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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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HEMOSTASIS DISORDERS IN CORONARY ARTERY DISEASE: A PROSPECTIVE
COMPARATIVE STUDY OF 130 PATIENTS

Fotini Tsiourantani'*, Michael Koutouzis?, Abraham Pouliakis’, Evangelos Terpos*, Argyri Gialeraki®, Marianna Politou®.

2nd Department of Cardiology, Hellenic Red Cross Hospital, Athens, Greece.

27th Department of Cardiology, Hygeia Medical Center, Athens, Greece.

32nd Department of Pathology, Attikon University Hospital, School of Medicine, National and Kapodistrian University of Athens, Athens, Greece.

*Department of Clinical Therapeutics, School of Medicine, Alexandra General Hospital, National and Kapodistrian University of Athens, Athens, Greece.

’Laboratory of Haematology and Blood Bank Unit, Attikon University Hospital, School of Medicine, National and Kapodistrian University of Athens, Athens, Greece.
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Abstract.

Background: The laboratory detection of factors that
participate in coagulation mechanisms in patients with coronary
heart disease may lead to important findings regarding the
contribution of endothelial function to atherosclerotic lesions
of coronary arteries. The main purpose of this study was to
investigate the role of high-sensitivity C-reactive protein (hs-
CRP), von Willebrand factor (vWF) activity, thrombomodulin
(TM), ADAMTSI13 activity and myeloperoxidase (MPO) in
patients undergoing coronary angiography due to non-ST-
elevation myocardial infarction (NSTEMI), unstable angina
(UA) and stable angina pectoris with positive stress testing-
induced myocardial ischemia (controls). Furthermore, the
measured biomarkers were examined among patients with
classical cardiovascular risk factors.

Methods: 50 NSTEMI patients, 50 UA patients and 30
controls referred to coronary angiography were included in the
study. The blood samples were collected before the catheter
procedure. MPO, TM and ADAMTS13 activity were measured
by enzyme-linked immunosorbent assay (ELISA), while vWF
activity was calculated with INNOVANCE vWF Ac.

Results: When the laboratory results were compared between
the three study groups, hs-CRP was found to be higher in
NSTEMI patients compared to UA patients (p=0.0015) and
controls (p<0.0001). ADAMTSI13 activity was higher in
NSTEMI (p=0.0035) and UA patients (p=0.0102) compared
to controls and TM was lower in NSTEMI patients compared
to UA patients (p=0.0307) and controls (p=0.0002). Moreover,
MPO was higher in UA patients compared to the control group
(p=0.0227). Finally, each of the aforementioned biomarkers
was compared in the presence of the following cardiovascular
risk factors: smoking, diabetes mellitus, arterial hypertension,
dyslipidemia, chronic kidney disease (CKD) and peripheral
artery disease (PAD).

Conclusion: The results of this study add more data to the
current medical literature concerning the role of coagulation
disorders, endothelial damage and immunothrombosis in
patients with coronary artery disease and their correlation with
traditional risk factors for cardiovascular disease.

Key words. Coronary artery disease, endothelial dysfunction,
hemostasis disorders.

Abbreviations.

ACS: Acute Coronary Syndrome; ADAMTS13: A Disintegrin
and Metalloproteinase with a Thrombospondin type 1 Motif,
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Member 13; CKD: Chronic Kidney Disease; CRP: C-reactive
Protein; CS: Controls; ELISA: Enzyme-Linked Immunosorbent
Assay; FVIIIL: Factor VIII; FRET: Fluorescence Resonance
Energy Transfer; GPIb: Glycoprotein Ib; HDL: High-
Density Lipoprotein; hs-CRP: High-Sensitivity CRP; LDL:
Low-Density Lipoprotein; MPO: Myeloperoxidase; NETSs:
Neutrophil Extracellular Traps; NO: Nitrogen Monoxide;
NSTEMI: Non-ST-Elevation Myocardial Infarction; PAD:
Peripheral Artery Disease; PAI-1: Plasminogen Activator
Inhibitor-1; PCI: Percutaneous Coronary Intervention; PGI2:
Prostaglandin I,; ROS: Reactive Oxygen Species; SD: Standard
Deviation; SGOT: Serum Glutamic Oxaloacetic Transaminase;
SGPT: Serum Glutamic Pyruvic Transaminase; STEMI:
ST-Elevation Myocardial Infarction, TAFI: Thrombin-
Activatable Fibrinolysis Inhibitor; TF: Tissue Factor; TM:
Thrombomodulin; vWF: von Willebrand Factor; UA: Unstable
Angina; XPO: Haloperoxidases

Introduction.

Atherosclerosis is a chronic and progressive vascular disease.
It commences in adolescence and early adulthood and usually
has a long asymptomatic phase, while its progression can be
accelerated by various cardiovascular risk factors. The most
common include arterial hypertension, dyslipidemia, diabetes
mellitus, smoking and obesity, which can lead to oxidative stress
and endothelial dysfunction [1]. Under normal circumstances
the endothelial cells of the blood vessels release a variety of
substances that participate in the pathways of inflammation,
thrombosis, angiogenesis, and vascular tone regulation [2].
The endothelial dysfunction disrupts the balance of these
mechanisms, causing decrease in the bioavailability of nitrogen
monoxide (NO), increase in the endovascular concentration
of reactive oxygen species (ROS), release of inflammatory
cytokines and amplification of the mechanisms of thrombosis
and adhesion of platelets and leukocytes [3]. The thrombotic
mechanisms in the damaged endothelium are activated by the
increased production of prothrombotic agents, such as von
Willebrand factor (VWF), tissue factor (TF) and thrombomodulin
(TM), as well as the inhibition of fibrinolysis, due to increased
plasminogen activator inhibitor-1 (PAI-1) [4,5]. Additional
factors that contribute to thrombosis are the reduced levels of
prostaglandin I, (PGI,), which induce platelet accumulation
and the decreased circulating metalloproteinase ADAMTSI13
(a disintegrin and metalloproteinase with a thrombospondin
type 1 motif, member 13), which is normally responsible for the

12



cleavage of vWF multimers into small, inactive fragments [6].

Elevated plasma myeloperoxidase (MPO) levels have been
associated with a variety of clinical conditions including
systemic inflammation, risk of cardiovascular events and
vascular endothelial dysfunction [7-9]. The quantification of
TM in the circulation provides insight into the extent of vascular
endothelial cell damage. It has been documented that patients
suffering from cardiovascular diseases, such as acute coronary
syndrome, have increased circulating TM concentrations,
while ADAMTSI13 activity is found to be mildly or moderately
decreased [10,11]. Furthermore, elevated levels of vWF have
beenreported in response to stress, inflammation, and endothelial
lesions, and have been related to thrombotic complications such
as myocardial infarction [12].

Recent data highlight the presence of neutrophil extracellular
traps (NETs) in the intraluminal part of human atherosclerotic
vessels, as well as the coronary arteries of patients undergoing
acute myocardial infarction [13-15]. Moreover, the role of
prothrombotic molecules, such as vWF, TF and TM has been
examined in the pathophysiology of ST- elevation myocardial
infarction (STEMI) [16-18]. The main purpose of this study
was to investigate the role of hemostasis disorders, endothelial
dysfunction and immunothrombosis in patients with non-ST-
elevation myocardial infarction (NSTEMI) and unstable angina
(UA) and their correlation with traditional risk factors for
cardiovascular disease.

Materials and Methods.

Sample collection:

This study was approved by the Institutional Review Boards
of the Athens Hellenic Red Cross Hospital and Aretaieion
University Hospital and was performed in accordance with the
principles of the Declaration of Helsinki. The methodology of the
study was approved by the Human Research Ethics Committee
of the Medical University of Athens. Written informed consent
was obtained from all individual participants included in the
study. A total of 130 patients were included in the study, of
which 50 suffered from NSTEMI, 50 had UA and 30 had stable
angina pectoris with positive stress testing-induced myocardial
ischemia (controls). None of them had a prior history of
thrombosis or malignancy. Blood samples were collected before
the coronary angiography and were tested for: (1) complete blood
count; (2) biochemistry panel (glucose, blood urea nitrogen,
creatinine, sodium, potassium, serum glutamic oxaloacetic
transaminase-SGOT, serum glutamic pyruvic transaminase-
SGPT); (3) lipidemic profile (total cholesterol, high-density
lipoprotein-HDL, low-density lipoprotein-LDL, triglycerides);
(4) biomarkers of myocardial injury (troponin I, creatine kinase-
MB); (5) high sensitivity C-reactive protein (hs-CRP); (6) vVWF
activity, ADAMTSI13 activity, TM and MPO as markers of
endothelial damage and factors of immunothrombosis. MPO,
TM and ADAMTSI13 activity were measured by enzyme-
linked immunosorbent assay (ELISA), while vWF activity was
calculated with INNOVANCE vWF Ac.

MPO, TM, ADAMTS13 activity: Principle of Elisa:

MPO was calculated using the Quantikine® Human MPO

Immunoassay (R&D Systems®, a Bio- Techne® brand,
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Minneapolis, MN, USA), which is a 4.5 hour solid-phase ELISA
designed to measure human MPO in serum. TM was measured
by the use of the Quantikine® Human Thrombomodulin/
BDCA-3 Immunoassay, which is also a 4.5 hour solid-phase
ELISA designed to measure human TM in serum and plasma.
It contains NSO-expressed recombinant human TM. These
assays employ the quantitative sandwich enzyme immunoassay
technique. A monoclonal antibody specific for human MPO/
TM was pre-coated onto a microplate. Standards and samples
were pipetted into the wells and any MPO/TM present was
bound by the immobilized antibody. After washing away any
unbound substances, an enzyme-linked polyclonal antibody
specific for human MPO/TM was added to the wells. Following
a wash to remove any unbound antibody-enzyme reagent, a
substrate solution was added to the wells and color developed
in proportion to the amount of MPO/TM bound in the initial
step. The color development was then stopped, and the intensity
of the color was measured. MPO and TM measurements were
made with the use of Thermo Scientific Wellwash® Versa
Microplate Washer.

ADAMTSI3 activity was calculated with the use of the ATS-
13 Activity Assay (Immucor GTI Diagnostics, Inc., Waukesha,
WI, USA). This procedure is based on fluorescence resonance
energy transfer (FRET) technology. A synthetic fragment of the
vWF protein was used as the substrate. Cleavage of this peptide
between two modified residues released the fluorescence
quenching capabilities. This assay is based on quantifying
the cleavage of a small fragment of vVWF by the ADAMTS13
protease. The cleavage of this synthetic substrate was detected
by reading the fluorescence that resulted when the substrate was
cleaved. Thermo Scientific Fluoroskan Immucor® was used for
the measurement of ADAMTS13 activity.

VWE activity: Innovance Ac assay:

VWF activity was calculated with the Innovance® VWF Ac
Assay (Siemens Healthcare Diagnostics Products GmbH,
Marburg, Germany), which is a particle enhanced assay for the
automated determination of vWF activity in human citrated
plasma. The assay principle makes use of the binding of vWF
to its receptor glycoprotein Ib (GPIb). GPIb is the main vWF
receptor on platelets. Polystyrene particles were coated with
an antibody against GPIb. Recombinant GPIb (two gain-of-
function mutations included) was added and binded to the
antibody as well as to the vWF of the sample. Due to the gain-
of-function mutations, vVWF binding to GPIb does not require
ristocetin. This vVWF binding induced a particle agglutination
which was measured as an increase in extinction by turbidimetric
measurements. VWF activity was measured with the use of
BCSxP Siemens.

Data analysis:

The statistical analysis was performed using the SAS for
Windows 9.4 software platform (SAS Institute Inc., NC,
U.S.A.; DiMaggio, 2013; SAS Institute, 2014). Descriptive
values were expressed as median and Quartile 1 (Q1) to
Quartile 3 (Q3) range and for completeness reasons the mean
+ standard deviation (SD) was reported. Comparisons between
groups for the qualitative parameters were made using the chi-
square test (and if required a Fisher exact test was performed).
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For the continuous parameters normality was not possible to
be ensured (via the Kolmogorov Smirnov test), therefore non
parametric tests were applied, specifically the Mann Whitney
U test and the Kruskal-Wallis test. For the laboratory measured
data, statistical tests were applied both for the arithmetic values
and for the same parameters categorized as normal, high, and
low. Statistical significance was determined by p<0.05. During
study design it was decided that 50 patients would be adequate
for the UA group, 50 additional patients for the NSTEMI
group and 30 patients for the control group, since we expected
large effect sizes for most of the coagulation characteristics.
However, irrelevant of the study design, p values are reported
along with their power (stated as 1-fB) and higher power (i.e.,
near 1 indicates less probability for error, while smaller values
towards 0 indicate higher probability). Power of the results was
calculated using the G*Power version 3.1.9.7 software and
for two sided tests. Finally, to adjust for multiplicity of tests
the false discovery rate method was applied. However, these
methods assume that all the hypothesis tests are statistically
independent, and such independence cannot be guaranteed,
especially in this study that there may be interrelation among
the variables. For convenience the adjusted and not adjusted
p-values are also reported.

Results.

Demographic characteristics:

In total 130 patients participated in the study. Of these 50
(38.46%) had NSTEMI, 50 (38.46%) suffered from UA and
30 (23.08%) had stable angina pectoris with positive stress
testing-induced myocardial ischemia (controls). The female
patients were 28 (21.54%) and the median age of the study
population was 62 years (Q1-Q3=54-71 years old). The baseline
characteristics of the medical history of the study population
were examined in each group separately (Table 1).

Endothelial factors and patient groups:

Each endothelial factor was examined and compared between
three patient groups: NSTEMI, UA and controls. Hs-CRP
was found to be higher in NSTEMI patients compared to
UA patients (p=0.0015, 1-=0.34) and controls (p<0.0001,
1-=0.90). ADAMTSI13 activity was higher in NSTEMI
(p=0.0035, 1-f=0.81) and UA patients (p=0.0102, 1-f=0.80)
compared to controls and TM was lower in NSTEMI patients
compared to UA (p=0.0307, 1-f=0.56) and controls (p=0.0002,
1-B=0.95). Finally, MPO was higher in UA patients compared
to the control group (p=0.0227, 1-p=0.62) (Figure 1 and Table
Al in the appendix).

According to the statistical results for the endothelial factors
as categorical data, hs-CRP was high in all NSTEMI cases, in
98% of UA cases and in 63% of controls (p<0.0001, 1-$=0.99),
without significant difference between the NSTEMI and
UA groups. Similar to the arithmetic data comparisons, the
percentage of NSTEMI and UA cases that ADAMTSI13 was
low was lower in NSTEMI and UA groups than controls and
the percentage of cases that had low levels of TM was higher
in NSTEMI and UA groups than controls. No differences in
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MPO were confirmed when studying the endothelial factors
categorized (Table A2 in the Appendix).

NSTEMI and UA versus controls:

In order to make a comparison between patients with acute
coronary syndrome and those with stable coronary artery
disease, NSTEMI and UA patients were combined in one group
(acute coronary syndrome- ACS, N=100) and the controls in
a separate group (CS, N=30). The comparison depicted that
ACS patients had higher hs-CRP (p<0.0001, 1-f=0.66), higher
ADAMTSI3 activity (p=0.0021, 1-=0.80) and lower TM
(p=0.0016, 1-p=0.60) compared with the control group. VWF
activity and MPO measurements did not show statistically
significant difference (Table 2). When the normal range cut-off
values were used (and the arithmetic variables were converted
to categorical), Fisher exact test was applied to evaluate for
statistical significance. The results were similar to the arithmetic.
Specifically, 99% of the ACS cases had high hs-CRP compared
to 63% of the CS that had high hs-CRP (OR: 57, 95% CI: 7-470,
p<0.0001, 1-B=1), similarly a higher percentage of ACS patients
had normal ADAMTS13 activity (p=0.0042, 1-f=0.89) and low
T™ (p=0.0007, 1-=0.97) (Table A3 in the appendix).

Endothelial biomarkers and cardiovascular risk factors:

The endothelial biomarkers were compared in the presence
of the following cardiovascular risk factors: smoking, diabetes
mellitus, arterial hypertension, dyslipidemia, chronic kidney
disease (CKD) and peripheral artery disease (PAD). MPO was
significantly higher in smokers than non-smokers (p=0.02,
1-p=0.62), patients with diabetes mellitus had significantly
higher TM (p=0.040, 1-p=0.56) compared to non-diabetic
patients and patients with PAD had lower MPO levels than
patients without peripheral arteriopathy (p=0.04, 1-$=0.63).
Furthermore, patients with CKD had higher hs-CRP (p=0.007,
1-p=0.21), higher TM (p=0.01, 1-p=0.83), lower MPO (p=0.03,
1-p=0.31) and lower ADAMTSI13 activity (marginally,
p=0.097, 1-p=0.42) than those without nephropathy (table 3).
There were no statistically significant results when comparing
the endothelial biomarkers in the groups of arterial hypertension
while for dyslipidemia hs-CRP was lower in patients with
dyslipidemia (p=0.0014, 1-p=0.82), however this was not
reflected when comparing hs-CRP for patients within normal or
abnormal levels.

Discussion.

Under physiological conditions, the endothelium plays a
protective role as it prevents adhesion of circulating blood
cells, keeps the vasculature in a vasodilated state and inhibits
vascular smooth muscle proliferation. However, when
endothelial dysfunction occurs in cases such as coronary artery
disease, it contributes to enhanced vasoconstriction responses,
adhesion of platelets and monocytes and proliferation of
vascular smooth muscle cells [19-21]. Decreased levels of
NO and prostacyclin lead to local vasospasm, generalized
increase in vascular tone and facilitated thrombus formation
[22-25]. The function of the endothelium is further aggravated
in the presence of the traditional risk factors, such as arterial
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Figure 1. Box and whisker plots of the endothelial factors for the three study groups (NSTEMI, UA and controls). Box limits indicate the Q1 and
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Table 1. Demographic characteristics of the study population.

Characteristic (SI:II.I;?OI))(ZE/::)IMIOH 1;;?:11\)/[1 patients (N- UA patients (N-50) (%) g\?_r;tor)o:‘ir)oup
Age median (Q1-Q3) 62 (54-71) 67.5 (54-75) 61.5 (55-69) 59 (53-68)
Gender (female) 28 (21.5%) 9 (18%) 10 (20%) 9 (30%)
Smoker (current) 47 (36.1%) 22 (44%) 18 (36%) 7 (23.3%)
Smoker (ex) 56 (43.1%) 21 (42%) 21 (42%) 14 (46.7%)
Diabetes mellitus 37 (28.5%) 14 (28%) 17 (34%) 6 (20%)
Dyslipidemia 70 (53.9%) 24 (48%) 22 (44%) 24 (80%)
Arterial hypertension 76 (58.5%) 27 (54%) 30 (60%) 19 (63.3%)
Peripheral artery disease 9 (6.9%) 4 (8%) 4 (8%) 1(3.3%)
Renal disease 14 (10.8%) 9 (18%) 4 (8%) 1 (3.3%)
F.amily history of coronary artery 19 (14.6%) 8 (16%) 6 (12%) 5 (16.6%)
disease
Table 2. Endothelial status in ACS and CS cases (arithmetic variables).

Characteristic s/[cei;l:_(z)olo-)() 3) ISISe((ll:x;s(O()) 1-03) p value Adjusted p value
hs-CRP (mg/L) 5(3-15.5) 3(2.9-5.3) <0.0001 0.0005

vWF activity (% d.N.) 166.1 (131.5-225.3) 146.3 (130.3-200.4) 0.4657 0.4657
ADAMTSI13 activity (%) 97.3 (62.2-106) 62 (34.7-91.9) 0.0021 0.0035

TM (pg/mL) 2741 (2103-4338.5) 4574 (3436-6212) 0.0016 0.0035

MPO (ng/mL) 177.3 (100-334.9) 133.3 (74.7-250.9) 0.0623 0.0779

Table 3. Endothelial status compared to smoking, diabetes mellitus, PAD, CKD, hypertension and dyslipidemia.

Smokers Non-smokers Diabetics (N=37) Non-diabetics
Characteristic (N=47) (N=83) p (Adjusted p) (N=93) p (Adjusted p)
Meanz=SD Mean=SD Median (Q1-Q3) Median (Q1-Q3)
hs-CRP (mg/L) 14.1+£22.4 15.7429.7 0.75 (0.8114) 5.8 (3-13.4) 3.5(3-10.9) 0.5206 (0.6508)
vWF activity 191.5 156.2 0.1683
(% d.N.) 198.5£100 188.2+£96.8 0.5649 (0.8114) (137-287) (129.6-197.4) (0.2947)
ADAMTS13
activity (%) 77.3£32 78.7+£31.3 0.8114 (0.8114) 84.9(56.9-106) 91.9 (59.4-106) 0.8082 (0.8082)
TM (pg/mL) 3571.3+£1753.8 4059.3+2806 0.2831 (0.7078) 4179 (2284-5699) 12935 (2118-4447) 0.04 (0.2)
0.02 138.8 178 0.1768
MPO (ng/mL) 251.9£167.6 187.7£137.9 ©.1) (74.7-276.1) (102.5-298.8) (0.2947)
PAD (N=9) No PAD (N=121) CKD (N=14) No CKD (N=116)
Characteristic Median Median . Median Median .
Adjusted Adjusted
Q1-Q3) Q1-Q3) Adjusted ) Q1-03) ©1-Q3) (Adjusted p)
hs-CRP (mg/L) 6.8 (4.9-8.7) 3.6 (3-13.4) 0.2776 (0.4627) 9.8 (5.8-20.8) 34 (3-11) 0.0071 (0.0355)
vWF activity 1354 162.9 174.1 157.5 0.6174
(% d.N.) (119.2-154.1) (133.4-222.3) 0.1095 (0.2738) (133.4-255.6) (130-218.7) 0.6174)
ADAMTSI3 79.4 (58.9-106) 92 (56.9-106) 0.8421 (0.8652) 57.9 (35.9-106) 92.1 (59.8-106) 0.0966 (0.1208)
activity (%) . . . . . . . . . . .
TM (pg/mL) 3883 (2118-4553) 3147 (2133-4891) 0.8652 (0.8652) 4627.5 (2995-8882)2950 (2118-4587) 0.0149 (0.0373)
MPO (ng/mL) 65.1 (54-150.8) 164.5 (97.5-293.9) 0.0439 (0.2195) 88.6 (46.7-150.8) 174.5(99.1-304)  0.0327 (0.0545)
Hypertension No Hypertension Dyslipidemia No Dyslipidemia
.. (N=76) (N=54) p (N=70) (N=60) .
Characteristic Median Median (Adjusted p) Median Median P (Adjusted p)
(Q1-Q3) (Q1-Q3) (Q1-Q3) (Q1-Q3)
hs-CRP (mg/L) 4.6 (3-12.4) 3.8(3-14.2) 0.9769 (0.9769) 3.1 (3-6.8) 6.7 (3-22.5) 0.0014 (0.007)
s o
;‘;’l; activity (o 156.6 (134.9-220.4)/173.6 (121.8-235.5) 0.9135 (0.9769) 151.2 (130.3-218.9)/175.9 (132-228.9) 0.3443 (0.7032)
ADAMTSI13
activity (%) 91.9 (55.6-106) 90.7 (60.1-106) 0.8990 (0.9769) 90.7 (55.2-106) 92.8 (61-106) 0.6344 (0.7032)
2851.5
TM (pg/mL) 3412.5(2178.5-5011) 2800 (2103-4319) 0.1281 (0.6405) 3494 (2118-5020) (2178.5-4520.5) 0.4606 (0.7032)
MPO (ng/mL) 141 (76.3-304) 185.6 (104.8-276.6) 0.2614 (0.6535) 161.9 (90.2-315.9) |161.6 (89.4-262.5) 0.7032 (0.7032)
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hypertension, diabetes mellitus and dyslipidemia [26-28].
Oxidized low-density lipoproteins, the renin-angiotensin axis
and insulin resistance play important roles in the pathogenesis
of impaired endothelial function, characterized by impairment
of endothelium-dependent vasodilation and by pro-coagulant
and pro-inflammatory endothelial activities [29-32]. The
laboratory detection and measurement of factors that contribute
to coagulation mechanisms in endothelial dysfunction in
patients with coronary heart disease is important in regard
to the contribution of endothelial function to atherosclerotic
lesions of coronary arteries. The correlation of these molecules
to the classical cardiovascular risk factors may lead to better
comprehension of the mechanisms and pathophysiology of
atherosclerosis and coronary artery disease.

C-reactive protein (CRP) is anormal pentameric plasma protein
which belongs to the pentraxin family of calcium-dependent
ligand-binding proteins. It is secreted by the liver in response
to a variety of inflammatory cytokines, thus serving as a marker
of inflammation. Levels of CRP increase rapidly in response to
trauma, inflammation, and infection [33,34]. It has also been
observed that hs-CRP levels are increased in patients with ACS
and a growing number of studies have determined that high hs-
CRP levels consistently predict recurrent coronary events in
patients with unstable angina and acute myocardial infarction
[35,36]. In addition, elevated hs-CRP levels are associated with
lower survival rates in these patients with cardiovascular disease
[37]. Parameters for hs-CRP are as follows: (1) hs-CRP lower
than 1.0mg/L indicates a low risk of developing cardiovascular
disease; (2) hs-CRP between 1.0 and 3.0mg/L indicates an
average risk; and (3) hs-CRP higher than 3.0mg/L indicates a
high risk [38-40]. In our study, ACS patients had higher hs-CRP
levels than CS (p<0.0001) and hs-CRP was found to be higher
in NSTEMI patients compared to UA patients (p=0.0015) and
CS (p<0.0001).

VWF is a multimeric, high-molecular glycoprotein involved
in primary hemostasis, supporting platelet adhesion and
aggregation via binding to the platelet GPIb receptor under
shear stress at the site of injury. Furthermore, vWF is the specific
carrier protein of factor VIII (FVIII), protecting FVIII against
inactivation and rapid clearance. Elevated levels of vVWF have
been reported in response to stress, inflammation and endothelial
lesions and have been related to thrombotic complications such
as venous thromboembolism and myocardial infarction [12].
Several studies show that plasma levels of vVWF are increased
in patients with acute myocardial infarction [16,41,42]. The
laboratory method that we used in our study measured the
activity of vWF, instead of the quantitative detection of the
protein. According to our results, ACS patients had higher
vWF activity (median: 166 vs. 146) than CS, however without
confirmed statistical significance (p=0.46).

ADAMTSI13 is a zinc-containing metalloprotease enzyme
responsible for cleaving vVWF multimers into small, inactive
fragments. The lack of ADAMTSI13 activity results in
the accumulation of multimers of vVWF in the plasma and
ultimately intravascular platelet aggregation [43,44]. Decreased
ADAMTSI3 activity has been found in patients with STEMI,
as far as coronary and systemic regulation is concerned [45-
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47]. In our study, ADAMTSI13 activity was higher in NSTEMI
and UA patients compared to controls, implying the possibility
that its activity may be lower in the coronary circulation but not
the systemic circulation in these patient groups. However, this
hypothesis requires further research, since there are no studies in
the literature measuring the levels of ADAMTS13 activity in the
coronary circulation of NSTEMI and UA patients. Furthermore,
patients with CKD had lower ADAMTS13 activity (marginally,
p=0.097) than those without nephropathy.

TM, also known as BDCA-3 and CD141, is a transmembrane
protein mainly expressed by vascular endothelial cells. TM is
an important component in the anti-coagulation and fibrinolysis
system. When the coagulation cascade is activated, prothrombin
is converted to thrombin by coagulation factors Va and Vllla,
ultimately leading to fibrin clot formation. TM functions as a
cell surface receptor for thrombin. The TM-thrombin complex
activates protein C to degrade coagulation factors Va and
Vllla, thereby reducing the amount of thrombin generated and
inhibiting coagulation [48,49]. TM-thrombin complex also
activates thrombin-activatable fibrinolysis inhibitor (TAFI),
creating a carboxypeptidase that inhibits fibrinolysis. It has
been documented that patients suffering from cardiovascular
diseases, such as ACS and pulmonary thromboembolism, have
increased circulating TM concentrations [10,50]. We found that
TM was lower in NSTEMI patients compared to UA patients
(p=0.0307) and controls (p=0.0002). Patients with diabetes
mellitus had significantly higher TM (p=0.040) compared to
non-diabetic patients and patients with CKD had higher TM
(p=0.01) than those without nephropathy. Various studies have
shown elevated plasma concentrations of TM in disorders
with endothelial dysfunction, such as inflammation, diabetes
mellitus, sepsis, autoimmune diseases, and renal diseases [51-
53].

MPO is a heme- containing enzyme belonging to the
haloperoxidases (XPO) subfamily of peroxidases. It is an
abundant neutrophil and monocyte glycoprotein that catalyzes
the hydrogen peroxide dependent formation of hypochlorous acid
and other reactive species [54,55]. Reaction of these compounds
with macromolecules results in the nitrosylation, chlorination
and oxidation of tyrosine residues, lipids and cholesterol and the
intermolecular crosslinking of proteins and DNA [56-58]. MPO
binds albumin, the macrophage mannose receptor, cytokeratin 1
on vascular endothelial cells, high molecular weight kininogen
and the integrin CD11b/CD18 on neutrophils. These interactions
promote MPO clearance, reduce the levels of nitric oxide and
bradykinin and inhibit vasodilation [59,60]. Elevated plasma
MPO levels have been associated with a variety of clinical
conditions including systemic inflammation, eclampsia, risk
of cardiovascular events and vascular endothelial dysfunction
[7-9,61,62]. In our study, MPO was higher in UA patients
compared to the control group (p=0.0227) and was significantly
higher in smokers than non-smokers (p=0.02). Smoking is one
of the most important risk factors for coronary artery disease.
It has been found that MPO contributes to the development
and progression of coronary artery disease in smokers [63,64].
Patients with PAD had lower MPO levels than patients without
peripheral arteriopathy (p=0.04) and patients with CKD had
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lower MPO (p=0.03) than those without nephropathy. Plasma
MPO levels could be used for risk stratification of major
adverse cardiovascular events, such as myocardial infarction
and heart failure, in patients with PAD [65]. Finally, it has been
shown that MPO plays an important role not only in oxidant-
mediated antimicrobial defense by granulocytes, but also in the
progression of degenerative and immunologic diseases of the
kidney [66,67].

Conclusions.

The results of this study add more data to the current medical
literature concerning the role of coagulation disorders,
endothelial damage and immunothrombosis in patients with
coronary artery disease and their correlation with traditional risk
factors for cardiovascular disease.
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Table Al. Endothelial status among NSTEMI, UA and CS groups.

NSTEMI UA
. (N=50) (N=50)
Characteristic Median Median
(Q1-Q3) (Q1-Q3)
hs-CRP (mg/L) >4 3
&) (3.3-37.6) (3-9)
vWF activity 152.7 188.4
(% d.N.) (124.3-186.7) (135.4-260.7)
ADAMTS13 106 93.3
activity (%) (63.8-106)  (60.1-106)
2413 3320
TMg/mL)  5)03.3423)  (2224-5020)
163.1 183.8
MPO (ng/mL) 76 4293.9)  (126.2-396.1)

CONTROL .
ﬁ:ji?n (NSTEMI
©1-03) &N
(32.9-5.3) 0.0015
(114366%3-200.4) 0.0880
(6324.7_91‘9) 0.3718
?3547346—6212) 0.0307
233.5-250_9) 0.2270

Adjustedp p
(NSTEMI | (NSTEMI
vs. UA) vs. CS)
0.0075 <0.0001
0.1467 0.9525
0.3718 0.0035
0.0768 0.0002
0.2838 0.2829

Table A2. Endothelial activity categorized comparisons among NSTEMI, UA and CS.

Description

hs-CRP
categorized

VvWF
categorized

ADAMTS13
categorized

™
categorized

MPO
categorized

© GMN

Contingency table

CS vs. high (19/63.33%)

CS vs. normal (11/36.67%)
NSTEMI vs. high (50/100%)
NSTEMI vs. normal (0/0%)
UA vs. high (49/98%)

UA vs. normal (1/2%)

CS vs. high (11/36.67%)

CS vs. normal (19/63.33%)
NSTEMI vs. high (20/40%)
NSTEMI vs. normal (30/60%)
UA vs. high (28/56%)

UA vs. normal (22/44%)

CS vs. low (18/60%)

CS vs. normal (12/40%)
NSTEMI vs. low (13/26%)
NSTEMI vs. normal (37/74%)
UA vs. low (16/32%)

UA vs. normal (34/68%)

CS vs. high (10/33.33%)

CS vs. low (5/16.67%)

CS vs. normal (15/50%)
NSTEMI vs. high (4/8%)
NSTEMI vs. low (30/60%)
NSTEMI vs. normal (16/32%)
UA vs. high (9/18%)

UA vs. low (22/44%)

UA vs. normal (19/38%)

CS vs. high (9/30%)

CS vs. low (0/0%)

CS vs. normal (21/70%)
NSTEMI vs. high (18/36%)
NSTEMI vs. low (1/2%)
NSTEMI vs. normal (31/62%)
UA vs. high (18/36%)

UA vs. low (0/0%)

UA vs. normal (32/64%)

NSTEMI vs. UA

Adjusted OR and

NSTEMI vs. CS

Adjustedp |p

(NSTEMI | (UA

vs. CS) vs. CS)
<0.0001 0.0069
0.9525 0.2105
0.0058 0.0102
0.0005 0.0583
0.3536 0.0227

UA vs. CS

Adjusted OR and

Adjusted p
(UA

vs. CS)
0.0255
0.2105
0.0255

0.0729

0.0378

Adjusted OR and

P p 95% c1 P P 95% CI p 95% CI
1 N/A <0.0001 0.0002 N/A <0.0001 0.0003 °
(0-0.3)
0.5 0.9 0.5
0.1609 04843 ")\ o 08162 1 (0322 01104 0138 2
0.7 43 32
0.6598 |1 (031 D001 00068 00197 00493 O
0.1937 04843 N/A 0.0002 0.0005 N/A 0.0315 00525 N/A
1 1 N/A 0.7680 1 N/A 06326 06326 8
' : : (0.3-2)
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Table A3. Endothelial status in ACS and CS cases (categorical variables).

Description Contingency table

hs-CRP ACS vs. high (99/99%), ACS vs. normal (1/1%)
categorized CS vs. high (19/63.33%), CS vs. normal (11/36.67%)
ACS vs. high (48/48%), ACS vs. normal (52/52%)
CS vs. high (11/36.67%), CS vs. normal (19/63.33%)
ADAMTSI13 ACS vs. low (29/29%), ACS vs. normal (71/71%)

vWF categorized

categorized CS vs. low (18/60%), CS vs. normal (12/40%)

™ ACS vs. high (13/13%), ACS vs. low (52/52%), ACS vs. normal (35/35%)
categorized CS vs. high (10/33.33%)), CS vs. low (5/16.67%), CS vs. normal (15/50%)
MPO ACS vs. high (36/36%), ACS vs. low (1/1%), ACS vs. normal (63/63%

categorized CS vs. high (9/30%), CS vs. low (0/0%), CS vs. normal (21/70%)

21

p value

<0.0001
0.3026
0.0042
0.0007

) 0.7405

Adjusted p
0.0003

0.3783
0.007
0.0018

0.7405

OR & 95% CI
57.3 (7-470.5)

1.6 (0.7-3.7)
0.3 (0.1-0.6)
N/A

N/A
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