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Abstract: (1) To investigate the role of azurocidin, an antimicrobial protein, in patients with ST
segment elevation myocardial infarction (STEMI). (2) This single-center prospective observational
study included patients with STEMI and healthy age- and sex-matched control subjects. Baseline
demographic, clinical and biochemical data were compared between the two groups. Azurocidin
levels at baseline were determined using an enzyme-linked immunosorbent assay. Multivariate
linear regression analysis with enter method was used to test the association between azurocidin
and independent variables, such as the thrombolysis in myocardial infarction (TIMI) score, synergy
between percutaneous coronary intervention with TAXUS and cardiac surgery score, global registry
of acute coronary events score, Killip class, C-reactive protein (CRP), and creatinine kinase-myocardial
band (CK-MB). (3) A total of 76 patients with STEMI and 30 healthy control subjects were enrolled
in the study. Mean ± SD azurocidin levels were significantly higher in patients compared with
healthy controls (18.07 ± 13.99 versus 10.09 ± 5.29 ng/mL, respectively). In a receiver-operating
characteristic curve analysis, an azurocidin cut-off level of >11.46 ng/mL had 74% sensitivity and
58% specificity in predicting myocardial infarction. Azurocidin levels had a positive correlation with
TIMI score (r = 0.651). In multivariate linear regression analysis, the TIMI score was an independent
predictor of the azurocidin level. (4) Azurocidin is an infection marker that may be important in
patients with STEMI.

Keywords: azurocidine; inflammation; ST segment elevation myocardial infarction

1. Introduction

Coronary artery disease (CAD) is one of the major causes of morbidity and mortality throughout
the world [1]. As a major determinant of cardiovascular disease, atherosclerosis is the main cause
of ST segment elevation myocardial infarction (STEMI) [1,2]. Although atherosclerosis involves
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complex pathophysiological mechanisms, inflammation is one of the most important factors in the
atherosclerotic process [3–5]. The inflammatory process in atherosclerosis also plays an important
role in the destabilization of the coronary plaque, which may eventually result in erosion and/or
rupture [5]. As a result of this process, a thrombus is superimposed on the eroded or ruptured plaques,
resulting in myocardial infarction (MI) [5]. Since STEMI is one of the most devastating presentations of
the CAD spectrum, early diagnosis and prompt pharmacological or mechanical reperfusion within
12 h of symptom onset is crucial [6]. Primary percutaneous coronary intervention (PCI) or mechanical
reperfusion were reported to be superior to pharmacological reperfusion (fibrinolysis) and patients
with higher risk were found to benefit more from PCI [6]. Consequently, risk stratification is important
to determine which patients are at a higher risk of morbidity and mortality and this helps the physician
to be more aggressive in the management of patients with a higher risk [7]. Additionally, the capacity
of risk stratification to reliably identify patients with a lower risk for fatal events can help physicians
to choose an early discharge of patients [8]. Several scoring systems have been introduced for risk
stratification [8–10]. The thrombolysis in myocardial infarction (TIMI) score is a practical and validated
scoring system to predict 30-day mortality in STEMI patients [8–11].

Azurocidin or heparin-binding protein (HBP), which is also known as cationic antimicrobial
peptide 37, is a 28 kDa antimicrobial protein included in the serprocidin subgroup of chymotrypsin-like
proteases [12,13]. It is stored in azurophilic granules and secretory vesicles of the neutrophils [14].
Neutrophilic adhesion to the endothelium during inflammation induces the basal release of azurocidin
from these azurophilic granules and secretory vesicles [13,14]. Azurocidin, as a multifunctional
protein, is an important molecule in the host response during infection [12]. The biological functions of
azurocidin include antimicrobial activity, induction of monocyte recruitment to the site of inflammation
and augmentation of macrophage phagocytosis [12–17]. Azurocidin also increases endothelial
permeability and macromolecular efflux by breaking cellular barriers [18,19]. Neutrophil degranulation
and azurocidin release were reported to be triggered by the M protein from Streptococcus pyogenes that
leads to toxic shock syndrome, which includes leakage of plasma and multi-organ failure [12,15,17].
Several studies have previously reported that azurocidin is a marker of a worse prognosis in sepsis
and acute respiratory distress syndrome [15,16,20].

Considering the role of azurocidin in infection and inflammatory reactions [12–17] and its ability
to predict worse outcomes in sepsis and acute respiratory distress syndrome (ARDS) [15,16,20], this
current study aimed to investigate its role in patients with STEMI.

2. Results

A total of 106 individuals including 76 consecutive patients with STEMI who fulfilled the inclusion
criteria (mean ± SD age, 60.0 ± 13.6 years; 58 (76.3%) males) and 30 healthy controls (mean ± SD age,
53.4 ± 12.3 years; 20 (66.7%) males) were included in the study. The baseline demographic, clinical and
laboratory data of the study group are summarized in Table 1. The patients and the healthy individuals
were similar in terms of age, body mass index (BMI), sex, smoking status, admission systolic and
diastolic blood pressures. Serum glucose level at admission, low-density lipoprotein cholesterol level,
white blood cell (WBC) and neutrophil counts, neutrophil-to-lymphocyte ratio (NLR) and CRP levels
were significantly higher in the patient group compared with the healthy controls (p < 0.05 for all
comparisons). Ejection fraction (EF) was significantly lower in the patient group compared with the
healthy controls (p < 0.001). A total of seven patients with cardiogenic shock and two patients with
cardiogenic pulmonary edema with a median EF of 45% (interquartile range 10–62%) were present in
the study group.

The mean ± SD azurocidin level was significantly higher in the patient group compared with
the healthy controls (p = 0.018). To test the power of azurocidin to distinguish patients with MI from
healthy individuals, a ROC curve analysis was performed, which demonstrated that an azurocidin
cut-off level of >11.46 ng/mL had 74% sensitivity and 58% specificity in predicting MI (ROC area
under the curve, 0.713; p = 0.018; Figure 1). A total of four patients died during hospitalization because
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of cardiogenic shock. The azurocidin levels of these patients were found to be greater than the defined
cut-off value.

Table 1. Baseline demographic, clinical and laboratory data of patients (n = 76) with ST segment
elevation myocardial infarction (STEMI) and age- and sex-matched healthy control subjects (n = 30).

Characteristics
Patients with STEMI Control Subjects

Statistical Significance a

n = 76 n = 30

Age, years 60.0 ± 13.6 53.4 ± 12.3 NS
Sex, males 58 (76.3) 20 (66.7) NS

BMI 24.08 ± 6.99 20.25 ± 7.94 NS
Smokers 38 (50.0) 17 (56.7) NS

Hypertension 34 (44.7) 0 (0.0) NA
SBP, mmHg 126 (50–220) 115 (100–125) NS
DBP, mmHg 80 (30–88) 75 (50–81) NS

Diabetes mellitus 59 (77.6) 0 (0.0) NA
Glucose, mg/dL 128 (79–361) 94 (89–105) p = 0.02
Hyperlipidaemia 65 (85.5) 0 (0.0) NA
LDL-C, mg/dL 133.37 ± 39.14 92.0 ± 12.2 p = 0.042
WBC, 103/µL 11.97 (6.79–22.05) 8.09 (6.79–8.88) p < 0.001

Neutrophil, 103/µL 9.43 ± 3.69 5.78 ± 1.16 p < 0.001
Lymphocyte, 103/µL 1.76 (0.6–9.4) 1.65 (0.78–2.56) NS

NLR 7.97 ± 4.10 4.56 ± 2.61 p = 0.034
CRP, mg/dL 1.47 ± 2.80 0.39 ± 1.12 p = 0.028

Creatinine, mg/dL 0.87 ± 0.18 0.84 ± 0.17 NS
EF, % 45 (10–62) 65 (60–65) p < 0.001

CK-MB, mg/dL 52.0 ± 12.4 – NA
Azurocidin, ng/mL 18.07 ± 13.99 10.09 ± 5.29 p = 0.018

TIMI score 4.5 ± 2.9 – NA
SYNTAX score 14.9 ± 9.7 – NA
GRACE score 122.6 ± 35.0 – NA

Data expressed as mean ± SD, median (interquartile range) or n of patients (%). a Statistical analysis of data between
the two groups was performed using unpaired t-test for parametric data, Mann–Whitney U-test for nonparametric
data and χ2-test for categorical variables. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; LDL-C, low-density lipoprotein cholesterol; WBC, white blood cells; NLR, neutrophil-to-lymphocyte ratio;
CRP, C-reactive protein; EF, ejection fraction; CK-MB, creatinine kinase-myocardial band; TIMI, thrombolysis in
myocardial infarction; SYNTAX, synergy between percutaneous coronary intervention with TAXUS and cardiac
surgery; GRACE, global registry of acute coronary events; NA, not applicable; NS, no significant between-group
difference (p ≥ 0.05).
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Figure 1. Receiver-operating characteristic (ROC) curve analysis demonstrating the cut-off value of
azurocidin for the diagnosis of myocardial infarction (MI) using data from 76 patients with ST segment
elevation myocardial infarction and 30 healthy control subjects. The cut-off level of >11.46 ng/mL had
74% sensitivity and 58% specificity in predicting MI (ROC area under the curve (AUC), 0.713; p = 0.018).
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The results of the Spearman’s rank correlation coefficient analyses of azurocidin levels with TIMI
score, CRP, NLR, CK-MB, SYNTAX, and GRACE scores and Killip class of the patients are presented
in Table 2. Azurocidin was found to have a positive correlation with TIMI score (r = 0.651, p < 0.001).
There were also moderate positive correlations between azurocidin levels and Killip class, GRACE
score, CRP, and SYNTAX score (p < 0.01 for all comparisons). The scatter plots show the correlations
between azurocidin levels and TIMI score, CRP, SYNTAX score and GRACE score (Figure 2).

Multivariate linear regression analysis evaluated the association between azurocidin levels and
independent variables, including TIMI score, CRP, SYNTAX and GRACE scores and Killip Class,
determined by the univariate analysis (p < 0.01) (Table 3). There was a positive correlation between
azurocidin levels and TIMI score (p < 0.001).
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Figure 2. Scatter plots showing the significant correlation between azurocidin levels and C-reactive
protein (CRP), thrombolysis in myocardial infarction (TIMI) score, synergy between percutaneous
coronary intervention with TAXUS and cardiac surgery (SYNTAX) score and global registry of acute
coronary events (GRACE) score. The analysis included 76 patients and correlations were tested with
Spearman’s rank correlation coefficient analysis. r: correlation coefficient, p < 0.01.
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Table 2. Spearman’s rank correlation coefficient analysis of azurocidin levels with baseline demographic
and clinical characteristics of patients (n = 76) with ST segment elevation myocardial infarction.

Characteristic
Azurocidin Levels

Correlation Coefficient r Statistical Significance a

TIMI score 0.651 p < 0.001
CRP 0.364 p = 0.011
NLR 0.110 NS

CK-MB 0.104 NS
SYNTAX score 0.311 p = 0.003
GRACE score 0.476 p < 0.001

Killip class 0.505 p < 0.001
a Correlation was significant at the p < 0.01 level (2-tailed). TIMI, thrombolysis in myocardial infarction; CRP,
C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; CK-MB, creatinine kinase-myocardial band; SYNTAX,
synergy between percutaneous coronary intervention with TAXUS and cardiac surgery; GRACE, global registry of
acute coronary events; NS, no significant correlation (p ≥ 0.01).

Table 3. Multivariate linear regression analysis to evaluate the association between azurocidin levels
and independent variables identified in the univariate linear regression analysis.

Dependent Variable: Azurocidin

Independent Variables β (95% CI) Statistical Significance a

TIMI score 0.642 (0.337, 0.947) p < 0.001
GRACE score 0.184 (−0.476, 0.109) NS
SYNTAX score 0.041 (−0.140, 0.225) NS

Killip class 0.169 (−0.076, 0.413) NS
CRP 0.077 (−0.095, 0.248) NS

a Linear regression analyses using the enter method were used for the multivariate analysis of independent variables
that were included if they were significantly different in the univariate analyses (p < 0.01). CI, confidence interval;
TIMI, thrombolysis in myocardial infarction; GRACE, global registry of acute coronary events; SYNTAX, synergy
between percutaneous coronary intervention with TAXUS and cardiac surgery; CRP, C-reactive protein; NLR,
neutrophil-to-lymphocyte ratio; NS, no significant correlation (p ≥ 0.05).

3. Discussion

The current findings support the fact that inflammation plays a part in the pathophysiological
mechanisms involved in STEMI [5]. Two recent animal studies demonstrated the role of inflammation
and neutrophils in the atherosclerotic process, healing after myocardial infarction and cardiac
remodeling [21,22]. In a previous study, plasma azurocidin levels were found to be significantly higher
in patients with acute lung injury (ALI)/ARDS compared with those with cardiogenic pulmonary
edema [20]. The authors concluded that azurocidin was a strong prognostic marker for early mortality
in ALI/ARDS [20]. However, they could not find any significant difference in azurocidin level
between the patients with cardiogenic pulmonary edema and healthy controls [20]. The current
study population included a total of seven patients with cardiogenic shock and two patients with
cardiogenic pulmonary edema with a median EF of 45% (interquartile range 10–62%) indicating
impaired left ventricular function. In contrast to the previous findings [20], the current study may
be the first in the literature to demonstrate significantly higher levels of azurocidin in patients with
impaired median EF compared with healthy controls. In previous studies, CRP, WBCs, neutrophils
and NLR were reported to be related to acute coronary syndromes and can be considered as prognostic
markers [23,24]. The patients with STEMI in the current study had significantly higher levels of CRP,
WBCs, neutrophils and NLR compared with the healthy control subjects.

The positive correlation between azurocidin levels and the TIMI score of the patients with STEMI
in the current study may be consistent with the prognostic role of azurocidin, which has been previously
discussed in infection, sepsis and ARDS studies [15,16,19,20]. According to the TIMI risk model defined
for STEMI, the 30-day mortality was reported to increase from 0.8% (0 point) to 35.9% (>8 points) and
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the TIMI risk score was found to have comparable prognostic capability compared with the other risk
models [8]. The positive significant correlation of azurocidin levels with the TIMI score in the current
study might indicate the sustained inflammatory condition as the disease severity increases. The CRP
levels of the patients with STEMI in the current study were significantly higher compared with the
control subjects, which was consistent with previous studies [25–27]. In one study, higher CRP levels
were found to have a prognostic association with in-hospital major adverse cardiac events (MACE)
in male patients [25]. The current findings showed that azurocidin levels were positively correlated
with CRP levels. This result can guide researchers to design new studies to introduce azurocidin
to cardiology practice as a prognostic marker in the future. The significant positive correlation of
azurocidin levels with SYNTAX score, GRACE score and Killip class may indicate the association
between inflammation and disease severity. However, the relatively lower correlation coefficients
indicate lower specificity, which may affect the applicability of these current results.

An emergency service-based study demonstrated that plasma azurocidin level was reported to
be well correlated with disease progression to severe sepsis [28]. The authors speculated that a good
prognostic biomarker should predict outcomes before the primary outcome becomes apparent and
found increased plasma azurocidin levels several hours before the development of circulatory failure
or organ dysfunction [28]. The location of azurocidin in the secretory granules, which are the first to
be mobilized upon neutrophil activation, can explain this rapid increase [13,18,28]. The mean cut-off
value of azurocidin in the emergency service-based multicenter study was set to be 30 ng/mL, which
is greater that the cut-off value used in the current study of 11.46 ng/mL [28]. In addition, the median
azurocidin concentration was 63.5 ng/mL in organ failure group versus 18.8 ng/mL among patients
without organ failure [28]. Interestingly, in their study cohort, 22 out of 85 patients without infection
had organ dysfunction with a median plasma azurocidin level of 27.6 ng/mL compared with the 63
non-infected patients without organ dysfunction (11.1 ng/mL) [28]. In the current study, the mean
azurocidin level, which was found to be significantly increased in patients with STEMI compared with
the control subjects, was 18.07 ng/mL in the patient group. These lower levels of azurocidin in the
current study can be explained by the fact that sepsis is a more devastating and mostly irreversible
condition and the pathology in a coronary artery segment and its related territory is more localized.
In a study of patients with cardiac arrest of mixed origin, the azurocidin levels were found to be an
indicator of organ failure and increased among patients with a poor neurological outcome irrespective
of the presence of microbiological infection [29]. In a study of intensive care unit (ICU) patients,
it was shown that azurocidin levels increased significantly in patients with severe sepsis and septic
shock as compared with ICU patients without septic illness [16]. Azurocidin levels at admission were
associated with increased risk of death and rising azurocidin levels during hospitalization may help
to identify those patients with a deteriorating prognosis [16]. In the current study, four patients died
during hospitalization because of cardiogenic shock. Although the number of deaths was insufficient
to be able to undertake a mortality analysis, the azurocidin levels of these patients were found to
be greater than the defined cut-off value. Although the current study demonstrated that increased
plasma azurocidin levels can be predictive of the presence of MI in a group of patients diagnosed as
STEMI, because of the relatively lower sensitivity and specificity, an azurocidin measurement alone
is insufficient for the detection of MI, but it might be able to be used as a complementary diagnostic
marker if validated by future studies. In the acute setting, the selection of patients is performed based
on their symptoms and ECG findings. Since the symptom onset of most of the patients is relatively
short, the admission troponin and CK-MB levels may not reflect the actual burden of the inflammatory
reaction. So, this current study did not compare the sensitivity and specificity of these markers with
the levels of azurocidin at admission, which is proposed to be an early prognostic marker. Additionally,
this current study was a pilot study and conducted to determine the role of azurocidin in STEMI
patients. The aim to select healthy individuals for comparison was to show the increase in azurocidin
levels in an extreme inflammatory condition, STEMI, which indicates transmural infarction of the
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myocardium. A different cut-off level for azurocidin and lower AUC might be observed if patients
with unstable angina and NSTEMI had been included in the study.

4. Patients and Methods

4.1. Study Population

This single-center prospective observational study enrolled consecutive patients admitted to
the Emergency Department, Erzurum Training, and Research Hospital, Erzurum, Turkey between
October 2015 and January 2016 with the diagnosis of STEMI who were within their first 12 h of
symptom onset. The diagnosis of STEMI was made according to the symptoms and ST segment
elevation including at least two consecutive derivations on the 12-lead electrocardiogram (ECG) with
or without reciprocal ST segment depressions. Blood samples were collected to measure creatinine
kinase, creatinine kinase-myocardial band (CK-MB), troponin, C-reactive protein (CRP), complete
blood count, serum glucose and lipids, blood urea nitrogen and creatinine tests using an autoanalyzer
(ARCHITECT c16000 clinical chemistry analyzer; Abbott Laboratories, Abbott Park, IL, USA) at
admission. The total and differential leukocyte counts were measured using an automated hematology
analyzer (CELL-DYN Ruby hematology analyzer; Abbott Laboratories). Absolute cell counts were
used for analysis. The neutrophil-to-lymphocyte ratio (NLR) was calculated as the ratio of neutrophils
to lymphocytes. Inclusion and exclusion criteria are described in full below.

The control group included age- and sex-matched healthy individuals without any conditions
defined as the exclusion criteria who were admitted to the outpatient clinic of Erzurum Training
and Research Hospital for routine examination. All study participants provided written informed
consent. The local ethics committee of Erzurum Training and Research Hospital approved the study
in 20 October 2015 (no. 2015/12-110). The study was conducted in accordance with the Declaration
of Helsinki.

4.2. Measurement of Plasma Azurocidin Levels

In order to measure azurocidin levels, whole blood samples from each patient were collected in a
separate tube containing 1.8 mg/mL K2-ethylenediaminetetraacetic acid at admission. The blood was
then centrifuged for 30 min at room temperature at 1200× g using an NF 048 micro and haematocrit
centrifuge (NUVE Laboratory and Sterilization Technology, Ankara, Turkey). Plasma samples were
stored at −80 ◦C until further analysis (up to 6 months). Azurocidin levels were measured using an
enzyme-linked immunosorbent assay (ELISA) according to the manufacturer’s instructions (E0715Hu,
Human Azurocidin (AZU) ELISA Kit; Bioassay Technology Laboratory, Shanghai, China). At 450 nm
wavelength with an ELISA reader (PowerWave HT Microplate Spectrophotometer; BioTek, Winooski,
VT, USA), the plates were evaluated and there was not any cross-reaction of the assay with any other
related protein. The minimum detectable concentration of azurocidin was 0.2 ng/mL. Intra- and
interassay coefficients of variation for the ELISA were <8% and <10%, respectively.

4.3. Patient Assessments

At admission, a detailed physical examination of all patients was performed and their current
smoking status, history of CAD, previous MI, hypertension (HT; systolic blood pressure >140 mm Hg
and diastolic blood pressure >90 mm Hg in more than one measurement or receiving antihypertensive
drug treatment), diabetes mellitus, and noncardiac diseases such as active or chronic infection, cancer,
chronic obstructive pulmonary disease, chronic autoimmune and systemic inflammatory disease,
chronic kidney or liver pathology was recorded. Patients with known CAD, prior STEMI, a history
of coronary intervention or bypass grafting, known congestive heart failure and/or severe valvular
disease, renal failure, autoimmune disease, systemic inflammatory conditions, cancer, hematological
disorders, acute or chronic infection of any organ system and any drug therapy that may affect the
measurement of azurocidin were excluded. All of the patients were assessed according to the CAD
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risk factors and Killip classification [30] and all of these data were recorded. The admission TIMI and
in-hospital death global registry of acute coronary events (GRACE) risk score points were calculated
in order to predict poor in-hospital and post-discharge outcomes. A TIMI score of 0–14 was possible
using criteria of age, presence of diabetes/HT or angina, heart rate < 100 beats per min, systolic blood
pressure < 100 mmHg, Killip class II–IV, weight < 67 kg, anterior MI or left bundle branch block at
presentation, and time to treatment > 4 h [8]. The TIMI risk score was calculated using an online
tool [31]. The GRACE risk score points (age, creatinine, heart rate, systolic blood pressure, Killip class,
presence of cardiac arrest at admission, cardiac marker elevation, and ST segment changes) were also
recorded [32]. The GRACE risk score was calculated using an online tool [33]. The body mass index
(BMI) was obtained by division of weight (kg) by the square of the height (m).

Transthoracic echocardiography to measure the left ventricular ejection fraction (EF) and valvular
function (GE Vivid™ 7 Ultrasound Machine; GE Healthcare, Piscataway, NJ, USA) was undertaken
during the initial evaluations. Greater than 50% stenosis in one of the major coronary arteries was
assumed to be significant. The synergy between percutaneous coronary intervention with TAXUS
and cardiac surgery (SYNTAX) score of the patients were calculated using an online tool [34] by
two invasive cardiologists (Emrah Ipek and Emrah Ermis) in order to determine the severity and
complexity of the CAD [35].

4.4. Statistical Analyses

All statistical analyses were performed using PASW, version 18.0 (SPSS Inc., Chicago, IL, USA)
for Windows®. Continuous variables are presented as mean ± SD or median (interquartile range)
and categorical variables are presented as n of patients (%). The Kolmogorov–Smirnov test was used
to test the normality of the distribution of continuous variables. Statistical analysis of data between
two groups was performed using unpaired t-test for parametric data and Mann–Whitney U-test for
nonparametric data. Correlations were tested with Spearman’s rank correlation coefficient. χ2-test
was used for categorical variables. Multivariate linear regression analysis with enter method was used
to test the association between azurocidin and independent variables, such as TIMI, SYNTAX and
GRACE scores, Killip class and CRP determined by the univariate analyses (p < 0.01). The results were
given as regression coefficient (β) and 95% confidence intervals (CI). Receiver-operating characteristic
(ROC) curve analysis was used to determine the optimum cut-off level of azurocidin that would
predict MI. A two-tailed p-value < 0.05 was considered statistically significant.

5. Study Limitations

This current study had several limitations. The major limitation was the small sample size.
The lack of azurocidin measurements at discharge and on the 30th day post-discharge is another
limitation. Additionally, the exclusion of patients with known CAD, prior STEMI, a history of coronary
intervention or bypass grafting, known congestive heart failure and/or severe valvular disease, renal
failure, autoimmune disease, systemic inflammatory conditions, cancer, haematological disorders,
acute or chronic infection of any organ system and any drug therapy that may affect the measurement
of azurocidin, may have limited the generalizability of the results.

6. Conclusions

In conclusion, azurocidin is an infection marker that may be important in patients with STEMI. To
date, this current study is the first to evaluate the role of azurocidin in a cohort of patients without an
infection. As this was a pilot study, it would not be appropriate to use azurocidin in daily practice to
predict the prognosis at admission or to use it in the decision-making process until further large-scale
studies have been conducted. However, azurocidin may be used in the future as a complimentary
diagnostic and/or prognostic marker if it is evaluated and validated in studies with a larger sample
size. Studies investigating patients with other presentations of CAD such as non-STEMI, unstable
angina and/or stable angina pectoris, are needed.
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2. Acet, H.; Ertaş, F.; Bilik, M.Z.; Akıl, M.A.; Özyurtlu, F.; Aydın, M.; Oylumlu, M.; Polat, N.; Yüksel, M.; Yıldız, A.;
et al. The relationship between neutrophil to lymphocyte ratio, platelet to lymphocyte ratio and thrombolysis
in myocardial infarction risk score in patients with ST elevation acute myocardial infarction before primary
coronary intervention. Postepy Kardiologii Interwencyjnej 2015, 11, 126–135. [CrossRef] [PubMed]

3. Libby, P. Inflammation in atherosclerosis. Nature 2002, 420, 868–874. [CrossRef] [PubMed]
4. Pearson, T.A.; Mensah, G.A.; Alexander, R.W.; Anderson, J.L.; Cannon, R.O., 3rd; Criqui, M.; Fadl, Y.Y.;

Fortmann, S.P.; Hong, Y.; Myers, G.L.; et al. Markers of inflammation and cardiovascular disease: Application
to clinical and public health practice: A statement for healthcare professionals from the Centers for Disease
Control and Prevention and the American Heart Association. Circulation 2003, 107, 499–511. [CrossRef]
[PubMed]

5. Libby, P.; Tabas, I.; Fredman, G.; Fisher, E.A. Inflammation and its resolution as determinants of acute
coronary syndromes. Circ. Res. 2014, 114, 1867–1879. [CrossRef] [PubMed]

6. Keeley, E.C.; Boura, J.A.; Grines, C.L. Primary angioplasty versus intravenous thrombolytic therapy for acute
myocardial infarction: A quantitative review of 23 randomised trials. Lancet 2003, 361, 13–20. [CrossRef]

7. Thune, J.J.; Hoefsten, D.E.; Lindholm, M.G.; Mortensen, L.S.; Andersen, H.R.; Nielsen, T.T.; Kober, L.;
Kelbaek, H. Simple risk stratification at admission to identify patients with reduced mortality from primary
angioplasty. Circulation 2005, 112, 2017–2021. [CrossRef] [PubMed]

8. Morrow, D.A.; Antman, E.M.; Charlesworth, A.; Cairns, R.; Murphy, S.A.; de Lemos, J.A.; Giugliano, R.P.;
McCabe, C.H.; Braunwald, E. TIMI risk score for ST-elevation myocardial infarction: A convenient, bedside,
clinical score for risk assessment at presentation: An intravenous nPA for treatment of infarcting myocardium
early II trial substudy. Circulation 2000, 102, 2031–2037. [CrossRef] [PubMed]

9. Addala, S.; Grines, C.L.; Dixon, S.R.; Stone, G.W.; Boura, J.A.; Ochoa, A.B.; Pellizzon, G.; O’Neill, W.W.;
Kahn, J.K. Predicting mortality in patients with ST-elevation myocardial infarction treated with primary
percutaneous coronary intervention (PAMI risk score). Am. J. Cardiol. 2004, 93, 629–632. [CrossRef] [PubMed]

10. Halkin, A.; Singh, M.; Nikolsky, E.; Grines, C.L.; Tcheng, J.E.; Garcia, E.; Cox, D.A.; Turco, M.; Stuckey, T.D.;
Na, Y.; et al. Prediction of mortality after primary percutaneous coronary intervention for acute myocardial
infarction: The CADILLAC risk score. J. Am. Coll. Cardiol. 2005, 45, 1397–1405. [CrossRef] [PubMed]

11. InTIME-II Investigators. Intravenous NPA for the treatment of infarcting myocardium early; InTIME-II,
a double-blind comparison of single-bolus lanoteplase vs. accelerated alteplase for the treatment of patients
with acute myocardial infarction. Eur. Heart J. 2000, 21, 2005–2013. [CrossRef] [PubMed]

12. McAuley O’Kane, C.M.; Craig, T.R.; Shyamsundar, M.; Herwald, H.; Dib, K. Simvastatin decreases the level
of heparin-binding protein in patients with acute lung injury. BMC Pulm. Med. 2013, 13, 47. [CrossRef]
[PubMed]

13. Pereira, H.A.; Shafer, W.M.; Pohl, J.; Martin, L.E.; Spitznagel, J.K. CAP37, a human neutrophil-derived
chemotactic factor with monocyte specific activity. J. Clin. Investig. 1990, 85, 1468–1476. [CrossRef] [PubMed]

14. Chertov, O.; Michiel, D.F.; Xu, L.; Wang, J.M.; Tani, K.; Murphy, W.J.; Longo, D.L.; Taub, D.D.; Oppenheim, J.J.
Identification of defensin-1, defensin-2, and CAP37/azurocidin as T-cell chemoattractant proteins released
from interleukin-8 stimulated neutrophils. J. Biol. Chem. 1996, 271, 2935–2940. [CrossRef] [PubMed]

15. Linder, A.; Christensson, B.; Herwald, H.; Björck, L.; Akesson, P. Heparin-binding protein: An early marker
of circulatory failure in sepsis. Clin. Infect. Dis. 2009, 49, 1044–1050. [CrossRef] [PubMed]

16. Linder, A.; Akesson, P.; Inghammar, M.; Treutiger, C.J.; Linnér, A.; Sundén-Cullberg, J. Elevated plasma levels
of heparin-binding protein in intensive care unit patients with severe sepsis and septic shock. Crit. Care 2012,
16, R90. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/S0140-6736(06)68770-9
http://dx.doi.org/10.5114/pwki.2015.52286
http://www.ncbi.nlm.nih.gov/pubmed/26161105
http://dx.doi.org/10.1038/nature01323
http://www.ncbi.nlm.nih.gov/pubmed/12490960
http://dx.doi.org/10.1161/01.CIR.0000052939.59093.45
http://www.ncbi.nlm.nih.gov/pubmed/12551878
http://dx.doi.org/10.1161/CIRCRESAHA.114.302699
http://www.ncbi.nlm.nih.gov/pubmed/24902971
http://dx.doi.org/10.1016/S0140-6736(03)12113-7
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.558676
http://www.ncbi.nlm.nih.gov/pubmed/16186438
http://dx.doi.org/10.1161/01.CIR.102.17.2031
http://www.ncbi.nlm.nih.gov/pubmed/11044416
http://dx.doi.org/10.1016/j.amjcard.2003.11.036
http://www.ncbi.nlm.nih.gov/pubmed/14996596
http://dx.doi.org/10.1016/j.jacc.2005.01.041
http://www.ncbi.nlm.nih.gov/pubmed/15862409
http://dx.doi.org/10.1053/euhj.2000.2498
http://www.ncbi.nlm.nih.gov/pubmed/11102251
http://dx.doi.org/10.1186/1471-2466-13-47
http://www.ncbi.nlm.nih.gov/pubmed/23870614
http://dx.doi.org/10.1172/JCI114593
http://www.ncbi.nlm.nih.gov/pubmed/2332502
http://dx.doi.org/10.1074/jbc.271.6.2935
http://www.ncbi.nlm.nih.gov/pubmed/8621683
http://dx.doi.org/10.1086/605563
http://www.ncbi.nlm.nih.gov/pubmed/19725785
http://dx.doi.org/10.1186/cc11353
http://www.ncbi.nlm.nih.gov/pubmed/22613179


Int. J. Mol. Sci. 2018, 19, 3797 10 of 11

17. Herwald, H.; Cramer, H.; Morgelin, M.; Russell, W.; Sollenberg, U.; Norrby-Teglund, A.; Flodgaard, H.;
Lindbom, L.; Björck, L. M protein, a classical bacterial virulence determinant, forms complexes with
fibrinogen that induce vascular leakage. Cell 2004, 116, 367–379. [CrossRef]

18. Gautam, N.; Olofsson, A.M.; Herwald, H.; Iversen, L.F.; Lundgren-Akerlund, E.; Hedqvist, P.; Arfors, K.E.;
Flodgaard, H.; Lindbom, L. Heparin-binding protein (HBP/CAP37): A missing link in neutrophil-evoked
alteration of vascular permeability. Nat. Med. 2001, 7, 1123–1127. [CrossRef] [PubMed]

19. Shapiro, N.; Howell, M.D.; Bates, D.W.; Angus, D.C.; Ngo, L.; Talmor, D. The association of sepsis
syndrome and organ dysfunction with mortality in emergency department patients with suspected infection.
Ann. Emerg. Med. 2006, 48, 583–590. [CrossRef] [PubMed]

20. Lin, Q.; Shen, J.; Shen, L.; Zhang, Z.; Fu, F. Increased plasma levels of heparin-binding protein in patients
with acute respiratory distress syndrome. Crit. Care 2013, 17, R155. [CrossRef] [PubMed]

21. Medina, I.; Cougoule, C.; Drechsler, M.; Bermudez, B.; Koenen, R.R.; Sluimer, J.; Wolfs, I.; Döring, Y.;
Herias, V.; Gijbels, M.; et al. Hck/Fgr kinase deficiency reduces plaque growth and stability by blunting
monocyte recruitment and intraplaque motility. Circulation 2015, 132, 490–501. [CrossRef] [PubMed]

22. Horckmans, M.; Ring, L.; Duchene, J.; Santovito, D.; Schloss, M.J.; Drechsler, M.; Weber, C.; Soehnlein, O.;
Steffens, S. Neutrophils orchestrate post-myocardial infarction healing by polarizing macrophages towards a
reparative phenotype. Eur. Heart J. 2017, 38, 187–197. [CrossRef] [PubMed]

23. Guasti, L.; Dentali, F.; Castiglioni, L.; Maroni, L.; Marino, F.; Squizzato, A.; Ageno, W.; Gianni, M.; Gaudio, G.;
Grandi, A.M.; et al. Neutrophils and clinical outcomes in patients with acute coronary syndromes and/or
cardiac revascularisation. A systematic review on more than 34,000 subjects. Thromb. Haemost. 2011, 106,
591–599. [CrossRef] [PubMed]

24. Arruda-Olson, A.M.; Reeder, G.S.; Bell, M.R.; Weston, S.A.; Roger, V.L. Neutrophilia predicts death and heart
failure after myocardial infarction: A community-based study. Circ. Cardiovasc. Qual. Outcomes 2009, 2,
656–662. [CrossRef] [PubMed]

25. Baumann, S.; Huseynov, A.; Koepp, J.; Jabbour, C.; Behnes, M.; Becher, T.; Renker, M.; Lang, S.; Borggrefe, M.;
Lehmann, R.; et al. Comparison of serum uric acid, bilirubin, and C-reactive protein as prognostic biomarkers
of in-hospital MACE between women and men with ST-segment elevation myocardial infarction. Angiology
2016, 67, 272–280. [CrossRef] [PubMed]

26. Wang, C.H.; Zhang, S.Y.; Fang, Q.; Shen, Z.; Fan, Z.; Jin, X.; Zeng, Y.; Liu, Z.; Xie, H. Renal dysfunction and
hsCRP predict long-term outcomes of percutaneous coronary intervention in acute myocardial infarction.
Am. J. Med. Sci. 2015, 349, 413–420. [CrossRef] [PubMed]

27. Foussas, S.G.; Zairis, M.N.; Lyras, A.G.; Patsourakos, N.G.; Tsirimpis, V.G.; Katsaros, K.; Beldekos, D.J.;
Handanis, S.M.; Mytas, D.Z.; Karidis, K.S.; et al. Early prognostic usefulness of C-reactive protein added to
the Thrombolysis in Myocardial Infarction risk score in acute coronary syndromes. Am. J. Cardiol. 2005, 96,
533–537. [CrossRef] [PubMed]

28. Linder, A.; Arnold, R.; Boyd, J.H.; Zindovic, M.; Zindovic, I.; Lange, A.; Paulsson, M.; Nyberg, P.; Russell, J.A.;
Pritchard, D.; et al. Heparin-Binding Protein Measurement Improves the Prediction of Severe Infection with
Organ Dysfunction in the Emergency Department. Crit. Care Med. 2015, 43, 2378–2386. [CrossRef] [PubMed]

29. Dankiewicz, J.; Linder, A.; Annborn, M.; Rundgren, M.; Friberg, H. Heparin-binding protein: An early
indicator of critical illness and predictor of outcome in cardiac arrest. Resuscitation 2013, 84, 935–939.
[CrossRef] [PubMed]

30. Killip, T.; Kimball, J.T. Treatment of myocardial infarction in a coronary care unit. A two-year experience
with 250 patients. Am. J. Cardiol. 1967, 20, 457–464. [CrossRef]

31. TIMI Risk Score for STEMI. MD+Calc. Available online: http://www.mdcalc.com/timi-risk-score-for-stemi
(accessed on 2 February 2016).

32. Granger, C.B.; Goldberg, R.J.; Dabbous, O.; Pieper, K.S.; Eagle, K.A.; Cannon, C.P.; Van De Werf, F.;
Avezum, A.; Goodman, S.G.; Flather, M.D.; et al. Predictors of hospital mortality in the global registry of
acute coronary events. Arch. Intern. Med. 2003, 163, 2345–2353. [CrossRef] [PubMed]

33. GRACE ACS Risk Model. ALS Functional Rating Scale. Available online: http://www.outcomes-umassmed.
org/risk_models_grace_orig.aspx (accessed on 2 February 2016).

http://dx.doi.org/10.1016/S0092-8674(04)00057-1
http://dx.doi.org/10.1038/nm1001-1123
http://www.ncbi.nlm.nih.gov/pubmed/11590435
http://dx.doi.org/10.1016/j.annemergmed.2006.07.007
http://www.ncbi.nlm.nih.gov/pubmed/17052559
http://dx.doi.org/10.1186/cc12834
http://www.ncbi.nlm.nih.gov/pubmed/23883488
http://dx.doi.org/10.1161/CIRCULATIONAHA.114.012316
http://www.ncbi.nlm.nih.gov/pubmed/26068045
http://dx.doi.org/10.1093/eurheartj/ehw002
http://www.ncbi.nlm.nih.gov/pubmed/28158426
http://dx.doi.org/10.1160/TH11-02-0096
http://www.ncbi.nlm.nih.gov/pubmed/21866299
http://dx.doi.org/10.1161/CIRCOUTCOMES.108.831024
http://www.ncbi.nlm.nih.gov/pubmed/20031905
http://dx.doi.org/10.1177/0003319715589246
http://www.ncbi.nlm.nih.gov/pubmed/26032849
http://dx.doi.org/10.1097/MAJ.0000000000000430
http://www.ncbi.nlm.nih.gov/pubmed/25782335
http://dx.doi.org/10.1016/j.amjcard.2005.04.015
http://www.ncbi.nlm.nih.gov/pubmed/16098307
http://dx.doi.org/10.1097/CCM.0000000000001265
http://www.ncbi.nlm.nih.gov/pubmed/26468696
http://dx.doi.org/10.1016/j.resuscitation.2013.01.006
http://www.ncbi.nlm.nih.gov/pubmed/23318914
http://dx.doi.org/10.1016/0002-9149(67)90023-9
http://www.mdcalc.com/timi-risk-score-for-stemi
http://dx.doi.org/10.1001/archinte.163.19.2345
http://www.ncbi.nlm.nih.gov/pubmed/14581255
http://www.outcomes-umassmed.org/risk_models_grace_orig.aspx
http://www.outcomes-umassmed.org/risk_models_grace_orig.aspx


Int. J. Mol. Sci. 2018, 19, 3797 11 of 11

34. SYNTAX Score. 2016. Available online: http://www.syntaxscore.com/ (accessed on 2 February 2016).
35. Sianos, G.; Morel, M.A.; Kappetein, A.P.; Morice, M.C.; Colombo, A.; Dawkins, K.; van den Brand, M.;

Van Dyck, N.; Russell, M.E.; Mohr, F.W.; et al. The SYNTAX Score: An angiographic tool grading the
complexity of coronary artery disease. Eurointervention 2005, 1, 219–227. [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://www.syntaxscore.com/
http://www.ncbi.nlm.nih.gov/pubmed/19758907
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Discussion 
	Patients and Methods 
	Study Population 
	Measurement of Plasma Azurocidin Levels 
	Patient Assessments 
	Statistical Analyses 

	Study Limitations 
	Conclusions 
	References

