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ABSTRACT

Aim. To study the associations of blood proteins with the presence of unstable atherosclerotic plaques in the
arteries in patients with coronary artery disease using the quantitative proteomic analysis.

Materials and methods. The study included patients with coronary artery disease (n = 40); the average age of
patients was 58 + 7 years. Material for the study was blood serum. Protein concentrations in serum samples were
determined using the PeptiQuant Plus Proteomics Kit (Cambridge Isotope Laboratories, USA). Protein fractions
were identified using the liquid chromatograph and tandem mass spectrometer Q-TRAP 6500.

Results. Mass spectrometry revealed an increased concentration of proteins, such as fibrinogen, fibulin-1, and
complement factor H, in the serum samples of patients with unstable atherosclerotic plaques. It took place with a
simultaneous decrease in the levels of o 2-antiplasmin, heparin cofactor I, coagulation factor XII, plasminogen,
prothrombin, vitronectin, complement proteins (C1, C3, C7, C9), and complement factor B. The differences were
considered significant at p < 0.05. It was revealed that the presence of unstable atherosclerotic plaques was associat-
ed with the level of fibulin-1 (Exp(B) = 1.008; p = 0.05), plasminogen (Exp(B) = 0.995; p = 0.027), and coagulation
factor X (Exp(B) = 0.973; p = 0.037).

Conclusion. An increased concentration of fibulin-1 can be considered as a potential biomarker of unstable
atherosclerotic plaque development in coronary artery disease. The possibility of using the studied proteins as
biomarkers of unstable atherosclerotic plaques requires further studies on their potential role in the development
of this disease.
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N3yueHue accoumaumin 6enkoB B KpOBU C HAaIMYMEM HeCTabUNbHbIX
aTepoCKNepoTNUYeCKNX 6naweK B KOPOHapHbIX apTepusax METOZ40M
KONNYeCTBeHHON NPOTeOMUKN

CraxHéBa E.M.", KawtaHoBa E.B.’, MonoHckas A.B.", CrpiokoBa E.B.', Lipamko B.C.",
Caposckun E.B.", Kyprysos A.B.2, Mypawos W.C.%, YepHackun A.M.?, Paruxo 10..’

! Hayuno-ucciedosamenbckuti uncmumym mepanuu u npoQuiaxmuyeckou meouyunvl — gunuan QedepaibHozo
uccreoosamenbcko2o yenmpa « Mucmumym yumonozuu u 2enemuxu Cubupckozo omoenenust Poccuiickoii akademuu
nayxy (HUUTIIM — ¢punuan UlJul” CO PAH)

630089, e. Hosocubupck, ya. b. bocamkosa, 175/1

2 Hayuonanvnwlil Meouyunckuil uccredosamenvcexkutl yenmp (HMHI]) um. axao. E.H. Mewanxuna
Poccus, 630055, 2. Hosocubupck, ya. Peukynosckas, 15

PE3IOME

Henws. M3yuenne acconuanuii OEJIKOB KPOBH C HAIMYMEM HECTAOMJIBHBIX aTEPOCKJICPOTHYECKUX OJISIIEK B
apTepusX y MAIMEHTOB C KOPOHApHBIM aTEPOCKIEPO30M C HCIOJIb30BAHMEM KOJIMYECTBEHHOTO MPOTEOMHOTO
aHaIM3a.

Marepuajabl H MeToAbl. B HccienoBaHHe y4acTBOBANIM HAIMEHTHl C HIIEMUYCCKOH OOJE3HBIO cepana H
KOpOHapHBIM aTepockiepo3oM (n = 40), cpeqHuil Bo3pact manueHToB 58 + 7 jer. MaTtepuan McCIeIoBaHus —
ceIBOpOTKa KpoBH. KoHIeHTpammu 6e1xoB B 00pa3nax CbIBOPOTKH OIpe IeIsUIH C HOMOIIbio Habopa PeptiQuant Plus
Proteomics Kit (Cambridge Isotope Laboratories, CIIIA). Unentudukanuio 6enKkoBbIX (Gpakiuil 0CyIIeCTBISIH
METO/JJOM MOHHTOPHHTAa MHO>KECTBEHHBIX peakiuii Ha Macc-criekrpomerpe Q-TRAP 6500, koMOuHNpOBaHHOM ¢
JKHJJKOCTHBIM XPOMAaTOTpagoM.

Pe3yabTaThl. Macc-criekTpoMeTpryeckasi HACHTH(HUKALUS BbISIBUJIA B 00pa3iiaX CBIBOPOTKH KPOBH y MAIIUCHTOB
C HEeCTaOMJIBHBIMHU aTEPOCKIEPOTHYECKUMHE OJISIIIKAMH TOBBIIICHHYIO KOHLICHTPALUIO O0elKoB: GpuOpuHOTeH, (u-
OynuH-1 u pakrop xkomruiementa H. I1pu oqHOBpeMEHHOM CHMKEHHOM YPOBHE OENTKOB: BUTPOHEKTHH, O-2-aHTH-
IUTa3MUH, KOPaKTop renapuna 2, KoaryssuuoHHbIH paktop XII, mazMHHOTEH 1 TPOTPOMONH, OEITKH KOMIUIEMEHTA
(Cl1, C3, C7, C9) u daxrop xomruiemenTa B. Pazmuumst cuntanu 3Haunmeivu npu p < 0,05. BeigBieHo, 4to
HECTaOMIIBHOCTB aTePOCKIEPOTHYECKHX OJISIIEK aCCOUMMPOBaHa ¢ KoHneHTpanuei pudynmna-1 (Exp(B) =1,008;
p =0,05), mmazmunorena (Exp(B) =0,995; p = 0,027) n koarynsmuonHoro ¢akropa X (Exp(B)=0,973; p =0,037).

3akiouenne. [ToBbinieHHas KoHIEHTpalys GuOyIHHA-1 B KPOBH MOXKET pacCMaTPUBATHCS KaK MOTSHIMAIBHbIN
OroMapkep HeCTaOMJIBHOCTH aTepOCKICPOTHYECKHX OJSIIEK IPH KOPOHAPHOM aTepockiepo3e. Bo3MOXHOCTH
MCIIOJIb30BaHMsI UCCIICIOBAHHBIX OCJIKOB KaK OMOMapKepOB HECTAOMIBHOCTH aTePOCKICPOTHUSCKUX OJISIIIEK MPH
KOPOHApHOM aTepoCKiIepo3e TpedyeT AalbHeHIINX UCCIeI0BaHUN MX NOTCHIUAIBHON PO B pa3BUTUU JaHHOTO
3a0051eBaHMs.

KiroueBble cj10Ba: NPOTEOMHBIH aHAIN3, MACC-CIIEKTPOMETPHS, KOPOHAPHBIH aTepOCKIICPO3

Kondaukt unrepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIIEH CTaThu.

Hcrounuk punancupoBanus. PaboTa BeImoHEeHa B paMKax OI0KETHOH TeMbI 1o ["ocy1apCTBEHHOMY 3aTaHUIO
Ne 122031700094-5 u B pamkax rpanta PH® Ne. 21-15-00022.

CooTBeTcTBHE NMPUHIMIAM 3THKH. Bce ydyacTHUKM moamucany HHGOPMHPOBAHHOE COIVIaCHE Ha y4acTHE B
uccienosanuu. Mcenenosanue onodpeno stnueckum komurerom HUUTIIM — punman Uul” CO PAH (mporo-
kost Ne 7 o1 26.09.2017).

Jas uutupoBanusi: Craxuésa E.M., Kamranosa E.B., Ilononckas 1.B., Ctprokosa E.B., IlIpamko B.C., Ca-
nosckuit E.B., Kypryzos A.B., Mypamos U.C., Yepnssckuii A.M., Paruno 10.1. M3yyenne accounanuii 6enkoB
B KPOBHU C HAIMYHMEM HECTAOMJIBbHBIX aTePOCKICPOTHYECKUX OJIAIICK B KOPOHAPHBIX apTEPUAX METOJIOM KOJIHYe-
CTBEHHOW MPOTEOMUKH. Broiemens cubupcroi meouyunst. 2022;21(4):121-129. https://doi.org/10.20538/1682-
0363-2022-4-121-129.
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INTRODUCTION

Research in the field of etiology and pathogenesis
of coronary atherosclerosis, which predetermine
complications of this pathology, is currently
relevant due to high prevalence and mortality
from this disease. Atherosclerosis as the dominant
cause of cardiovascular diseases (CVD) includes
a number of pathological processes, namely:
endothelial dysfunction, excessive lipid deposition
in the intima, exacerbations of innate and adaptive
immune responses, proliferation of smooth muscle
cells, and remodeling of the extracellular matrix,
eventually leading to the formation of atherosclerotic
plaques (AP).

AP instability aggravates the pathological
atherosclerotic process, leading to the development of
complications of CVD. The composition of the plaque
and internal hemorrhage in the atherosclerotic plaque
are independent risk factors for stroke and CAD [1].
Genetically determined inhibition of fibrinogen a-, -
and y-chains, factor II, and factor XI was associated
with a reduced risk of venous thromboembolism
(» < 0.001). Inhibition of fibrinogen B- and y-chains
was associated with a reduced risk of stroke in large
arteries (p = 0.001) [2]. Various biomechanical and
hemodynamic factors contribute to AP instability. The
intact vascular endothelium is thromboresistant, and
the damaged endothelium releases increased amounts
of procoagulants. Hemostasis is carried out by blood
cells and a plasma enzyme system represented by
closely interacting protein components. In order
to study the involvement of various proteins in
the pathogenesis of coronary atherosclerosis, it is
necessary to investigate the specific contribution of
proteins with pro- or anticoagulation activity to the
development of plaque instability in the coronary
arteries.

Accumulation of data on the pathogenesis of
coronary atherosclerosis and its complications and the
development of modern research methods contribute to
the search for proteins which may be used as prognostic
and diagnostic biomarkers of CVD. A quantitative
proteomic analysis which is used for identification and
quantification of biological molecules using tandem
mass tag mass spectrometry is a useful method in the
accurate quantitative simultaneous determination of
proteins in various biological samples. Despite the
fact that the number of candidate proteins under study
is constantly increasing, their role in the pathogenesis
of coronary atherosclerosis is not completely clear.

Understanding the changes in blood proteins in
atherosclerosis will help identify new biomarkers that
will give an insight into the conditions underlying the
development of complications of this disease.

The aim of this study was to investigate the
association of certain blood proteins with unstable AP
in the arteries in men with coronary atherosclerosis
using quantitative proteomic analysis.

MATERIALS AND METHODS

The study included patients with CAD and coronary
atherosclerosis who were referred to coronary artery
bypass surgery and who had intraoperative indications
for coronary endarterectomy which was carried out
during the surgery. Exclusion criteria were as follows:
myocardial infarction (less than 6 months ago), acute
and chronic infectious and inflammatory diseases or
their exacerbations, renal failure, active liver diseases,
cancer, hyperparathyroidism. The protocol of the study
was approved by the Ethics Committee at the Research
Institute of Internal and Preventive Medicine, branch
of the Institute of Cytology and Genetics, SB RAS
(Protocol No. 7 0of 26.09.2017). All patients signed an
informed consent to participate in the study.

Blood serum samples were the study material.
In all patients, blood was taken from the ulnar vein
in the morning on an empty stomach. Blood serum
samples of 40 men were selected for the quantitative
proteomic analysis. All patient samples were divided
into two groups of 20 patients each. Group 1 consisted
of patients (average age 58 + 4 years) with stable
AP only, which was determined by the histologic
analysis. Group 2 consisted of 20 patients (average
age 57 = 10 years) with unstable AP only, which
was also determined by the histologic analysis. We
used the PeptiQuant Plus Proteomics Kit (Cambridge
Isotope Laboratories, USA) to determine protein
concentration in the serum samples according to the
method suggested by the manufacturer with some
modifications.

The technique of performing trypsinolysis was the
following: 20 ml of a solution containing 9 M urea,
20 mM dithiothreitol, and 300 mM Tris-HCI (pH 8.0)
was added to 10 ml of a serum sample. We added
10 pul of a bovine serum albumin (BSA) solution to
a separate test tube, which was later used as a matrix
solution for calibration points. The samples were
incubated for 30 min at 37 °C. We added 20 ul of
100 mM iodoacetamide solution to all test tubes. Then
the test tubes were incubated for 30 minutes in the
dark at room temperature. Later we added 272 ul of
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100 mM Tris-HCI (pH 8.0) and 35 pl of a trypsin
solution. The test tubes were then incubated for
18 hours at 37 °C. Proteolysis was stopped by adding
343 ul of 2% formic acid.

A mixture of light (unlabeled) peptides was
diluted in 60 pl of a solution of 30% acetonitrile and
0.1% formic acid. We prepared a series of dilutions
for calibration according to the scheme. A mixture
of peptides labeled with heavy stable isotopes was
diluted in 450 ul of 30% acetonitrile and 0.1% formic
acid and used as an internal standard.

We added 40 pl of serum samples to the test tubes
after trypsinolysis and 40 pl of BSA solution after
trypsinolysis. Then 10 pl of a labeled peptide solution
was added to all tubes. We added 10 ul of diluting
standards to the tubes with BSA to create a calibration
curve. We added 10 pl of 30% acetonitrile and 0.1%
formic acid to the test tubes with serum samples. Then
540 pl of 0.1% formic acid was added to all tubes.

The samples were purified with the Oasis HLB so-
lidphase extraction cartridges (Waters, USA), 10 mg.
The cartridges activated 600 pl of methanol and
balanced 600 pl of 0.1% formic acid. We took 510 pl
ofthe sample and rinsed it with 600 pl of water 3 times.
Peptides were eluted with 300 pl of 50% acetonitrile
and 0.1% formic acid. The obtained samples were
frozen at —80 °C and dried using the FreeZone 2.5
Dryer designed for lyophilizing light sample loads
(Labconco, USA). Dry sediments were diluted in 34 pul
of 0.1% formic acid and then used for the analysis.

Peptides were detected by multiple reaction
monitoring (MRM) on the Q-TRAP 6500 mass
spectrometer (AB Sciex, USA) coupled with the
high-performance liquid chromatograph Infinity 1290
(Agilent, USA). Chromatographic separation was

carried out on the column Titan C18, 1.9 pm (Supelc,
USA) in several stages. The flow rate was 0.4 ml /
min, the separation temperature was 45 °C.
Positively charged ions obtained by electrospray
ionization in the lonDrive Turbo V Ion Source were
detected. We used the Multiquant 3.0.2 software (AB
Sciex, USA) to create calibration curves and determine
protein concentrations based on the peak area of the
MRM transitions specific to each studied peptide.
Statistical data processing was carried out using
the SPSS 20.0 software for Windows. The statistical
analysis consisted in applying the Kolmogorov —
Smirnov testand the Mann— Whitney Utest to normally
distributed data. The age of patients was presented as
the mean and the standard root-mean-square deviation
(M £ o). The results in the table were presented as the
median and the interquartile range (Me [Q,;0..]). A
multivariate logistic regression analysis was carried
out to determine associations. The differences were
considered statistically significant at p < 0.05.

RESULTS

Proteomic profiling of the blood serum samples
was performed using the PeptiQuant Plus Proteomics
Kit. A total of 125 proteins were identified. The
identification of proteins was carried out by MRM
using a triple quadrupole ultra-high resolution
time-of-flight mass spectrometer with electrospray
ionization coupled with a high-performance liquid
chromatograph.

The differential protein expression analysis was
carried out by two technical replicates for each sample.
Following the comparative analysis, we isolated
proteins, the concentration of which had a statistically
significant difference in the study groups (p < 0.05).

Table
Quantitative mass spectrometry-based protein identification in the blood, Me [Q,;0. .|
. Protein concentration, fmol / pl
Protein P
Group 1 Group 2

Fibrinogen, a-chain 143.5[139.4;147.7] 254.4 [243.6;284.9] 0.006
Fibrinogen, y-chain 45.9[40.9;52.1] 120.9 [45.4;165.8] 0.005
Fibulin-1 663.9 [576.1;748.6] 735.2 [600.4;796.0] 0.038
Fibronectin 429.6 [234.0;522.5] 256.2 [197.9;402.3] 0.161
Thrombospondin-1 75.0 [63.0;95.2] 75.1[53.8;89.8] 0.419
Vitronectin 2,839.5[2,166.2;3,362.2] 2,151.0 [1,654.0;2,878.0] 0.005
02-antiplasmin 522.2 [427.2;649.4] 472.2 [323.4;599.2] 0.034
02-macroglobulin 4,885.0 [4,342.5;5,345.5] 4,714.5 [3,324.5;5,868.2] 0.376
Antithrombin 111 3,880.0 [2,460.75;4,845.75] 3,272.5[3,017.5;4,291.0] 0.844
Heparin cofactor 11 4,274.5 [4,057.7;4,577.5] 3,803.0 [3,055.0;4,233.0] 0.0001
Coagulation factor IX 87.8[67.7;107.9] 74.1 [48.2;124.0] 0.166
Coagulation factor X 136.0 [107.5;142.4] 105.3 [92.3;123.3] 0.065

124
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Table (continued)

. Protein concentration, fmol / pl
Protein P
Group 1 Group 2
Coagulation factor XII 419.4 [294.9;525.0] 291.1[265.8;380.6] 0.0001
Kininogen-1 178.3 [162.5;205.7] 175.5[154.9;192.1] 0.346
Complement component C1q, subunit B 67.1[53.3;95.9] 68.5[57.2;80.2] 0.538
Complement component C1q, subunit C 106.2 [93.8;143.3] 112.1[92.4;146.5] 0.939
Complement component Clr 251.2 [169.7;273.6] 194.0 [164.2;242.5] 0.106
Complement component Cls 47.4 [42.8;54.0] 43.8 [34.0;74.8] 0.729
Complement Component C3 586.8 [469.1;717.1] 471.8 [408.7;572.0] 0.008
Complement component C7 75.9 [56.4;82.0] 60.4 [54.2;74.9] 0.006
Complement component C9 191.3 [113.9;212.5] 137.7 [75.4;185.5] 0.026
Complement factor B 4,985.0 [3,585.0;6,251.2] 3,980.5 [3,698.0;4,358.7] 0.017
Complement factor H 526.4 [463.3;587.8] 581.4 [531.9;626.6] 0.018
Plasma protease C1 inhibitor 2,037.0 [1,565.0;2,294.0] 1,651.5[1,092.0;2,234.7] 0.041
Plasma serine protease inhibitor 51.4 [48.2;62.1] 49.4 [46.5;74.6] 0.769
Plasminogen activator inhibitor-1 27.6 [21.1;36.4] 24.1[19.2;32.1] 0.102
Plasminogen 933.1[833.2;1,050.5] 803.5 [695.6;879.2] 0.001
Prothrombin 902.2 [711.1;1,044.2] 788.4[718.7;821.1] 0.047

Fibrinogen, which is one of the main proteins in the
coagulation system, differed significantly in the study
groups. In the group of patients with unstable plaques,
the concentration of each of the two fibrinogen
isoforms (a- and y-chain) was 1.8 and 2.5 times higher,
respectively (Table). At the same time, the level of
fibulin which binds to fibrinogen and incorporates into
clots, was also higher in the group of patients with
unstable plaques. In addition, the multivariate logistic
analysis showed that the instability of atherosclerotic
plaques was associated with the concentration of
fibulin-1 (Exp(B) = 1.008; 95% confidence interval
(CI) 1.000-1.015; p = 0.05).

In our study, the level of plasminogen, which is the
main component of the fibrinolytic system, was higher
in the group of patients with stable plaques (p < 0.05).
Also, the multivariate logistic analysis showed that
the instability of atherosclerotic plaques was reversely
correlated with the levels of plasminogen (Exp(B)
= 0.995; 95% CI 0.990-0.999; p = 0.027), heparin
cofactor II (Exp(B) = 0.999; 95% CI 0.998-1.000;
p =0.010), and coagulation factor X (Exp(B) = 0.973;
95% CI 0.949-0.998; p = 0.037). Fibrinolytic activity
of the blood also depends on fibrinolysis inhibitors.
The concentration of plasminogen activator inhibitor-1
(PAI-1) was 13% higher in the group of patients with
stable plaques, but did not reach the level of statistical
significance (p = 0.102).

In addition, the concentration of proteins, primary
anticoagulants (o2-antiplasmin, o2-macroglobulin,
heparin cofactor II), was significantly higher in
patients with stable plaques (Table). At the same time,

the level of the anticoagulant antithrombin III was
higher in the blood of patients with unstable plaques.
Antithrombin III is a universal inhibitor of thrombin
and almost all clotting factors, which is confirmed by
our study; the levels of coagulation factors 1X, X, and
XII were lower in group 2.

At the same time, the level of coagulation factor
XII was significantly higher in the group of patients
with stable plaques. Highly activated factor XII in
combination with kininogen activates fibrinolysis.
In our study, the level of kininogen was higher in the
group of patients with stable plaques, but it did not
reach the level of statistical significance.

Blood clotting mechanisms are linked with the
activation of the immune system. In our study, there
was no significant difference between the C1 (Clg;
Clr; Cls) complement components in the study groups
(Table). However, the total level of the complement
component C1 was higher in the group of patients with
stable AP and amounted to 471.37 fmol / ul vs. 446.48
fmol / pl, compared with the group of patients with
unstable AP (»p <0.0001). The content of complement
components C3, C7, C9, and complement factor B
was higher in the group of patients with stable AP
(»p < 0.05). The level of the complement factor H
involved in C3b inactivation was 10% higher in the
group of patients with unstable AP (Table).

Fibronectin, thrombospondin, and vitronectin are
also involved in the coagulation cascade, promoting
platelet adhesion. In our study, no significant
difference was revealed in the content of fibronectin
and thrombospondin between the study groups. The
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concentration of vitronectin was significantly higher
in patients with stable plaques (p = 0.005).

DISCUSSION

Atherosclerosis is associated with inflammation
and vascular endothelial dysfunction. The intact
vascular endothelium is thromboresistant, and the
damaged endothelium releases increased amounts of
procoagulants.

In our study, the levels of fibrinogen and fibulin-1,
which is related to it, differed significantly in the
study groups. The concentrations of each of the two
fibrinogen isoforms (o- and y-chain) and fibulin-1
were higher in the group of patients with unstable
plaques. The multivariate logistic analysis showed that
AP instability was associated with the concentration
of fibulin-1. Previously, we found that the maximum
amount of fibrinogen was in the tissue of stable
fibrous AP, and the protein level was slightly lower
in unstable AP [3]. Thus, the study suggests that high
concentrations of fibrinogen and fibulin-1 may be a
promising biomarker of AP instability in the blood of
patients with coronary atherosclerosis.

Fibronectin, thrombospondin, and vitronectin
are involved in the coagulation cascade. Platelet
activation caused a local release of fibrinogen,
fibronectin, vWF, thrombospondin, vitronectin, and
clotting factors, promoting platelet adhesion and
increased coagulation [4]. In our study, no significant
difference was revealed in the content of fibronectin
and thrombospondin between the study groups.

Vitronectin is the main glycoprotein of cell
adhesion contained in plasma and extracellular matrix.
Increased expression of vitronectin may contribute to
the development of chronic vascular diseases, such as
atherosclerosis, playing an important role in vascular
homeostasis and pathological vascular remodeling.
Plasminogen activator inhibitor-1 (PAI-1) stimulated
vitronectin expression by binding low-density protein
receptor-related protein-1 (LRP1). The concentration
of vitronectin in the blood plasma was significantly
reduced in mice with PAI-1 deficiency compared with
the control [5]. When binding to PAI-1, vitronectin
participates in the activation of fibrinolysis. In
atherosclerosis of the carotid arteries, it was shown
that the level of PAI-1 in blood plasma was reduced
in the experimental group compared with the controls.
At the same time, the level of PAI-1 was positively
correlated with the level of vitronectin in the group
of patients with atherosclerosis, which may be due to
increased fibrinolytic activity and disease progression,

promoted by increased vascular remodeling [6]. The
level of vitronectin was significantly higher in the
blood of patients with CAD than in the control group.
Vitronectin is assumed to be a marker of CAD [7].
In our study, the concentration of fibronectin in the
blood was significantly higher in patients with stable
plaques.

Earlier, a prospective cohort study revealed that
high levels of factors IX and XI and a2-antiplasmin
were associated with an increased risk of CAD, and
did not depend on other coronary risk factors [8].
Correlations between the level of factor XII in the
blood and the presence of vulnerable atherosclerotic
plaques in the coronary arteries were shown [9].

In our study, the concentrations of proteins a2-
antiplasmin, o2-macroglobulin, heparin cofactor
I, and coagulation factor XII were significantly
higher in patients with stable plaques than in group
2. Antithrombin III (AT-III) is a universal inhibitor
of thrombin and almost all clotting factors, but in our
study, the concentration of antithrombin III in the
blood was higher in patients with unstable plaques,
although the level of statistical significance was not
reached.

The levels of coagulation factors IX, X, and XII
were lower in group 2. At the same time, the logistic
regression analysis showed that the instability of AP
was negatively correlated with the concentrations
of coagulation factor X, heparin cofactor II, and
plasminogen.

Previously, it was shown that the level of AT-
IIT was reduced in the high-risk subgroup of acute
coronary syndrome (ACS) compared with the control
group (p < 0.05). The logistic regression model
demonstrated that AT-11I was a protective factor (odds
ratio (OR) = 0.958; p = 0.012) for ACS. The level of
AT-III demonstrated prognostic value in patients with
ACS and was associated with the severity of CAD
[10]. At the same time, a reduced level of antithrombin
I is not an independent risk factor for myocardial
infarction [11].

Highly activated factor XII in combination with
kininogen activates fibrinolysis. Kininogen is a
precursor of bradykinin and kallidin, proteins that
cause vasodilation and smooth muscle contraction.
Besides the fact that kinins are known for their ability
to induce nitric oxide and prostacyclin, which mediate
cardioprotection, bradykinin promotes inflammation,
fibroplasia, and fibrosis after myocardial infarction in
rats [12]. Thus, kininogen is involved in inflammation,
blood pressure control, coagulation, and emergence
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of pain. With kininogen deficiency, the level of
bradykinin decreases, which does not affect the
function of the left ventricle, but affects the risk of
CAD [13]. In our study, the level of kininogen did
not differ in the study groups. However, high levels
of plasminogen and fibrinolysis inhibitor PAI-1 were
found in the group of patients with stable plaques.

There is a relationship between the activation of
the immune system, inflammation, and blood clotting
mechanisms. The complement system is not only a
component of the innate immune response, but also
a key mediator of inflammation [14]. Complement
system proteins have been repeatedly associated with
vascular remodeling and atherosclerosis [15, 16].

Research data indicate that the anomaly
of complement components and the resulting
excessive complement activation are associated with
atherogenesis. C3b / iC3b and MAC deposition in
the clogged arteries indicates increased complement
activation [17]. The complement system can modulate
platelet activation and subsequent formation of blood
clots. It was reported that several components of the
complement system, including C3 and the membrane
attack complex, are associated with platelets and
become functionally active when platelets are
activated [18]

The complement system can be activated through
three pathways: classical, lectin, and alternative.
All three pathways converge at the C3 level to form
the C5 convertase, which ultimately leads to the
polymerization of C9 and the formation of membrane
attack complexes. The classical pathway is triggered
by the recognition of Clq antibodies or apoptotic
cells associated with antigens or microbial surfaces.
Exposure of Clq to its target results in activation
of serine proteases Clr and Cls, followed by Cls-
mediated cleavage of C4 into anaphylatoxin C4a and
opsonin C4b. [14, 18]. Platelets can also release Clq
upon activation, thereby activating other platelets
[19]. There are several points of interaction in the
complement cascade and the blood coagulation
system. For example, factor Xlla can activate
Clq and, consequently, the classical complement
pathway [20].

In our study, no significant difference was found
between the Cl1 (Clg; Clr; Cls) complement
components in the study groups. However, the total
content of the complement component C1 was higher
in the group of patients with stable AP. The levels of
complement components C3, C7, C9 and complement
factor B were higher in the group of patients with

stable AP (p <0.05) (Table). The level of complement
factor H involved in C3b inactivation was higher in
the group of patients with unstable AP (Table).

Earlier ELISA studies showed high levels of C5b-
9 in intimal thickening and fibrous plaques compared
with normal tissue. At the same time, the levels of
C5b-9 in intimal thickening were higher than in fibrous
plaques, which allowed the authors to assume that
complement activation occurs directly in the artery
wall and plays an important role in atherogenesis [16].

Inflammation and activation of the C5b-9
complement system predispose to rupture of an
intracranial aneurysm [21]. In an animal experiment,
it was shown that the complement factor C5a and
its receptor C5aR are expressed in vulnerable
atherosclerotic plaques. A significant increase in C5aR
in the plaque was found in mice treated with C5a, while
local treatment with C5a led to a significant increase
in plaque destruction with concomitant bleeding.
In addition, the authors demonstrated that smooth
muscle cells and endothelial cells after C5a treatment
in vitro showed a marked increase in apoptosis, which
may contribute to the instability of the lesion in vivo
[22]. It was also found that the membrane attack
complex can play a crucial role in the formation of
plaques and rupture of aneurysms [23]. In our study,
the concentration of complement components C7 and
C9 involved in the formation of the membrane attack
complex did not increase in the blood of patients with
unstable plaques. Apparently, this process is local in
the tissue of the atherosclerotic plaque.

CONCLUSION

The possibility of using the studied proteins
as biomarkers of AP instability in coronary
atherosclerosis requires further research devoted to
their potential role in the development of this disease.
The data of this study, obtained using a modern
method of quantitative proteomics, revealed elevated
concentrations of complement factor H, fibrinogen,
and fibulin-1 in the blood serum samples of patients
with unstable AP. When the levels of proteins
which are involved in the coagulation cascade and
fibrinolysis and proteins related to them functionally
(a2-antiplasmin, a2-macroglobulin, heparin cofactor
11, coagulation factor XII, prothrombin, plasminogen,
PAI-1, vitronectin) reduced simultaneously, the
concentrations of complement proteins (C1, C3,
C7, C9) and complement factor B associated with
coagulation and fibrinolysis were also found to be
reduced in the group of patients with unstable AP.
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Our data showed that the inhibition of coagulation

and fibrinolysis in the blood of patients with unstable
AP significantly increased the concentrations of
fibulin-1 and fibrinogen. This was confirmed by the
multivariate logistic regression analysis, which showed
the relationship of instability with the concentration of
fibulin-1 (Exp(B) = 1.008; p = 0.05).

Thus, an increased concentration of fibulin-1

in the blood may be considered as a promising
potential biomarker of AP instability in coronary
atherosclerosis.
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