27,1 [4,1] Insignificant * (p = 0,708)
TC (mgy/dl) ! 174,1 [45,3] 193,1 [34,6] Insignificant * (p = 0,291)
LDL (mg/dl) ! 108,1 [39,1] 125,9 [34,9] Insignificant * (p = 0,313)
Hgb (g/dl) ! 14,2 [1,9] 14,9 [1,2] Insignificant * (p = 0,261)
Troponin | > MED?, n (%) 5 (35,7%) 8 (66,7%) Insignificant * (p = 0,238)
Hypertension, n (%) 8 (57,1%) 5 (41,7%) Insignificant * (p = 0,694)
Active smoking, n (%) 8 (57,1%) 9 (75%) Insignificant * (p = 0,589)
Taking statins before ACS, n (%) 5 (35,7%) 3 (25%) Insignificant * (p = 0,870)
Myocardial infarction in medical history, n (%) 3 (21,4%) 2 (16,7%) Insignificant * (p = 0,848)

Tresults are presented as average [standard deviation]; 2number of patients with troponin | concentration higher than the median (0,2625 ng/ml)
for all of the examined population on admission; *analysis performed using a t-Student test, *analysis performed using Yates’s chi-squared test

»,7500 Software V2.0.6” (Thermo Fisher Scientific
Co.). Samples were assessed triply. Obtained Ct
value (amount of PCR reaction cycles after detection
threshold reached) of hsa-miR-21-5p, control hsa-
miR-93-3p and control hsa-miR-191-5p were referred
to Ct value of cel-miR-39-3p —on this basis, there were
calculated relative expression level of hsa-miR-21-5p
using 24t method.

Echocardiography

The echocardiograms were performed between
2nd and 5th day of hospitalisation in Echocardiography
Laboratory of the 1st Department of Cardiology, Uni-
versity Clinical Centre, Medical University of Warsaw.
The value of LVEF was measured using Simpson’s
method.

Statistical analyses

The character of a statistical distribution of data
was evaluated using W-Shapiro-Wilk test. Qualitative
and quantitative analyses for data of normal distri-
bution were performed with Student’s t-test (in case
of homogenous variance) and Cochrane-Cox test
(in case of heterogeneous variance) whereas the
analyses of data presenting distribution different than
normal were undertaken by Mann-Whitney U test.
The qualitative features were analysed via Yates’s
chi-squared test due to the total number of patients
n < 40 while correlation analysis was performed using
Spearman’s Rank correlation coefficient. All analyses
were conducted using STATISTICA 13 program,
StatSoft Inc.

Results
Characteristic of the general population

According to LVEF value, the patients were divided
into LVEF > 50% group (preserved left ventricular ejec-
tion fraction, n = 14 patients) and LVEF < 50% group
(reduced left ventricular ejection fraction, n = 12 pa-
tients). The median concentration of the troponin | in
the entire population was 0,2625 ng/ml. In Table 1. pa-
rameters are characterising the population included in
this study, taking into account the differences between
the two groups.

In the LVEF < 50% group there were more patients
with troponin | concentration over median value than
in the whole population (66,7% against to 35,7% in
LVEF > 50% group) but this difference wasn’t statistically
significant. No relevant differences were detected in the
other parameters.

Of the total population of 26 people, 18 patients
(approx. 70%) were treated with primary percutaneous
coronary intervention, 6 patients underwent coronary
artery bypass grafting (CABG) whereas 2 patients were
treated conservatively (optimal conservative treatment,
without invasive treatment and fibrinolysis).

The relative expression level of hsa-miR-21-5p in
patients with ACS depending on the LVEF group

It was demonstrated that the patients with ACS which
had been classified into LVEF < 50% group presented sig-
nificantly higher expression level of plasma hsa-miR-21-5p
comparing to the patients classified into LVEF >50% group
(3,33 [2,47-8,05] vs. 1,64 [1,29-3,43], p = 0,015) (Fig. 2.).
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The increase in relative expression level of hsa-
miR-21-5p in patients with LVEF < 50% compared to
LVEF > 50% subjects was also demonstrated in the
subpopulation of NSTE-ACS patients (UA and NSTEMI,
without STEMI, n = 18) — the difference proved to be
statistically significant (1,61 [1,29-1,98] vs. 3,17 [2,27-
4,68], p = 0,027). However, considering only the
patients with myocardial infarction (according to the
universal definition of myocardial infarction, n = 18)
—there was only a trend without statistical significance

ACS patients (n = 26)

9
_o |
25 81
38 *p=0.015
-2 71
SE 4l
o 2 54
g
O | 41
o= - 3,33
2§ 34 [2,47-8,05]
T o
na:) 2 21 1,64

5 1 - [1,20-3,43]

0

® LVEF 2 50% patients (n = 14)

® LVEF < 50% patients (n = 12)

Figure 2. The difference in the relative expression level
of hsa-miR-21-5p in patients with ACS with LVEF < 50%
and LVEF > 50%. Results are presented using the median
[interquartile range]. The Mann-Whitney U test was
performed for determination of statistical significance;
*statistical significance p < 0,05

(3,49 [3,07-11,42] vs. 1,67 [1,36-6,11]; p = 0,077) in
hsa-miR-21-5p relative expression level (Fig. 3.).

The relative expression level of hsa-miR-21-5p
depending on LVEF value in a patient with ACS

An analysis of the correlation of hsa-miR-21-5p
relative expression levels with the LVEF values in per
cent was also performed — Spearman’s Rank correla-
tion coefficient is p, = -0,44; the result proved to be
statistically significant (p = 0,024). The graph in Figure
4. demonstrates the correlation.

Discussion

Micro-RNA particles, including miR-21-5p, are cur-
rently being investigated as diagnostic and prognostic
biomarkers of the acute coronary syndrome [14-16].
This study showed a correlation between a decrease in
left ventricular ejection fraction and an increase in the
expression level of the hsa-miR-21-5p particle in the
serum of patients with the acute coronary syndrome.
Patients with LVEF < 50% (assessed between 24 and
5t day of hospitalization) have an increased level of
hsa-miR-21-5p expression in plasma measured within
the first 24 hours after admission. The hsa-miR-21-5p
particle, although it is known as the “oncomir” (i.e.
oncogenesis promotor, e.g. by increasing of an-
ti-apoptotic Bcl2 expression), it also regulates the
structure of extracellular matrix by suppressing the
expression of MMP-9 inhibitors and thus enhancing the
activity of this metalloproteinase [17, 18]. Darabi et al.

A NSTE-ACS patients (n = 18)
6
_ g \
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o
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o
0
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0

® LVEF > 50% patients (n = 9)
® L VEF < 50% patients (n = 9)

Figure 3. The difference in the relative expression level of hsa-miR-21-5p in patients with ACS with LVEF < 50% and
LVEF > 50% including only patients with NSTE-ACS (A) and myocardial infarction (MI) (B). Results are presented using
the median [interquartile range]. The Mann-Whitney U test was performed for determination of statistical significance;

*statistical significance p < 0,05
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Relative expression level
of hsa-miR-21-5p in palsma
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The correlation between hsa-miR-21-5p plasma level and LVEF (%)
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Figure 4. The correlation between hsa-miR-21-5p and LVEF (%) values (%). p,,— Spearman’s Rank correlation coefficient;

*p < 0,05 considered as statistically significant

showed that the level of hsa-miR-21-5p expression is
significantly increased in patients with acute coronary
syndrome compared to patients with stable coronary
disease (similar to the concentration of MMP-9 in the
serum), while the presented study showed significantly
increased expression of this particle in the group of
patients with STEMI compared to both patients with
UA and patients with stable coronary artery disease[19,
20]. The studies mentioned above indicate an increase
in hsa-miR-21-5p expression in response to cardio-
myocyte ischaemia, which may be associated with
the activation of processes regulating the structure
of the extracellular matrix in course of acute coronary
syndrome. Liu et al. also showed that increased con-
centration of hsa-miR-21-5p measured on the 5th day
of myocardial infarction is a predictor of post-infarction
heart remodelling, which is an unfavourable process
leading to impaired cardiac pump function [21].
Because the increased concentration of MMP-9 in the
plasma of patients also correlates with markers of left
ventricular dysfunction after myocardial infarction it can
be hypothesized, that increased level of hsa-miR-21-5p,
a positive regulator of MMP-9, is associated with in-
creased damage due to myocardial ischaemia [22].
In addition, increased plasma levels of this microRNA
particle have also been observed in patients with heart
failure [23]. However, many studies showed a protective
role of hsa-miR-21-5p up-regulation in acute coronary
syndrome patients. The hsa-miR-21-5p particle, via
its target gene PDCD4, is involved in cardiomyocyte
preconditioning, limitation of the apoptosis of cells ex-
posed to hypoxia and subsequent reoxygenation (isch-
aemia-reperfusion) in vitro and in vivo [18, 24]. Moreover,
it was observed that miR-21 demonstrates a cardioprotec-
tive role in ischaemic postconditioning through the regula-
tion of PTEN / Akt pathway [25]. The ischaemia-induced

activity of miR-21 stimulates production of cardioprotective
molecules such as eNOS, HSP70 and HSF-1, which
is a transcription factor for HSP70 [26]. Positive effects
were also achieved by exogenous administration of the
miR-21 particle to mice, which significantly reduced car-
diomyocyte apoptosis and ischaemic necrosis. Moreover,
itimproved cardiac function by limiting the post-infarction
decrease in the ejection and shortening fraction [27, 28].
Noteworthy, nanoparticles containing miR21 stimulate
changes in the phenotype of macrophages localized in
the area of ischaemic necrosis from pro-inflammatory to
anti-inflammatory, which promote angiogenesis, tissue
repair, reduce hypertrophy and fibrosis [29].

Study limitations

The limitation of the present study is a relatively
small number of patients, which made the multivariate
analysis impossible. For the same reason, it was diffi-
cult to demonstrate statistical significance, especially
between more homogeneous groups of patients within
the studied population.

Summary

In conclusion, the presented study showed a correla-
tion between the expression level of the hsa-miR-21-5p
particle in the plasma of patients with acute coronary
syndrome and the reduction in left ventricular ejection
fraction observed during hospitalization. Determination
of the exact relationship between these variables and
finding an answer to the question whether the increase
in hsa-miR-21-5p expression in the acute phase of
myocardial infarction is a beneficial, protective or ag-
gravating, damaging factor require further research.
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