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90TAKCWUH U CEPLEYHO-JI0ABDKEYHbIN COCYAUCTBIN
UMHAEKC Y NAUUMEHTOB BbICOKOIo U OMEHb BbICOKOIO
CEPOEYHO-COCYAUCTOIO PUCKA
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Pesome. DoTaKCHH — XeMOKMH, KOTOPBIH SIBJISIETCSI XeMOATTPAKTaAHTOM TIPEUMYIIIECTBEHHO IJISI 903MHO-
dusoB, a Takxke 6azodunos u Th2-mumpounTos. I1To JTaHHBIM KCClIeNOBAaHUI, CBEPXIKCITPECCUsl 20TaKCUHA
oOHapykeHa B HIOTEIUAIbHBIX U TJaAKOMBIIIEYHBIX KJIETKaX COCYIOB B 00JIACTU aTepPOCKIePOTUUECKOM
oK. B KIMHNYECKON MEAUIIMHE ITMPOKO MCITOIB3YETCSI CePleUHO-TOABIKEYHBINA COCYAUCTBIM MHACKC
(CAVI) kak mHAUKATOP apTepUOCKIIepO3a U MPEeAUKTOpP CEPAeYHO-COCYAUCTBIX COObITUI. B HeMHOTOUMC-
JICHHBIX UCCJIEIOBAaHUSIX MTOKa3aHa B3aMOCBSI3b COCPKaHUsI 20TaKCMHA C HAJIMYMEeM KOPOHApHOIO aTepo-
CKJIepo3a, Toraa Kak B APYTUX MCCIAEAOBAHUSIX HE ObLIO YCTAaHOBJIEHO acCOLMAIlUM COASpPXKaHUS B KPOBU
30TaKCHUHA C aTePOCKIIEPO30M, MH(APKTOM MUOKapia U CKOPOCTHIO MyJIbCOBOM BOIHEI. Llenbio HacTosIero
MCCIICIOBAHUS SIBISICTCSI OLIEHKA YPOBHS 30TaKCMHA B KPOBU M CEPACUHO-JIOABIKEYHOTO COCYINCTOrO MH-
JeKca M UX acCOLMAaIMsI C OCHOBHBIMHU KapAMOBACKYISIPHBIMU (haKTOPaMU PUCKa Y MAllMEHTOB BHICOKOIO 1
0OYEeHb BBICOKOI'O CEPACYHO-COCYAUCTOro prcKa. bblio o6ciiemoBaHo 65 MallMeHTOB BLICOKOIO 1 OUYE€Hb BbICO-
KOTO CepIACUYHO-COCYIUCTOTO pUCKa, 00YCIOBICHHOIO JOKYMEHTUPOBAHHOMN MILIEMUYECKOM 00JIe3HbIO Cep/I-
11a, caXapHbIM AMa0eTOM 2-TO TUIIA WJIM COYETaHUEM KapIMOBaCKYISIPHBIX (paKTOPOB pHCKa, U HAXOISIIIXCS
Ha OOLIETIPUHATON KapAMOaKTUBHOM, caxapoCHMXKalolel 1 IMMUACHUKalolIe Tepanuu. Bcem manueHTam
BBITTOJTHEHO MCCJIeAOBaHNE 3J1aCTUYECKUX CBOMCTB COCYIMCTON CTEHKM METOIOM OOBEeMHOI cdurmorpa-
¢duu ¢ oeHkoit nunaekca CAVI. B kpoBu onpenensyii KOHLIEHTPALIMIO 30TaKCMHA, BBICOKOYYBCTBUTEIbHOTO
C-peakTUBHOro 0ejika, INTMKO3MJIMPOBAHHOIO TeMOIJIO0MHA 1 MoKa3aTesieil TUMUAHOro criekTpa. Bee 00-
clieJoBaHHbBIE ObLIM pa3leeHbl Ha IBe IPYIIIbl: ¢ HopManbHbIM 3HaueHueM CAVI (meHee 8) 1 MOBBbIIIEH-
HbIM. ITanmeHTsl ¢ noBbilieHHBIM CAVI mMenu 6ojiee BbICOKME KOHLeHTpauuu 3otakcuHa (p = 0,013),
o6iero xosnectepuHa (p = 0,009), xojiecTeprHa JIMIIONPOTEMHOB HU3KOM ruioTHOCTH (p = 0,016), a Takxke
obutn crapiie (p < 0,0001) u pexxe npuaumanu ctatuHbl (p = 0,002). Y Bcex 00cJieqoBaHHBIX OBIJIU BbISIB-
JICHBI KOPPEJISIIIUM MEXIY KOHIIEHTpalMeil 0TakcuHa B cbiBopoTke KpoBu u CAVI (1, = 0,34; p = 0,005), a
Takxke Bo3pacToMm (r, = 0,32; p = 0,006). Bospact nmauueHToB Koppeauponai ¢ CAVI (r, = 0,35; p = 0,007).
TakuMm 0Opa3om, B HallleM MCCJIEIOBAaHMM MbI BIIEPBbIC ITOKA3aJIM B3aMMOCBSI3b BHICOKUX KOHIIEHTPALIMI 30-
TaKCUHA C MOBBILIEHHBIM CEPACYHO-JIONBIKEYHBIM COCYIUCTHIM NHASKCOM Y TTallMeHTOB BHICOKOTO U OUYEHb
BBICOKOTI'O CepIEUHO-COCYIUCTOTO prcKa. CepaeuHO-TOAbIKEUHbBIN COCYIUCThIN MHAESKC ObLIT aCCOLIMMPOBaH
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C BO3pacCToM, C 1roxkaszaTcjiaAMu JUIIUIHOIO obMeHa M HaJIMuueM JIMIUACHUKAIOLLei TCpalinu. HOJ’[y‘ICHHBIe
PE3YJIbTaThI ITIO3BOJIAIOT pacCMaTpuBaThb 90TAKCUMH KakK (l)aKTOp, CBSI3aHHBII C aTCpPOrc¢HE30M 1 apTepHaﬂbHOﬁ
KECTKOCTbLIO.
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ghaxkmopul pucka cepdeuHo-cocyoucmoix 3a001e6aHULL

EOTAXIN AND CARDIO-ANKLE VASCULAR INDEX IN PATIENTS
WITH HIGH AND VERY HIGH CARDIOVASCULAR RISK
Kravchenko E.S., Suslova T.E., Kologrivova L.V, Koshelskaya O.A.

Research Institute of Cardiology, Branch of Tomsk National Research Medical Center, Russian Academy of Sciences,
Tomsk, Russian Federation

Abstract. Eotaxin is a chemokine, which is a chemoattractant mainly to eosinophils, as well as basophils
and Th2 lymphocytes. According to studies, overexpression of eotaxin is found in endothelial and smooth
muscle cells of blood vessels in the area of atherosclerotic plaque. In clinical medicine, cardio-ankle vascular
index (CAVI) is widely used as an indicator of arteriosclerosis and a predictor of cardiovascular events. Few
studies have shown the relationship of eotaxin with coronary atherosclerosis; in other studies, the relationship
of eotaxin with atherosclerosis, myocardial infarction and pulse wave velocity was not revealed. The aim of
the present study was to assess blood level of eotaxin and cardio-ankle vascular index and their association
with major cardiovascular risk factors in patients with high and very high cardiovascular risk. We examined
65 patients with high and very high cardiovascular risk, due to documented coronary artery disease, type 2
diabetes mellitus, or combination of cardiovascular risk factors and who were undergoing generally accepted
cardioactive, hypoglycemic therapy and lipid-lowering therapy. All patients were examined for the elastic
properties of the vascular wall by volumetric sphygmography with assessment of CAVI. In the blood, the
concentrations of eotaxin, high-sensitivity C-reactive protein, glycosylated hemoglobin and lipid spectrum
indicators were determined. All examined were divided into two groups: with a normal value of CAVI (less
than 8) and elevated. Patients with elevated CAVI had higher concentrations of eotaxin (p = 0.013), total
cholesterol (p = 0.009), low-density lipoprotein cholesterol (p = 0.016), were older (p < 0.0001) and less likely
to take statins (p = 0.002). In all those examined, correlations were found between serum eotaxin concentration
and CAVI (r, = 0.34; p = 0.005), as well as age (r, = 0.32; p = 0.006). The age of the patients correlated with
CAVI (r, = 0.35; p = 0.007). Thus, in our study, we for the first time showed the relationship between higher
concentrations of eotaxin and an increased cardio-ankle vascular index in patients with high and very high
cardiovascular risk. Cardio-ankle vascular index was associated with age, lipid metabolism and lipid-lowering
therapy. The obtained results allow us to consider eotaxin as a factor associated with atherogenesis and arterial
stiffness.

Keywords: eotaxin, chemokines, arterial stiffness, cardio-ankle vascular index, atherosclerosis, risk factors for cardiovascular disease

The work was conducted within the framework of
fundamental scientific research No. 122020300043-1
“Molecular cellular mechanisms of development of
cardiovascular diseases of ischemic and non-ischemic
genesis. Fundamental aspects of the implementation of
organoprotective effects of therapeutic interventions”.

Introduction

Chemokines are a class of low-molecular cytokines
that can induce directed chemotaxis of immune
system cells, smooth muscle cells, fibroblasts, and
other body cells in response to the activation of
receptors associated with G-protein. However, the

biological activity of chemokines is not limited to the
stimulation of chemotaxis. Stimulation of chemokine
receptors can affect proliferation, differentiation,
degranulation, respiratory burst in cells; has an
effect on vascular permeability and angiogenesis [5].
Eotaxin (CC chemokine ligand 11, CCLII1) is a
chemokine of class CC, which is a chemoattractant
predominantly to eosinophils, as well as basophils and
Th2 lymphocytes, activating CCR3 receptors [2, 7].
The detected overexpression of CCR3 and eotaxin
mRNA in human atherosclerotic plaques indicates
the role of this chemokine in vascular inflammation
and atherosclerotic process [4].
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In mouse smooth muscle cell culture, eotaxin
has been shown to be a potent chemotactic factor
for smooth muscle cells, capable of regulating their
migration to the atherosclerotic plaque region [7].
Eotaxin has also been found to stimulate the
calcification of smooth muscle cells [9]. On the
other hand, other studies have found no association
between eotaxin levels and the presence of coronary
atherosclerosis or prior myocardial infarction [1, 8].
The relationship of eotaxin with such risk factors
for cardiovascular diseases as obesity and smoking
has been established [3, 10, 14]. Cell culture studies
show that increased expression of eotaxin plays a role
in vascular inflammation and atherosclerotic process
by increasing endothelial permeability, migration and
calcification of smooth muscle cells in the presence of
reactive oxygen intermediates [10].

At the present time, the importance of assessing
vascular stiffness as an indicator of arteriosclerosis
and a predictor of cardiovascular events has been
demonstrated. For the past fifteen years, cardio-
ankle vascular index (CAVI) has been widely used in
clinical medicine to assess the risk of cardiovascular
disease. As a marker of arterial stiffness, CAVI has a
number of advantages over other methods, namely, it
is easy to measure, has high reproducibility, reflects
the stiffness of the entire aorta, femoral, popliteal and
tibial arteries, allows you to assess the vascular age, to
controlthe dynamicsoftreatment and the effectiveness
of lifestyle changes, and to evaluate the severity of
atherosclerotic process, and it is less dependent on
blood pressure than pulse wave velocity [6, 12, 13].

Few studies have shown the relationship of eotaxin
with coronary atherosclerosis; in the other studies,
the relationship of eotaxin with atherosclerosis,
myocardial infarction and such a marker of vascular
stiffness as pulse wave velocity was not revealed.

The aim of the present study was to assess blood
level of eotaxin and cardio-ankle vascular index and
their association with major cardiovascular risk factors
in patients with high and very high cardiovascular risk.

Materials and methods

We examined 65 patients aged 41-70 years, 29 men
and 36 women. 86% of the surveyed were diagnosed
with coronary artery disease, 97% were diagnosed
with arterial hypertension, and 54% were diagnosed
with type 2 diabetes mellitus. At the time of the study,
all patients were undergoing generally accepted
cardioactive and hypoglycemic therapy. Statins were
taken by 62% of those examined. The study did not
include patients with acute coronary syndrome,
persistent atrial fibrillation, acute infectious diseases,
allergic and autoimmune diseases, or oncological
diseases. All the procedures and tests were conducted
in accordance with the guidelines of the Declaration
of Helsinki and “Rules of Clinical Practice in the

Russian Federation”, approved by the Order of the
Ministry of Health of the Russian Federation. The
study’s protocol was approved by the Biomedical
Ethics Committee of Cardiology Research Institute,
Tomsk NRMC (protocol No. 210 from February 18,
2021). All the patients recruited into the study signed
an informed consent.

All patients underwent a study of the elastic
properties of the vascular wall by volumetric sphyg-
mography on the VaSera VS-1000 device (Fukuda
Denshi, Japan) with an assessment of cardio-
ankle vascular index on the right and on the left
and calculation of the average cardio-ankle index.
In whole blood, the concentration of glycosylated
hemoglobin A,. (HbA,;) was determined by the
immunoturbidimetric method (DiaSys, Germany).
The concentration of total cholesterol (TCH) and
triglycerides (TG) was determined by the colorimetric
enzymatic method (DiaSys, Germany). To determine
the cholesterol of high-density lipoproteins (HDL),
a combined method without precipitation was used
(DiaSys, Germany); the concentration of low-density
lipoprotein (LDL) cholesterol was calculated using
Friedwald’s formula. High-sensitivity C-reactive
protein (hsCRP) was determined in the blood se-
rum by enzyme-linked immunoassay (Vector-Best,
Russia).

Eotaxin concentration was measured with Human
Cytokines/Chemokines-38 kit using multiplex
instrument FLEXMAP 3D (Luminex Corporation)
and MILLIPLEX Analyst 5.1 software (Merck KGaA,
Milliplex; Darmshdadt), the Core Facility “Medical
genomics”, Tomsk NRMC.

All examined were divided into two groups: with a
normal value of cardio-ankle vascular index (less than
8) and elevated (more than 8).

The results were statistically processed using the
STATISTICA 10.0 software package (StatSoft Inc.,
USA). The compliance of the law of distribution
of variables with the normal one was checked using
the Shapiro-Wilk test. Since the distributions of all
variables were non-normal, the results are presented
as median and interquartile interval: Me (Q,,5-Qy 75)-
Qualitative variables are presented as absolute and
relative frequencies. The Mann—Whitney test was
used to compare the groups. Qualitative variables
were compared using Fisher’s exact test. Correlation
relationships were assessed using the Spearman rank
coefficient (r,). The critical significance level (p) was
assumed to be 0.05.

Results and discussion

Patients with elevated CAVI were older. Higher
concentrations of total cholesterol and low-density
lipoprotein cholesterol in patients with elevated CAVI
were consistent with rarer statin intake (Table 1).
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TABLE 1. CHARACTERISTICS OF THE EXAMINED PATIENTS DEPENDING ON THE LEVEL OF CARDIO-ANKLE VASCULAR

INDEX
Indicator CAVI<38 CAVI = 8 p
n=23 n=42
CAVI 7.3 (6.90-7.45) 9.1 (8.6-9.8) 0.000
Eotaxin, pg/mL 60.84 (46.28-98.66) 93.09 (63.19-139.43) 0.013
Age, years 54 (50-59) 65 (56-67) 0.000
Men, n (%) 10 (43.5) 19 (45.2) 0.550
Smoking, n (%) 7 (30.4) 14 (33.3) 0.519
Patients with coronary artery disease, n (%) 19 (82.6) 37 (88.1) 0.397
Coronary artery disease, years 1(0.5-4.0) 2 (0.5-5.0) 0.169
Patients with hypertension, n (%) 22 (95.7) 41 (97.6) 0.586
Hypertension duration, years 10 (5-20) 10 (5-17) 0.951
Patients with diabetes mellitus type 2, n (%) 12 (52.2) 23 (54.8) 0.523
Duration of diabetes mellitus type 2, years 0.5 (0-9) 1 (0-10) 0.995
Body mass index, kg/m? 30.4 (29.1-34.7) 30.9 (28.3-33.3) 0.600
Waist-to-hip ratio 0.95 (0.88-0.98) 0.97 (0.93-1.02) 0.259
Systolic blood pressure, mm Hg 120 (110-130) 129 (120-140) 0.061
Diastolic blood pressure, mm Hg 80 (75-80) 80 (70-82) 0.433
Statin intake, n (%) 20 (86.9) 20 (47.6) 0.002
HbA,¢, % 6.0 (5.2-7.7) 6.8 (5.7-7.7) 0.195
TCH, mmol/L 3.85 (3.24-5.03) 5.08 (4.33-5.44) 0.009
TG, mmol/L 1.40 (1.03-1.96) 1.37 (1.13-1.92) 0.908
LDL, mmol/L 2.21 (1.77-2.90) 3.06 (2.29-3.74) 0.016
hsCRP, mg/L 2.37 (1.35-3.61) 1.92 (1.01-3.94) 0.802

In all those examined, correlations were found
between serum eotaxin concentration and CAVI,
as well as age (Figure 1). The age of the patients
correlated with CAVI (r, = 0.35; p = 0.007).

Of all the cardiovascular risk factors studied, the
eotaxin in the present study was associated only with
age and the arterial stiffness score, CAVI. CAVI,
in turn, was associated with age, the state of lipid

220
200
180 = 0.32

160 | P =0.006

Eotaxin, pg/mL

035 40 45 50 55 60 65 70 75
Age, years

metabolism and lipid-lowering therapy, which is
consistent with other studies [6, 11, 12, 13].

Age is a significant predictor of cardiovascular
risk. Depending on the ratio of chronological age
and biological age, the concept of early vascular
aging (EVA) and normal (healthy) vascular aging was
proposed [12]. In 2019, leading experts in the study
of vascular stiffness confirmed the hypothesis that

220
200
180 | 1,=0.34

160 | P =0.005

Eotaxin, pg/mL

CAVI

Figure 1. Correlations of eotaxin concentration in the blood with age and cardio-ankle vascular index
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arterial stiffness is the best indicator of the combined
action of known and unknown risk factors for damage
to the arterial wall, and proposed to express very high
and very low arterial stiffness in terms of EVA and
SUPERNOVA (supernormal vascular aging). Patients
with the SUPERNOVA phenotype have extremely low
vascular stiffness for their age and sex. The plasticity of
vascular smooth muscle cells plays an important role
in increasing blood pressure not only by regulating
the interaction of actomyosin for contraction, but
also by participating in the homeostasis of the cell-
extracellular matrix and is very important for the
physiology of normal and early vascular aging [11].
The activation of CCR3 receptors and increased
expression of eotaxin in case of injury can stimulate
the migration of vascular smooth muscle cells from the
media of the artery to the intima. This migration and
subsequent proliferation of smooth muscle cells in the
intima leads to intimal hyperplasia and narrowing of
the clearance [7]. Eotaxin promotes the formation of
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