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Pesome. Ha cerogHsimiHuit A€Hb U3BECTHO, YTO XPOHUYECKASI aKTUBALUSI BPOXKIEHHOIO UMMYHUTETA U
MEePCUCTUPYIOIIee HU3KOUMHTEHCUBHOE BOCMAIEHUE UTPAIOT BaXKHEMIITYIO POJIb B UHULIUALIAU U TIPOTPECCU-
POBaHUMU aTEPOCKIIEPO3a. YCTAHOBJIEHO, YTO aTePOTEHHbIE TUITOTIPOTEMHbI MOTYT BBICTYNATh B KAUECTBE UH-
JYKTOPOB BOCHAJIIMTEIBHOTO OTBETA TTOCPEACTBOM JIMTAHI-PELIETITOPHOTO B3aUMOAEUCTBUS C TTaTTEPH-pac-
MO3HAILIMMU PeLeNTOPAMU UMMYHOKOMITETEHTHBIX KJI€TOK, TakuMu Kak CD36 (SR-B2) u Toll-mogoGHbIe
petenrropsl. [Ipeanonaraercs, yto skcnpeccust CD36 Ha HMPKYJIUPYIOIINX MOHOIIMTAX MOXKET Perpe3eH-
TUPOBATh OpeMs CUCTEMHOIO aTepOCKIepo3a 1, CIeA0BaTeIbHO, BBICTYNATh €r0 TUarHOCTUYECKUM MapKe-
poM. Llenbio HACTOSIIIIETO MCCIEIOBAHMS SIBJISITIACH OLIEHKAa MHTEHCUBHOCTHU 3Kcrpeccun CD36 Ha LupKy-
JIMPYIOIIMX MOHOLUTAX Pa3IUYHBIX CYONOMYISIMi y MalueHToB 6e3 ycTaHoBJIeHHbIX CC3 B 3aBUCUMOCTHU
OT PACIpPOCTPAHEHHOCTU CYOKJIIMHWYECKOTO aTepockiiepo3a mepudeprudeckux aprepuii. B uccienoBaHue
6buTH BKITIOYeHBI 100 manmeHToB 6e3 ycTaHOBIEeHHBIX aTepockiiepoTnyeckux CC3, 49 (49,0%) My>X4uH 1
51 (51,0%) xeniuna. s GeHOTUMPOBAHUS CyONOITYISLIAIA MOHOLIMTOB MCITOJIb30BAIM KOHBIOTaThl MO-
HOKJIOHAJIbHBIX aHTUTeN. DKcrnpeccuto CD36 Ha CD147"CD16 -MoHonuMTax (KJIacCUYeCKUe MOHOLIUTHI),
CD147CD16"-MoHoLuTax (IMpoMexXyTodHble MoHOLMTBI), CD147"CD16""-MoHouMTax (HEKJIACCUYECKUE
MOHOILIMTbI) OTIPEIEISUIN 110 CPeAHEN UHTEHCUBHOCTU (tyopecueHuu. Habaomanock CTaTUCTUYECKH 3HA-
YUMOE CHUKEHUE MHTEHCUBHOCTH dKcnpeccun CD36 Ha KITaCCUYECKUX M HEKIJTACCUYECKUX MOHOIIMTAX IO
Mepe YBeJIMUECHUS YUCIIa TOPAXEHHBIX aTEPOCKIEPO30M COCYAUCTHIX OacceiiHOB. [1pu momapHOM cpaBHEHUU
ObLIO YCTAHOBJIEHO CTATUCTUYECKH 3HAUMMOE CHUKEHUE MHTEHCUBHOCTU 3Kcnpeccun CD36 Ha kiaccude-
CKHX U HEKJIACCUYECKUX MOHOIIMTAX y MAIlMEHTOB C ITOPaXK€HUEM JBYX COCYAUCTBIX 0AaCCEeTHOB B CPABHEHUU
C MalWeHTaMU ¢ MOPaXXeHNeM OJHOTO COCYIUCTOTO DacceiiHa.

Knrouegwie crosa: MOHOUUMDL, CD36, UHMEHCUBHOCNb IKChpeccuu, amepocKaepos, Kaaccu4ecKkue MOHouumol
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CD36 EXPRESSION INTENSITY ON DIFFERENT
SUBPOPULATIONS OF CIRCULATING MONOCYTES
DEPENDING ON THE EXTENT OF SUBCLINICAL
ATHEROSCLEROSIS

Dolgushin LI, Genkel V.V, Baturina LL., Savochkina A.Yu.,
Minasova A.A., Kuznetsova A.S., Shaposhnik LI.
South Ural State Medical University, Chelyabinsk, Russian Federation

Poccuiickuit ummynonoecuueckuii scypnan
Russian Journal of Immunology/Rossiyskiy Immunologicheskiy Zhurnal

Abstract. It is known that chronic activation of innate immunity and persistent low-intensity inflammation
play a crucial role in the initiation and progression of atherosclerosis. It was found that atherogenic lipoproteins
can act as inducers of the inflammatory response through ligand-receptor interaction with pattern-recognizing
receptors of immunocompetent cells, such as CD36 (SR-B2) and Toll-like receptors. It is suggested that
expression of CD36 on circulating monocytes may represent the burden of systemic atherosclerosis and,
therefore, act as its diagnostic marker. The aim of the present study was to assess the intensity of CD36 expression
on circulating monocytes of different subpopulations in patients without established cardiovascular disease
(CVD) depending on the extent of subclinical atherosclerosis of peripheral arteries. One hundred patients
without established atherosclerotic CVD, 49 (49.0%) men and 51 (51.0%) women, were included in the study.
Monoclonal antibody conjugates were used to phenotype monocyte subpopulations. The expression of CD36
on CD14**CD16- monocytes (classical monocytes), CD14*CD16* monocytes (intermediate monocytes),
CD14*CD16** monocytes (non-classical monocytes) was determined by the average fluorescence intensity.
There was a statistically significant decrease in CD36 expression intensity on classical and non-classical
monocytes with increasing number of vascular basins affected by atherosclerosis. A statistically significant
decrease in CD36 expression intensity on classical and non-classical monocytes was found in the patients
with two vascular beds lesions in comparison with patients with a single vascular bed lesion upon pairwise
comparisons.

Keywords: monocytes, CD36 expression, atherosclerosis

LIMPKY/IMPYIOIIMX MOHOLIMTAX Pa3/JIMYHbIX CYOITOMy-
JISILMN y TauuMeHToB 6e3 yctaHoBIeHHbIX CC3 B 3aBU-
CUMOCTH OT PaclpOCTPaHEHHOCTU CyOKITMHUYECKOTO
aTepockiiepo3a nepudeprudecKux apTepuii.

BeegeHve

Ha ceromHsiiiHuii 1€Hb M3BECTHO, YTO XPOHU-
yeckasi aKTUBalMs BPOXIACHHOTO WMMYHHUTETa W
MEePCUCTUPYIOIee HU3KOMHTEHCUBHOE BOCHAJICHUE
WUTPaIOT BaXKHEHIITYIO POJIb B MHUIIMALIMW W IIPOTPEC-
CUpOBaHMU aTepockiepos3a [4]. YcraHOBIIEHO, YTO
aTeporeHHbIC JIMITOMPOTENMHBI MOTYT BBICTYIIATh B
Ka4ecTBEe WHIYKTOPOB BOCIAJIUTEIBHOTO OTBETA TO-
CPEACTBOM JIUTaH[I-PELENITOPHOTO B3aUMONEUCTBUSI
C MaTTePH-PACIIO3HAIOIIUMHU PEIETITOPAMU UMMYHO-
KOMITETEHTHBIX KJIETOK, TaknMM Kak CD36 (SR-B2) n
Toll-nmomo6Hkle penentopsl [1, 10]. [Ipennonaraercs,
yTo 3Kcnpeccus CD36 Ha LMPKYJIUPYIOIINX MOHO-
LIMTaX MOXET Perpe3eHTUPOBATh OpeMsi CUCTEMHOTO
aTepoCKIIepo3a U, CJIeIoBaTe/IbHO, BBICTYIIATh €r0 1U1-
arHOCTUYECKUM MapkepoMm [9]. OnHako pe3yabTraThbl

MaTtepuarsl n MeToabl

B wuccienoBaHue BKJIIOYaad TMAalMEHTOB B BO3-
pacte 40-64 jet, 6e3 YCTaHOBJIEHHBIX aTEPOCKIIEPO-
TUYeCKuX 3abosieBaHuil. Bcemu manueHTamMmu ObLIO
noanucaHo MHGopMupoBaHHOEe corjacue. IIpoTo-
KOJI MICCJIEIOBAHMS OBIIT OOOPEH 3TUUCCKUM KOMU-
tetom PI'BOY BO KNOYI'MY Munsagpasa Poccun
(mpotokoir Ne 10 ot 27.10.2018). Kputepusmu He-
BKJTIOUCHUS B UCCIICIOBAHME W/ MM UCKITIOUCHUS 13
HCCJIeOBAaHUS SIBSUIMCH CICAYIONINEe KIMHUYSCKEe
COCTOSTHUSI: YCTAaHOBJICHHBIC paHee aTepOCKICPOTH-
yeckre CC3; TsoKenble HapylIeHUsT (GYHKIIMA Tede-

UCCJIeI0OBaHU in vitro M in vivo KpailiHe IpoTUBOpE-
YHUBBI, YTO TUKTYET HEOOXOIMMOCTH JAJTBHEMUIIIETO 13-
yueHus [5]. Lleablo HACTOSAIIEr0 UCCAEIOBAHUS SIBJISI-
JIach OILICHKA MHTEHCUBHOCTH 3Kcrpeccun CD36 Ha

HU U MOYeK; 3JI0KaueCTBEHHbIe HOBOOOPA30BaHUSI;
YCTaHOBJIEHHBIE XPOHUYECKNE BOCTAINUTENIbHBIC 3a-
ooneBanus (XB3); ocTpble BocHaauTeIbHBIC WU
MH(MEKIIMOHHbBIC 3a00JIEeBaHUSI B MPEAIIECTBYIONINE
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28 mHeit; BTOpUYHEBIC HapYIICHUS JIMITMIHOTO OOMe-
Ha.

Ornpenensuii T0Ka3aTear JMIUIHOTO OOMeEHa,
TTI0KO03Y, ITTUKAPOBAHHBIN TeMOIJIOONH, KpeaTUHUH
C MOCJEAYIONIMM PacYeTOM CKOPOCTH KIIyOOUKOBOM
dunprpaunu (CKP) nmo popmyne CKD-EPI. ®eno-
TUNUPOBaHNE CYOIOMYJISIINI MUPKYIUPYIOIINX MO-
HOIIUTOB MTPOBOAMIOCH METOIOM ITPOTOYHOM IIUTO-
MeTpuM Ha anmnapate Navios 6/2 (Beckman Coulter,
USA). 3a00p KpoBM OCYIIIECTBIISUTU MOCJE KaK MU-
HUMYM 8 9acOB TOJIOHAHUS B IIPOOMPKU C aHTUKO-
arynssHntom K2 D/TA. dns ¢peHoTunupoBaHus cyo-
MOITYJISIIIAIT MOHOLIMTOB MCIIOJIb30BaI KOHBIOTaThI
MOHOKJIOHAJIPHBIX aHTHUTEJ: aHTUTeNIa K aHTUTCHY
CD16, PE-Cy7 (eBioscience, CIIIA); anturena K
antureny CD14, PerCP-Cy5.5 (eBioscience, CIIIA);
antutena K antureny CD36, FITC (BD Biosciences,
CIIA).

Okcrnpeccrtio CD36 na CD147"CD16 -MoHOLK-
Tax (kiaccuyeckre MoHouuthl), CD14"CD16*-MoHO-
uTax (MpoMexXyTodHble MOHOLIUTHI), CD147CD16"*-
MOHOLIMTAaX (HEKJIACCUYECKHE MOHOIIMTEI) OIIpe-
NeJISIIA TI0 CpeaHeid MHTEHCUBHOCTHU (hJIyopeciieH-
IUY. AHaJIU3 MOJYYEHHBIX AAHHBIX TIPOBOIWIN C
HMCTIOJIb30BAHUEM IMaKeTa CTAaTUCTUYECKOrOo aHaIl-
3a manHbix IBM SPSS Statistics, Bepcus 18. Kaue-
CTBEHHBbIE MEPEMEHHbIEC OIMMCHhIBAIN aOCOTIOTHBIMU

U OTHOCUTEJIbHBIMU YyacToTamu (rmpoueHtamu). Ko-
JIMYECTBEHHbIC MTEPEMEHHbIC ONMCHIBAIM MEIMaHOM
(Me) ¢ ykazaHrMeM WHTEPKBApTWJIBHOTO MHTEpBaja
(Qu25-Qg75). AN OLIEHKM 3HAYMMOCTH Pa3INYuit
MEXIy TpeMsl TPYIIIaMH HCITOJIb30BaId KPUTEPUit
Kpackena—Yonnuca, ¢ mocjieayromuM TOMapHbIM
CpaBHEGHMEM C ITIpMMEHEHHMEM KpurTepus MaHHa—
Yutan. Pasnmnaust cauTanyd CTaTUCTUYECKU 3HAdM-
MBIMM MPU KPUTUYECKOM ypoBHe 3HauumocTu 0,05.

B uccinenoBanmne 60butn BrIntouyeHsl 100 mammeH-
TOB 0€3 YCTAaHOBJICHHBIX aTePOCKIIEPOTUUECCKUX
CC3, 49 (49,0%) myxunH u 51 (51,0%) xeHIIUHA.
KnanHuko-mabopaTopHasi XapaKTepuCTUKA MallueH-
TOB MpeAcTaBjieHa B Tabauie 1.

HNureHcuBHOCTh 3Kcnpeccun CD36 Ha MOHO-
LUATaX Pa3JIMYHbIX CYOITOIYISIIMNA B 3aBUCUMOCTH OT
KOJIMYECTBA TTOPaXXEHHBIX COCYINCTBIX OacCeiiHOB
npenacTaBlieHa B TabauLe 2.

Takum o6pa3zoM, HaOJIOIATOCH CTAaTUCTUYECKU
3HAUMMOE CHUKEHNE MHTEHCHUBHOCTU SKCIIPECCUU
CD36 Ha KJIaCCUYECKMX U HEKIACCUYECKUX MOHOLIM -
Tax 10 Mepe YBEJIMICHUS YHCJIa TIOPaKeHHBIX aTepo-
CKJIEPO30M COCYIMCThIX OacceiiHoB. [Tpu momapHoM
cpaBHeHUM (CM. puc. 1) ObUIO YyCTaHOBJICHO CTaTH-
CTUYECKHU 3HAYMMOE CHUZKEHNE MHTCHCUBHOCTH 9KC-
npeccun CD36 Ha KilacCUYeCKUX U HEKJIACCUYECKUX
MOHOIIMTAX y MAIlMEHTOB C MTOpaXkeHUEM JIBYX COCY-
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Figure 1. CD36 expression intensity on classical, intermediate, and non-classical circulating monocytes
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TABINLA 1. KMTMHUYECKAA N NABOPATOPHASA XAPAKTEPUCTUKA MALIMEHTOB
TABLE 1. CLINICAL AND LABORATORY CHARACTERISTICS OF PATIENTS

MauneHTbI
Mokasatenu L
Indicators Patients
(n=100)

Bospacr, net, Me (UN)
Age, years, Me (IQR)
UMT, kr/m?, Me (UW)
BMI, kg/m?, Me (IQR)

48,0 (43,0-56,5)

26,8 (23,3-30,2)

Oxupenwue, n (%)

Obesity, n (%) 25(25,0)
Kypenwue, n (%)

Smoking, n (%) 17 (17,0)
Aucnunuaemus, n (%)

Dyslipidemia, n (%) 81 (81,0)
ApTtepuanbHas runeptensus (Al), n (%)

Hypertension, n (%) 55(85.,0)
ACB He BbisiBneHbl, n (%)

No ASP detected, n (%) 22(22,0)
ACB B ogHOoM cocyaucTom 6accelHe, n (%) 39 (39,0)
ASP in one vascular bed, n (%) ’
ACB B aByx cocyaucTbix 6accenHax, n (%) 39 (39,0)
ASP in two vascular beds, n (%) ’
BeTta-appeHo6nokaTopsbl, n (%)

Beta-blockers, n (%) 13(13,0)
WHrnbmutopsl PAAC, n (%)

RAAS inhibitors, n (%) 28(28,0)
Ounypetuku, n (%)

Diuretics, n (%) 7(7,00)
CrtaTtuHbl, n (%) 21 (21,0)

Statins, n (%)

OXC, mmonb/n, Me (UN)
Total cholesterol, mmol/l, Me (IQR)

XC IMHM, mmonb/n, Me (UWN)
LDL cholesterol, mmol/l, Me (IQR)

XC nBM, mmone/n, Me (UWN)
HDL cholesterol, mmol/l, Me (IQR)

Tr, mmonb/n, Me (UWN)

TG, mmol/l, Me (IQR)

XC He-JIBIM, mmonb/n, Me (UN)

Non-HDL cholesterol, mmol/L, Me (IQR)
mioko3a, Mmonb/n, Me (UA)

Glucose, mmol/l, Me (IQR)
MuknpoBaHHbIN remorno6uH, %, Me (M)
Glycated hemoglobin, %, Me (IQR)

CK®, mn/mun/1,73 m?, Me (UN)

GFR, ml/min/1.73 m?, Me (IQR)

BYCPB, mr/n, Me (UMW)
hsCRP — high-sensitivity C-reactive protein, mg/L, Me (IQR)

5,78 (4,79-6,50)

3,50 (2,94-4,30)

1,35 (1,18-1,55)

1,20 (0,83-1,60)

4,28 (3,53-5,29)

5,02 (4,65-5,50)

5,66 (5,26-6,01)

69,0 (62,0-77,0)

1,96 (1,20-3,01)

MpumevaHue. ACB — atepocknepoTtuyeckas 6nswka, UMT — nHaekc maccol Tena, CIl — caxapHbin guabet, PAAC — peHuH-
aHrMoTeH3nH-anbaocTepoHoBas cucrtema, OXC — obwun xonectepuH, XC JIHIM — xonectepuH NnMNonpoTenHOB HU3KOMN
nnotHoctu, XC JIBI — xonectepyH NMnonpoTeMHOB BbICOKOM NNoTHOCTU, TI — Tpurnuuepumabl, CK® — ckopocTb kiy6oukoBoMn
cdounerpaumm, B4CPB — BbicOKOUYYBCTBUTENbHbIN C-peakTUBHLIN 6enok, Me — meanana, U — nHTepKBapTUIBLHBIN UHTEPBar.
Note. ASP, atherosclerotic plaque; BMI, body mass index; DM, diabetes mellitus; RAAS, renin-angiotensin-aldosterone system;
TSH, total cholesterol; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; TG, triglycerides; GFR,
glomerular filtration rate; hsCRP, high-sensitivity C-reactive protein; Me, median; Cl, interquartile range.
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TABJINLA 2. AHTEHCUBHOCTb 3KCMPECCHKU CD36 HA KNACCUYECKKX, NPOMEXYTOYHbIX N HEKNACCUYECKKX

LUMPKYNUPYIOLLIMX MOHOLUTAX
TABLE 2. CD36 EXPRESSION INTENSITY ON CLASSICAL, INTERMEDIATE, AND NON-CLASSICAL CIRCULATING
MONOCYTES
ACB B ogHOM ACB B aByx
CpeaHAs NHTEHCUBHOCTb ACB He BbIsiBNneHbI cocy,quchOM cocy,quvc TbIX
b6acceliHe 6accerHax
c¢nroopecueHUnn ASP were not detected . i p
. . _ ASP in one vascular ASP in two vascular
Mean fluorescence intensity (n=22) basin basins
(n=39) (n=39)
CD14**CD16-CD36* 5,03 (1,77-23,50) 6,68 (1,81-18,30) 2,00 (1,20-6,78) 0,038
CD14*CD16*CD36* 31,0 (16,1-54,8) 30,1 (14,9-52,5) 37,6 (27,7-60,1) 0,698
CD14*CD16**CD36" 5,09 (1,74-21,60) 7,19 (2,34-20,20) 2,78 (1,28-8,41) 0,042

MpumeuaHue. ACB — aTtepocknepoTuyeckas bnsiuka.
Note. ASP, atherosclerotic plaque.

JIMCTBIX 0acCEHOB B CpaBHCHMMU C ITAalIMCHTAMMU C I10-
PaXkKCHUEM OJHOI'O COCYANCTOTO OacceiiHa.

PesynbTaTthl 1 00CYyXaeHWe

PesynbraThl KIMHUYECKUX MCCIICTOBAaHUM, B KO-
TOPBIX U3yYaJIUCh 0coOeHHOCTH 3Kcrpeccun CD36
Ha IUPKYIMPYIOIIMX MOHOLIMTAX Y MAallMeHTOB C aTe-
POCKJIEPO30M HEOIHOPOMHBI M IIPOTUBOPEUYMBHI. B
LIeJIOM psifie padoT ObLIO MPOJEMOHCTPUPOBAHO yYBE-
JmyeHune skcrnpeccun CD36 Ha LMPKYJIUPYIOLINX
MOHOIIUTAX Y HAlIMEHTOB C aT€POCKJIECPOTUICCKUMU
CC3 [2, 6]. B npyrux ucciaenoBaHMsIX, BKIIOYABIIINX

Cnmcok nutepatypbl / References

MallMeHTOB ¢ OECCMMMTOMHBIM aTepPOCKIEPO30M,
HAIlPOTHUB, ObLJIO YCTAHOBJIEHO CHUXKEHUE DKCIIpec-
cur CD36 Ha MOHOLIMTAaX B CPaBHEHUM C IPyIamMu
KoHTpoJis [ 3, 8].

3aKnoyeHne

TaknM 00pa3oMm, KakK yBeJIWYeHHE, TaK U CHU-
xkeHue oskcrpeccun CD36 Ha LMPKYJIUPYIOLINX
MOHOLIUTaX MOXET UMETh MOTeHIUATbHYIO TUarHO-
CTUYECKYI0O U MPOrHOCTUYECKYID 3HAYMMOCTb IIPU
arepocKiiepo3e, YTO TpeOyeT MaTbHEUIIero mayde-
Hus [7].
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