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Abstract

Introduction. The role of neutrophils in the initiation and progression of atherosclerosis as well as in the de-
velopment of its complications has received scientific attention only in the recent years. Today, there is growing
evidence to support a role of the CXCL12/CXCR4 axis in sustained inflammation during different chronic inflam-
matory diseases by retaining neutrophils at inflammatory sites.

The aim of the study is to assess the diagnostic and prognostic significance of circulating CD62L"CXCR4" neu-
trophilsin patients with carotid atherosclerosis.

Materials and methods. A total of 75 patients (52% of men and 48% of women) aged 40 to 64 years were exam-
ined. None of them were diagnosed with atherosclerotic cardiovascular diseases. All the patients underwent carotid
artery duplex scanning. The flow cytometry and CD16, CD11b, CD62L, CD182 (CXCR2) and CD184 (CXCR4)
conjugated monoclonal antibodies were used for phenotyping and differentiation of neutrophil subpopulations.
Results. Atherosclerotic plaques in carotid arteries were detected in 72% of the patients; most of the patients
were diagnosed with stenosis development in more than one of the carotid arteries (CA). The elevated levels of
circulating CXCR4" neutrophils were associated with the levels of total cholesterol (r= 0.377; p = 0.001), low-den-
sity lipoprotein (LDL) cholesterol (r= 0.293; p = 0.014) and triglycerides (r= 0.388; p = 0.003). The study revealed
direct correlation between the circulating CXCR4" neutrophil count and the cumulative percentage of CA stenosis
(r=10.300; p = 0.011), including the number of stenosed CA (r = 0.291; p = 0.034). It was also found that CXCR4"
neutrophil counts demonstrated a statistically significant increase along with the increased number of stenosed
CA (p = 0.025). The ROC analysis findings show that the elevated CXCR4" neutrophil counts 2260 cells/uL made
it possible to diagnose stenotic lesion of 4 CAs with a sensitivity of 71.4% and specificity reaching 76.6%.
Conclusion. In patients with carotid atherosclerosis, the increased count of circulating CD62L"°CXCR4" neutro-
phils was associated with the increased number of stenosed CAs, while no significant changes were observed in
the other examined subpopulations of neutrophil granulocytes. The increased CD62L°CXCR4" neutrophil count
made it possible to diagnose stenotic lesion of 4 CAs with a sufficient sensitivity and specificity.
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AHHOMayus

BBeaeHue. /3yueHre ponu HeWTPOMUNOB B UHMLMALN U NPOTPECCMPOBAHUN aTePOCKIepPo3a U pasBUTUN Ero
OCIOXHEHWI aKTVBHO BEAETCS NULb Ha NPOTSXKEHNM NOCNeaHNX HecKomnbkux net. K HacToswemy BpeMeHn nme-
I0TCA AaHHble, CBUAETENbCTBYOLWME 0 BaxkHoW ponn ocn CXCL12/CXCR4 B nopgaepxaHvum BocnaneHus npu pas-
TNINYHBIX XPOHUYECKUX BOCMANUTENbHBLIX 3a60MeBaHNsix NyTem 3afepXkn HeMTpodUNoB B o4arax BocMnaneHus..
Llenb uvccnegoBaHus — yCTAHOBUTBH AMArHOCTUYECKYID M MPOTHOCTUYECKYKD 3HAYMMOCTb LMPKYNMPYOLNX
CD62L"°"CXCR4"-HeATpOodMNOB y NALMEHTOB C KAPOTUAHBLIM aTEPOCKIEPO30M.

Marepuansi u metogbl. O6cnenosanu 75 nauneHToB (52% MyxX4nH n 48% xeHwWwmH) B Bo3pacte 40-64 net
6e3 ycTaHOBMEHHbIX aTePOCKINEPOTUYECKMX CEpPAEYHO-COCYaANCThLIX 3aboneBaHuii. Bcem nauveHTam npoBoanmnm
OynneKkcHoe ckaHMpoBaHWe apTepui kapotuaHoro 6accenHa. ®eHoTunmpoBaHue n anddepeHLMpoBKy cyono-
nynauni HeMTPopnNoB OCYLLECTBAANN METOAOM MPOTOYHON LIMTOMETPUM C UCTIONb30BaAHWEM KOHBIOraToB MOHO-
KnoHanbHbIx aHTuTen CD16, CD11b, CD62L, CD182 (CXCR2) n CD184 (CXCR4).

PesynbraTtbl. ATepocknepoTnyeckme Brsiuku B apTepmsax kapoTuaHoro baccerina 6binm BoisiBneHsl y 72% naum-
€HTOB, Npu 3TOM Yy GOMnbLUMHCTBA NAUMEHTOB AMArHOCTUPOBAHO CTEHO3MPOBaHNE Gonee OQHOW COHHOWM apTepum
(CA). YBenunyeHue konuyectea umpkynupyrowwmx CXCR4M-HeATpodnioB accoLmnmpoBanoch ¢ YpoBHSIMI 0BLLEro
xonectepwuHa (r = 0,377; p = 0,001), xonectepmMHa NMNONPOTEMHOB HWU3koW nnoTtHocTu (r = 0,293; p = 0,014) un
Tpurnuuepugos (r = 0,388; p = 0,003). BbisiBNeHbl NpsiMble KOPPENALMOHHBLIE CBSA3U MEXAY KONMYECTBOM LIMPKY-
nupytowmnx CXCR4"-HenTpodunos n cymmapHbIM NpoLeHToMm cTeHo3upoBaHust CA (r=0,300; p = 0,011), a kpome
TOrO — C KONMM4ecTBOM cTeHOo3npoBaHHbIX CA (r=0,291; p = 0,034). OTMeYeHO CTaTUCTUYECKM 3HAYMMOE HapacTa-
Hue konunyectBa CXCRA4M-HenTpodunoB no Mepe yBENUYEHUS1 KonnyecTBa cTeHo3npoBaHHbix CA (p = 0,025).
Mo paHHbIM ROC-aHanusa, yeBenuyeHue konuyectea CXCR4"-HelTpodmnos 2260 kn/MKn No3BOMsANo auarHo-
CcTMpoBaTb cTeHo3upytoLLee nopaxeHue 4 CA ¢ 4yBCTBUTENBHOCTBIO 71,4% 1 cneumdnyHoCcTbio 76,6%.
3akno4yeHue. Y NauMeHToB C KapOTUAHbIM aTePOCKNEPO30M yBeNnuyeHune umpkynupyrowmx CD62L°CXCR4M-Hen-
TPOUNOB accoumMMpoBanoch C YBENMYEHUEM YnCna CTEHO3NpPoBaHHbIX CA Mpu OTCYTCTBUM 3HAYMMbIX U3Me-
HEeHU B APYrMX OUEHMBaeMbIX cybnonynsauusax HEemTpouUIbHBIX FPaHynouuTOB. YBENUYeHWe KoruyecTsa
CD62L"°CXCR4"-HenTpodnnos no3Bonsno ¢ 4OCTaTOMHOWN YYBCTBUTENBHOCTBIO M CNELUMUYHOCTbLIO AnarHoCcTu-
poBaTb cTeHo3umpytoLlee nopaxeHue 4 CA.

KnroueBble cnoBa: amepockiepos, Helimpoghuribl, KapomuOHbIU amepoCcKepo3, cmaperoujue Helmpoguribl

Amuyeckoe ymeepxdeHue. ViccnenoBaHne NpoBOANIOCH NPU MHCOPMUPOBAHHOM COrfacum naumeHToB. NpoTokon
nccnegoBaHusa ogobpeH Atuyeckum komutetom KOYIMY.

HUcmoyHuk d)UHaHCUPOSGHUﬂ. ABTOpPbI 3aABNSAIOT ob OTCYTCTBUM BHELUHEro dUHaHCUPOBaHUA NpU NPOBEAEHUN
nccneaoBaHus.

KoHgpniukm uHmepecoe. ABTOpbI AeKNapUpyT OTCYTCTBME SIBHBIX U MOTEHUMAnNbHbIX KOH(IIMKTOB MHTEPECOB, CBSI-
3aHHbIX C NyGnuKaumen HacTosILEN cTaTby.

Ansi yumupoeaHus: OonrywuH U.W., lenkens B.B., batypuHa W.J1., EmenbsiHoB U.B., CaBoukmHa A.1O., LWanow-
HUK U.W. Accoumnaums yBennyeHns konuuyectsa umpkynupytowmx CD62L°CXCR4M-HenTpodnnoB c pacnpocTpaHeH-
HOCTbIO KapOTMAHOro atepockneposa. XKypHan mukpobuonoauu, anudemuosnioauu u ummyHobuonozuu. 2021;98(2):
176-183.
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Introduction

The role of neutrophils in the initiation and pro-
gression of atherosclerosis as well as in the develop-
ment of its complications has received scientific atten-
tion only in the recent years [1]. To a large extent, the
interest was propelled by new discoveries in the biolo-
gy of neutrophils, which led to the revision of the tradi-
tional beliefs about their functions and the heterogene-
ity of their population [2]. The discovery of new patho-
physiological mechanisms, through which neutrophil
granulocytes influence atherogenesis and development
of cardiovascular diseases (CVDs), brought them into
focus as a therapeutic target and ushered in a number of
clinical studies [3, 4].

It was found that as they age, neutrophils alter
their phenotype. This process is known as neutrophil
aging [5]. The central role in this process is played by
the C-X-C motif chemokine ligand (CXCL)12/CXCR4
axis [6]. Another important fact is that aging of neutro-
phils has a significant impact on their functional char-
acteristics, downregulating the CD62L expression and

upregulating the CD11b, TLR4 expression, the capacity
to form neutrophil extracellular traps and produce re-
active oxygen species [7]. Today, there is growing evi-
dence to support a role of the CXCL12/CXCR4 axis in
sustained inflammation during different chronic inflam-
matory diseases by retaining neutrophils at inflamma-
tory sites [8, 9]. The CXCR4 expression on circulat-
ing neutrophils was found to increase during chronic
inflammatory diseases, for example, during systemic
lupus erythematosus [10]. A number of experimental
studies revealed a pro-atherogenic role of CXCL12, a
ligand for CXCR4 [11]. Increased CXCL12 expression
is also observed in unstable atherosclerotic plaques
(ASPs) [12]. The diagnostic and prognostic role of cir-
culating CXCR4" neutrophils in patients with athero-
sclerotic CVDs requires further exploration in clinical
studies.

The aim of the study is to assess the diagnostic
and prognostic significance of circulating CD62L"°CX-
CR4" neutrophils in patients with carotid atheroscle-
rosis.
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Materials and methods

The study was performed with a total of 75 pa-
tients (39 (52%) men and 36 (48%) women) aged 40 to
64 years, without any diagnosed atherosclerotic CVDs,
and having had duplex ultrasound examination of their
carotid arteries as administered by their primary physi-
cian for the purpose of cardiovascular risk (CVR) as-
sessment. All the enrollees signed their informed con-
sent for participation in the study. The study protocol
was approved by the Ethics Committee of the South
Ural State Medical University.

The following medical conditions were justified
reasons for non-inclusion and/or exclusion in accor-
dance with the criteria for participation in the study:

» previously diagnosed atherosclerotic CVDs (a
history of cerebrovascular disease, coronary
heart disease, peripheral artery disease, coronary
or peripheral arterial revascularization);

» severe hepatic and renal dysfunction (the
glomerular filtration rate is lower than 30 mL/
min/1.73 m?);

* malignant tumors;

* existing and confirmed chronic inflammatory
diseases;

+ acute inflammatory or infectious diseases during
the last 28 days.

Ultrasonic examination

All the patients underwent carotid artery duplex
scanning. The following arteries were examined bilat-
erally, in a longitudinal and transverse section, along
the entire length: common carotid arteries (CCA) with
CCA bifurcation, internal carotid arteries (ICAs), ex-
ternal carotid arteries (ECAs) at anterior, lateral and
posterior angles. The examination was performed in a
B-mode, color-flow mode, pulsed Doppler ultrasono-
graphy, power Doppler imaging by using a Samsung
Medison EKO7 digital ultrasound multipurpose di-
agnostic scanner and a linear probe at a frequency
of 10 MHz.

The intima-media thickness (IMT) was measured
automatically (AutoIMT function), bilaterally, in the
distal third of CCA, by 1 cm proximal the CCA bifurca-
tion at the anterior angle. The mean CCA IMT (mIMT)
was calculated by using the formula:

(IeftCCA IMT + rightCCA IMT)
2

mIMT =

The ASP was deemed as a focal increase in the in-
tima-media thickness by more than 1.5 mm or exceed-
ing the surrounding IMT by 0.5 mm or exceeding the
IMT of the adjacent CCA sections by 50% [13]. The
stenosing percentage was estimated through planimet-
ric measurements, by using a B-mode, along the diame-
ter in the cross-sectional area of an artery. The stenosis
percentage was calculated by using the ECST (The Eu-
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ropean Carotid Surgery Trial) method [14]. The maxi-
mum stenosis percentage in a particular patient and the
cumulative percentage of CA stenosis were estimated,
when any ASPs narrowing the lumen of arteries were
detected. Then, the number of stenosed CCAs and ICAs
was estimated (the maximum number — 4).

Laboratory tests

The following laboratory test values were estimat-
ed: total cholesterol (TC), low-density lipoprotein cho-
lesterol (LDL-C) and high-density lipoprotein choles-
terol (HDL-C), triglycerides, glycosylated hemoglobin,
creatinine, including the further estimation of the glo-
merular filtration rate following the CKD-EPI equation,
and high-sensitivity C-reactive protein.

The phenotyping and differentiation of neutro-
phil subpopulations were performed by flow cytometry
with a Navios 6/2 flow cytometer (Beckman Coulter)
by using conjugated monoclonal antibodies: CD16-PE-
Cy7.0 (Invitrogen), CD11b-FITC, CD62L-PE (Beck-
man Coulter), CD182 (CXCR2)-PE-Cy5.0 (BD Biosci-
ences), CD184 (CXCR4)-PE-CF594 (BD Biosciences).
We used whole-blood phenotyping with detection of
min 30,000 events.

Statistical analysis

The findings were further analyzed with the help of
the IBM SPSS Statistics v.18 software for data statistical
analysis. The qualitative variables were described by us-
ing absolute and relative ratios (percentages). The quanti-
tative variables were described by using the median (Me)
with the interquartile range (Q,,—Q,,) if the variable was
not normally distributed, or the average and standard de-
viation in case of the normal distribution of the variable.
The Spearman rank correlation was used to measure the
relationship between the variables. The Mann—Whitney
U test was used to assess the significance of differences
between two groups. Differences were considered statis-
tically significant at the significance level of 0.05.

The multiple logistic regression analysis was
used to identify independent predictors of the depen-
dent variable. The analysis was instrumental in detect-
ing the dependance of the binary categorical variable
on a number of other variables, both continuous and
categorical. The linear regression was used to assess
the dependence of one quantitative variable on another
variable. The ROC curve analysis was used to identify
threshold values of the studied variables, including the
assessment of sensitivity and specificity as well as the
estimation of the area under the ROC curve at a confi-
dence interval of 95%.

Results
The clinical profile of the patients is given in Ta-
ble 1.
Following the applicable European guidelines, at
the time of enrolment in the study, a very high CVR
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was found in 13 (17.3%) patients, while 11 (14.6%) pa-
tients had a high CVR, 31 (41.3%) patients were diag-
nosed with a moderate CVR, and 20 (26.6%) patients
had a low CVR [15].

ASPs in carotid arteries were found in 72% pa-
tients (Table 2). Most of the patients were diagnosed
with stenosing of more than one CA.

The findings of the correlation analysis showed
that the elevated levels of circulating CXCR4" neutro-
phils (Table 3) were associated with the levels of TC
(r=10.377; p = 0.001), LDL-C (r = 0.293; p = 0.014),
and triglycerides (» = 0.388; p = 0.003). The analysis
also revealed a direct correlation between the circulat-
ing CXCR4" neutrophil count and the cumulative per-
centage of CA stenosis (#=0.300; p = 0.011) as well as
between the above count and the number of stenosed
CA (r=0.291; p = 0.034).

The ROC curve analysis was performed to assess
the predictive value of the circulating CD16"CD11b-
"CD62L°CXCR4" neutrophil count regarding the

Table 1. Clinical characteristics of patients

Parameter Value

Age, years, Me (Q,.-Q,;) 50,0 (44,5; 56,0)

Body mass index, kg/m?, Me (Q,.—Q,) 27,4 (25,0; 31,2)

Obesity, n (%) 23 (30,6)
Abdominal obesity, n (%) 45 (60,0)
Smoking, n (%) 16 (21,3)
Type 2 diabetes mellitus, n (%) 5 (6,66)
Hypertension, n (%) 38 (50,6)
Antiplatelets, n (%) 9 (12,0)
B-Blockers, n (%) 19 (25,3)
Inhibitors of renin-angiotensin system, n (%) 19 (25,3)
Diuretics, n (%) 8 (10,6)
Statins, n (%) 23 (30,6)
Oral hypoglycemic agents, n (%) 6 (8,00)

Total cholesterol, Me (Q,.-Q,;) 5,80 (5,14; 6,50)

Low-density lipoproteins cholesterol,
Me (Q,-Q,;)

3,46 (2,96; 4,26)

High-density lipoproteins cholesterol,
Me (Q,-Q,;)

1,40 (1,19; 1,61)

Triglycerides, Me (Q,,—Q,,) 1,33 (1,00; 1,80)

High sensitivity C-reactive protein,
mg/l, Me (Q,.—Q,,)

1,40 (0,85; 3,48)

Glycated hemoglobin, %, Me (Q,,—Q,,) 5,67 (5,20; 6,05)

Estimated glomerular filtration rate,
ml/min/1.73 m2, Me (Q,.—Q,,)

73,0 (61,8; 96,5)

existence of advanced atherosclerosis of carotid arter-
ies, including development of a stenotic lesion of 4 CAs
(Fig. 2).

The increase in the CXCR4"- neutrophil count
reaching >260 cells/uL. made it possible to diagnose a
stenotic lesion of 4 CAs with a sensitivity of 71.4% and
specificity of 76.6%. With the threshold value increased
to 333 cells/uL, the specificity went up to 90.6%, while
the sensitivity went down to 57.1%. The logistic re-
gression analysis showed that with the circulating CX-
CR4" neutrophil count increasing to >260 cells/uL,
the odds ratio for a stenotic lesion of 4 CAs was 14.1
(95% CI1 1.6-119; p = 0.015) as adjusted for the gender,
age, existing type 2 diabetes and arterial hypertension,
smoking and LDL-C levels.

Discussion

Studies of innate and adaptive immune cells par-
ticipating in atherogenesis tend to focus on monocytes,
macrophages, and T lymphocytes. The pivotal role of
neutrophils in development of atherosclerosis and its
complications is beyond dispute. However, the avail-
able data lack consistency; the information is patchy
and needs further research in vivo [16].

Table 2. Results of carotid duplex ultrasound scanning

Parameter Value

Mean carotid intima—media thickness,
Me (Q,;—Q,,)

0,65 (0,56; 0,71)

Carotid plaque, n (%) 54 (72,0)

Maximal carotid stenosis, Me (Q,,—Q,,) 24,0 (0,00; 32,0)

Total carotid stenosis, Me (Q,,—Q,;) 27,0 (0,00; 73,0)

Carotid stenosis 250%, n (%) 5 (6,66)
Number of carotid arteries with stenosis, n (%)
1 19 (25,3)
2 16 (21,3)
3 12 (16,0)
4 7(9,33)

Table 3. Differentiation of neutrophils in the studied cohort
of patients

Neutrophil phenotype Value, cells/pl

CD16MCD11bMCD62L"
(mature neutrophils)

2666 (2111; 3313)

CD16MCD11bMCD62L"
(activated neutrophils)

27,5 (14,0; 46,2)

CD16MCD11b"CD62L" °CXCR4"
(aging neutrophils)

185 (98,5; 269)
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Fig. 2. ROC-curve
for CD16"CD11b®"CD62L"°"CXCR4"-neutrophils.

The main findings of the conducted study are as
follows:

1) In the group of patients under study, the count
of aged neutrophils directly correlated with the levels
of TC, LDL-C, and triglycerides;

2) The number of stenosed CAs increased together
with the circulating CD62L"° CXCR4" neutrophil count,
while no significant changes were observed in the other
studied subpopulations of neutrophil granulocytes;

3) The increased CD62L°CXCR4" neutrophil
count made it possible to diagnose stenotic lesion of 4
CAs with adequate sensitivity and specificity.

ORIGINAL RESEARCHES

CXCL12, also known as SDF-1 (stromal cell-de-
rived factor-1), is a chemokine playing a critical role
in homing of neutrophils, the significance of which
in the pathogenesis of atherosclerosis is still fairly
unclear [11]. Yet, it has been proved that ASPs have
increased CXCL12 expression, and increased serum
CXCL12 levels can aggravate the progression of athe-
rosclerosis and directly correlate with the severity
of carotid atherosclerosis [17, 18]. As is known, the
clearance of circulating CD62L°CXCR4" neutro-
phils occurs primarily during night hours when the
CXCLI12 concentration in the bone marrow reaches
peak levels [19]. The systemic persistent low-grade
inflammation, which is observed in atherosclerosis,
and the increased concentrations of CXCL12 in the
systemic circulation and ASPs may adversely affect
the migration of aged neutrophils to the bone marrow,
increasing their lifespan and their levels in blood [7].
In its turn, the subpopulation of CD62L"°CXCR4"
neutrophils, which is characterized by the most active
migration to inflammation sites and by the ability to
form neutrophil extracellular traps and produce reac-
tive oxygen species, has the maximum potential for
migration into the subendothelial space, contributing
to vascular inflammation and progression of athero-
sclerosis [8, 19, 20].

In our opinion, the increase in the CD62L"°CX-
CR4" neutrophil count along with the increase in the
number of CAs suggests an increased intensity of sys-
temic inflammation in patients with advanced polyva-
scular phenotype of atherosclerosis [21]. It may also
indicate the activation of one of the inflammatory sig-
naling pathways — CXCL12/CXCR4. The diagnostic
significance of CD62L°CXCR4" neutrophils for the
CA atherosclerotic disease, which was demonstrated
during the study, suggests the possibility of applica-
tion of the quantitative assessment of the neutrophil
population in diagnosis and prognosis of atheroscle-
rotic CVDs.

The performed study has some limitations:

* a small number of patients included in the study;

* non-estimated serum  concentrations  of

CXCLI12.

Conclusion

In patients with carotid atherosclerosis, the in-
creased circulating CD62L"°CXCR4" neutrophil count
was associated with the increased number of ste-
nosed CAs. The CD62L°CXCR4" neutrophil count of
>260 cells/uL. made it possible to diagnose a stenotic
lesion of 4 CAs with a sensitivity of 71.4% and speci-
ficity of 76.6%.



XKYPHAJ1 MUKPOBUOJIOTUN, STUAEMMNONOTMA U UMMYHOBUONOTNN. 2021; 98

DOI: https://doi.org/10.36233/0372-9311-67

181

OPUTVUHANbHbBIE NCCITIEAOBAHNA

L.

10.

11.

12.

13.

14.

15.

REFERENCES

Silvestre-Roig C., Braster Q., Ortega-Gomez A., Soehnlein O.
Neutrophils as regulators of cardiovascular inflammation. Nat.
Rev. Cardiol. 2020; 17(6): 327-40.
https://doi.org/10.1038/s41569-019-0326-7

. Dolgushin LI. Neutrophil granulocytes: new faces of old ac-

quaintances. Byulleten' sibirskoy meditsiny. 2019; 18(1): 30-7.
https://doi.org/10.20538/1682-0363-2019-1-30-37 (in Russian)

. Xue Y., Wu'Y., Wang Q., Xue L., Su Z., Zhang C. Cellular ve-

hicles based on neutrophils enable targeting of atherosclerosis.
Mol. Pharm. 2019; 16(7): 3109-20.
https://doi.org/10.1021/acs.molpharmaceut.9b00342

. Geng S., Zhang Y., Lee C., Li L. Novel reprogramming of neu-

trophils modulates inflammation resolution during atherosclero-
sis. Sci. Adv. 2019; 5(2): eaav2309.
https://doi.org/10.1126/sciadv.aav2309

. Adrover .M., Nicolas-Avila J.A., Hidalgo A. Aging: a temporal

dimension for neutrophils. Trends Immunol. 2016; 37(5): 334—
45. https://doi.org/10.1016/5.it.2016.03.005

. Rosales C. Neutrophil: a cell with many roles in inflammation

or several cell types? Front. Physiol. 2018; 9: 113.
https://doi.org/10.3389/fphys.2018.00113

. Bonaventura A., Montecucco F., Dallegri F., Carbone F., Lii-

scher T.F., Camici G.G., et al. Novel findings in neutrophil bio-
logy and their impact on cardiovascular disease. Cardiovasc.
Res. 2019; 115(8): 1266-85. https://doi.org/10.1093/cvr/cvz084

. Isles H.M., Herman K.D., Robertson A.L., Loynes C.A.,

Prince L.R., Elks P.M., et al. The CXCL12/CXCR4 signa-
ling axis retains neutrophils at inflammatory sites in zebrafish.
Front. Immunol. 2019; 10: 1784.
https://doi.org/10.3389/fimmu.2019.01784

. Hartl D., Krauss-Etschmann S., Koller B., Hordijk P.L., Kui-

jpers T.W., Hoffmann F., et al. Infiltrated neutrophils acquire
novel chemokine receptor expression and chemokine respon-
siveness in chronic inflammatory lung diseases. J. Immunol.
2008; 181(11): 8053-67.
https://doi.org/10.4049/jimmunol.181.11.8053

Garcia-Cuesta E.M., Santiago C.A., Vallejo-Diaz J., Juarranz Y.,
Rodriguez-Frade J.M., Mellado M. The role of the CXCL12/
CXCR4/ACKR3 axis in autoimmune diseases. Front. Endocri-
nol. (Lausanne). 2019; 10: 585.
https://doi.org/10.3389/fendo.2019.00585

Li L., Du Z., Rong B., Zhao D., Wang A., Xu Y., et al. Foam
cells promote atherosclerosis progression by releasing CX-
CL12. Biosci. Rep. 2020; 40(1): BSR20193267.
https://doi.org/10.1042/BSR20193267

Merckelbach S., van der Vorst E.P.C., Kallmayer M., Risch-
pler C., Burgkart R., Doring Y., et al. Expression and cellular
localization of CXCR4 and CXCL12 in human carotid athero-
sclerotic plaques. Thromb. Haemost. 2018; 118(1): 195-206.
https://doi.org/10.1160/TH17-04-0271

Sprynger M., Rigo F., Moonen M., Aboyans V., Edvardsen T.,
de Alcantara M.L., et al. Focus on echovascular imaging as-
sessment of arterial disease: complement to the ESC guidelines
(PARTIM 1) in collaboration with the Working Group on Aorta
and Peripheral Vascular Diseases. Eur. Heart J. Cardiovasc. Im-
aging. 2018; 19(11): 1195-221.
https://doi.org/10.1093/ehjci/jey103

Mozzini C., Roscia G., Casadei A., Cominacini L. Searching
the perfect ultrasonic classification in assessing carotid artery
stenosis: comparison and remarks upon the existing ultrasound
criteria. J. Ultrasound. 2016; 19(2): 83-90.
https://doi.org/10.1007/s40477-016-0193-6

Mach F., Baigent C., Catapano A.L., Koskinas K.C., Casula M.,
Badimon L., et al. 2019 ESC/EAS Guidelines for the manage-
ment of dyslipidaemias: lipid modification to reduce cardiovas-
cular risk. Eur: Heart J. 2020; 41(1): 111-88.
https://doi.org/10.1093/eurheartj/ehz455

16.

17.

18.

19.

20.

21.

10.

Saranchina Yu.V., Dutova S.V., Kilina O.Yu., Khanarin N.V.,
Kulakova T.S. The role of neutrophils in the pathogenesis of
atherosclerosis. Kardiovaskulyarnaya terapiva i profilaktika.
2018; 17(6): 110-6.
https://doi.org/10.15829/1728-8800-2018-6-110-116 (in Russian)
Sjaarda J., Gerstein H., Chong M., Yusuf S., Meyre D.,
Anand S.S., et al. Blood CSF1 and CXCL12 as causal mediators
of coronary artery disease. J. Am. Coll. Cardiol. 2018; 72(3):
300-10.

https://doi.org/10.1016/j.jacc.2018.04.067

Tavakolian Ferdousie V., Mohammadi M., Hassanshahi G.,
Khorramdelazad H., Khanamani Falahati-Pour S., Mirzaei M.,
et al. Serum CXCL10 and CXCL12 chemokine levels are asso-
ciated with the severity of coronary artery disease and coronary
artery occlusion. Int. J. Cardiol. 2017; 233: 23-8.
https://doi.org/10.1016/j.ijcard.2017.02.011

De Filippo K., Rankin S.M. CXCR4, the master regulator of
neutrophil trafficking in homeostasis and disease. Eur: J. Clin.
Invest. 2018; 48(Suppl. 2): €12949.
https://doi.org/10.1111/eci. 12949

Uhl B., Vadlau Y., Zuchtriegel G., Nekolla K., Sharaf K., Gaert-
ner F., et al. Aged neutrophils contribute to the first line of de-
fense in the acute inflammatory response. Blood. 2016; 128:
2327-37. https://doi.org/10.1182/blood-2016-05-718999
Gutierrez J.A., Aday A.W., Patel M.R., Jones W.S. Polyvascular
disease: reappraisal of the current clinical landscape. Circ. Car-
diovasc. Interv. 2019; 12(12): e007385.
https://doi.org/10.1161/CIRCINTERVENTIONS.119.007385

CIIMCOK UCTOYHHKOB

. Silvestre-Roig C., Braster Q., Ortega-Gomez A., Sochnlein O.

Neutrophils as regulators of cardiovascular inflammation. Nat.
Rev. Cardiol. 2020; 17(6): 327-40.
https://doi.org/10.1038/541569-019-0326-7

. Jonrymma WM. HeitrpoduiisHble TpaHyIOMHUTHL: HOBBIE JIHIA

CTapbIX 3HAKOMBIX. Bronnemens cubupckoii meouyunsi. 2019;
18(1): 30-7. https://doi.org/10.20538/1682-0363-2019-1-30-37

. Xue'Y.,, Wu'Y., Wang Q., Xue L., Su Z., Zhang C. Cellular ve-

hicles based on neutrophils enable targeting of atherosclerosis.
Mol. Pharm. 2019; 16(7): 3109-20.
https://doi.org/10.1021/acs.molpharmaceut.9b00342

. Geng S., Zhang Y., Lee C., Li L. Novel reprogramming of

neutrophils modulates inflammation resolution during athero-
sclerosis. Sci. Adv. 2019; 5(2): eaav2309.
https://doi.org/10.1126/sciadv.aav2309

. Adrover .M., Nicolas-Avila J.A., Hidalgo A. Aging: a temporal

dimension for neutrophils. Trends Immunol. 2016; 37(5): 334—
45. https://doi.org/10.1016/j.1t.2016.03.005

. Rosales C. Neutrophil: a cell with many roles in inflammation

or several cell types? Front. Physiol. 2018; 9: 113.
https://doi.org/10.3389/fphys.2018.00113

. Bonaventura A., Montecucco F., Dallegri F., Carbone F.,

Liischer T.F., Camici G.G., et al. Novel findings in neutrophil
biology and their impact on cardiovascular disease. Cardiovasc.
Res. 2019; 115(8): 1266-85. https://doi.org/10.1093/cvr/cvz084

. Isles H.M., Herman K.D., Robertson A.L., Loynes C.A.,

Prince L.R., Elks P.M., et al. The CXCL12/CXCR4 signal-
ing axis retains neutrophils at inflammatory sites in zebrafish.
Front. Immunol. 2019; 10: 1784.
https://doi.org/10.3389/fimmu.2019.01784

. Hartl D., Krauss-Etschmann S., Koller B., Hordijk P.L., Kuij-

pers T.W., Hoffmann F., et al. Infiltrated neutrophils acquire
novel chemokine receptor expression and chemokine respon-
siveness in chronic inflammatory lung diseases. J. Immunol.
2008; 181(11): 8053-67.
https://doi.org/10.4049/jimmunol.181.11.8053

Garcia-Cuesta E.M., Santiago C.A., Vallejo-Diaz J., Juarranz Y.,
Rodriguez-Frade J.M., Mellado M. The role of the CXCL12/



182

JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2021; 98

DOI: https://doi.org/10.36233/0372-9311-67

11.

12.

13.

14.

15.

CXCR4/ACKR3 axis in autoimmune diseases. Front. Endocri-
nol. (Lausanne). 2019; 10: 585.
https://doi.org/10.3389/fendo.2019.00585

Li L., Du Z., Rong B., Zhao D., Wang A., Xu Y., et al. Foam
cells promote atherosclerosis progression by releasing CX-
CL12. Biosci. Rep. 2020; 40(1): BSR20193267.
https://doi.org/10.1042/BSR20193267

Merckelbach S., van der Vorst E.P.C., Kallmayer M., Risch-
pler C., Burgkart R., Doring Y., et al. Expression and cellular
localization of CXCR4 and CXCL12 in human carotid athero-
sclerotic plaques. Thromb. Haemost. 2018; 118(1): 195-206.
https://doi.org/10.1160/TH17-04-0271

Sprynger M., Rigo F., Moonen M., Aboyans V., Edvardsen T.,
de Alcantara M.L., et al. Focus on echovascular imaging as-
sessment of arterial disease: complement to the ESC guidelines
(PARTIM 1) in collaboration with the Working Group on Aorta
and Peripheral Vascular Diseases. Eur. Heart J. Cardiovasc. Im-
aging. 2018; 19(11): 1195-221.
https://doi.org/10.1093/ehjci/jey103

Mozzini C., Roscia G., Casadei A., Cominacini L. Searching
the perfect ultrasonic classification in assessing carotid artery
stenosis: comparison and remarks upon the existing ultrasound
criteria. J. Ultrasound. 2016; 19(2): 83-90.
https://doi.org/10.1007/s40477-016-0193-6

Mach F., Baigent C., Catapano A.L., Koskinas K.C., Casula M.,
Badimon L., et al. 2019 ESC/EAS Guidelines for the manage-
ment of dyslipidaemias: lipid modification to reduce cardiovas-

16.

17.

20.

21.

ORIGINAL RESEARCHES

cular risk. Eur. Heart J. 2020; 41(1): 111-88.
https://doi.org/10.1093/eurheartj/ehz455

Capanuuna [0.B., lyrosa C.B., Kununa O.10., Xanapun H.B.,
Kynaxoga T.C. Pons HeliTpo(h1ITOB B TaTOreHEe3€ aTepoCKIIepo3a.
Kapouosackynspnas mepanus u npogunrakmuxa. 2018; 17(6):
110-6. https://doi.org/10.15829/1728-8800-2018-6-110-116
Sjaarda J., Gerstein H., Chong M., Yusuf S., Meyre D.,
Anand S.S., et al. Blood CSF1 and CXCL12 as causal mediators
of coronary artery disease. J. Am. Coll. Cardiol. 2018; 72(3):
300-10. https://doi.org/10.1016/j.jacc.2018.04.067

. Tavakolian Ferdousie V., Mohammadi M., Hassanshahi G.,

Khorramdelazad H., Khanamani Falahati-Pour S., Mirzaei M.,
et al. Serum CXCL10 and CXCL12 chemokine levels are asso-
ciated with the severity of coronary artery disease and coronary
artery occlusion. /nt. J. Cardiol. 2017; 233: 23-8.
https://doi.org/10.1016/j.ijcard.2017.02.011

. De Filippo K., Rankin S.M. CXCR4, the master regulator of

neutrophil trafficking in homeostasis and disease. Eur. J. Clin.
Invest. 2018; 48(Suppl. 2): €12949.
https://doi.org/10.1111/eci.12949

Uhl B., Vadlau Y., Zuchtriegel G., Nekolla K., Sharaf K., Gaert-
ner F., et al. Aged neutrophils contribute to the first line of de-
fense in the acute inflammatory response. Blood. 2016; 128:
2327-37. https://doi.org/10.1182/blood-2016-05-718999
Gutierrez J.A., Aday A.W., Patel M.R., Jones W.S. Polyvascular
disease: reappraisal of the current clinical landscape. Circ. Car-
diovasc. Interv. 2019; 12(12): e007385.
https://doi.org/10.1161/CIRCINTERVENTIONS.119.007385



XKYPHAJ1 MUKPOBUOJIOTUN, STUAEMMNONOTMA U UMMYHOBUONOTNN. 2021; 98

DOI: https://doi.org/10.36233/0372-9311-67

183

OPUTVUHANbHbBIE NCCITIEAOBAHNA

Information about the authors

llya I. Dolgushin — D. Sci. (Med.), Prof., Full member of the Russian
Academy of Sciences, Head, Department of microbiology, virology,
immunology and clinical laboratory diagnostics, Director, Institute
of Immunology, President, South-Ural State Medical University,
Chelyabinsk, Russia, https://orcid.org/0000-0002-0901-8042

Vadim V. Genkef® — Cand. Sci. (Med.), Assoc. Prof., Department
of propedeutics of internal medicine, South-Ural State Medical Uni-
versity, Chelyabinsk, Russia, e-mail: henkel-07@mail.ru, https:/
orcid.org/0000-0001-5902-3803

Irina L. Baturina — Cand. Sci. (Med.), senior researcher, Research
Institute of Immunology, South-Ural State Medical University, Chelya-
binsk, Russia, https://orcid.org/0000-0002-5960-4189

llya V. Emelyanov — research assistant, Research Institution of
Immunology, South-Ural State Medical University, Chelyabinsk,
Russia, https://orcid.org/0000-0003-0425-4596

Albina Y. Savochkina — D. Sci. (Med.), Prof., Department of
microbiology, virology, immunology and clinical laboratory diagnostics,
principal researcher, Research Institution of Immunology, South-Ural
State Medical University, Chelyabinsk, Russia, https://orcid.org/0000-
0002-0536-0924

Igor I. Shaposhnik — D. Sci. (Med.), Prof., Head, Department of pro-
pedeutics of internal medicine, South-Ural State Medical University,
Chelyabinsk, Russia, https://orcid.org/0000-0002-7731-7730

Author contribution. All authors made a substantial contribution

to the conception of the work, acquisition, analysis, interpretation of

data for the work, drafting and revising the work, final approval of the
version to be published.

The article was submitted 17.07.2020;

accepted for publication 22.01.2021;

published 20.03.2021

HHpopmayusi 06 asmopax

HoneywuH Unbsi Unbud — A.M.H., Npod., akagemunk PAH, 3aB. kad.
MUKpOGKONorum, BUPYCONorum, UMMYHONOMU U KNMHUYecKon nabo-
paTopHoW AuarHocTuku, aumpektop HUW nMmmyHonoruum, npesmaeHt
Orb0Y BO HOYIMY, Yensibuxck, Poccus, https://orcid.org/0000-
0002-0901-8042

leHkenb Badum Bukmoposud™ — K.M.H., Oou. kad. NponeaesTvku
BHYTpPeHHUX OonesHenn ®IBOY BO KOYIMY, YensbuHck, Poccus,
henkel-07@mail.ru, https://orcid.org/0000-0001-5902-3803

BbamypuHa WpuHa JleoHUGo8Ha — K.M.H., C.H.c. HUN ummyHonorum
Sre0yY BO HKOYIMY, Yensbuxck, Poccus, https://orcid.org/0000-
0002-5960-4189

EmenbsiHos Unbsi Bnadumuposuy — ctapwmin nabopaHt HAW um-
MyHonorun ®re0Y BO HOYIMY, YensibuHck, Poceus, https://orcid.
org/0000-0003-0425-4596

CaeoukuHa AnbbuHa HOpbesHa — [.M.H., npod. kad. MUKpobuo-
1iorvn, BMPYCOSOrUM, UMMYHOMOMMM U KIMHWYECKOWN NlaGopaTopHoi
auarHoctuku, r.H.c. HUA nmmyHonorun ®rbOyY BO KOYIMY, Yens-
6uHck, Poccus, https://orcid.org/0000-0002-0536-0924

UlanowHuk UNezopb Uocugposuy — [.M.H., Nnpod., 3aB. Kad. nporne-
OEeBTUKN BHYTPeHHux GonesHen ®rBOY BO HOYIMY, YenabuHck,
Poccus, https://orcid.org/0000-0002-7731-7730

Yyacmue aemopoe. Bce aBTOpbl BHECN CyLIJ,eCTBeHHbIVI BKnag B

nposegeHue NONCKOBO-aHanNMTU4eCcKomn paﬁOTbI 1 NoaroToBky CTa-
TbW, NPOHIN N O}J,OGpI/IJ'IM CbMHaJ'IbHle Bepcuto 4o I'IyGJ'IVIKaLI,IAVI.

Cratbsi noctynuna B pegakuuto 17.07.2020;

npuHsTa k nyénukaumm 22.01.2021

ony6nukosaHa 20.03.2021


mailto:henkel-07@mail.ru

