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Abstract
cTn and CK-MB are gold standard biomarkers for acute coronary syndrome (ACS) but 
are less sensitive in the first 3  h after onset of symptoms. A need thus exists for novel 
biomarkers for early detection of ACS. We evaluated circulating copeptin, miRNA-208, 
and miRNA-499 as possible biomarkers for early detection of unstable angina (UA) and 
non-ST-segment elevation myocardial infarction (NSTEMI). Sixty-five patients with prob-
able ACS that presented within 4 h of the onset of chest pain (23 UA and 42 NSTEMI) and 
25 apparently healthy individuals were studied. Two sets of blood samples collected in the 
first 3 h and at 6 h after onset were analyzed for copeptin levels via ELISA and miRNA-
208 and miRNA-499 expression via real-time PCR. Copeptin, miRNA-208, and miRNA-
499 expression levels were significantly increased in UA and NSTEMI patients compared 
with controls (p < 0.001) and in NSTEMT compared with UA patients (p < 0.001). Levels 
were also significantly elevated in UA and NSTEMI patients with negative cardiac tro-
ponin in the first 3 h (p < 0.001). ROC curves displayed AUC for prediction of ACS of 0.96 
for copeptin, 0.97 for miRNA-208, and 0.97 for miRNA-499. Their combination improved 
AUC to 0.98. Copeptin and miRNA-208 and miRNA-499 expression are promising bio-
markers for UA and NSTEMI that present in the first 3 h of pain onset. A combination of 
these markers with cTn may increase the accuracy of diagnosis by avoiding the gray zone 
of cTn as a biomarker.

Keywords Copeptin · miRNA-499 · miRNA-208 · Unstable angina · Non-ST-segment 
elevation Myocardial infarction · Acute coronary syndrome

Introduction

Acute coronary syndrome (ACS) is the most common cardiovascular emergency and is 
a leading cause of morbidity and mortality worldwide, particularly in developed coun-
tries. ACS may present as ST-elevation myocardial infarction (STEMI), non-STEMI, and 
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unstable angina (UA) pectoris. According to the Egyptian National Hypertension Project 
and WHO, the prevalence of coronary artery disease in Egypt is 8.3% [1].

Acute myocardial infarction (AMI) is a cardiovascular emergency with acute necrosis of 
myocardial tissue. Accordingly, early and precise identification of AMI and urgent revas-
cularization of coronary lesions are crucial for preventing or reducing myocardial damage. 
Routine diagnosis of AMI is based on patient history and clinical symptoms, such as chest 
pain, dyspnea, nausea and vomiting, syncope, and findings on electrocardiogram (ECG) [2, 
3]. Also, biochemical markers of myocardial necrosis, including circulating levels of car-
diac troponins (cTns) and creatine kinase-MB (CK-MB), are the most reliable and widely 
used in clinical diagnosis [4, 5].

cTn and CK-MB are gold standard biomarkers for ACS but display the major drawback 
of poor detection of myocardial necrosis in the first 4 h after the onset of symptoms. These 
cardiac biomarkers do not reach peak concentration until 16–18 h from initial myocardial 
injury [6, 7]. Consequently, establishing new biomarkers with greater sensitivity and speci-
ficity can correctly diagnose patients presenting with the onset of symptoms within 1–4 h, 
especially patients with atypical ECG findings [8].

The C-terminal portion of provasopressin (copeptin) is a pathophysiological biomarker 
of acute endogenous stress and cardiovascular hemostasis. AMI may induce hemodynamic 
changes as a result of cardiac underfilling, consequent osmotic alterations, and, particu-
larly, a large stress stimulus. This stimulus is transmitted to the hypothalamus for de novo 
synthesis of pre-provasopressin and to the hypophysis for secretion of stored arginine vaso-
pressin (AVP) and copeptin [9, 10]. Stress-induced acute response leading to the secre-
tion of copeptin is generated rapidly after AMI onset with maximal concentrations early 
after the onset of the chest pain [8]. Consequently, copeptin, along with cTnT and CK-MB, 
may improve diagnostic accuracy in patients presenting with early chest pain, resulting in a 
more precise diagnosis of high-risk NSTEMI patients [8].

MicroRNAs (miRNAs) are endogenous, noncoding, single-stranded RNAs 19–25 
nucleotides in length. These small RNAs regulate gene expression at the post-transcrip-
tional level. Mechanisms of action for these molecules include repressing mRNA transla-
tion and inducing mRNA degradation thus terminating protein synthesis [11, 12]. More 
than 200 miRNAs are found in heart tissues and are crucial for cardiac development and 
pathological processes, including AMI, arrhythmias, hypertrophy, heart failure, and ath-
erosclerosis [13]. Cardiomyocyte-enriched miRNAs (miRNA-1, miRNA-21, miRNA208a, 
miRNA208b, miRNA-133a, miRNA-133b, and miR-499) are promising diagnostic bio-
markers for ACS reflecting their increased sensitivity and specificity. miRNA-208 is exist-
ing in two isoforms, miRNA-208a and miRNA-208b. Both are coded at chromosome 
14q11.2. The miRNA-208a gene is located on intron 29 of the MYH6 gene that encodes 
α-cardiac muscle myosin heavy chain (MHC), and miR-208b resides on intron 31 of the 
MYH7 gene encoding β-cardiac muscle MHC. These miRNAs are concomitantly expressed 
during cardiogenesis, suggesting that their expression is driven by a mutual regulatory ele-
ment. miRNA-208 may control thyroid hormone-associated protein 1 and myostatin 2 and 
negative regulators of muscle growth and hypertrophy and thus induce hypertrophic growth 
[13]. Moreover, miRNA-208 is required for controlling hypertrophic growth and gene 
expression in response to stress. Human miRNA-499 is coded on intron 19 of the MYH7B 
gene (chromosome 20q11.2) and is composed of miRNA-499a and miRNA-499b, which 
are located on sense and antisense DNA chains of the same intron and are transcribed in 
antiparallel directions [14]. miRNA-499 regulates late cardiogenesis and is responsible 
for the terminal differentiation of myoblasts to cardiomyocytes. It downregulates myocyte 
enhancer factor 2C that favors switching myogenic differentiation preferentially toward 
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cardiomyocytes [15]. Circulating muscle-derived miRNAs, such as miRNA-208 and 
miRNA-499, are released from dying cardiomyocytes during AMI, resulting in elevated 
circulating levels that may aid in early screening [16–18]. Furthermore, serum and plasma 
miRNAs are remarkably stable, capable of withstanding repetitive freezing and thawing 
cycles, and are protected from RNase-dependent degradation. The latter property may 
reflect their packing in microvesicles or the formation of protein–miRNA complexes [16]. 
Consequently, the present study investigated the predictive value of copeptin and cardiac-
specific total miRNA-208 and total miRNA-499 as biomarkers for early testing for AMI, 
especially for NSTEMI patients with chest pain presenting within the first 4 h of onset.

Materials and Methods

Study Participants

A prospective case-controlled study was conducted with 65 patients with ACS who were 
admitted to the Department of Cardiology, Faculty of Medicine, Assiut University Hospi-
tal. Furthermore, 25 apparently healthy age-matched volunteers were included as a control 
group. The sample size for detecting significant differences in copeptin, miRNA-208, and 
miRNA-499 with power 0.95 and hypothetical effect size 0.33 was determined using the 
G Power program. The study protocol was approved by the Assiut University Faculty of 
Medicine Institutional Review Board (IRB17101364) and was conducted according to the 
guidelines of the Helsinki Declaration. Informed consent was obtained from all partici-
pants prior to the study.

Our patients were divided according to the ACS type and results from the first set of 
cardiac markers into two groups. Group I included 42 NSTEMI patients with elevated gold 
standard biomarkers of AMI. This group was further classified into 34 positive patients 
in the first set and eight negative patients who were positive in the second set. Group II 
included 23 UA patients with negative cardiac biomarkers in either the first or second set.

Inclusion criteria of patients were in accordance with the “2019 European Society 
of Cardiology Universal Definition of MI Guideline” [19]. Only ACS patients who pre-
sented within 4 h of the onset of symptoms were included. Exclusion criteria were STEMI 
patients, ACS patients presenting more than 4 h from pain onset, myocarditis, pulmonary 
embolism, congestive heart failure, and renal failure.

Baseline demographic and clinic and laboratory characteristics of study participants 
were gathered. Resting 12 lead surface ECG was recorded for each patient just after hos-
pital admission to diagnose ACS type. Traditional risk factors, such as diabetes mellitus 
(DM), hypertension (HTN), dyslipidemia, smoking, and obesity, were also recorded.

Methods

Sample Collection

Eight milliliters of peripheral venous blood was obtained from each patient within 4 h 
of the onset of clinical symptoms (chest pain or dyspnea) and divided into three tubes. 
Plain tubes were used for serum separation within 30 min of collection via centrifuga-
tion at 3000  rpm for 20 min. The supernatant was transferred to Eppendorf tubes and 
stored at − 20 °C until batch analysis of serum copeptin. Four milliliters of whole blood 
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in EDTA tubes was freshly processed to collect polymorph nuclear cells (PMCs), which 
were stored in –80 °C until batch analysis of miRNA-208 and miRNA-499. A diagnostic 
work-up for myocardial necrosis (CK-MB and cardiac troponin T) was analyzed with 
the remaining blood upon admission. A second set of enzymes was assayed 6 h after the 
first whenever the first set was negative for AMI. Healthy volunteers completed physical 
examinations, body mass index (BMI) assessment, and analysis of circulating LDL, TG, 
CK-MB, and cTn.

qRT‑PCR Analysis of miRNA‑208 and miRNA‑499

After collection of PMCs, miRNA extraction used a miRNeasy Mini kit (QIAGEN, Cat-
alog No. 217004, USA); miRNA purity and concentration were determined using a nan-
odrop spectrophotometer (EPOCH, Bio Tek Instruments Inc, USA). To increase poly-A 
tails of small noncoding miRNA with constant volumes and concentrations of miRNA, 
a poly-A polymerase enzyme kit (NEB, Catalog No. M0276L, New England) was used. 
Reverse transcription was conducted using Applied Biosystems™ High-Capacity cDNA 
Reverse Transcription Kit (USA).

qRT-PCR was conducted under sterile condition using a BiolineMyTaq™ Red Mix 
(2 ×) kit (Catalog No. K0251, USA). Two sets of reactions were conducted in the same 
manner except for forward and reverse primers. One set was used for miRNA-208 and 
the second for miRNA-499. U6-snRNA was used as an internal control. Primers were 
designed using the Primer-Blast program from the National Center for Biotechnology 
Information and reconstructed according to the manufacturer’s instructions (Table  1) 
and obtained from (Invitrogen, UK). The thermal cycler (Applied Biosystems Step 
One Plus™ Real-Time PCR Systems, CA, USA) was programmed for a hot start step 
at 95 °C for 1 min, initial denaturation for 15 s at 95 °C, and annealing and extension 
for 60 s at 60 °C for 40 cycles. Relative expression of miRNA-208 and miRNA-499 was 
evaluated using Applied Biosystem Step OnePlus™software using the ∆∆Ct method 
(Lava and Schmittgen, 2001) and fold differences calculated as  2−ΔΔCT.

Enzyme‑Linked Immunosorbent Assay (ELISA) for Determination of Copeptin Level

Copeptin level was measured in serum using a Human Copeptin ELISA Kit (Sinoxenic 
Biotech Co., Ltd., Catalog No. SG-10357).

Table 1  Primers used for qRT-PCR reaction

Gene Primer sequence

miRNA-208
Accession no. (MI0000251)

(forward) 5′ CTT TTG GCC CGG GTT ATA C 3′
(reverse) 5′ CTG ACA TCC TCT AGG CTG G 3′

miRNA-499
Accession no. (MI003183)

(forward) 5′ CGG CTG TTA AGA CTT GCA GTG 3′
(reverse) 5′ GGG AAG CAG CAC AGA CTT G 3′

U-6 (forward) 5′ CGC TTC GGC AGC ACA TAT AC 3′
(reverse) 5′ TTC ACG AAT TTG CGT GTC AT 3′
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Routine Work‑up

Routine clinical tests used available commercial kits, CK-MB (Human CKMB ELISA 
Kit ab193696), cardiac troponin T (Human Cardiac Troponin T ELISA Kit ab223860), 
LDL-cholesterol (LDL CHOLESTEROL Direct Enzymatic colorimetric, Liquid, REF: 
280 001), and TG (Triglyceride Assay Kit, Quantification ab65336).

Statistical Analysis

Data were analyzed using SPSS (Statistical Package for the Social Science, version 20, 
IBM, and Armonk, New York). Continuous data were expressed as means ± standard 
deviation (SD), median, and range, whereas nominal data were expressed as frequency 
(percentage).  Chi2-tests were used to compare nominal data between groups, and Stu-
dent’s t test or one-way analysis of variance were used to compare means of continu-
ous variables between study and control subjects. A probability (p value) of < 0.05 was 
considered statistically significant. The thresholds for optimal sensitivity and specificity 
of copeptin, miRNA-499, and miRNA-208 were determined using a receiver operating 
characteristic (ROC) curve, plotted by calculating sensitivity and specificity at several 
cutoff points.

Results

Baseline Characteristics of Patients and Volunteers

Mean BMI was 31 ± 4.3 for patients (with no significant difference between NSTEMI and 
UA), and 25.5 ± 3.9 for volunteers (Table 2). Approximately, 47% of patients had a fam-
ily history of MI (42% in NSTEMI and 52% in UA subjects), and 55% showed previous 
ischemic heart disease (45% of NSTEMI and 73% of UA subjects). DM was diagnosed in 
40%, and HTN was found in 72% of patients. The mean onset of chest pain was 3.2 ± 0.8 h 
prior to presentation and differed significantly between NSTEMI (3.4 ± 0.8) and UA 
(2.8 ± 0.8) patients.

LDL and triacylglycerol (TG) levels were significantly elevated in patients (150.6 ± 21.7 
and 229 ± 54.5, respectively) compared with volunteers (101.6 ± 13.8 and 124.3 ± 18.7, 
respectively); however, no significant difference between NSTEMI and UA was seen. 
Circulating cardiac enzymes (cTn and CK-MB) showed significant differences between 
patient subgroups.

Biochemical Analysis of Circulating Copeptin, miRNA‑208, and miRNA‑499

Serum level of copeptin was significantly higher in patients than in healthy volunteers. 
Levels in NSTEMI patients (6.5 ± 2) were higher than in UA subjects (2.7 ± 0.74), p 
value = 0.00 (Table 2). Also, the two patient subgroups displayed significantly higher gene 
expression of miRNA-208 (188.5 ± 78.6 for NSTEMI and 2.3 ± 0.7 for UA) than healthy 
volunteers (1.0 ± 0.0), p = 0.00. Moreover, miRNA-208 showed a significantly higher fold 



 Applied Biochemistry and Biotechnology

1 3

change in NSTEMI patients than in UA patients, p = 0.00. miRNA-499 showed the same 

Table 2  Baseline characteristic data in NSTEMI patients, UA patients, and healthy controls

Continuous data was expressed in the form of mean ± SD (compared with Student’s t test), while nominal 
data was expressed in form of frequency (percentage) (compared with  Chi2 test). p value was significant 
if < 0.05

Parameter NSTEMI (1)
N = (42)

UA (2)
N = (23)

Controls (3)
N = (25)

p value
1 Vs 3, 2 Vs 3, 1 Vs 2

Age (years) 61.4 ± 9.7 53.3 ± 10.3 56.9 ± 15.7 0.15 0.35 0.003
Male (n, %) 22 (52%) 13 (56%) 13 (56%) 0.97 0.75 0.74
DM (n, %) 21 (50%) 5 (22%) 0 (0%) 0.00 0.01 0.02
HTN (n, %) 33 (79%) 14 (60%) 0 (0%) P1: 0.00 P2: 0.00 P3: 0.13
Smoking (n, %) 13 (31%) 10 (43%) 8 (34%) 0.92 0.41 0.31
BMI (mean ± SD) 31.2 ± 8 30.6 ± 3.2 25.5 ± 3.9 0.00 0.00 0.583
Positive family history (n, %) 18 (42%) 12 (52%) 6 (26%) 0.12 0.04 0.47
History of IHD (n, %) 19 (45%) 17 (73%) 0 (0%) 0.00 0.00 0.06
HR (mean ± SD) 110. ± 1.5 101 ± 9.0 78.8 ± 7.0 0.00 0.00 0.00
SBP (mean ± SD) 153.9 ± 16.8 147 ± 17.4 113.2 ± 10.2 0.00 0.00 0.124
DBP (mean ± SD) 97.1 ± 8.5 97.3 ± 7.6 76.7 ± 5.1 0.00 0.00 0.94
Onset of pain (h, mean ± SD) 3.4 ± 0.8 2.8 ± 0.8 0.0 0.00 0.00 0.007
LDL-C (mmol/L) 150.6 ± 21.7 151.4 ± 25.2 101.6 ± 13.8 0.00 0.00 0.89
TG (mmol/L) 232.9 ± 53.9 222 ± 56 124.3 ± 18.7 0.00 0.00 0.46
Troponin (ng/ml) (1st set) 0.95 ± .0.98 0.1 ± .0.1 0.1 ± 0.1 0.00 0.6 0.00
Troponin (ng/ml) (2nd set) 1.56 ± 2.8 0.16 ± 0.1 0.1 ± 0.1 0.01 0.5 0.01
CK-MB (IU/L) (1st set) 43.4 ± 20.0 11.4 ± 3.7 4.6 ± 3.8 0.00 0.00 0.00
CK-MB (IU/L) (2nd set) 38.0 ± 6.4 15.2 ± 4.4 0.0 0.00 0.00 0.00
Copeptin (ng/µL) 6.5 ± 2.6 2.7 ± 0.74 2.5 ± 0.8 0.00 0.25 0.00

Fig. 1  The relative expres-
sion levels of miRNA-208 and 
miRNA-499 in the studied 
groups
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pattern (Fig. 1).

Correlation Coefficients for Different Markers and Risk Factors

A significant positive correlation between age, SBP, DBP, heart rate, and the onset of pain 
with both miRNA-208 and miRNA-499 was observed in patients. Copeptin, miRNA-208, 
and miRNA-499 were positively correlated with the first and second sets of cTn, CK-MB, 
LDL-C, and TG. Our miRNA markers also presented significant positive correlations with 
each other (Table 3).

Diagnostic Performance of Copeptin, miRNA‑208, and miRNA‑499 Levels in ACS

Cutoff values, sensitivity, specificity, and area under the curve (AUC) were established 
using ROC curves. These curves indicated that a copeptin cutoff point of > 3.4  pmol/L 
shows 90% sensitivity and 86% specificity for the prediction of AMI. AUC was 0.96. A 
miRNA-208 ROC cutoff point of > 3.6 displayed 93% sensitivity and 98% specificity for 
prediction of AMI and an AUC of 0.97. Similar estimates for miRNA-499 ROC have a 
cutoff point of > 3.1, 95% sensitivity, 94% specificity, and an AUC of 0.978. ROC analysis 
showed troponin (first set) at a cutoff point of > 0.04 with 81% sensitivity, 79% specificity, 
and an AUC of 0.93 (Fig. 2).

Table 3  Correlation between copeptin, miRNA-208, miRNA-499, and baseline characteristics

IHD, ischemic heart disease; BMI, body mass index; HR, heart rate; SBP. systolic blood pressure; DBP, 
diastolic blood pressure; CK-MB, creatine kinase MB; LDL-C, low density lipoprotein cholesterol; TG, tria-
cylglycerol. p value was significant if < 0.05

Parameter Copeptin miRNA-499 miRNA-208

Age r = 0.27 p < 0.01 r = 0.31 p < 0.003 r = 0.37 p < 0.00
Gender r =  − 0.02 p < 0.86 r = 0.009 p < 0.93 r =  − 0.06 p < 0.58
Family history r =  − .0.01 p < 0.89 r =  − 0.03 p < 0.76 r =  − 0.01 p < 0.95
IHD history r = 0.06 p < 0.59 r = 0.002 p < 0.98 r = 0.04 p < 0.68
Smoking r =  − 0.06 p < 0.57 r =  − 0.007 p < 0.95 r =  − 0.06 p < 0.6
BMI r = 0.29 p < 0.005 r = 0.3 p < 0.004 r = 0.23 p < 0.25
HR r = 0.59 p < 0.00 r = 0.66 p < 0.00 r = 0.6 p < 0.00
SBP r = 0.42 p < 0.00 r = 0.40 p < 0.00 r = 0.41 p < 0.00
DBP r = 0.42 p < 0.00 r = 0.33 p < 0.001 r = 0.37 p < 0.00
Onset of pain r = 0.33 p < 0.01 r = 0.45 p < 0.00 r = 0.42 p < 0.00
Troponin 1st set (ng/ml) r = 0.7 p < 0.00 r = 0.64 p < 0.00 r = 0.68 p < 0.00
Troponin 2nd set (ng/ml) r = 0.59 p < 0.00 r = 0.82 p < 0.00 r = 0.82 p < 0.00
CK-MB 1st set (IU/L) r = 0.82 p < 0.00 r = 0.84 p < 0.00 r = 0.86 p < 0.00
CKMB 2nd set (IU/L) r = 0.64 p < 0.00 r = 0.87 p < 0.00 r = 0.88 p < 0.00
LDL-C (mmol/L) r = 0.36 p < 0.00 r = 0.32 p < 0.002 r = 0.33 p < 0.002
TG (mmol/L) r = 0.5 p < 0.00 r = 0.49 p < 0.00 r = 0.47 p < 0.00
Copeptin (ngµ/L) –––- r = 0.75 p < 0.00 r = 0.76 p < 0.00
miRNA-208  (2−∆∆ct) r = 0.76 p < 0.00 r = 0.92 p < 0.00 ––––
miRNA-499  (2−∆∆ct) r = 0.75 p < 0.00 –––- r = 0.92 p < 0.00
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Discussion

ACS is a common illness with severe consequences of mortality, morbidity, and cost to 
society as myocardial necrosis begins 15–30  min after severe ischemia [20]. Recent 
improvement in biomarker testing, especially the development of cardiac troponin (cTn) 
assay is a major advance [21]. As cardiomyocyte damage, detected and quantified by cTn, 
is a time-dependent phenomenon, and serial measurements of cTn are necessary to defini-
tively rule out NSTEMI [8]. The blind period for troponin and CK-MB during the early 
onset of AMI remains a major limitation. Consequently, efforts to identify new biomark-
ers that enable reliable early rule out of an AMI diagnosis are continuing [22]. This study 
evaluated the utility of copeptin and miRNAs for the early exclusion of NSTEMI.

Prevalence of AMI is higher in males, who are more likely to develop ACS. The weak 
predominance of males in our patients might be partially explained by female patients 
being near menopause when incidence increases rapidly to become equal to the incidence 
in men. This observation is consistent with the loss of cardioprotective properties of estro-
gen [23, 24]. Unexpectedly, smoking was not a significant risk factor among the patient 
subgroups and control subjects. About half of our patients were females and were not 
smokers, which is common in our society. Furthermore, not all males were smokers.

Fig. 2  ROC curves analysis for copeptin, miRNA-499, miRNA-208, and troponin (1st set) in ACS patients
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Higher serum copeptin levels were exhibited in AMI patients than in healthy control 
subjects, and in NSTEMI patients than in UA patients or healthy volunteers. Furthermore, 
copeptin displayed better sensitivity and specificity than did troponin. Ahmedy reported 
that adding copeptin to CK-MB and cTn allowed safe exclusion of AMI as a diagnosis with 
a negative predictive value of > 99% in patients presenting with suspected AMI. This com-
bination might rule out AMI in 58% of patients without frequent blood draws collection 
[20]. Ay et al., recommended the use of copeptin as a diagnostic marker in patients with 
suspected AMI in combination with other biomarkers [25]. A hypothesis to explain the 
rapid release of AVP/copeptin after AMI is the rapid response of the endocrine stress axis, 
resulting in the release of adrenocorticotropic hormone and cortisol [26]. An alternative 
trigger for AVP/copeptin secretion from the posterior pituitary is a baroreceptor stimulated 
by the threat of hypotension as a result of the AMI or direct damage to the cardiac barore-
ceptors [27].

Copeptin offers early positive results in our patients who had negative cTn and CK-MB 
in the first set of routine markers but was positive in the second set (eight patients). Thus, 
copeptin is an effective marker for early diagnosis of NSTEMI, avoiding the gray zone of 
cTn. These findings are consistent with Khan et al. who reported increased copeptin lev-
els on day 1 of AMI [28]. Moreover, Reichlin and his group evaluated the contribution of 
copeptin to the management of AMI [27]. They observed elevated copeptin concentrations 
4 h after the onset of symptoms. At this time, troponin T was still undetectable in many 
patients. They also indicated that as copeptin concentrations declined, troponin concentra-
tions increased. These distinct kinetics add value to the use of both markers for the accurate 
diagnosis of AMI [27]. Recently, Mahmoud et  al. showed that copeptin levels were ele-
vated in AMI patients at the time of admission, 0 to 4 h after onset of chest pain. Circulat-
ing levels then decreased from 5 to 10 h thereafter [29]. Moreover, we showed a significant 
positive correlation between copeptin and cTn, CK-MB, LDL, and TG. Similarly, Ay et al. 
showed a significant positive correlation between levels of copeptin and the presence of 
AMI and elevated CK-MB and troponin in ACS patients [25].

Plasma miRNA-208 and miRNA-499 showed significantly higher levels in NSTEMI 
and UA patients than in controls and higher levels in NSTEMI patients than in UA patients. 
miRNA-208 and miRNA-499 were effective in assessing AMI with a cutoff point that 
showed 93 to 98% sensitivity and specificity with an AUC of 0.097 or greater. Addition-
ally, miRNA fold changes were measurable soon after the onset of symptoms at times 
when patients showed negative cTn and CK-MB activity in the first set of routine enzymes. 
These results were positive in the second set (eight patients examined later). miRNA-208 
and miRNA-499 can be used as early markers of AMIthat allow evaluation of the gray 
zone in cTn analysis. miRNA-499 is involved in cardiomyocyte differentiation, which 
could explain elevated miRNA-499 expression in NSTEMI patients as it might be released 
from damaged cardiac cells into the circulation [30]. Our findings are supported by previ-
ous studies; however, these studies mostly assessed miRNA plasma levels instead of their 
expression. Liu et al. studied the pattern of plasma levels of miR-208 and miR-499, which 
were significantly elevated in AMI patients [18]. These authors reported that miR-208 and 
miR-499 were possible biomarkers for the prediction of AMI as AUC values were 0.72 
and 0.88, respectively. They attributed greater specificity and sensitivity of these miRNA 
to the cardiac-specific distribution of the genes. Furthermore, Olivieri et al. also published 
results consistent with our assessment of miRNA-499, where elevated levels were seen in 
NSTEMI patients with an AUC of 0.86 [31].

Circulating miRNA-208 and miRNA-499 levels were elevated in Greek patients with 
NSTEMI, and the AUC of miRNA-208 was 0.9996. Similarly, the AUC of miRNA-499 
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was 0.9992, with 98% sensitivity and 100% specificity, which supports the use of plasma 
levels of miRNA-208b and miRNA-499 as AMI biomarkers [32]. These findings are con-
sistent with Boštjančič et al. who showed that the miRNA-208 level was significantly ele-
vated after AMI [33]. Still, Wang et al. indicated that miRNA-208 has an advantage over 
miRNA-499 for AMI diagnosis [34]. Other authors concluded that miRNA-499 may be the 
more reliable biomarker for AMI diagnosis in patients presenting > 4 h after onset of pain. 
miRNA-499 was positive in 93% of patients and cTn in only 88% [18, 35].

cTn and CK-MB were positively and significantly correlated with miRNA-208 and 
miRNA-499. Additionally, miRNA-208 and miRNA-499 showed a similar correlation with 
LDL-C and TG. Interestingly, miRNA-208 was significantly correlated with miRNA-499 
and vice versa. Devaux et al. reported results in agreement with ours, showing significant 
positive correlations between miRNA-208 and miRNA-499 and gold standards cTn and 
CK-MB [35].

Accordingly, expression of total miRNA-208 and total miRNA-499 and plasma levels 
of copeptin is now believed to offer better and early exclusion of AMI, superior to conven-
tional troponin and CK-MB within the first 4 h after the onset of acute chest pain. Adding 
copeptin and miRNA to the gold standard of cardiac markers may offer better informa-
tion to clinicians for early decision-making in patients with suspected AMI. Additionally, 
our study is considered the first to analyze both copeptin and miRNA in the same ACS 
patients.
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