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ABSTRACT

Aim. To determine concentrations and identify the relationship of biomarkers (endocan / cell-specific molecule-1,
fatty acid binding protein 4 (FABP 4), placental growth factor (PIGF), oncostatin M), with parameters of collagen-
induced platelet aggregation in patients with coronary artery disease (CAD).

Materials and methods. In patients with CAD (n = 51), serum levels of endocan, FABP 4, PIGF, oncostatin M,
and platelet aggregation indices (collagen at concentrations of 2 and 10 mmol / 1) were determined. Patients were
divided into groups with and without high residual platelet reactivity (HRPR). Correlation coefficients between
concentrations of proinflammatory biomarkers and platelet aggregation indices were determined in patients of both
groups.

Results. In patients with HRPR, the concentrations of endocan and PIGF were significantly higher, and the con-
centrations of FABP4 and oncostatin M were lower than in the first group. In patients with HRPR, a correlation
was found between the concentration of endocan and the degree of platelet aggregation in the presence of 2 mmol
/1 of collagen (p = 0.48; p = 0.01), between the concentration of PIGF and the degree of platelet aggregation in the
presence of 10 mmol / I of collagen (p = 0.58; p = 0.01), as well as between the concentration of FABP 4 and the
size of aggregates at both collagen concentrations (p = 0.42; p = 0.03) and (p = 0.70; p = 0.01) and the degree of
platelet aggregation in the presence of 10 mmol / I of collagen (p = 0.43; p = 0.01).

Conclusion. In all examined CAD patients, regardless of the residual platelet reactivity, the levels of endocan and
FABP 4 increased compared to the reference values. In patients with HRPR, the content of parameters (endocan,
PIGF) contributing to plaque growth was elevated, and in patients without HRPR, the levels of platelet-activating
factors (FABP 4, oncostatin M) were increased, which determines a personalized approach to prescribing therapy
for these groups of patients. In patients with CAD, platelet aggregation indices were associated with concentrations
of proinflammatory biomarkers (endocan, PIGF, and FABP 4), which contribute to the development of endothelial
dysfunction.
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PE3IOME

Hesn: onpenenuTh KOHICHTPAIMH U BbISBUTH CBSI3b OMOMApKEpOB (9HIOKaHA- 1, Oelika, CBSI3bIBAIOIIETO KUPHBIC
kuciotsl, 4 (FABP 4), mnanentapaoro dhakropa pocra (PLGF), onkoctaTiHa M ¢ mokazaTensiMu KOJUTareH-HHIY-

[IMPOBAHHO# arperaiuy TPOMOOIUTOB Y MAIMEHTOB C UilleMuueckoit 6omne3ubto cepana (UBC).

Marepuanbl u Metoabl. Y nanuerToB ¢ UBC (7 = 51 denoBek) onpeaernsuii CBIBOPOTOYHYO KOHIIEHTPAIIUIO 3H-
nokana-1, yposens FABP 4, PLGF, onkocrarnaa M 1 roka3ateny arperay TpoMOOIUTOB (KOJUIareH B KOHIICH-
tparmu u 10 Mxmouts/i). [TannenTs! pa3aeneHsl Ha TPYIBI ¢ BEICOKOH OCTAaTOYHON PeaKTHBHOCTHIO TPOMOOIIUTOB
(BOPT) u 6e3 nee. Onpenemsuinch KO3QQUIMEHTH! KOPPEISINA MEKTy KOHIEHTPALMSIMHI HPOBOCIATHTEIBHBIX

6I/IOMapKep0B U MOKa3aTeJsIMU arperaiuuu Tp0M6OI_[I/ITOB.

Pe3yabTaTthl. Y Beex oOcnenoBanHbIX manueHToB ¢ MBC BHE 3aBHCHMOCTH OT OCTATOYHOW PEaKTUBHOCTH TPOM-
OOIIMTOB TOBBIIICHA KOHIEHTpaus sHA0KaHa-1 u FABP 4 no cpaBHeHuto ¢ pedepeHCHBIMU 3HAUCHUSIMU. Y T1a-
mueHtoB ¢ BOPT xonnentpamnus sunokana-1 u PLGF 3naunmo Brime, a konnentpanun FABP 4 u oakocTatnHa
M Hmke, 9eM B iepBoii rpynme. Y namueHToB ¢ BOPT BrIsiBICHA KOppeIsIIys MEX Iy KOHIIGHTpaKei sHI0KaHa- |
U CTENCHBIO arperanuy TPOMOOIUTOB B IPUCYTCTBUH 2 MKMOJIB/ KoiiareHa (p = 0,48; p = 0,01), koHIeHTpanu-
eit PLGF u crenensto arperamyu B mpucytctBud 10 MkMons/n komnarena (p = 0,58; p = 0,01), a taxke MexIy
koHueHTpanueii FABP 4 u pasmepamu arperaTtoB npu o0enx KOHIEHTpamusx komarena (p = 0,42; p = 0,03) u

(p=0,70; p=0,01) u co crenenpto arperauuu B npucyTctBuu 10 Mxmouns/n komtarena (p = 0,43; p = 0,01).

3akiaouenne. Y nanuentoB ¢ BOPT yBenuueno conepkanue dakropos (d3un0kan-1, PLGF), cioco0cTByomunx
pocTy OJISIIIKH, a Y TTalueHTOB 0e3 TakoBol — (akTopoB akTrBauuu TpomoboruTos (FABP 4, onkocratun M), 4to
00yc10BIMBACT NEPCOHUUIMPOBAHHBIN OAXO0/] K HA3HAYEHUIO TeParuK 1JIst OOJIBHBIX STUX IPYMNI. Y MalUeHTOB
¢ BbC nokazarenu arperaliuy TpOMOOILMTOB ACCOLMUPOBAHBI C KOHIIEHTPALMAMH POBOCHAINTENILHBIX OHOMap-

KEpOB, KOTOPbIE CIOCOOCTBYIOT Pa3BUTHIO SHIOTSIHAIBHON ANCHYHKIIIH.

KnroueBble cioBa: arperanysi, TpOMOOIUT, KOJUIAreH, HIIeMuYeckas 001e3Hb cepa, OHoMapKepsl

KOHq).]Il/lKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SABHBIX U MNOTCHIUAJIBHBIX KOHq)J'II/IKTOB HUHTEPECOB,

CBA3aHHBIX C l'[y6J'[I/IKaIII/IeI71 HaCTOS{H.[eﬁ CTaTbU.

Hcrounnk punancupoBanus. VccnenoBanue BHITOTHEHO B paMKkax (GyHaameHTanbpHOM Tembl HUM xapanomno-
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INTRODUCTION

Despite the ongoing therapeutic and preventive
measures, coronary artery disease (CAD) remains
the most common cardiovascular pathology in
Russia. High residual platelet reactivity (HRPR) in
the context of broad-spectrum antiplatelet therapy
in patients is associated with the development of
ischemic complications, which has been proven by
numerous studies and data of the meta-analysis [1-3].
The main causes of CAD development are coronary
stenosis and microvascular endothelial dysfunction
[4]. It is known that endocan acts as a marker of
endothelial dysfunction; its release is one of the earliest
pathogenetic events observed in atherosclerosis,
thrombosis, and chronic heart failure [5]. Researchers
discuss the role of platelets as primary factors in the
pathogenesis of cardiovascular diseases through
modulation of immune responses, which are currently
considered to be the driving force in atherogenesis.
Proinflammatory cytokines promote the expression
of enzymes that lead to atherosclerotic plaque
destabilization (APD), followed by plaque rupture [6].
After the atherosclerotic plaque rupture, macrophages
and smooth muscle cells produce a tissue factor that
triggers a coagulation cascade leading to thrombosis.
Platelets are activated due to their interaction with
collagen in the extracellular matrix of the plaque. It
has been shown that oncostatin M can contribute to
the development of atherosclerosis and vascular
destabilization [7, 8]. Quite often, thrombosis develops
at the site of hemodynamically insignificant stenosis
in the coronary arteries [4]. Thus, the development of
arterial and venous thrombosis was associated with
an increase in the content of placental growth factor
(PIGF) in patients with antiphospholipid syndrome [9].

Biochemical markers are the most important tool for
timely diagnosis and prediction of a risk of developing
cardiovascular pathology [10]. Both clinical and
experimental data have shown that fatty acid binding
protein type 4 (FABP4) plays an essential role in the
development of atherosclerosis and CAD, and it is
directly associated with left ventricular hypertrophy
and cardiac dysfunction [11, 12]. The multi-marker
approach should more accurately reflect the key links
in the pathogenesis and biochemical interactions
compared to the use of individual markers. In this
regard, there is a growing interest in the development
and use of combinations of biomarkers.

In this work, concentrations of proinflammatory
biomarkers (endocan, FABP4, PIGF, and oncostatin

M) will be determined in patients with CAD in the
presence and absence of HRPR, and their relationship
with the parameters of collagen-induced platelet
aggregation will be evaluated. Knowledge in this
area of research is relevant for both clinical and
fundamental medicine.

Theaimofthe study was to determine concentrations
and identify the relationship of proinflammatory
biomarkers (endocan / cell-specific molecule-1, FABP
4, PIGF, oncostatin M) with parameters of collagen-
induced platelet aggregation in patients with CAD.

MATERIALS AND METHODS

A single-stage, simple comparative study was
conducted. The study included 51 patients with CAD
(75% of them were men). The recruitment of patients
was performed at the Cardiology Research Institute
in accordance with the principles of the Declaration
of Helsinki. The study included patients aged 41-83
years. All examined patients received combined basic
therapy in accordance with the guidelines for CAD
treatment.

Criteria for inclusion in the study: stable CAD
and continuous antiplatelet therapy for 6 months
(cardiomagnil, 75mg). Exclusion criteria from the
study: combined antiplatelet therapy, acute vascular
complications within less than 6 months before the
inclusion in the study; severe concomitant pathology;
clinical and laboratory signs of acute inflammation;
refusal to participate in the study.

To obtain blood serum, whole peripheral blood
of patients stabilized with 3.8% sodium citrate was
centrifuged at 3,000 rpm for 15 minutes at room
temperature. The obtained serum samples were
stored at —40 °C. Concentrations of proinflammatory
biomarkers endocan, FABP 4, PIGF, and oncostatin
M were determined in the samples. The study was
conducted at the Medical Genomics Collective Use
Center of Tomsk NRMC by the multiplex immunoassay
(Luminex FLEXMAP 3D platform, USA) using the
Human Cardiovascular Disease Panel 1 (Merck KGaA,
Darmstadt, Germany). The parameters of collagen-
induced platelet aggregation were determined by the
Born’s method in the modification of Z.A. Gabbasov
on the two-channel laser analyzer (220 LA Research
and Production Company Biola, Russia).

To isolate the platelet suspension, blood was
drawn into test tubes with 3.8% sodium citrate as
an anticoagulant. All samples were examined using
a standard approach (hereinafter referred to as
Method 1), as well as by the authors’ own patented
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methodology (hereinafter referred to as Method 2).
In Method 1, the aggregation inductor (collagen) was
introduced once at a final concentration of 2 mmol / 1
at 10 seconds of measurement. According to Method
2, aggregation parameters were determined 5 times
when adding 2 mmol /1 of collagen at 10 seconds, 1, 2,
3, and 4 minutes of the platelet aggregation evaluation
with the final concentration of collagen in the sample
being 10 mmol /1 [3].

The degree of platelet aggregation (%) was
evaluated by the maximum amount of light
transmission, and the size of the aggregate was
evaluated by the average aggregate size curve (rel.
units). The examined patients were divided into two
groups. Group 1 (n=27) included patients who had no
HRPR. The degree of collagen-induced aggregation
measured by both methods did not exceed 60%, and
the size of aggregates was less than 4 rel. units. Group
2 included patients (n = 24) whose degree of platelet
aggregation was > 60%, and the size of aggregates
was > 4 rel. units according to at least one of the
methods. The parameters were determined by both
methods. According to [3], patients of the second
group corresponded to a group of individuals with
HRPR.

Statistical data processing was carried out using
the SPSS (version 19) and STATISTICA 10.0
software packages. To assess the distribution of
quantitative variables, the Shapiro — Wilk test was
used. The statistical significance of differences for

two independent samples was assessed using the
Mann — Whitney U—test. For comparison with a given
value of one parameter, the Student’s —test was used,
after applying the Box — Cox data transformation
method. The Spearman’s rank correlation coefficient
(p) was used to evaluate the relationships between the
variables. The data were presented as the median and
the interquartile range (Me (QO1; Os)). The results of the
comparative and correlation analysis were considered
statistically significant at p < 0.05.

RESULTS

Platelet aggregation indices in patients assigned to
groups 1 and 2 significantly differed, according to [3].
The groups of patients were comparable by gender,
age, duration of CAD, the number of prior myocardial
infarctions, and concomitant pathology. Drug therapy
did not differ significantly between the groups
of patients (aspirin, calcium antagonists, statins,
diuretics, nitrites, angiotensin II receptor blockers,
angiotensin converting enzyme inhibitors).

The concentrations of endocan and FABP 4 in
both groups of patients significantly exceeded the
maximum reference values. Thus, the concentration
of FABP 4 increased by 10 times compared to the
reference values (Table). The concentrations of
endocan and PIGF were significantly increased in the
group of patients with HRPR compared to patients of
group 1, and the levels of FABP 4 and oncostatin M,
on the contrary, were reduced (Table).

Table

Concentrations of biomarkers in patients with coronary artery disease and their reference values

p value between the Reference values

Parameter Group 1, n =27, Me (Q1; Q3) Group 2, n =24, Me (Q:; O3) aroups Mean (Min.; Max.)
Endocan, ng / ml 2.13 (p =0.02) (1.89; 2.66) 2.61 (p=0.01) (2.07; 2.96) 0.03 0.94 (0.65; 1.72)
PIGF, pg / ml 4.22 (2.86; 12.19) 9.51 (5.48; 18.73) 0.01 8.72 (0.0; 39.98)
FABP 4, ng / ml 68.74 (p =0.01) (45.60; 75.44) | 51.52 (p =0.01) (25.59; 55.47) 0.02 5.34(0.0; 11.83)
Oncostatin M, pg / ml 26.12 (5.02;45.68) 14.93 (2.98; 28.45) 0.04 22.73 (4.07; 53.83)

Note: pis the level of significance of differences between the groups of CAD patients and in comparison with the reference values.

The correlation analysis revealed the following.
In group 1 (patients without HRPR), a positive
correlation was found between the concentration
of PIGF and the size of aggregates according to
both aggregation methods (» = 0.39; p = 0.01) and
(r = 0.62; p = 0.02). In addition, a correlation was
found between the concentration of oncostatin M and
the degree of aggregation determined in the presence
of 10 mmol / 1 of collagen (» = 0.82; p = 0.01).

In group 2 (patients with HRPR), correlations were
found between the concentration of endocan and the
degree of aggregation determined in the presence of
2 mmol / 1 of collagen (» = 0.48; p = 0.01), as well as
between the concentration of PIGF and the degree of
aggregation measured in the presence of 10 mmol /1 of
collagen (= 0.58; p = 0.03). In addition, correlations
were found between the concentration of FABP 4 and
the size of aggregates measured in the presence of
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two concentrations of collagen (r = 0.42; p = 0.04),
(r=0.70; p=0.01), as well as the degree of aggregation
determined in the presence of 10 mmol / | of collagen
(r=0.43; p=10.01).

DISCUSSION

The present work was an open, single-center,
cross-sectional study. In the present study, we
found that in patients of group 2 (with HRPR),
the concentration of endocan and PIGF increased,
which can contribute to the growth of atherosclerotic
plaques, and in patients of group 1 (without HRPR),
FABP 4 and oncostatin M, factors contributing
to the activation of platelets, were elevated. In
addition, we showed that in patients with CAD,
platelet aggregation indices are associated with
concentrations of proinflammatory biomarkers
(endocan, PIGF, and FABP 4), which may contribute
to the development of endothelial dysfunction.

Inthe present study, the levels of endocan and FABP
4 were significantly increased in patients with CAD
in both groups compared to reference values, which
indicates the development of endothelial dysfunction
in patients with CAD [13]. As is known, endothelial
dysfunction is one of the earliest pathogenetic events
in the development of atherosclerosis, hypertension,
and thrombosis [14]. An increase in the level of
endocan, which is a potential marker of inflammation
and cardiovascular diseases [6, 15], found in this
study, confirms this theory. In addition, the revealed
correlation between the concentration of endocan and
platelet aggregation in patients with HRPR (group 2)
indicates endothelial dysfunction leading to increased
thrombosis. Platelet activation products promote
endocan release by endothelial cell culture in vitro,
which was pronounced in patients with transfusion
complications [5].

A ten-fold increase in the concentration of FABP 4
in patients of both groups confirms the proatherogenic
and prothrombotic effects of this marker. FABP 4 has
been shown to mediate inhibition of the peroxisome
proliferator-activated receptor (PPAR)y [16]. The
latter, in turn, inhibits the activation of platelets
and the release of active mediators from them [17].
FABP 4 plays an important role in the development
of atherosclerosis and CAD and is associated with left
ventricular hypertrophy and cardiac dysfunction [11,
12]. The prothrombotic role of FABP 4 in this study
is also confirmed by the revealed correlations between
its concentration and the size of aggregates in patients
with HRPR.

In the group of patients with HRPR, an elevated
concentration of PIGF was found compared to group
1. PIGF promotes neoangiogenesis in CAD, which is
considered as an adaptive response aimed at improving
perfusion of the ischemic myocardium by increasing
the number and size of collateral arteries [9, 18].

At the same time, the study established correlations
of PIGF with platelet aggregation parameters in both
groups. PIGF is a placental growth factor capable of
stimulating angiogenesis and inducing atherosclerosis
bybindingandactivatingitsmembrane-boundreceptor,
soluble fms-like tyrosine kinase-1. Expression of
PIGF in atherosclerotic lesions activates monocytes
and macrophages, which subsequently produce
inflammatory and angiogenic mediators, leading
to an increasing risk of plaque rupture. Conversely,
inhibition of PIGF reduces the size of atherosclerotic
plaques [8]. The development of thrombosis is
associated with an increase in the content of PIGF
in patients with antiphospholipid syndrome [9]. The
relationship between platelet aggregation parameters
and PIGF is shown in women with preeclampsia
[19], however, the molecular mechanisms that may
underlie this relationship are unknown and require
further study.

It is possible that the associations of platelet
aggregation parameters in CAD patients of group 1
with the levels of oncostatin M and PIGF revealed in
this study prove the modulating effect of platelets on
the inflammatory response in the endothelium.

In this study, a correlation was established
between the concentration of oncostatin M and the
degree of platelet aggregation in group 1. Oncostatin
M is known to contribute to the development of
atherosclerosis and vascular destabilization [20,
21]. In addition, oncostatin M is considered as a
megakaryocyte colony-forming factor that promotes
thrombocytopoiesis [7]. There is evidence that under
the influence of oncostatin M, activation of the signal
transducer and activator of transcription (STAT)3
occurs, which plays an important role in collagen-
mediated aggregation [8].

The role of platelets in the atherosclerosis and
pathogenesis of cardiovascular diseases is very
significant, since platelets, in addition to their
contribution to thrombosis and hemostasis, modulate
inflammatory and immune responses [22]. One of the
first signals for platelet activation is collagen, the main
protein of connective tissue that is exposed when a
vessel is damaged. In addition to vascular damage,
various proinflammatory mediators activate platelets
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[11, 21]. The study revealed multiple correlations
between platelet aggregation and the levels of serum
biomarkers of cardiovascular diseases. In this study,
it was revealed that the levels of endocan and FABP
4 were increased in patients of both groups, which
points to the possible inflammatory damage of the
vascular endothelium and platelet activation. At the
same time, the differences in the concentration of some
biomarkers were found in patients of both groups.
Thus, in patients without HRPR, the concentrations
of FABP 4 and oncostatin M were elevated, and in
patients with HRPR, the concentrations of endocan and
PIGF were increased. Based on this, it can be assumed
that in group 1, the increase in thrombus formation
is mainly associated with platelet activation, and in
group 2, it may be associated with plaque growth. All
of the above creates opportunities for a personalized
approach to the prevention and treatment of patients
with CAD. In particular, antiplatelet therapy requires
certain adjustments in the group of patients with HRPR,
namely, prescription of additional anti-atherosclerotic
drugs or an increase in the dose of antiplatelet agents.

CONCLUSION

It was found that in patients with CAD, the levels
of proinflammatory biomarkers (endocan 1 and FABP
4) were elevated compared to the maximum reference
values. It was revealed that the concentrations of
endocan 1 and PIGF were significantly increased in
patients with collagen -induced HRPR. The study
revealed the presence of correlations between the
increased size of aggregates, the degree of platelet
aggregation and the concentrations of proinflammatory
biomarkers (endocan 1, PIGF, and FABP 4). At the
same time, in patients with HRPR, the concentrations
of'endocan 1 and PIGF, contributing to plaque growth,
were increased, and in patients without HRPR, platelet
activation factors FABP 4 and oncostatin M were
elevated, which determines various adjustments in
therapy for patients of these groups.
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