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ABSTRACT

AIM: Levels of circulating miRNA are considered to be potential biomarkers of acute myocardial infarction and
disease progression.

METHODS: In this study, the expression levels of circulating miRNA-1, miRNA-133 and miRNA-124a were
investigated in a group of patients with acute myocardial infarction (STEMI) and cardiogenic shock (CS) com-
pared to controls.

RESULTS: During the hospitalization period, miRNA-133 showed a significant up-regulation in the serum of
STEMI and CS patients compared to controls, while the expression of miRNA-1 was significantly different only
in CS. The expression of miRNA-124 was significantly higher in STEMI and CS. Furthermore, miRNA-1 expres-
sion was related to the level of circulating glucose in patients with STEMI. We also found a negative correlation
between miRNA-133 and MMP-9 levels. MiRNA-124 expression was significantly related to the level of soluble
ST2; the marker correlated to cardiac damage.

CONCLUSION: All selected miRNAs are potential markers of cardiac injury in cardiogenic shock, whereas
miRNA-124a and -133 are markers of injury in STEMI. MiRNA-1 expression is related to circulating glucose
in STEMI. None of miRNAs could be correlated to the extent of injury, progress of the disease, or prognosis
of patient outcome. Therefore, the levels of circulating miRNA have no potential for becoming a biomarker of
myocardial damage and as such would bring no further benefit compared to current markers (Tab. 4, Fig. 1,

Ref. 47). Text in PDF www.elis.sk.
KEY WORDS: microRNA, STEMI, cardiogenic shock, prognosis.

Introduction

MicroRNAs (miRNAs) are conserved, single stranded, small
(about 22 nucleotides), non-coding RNAs involved in post-tran-
scriptional regulation (1). The differences in miRNAs expression
have been implicated in disease onset and/or progression with poten-
tial of diagnostic and/or prognostic biomarkers (2). More than 200
miRNAs were found in the heart with the biological role as cellular
regulators involved in metabolic processes, proliferation, growth
of the endothelial cells and myocytes, angiogenesis, contractility
and cardiac rhythm (3). MiRNA expression varies with the pro-
gression of cardiovascular diseases including acute ischemia, myo-
cardial infarction, cardiac hypertrophy, and cardiac failure (4, 5).

Among the most expressed miRNAs in cardiac muscle are
miRNA-1, miRNA-133, which are widely discussed in relation
to coronary heart disease, myocardial infarction and heart failure
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(6-9). The miRNA-1 and miRNA-133 profiles in circulation have
been shown to reflect myocardial damage and injury (6, 9). On the
other hand, miRNA-124a has been related to apoptosis, cell pro-
liferation and inflammation with targets genes affecting cell che-
motaxis and infiltration (11, 11). Furthermore, the studies suggest
a potential role of miRNA-124a in remodeling the cardiac tissue
following a myocardial ischemic insult (12, 13). The remodeling
of the tissue is connected to the imbalance in synthesis and deg-
radation of extracellular matrix (ECM), which could be induced
by many pathways, leading to altered activation of matrix metal-
loproteinases (MMPs) and their tissue inhibitors (TIMPs) (14, 15).

We hypothesized that the variation in miRNA-1, miRNA-133
or miRNA-124a expressions might serve as sensitive and specific
biomarkers of cardiac damage after MI with subsequent progres-
sion into cardiogenic shock. The study further focuses on evalu-
ation of cardiac biomarkers such as BNP, NT-proBNP and sST2
and markers of extracellular matrix (ECM) remodeling in relation
to selected miRNAs expression.

Material and methods
Patient population

The study consists of 54 patients with ST-segment elevation
myocardial infarction (STEMI), 14 patients with cardiogenic shock
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(CS) and 21 control subjects. Patients with cardiogenic shock and
STEMI were hospitalized at the Coronary Care Unit of the Inter-
nal Cardiology Department, University Hospital Brno, Czech Re-
public. The STEMI diagnosis was based on symptoms consistent
with myocardial infarction (MI) in conjunction with appropriate
changes on electrocardiography (ECG), and elevation in the levels
of myocardial necrosis markers (troponin I). The diagnosis of acute
heart failure (AHF) was assessed according to clinical signs upon
hospital admission and/or during hospitalization (Killip class I-
IV). Cardiogenic shock in patients with previous MI was defined
as hypotension with systolic blood pressure < 90 mmHg lasting >
30 min despite adequate left ventricular filling (pulmonary capil-
lary wedge pressure (PCWP) or left ventricle end-diastolic pres-
sure (LVEDP) > 15 mmHg) or if the patient required vasopressor
therapy (dopamine >7 pg/kg/min or norepinephrine > 0.15 pg/
kg/min) longer than 30 min to keep systolic blood pressure > 90
mmHg due to heart failure; additionally patients had signs of tis-
sue hypoperfusion (oliguria < 20 ml/h, mottled and cold skin),
signs of encephalopathy, and acidosis or blood lactate > 2 mmol/L.
The reliability and reproducibility of echocardiographic param-
eters were evaluated by inter-observer variability using intra-class
correlation coefficient (ICC). The intra-observer variability was
up to 10 %. To evaluate the left ventricular (LV) hypertrophy and
geometry remodeling, the LV weight index (indexed to BSA) with
borders for male 125 g/m? and female 111 g/m?, and relative wall
thickness (RWT) with the cut off value > 0.42 was computed (16).
Samples of venous blood were drawn for analysis before coronary
angiography at hospitalization, in follow-up after 24 hours, and 6
months after MI onset.

As a control population, a total of 21 stable patients with LV
ejection fraction > 60 %, without acute myocardial infarction,
aortic or mitral valve disease were enrolled.

Written informed consent was obtained from individual par-
ticipants of Caucasian origin before participation in the study. Ex-
perimental protocols of this study were approved by the local of
the University Hospital Brno and by the Ethics Committee of the

Masaryk University (Brno, Czech Republic). The study protocol
complied with the Declaration of Helsinki.

Disease progression

The primary endpoint in the surviving STEMI patients was
assessed as the presence of at least one of the insults in the follow-
up: non-fatal myocardial infarction, revascularization (defined as
any unplanned vessel coronary revascularization), stroke, hospi-
talization due to acute decompensation of heart failure, and death
in the 5-year follow-up.

Laboratory methods

Serum collection and storage

In brief, blood samples were obtained from all patients in the
cardiac catheterization laboratory. Centrifugation was carried out
for 15 min at 1000 g. Supernatant was aspirated, centrifuged, and
stored at —80 °C until assayed.

Biochemical tests

Standard biochemical and hematological blood tests were per-
formed immediately upon hospital admission before pPCI and 24
h after the onset of chest pain (including troponin I Abbott Labo-
ratories, Abbott Park, IL, USA; BNP AxXSYM BNP-Microparticle
Enzyme Immunoassay, Abbott Laboratories; N-terminal prohor-
mone of BNP (NTproBNP), Cobas E411 NTproBNP Imunoassay
Kit, Roche Diagnostics, Indianapolis, IN, USA).

MiRNA

Total RNA extraction from serum was performed using the
TRIzol reagent (Invitrogen, Carlsbad, CA). Reverse transcrip-
tion into cDNA was performed using the TagMan microRNA
reverse transcription kit with specific hairpin primers (Applied
Biosystems, Foster City, CA). The expression of miRNA-1, miR-
NA-133 and miRNA-124a was performed by real-time RT-PCR
using an ABI 7700 system (Applied Biosystems). MiRNA-U6
was used as an endogenous control. For each individual sample,
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Fig. 1. Relative expression of miRNAs in acute myocardial infarction with ST elevations (STEMI) and cardiogenic shock (CS) patients in com-
parison to control subjects: A) miRNA-1; B) miRNA-124; C) miRNA-133
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Tab. 1. Relationship of miRNAs expression to basic characteristics

miRNA-133

3.204 (1.292;70.034) vs 2.479 (1.357; 14.420) 0.629

0.067 22.572 (1.292; 51.268) vs 2.364 (1.385;23.754) 0.679
0.213  2.212(1.272;39.025) vs 4.110 (1.357; 49.866) 0.872

0.287

miRNA-124

0.852  0.078 (0.026; 0.202) vs 0.054 (0.035; 0.166)
0.019 0.036 (0.020; 0.106) vs 0.087 (0.034; 0.204)

miRNA-1
0.061

0.501 (0.142; 0.966) vs 0.525 (0.191; 0.895)

N (%)
775

0.611

Sex — male

0.164 (0.031; 0.624) vs 0.664 (0.217; 1.337)

28.6

Diabetes mellitus

0.091 (0.055; 0.202) vs 0.055 (0.021; 0.171)

0.895 (0.423; 1.443) vs 0.399 (0.137; 0.841)

26.5

Prior instability
Hypertension
HLP

14.420 (1.494; 51.268) vs 2.234 (1.172; 21.555) 0.173

0.399 (0.147; 0.895) vs 0.562 (0.192; 0.986) 0.941  0.052 (0.023; 0.145) vs 0.087 (0.049; 0.201)

48.9

0.988 2.479 (1.414; 49.866) vs 8.876 (1.292; 51.268) 0.150

0.095 (0.033; 0.180) vs 0.037 (0.023; 0.059)

0.755  0.231 (0.106; 0.469) vs 0.056 (0.026; 0.166)
0.271

0.918

0.481 (0.142; 0.966) vs 0.586 (0.160; 0.864)
0.752 (0.332; 2.379) vs 0.438 (0.147; 0.946)

16.3

0.076 4.124 (1.439; 126.911) vs 2.841 (1.356; 49.866) 0.895
0.079  2.479 (1.464;24.084) vs 4.856 (1.495; 49.866) 0.997

8.2
10.2

Lower extremity ID

Smoking

0.031 (0.026; 0.042) vs 0.112 (0.031; 0.168)

0.876 (0.864; 1.375) vs 0.434 (0.147; 0.895)

HLP — hyperlipoproteinemia; ID — ischemic disease; results with p < 0.05 are in bold
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the expression value was calcu-
lated based on reference miRNA
(U6) according to a threshold
cycle (Ct) value for each serum
sample. To avoid the difficulties
in detecting low expression val-
ues (>40 Ct), the preamplifica-
tion was applied. The results are
shown using relative quantifica-
tion (ACY).

Statistics

Values are expressed as me-
dian with 25th and 75th percen-
tile. The Kruskal-Wallis ANOVA
and Mann Whitney U tests were
used for the evaluation of miRNA
expression levels and other contin-
ual variants. Correlation analyses
were performed using two-tailed
Spearman’s rank correlation. Mul-
tivariate linear regression was ap-
plied for adjusting the influence of
other variables. Parameters with
p < 0.10 were taken into multi-
variate analysis, and if applicable,
square root transformed. Statistica
v. 10.0 (Statsoft Inc., Tulsa, OK)
was used to analyze the data. The
values with p <0.05 were consid-
ered significant.

Results

Hospitalization phase

The expression of miRNA-1,
miRNA-124a and miRNA-133
in circulation was analyzed in 54
STEMI subjects, 14 subjects with
cardiogenic shock (CS), and 21
controls. Different relative expres-
sion of miRNA-1 was detected be-
tween control subjects and group
of patients with cardiogenic shock
(p =0.01) (Fig. 1). In the case of
miRNA-124a (Fig. 1), significant
differences were observed among
control subjects, both STEMI pa-
tients (p = 0.02), and group of CS
patients (p = 0.001). Similar re-
sults were found for miRNA-133
expression (Fig. 1); significant
differences in relative expression
levels were observed among the
group of patients with STEMI and

controls (p = 0.003), and between CS patients and control sub-
jects (p=0.04).

Relation to clinical parameters

Relations of studied miRNAs to selected clinical parameters are
listed in Tables 1 and 2. Regarding the characteristics in anamne-
sis of patients, miRNA-1 expression was associated with diabetes
mellitus (p = 0.02) (Tab. 1). MiRNA-1 expression was related to
the level of circulating glucose in univariate analysis (p <0.0001)
and multivariate analysis (p <0.05). Significant parameters in re-
lation to miRNA-1 in univariate analysis (creatinine, ureic acid,
LDL-cholesterol and glycated hemoglobin Alc (HbAlc)), were
not significant in multivariate analysis. MiRNA-124a expression
correlated to circulating levels of sST2 (p = 0.0007) in univariate
analysis and multivariate analysis (p < 0.05). A relation of miR-
NA-133to the levels of circulating MMP-9 in univariate analysis (p
=0.005) and multivariate analysis (p=0.05) was observed. Param-
eters significant in univariate analysis, namely age and circulating
levels of TNF-alpha, were not significant in multivariate analysis.

Disease progression

Subsequently, the STEMI patients were divided into sub-
groups: STEMI patients with endpoint (n=21) and STEMI patients
without endpoint (n = 33). The difference in miRNAs (miRNA-1,
miRNA-124a, miRNA-133) expression was not statistically sig-
nificant among STEMI patients with and without endpoint (Tab. 3),
and even with LV hypertrophy evaluated in 33 patients with com-
plete values (Tab. 4).

Follow-up

In the group of patients with CS, the expressions of miRNA-1,
miRNA-124a, and miRNA-133 were analyzed at hospitalization
and after 24 hours. In the group of STEMI patients, the miRNAs
expressions at hospitalization were compared with samples collect-
ed 6 months after MI onset. None of three selected miRNAs expres-
sions was significantly different in the follow-up after 24 hours in
CS patients (Tab. 3) or after 6 months in STEMI patients (Tab. 3).

Discussion

Currently, increasing attention is paid to the miRNAs as po-
tential biomarkers of various diseases including cardiovascular
disorders.

MiRNA-1 and miRNA-133

In the context of the cardiovascular system, the most discussed
are miRNA-1 and miRNA-133 (17). In the mammalian genome,
miRNA-1 and miRNA-133 are encoded by two distinct gene clus-
ters located on two different chromosomes with identical primary
sequences of mature microRNA (8). In our study, miRNA-133
showed a significant up-regulation in the serum of STEMI patients
and CS patients when compared with control subjects. The expres-
sion of miRNA-1 in CS patients compared to controls was sig-
nificantly different. These results are in consensus with published
studies describing increased circulating levels of miRNA-1 and
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Tab. 2. Correlation of miRNAs expression to selected clinical parameters.

STEMI (N = 47) miRNA-1 miRNA-124 miRNA-133
Parameters R p R p R p
Age 0.132 0.377 0.034 0.817 0.299 0.043
Body Mass index 0.154 0.300 —0.265 0.065 —0.122 0.413
HR (/min) 0.104 0.488 —0.022 0.876 0.057 0.702
Creatinine (umol/l) at entry -0.352 0.015 0.003 0.978 0.024 0.870
UA (umol/l) at entry —0.343 0.019 0.175 0.232 0.081 0.593
Glycemia (mmol/l) at entry -0.523 0.0001 —0.111 0.447 —0.038 0.800
LDL (mmol/l) at entry 0.288 0.049 0.077 0.594 0.115 0.444
Leukocytes —0.057 0.699 0.097 0.505 0.132 0.378
Troponin (ug/l) max 0.224 0.133 -0.010 0.946 0.023 0.879
Hb (g/1) at entry 0.118 0.426 —0.090 0.535 0.028 0.850
HbAlc (%) -0.428 0.029 —0.280 0.147 0.075 0.715
BNP (pg/ml) at entry 0.209 0.167 0.040 0.786 0.238 0.119
NT-pro-BNP (pg/ml) at entry 0.127 0.392 0.019 0.895 0.134 0.373
TNFa (ng/ul) at entry 0.089 0.699 0.020 0.928 -0.442 0.045
sST2 (ng/ul) at entry 0.021 0.898 0.504 0.0007 0.017 0.919
ACE (ng/ul) at entry 0.066 0.664 0.105 0.480 —0.121 0.430
MMP-2(ng/ul) at entry 0.043 0.772 —0.057 0.699 —0.144 0.343
TIMP-1 (ng/ul) at entry 0.090 0.551 0.160 0.276 -0.229 0.121
MMP-9 (ng/ul) at entry —0.205 0.210 0.183 0.252 0.441 0.005
MMP-8 (ng/ul) at entry 0.286 0.106 0.116 0.504 0.161 0.378
LVEDP max (mmHg) 0.292 0.057 -0.015 0.920 0.092 0.559
EF LV 10-90% 0.289 0.066 0.060 0.701 —0.182 0.258
dp/dt/P after RLVG 0.122 0.446 0.170 0.274 0.151 0.350
EF (%) at entry 0.126 0.400 0.049 0.741 —0.258 0.090
EF (%) after 3 months —0.006 0.973 —0.204 0.305 0.059 0.779
EF (%) after 6 months 0.057 0.774 -0.125 0.534 0.031 0.880
EF (%) last know 0.079 0.625 0.157 0.319 -0.210 0.198

Spearman rank order coefficients are shown in the corresponding cells, results with p < 0.05 are in bold; results with p < 0.05 with Bonferroni correction are in bold and
underlined. ACE — Angiotensin converting enzyme, BNP — B-type natriuretic protein, EF — Ejection fraction after MI, Hb — hemoglobin, HbAlc — glycated hemoglobine
Alc, HR— Heart rate, LDL — Low density lipids, LV — Left ventricle, LVEDP— Left ventricular end diastolic pressure, MMP — Matrix metalloproteinase, NTproBNP — N-
terminal prohormone of BNP, RLVG —Retrograde left ventriculography ,sST2 —solubile suppressor of tumorigeneicity 2, TIMP — Tissue inhibitor of MMP, TNF-o — Tumor

Necrosis Factor alpha, UA — Ureic Acid

miRNA-133 in patients with MI (18-20). The source of elevated
levels of miRNA-1 and miRNA-133 is likely in the damaged car-
diac tissue (18, 21). The injury leads to deregulation of miRNA-1
and miRNA-133 and release from the damaged cardiomyocyte
(22).In the model of chronic failing hearts, Kumarswamy et al have
shown negative regulation of cardiomyocyte miRNA-1 expression
and decreased miRNA-1 expression in vivo (23). Furthermore, it
has been shown that inhibition of endogenous miRNA-133 results
in cell hypertrophy, increased fetal gene expression, and expres-
sion of atrial natriuretic factor (ANF) (24). Zhang et al showed
the effect of miRNA-133 and miRNA-1 on cell cycle progression
(25). Although this fact suggests an association of increasing levels
with progressive damage to the heart, the study failed to confirm
the increase in levels of miRNA-1 and miRNA-133 in cardiogenic
shock compared to myocardial infarction.

Regarding the prognostic value of miRNA-1 and miRNA-133,
no significant changes in miRNAs expression were found 24 hours
after the onset of CS or 6 months after MI onset. Even no signifi-
cant differences were observed in STEMI patients with or with-
out combined endpoint in the follow-up of 5 years. On the other
hand, the prognostic value of miRNAs was evaluated in patients
with acute coronary syndromes when the levels of miRNA-133
were significantly associated with the risk of death, with loss of
additional prognostic information after adjusting for high-sensitive
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troponins (26). Similar results were published by Eitel (2012) in
STEMI patients (23).

Concerning the clinical parameters, we found relation of miR-
NA-1 expression to the level of circulating glucose in patients with
STEMI. Interestingly, higher miRNA-1 expression was found in
non-diabetic patients, which could suggest the influence of ““stress”
glucose on miRNA-1 release. In consensus with our findings
of high glucose and increased miRNA-1 expression, in previ-
ous reports, the increased expression of miRNA-1 was found in
the ventricular samples from diabetic patients (27). The diabetic
complications were related to high glucose-induced apoptosis of
cardiomyocytes (28). Hyperglycemia induces oxidative stress
and alters calcium homeostasis causing cell and mitochondrial
dysfunctions (29, 30). On the other hand, Feng et al associated
glucose-induced down-regulation of miRNA-1 with up-regulation
of enothelin-1 and fibronectin in the endothelial cells (EC) (31).
MiRNA-1 influences also EC dysfunction, leading to increased
permeability and extracellular matrix production. Furthermore,
miRNA-1 affects the apoptotic process, vasoactive mediators,
and could be one of the mediators of cardiac hypertrophy (32).
In consensus to mentioned data, a trend in increase of miRNA-1
expression in LV hypertrophy was found.

In our study, miRNA-133 was found to be negatively corre-
lated with circulating levels of MMP-9, factor of ECM remodeling.
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Tab. 3. Relative expression of miRNAs in acute myocardial infarc-
tion with ST elevations (STEMI) and cardiogenic shock (CS) patients.

A) Relative expression of miRNAs in STEMI patients divided regarding
progression into combined endpoint

miRNA-1

STEMI — endpoint
(with N=21; without N=33)
With endpoint 0.23 0.03

Median 25thpercentile 75th percentile  p

0.59

Without endpoint 0.56 0.04 095 013
miRNA-124
Median 25th percentile 75thpercentile  p
W%th endpoint . 0.05 0.03 0.11 0.07
Without endpoint 0.12 0.03 0.21 ’
miRNA-133
Median 25thpercentile 75thpercentile  p
W%th endpoint' 20.55 1.32 71.55 0.29
Without endpoint 2.24 1.41 23.43

B) Relative expression of miRNAs in acute myocardial infarction with
ST elevations (STEMI) without progression into combined endpoint in
follow-up of 6 months

miRNA-1

STEMI follow-up

bl N=2E) Median 25th percentile  75th percentile  p
At hospitalization 0.56 0.03 0.95 0.16
After 6 months 0.38 0.23 0.77 ’
miRNA-124
Median 25th percentile  75th percentile  p
At hospitalization 0.11 0.04 0.21 0.06
After 6 months 0.20 0.10 0.50 )
miRNA-133
Median 25th percentile  75th percentile  p
At hospitalization 2.24 1.41 23.42 0.17
After 6 months 1.91 1.02 8.17

C) Relative expression of miRNAs in cardiogenic shock (CS) patients in
follow-up of 24 hours

miRNA-1
CS (N=14) Median ~ 25th percentile  75th percentile  p
At hospitalization 0.49 0.38 0.92 0.94
After 24 hours 0.68 0.40 1.32 )
miRNA-124
Median 25th percentile  75th percentile  p
At hospitalization 0.14 0.11 0.46 035
After 24 hours 0.15 0.06 0.43 i
miRNA-133
Median 25th percentile  75th percentile  p
At hospitalization 1.58 1.23 4.66 057
After 24 hours 1.27 0.97 1.80

A similar pattern was reported on cardiomyocytes during hyper-
homocysteinemia, when the expression of MMP-9 increased with
an increase in H3K9 acetylation, while miRNA-133a decreased
(33). Recently, the low miRNA-133 expression was associated
with cardiac fibrosis, dilatative cardiomyopathy, sudden cardiac
death (34), cardiac hypertrophy and heart failure (23, 35). On the
other hand, higher miRNA-133 expression has been associated

Tab. 4. Relationship of miRNAs expression to left ventricular hyper-
trophy (LVH).

LVH* (n=14)
0.70 (0.217; 1.337)
0.58 (0.154; 1.009)
0.10 (0.008; 0.180)
0.11 (0.068; 0.166)

Without LVH (n=19) p
0.43(0.031; 0.895) 0.11
0.15(0.003; 0.454) 0.08
0.07 (0.033; 0.337)  0.20
0.32(0.065; 0.448)  0.51

miR-133 at entry 8.88 (1.464;23.588) 3.55(1.292;23.425) 0.48

miR-133 after 6 months  1.12 (1.000; 2.462)  1.78 (0.643; 14.787) 0.25

*LV hypretrophy was assessed as RWT > 0.42 and/or LV weight index abovel25 g/

m? in male and 111 g/m? in female

miR-1at entry
miR-1after 6 months
miR-124 at entry
miR-124 after 6 months

with low-grade heart failure (36) and antiapoptotic effects (37).
The role of alterations of miRNA-133 has been demonstrated in
remodeling processes leading to cardiomyocyte hypertrophy in
diabetes (38, 39). Interestingly, miRNA-133 is likely essential
for regeneration of the injured heart (40). In consensus with this
hypothesis, miRNA-133 emerges as a key element of the reverse
pressure overload hypertrophy remodeling process in valve re-
placement in aortic stenosis (41). The mentioned facts suggest a
possibly great potential of miRNA-133 in the prevention of heart
remodeling processes.

MiRNA-124a

MicroRNA-124a is concerned as a potential regulator of
proliferation, migration, and inflammatory phenotype of certain
types of cells. Furthermore, miRNA-124a plays role in chemo-
kine production and immune cells infiltration (10, 11). Despite
the small number of studies dealing with the relationship be-
tween miRNA-124a and cardiovascular system, the increase in
miRNA-124a was associated with ischemia in ischemic stroke
(42). In our study, expression of miRNA-124a was higher both
in STEMI patients and those with CS compared to control sub-
jects. The values were not different after 24 hours from the de-
velopment of cardiogenic shock, even in the follow-up after 6
months. MiRNA-124a is able to regulate the differentiation of
bone marrow-derived mesenchymal stem cells (BMSCs) into
cardiomyocytes (13, 43). Bone marrow-derived mesenchymal
stem cells (BMSCs) may trans-differentiate into cardiomyocytes,
replace apoptotic myocardium and improve myocardial functions
after the damage. Expression levels of miRNA-124a in the heart
was shown to be similar to those in BMSCs, thus suggesting a
potential role of miRNA-124a in remodeling of the cardiac tis-
sue (12). In our study, MiRNA-124a was related to the levels
of soluble ST2, a component of IL-33/ST2 system. The sST2 is
considered to be a potential biomarker of cardiomyocyte stretch
and prognostic biomarker in patients with myocardial infarction
and heart failure (44-46). Also, sST2s stimulates the synthesis of
extracellular matrix (ECM) by increasing collagen and fibronectin
levels, and likewise is able to increase matrix metalloproteinase
(MMP) activities (47).

Our study has several limitations. Firstly, these results are from
an observational study and the subgroups analyses were limited
by a small number of patients, especially in case of patients with
cardiogenic shock. Secondly, the echocardiographic assessment

345



Bratisl Med J 2018; 119 (6)
341-347

of left ventricular hypertrophy in STEMI and CS patients was not
analyzed. The measurement of wall thickness and LV weight on
a larger group would provide additional information in the evalu-
ation of LV hypertrophy.

Conclusion

In conclusion, miRNA-1, -124a, and -133 are potential mark-
ers of cardiac injury in cardiogenic shock patients, whereas miR-
NA-124a and -133 are markers of injury in the STEMI patients.
From all miRNAs tested, none could be correlated to the extent
of injury, progress of the disease, or prognosi of patient outcome.
Therefore, the use of any of these miRNAs as a biomarker of
myocardial damage would bring no further benefit compared to
current markers, such as troponin I. Nonetheless, the fact that the
miRNA-1 expression correlated with circulating glucose in patients
after myocardial infarction is.an interesting finding. Although our
findings would need further confirmation in other, preferably larger
studies, a better understanding of the role of microRNA-dependent
regulation of the processes of disease development may lead to
new targeted therapies and new diagnostics for cardiovascular
impairment in humans.

References

1. Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and func-
tion. Cell 2004; 116: 281-297.

2. Wahid F, Khan T, Kim Y. MicroRNA and diseases: Therapeutic poten-
tial as new generation of drugs. Biochemie 2014; 104: 12-26.

3. Di Stefano V, Zaccagnini G, Capogrossi MC, Martelli F. MicroRNAs
as peripheral blood biomarkers of cardiovascular disease. Vasc Pharmacol
2011; 55: 111-118.

4. Caroli A, Cardillo MT, Galea R, Biasucci LM. Potential therapeutic
role of microRNAS in ischemic heart disease. J Cardiol 2013; 61: 315-320.

5. Boon RA, Dimmeler S. MicroRNAs in myocardial infarction. Nat Rev
Cardiol 2014; 12 (3): 135-142.

6. Li C, Pei F, Zhu X, Duan DD, Zeng C. Circulating microRNAs as
novel and sensitive biomarkers of acute myocardial Infarction. Clin Bio-
chem 2012; 45: 727-732.

7. Orenes-Pinero E, Montoro-Garcia S, Patel JV, Valdes M, Marin F,
Lip GY. Role of microRNAs in cardiac remodelling: New insights and
future perspectives. Int J Cardiol 2013; 167: 1651-1659.

8. Chen JF, Mandel EM, Thomson JM, Wu Q, Callis TE, Hammond
SM et al. The role of microRNA-1 and microRNA-133 in skeletal muscle
proliferation and differentiation. Nat Genet 2006; 38: 228-233.

9. Dorn GW. MicroRNAs in cardiac disease. Translat Res: J Lab Clin
Med 2011; 157: 226-235.

10. Kawano S, Nakamachi Y. miR-124a as a key regulator of prolifera-
tion and MCP-1 secretion in synoviocytes from patients with rheumatoid
arthritis. Ann Rheum Dis 2010; 70 Suppl 1: i88-91.

11. Wang D, Zhang H, Li M, Frid MG, Flockton AR, McKeon BA
et al. MicroRNA-124 controls the proliferative, migratory, and inflam-
matory phenotype of pulmonary vascular fibroblasts. Circulat Res 2013;
114 (1): 67-78.

346

12. Quadir AS, Woo KM, Ryoo HM, Yi T, Song SU, Baek JH. MiR-124
Inhibits Myogenic Differentiation of Mesenchymal Stem Cells Via Target-
ing DIxS. J Cell Biochem 2014. doi: 10.1002/jcb.24821.

13. Cai B, Li J, Wang J, Luo X, Ai J, Liu Y et al. MicroRNA-124 regu-
lates cardiomyocyte differentiation of bone marrow-derived mesenchy-
mal stem cells via targeting STAT3 signaling. Stem Cells 2012; 30 (8):
1746-1755.

14. Nagase H. and Woessner JF. Matrix metalloproteinases. J Biol Chem
1999; 274 (31): 21491-21494.

15. Kelly D, Khan SQ,Thompson M, Cockerill G, Ng LL, Samani
N, Squire IB. Plasma tissue inhibitor of metalloproteinase-1 and matrix
metalloproteinase-9: novel indicators of left ventricular remodelling and
prognosis after acute myocardial infarction. Eur Heart J 2008; 29 (17):
2116-2124.

16. Ganau A, Devereux RB, Roman MJ, Simone G, Pickering T, Saba
PS et al. Patterns of left ventricular hypertrophy and geometric remodel-
ling in essential hypertension. ] Am Coll Cardiol 1992; 19: 1550-1558.

17. Townley-Tilson WH, Callis TE, Wang D. MicroRNAs 1, 133, and
206: critical factors of skeletal and cardiac muscle development, function,
and disease. Int J Biochem Cell Biol 2010; 42 (8): 1252—1255.

18. AiJ, Zhang R, LiY, PuJ, LuY, Jiao J et al. Circulating microRNA-1
as a potential novel biomarker for acute myocardial infarction. Biochem
and Biophys Res Comm 2010; 391: 73-77.

19. Eitel I, Adams V, Dieterich P, Fuernau G, de Waha S, Desch S et al.
Relation of circulating MicroRNA-133a concentrations with myocardial
damage and clinical prognosis in ST-elevation myocardial infarction. Am
Heart J 2012; 164 (5): 706-714.

20. Cheng C, Wang Q, You W, Chen M, Xia J. MiRNAs as Biomarkers of
Myocardial Infarction: A Meta-Analysis. PLoS ONE 2014; 9 (2): e88566.

21. Kuwabara Y, Ono K, Horie T, Nishi H, Nagao K, Kinoshita M et
al. Increased microRNA-1 and microRNA-133a levels in serum of patients
with cardiovascular disease indicate myocardial damage. Circ Cardiovasc
Genet 2011; 4: 446-454.

22. Bostjancic E, Zidar N, Stajner D, Glavac D. MicroRNA miR-1 is
up-regulated in remote myocardium in patients with myocardial infarc-
tion. Folia Biologica (Praha) 2010; 56: 27-31.

23. Kumarswamy R, Lyon AR, Volkmann I, Mills AM, Bretthauer J,
Pahuja A et al. SERCA2a gene therapy restores microRNA-1 expres-
sion in heart failure via an Akt/FoxO3A-dependent pathway. Eur Heart J
2012; 33: 1067-1075.

24. Care A, Catalucci D, Felicetti F, Bonci D, Addario A, Gallo Pet al.
MicroRNA-133 controls cardiac hypertrophy. Nat Med 2007; 13: 613-618.

25. Zhang D, Li X, Chen C, Li Y, Zhao L, Jing Y et al. Attenuation of
p38-mediated miR-1/133 expression facilitates myoblast proliferation dur-
ing the early stage of muscle regeneration. PLoS One 2012; 7 (7): e41478.

26. Widera C, Gupta SK, Lorenzen JM, Bang C, Bauersachs J, Beth-
mann T et al. Diagnostic and prognostic impact of six circulating microR-
NAs in acute coronary syndrome. J Mol Cell Cardiol 2011; 51: 872-875.

27.Yu XY, Song YH, Geng YJ, Lin QX, Shan ZX, Lin SG et al. Glu-
cose induces apoptosis of cardiomyocytes via microRNA-1 and IGF-1.
Biochem Biophys Res Commun 2008; 376 (3): 548-552.

28. Rota M, LeCapitaine N, Hosoda T, Bon Ai, A. Angelis De, Padin-
Iruegas ME et al. Diabetes promotes cardiac stem cell aging and heart
failure, which are prevented by deletion of the p66shc gene. Circulat Res
2006; 99: 42-52.



Pavkova Goldbergova M et al. MicroRNAs in pathophysiology of acute myocardial infarction...

29. Yu T, Sheu SS, Robotham JL, Yoon Y. Mitochondrial fission mediates
high glucose-induced cell death through elevated production of reactive
oxygen species. Cardiovasc Res 2008; 79: 341-351.

30. Shan ZX, Lin QX, Deng CY, Zhu JN, Mai LP, Liu JL et al. MiR-
1/miR-206 regulate Hsp60 expression contributing to glucose-mediated
apoptosis in cardiomyocytes. FEBS Lett 2010; 584 (16): 3592-600.

31. Feng B, Cao Y, Chen S, Ruiz M, Chakrabarti S. miRNA-1 regulates
endothelin-1 in diabetes. Life Sci 2014; 98 (1): 18-23.

32. Fichtlscherer S, Zeiher AM, Dimmeler S. Circulating microRNAs:
biomarkers or mediators of cardiovascular diseases? Arterioscler Thromb
Vasc Biol 2011; 31: 2383-2390.

33. Chaturvedi P, Kalani A, Givvimani S, Kamat PK, Familtseva A,
Tyagi SC. Differential regulation of DNA methylation versus histone acety-
lation in cardiomyocytes during HHcy in vitro and in vivo: an epigenetic
mechanism. Physiol Genomics 2014; 46 (7): 245-255.

34. Duisters RF, Tijsen AJ, Schroen B, Leenders JJ, Lentink V, van
der Made | et al. miR-133 and miR-30 regulate connective tissue growth
factor: implications for a role of microRNAs in myocardial matrix re-
modelling. Circulat Res 2009; 104: 170-178.

35. Tatsuguchi M, Seok HY, Callis TE, Thomson JM, Chen JF, New-
man M et al. Expression of microRNAs is dynamically regulated during
cardiomyocyte hypertrophy. J Mol Cell Cardiol 2007; 42: 1137-1141.

36. Danowski N, Manthey I, Jakob HG, Siffert W, Peters J, Frey UH.
Decreased expression of miR-133a but not of miR-1 is associated with
signs of heart failure in patients undergoing coronary bypass surgery. Car-
diology 2013; 125 (2): 125-130.

37.XuC, LuY,PanZ, ChuW, Luo X, Lin H et al. The muscle-specific
microRNAs miR-1 and miR-133 produce opposing effects on apoptosis

by targeting HSP60, HSP70 and caspase-9 in cardiomyocytes. J Cell
Sci 2007; 120: 3045-3052.

38. Feng B, Chen S, McArthur K, Wu'Y, Sen S, Ding Q et al. MiR-146a-
mediated extracellular matrix protein production in chronic diabetes com-
plications. Diabetes 2011; 60: 2975-2984.

39. Chavali V, Tyagi SC, Mishra PK. MicroRNA-133a regulates DNA
methylation in diabetic cardiomyocytes. Biochem Biophys Res Commun
2012; 425: 668-672.

40.Yin VP, LepilinaA, Smith A, Poss KD. Regulation of zebrafish heart
regeneration by miR-133. Dev Biol 2012; 365: 319-327.

41. Villar AV, Merino D, Wenner M, Llano M, Cobo M, Montalvo C et
al. Myocardial gene expression of microRNA-133a and myosin heavy and
light chains, in conjunction with clinical parameters, predict regression of
left ventricular hypertrophy after valve replacement in patients with aortic
stenosis. Heart 2011; 97 (14): 1132-1137.

42. Leung LY, Chan CP, Leung YK, Jiang HL, Abrigo JM, Wang
DF et al. Comparison of miR-124-3p and miR-16 for early diagnosis of
hemorrhagic and ischemic stroke. Clin Chim Acta 2014; 433c: 139-144.

43. Arminan A, Gandia C, Bartual M, Garcia-Verdugo JM, Lledo E,
Mirabet V et al. Cardiac differentiation is driven by NKX2.5 and GATA4
nuclear translocation in tissue-specific mesenchymal stem cells. Stem Cells
Dev 2009; 18: 907-918.

44. Weinberg EO, Shimpo M, Hurwitz S, Tominaga S, Rouleau JL, Lee
RT. Identification of serum soluble ST2 receptor as a novel heart failure
biomarker. Circulation 2003; 107 (5): 721-726.

45, Coglianese EE, Larson MG, Vasan RS, Ho JE, Ghorbani A, Mc-
Cabe EL et al. Distribution and clinical correlates of the interleukin re-
ceptor family member soluble ST2 in the Framingham Heart Study. Clin
Chem 2012; 58: 1673-1681.

46. ParenicaJ, Malaska J, Jarkovsky J, Lipkova J, Dastych M, Helano-
va K etal. Soluble ST2 levels in patients with cardiogenic and septic shock
are not predictors of mortality. Exp Clin Cardiol 2012; 17 (4): 205-209.

47. Martinez-Martinez E, Miana M, Jurado-Ldpez R, Rousseau E,
Rossignol P, Zannad F et al. A Role for Soluble ST2 in Vascular Re-
modelling Associated with Obesity in Rats. Plos one 2013; 8 (11): €79176.

Received February 2, 2018.
Accepted March 5, 2018.

347



