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Background: MicroRNAs (miRNA, miR) have an undeniable physiological and
pathophysiological significance and act as promising novel biomarkers. The aim of the
study was to investigate blood-derived miRNAs and their association with long-term all-
cause mortality in patients with multivessel disease (MVD) suffering from acute coronary
syndrome (ACS).

Materials and Methods: This study was an observational prospective study, which
included 90 patients with MVD and ACS. Expression of miR-125a, miR-125b, and miR-
223 was analysed by polymerase chain reaction (PCR). Patients were followed-up for
a median of 7.5 years. All-cause mortality was considered as the primary endpoint.
Adjusted Cox-regression analysis was performed for prediction of events.

Results: Elevated expression of miR-125b (>4.6) at the time-point of ACS was
associated with increased long-term all-cause mortality (adjusted [adj.] hazard ratio
[HR] = 11.26, 95% confidence interval [95% CI]: 1.15–110.38; p = 0.038). The receiver
operating characteristic (ROC) analysis showed a satisfactory c-statistics for miR-125b
for the prediction of long-term all-cause mortality (area under the curve [AUC] = 0.76,
95% CI: 0.61–0.91; p = 0.034; the negative predictive value of 98%). Kaplan–Meier
time to event analysis confirmed an early separation of the survival curves between
patients with high vs low expression of miR-125b (p = 0.003). An increased expression
of miR-125a and miR-223 was found in patients with non-ST-segment elevation ACS
(NSTE-ACS) as compared to those with ST-segment elevation myocardial infarction
(STEMI) (p = 0.043 and p = 0.049, respectively) with no difference in the expression
of miR-125b between the type of ACS.
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Conclusion: In this hypothesis generating study, lower values of miR-125b were related
to improved long-term survival in patients with ACS and MVD. Larger studies are needed
to investigate whether miR-125b can be used as a suitable predictor for long-term all-
cause mortality.

Keywords: acute coronary syndrome, multivessel disease, microRNA, miR-125a, miR-125b, miR-223, long-term
all-cause mortality

INTRODUCTION

MicroRNAs (miRNA, miR) are progressively evolving as an
intriguing area of research and may have a huge potential as
emerging biomarkers in clinical practice in the future (1, 2).
MiRNAs constitute various small, non-coding RNA molecules
with an average size of 22 nucleotides, which are responsible for
the regulation of post-transcriptional silencing of target genes
(3–7). However, Very recently, additional functions of miRNAs
were proposed, such as transcriptional regulation (8) or even
influencing protein functions (9, 10). Importantly, they play
a crucial role in normal development of healthy subjects and
dysregulation of their expression has been associated with a
variety of disorders (1, 11, 12). The vast majority of miRNAs
are intracellular, however, a substantial number has also been
detected extracellularly. A wide range of miRNAs have become
interesting–as miR-125a, miR-125b, and miR-223, for which a
role in cardiac disorders, like acute coronary syndrome (ACS) has
been shown (13–16).

Acute coronary syndrome is a collective term for three
different conditions, comprising of ST-segment elevation
myocardial infarction (STEMI), non-ST-segment myocardial
infarction (NSTEMI) and unstable angina (UA) (17). The last
two in turn can be combined under the expression non-ST-
segment acute coronary syndrome (NSTE-ACS) (18). Over
time, increased incidences of NSTEMI have been reported as
opposed to the diagnosis of STEMI (19). The main distinction
between both types has its origin in different pathophysiological
processes. While a STEMI arises from a total vessel occlusion,
NSTE-ACS is a consequence of a non-occlusive thrombus.
Depending on the ACS subtype, treatment approaches vary.
However, percutaneous coronary intervention (PCI) constitutes
the gold standard therapy for ACS (18). In that setting, about
50% of the patients are concomitantly diagnosed with multivessel
disease (MVD) (20), which is defined as the presence of a ≥50%
stenosis in at least two major coronary arteries, detected by
angiographic assessment. Simultaneous occurrence of ACS and
MVD carries a poorer prognosis and treatment strategies are
less well-established as compared to culprit-only ACS (21).
Since there is evidence that chronic inflammation is associated
with MVD (22), we focused on the sickest patient collective.
Therefore, this study comprises only of patients, who were
referred for PCI due to ACS, were diagnosed with MVD and
received at least one drug-eluting stent (DES).

In the following study, we particularly focused on miR-125a,
miR-125b, and miR-223, since previous research already reported
on an involvement of miR-125b in cardiovascular pathologies
(23–25), similar to miR-125a (26). In line, also miR-223 has

been associated with a variety of cardiovascular disorders (27,
28). Further, we already performed a variety of bioinformatical
analyses, where different roles regarding different miRNAs were
investigated (5–7, 29–31). In addition, we have already found
significant modulation of both miR-223 and miR-125 in patients
with high vs. low on-treatment platelet reactivity after acute
myocardial infarction in our previous study (32). The aim of the
present study was to investigate, whether miR-125a, miR-125b,
or miR-223 bear a prognostic value for prediction of long-term
all-cause mortality and to analyze if the respective miRNAs show
any differences related to the ACS subtype in patients with MVD.
Due to the aforementioned relationship of inflammation with
MVD, we further wanted to elaborate any association between
the respective miRNAs and the most prevalently used marker for
inflammation–C-reactive protein (CRP).

MATERIALS AND METHODS

Study Design
The study was a prospective observational study, which included
consecutive patients, who were diagnosed with ACS. The study
took place at the Medical University of Vienna between 2012
and 2020. Whereas the active recruitment phase of the trial
began in July 2012 and lasted until mid-June 2015, patients
were followed-up until January 2020. The study protocol acts in
accordance with the Declaration of Helsinki and was approved
by the Ethics Committee of the Medical University of Vienna
(approval number: 1051/2012). Expression of miR-125a, miR-
125b, and miR-223 was measured in those 90 patients of the study
cohort, who were diagnosed with MVD (26%). In summary,
the present study investigated long-term outcome in consecutive
ACS patients who underwent PCI. All patients had to present
with an ACS at hospitalization, had to be at least 18 years of
age, be able to provide of a written informed consent before
study entry and had to receive a planned treatment with the
potent P2Y12 inhibitor ticagrelor or prasugrel. Importantly, as
platelets represent the primary source of circulating miRNA (5,
29–31), only patients on potent platelet inhibition were included
to prevent bias. Exclusion criteria included the participation in
interventional trials, refusal to provide of a written informed
consent and an age of less than 18 years. Long-term survival
data was obtained through queries of the Austrian death registry
until January 2020.

Study Endpoints
The primary endpoint was long-term all-cause mortality. Major
adverse cardiac events (MACE) within the first year after
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discharge and long-term cardiovascular death were considered
as our secondary endpoints. In this context, MACE was
defined as non-fatal myocardial infarction, non-fatal stroke and
cardiovascular death. Determination of the composite endpoint
followed the current universal criteria (33, 34). Thrombolysis
for Acute Myocardial Infarction (TIMI; minimal/minor/major)
bleeding was considered as the safety endpoint. Further, we
aimed to investigate an association between miR-125a, miR-125b,
miR-223, and CRP.

RNA Preparation and Detection and
Quantification of miRNAs by Applying
Quantitative Polymerase Chain Reaction
Extraction of blood plasma RNA was conducted through the
mirVana PARIS Kit and subsequently diluted in a 1:10 ratio.
The next step comprised of reverse transcribing 5 µL diluted
RNA by using the TaqMan miRNA Reverse Transcription kit
(ABI) in accordance to the instructions of the manufacturer.
To detect expression of miRNAs by polymerase chain reaction
(PCR), 3 µL of the dilution was used. TaqMan miRNA Assay
kits (ABI) were applied for the corresponding miRNAs on
a CFX384 Touch Real-Time PCR Detection System (BioRad
Inc., Hercules, CA, United States). Subsequently, cel-miR-39
was added as a spike-in control. All reactions were performed
in triplicate. The mean value was then calculated for all
analyses to compensate for the variability of the methodology
(35–37).

Statistical Analysis
All data is presented as mean ± standard deviation (SD),
median and interquartile range (IQR; range from the 25th
to the 75th percentile), 95% confidence intervals (95% CI),
numbers (n) and percentages (%) as applicable. All miR-
125a, miR-125b, miR-223 values were converted to the decadic
logarithm (log10) to normalize skewed data. Due to the
explorative nature of the study, a prior evaluation of the
statistical power has not been performed. Mann-Whitney U-test
and the X2-test were used for comparison between groups.
Receiver operating characteristic (ROC) analysis was performed
for determination of miR-125b’s ability to predict long-term
all-cause mortality. For those calculations, we followed the
classical ROC analysis approach, however, alternative methods
are also available as described previously (38). Regarding survival
analyses, Kaplan–Meier curves and Mantel-Cox regression test
were applied. To establish independent parameters influencing
long-term all-cause mortality we used a multivariate Cox-
regression analysis. Due to the limited number of events,
only three parameters were established into the equation to
prevent an overfitting of the model. In this context, the
following variables were included: miR-125b > 4.6 (based on
the ROC curve analysis), age ≥65 years and diabetes mellitus,
as the latter two present the most powerful risk factors for
developing MVD (39). For calculation of bivariate correlations
between metric variables we made use of Spearman’s rho. All
statistical analyses were operated using commercially available

statistical software (IBM SPSS Statistics 25, IBM, Armonk,
NY, United States).

Group Stratification
To investigate the ability of miR-125b for prediction of long-
term all-cause mortality, ROC analysis was applied. The cut-off
point of miR-125b was defined by calculating the greatest sum
of sensitivity and specificity of the ROC-coordinate points (40).
Two groups were then stratified based on the cut-off value of 4.6–
low miR-125b (≤4.6) and high miR-125b (>4.6). Likewise, the
optimal cut-off points for miR-125a and miR-223 were calculated
(5.0 and 7.4, respectively).

RESULTS

Patient Demographics
Detailed baseline characteristics, including risk factors, past
medical history, laboratory data, concomitant medication and
ACS data are summarized in Table 1. Overall, majority of the
patients (86%) were male and had a mean age of 61 years.
Further, did 70% suffer from arterial hypertension and 57%
from dyslipidemia, whereas diabetes mellitus was less common
with 33%. Notable, 76% of the participants reported on
smoking. Most patients (71%) were hospitalized due to STEMI,
contrarily, 29% were diagnosed with a NSTE-ACS. At discharge,
100% were treated with aspirin. Further, the most common
administered P2Y12 inhibitor was prasugrel (51%), followed
by ticagrelor with 42%. Only 2% received clopidogrel (after
switch from initial treatment with ticagrelor/prasugrel). Other
frequently applied drugs included ß-blockers (88%), angiotensin-
converting enzyme (ACE) inhibitors/angiotensin II receptor
blockers (ARBs) (87%) and statins (93%).

Association of miR-125b With All-Cause
Mortality
Based on the cut-off point of miR-125b (4.6) derived from the
ROC analysis, the study population (n = 90) was divided into two
subgroups: the low miR-125b cohort (n = 63), showing expression
levels ≤4.6 (3.6 ± 0.7) and the high miR-125b group (n = 27) with
plasma expression levels >4.6 (5.7 ± 1.0; p < 0.001).

Displayed by Figure 1A, the area under the curve (AUC = c-
index) was 0.76 (95% CI: 0.61–0.91; p = 0.034). The sensitivity of
miR-125b for the prediction of long-term all-cause mortality was
83%, whereas specificity was 74%. The positive predictive value
was 19%, and the negative predictive value reached 98%. Positive
likelihood ratio and negative likelihood ratio were 3.2 and 0.2,
respectively (Table 2).

Patients’ Characteristics According to
Low miR-125b and High miR-125b
Expression
Overall, balanced frequencies concerning risk factors,
concomitant medication and data regarding the events were
observed (Table 1). Within the low miR-125b subgroup, 91%
were men vs. 74% in the high miR-125b (p = 0.043). Regarding
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TABLE 1 | Patient demographics.

Patient
demographics
(n and %)

Overall
n = 90 (100)

miR-
125b ≤ 4.6
n = 63 (70)

miR-
125b > 4.6
n = 27 (30)

P-value

miR-125b 4.1 ± 1.0 3.6 ± 0.7 5.7 ± 1.0 <0.001

Age (years)
Sex (male), n (%)

60.9 ± 11.1
77 (86)

60.2 ± 10.5
57 (91)

62.5 ± 12.6
20 (74)

0.395
0.043

Risk factors/past medical history n (%)

Body mass index 27.4 ± 5.5 27.1 ± 4.5 28.1 ± 7.4 0.090

Arterial hypertension 63 (70) 43 (68) 20 (77) 0.413

Dyslipidemia 51 (57) 36 (57) 15 (58) 0.962

Diabetes mellitus 30 (33) 23 (37) 7 (27) 0.384

Peripheral artery
disease

4 (4) 2 (3) 2 (8) 0.350

Cerebrovascular
disease

5 (6) 4 (6) 1 (4) 0.641

Chronic obstructive
pulmonary disease

4 (4) 4 (6) 0 (0) 0.180

Smoking 68 (76) 50 (79) 18 (69) 0.306

Family history of CAD 40 (44) 30 (48) 10 (39) 0.430

Prior myocardial
infarction

26 (29) 20 (32) 6 (23) 0.413

Prior PCI 17 (19) 14 (23) 3 (12) 0.231

Laboratory data (mean ± SD)

White blood cell count
(x109/L)

10.6 ± 3.6 10.6 ± 3.6 10.8 ± 3.5 0.761

Platelets (x109/L) 230.9 ± 57.3 228.1 ± 56.1 237.4 ± 60.6 0.657

Hemoglobin (g/dL) 14.2 ± 1.7 14.3 ± 1.8 14.0 ± 1.5 0.451

C-reactive protein
(mg/dL)

3.4 ± 4.1 2.9 ± 3.6 4.6 ± 4.9 0.048

Fibrinogen (mg/dL) 405.2 ±

104.8
393.2 ±

102.0
432.3 ±

107.5
0.137

Creatinine (mg/dL) 1.0 ± 0.2 1.0 ± 0.2 1.0 ± 0.3 0.405

Troponin T (µg/L) 0.6 ± 1.4 0.7 ± 1.6 0.5 ± 0.7 0.680

HbA1c (%) 6.2 ± 1.3 6.2 ± 1.3 6.3 ± 1.3 0.409

GFR (ml/min/1.73 m2 ) 79.7 ± 19.5 80.2 ± 19.7 78.4 ± 19.2 0.968

Concomitant medication n (%)

Aspirin 90 (100) 63 (100) 27 (100)

Clopidogrel 2 (2) 2 (3) 0 (0) 0.360

Ticagrelor 38 (42) 26 (43) 12 (48) 0.648

Prasugrel 46 (51) 33 (54) 13 (52) 0.859

ß-blockers 79 (88) 56 (90) 23 (89) 0.793

Angiotensin converting
enzyme (ACE)
inhibitors/Angiotensin II
receptor blockers (ARB)

78 (87) 45 (87) 24 (92) 0.482

Calcium
channel-blockers

14 (16) 9 (15) 5 (19) 0.581

Proton pump Inhibitors
(PPI)

70 (78) 49 (79) 21 (81) 0.854

Statins 84 (93) 59 (95) 25 (96) 0.838

Antidiabetic drugs 25 (28) 19 (31) 6 (23) 0.473

ACS data

NSTE-ACS 26 (29) 17 (27) 9 (33) 0.543

STEMI 64 (71) 46 (43) 18 (67) 0.543

Number of stents per
patient

1.9 ± 1.3 1.8 ± 1.2 2.1 ± 1.4 0.385

Total stent length 44.4 ± 29.1 43.7 ± 31.4 46.2 ± 23.0 0.346

Data are reported as mean ± standard deviation (SD), n (number of patients)
or percentages; miR, microRNA; CAD, coronary artery disease; HbA1c,
glycated hemoglobin; GFR, glomerular filtration rate; PCI, percutaneous coronary
intervention, STEMI, ST-elevation myocardial infarction; NSTE-ACS, non-ST-
segment elevation acute coronary syndrome.
Bold p-values indicate statistical significance.

A

B

FIGURE 1 | (A) Receiver operating curve (ROC) analysis for microRNA
(miR)-125b to predict long-term all-cause mortality and (B) Kaplan–Meier
survival analysis for long-term all-cause mortality regarding high or low values
of miR-125b.

laboratory parameters, a significant difference in CRP levels was
shown between both groups: reduced CRP (2.9 ± 3.6 mg/dL)
was found in patients with low miR-125b as compared to
those with a high miR-125b expression (4.6 ± 4.9 md/dL;
p = 0.048).

Survival Analysis According to
Circulating miRNAs
The primary endpoint of long-term all-cause mortality occurred
in 6 out of 90 (7%) patients. Only one out of 63 patients (2%) in
the low miR-125b subgroup and 5 out of 27 patients (19%) with
high miR-125b levels died (Table 3). Patients with high miR-125b
levels died 9.5-times more often as compared to patients with
low miR-125b within the follow-up period of 7.5 years (log rank
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TABLE 2 | Statistical estimates for the prediction of long-term all-cause mortality depending on miR-125b expression levels.

Long-term all-cause mortality n= 6 (6.7%)

Test

c-index (95% CI) p-value Cut-off value Sensitivity, % Specificity, % Positive predictive
value, %

Negative predictive
value, %

LR+ LR-

Low miR-125b
vs.
High miR-125b

0.76
(0.61–0.91)

0.034 4.6 83 74 19 98 3.2 0.2

miR, microRNA; 95% CI = 95% confidence interval; LR +, positive likelihood ratio; LR-, negative likelihood ratio.
Bold p-values indicate statistical significance.

TABLE 3 | Event data.

Event Overall
n = 90 (100)

miR-125b ≤ 4.6
n = 63 (70)

miR-125b > 4.6
n = 27 (30)

P-value

Long-term all-cause mortality 6 (7) 1 (2) 5 (19) 0.003

Long-term cardiovascular mortality 3 (3) 1 (2) 2 (7) 0.164

MACE (1 year) 7 (8) 6 (10) 1 (4) 0.345

Minimal/minor/major TIMI bleeding (1 year) 43 (48) 29 (46) 14 (58) 0.198

miR, microRNA; MACE, major adverse cardiac event; TIMI, Thrombolysis in Myocardial Infarction.
Bold p-values indicate statistical significance.

test p = 0.003; Figure 1B). Further, a multivariate Cox regression
analysis was performed to identify independent variables for the
prediction of long-term all-cause mortality (Table 4). Patients,
which were assigned to the high miR-125b subgroup were at
11.26-fold increased hazard to die from all-causes in comparison
to those with low miR-125b values (adjusted [adj.] hazard ratio
[HR] = 11.26, 95% CI: 1.15–110.38; p = 0.038; Table 4). No other
independent predictor for all-cause mortality was found in the
performed multivariate Cox regression analysis.

Receiver operating characteristic analysis showed that miR-
125a and miR-223 did not have a predictive ability for long-term
all-cause mortality (AUC = 0.57, 95% CI: 0.36–0.71; p = 0.599
and AUC = 0.47, 95% CI: 0.24–0.70; p = 0.783; respectively,
data not shown).

Thrombolysis for Acute Myocardial
Infarction Bleeding Events Long-Term
Cardiovascular Mortality and Major
Adverse Cardiac Events According to
miR-125b Levels
Regarding TIMI bleeding events, long-term cardiovascular
mortality and MACE, no significant difference between the two
subgroups was found (p = 0.198, p = 0.164 and p = 0.345,
respectively; Table 3).

Distribution of miR-223 and miR-125a in
Regard to the Type of Acute Coronary
Syndrome
Both miR-223 as well as miR-125a were distributed
heterogeneously between patients who presented with MVD and
STEMI or NSTE-ACS, as shown by Figure 2. Median miR-223

value in the STEMI subgroup was 7.2 with an IQR of 6.6–7.5. As
compared, the median miR-223 levels in patients experiencing
NSTE-ACS were 4% higher (median: 7.5, IQR: 7.0–8.3; p = 0.049;
Figure 2A). Expression of miR-125a was 13.2% higher in the
NSTE-ACS subgroup (median: 5.3, IQR: 4.1–5.9) as compared
to the STEMI subgroup (median: 4.6, IQR: 4.1–5.1; p = 0.043;
Figure 2B).

Association Between Circulating
miRNAs and C-Reactive Protein Levels
There was an association between miR-125b and the
inflammatory marker CRP: patients with miR-125b levels ≤4.6
also presented with lower levels of CRP (median: 1.5 mg/dL,
IQR: 0.8–3.4 mg/dL), In contrast, when miR-125b exceeded the
cut-off value of 4.6, CRP levels were higher (median: 3.0 mg/dL,
IQR: 1.2–6.8 mg/dL; p = 0.048; Figure 3A). Spearman’s rho was
0.09 and not statistically significant (p = 0.448; data not shown).

No association between low and high levels of miR-125a
(≤ 5.0; > 5.0) and CRP values was found (p = 0.868;
data not shown).

TABLE 4 | Multivariate Cox regression model for prediction of long-term
all-cause mortality.

Variable HR 95% CI P-value

Lower Upper

miR-125b > 4.6 11.26 1.15 110.38 0.038

Age ≥ 65 years 3.31 0.49 22.22 0.218

Diabetes mellitus 0.87 0.08 9.49 0.911

HR, hazard ratio; 95% CI, 95% confidence interval, miR, microRNA.
Bold p-values indicate statistical significance.

Frontiers in Cardiovascular Medicine | www.frontiersin.org 5 July 2022 | Volume 9 | Article 948006

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


fcvm-09-948006 July 4, 2022 Time: 16:57 # 6

Gager et al. MicroRNAs and ACS Type

FIGURE 2 | (A) MicroRNA (miR)-223 and (B) miR-125a in regard to status at
hospitalization.

Likewise, no correlation between high or low levels of miR-
223 (≤ 7.4; > 7.4) with levels of CRP was found (p = 0.808;
data not shown).

Correlation Between miR-125a,
miR-125b, and miR-223
Correlation patterns of miR-125a, miR-125b, and miR-223
were investigated and strong positive correlations between the
respective miRNAs were determined. As depicted by Figure 3B
the correlation coefficient (r) was 0.820 for miR-125a and miR-
223, 0.798 for miR-125a and miR-125b and 0.816 for miR-125b
and miR-223 (p-value < 0.001).

DISCUSSION

To our best knowledge, the present study is the first to
demonstrate the following findings in an ACS cohort diagnosed
with MVD:

i Elevation in plasma miR-125b expression in patients with
STEMI or NSTE-ACS is associated with an increased risk
of long-term all-cause mortality.

0

A

B

FIGURE 3 | (A) C-reactive protein (CRP) according to high and low values of
microRNA (miR)-125b and (B) correlation patterns between miR-125a,
miR-125b, and miR-223.

ii Expression of miR-125b increases direct proportionally
with higher levels of CRP.

iii Expression of miR-223 and miR-125a differed between
patients with STEMI vs. NSTE-ACS.

The major finding of the present study is that patients suffering
from MVD had an increased odds to die from all-causes within
the follow-up period of 7.5 years, when showing plasma miR-
125b values >4.6. Studies already reported on the association
between elevation in miR-125b and worse outcome. In 2017, it
has been demonstrated that amplified expression of miR-125b
predicts a poor prognosis in patients with HER2 positive breast
cancer. Further, miR-125b also correlated with tumor size and
TNM classification. Noteworthy, the analyses were conducted
in samples collected from breast tissue, which is in contrast to
our blood derived ones (41). Recently however, another study
showed that increased serum miR-125b was also related to worse
overall survival in patients diagnosed with non-small cell lung
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cancer (NSCLC) (42). Additionally, serum/plasma miR-125b was
also found to be a potential marker for the prognosis prediction
in sepsis patients (43) and in chronic hepatitis B patients with
acute-on-chronic liver failure (44). Yet, to our knowledge this
is the first study, which indicated blood derived miR-125b as
a suitable predictor for long-term all-cause mortality in ACS
patients suffering from MVD. One possible explanation for why
an elevation in miR-125b is linked to worse outcome might be its
association with inflammation (43, 45), which is also supported
by our findings. The present study clearly demonstrated that
upregulated miR-125b was accompanied by an increase in CRP
levels in patients with MVD after ACS. Recently, similar results
were obtained in severe asthma patients, where miR-125b highly
correlated with high-sensitivity CRP (hsCRP) (46). Another
investigation postulated a relation between increased miR-125b
and elevated interleukin-6 (IL-6) in patients diagnosed with
rheumatoid arthritis (47). Noteworthy, the positive correlation
between IL-6 and hsCRP/CRP and its link to ACS is already
largely known (48, 49).

A recent investigation indicated that miR-125b expression
negatively modulates major signaling molecules of the
NFκB pathway, which in turn is leading to an enhanced
proinflammatory response through activation of the respective
pathway (50). This would provide one possible explanation for
the present findings, due to the proposed contribution of the
NFκB pathway in CRP induction (51). It has also been postulated
that miR-125b silencing is a feasible therapeutic option for
protecting human macrophages against an infection with
mycobacterium tuberculosis (52). Similarly, a recently published
study reported on ameliorating non-alcoholic fatty liver disease
by miR-125b inhibition (53). However, data on elevated miR-
125b are inconclusive. Another study attributed positive effects to
an increased miR-125b expression by diminishing sepsis-induced
cardiac dysfunction and improving survival. Those effects were
partly mediated by suppressing intercellular adhesion molecule 1
(ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1), as
well as by decreasing tumor necrosis factor-α (TNF-α) (54, 55).
Noteworthy, upregulation of these molecules is associated with
inflammation (56). However, this is contrary to what has been
found in another trial where TNF-α and miR-125b positively
correlated (43). Nonetheless, Wang and colleagues also suggested
that overexpression of miR-125b mediates anti-inflammatory
properties by negatively influencing the NFκB pathway (24).
Since, miR-125b is obviously present in a variety of organs,
one could assume that the opposing effects may depend on
the miR-125b origin. However, another study on miR-125b in
cardiac tissue, similar to Ma et al. (54), claimed that inhibition
of miR-125b can attenuate cardiac fibrosis and may one day
serves as a treatment option for this common disease (57). Based
on those inconsistent findings raised in different trials, further
research evaluating the exact targets and effects of miR-125b is
unequivocally needed. In addition, standardization for sample
generation and performance of miRNA analyses is needed, since
variation of the approaches can cause different outcomes and
impedes the replication of the results (58, 59).

In the investigated study cohort, circulating miR-223 and
miR-125a varied between patients who were hospitalized due to
STEMI or NSTE-ACS. On average, patients who suffered from

NSTE-ACS have a more severe CAD as compared to those with
STEMI. In our analysis, higher values of miR-223 and miR-125a
were found in the NSTE-ACS population as compared to those
admitted due to STEMI. Other studies have also shown that
the expression of miR-223 is increased in patients with CAD
as compared to controls without (60, 61) or with less severe
CAD (60, 62). Li and colleagues demonstrated an upregulation of
miR-223 in subjects diagnosed with acute myocardial infarction
(63). However, as far as we are aware, this is the first study
specifically investigating miR-223 in regard to the type of ACS.
Consistently, there is also evidence that miR-125a is linked
to cardiac pathologies. Patients diagnosed with HIV bear an
increased risk for myocardial infarction, when showing elevated
miR-125a expression (15). Moreover, it has been shown that
miR-125a is also upregulated in heart failure with reduced
ejection fraction (HFrEF) (64). Notwithstanding, we are the
first to postulate an association between miR-125a values and
the type of ACS.

However, the question remains why patients diagnosed with
NSTE-ACS had an increased expression of both miR-223 and
miR-125a as opposed to those who suffered from STEMI.
Studies have shown that long-term outcome among patients
with NSTE-ACS is in general poorer in comparison to subjects
diagnosed with a STEMI (65, 66). These differences can be partly
explained by the increased atherosclerotic burden in NSTE-
ACS patients (67). An association between increased miR-223
plasma expression and advanced stages of atherosclerosis has
been described previously (61, 68), which provides a feasible
explanation for the elevated miR-223 values in those patients
diagnosed with a NSTE-ACS. Atherosclerosis stimulates an
increased miR-223 release of leucocytes and platelets. In this
context, it is assumed that miR-223 has a protective function
by mediating antiproliferative and antimigratory effects in
vascular smooth muscle cells (VSMCs), which play a key role
in atherosclerotic processes. Additionally, miR-223 has been
shown to induce apoptosis of VSMCs, further contributing
to diminished atherogenesis and neointimal formation of the
vascular wall (68, 69).

Consistent to miR-223, the expression of miR-125a was
also increased in patients with NSTE-ACS as compared to
those with STEMI. Lipid uptake and proinflammatory processes
are major targets affected by miR-125a. Oxidized low-density
lipoprotein (oxLDL) has a central role in the development of
atherosclerosis through promotion of inflammation and lipid
deposition in the vascular wall and was demonstrated to be
influenced by miR-125a (70, 71). Whereas elevated miR-125a
values result in a decreased lipid uptake via the oxLDL-stimulated
monocytes/macrophages, lipid uptake is increased, when miR-
125a expression is diminished. Hence, similar to miR-223,
increased plasma miR-125a expression is also considered to
provide a certain protection against atherosclerosis (8)–inter alia
also by suppressing VSMC proliferation (72).

Another possible explanation for the increased expression
of miR-125a in patients with NSTE-ACS as opposed to those
with STEMI might be its association to Endothelin-1 (ET-1)
and atherosclerotic plaques. It has been shown that ET-1 is
suppressed by miR-125a, indicating that a downregulation of the
respective miRNA results in enhanced values of ET-1 (73, 74).
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ET-1 is an endogenous peptide, providing vast constrictive and
chemoattractive properties (75, 76) and is further highly involved
in the rupture of atherosclerotic plaques, which is known to be
more common in lesions of STEMI than NSTE-ACS (74, 77).

In summary, we want to put emphasis on the especially high
negative predictive value of low miR-125b for long-term all-cause
mortality, comprising 98% in our study. That result indicates an
excellent 7.5 years survival, when patients were tested with values
of miR-125b lower than 4.6 at baseline. Moreover, we highlight
the differences of miR-125a and miR-223 related to the ACS type,
raised in our investigation, which sheds further light on the very
unexplored field of miRNAs.

Limitations
Our study points out three major limitations. Firstly, there may be
bias due to the observational study design despite efforts to adjust
for baseline differences by applying multivariate Cox regression
analysis. Secondly, this investigation comprises a relatively small
sample size of 90 participants and had a limited number of events,
therefore indicating an insufficient statistical power. However,
this number of patients is similar to those in other studies,
that looked into miRNAs and outcome. Lastly, the required
validation in an independent study cohort, which is essential for
the generalizability of the results, has not been performed.

CONCLUSION

The present investigation clearly demonstrates better long-term
all-cause survival in patients with plasma miR-125b expression
levels lower than 4.6. Further, the probability (negative predictive
value of 98%) of surviving a period of 7.5 years, when low
miR-125b was assessed at baseline, should be highlighted. Lastly,
the current study showed the differences in expression levels of
miR-125a and miR-223 depending on ACS subtype.
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