
Coronary Artery Disease

Oxidative Stress and Inflammatory Markers
PTX3, CypA, and HB-EGF: How Are They
Linked in Patients With STEMI?
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Abstract
We investigated circulating levels of inflammatory biomarkers pentraxin-3 (PTX3), cyclophilin A (CypA), and heparin-binding
epidermal growth factor-like growth factor (HB-EGF); oxidative stress; and antioxidant status markers in the patients with
ST-segment elevation acute myocardial infarction (STEMI) to better understand a relationship between inflammation and oxi-
dative stress. We examined the impact of oxidative stress on high values of inflammatory parameters. The study included 87
patients with STEMI and 193 controls. We observed a positive correlation between PTX3 and HB-EGF (r ¼ 0.24, P ¼ .027),
CyPA, and sulfhydryl (SH) groups (r ¼ 0.25, P ¼ .026), and a negative correlation between PTX3 and SH groups (r ¼ �0.35, P ¼
.001) in patients with STEMI. To better understand the effect of the examined parameters on the occurrence of high con-
centrations of inflammatory parameters, we grouped them using principal component analysis. This analysis identified the 4 most
contributing factors. Optimal cutoff values for discrimination of patients with STEMI from controls were calculated for PTX3 and
HB-EGF. An independent predictor for PTX3 above the cutoff value was a “metabolic-oxidative stress factor” comprised of
glucose and oxidative stress marker prooxidant-antioxidant balance (odds ratio ¼ 4.449, P ¼ .030). The results show that higher
PTX3 values will occur in patients having STEMI with greater metabolic and oxidative stress status values.
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Introduction

Imbalance of pro- and antioxidants in favor of prooxidants, man-

ifested as oxidative stress along with low-grade chronic inflam-

mation, plays a role in the development of atherosclerosis,

atherosclerosis plaque instability, and consequently acute myo-

cardial infarction (AMI).1 Additionally, reactive oxygen species

(ROS) are generated in AMI, especially after reperfusion.2 Oxi-

dative stress and chronic inflammation are closely related3 and

better understanding of their relationship may improve knowl-

edge regarding the progression of cardiovascular disease (CVD).

This study analyzed 3 emerging biomarkers associated with

inflammation and oxidative stress: cyclophilin A (CypA),

pentraxin-3 (PTX3), and heparin-binding -like growth factor

(HB-EGF). These parameters are involved in different stages of

AMI development; however, the mechanisms of their activa-

tion are not mutually exclusive.

Cyclophilin A promotes cardiovascular (CV) inflamma-

tion, myocardial ischemia–reperfusion injury and responses

to oxidative stress. Cyclophilin A is released by vascular

smooth muscle cells (VSMCs) as a response to ROS, and vice

versa, it stimulates VSMC proliferation and migration of

inflammatory cells.4 Reduction in CyPA concentration

decreases the expression of inflammatory cytokines such as
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interleukin 6 and the accumulation of inflammatory cells in

the vascular wall and consequently reduces infarct size in

animal model of ischemia–reperfusion injury.5 On the other

hand, an increase in CyPA levels may indicate elevated oxi-

dative stress and proinflammatory status in patients with

AMI.

Proinflammatory stimuli activate inflammatory cells

which further triggers the nuclear factor kB (NF-kB) path-

way leading to the production of tumor necrosis factor a
(TNF-a), interleukin 1b (IL-1b), and consequently to oxida-

tive stress development.6 Tumor necrosis factor a and IL-1b
directly or indirectly activate the transcription of HB-EGF

and PTX3.7,8 Currently, there is no consensus about the

roles of HB-EGF and PTX3 in AMI. There is evidence that

they have a positive and detrimental role in this process.

Some studies pointed that a high plasma concentration of

HB-EGF originating from VSMC is associated with the

presence of a more stable plaque phenotype, giving it an

important role in protecting against CVD.9 The other studies

reported that the treatment of arterial stenosis with angio-

plasty with or without stent implantation leads to restenosis,

and HB-EGF is thought to lead to VSMC proliferation and

intimal hyperplasia after a balloon injury on a restenosis

animal model.10 Pentraxin-3 decreases proinflammatory and

prothrombotic effect in AMI by reducing neutrophil infiltra-

tion at the site of myocardial damage and by binding to

activated platelets.11 Some studies have shown significant

relationship between PTX3 and high-risk plaque morphol-

ogy, such as plaque rupture with possible embolization.12

High concentrations of all 3 biomarkers were recorded after

AMI, and in most studies, they were associated with a worse

AMI outcome.5,13,14 However, modulation of high concentra-

tions of these parameters and overall impact of these changes is

still unknown. Understanding which ROS are related to high

CyPA, PTX3, and HB-EGF values in real-world circumstances

would be very beneficial for future examinations of clinical

utility values of these biomarkers.

Most published works evaluated the relationship between

these parameters using single or multiple association models

based on researchers’ subjective opinion or evidence-based

judgment. Simultaneously analyzing numerous variables is

always associated with a risk of model overfitting and erro-

neous conclusions. By reducing the number of original vari-

ables, fewer relationships between variables can be established

and probability for model overfitting is lower. Principal com-

ponent analysis (PCA) methodology combines initial predic-

tors in smaller number of sets and it allows better

understanding how each variable is associated and related with

another variable.15

Our aim was to assess whether PTX3, HB-EGF, and CyPA

concentrations are higher in the patients with ST-segment ele-

vation AMI (STEMI) compared with controls. Another goal

was to determine which ROS and antioxidant markers are chan-

ged in AMI. We also aimed to investigate potential of oxidative

stress and antioxidant markers to predict the occurrence of the

high values of investigated inflammatory parameters in

patients with STEMI.

Material and Methods

Participants

The study group included 87 patients with STEMI (60 males

and 27 females; mean age 60.2 + 12.3) admitted with the

diagnoses of STEMI during the period from May 2016 until

July 2017. STEMI was diagnosed in patients with characteristic

clinical symptoms, persistent electrocardiographic ST-segment

elevation in �2 contiguous precordial or adjacent limb leads,

followed by a rise in cardiac markers. Myocardial necrosis was

diagnosed by troponin I (TnI) determination, and myocardial

infarction was angiographically confirmed. Most of the

patients with STEMI were on antihypertensive drug therapy

(b-blockers and angiotensin-converting enzyme inhibitors),

combined with regular aspirin but without history of previous

coronary artery disease. In all, 52 patients were treated at the

Clinical Hospital Center “Bezanijska Kosa” and 35 patients at

the Clinical Hospital Center Zemun. The control group con-

sisted of 193 healthy volunteers (73 males and 120 females,

mean age 56.1 + 10.2 years), employees of the Faculty of

Pharmacy in Belgrade, and persons who checked-in for regular

medical examination in a general hospital “Medigroup” in Bel-

grade. Selection criteria for the control group were age >50

years, no history of a recent clinical infections in the renal

system and hepatic or malignant disease, surgery, or major

trauma�1 month prior to enrollment. The control group under-

went cardiology examination (electrocardiogram, stress test for

coronary ischemia, and transthoracic echocardiography) that

excluded CVD. Included study groups were matched by age.

Information about health conditions on studied patients was

obtained from their medical records. Healthy individuals in the

control group completed a questionnaire about their current

medications use and smoking habits. Body mass index (BMI)

for each individual was calculated using body weight (kg)

divided by the square of the height (m). All patients and volun-

teers gave their informed consent prior to enrollment in the

study. The study was planned according to the Declaration of

Helsinki guidelines.16 The study protocol was approved by the

ethical committees of Zemun and “Bezanijska Kosa” clinical

centers as well as the Faculty of Pharmacy and the General

Hospital “Medigroup” following local biomedical research

regulations.

Measurements

Blood samples were collected from patients immediately after

their admission to the emergency units, before carrying out

primary percutaneous coronary intervention. An average of 1

hour and 30 minutes elapsed from the onset of chest pain to

blood sampling. Blood samples were obtained from controls in

a regular medical checkup appointment, after overnight fasting.

Peripheral venous blood samples were drawn into collection

tubes containing serum-separator gel for serum samples and
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EDTA as anticoagulant for plasma samples. Serum and plasma

samples were separated from blood cells immediately after

centrifugation, and oxidative stress status parameters and anti-

oxidant status markers were determined in the serum samples

of patients and controls. The EDTA plasma was stored at

�80�C until glucose, lipid status parameters, PTX3, CyPA, and

HB-EGF were determined.

Troponin I was determined in serum samples of patients

right after admission at emergency units and several times

during hospitalization using electrochemiluminescence method

(high sensitive TnI using a VIDAS analyzer, BioMérieux,

Lyon, France).

Most of the biochemical and oxidative stress markers were

measured using an ILAB 600 analyzer (Instrumentation

Laboratory, Milan, Italy). Glucose, total cholesterol (TC), and

triglycerides (TG) were assessed using a routine enzymatic

method; high-density lipoprotein cholesterol (HDL-C) was

quantified using a direct enzymatic method.

As samples from patients with STEMI were collected in

nonfasting conditions, instead of calculating low-density cho-

lesterol values, we calculated non-HDL-C values according to

recommendations of European Society of Cardiology.17 Non-

HDL-C values were obtained by subtracting HDL-C from TC

values. For the determination of advanced oxidation protein

products (AOPP), the Witko-Sarsat et al18 method is used. The

total content of SH groups was determined by Ellman

method,19 which is based on the reaction of 2,20-dinitro-5,50-
dithionitrobenzoic acid with aliphatic thiol compounds in an

alkaline environment.

The determination of total oxidant status (TOS) assumed that

total oxidants in the sample oxidize the ferro-ortho-dianiside

complex in a ferric ion, which then builds a colored complex

with xylenol-orange that is measured at 560 nm wavelength.20

Prooxidant–antioxidant balance (PAB) was determined using

3,30,5,50-tetramethylbenzidine and its cation as a redox indicator

by the method proposed by Alamdaria et al.21 The concentration

of the present antioxidants in the form of total antioxidant status

(TAS) was determined by Erel method.22 The determination of

the activity of superoxide dismutase (SOD) was performed

according to the method of Misra and Fridovich.23 Pentraxin-

3, HB-EGF, and CyPA were measured by enzyme-linked

immunosorbent assay (Human Pentraxin3 DuoSet ELISA

R&D Systems, Minneapolis; Human HB-EGF DuoSet ELISA

R&D Systems, Minneapolis; Human cyclophilin A (PPIA/

CYPA) ELISA kit, CUSABIO Biotech Co, Ltd. (Serbia)).

Statistical Analysis

The Kolmogorov-Smirnov test was used to assess normality

distribution of data. Data are shown as mean + standard devia-

tion for continuous variables with normal distribution, while

categorical variables are presented as relative and absolute

frequencies. As distributions for all parameters except for age,

BMI, and TC were skewed, data were presented as median and

interquartile range. Normally distributed continuous variables

were compared using Student t test, and other continuous

variables were tested by the Mann-Whitney test. Due to the

small number of patients in the STEMI group and in order to

maintain the statistical power of the study, the Mann-Whitney

exact test was performed according to recommendations.24

Categorical variables were analyzed by Chi-square tests using

contingency tables. Correlation between tested parameters was

investigated by Spearman correlation analysis. We conducted a

receiver operating characteristic (ROC) curve analysis in order

to define high values of PTX3, CypA, and HB-EGF. We cal-

culated the area under ROC (AUC) and evaluated the accuracy

of examined parameters to distinguish patients with STEMI

from apparently healthy people. For inflammatory parameters

with statistically significant accuracy, we calculated optimal

cutoff value based on maximal Youden index. For calculated

cutoff value, the difference between parameter sensitivity (Se)

or true positive rate and 1-specificity (Sp) or false positive rate

was maximal.25 The following step in data analysis involved

PCA with varimax-normalized rotation to reduce the number of

examined variables to a smaller number of factors. The pro-

cessed data included normally distributed variables and vari-

ables with skewed distribution after log transformation. An

extracted factor was determined based on eigenvalues >1. Vari-

ables with factor loadings�0.5 were used for the interpretation

of factors. Scores were calculated for factors with eigenvalues

>1 and those factors were included as independent variables in

further analysis. Binary logistic regression was performed for

the determination of significant predictors of high inflamma-

tory parameter values.

The analyses were performed with PASW Statistic v. 25

(Chicago, Illinois) software. A 2-tailed P < .05 was considered

significant.

Results

Comparison of Tested Parameters Between STEMI
and Control Groups

Table 1 shows the demographic characteristics and levels of

analyzed markers in control and STEMI groups. Except for

non-HDL-C, CypA, and TOS, all other examined laboratory

markers were significantly different between patients and con-

trols. Systolic and diastolic blood pressure, glucose, TG, PTX3,

and HB-EGF concentrations were higher, while TC and HDL-C

concentrations were lower in STEMI group than in the controls.

Regarding the parameters for oxidative stress, the STEMI group

had a higher value of PAB, while concentrations of AOPP were

lower in patients with STEMI than in controls. The antioxidant

enzyme SOD was significantly increased, while SH groups con-

tent and TAS were decreased in patients with STEMI compared

with controls. In addition, the prevalence of males and smokers

was higher in patients with STEMI compared with controls.

Correlation Between Inflammmatory and Oxidative
Stress Parameters

We also investigated the correlation between examined inflam-

matory markers (PTX3, CyPA, and HB-EGF), oxidative stress
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parameters (AOPP, TOS, PAB), markers of antioxidant status

(SH, TAS, SOD), and glucose in patients with STEMI. Spear-

man correlation analysis showed positive correlation for CyPA

and negative correlation of PTX3 with SH groups (r ¼ 0.248,

P ¼ .026 and r ¼ �0.349, P ¼ .001, respectively). Heparin-

binding epidermal growth factor-like growth factor correlated

positively with PTX3 (r ¼ 0.240, P ¼ .027). Similar findings

for these parameters were obtained when processing the results

of tests for the control group. The SH-group content correlated

negatively with PTX3 (r ¼ �0.191, P ¼ .023).

Defining the High Values of Inflammatory Parameters

Optimal cutoff values were calculated by ROC curve analyses:

1.61 ng/mL (Se ¼ 0.772 and Sp ¼ 1.000) and 10.41 pg/mL (Se

¼ 0.810 and Sp ¼ 0.778) for PTX3 and HB-EGF, respectively.

The calculated AUC showed that both parameters had a good

capability to discriminate patients with STEMI from controls

(Table 2). Calculated AUC for PTX3 was 0.944 (P < .001) and

for HB-EGF was 0.814 (P < .001). Cyclophilin A was not able

to discriminate patients with STEMI from apparently healthy

people (AUC ¼ 0.552 [95% confidence interval: 0.392-0.712],

P ¼ .492). High CyPA values were not defined due to low

discriminative ability.

Combining Initial Variables in Smaller Number of Factors

Principal component analysis was applied to oxidative stress

and antioxidant parameters and glucose. Four extracted factors

explained 70% of the variance in all examined parameters. The

first factor explained 21% of the total variance and it was

associated with positive loading of AOPP and SH groups.

Table 1. Demographic Characteristics and Circulating Levels of Examined Parameters in Patients With STEMI and Control Group.a

Variable Control Group STEMI P

N 193 87
Age, years 56.1 + 10.2 60.2 + 12.3 .922
Prevalence of male, % 36.8 68.9 <.001
BMI, kg/m2 26.1 + 4.5 26.3 + 4.0 .898
Prevalence of smokers, % 25.9 43.3 <.001
Glucose, mmol/L 5.6 (5.2-6.2) 7.0 (6.3-9.5) <.001
Systolic blood pressure, mm Hg 123 (119-135) 140 (120-150) <.001
Diastolic blood pressure, mm Hg 80 (75-85) 85 (75-90) .004
TC, mmol/L 5.9 + 1.1 5.5 + 1.2 <.05
TG, mmol/L 1.3 (0.9-1.7) 1.7 (1.2-2.6) <.001
HDL-C, mmol/L 1.5 (1.3-1.8) 1.0 (0.8-1.3) <.001
Non-HDL-C, mmol/L 4.3 (3.6-5.1) 4.2 (3.5-5.0) .745
TnIadmission, mg/L - 0.33 (0.06-2.62) -
TnImax, mg/L - 14.35 (4.30-28.79) -
AOPP, mmol/L 31.6 (26.3-38.2) 22.7 (14.0-35.9) <.001
TOS, mmol/L 18.1 (11.4-23.1) 18.7 (7.6-27.3) .400
PAB, HKU 68.9 (51.6-94.3) 118.3 (101.1-141.3) <.001
SH, mmol/L 0.58 (0.52-0.71) 0.40 (0.27-0.52) <.001
TAS, mmol/L 1140 (775-1300) 887 (700-1126) .003
SOD, U/L 126 (83-134) 138 (118-184) <.001
PTX3, ng/mL 0.97 (0.69 -1.19) 2.55 (1.67-5.52) <.001
CyPA, ng/mL 6.64 (3.35-14.71) 8.62 (4.37-15.26) .156
HB-EGF, pg/mL 7.33 (2.55-15.69) 12.26 (10.91-14.28) <.001

Abbreviations: AOPP, advanced oxidation protein products; BMI, body mass index; CyPA, cyclophilin A; HB-EGF, heparin-binding -like growth factor; HDL-C,
HDL-cholesterol; non-HDL-C, non-HDL-cholesterol; PAB, prooxidant antioxidant balance; PTX3, pentraxin-3; SD, standard deviation; SH, sulphydryl groups;
SOD, superoxide dismutase; STEMI, ST-segment elevation myocardial infarction; TAS, total antioxidant status; TC, total cholesterol; TG, triglycerides; TnIadmission,
troponin I on admission at emergency unit; TnImax, maximum troponin I value; TOS, total oxidant status.
aContinuous variables were compared by Student t test or by Mann-Whitney exact test, and categorical variables by Chi-square test. Normally distributed
continuous variables are presented as mean + SD, and categorical variables are presented as absolute and relative frequencies; variables with skewed distribution
were presented as median and interquartile range.

Table 2. Optimal Cutoff Values and AUC of Inflammatory Parameters for Distinguishing Patients With STEMI From Healthy Individuals.

Variable Cutoff Values AUC 95% CI Sensitivity Specificity SD P

PTX3, ng/mL 1.61 0.944 0.90-0.99 0.772 1.000 0.024 <.001
CyPA, ng/mL 3.57 0.552 0.39-0.71 0.845 0.733 0.082 .492
HB-EGF, pg/mL 10.41 0.814 0.64-0.99 0.810 0.778 0.088 <.001

Abbreviations: AUC, area under curve; CI, confidence interval; CyPA, cyclophilin A; HB-EGF, heparin-binding epidermal growth factor-like growth factor; PTX3,
pentraxin-3; SD, standard deviation; STEMI, ST-segment elevation myocardial infarction.
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We interpreted this behavior as a “protein-related factor.” The

second factor was characterized by glucose and PAB with pos-

itive loadings, and we name it as “metabolic-oxidative stress

factor.” It accounted for 17% of the total variance, similar to

the third factor in the list. The third factor was comprised of

TOS with positive loadings and SOD with negative loadings.

The fourth factor explained 15% of the total variance, and it

demonstrated positive loadings of age and TAS. The third and

fourth factors were named as “prooxidant-antioxidant balance

factor” and “age-related antioxidant factor,” respectively. The

results of PCA analysis are presented in Table 3.

The Predictive Abilities of Determined Factors on High
Values of PTX3 and HB-EGF

To determine which factor is associated with high PTX3 and

HB-EGF values in patients with STEMI, we applied a binary

logistic regression. Results showed that significant predictors

of PTX3 values >1.61 ng/mL were metabolic-oxidative stress

parameters, while for HB-EGF, there was no association

between high values (>10.41 pg/mL) and examined factors.

In addition, we examined the predictive abilities of HB-EGF

and CypA on high PTX3 values and predictive abilities of

PTX3 and CypA on high HB-EGF values. According to the

results presented in Table 4, the predictor of high PTX3 value

was CypA and the predictor of high HB-EGF values was

PTX3.

When significant predictors from an univariate logistic

regression were included in multivariate regression, the inde-

pendent predictor of PTX3 high values was the factor which

was defined by metabolic-oxidative stress parameters (odds

ratio ¼ 4.449, P ¼ .030). Increased metabolic-oxidative stress

parameter values were associated with a 4.5 greater probability

for high PTX3 values.

Discussion

The aim of this study was to determine whether the values of

PTX3, HB-EGF, and CyPA change due to AMI, and to deter-

mine possible correlation between examined inflammatory

markers and oxidative stress. To investigate whether changes

in PTX3, HB-EGF, and CyPA concentrations in patients with

STEMI are a consequence of imbalance between oxidant and

antioxidant stress parameters, these parameters were grouped

into several different data sets (clusters) and their significance

as predictors for high values of inflammatory related para-

meters was analyzed.

In patients with STEMI, we found significantly elevated

values of PTX3 and HB-EGF compared with controls (Table 1).

Our results are in accordance with other studies,26-29 which also

found increased values of PTX3 in patients with AMI. Only a

few studies examined HB-EGF in patients with AMI and they

indicated HB-EGF upregulation after AMI.9,30 Several studies

determined a high expression of CypA in coronary athero-

sclerotic plaques in patients with AMI5,31; however, we did not

observe a significant difference in circulating levels of CyPA

between control and STEMI groups in the present study.

Although most of oxidative stress parameters were altered, the

effects of the oxidative stress on CyPA found in other studies

were not confirmed in ours. It remains to be clarified whether

this is due to the insufficient Se of CyPA to oxidative stress or

whether this relationship becomes more pronounced after a

certain time (because studies may vary in sampling time).

Numerous studies observed an increase in ROS relative to

antioxidants in patients with AMI.32,33 However, there is no

general consensus regarding the change of specific ROS and

antioxidants markers in AMI. In the present project, patients

with STEMI had elevated PAB values and decreased AOPP

values compared with the control group. Considering that PAB

represents a measure of concurrently prooxidant activity and

antioxidant capacity of plasma, the increased values in our

patients with STEMI indicate increased prooxidant activity and

this is consistent with another study.34 As other researchers

pointed out, we suggest that PAB could be used as a parameter

Table 3. Extracted Factors by PCA.

Factors
Included Variables

With Loadings
Factor

Variability

Protein-related factor AOPP (0.812)
SH groups (0.861)

21%

Metabolic-oxidative stress factor Glucose (0.775)
PAB (0.733)

17%

Prooxidant-antioxidant balance factor TOS (0.818)
SOD (�0.718)

17%

Age-related antioxidant factor Age (0.767)
TAS (0.757)

15%

Abbreviations: AOPP, advanced oxidation protein products; PAB, prooxidant
antioxidant balance; PCA, principal component analysis; SH, sulphydryl groups;
SOD, superoxide dismutase; TAS, total antioxidant status; TOS, total oxidant
status.

Table 4. Univariate Logistic Regression Analysis of Predictors of High
PTX3 and HB-EGF Values.

Predictors
High Values of PTX3

OR (95% CI)
High Values of HB-EGF

OR (95% CI)

Protein-related
factor

0.918 (0.497-1.693) 1.721 (0.781-3.792)

Metabolic-oxidative
stress factor

4.449 (1.341-14.760)a 1.288 (0.546-3.038)

Prooxidant-
antioxidant
balance factor

0.918 (0.471-1.789) 1.061 (0.465-2.421)

Age-related
antioxidant
factor

0.579 (0.283-1.184) 0.950 (0.392-2.306)

CypA 0.932 (0.878-0.990)a 1.023 (0.933-1.121)
HB-EGF 0.994 (0.895-1.105) –
PTX3 – 1.427 (1.010-2.014)a

Abbreviations: CI, confidence interval; CyPA, cyclophilin A; HB-EGF, heparin-
binding epidermal growth factor-like growth factor; OR, odds ratio; PTX3,
pentraxin-3.
aSignificance at P < .05.
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for evaluation of oxidative stress status in patients with

STEMI.35 On the other hand, AOPP are created as a result of

protein damage by free radicals, especially albumin, during

oxidative stress. Albumin is a negative acute phase reactant

and the most abundant reduced thiol in human plasma contain-

ing a sulfhydryl group.36 With the decrease in albumin content

during the acute phase of STEMI, it can be expected that AOPP

production will be reduced, and its reduction in patients with

STEMI is a possible indicator of severity in the acute phase.

Our results revealed a significant change in antioxidant mar-

ker levels within the STEMI group compared with healthy

individuals. Total SH-group concentration was significantly

lower in the STEMI group. The SH groups are typically derived

from different amino acids (eg, cysteine and methionine) and

their derivatives, such as homocysteine and glutathione. In

oxidative stress conditions, SH groups could be oxidized and

thus removed from the antioxidant components pool. The

results from this study are in accordance with the results of

others,37,38 indicating that oxidative stress reduces SH-groups

content. This deterioration of antioxidant capacity has also

been confirmed in our study by TAS decreasing in patients

with STEMI. Toxic effects of ROS cause damage to all cellular

components, including DNA, lipids, and proteins. As oxidative

stress is increased in patients with STEMI, it is expected that

the antioxidant system will be compromised. Measurement of

TAS in plasma presents a method for studying antioxidants

compiled from all blood biomolecules with reductive capacity.

Our findings from this study are in a good accordance with the

results of LoPresti et al.33 Total antioxidant capacity presents

an action of several different substances: glutathione, albumin,

vitamin C, bilirubin, uric acid, and others in plasma.39

A decrease in TAS was confirmed in an animal model of AMI;

after treating these animals with ascorbic acid, TAS signifi-

cantly increased.40 On the other hand, the antioxidant enzyme

SOD was elevated in patients with STEMI compared with

healthy individuals indicating enhanced antioxidant protection

in this acute state, in agreement by the findings of others.41 The

protective activity of extracellular SOD against oxidative stress

and ventricular hypertrophy after myocardial infarct is well

known. Furthermore, overexpression of SOD protects the myo-

cardium against ischemia–reperfusion injury. In mice with

increased SOD expression, the infarct size was significantly

lower.42 Superoxide dismutase catalyzes the reaction of the

superoxide anion dismutation and is one of the first lines of

cell defense against oxidative damage. Since SOD is also loca-

lized intracellular, its activity increases due to tissue damage

during myocardial infarction,42 with a release from the cells as

a primary mechanism for increased activity. However, the

major argument for discussion remains whether it primarily

reflects oxidative stress status or the degree of cell damage in

patients with STEMI as a result of free radical burden.

The present study results show that PTX3 correlated nega-

tively while CyPA correlated positively with SH groups, indi-

cating distinct impact of oxidative stress on both inflammatory

parameters in patients with STEMI. The negative correlation

between PTX3 and the SH groups as an antioxidant protection

parameter possibly indicates that consumption of SH groups in

a damage reduction process caused by oxidative stress stimu-

lates the release of PTX3 to enhance the protective effect.

According to others, from all examined parameters, total SH

groups have the highest concentration among endogenous anti-

oxidants and probably disturbance in its concentration had the

most prominent impact on inflammatory markers.38

Enhancement of antioxidant protection is often the result of

increased oxidative stress which was also seen in patients with

STEMI. The overproduction of ROS accelerates the release of

CyPA through activation of transcription factor NF-kB. Yuan

et al showed that CyPA–extracellular matrix metalloproteinase

inducer interaction in response to ROS is probably key proin-

flammatory pathway in monocytes.43 However, such relation-

ship was not confirmed in the control group indicating a better

balance in the oxidative stress parameters of these individuals.

Furthermore, HB-EGF positively correlated with PTX3. The

relationship between HB-EGF and PTX3 emphasized their

joint role in the acute condition studied STEMI group. Our

results are in agreement with studies7,8 conducted on cell lines

and removed tissue where transcription of HB-EGF and PTX3

are dependent of similar activators.

To better understand the effect of different oxidative stress

and other risk factors on the occurrence of high concentrations

of PTX3 and HB-EGF, we grouped them into several factors

according to their common physiological characteristics.

“Metabolic-oxidative stress factor” appears as a single most

impacting predictor of high PTX3 values. It included glucose

and PAB parameters with positive loadings meaning that PTX3

is high when glucose and oxidative stress measured through

PAB are high. One of the major contributors to the increased

ROS generation in the STEMI group is chronic hyperglycemia.

In our study, 50% of patients had a glucose level >7.0 mmol/L

and only 25% of them had the values lower than 6.3 mmol/L.

Correlation between PAB and glucose is in accordance with

findings of Alamdari et al34 and combined effect of those 2

parameters implies that chronic hyperglycemia increases the

level of PTX3 and oxidative stress.44 An in vitro study reported

that hyperglycemia affected monocytes, which led to increased

expression of TNF-a through oxidative stress and the NF-kB

pathway,45 with stimulation of PTX3 secretion.46 Since we

have found that CyPA is a predictor of high PTX3 values and

considering that CyPA is directly related and correlates with

oxidative stress, the question is whether this impact is straight-

forward. Using multiple regression analysis, the only indepen-

dent predictors of high PTX3 were glucose and PAB levels.

Patients with STEMI have extremely high PTX3 values that

most likely will be higher if patients were subjected to higher

glucose and oxidative stress levels, which implies why patients

with high values of PTX3 have a more unfavorable prognosis.

However, this correlation still cannot provide a more accurate

prognosis in affected patient population.

The novelty of our work is the analysis of the relationship

between examined parameters including a joint effect of

oxidative stress and antioxidant predictors on inflammatory

parameters. For the first time, in real-world conditions, we
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confirmed that there is a similar activation mechanism for

PTX3 and HG-EGF.

This study has some limitations. First, blood was sampled

for patients with STEMI after admission to the emergency

department, at any time of the day, while from controls, sam-

ples were collected according to the current blood sampling

protocol, which means after overnight fasting. In this way, the

influence of food, daily activities, or circadian rhythm on cer-

tain parameters in patients with STEMI could not be avoided.

Second, high values were defined in regards to a healthy pop-

ulation but it would be necessary to test if the results would be

the same if they were defined relative to stable CVD. Third,

sample size was small, and thus the results of this study should

be investigated in a large-scale study.

Conclusions

The observed relationship between HB-EGF and PTX3

acknowledges possible mutual role in acute conditions such

as STEMI. Patients with a profile of impaired oxidative stress

and antioxidant status evaluated via PAB and changed glucose

metabolism are more likely to have high PTX3 values and a

worse prognosis. It appears that PTX3 is the only significant

predictor of high HB-EGF values. The findings indicate possi-

bility for clinical use of these biomarkers that should be reas-

sessed in a larger prospective study.
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