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Pestome. KopoHapHbiii arepockiiepo3 (CAD) siBisieTcs OHOM U3 BeAYLIUX MTPUUYMH CMEPTHOCTHU B pa3BU-

TBIX CTpaHaX. DKCIEePUMEHTAIbHbIE JaHHbIE MOATBEPXKAAIOT POJIb MOHOLIMTOB B pa3Butuu CAD. M3BeCTHBI
TPU OCHOBHBIE CYOIOITY/ISILIMU LIMPKYJIMPYIOLUINX MOHOLIMTOB KpoBU: Kitaccuueckue CD14**CD16° (~80%),
npomexyTouHble CD14*CD16" (~5%) u Hekiaccuueckue CD147CD16% (~15%). Cuuraercs, 4To Kaxaast
U3 CyOITOMYJISILMIA MOHOLIMTOB BBIIIOJHSIET pa3Hble pyHKLuUU. ECcTh nccaenoBaHust, KOTOpbie AEMOHCTPUPY-
FOT, YTO KJIAaCCUYECKME MOHOLIMThI OTBEUYAIOT B OOJIbIIIEH CTeNeHM Ha OaKTepualbHOE IPUCYTCTBUE, TOLIA KaK
HeKJIacCUUYecKre Ha BUpycHoe. OnHaKo (PyHKIIMU CYOITOITY/ISIIIMIT MOHOIIMTOB OO0 KOHIIa He M3y4YeHbI. PaHee
MbI [IPOJIEMOHCTPUPOBAIN, YTO HUPKYIMPYIOLINE MOHOLIMTHI KPOBU ITALIMEHTOB C AT€POCKIIEPO30M UMEJIN
MOBBILIEHHYO ITPOBOCHAIUTEIbHYI0 AKTUBHOCTh. Mbl PEIIMIN BbIICHUTh, KaK CBSI3aHO COOTHOLIEHUE CYO-
TMOMYJISIIII MOHOIIMTOB B KPOBM M BOCHAJIMTEIbHASI peaKIUsI KJIIETOK TPU aTepockiiepose. Llenbio Halmeit
PabOThI CTAJIO UCCIIENOBATH CBSI3b BOCIAIUTEIBHOIO OTBETA IEPBUYHBIX MOHOLIMTOB C pacIipeaeieHueM Cy0o-
TMOIYJISIIIAIT MOHOILIMTOB OTHOCUTEIBbHO OOIIIETO MyJjila MOHOLIMTOB Y 3M10pOBBIX 1 00JabHBIX CAD. B ucciaeno-
BaHWe ObLIO BKIIIoUeHO 20 My>XK4uH B Bo3pacTe oT 46 no 70 net, 10 n3 Hux 6e3 CAD u 10 mamuenTos ¢ CAD.

Azlpec IJIA MepenucKu:

Bepxosa Ceemaana Cepeeesna

I'BHY «Hayuno-uccaedosamenvckuilt uncmumym
obueli namoao2uu U Namo@puU3UoA0UL»

125315, Poccus, barmuiickas ya., §

Ten.: 8(926) 673-39-16.

FE-mail: verxova.svetlana @gmail.com

Address for correspondence:

Svetlana S. Verkhova

Institute of General Pathology and Pathophysiology
& Baltiyskaya St

Moscow

125315 Russian Federation

Phone: +7(926) 673-39-16.

E-mail: verxova.svetlana @gmail.com

O0pa3zen LUTHPOBAHUS:

C.C. Bepxosa, H.I'. Huxudgopos, E.C. Yecodaes,

M.A. Ilonos «Ilayuenmoi ¢ KOPOHAPHBIM AMEPOCKAEPO3OM
umenu U3MeHeHHoe COOMHOuleHUe CYONONYAaUULl
MOHOUUMO8 8 KPOBU, KOMOpoe OblA0 C8A3AHO

¢ socnaaumenbHoll peakyueli kaemok» // Poccuiickuii
ummyHnonoeuueckuil neypuan, 2024. T. 27, No 4. C. §93-898.
doi: 10.46235/1028-7221-16857-PWC

© Bepxosa C.C. u coasm., 2024
Dma cmamos pacnpoCmMpaHsiemcst No AUUEH3ULU
Creative Commons Attribution 4.0

For citation:

S.S. Verkhova, N.G. Nikiforov, E.S. Chegodaev, M.A. Popov
“Patients with coronary atherosclerosis had an altered ratio
of monocyte subpopulations in the blood, which was associated
with an inflammatory cell response”, Russian Journal

of Immunology/Rossiyskiy Immunologicheskiy Zhurnal, 2024,
Vol. 27, no. 4, pp. 893-898.

doi: 10.46235/1028-7221-16857-PWC

© Verkhova S.S. et al., 2024
The article can be used under the Creative
Commons Attribution 4.0 License

DOI: 10.46235/1028-7221-16857-PWC

893


https://crossmark.crossref.org/dialog/?doi=10.46235/1028-7221-16857-PWC&domain=PDF&date_stamp=2024-10-25

Bepxosa C.C. u dp. Poccuiickuit ummynonoecuueckuii scypnan
Verkhova S.S. et al. Russian Journal of Immunology/Rossiyskiy Immunologicheskiy Zhurnal

Bouta mpousBeneHa KopoHaporpadust mo pesyabrataM KOTOPOW MAaUeHTHl ObITA pa3faeiieHbl Ha OOJBHBIX
KOPOHAPHBIM aTePOCKIEPO30M C BBISIBJICHHBIM CTeHO30M B 2 1 60Jiee aptepusix (CAD) 1 3mopoBbIX 0e3 cTe-
HO3a B apTepusx. Jlajee Tpon3BoaMICS 3a00p KPOBU TSI U3YUYEHUST IMPKYIUPYIONINX MOHOTIMTOB. Cy0110-
MYJISIIUYA MOHOLIMTOB OBbUIU BBISIBJIEHBI ITPY ITOMOIIU MTPOTOYHON IMTOMETPUH U3 JIEMKOLMTApHON (ppakiiun
¢ ucnosibzoBanveM antutea npotuB CD14-FITC u CD16-PB450-A. Cpa3y nocie BbIIeJISHUSI MOHOIIUTHI
crumyaupoBaiu LPS ¢ KoHeyHoli KoHLIeHTpaleid 1 MKr/mil, dyepe3 24 yaca oTOMpain cyrnepHaTaHT ISt
JaTbHeIIero UMMyHO(hEpPMEHTHOTO aHanmn3a. BocmaiuTenbHbBI OTBET OLIEHUBAIN 10 CEKPEeINMU IIUTOKU-
HoB TNFa, IL-1B, IL-6, IL-8, IL-10, CCL2 ¢ nomoiistio ELISA. MonouuTe naiiueHToB ¢ CAD o6aganmn
M3MEHEHHOU BOCHAINTENIbHOUM peakiineil B oTBeT Ha ctumMyssiiuio LPS mo cpaBHeHwuto ¢ nainmeHtamu 6e3
CAD. Dro niposiBistiioch B mosbilieHHOM cekpetiu I1L-1B u TNF, u monumkenHoi cekpeuneit CCL2 u IL-6.
[MoBbilIeHNE KOMUYECTBA MTPOMEXYTOUHBIX M HEKJTACCUYECKUX MOHOIIUTOB y nanueHToB ¢ CAD ObL10 CBSI-
3aHO C UBMEHEHWSIMU B BOCITAJIMTEJILHOM OTBETE KJIETOK MO ceKpeunu HUTOKUHOB IL-1f3 1 CCL2. MoxHo
MPEATOI0XKUTh, YTO MATOJOTMYECKUE U3MEHEHUS B MIPEACTABICHHOCTU CyOMNOIyIsIIUiE MOHOIIUTOB B KPO-
BOTOKE MOXET OBbITh OJTHOI M3 MPUUYNH XPOHU3AIIMH BOCITAJICHUST B CTEHKAX apTepuii, ClIOCOOCTBYSI TTPOrpec-
CHUU aTepOCKIIEPOTUYECKUX TTOPAKEHUA.

Knrouesuie crosea: koponapmwlii amepockaepos, cyononyaayuu monoyumos, CD14*CD16%, CDI14*CD16", éocnasumenvhuiii omeem,
LPS, IL-1B, CCL2

PATIENTS WITH CORONARY ATHEROSCLEROSIS HAD AN
ALTERED RATIO OF MONOCYTE SUBPOPULATIONS IN THE
BLOOD, WHICH WAS ASSOCIATED WITH AN INFLAMMATORY
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Abstract. Coronary artery disease (CAD) is one of the leading causes of death in developed countries.
Experimental data confirm the role of monocytes in the development of CAD. Three main subpopulations
of circulating blood monocytes are known: classical CD14"*CD16- (~80%), intermediate CD14*CD16*
(~5%) and non-classical CD14*CD16**(~15%). It is believed that each of the subpopulations of monocytes
performs different functions. There are studies that demonstrate that classical monocytes respond more to
the bacterial presence, whereas non-classical ones respond to the viral one. However, the functions of monocyte
subpopulations have not been fully studied. Previously, we demonstrated that circulating monocytes of the
blood of patients with atherosclerosis had increased proinflammatory activity. We decided to find out how the
ratio of monocyte subpopulations in the blood is related to the inflammatory response of cells in atherosclerosis.
The aim of our work was to investigate the relationship of the inflammatory response of primary monocytes with
the distribution of monocyte subpopulations relative to the total pool of monocytes in healthy and sick CAD.
The study included 20 men aged 46 to 70 years, 10 of them without CAD and 10 patients with CAD. A coronary
angiography was performed, according to the results of which the patients were divided into patients with
coronary atherosclerosis with detected stenosis in 2 or more arteries (CAD) and healthy ones without stenosis
in the arteries. Next, blood was taken to study circulating monocytes. Monocyte subpopulations were detected
by flow cytometry from the leukocyte fraction using antibodies against CD14-FITC and CD16-PB450-A.
Immediately after isolation, monocytes were stimulated with LPS with a final concentration of 1 ug/mL, and
a supernatant was selected 24 hours later for further enzyme immunoassay. The inflammatory response was
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assessed by the secretion of cytokines TNFa, IL-13, IL-6, IL-8, IL-10,and CCL2 using ELISA. The monocytes
of CAD patients had an altered inflammatory response in response to LPS stimulation compared to patients
without CAD. This was manifested in increased secretion of IL-13 and TNF, and decreased secretion of CCL2
and IL-6. An increase in the number of intermediate and non-classical monocytes in patients with CAD was
associated with changes in the inflammatory response of cells to the secretion of cytokines IL-1p and CCL2. It
can be assumed that pathological changes in the representation of monocyte subpopulations in the bloodstream
may be one of the causes of chronic inflammation in the walls of the arteries, contributing to the progression of
atherosclerotic lesions.

Keywords: coronary atherosclerosis, monocyte subpopulations, CD14*CD16*, CD14*CD16", inflammatory response, LPS, IL- 18,

CcCL2

WccnemoBaHne BBITIOJHEHO TIPU  ITOMIEPXKKE
rpanTta Poccuiickoro HayyHoro ¢donmga Ne 22-15-
00273.

BeeneHue

MOHOLUTBI SBIISIIOTCS  KJTIOUEBBIMM  KJIETKaAMU
BPOKIEHHOTO MMMyHUTeTa. MI3BECTHBI TPU OCHOB-
Hble CYOMOITYISLIMM LUPKYJIUPYIOIINX MOHOIIMTOB
KpoBu: kjaccudeckue CD14**CD16° (~80%), npo-
mexyrounbie CD147CD16% (~5%) u Hexkiaccuye-
ckue CDI14*CD16*" (~15%) [5]. Cuuraercsi, 4TO
Kakaasl U3 CYOITOITY/ISIIM MOHOIIMTOB BBITIOJTHSICT
pasHble pyukimu [1, 2]. EcTb uccieqoBaHus, KOTo-
pble IEMOHCTPUPYIOT, YTO KJIACCUYECKNE MOHOLIMTHI
OTBEYAaIOT B OOJBIICH CTEIIEHM Ha OaKTepHaJIbHOE
MPUCYTCTBHUE, TOrNa KaK HEKJIAaCCUUYECKMe — Ha BU-
pycHoe [1]. OnHako YHKIUU CYOMOIMyasiuuii MO-
HOIIUTOB IO KOHIIa He M3y4YeHBI. PaHee MBI mpome-
MOHCTPUPOBAJIU, YTO LUPKYJUPYIOIINE MOHOLIUTHI
KPOBU TIAIIMEHTOB C aTE€POCKJIEPO30M MMEHN TTOBBI-
IIEHHYIO TTPOBOCHAJIMTENbHYIO aKTUBHOCTD [3]. MbI
PEeIIMJIN BBISICHUTD, KaK CBSI3aHO COOTHOIIIEHUE Cy0-
MOITYJISIIIAIT MOHOLIMTOB B KPOBU 1 BOCITAJIMTEIbHAS
peakius KJIeToK Impu arepockiepose. Ilenbio Hamei
padoThI CTAJI0 MCCIEI0BATh CBSI3b BOCMAIUTEIBHOTO
OTBETa MEPBUIHBIX MOHOIIMTOB C pacHpeneicHueM
cyornonyasuuii MOHOLIUTOB OTHOCUTEJILHO OOIIEero
nyJjia MOHOLIMTOB Yy 310pOBbIX U 00abHBIX CAD.

Matepuans! v MeToapb!

B uccnenoBaHue 6b10 BKIOYEeHO 20 My>XKUUH B
Bo3pacTte ot 46 10 70 jeTt, 10 13 Hux 6e3 KOPOHAPHO-
ro arepockieposa (CAD) u 10 mauuentoB ¢ CAD.
WccnengoBanne NpOBOOMIOCHE B COOTBETCTBUU C
XeabCUHKCKOM JeKJapaluei, Bce MalMeHThI peao-
CTaBWIN MMCbMEeHHOE NH(MOPMUPOBAHHOE CoTJIacue.
[TatmeHTHI OBUIM TIPUHSITHL B KAPAUOXUPYPTUIECKOE
otnesienne MOHUKHM wmmenn M.D. Bragmmup-
ckoro. bpura mpomsBemeHa KopoHaporpadus 1o
pe3yabTaTaM KOTOpPOI MallMeHThl ObLIU pa3IeieHbI
Ha OOJIbHBIX KOPOHAPHBIM aTePOCKIIEPO30M C BBISIB-
JICHHBIM CTeHO30M B 2 u Ooiiee aprepusix (CAD) u
3JI0pPOBBIX O€3 CTeHOo3a B apTepusx. Jlanee nmpousBo-
IUJICS 3a00p KPOBH JUIST M3YUCHUS IIMPKYITUPYIOIINX

MOHOLMTOB. JlefikonuTapHyto (hpakivio MoJaydyaau
MyTeM HacjauBaHUs Ha (DUKOJI U LeHTPpUDYrupoBa-
HUS. 3aTEM BBIACISUIU TTEPBUYHBIE MOHOIIUTHI C TTO-
MOIIIBIO MATHUTHOM ceTapaliiu NoJ0XKUTETbHON Mo
CD14*. CybrionyJisiiii MOHOLIUTOB OBLIU BBISIBJIE-
HBI IPUA TTOMOIIM MPOTOYHOU LIMTOMETPUU (ITPOU3-
Boautesnb Beckman Coulter, CIIIA) u3 neiikouurap-
HOU (bpaKIMu C UCHOJIb30BAHUEM AHTUTEJ MPOTUB
CDI14-FITC u CDI16-PB450-A (mpousBoauTesib
Miltenyi Biotic, Iepmanust). IlepBruuHbie MOHOLIU-
ThI KyJIbTUBUPOBAIH B 48-TYHOUYHOM KYJIBTYPaAJIbHOM
mranmete (mpousBoautenb SPL Lifesciences, KOx-
Has Kopes) B cpene X-VIVO 10 (mpousBoautesb
Lonza Bioscience, CIIIA) cpa3y mociie BbIAEICHUS
ctumysiupoBanu LPS ¢ KoHeyHOli KOHIEHTpaluei
1 MKT/MJT, 9epe3 24 yaca OTOMpaIn CyIIepHATAHT ISt
JMaibHEN1Iero UMMyHOMEPMEHTHOTO aHaiu3a. Boc-
NaJUTESIbHBIA OTBET OLIEHUBAIU MO CEKPELUU LU-
tokuHoB TNFa, IL-1pB, IL-6, IL-8, 1L-10, CCL2 ¢
nomoinbio ELISA (mpousBogutens R&D Systems,
CIIA).

PesynbTaTthl 1 06CYyXaeHWe

Okasanoch, YTO MOHOLUTHI manueHToB ¢ CAD
CEKpETUPOBaIM MOBBILIEHHbIH ypoBeHb IL-13 u
TNE, Ho noHmxeHHbIi ypoBeHb CCL2 u IL-6 nipu
ctumyiasiuuu LPS mo cpaBHeHMIO malvMeHTOB 0e3
CAD (puc. 1).

VY nauunenToB ¢ CAD Hab/1101a710Ch MOBBILLIEHHOE
colepkaHUe MPOMEXYTOYHBIX M HEKJIaCCUYECKUX
CyOMOIyIsSILMii MOHOLIUTOB, 1 CHUXKEHHOE KOJIMYe-
CTBO KJIaCCUYECKHUX MOHOILIMTOB MO CPaBHEHMUIO Ma-
uueHtamu 6e3 CAD (puc. 2A).

Taxxe y nmanueHtoB ¢ CAD Habmomanach nps-
Masi KOppeJssius KaK MeXIy HeKJIaCCUYeCKOM, Tak
U TIPOMEXYTOUHOM CYOIOMyasiueii MOHOLIUTOB U
cekpeuumeit IL-1p, u obparHas ¢ cekpeuueit [L-10 u
CCL2 nocne crumynsauuun LPS. Tak kak 0a3ajibHast
CeKpelMs LIMTOKMHOB OblJIa Ha YPOBHE YYBCTBUTE b~
HOCTHU METOJa, TO pa3jinyus B TaKUX 3HAYECHUSIX He
npuBoauau (puc. 2b).

Takum oOpa3om, HaOJ©OJaeMOe TIOBbILIEHUE
KOJIMYECTBA IPOMEXYTOUHBIX M HEKJIAaCCUYECKUX
MoHouuTOB y nauueHToB ¢ CAD ObL10 CBSI3aHO C
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PucyHok 1. CekpeLysi LUTOKMHOB CTUMYNMpOBaHHbIMU LPS nepBuYHbIMM MOHOLUUTaMK naymeHToB ¢ CAD

Mpumeyanue. MpeactaBneH BocnanuTenbHbIA OTBET NEPBUYHLIX MOHOLUTOB no umtokuHam TNF, IL-1B, IL-6, IL-8, IL-10, CCL2 nocne
ctumynsuuu LPS (1 mkr/mn) yepes 24 yaca. Mo ocu X — MoHouuTkI ¢ 6azanbHou (K) u cTumynvpoBaHHol nunononucaxxapupom (LPS)
cekpeuymeit oT 300poBbIx M 6onbHbIX CAD cootBeTCTBEHHO. 10 0CM Y — ypOBEHb CEKpeLMM COOTBETCBYHOLMX LIUTOKMHOB B /M. * - no
kputeputo CtbrogeHTa p < 0,05, ** - p < 0,01.

Figure 1. Cytokine secretion by LPS-stimulated primary monocytes from CAD patients

Note. The inflammatory response of primary monocytes according to the cytokines TNF, IL-1B, IL-6, IL-8, IL-10, CCL2 after stimulation with LPS

(1 pg/mL) after 24 hours is presented. X-axis shows monocytes with basal (K) and lipopolysaccharide (LPS)-stimulated secretion from healthy and
CAD patients, respectively. The Y axis is the level of secretion of the corresponding cytokines in pg/mL. *, by Student's t-test p < 0.05; **, p < 0.01.
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PucyHok 2. BsaumocBsa3sb cybnonynsauuin U BOCNanuTeNnbLHOro 0TBeTa NepBMYHbLIX MOHOLUTOB Yy naumeHToB ¢ CAD

Mpumeyanue. A - NpoLiEHTHOE COOTHOLLEHKe cyBnonynsumMi oT o6Lero MoHoumMTapHoro nyna y nauueHto ¢ CAD v 6e3
CO0TBETCTBEHHO. Mo ocu X — cybnonynsumm moHouutoB (knaccuveckue CD14**CD16-, npomexyTouHble CD14*CD16* u Heknaccuyeckue
CD14*CD16*). Mo ocm Y — npoueHT cybnonynsumit oT o6Lwero MOHOLMTapHOro nyna. ** — no kputepuio CtbropaeHta p < 0,01. b -
B3aMOCBA3b CybnonynaumMi MOHOLUTOB C BOCManMTeNbHbIM 0TBeTOM naunenToB ¢ CAD u 6e3 cooTBeTcTBEHHO. o ocu X — npoueHT
npomexyToyHbix CD14*CD16* n Heknaccuyeckux CD14*CD16* cybnonynsumit MOHOLIMTOB OT 00LLero MoHouuTapHoro nyna. Mo ocu

Y - ypoBeHb cekpeuum uutokuHa IL-1f3 u xemokuna CCL2 nocne ctumynsuum LPS (1 mkr/mn) B nr/mn. Mo kputepuio MupcoHa Ha ypoBHe
p <0,05.

Figure 2. Relationship between subpopulations and the inflammatory response of primary monocytes in patients with CAD

Note. A, percentage of subpopulations of the total monocytic pool in patients with and without CAD, respectively. Along the X axis are

monocyte subpopulations (classical CD14**CD16-, intermediate CD14*CD16* and non-classical CD14*CD16**). The Y axis is the percentage

of subpopulations from the total monocytic pool. **, Student's t-test p < 0.01. B, relationship of monocyte subpopulations with the inflammatory
response of patients with and without CAD, respectively. The X axis is the percentage of intermediate CD14*CD16* and non-classical
CD14*CD16"* subpopulations of monocytes from the total monocytic pool. The Y axis shows the level of secretion of the cytokine IL-13 and
chemokine CCL2 after stimulation with LPS (1 pg/mL) in pg/mL. By Pearson t-test at p < 0.05 level.
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W3MEHEHUSIMU B BOCIUIAUTEIILHOM OTBETE KIIETOK
no cekpernn HUTOoKUHOB [L-13 u CCL2. Ilpn atom
n3MmeHeHust B cekpeunn TNF u IL-6 MoHoLmTaMu
nauueHToB ¢ CAD He ObLIM CBsI3aHbI C CYOITOITYJIsI-
OUSIMH KJICTOK.

3aknoyeHne

Mounormrter narmedHToB ¢ CAD oGimamanm m3-
MEHEHHOW BOCITAJIUTEJIbHOW peaklMel B OTBET HaA
crumysisinuio LPS mo cpaBHeHUIO ¢ malmeHTaMu 6e3
CAD. D10 nposiBAsIIOCH B TOBBILIEHHON CEKpeLnun
IL-1B u TNFE u nonuxenHoil cexpeuueit CCL2 u
IL-6. IToBbIlIEHNE KOJIMYECTBA MTPOMEXKYTOUYHBIX U
HEKJIACCMYECKNX MOHOLIMTOB y mamueHToB ¢ CAD
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