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Pesiome. Llenb vccienoBaHus — U3YYUTh YPOBEHb IIUTOKUHOB B CHIBOPOTKE KpoBU 00abHBIX ¢ OKC 60-
neBmux u He 6oneBmmx COVID-19 B nmHaMuKe 3a00JieBaHUS U JICUCHUS. 3a0auM UCCIICIOBAHMS: BBISIBUTH
rpynmnsl nauueHToB ¢ OKC, nepeHecuiux paHee COVID-19 u He 60J1eBIIMX 9TUM 3a00JeBaHUEM.

OnpeaeauTb YpOBHU HIMTOKWMHOB UCXOAHO W B IMHAMUKE Y 2 TPYIIT MallMEHTOB, OOJEBIINX U HEe 0OJIeB-
mux COVID-19. I[IpousBeneHoO McCaeI0OBaHUE COMEPKaHUS ITUTOKMHOB y 20 OOJIbHBIX MYXKCKOTO TOJjia C
OKC 6e3 COVID-19 B anamHe3e u ¢ OKC ¢ mocTKOBUAHBIM cUHIApoMoM. ConepkaHue HIUTOKUHOB OIpe-
JIEeJISITIOCh MYJIBTUIUIEKCHBIM aHaIM30M Ha nmpudope MagPix 100, mpuMeHsUIU TECT CUCTEMBI JUISI MYJIbTU-
miekcHoro aHanmn3a BioRad, CIIIA Ha 17 muTtokuHoB. Mcxoas n3 MOJIydeHHBIX JaHHBIX MOXHO OTMETUTD,
yTO y mnauueHToB, nepedosieiinx COVID-19 B conocraBieHuu c aunamu 6e3 COVID-19 panee, Obu1u
noctosepHo Huke 1L-10, IL-1pB, IL-8, a Takxke Bbime 1L-13, I1L-6, MCP-1. B auHaMuke CTaTMCTUYECKU
3Hayumo (p < 0,05) y namueHToB, nepedoseniuux panee COVID-19, cuuswnucs: 1L-10, 1L-13, IL-2, I1L-6,
MCP-1, MIP-18, TNFa, nossicuncs IL-8 (p < 0,05). ¥ 6osnbHbIx 6063 COVID-19 B aHamMHe3e: craTucTuye-
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CKU 3HAYMMO B quHaMuKe cHu3uiuck: IFNy, IL-6, MCP-1, MIP-1B3, TNFa, noseicuincs 1L-8 (p < 0,05).
Y nalumeHToB ¢ MOCTKOBUIHBIM CUHAPOMOM MO cpaBHeHUIo ¢ auiiamMu 6e3 COVID-19 B aHaMHe3e, uMeIoch
OoJbllIee cojepKaHMe IIPOBOCIIAINTENBHBIX IMTOKMHOB, B yacTHOCTH: IL-6, IL-8, MCP-1. B tunamuke mo-
cJie KOMIUIEKCHOM Tepanuu (MeIMKaMeHTO3HOM M CTEHTUPOBAHUSI KOPOHAPHBIX apTepuii) yepe3 28 nHeit
MPOM3OIILIO YIy4IlIeHe HEKOTOPBIX MOKa3aTesieil, B YaCTHOCTU B 00eux IpyIax (OOoJIeBIINX paHee U He
6oneBmmmx COVID-19), cratnctnuecku 3Haunumo (p < 0,05) CHU3WINCH MPOBOCHAIMTEIbHBIC ITUTOKUHBI:
1L-6, IL-8, MCP-1, MCP-13, TNFa, nosbicuics (p < 0,05) mpoTuBoBocnaauTeIbHbIN UTOKUH [L-10.
TakuM 06pa3om, IMOIyYeHBI HAapYIICHUST PETY/ISIIMYM UMMYHHOI CUCTeMBI 1, B IIEPBYIO O4epeab, MoKa3aTe-
JIe XeMOKMHOB y MallMeHTOB ¢ MOCTKOBUAHBIM cuHApoMoM U OKC B otiinyue ot jiui ¢ OKC, He 6osieBILIMX
COVID-19 panee. Y 60JbHBIX OCTPBIM KOPOHApPHBIM CUHApPOoMOM IiepedosieBinx COVID-19 Habaonaercs
0oJ1ee BhIpaxkeHHOE HapyIIeHNe IIMTOKMHOBOM PETYJISIIIMY UMMYHHOI CCTEMBI IT0 CPaBHEHMIO C TTallieHTA-
MM, He 00JIeBLIMMU KOPOHOBUPYCHOM MH(PEKIIMET.

Karoueswie crosa: yumokunwt, nocmxosuodnwiit cunopom, COVID- 19, ocmpuiit Koponaphbiii CUHOPOM, CIEHMUPOBAHUE KOPOHAPHBIX
apmepuii, UMMYHHASL cCUCeEMA
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Abstract. The purpose of this study was to evaluate the level of cytokines in the blood serum of patients
with acute coronary syndrome (ACS) who had and did not have COVID-19 in the dynamics of the disease
and treatment. Our objectives were as follows: To identify groups of patients with ACS who had previously
suffered from COVID-19 and who did not have this disease; to determine cytokine levels initially and over time
in 2 groups of patients, i.e., those with and without previous COVID-19. Measurement of cytokine levels was
carried out in 20 male patients with ACS without a history of COVID-19 and ACS patients with post-COVID
syndrome. The contents of cytokines were determined by multiplex analysis on a MagPix 100 device using a test
system from BioRad (USA) for 17 cytokines. As based on the data obtained, one may note that in patients who
recovered from COVID-19, compared with persons without previous COVID-19, 1L-10, IL-1p3, IL-8 levels
were significantly lower, and IL-13, IL-6, MCP-1 contents were increased. In the course of time, a statistically
significant decrease (p < 0.05) was found in patients who had previously had COVID-19 for IL-10, IL-13, IL-2,
IL-6, MCP-1, MIP-1B, TNFa, whereas IL-8 levels were increased (p < 0.05). In patients without a history
of COVID-19, a statistically significant decrease was revealed in dynamics for IFNy, IL-6, MCP-1, MIP-18,
TNFa, along with increase in 1L-8 contents (p < 0.05). Patients with post-COVID syndrome, compared with
those without a history of COVID-19, had a higher content of pro-inflammatory cytokines, in particular, 1L-6,
IL-8, MCP-1. In the time dynamics after complex therapy (drug and stenting of coronary arteries), there
was an improvement in some indices 28 days later. In particular, in both groups (those previously ill, versus
not exposed to COVID-19), the following pro-inflammatory cytokines were decreased significantly (p < 0.05):
IL-6, IL-8, MCP-1, MCP-1B, TNFa. Meanwhile, the anti-inflammatory cytokine 1L-10 was increased
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(p <0.05). Hence, the disturbances in regulation of immunity and, first of all, in chemokine parameters, were
obtained in the patients with post-COVID syndrome and ACS, in contrast to the persons with ACS who was
not previously affected by COVID-19. In patients with acute coronary syndrome who have recovered from
COVID-19, we have found a more pronounced disruption of cytokine regulation of immune system than in
patients who did not suffer from the coronavirus infection.

Keywords: cytokines, post-COVID syndrome, COVID- 19, acute coronary syndrome, coronary artery stenting, immune system

BeeneHve

TTocTKOBUIIHBIN CUHAPOM UTpPaeT OOJBIIYIO POJIb
B DPa3BUTUM MMMYHHBIX HapylIeHUd MHOTUX Op-
raHoB u cuctem. B paborax /Jo6pbiHUHOI M.A. u
COaBT. TTOKa3aHo, 4To y 50-65% mamumeHToB, Tepe-
Heciminx SARS-CoV-2-uHdekuuio, yepes 6 Mmecs-
neB [2] coxpaHsieTcsl TOBpPEKIeHUE BPOXKIEHHBIX
CHUCTEM MMMYHHUTETa, IIPU 3TOM TaKoe HapyIIeHUE
COIPOBOXIAETCS U HAPYUICHUSIMUA SPUTPOUTHO-
ro U TPOMOOIIMTAPHOTO POCTKAa KPOBETBOPEHUs |1,
3]. IlpoBemeHHOE HCCIEeIOBaHUE Yy TMAIMEHTOB C
TMOCTKOBUIHBIM CHHIPOMOM C HapyIICHHEM YpPOB-
Hs Bl-xjieTok mamMsTy BBISIBUJIO PE3KOE TOBBIIIIE-
HUE IMaHHBIX KJIEeTOK y 15,3% obciiemoBaHHBIX. DTO
COIMPOBOXIAJIOCh YBeJIMUeHUEM o0Iunx B-kieTtok
namMsatd u Bl-o0mux aumbonnToB (IIpermyIie-
CTBEHHO 3a cueT B1-K1eTok rmamMsiT), MOBbIIIEHHBIM
ypoBHeM o01uX T-nmumdouuntos u odiero IgA. B To
JKe BpeMsl y JaHHOM T'pyINbl MallUeHTOB OTMEYaIOCh
pe3Koe CHMKECHHE MIa3MOLIMTOB U B2-nmnModinTon
(Kak KJIETOK MaMsTh, TaK U HE KJIETOK MaMsTH),
HaTypajbHBIX KWLIEPOB, T-peryasaTopHbIX Kje-
ToK, T-KJeTok paHHel aktuBanuu (CD25%) u C3a-
dparmenTa KoMmruieMeHTa [ 10]. DT gaHHBIE TOBOPST
O TOM, 4TO y MallMeHTOB (POPMUPYETCS OCOOBII TUTT
HapylIeHUs UMMYHHOI CUCTEMbI, a UMEHHO Jie30pra-
HU3aLM TIepekIodeHusT B-mumdonuToB ¢ cuHTe3a
IgM Ha IgG u IgA, 9TO TPUBOINUT K Pe3KOMY CHITXKE-
Huto B2-cybnonynsauuit iuMmdonutoB. Bo3MoxHO,
TakKO€ HapylIeHME CBSI3aHO C PE3KUM CHIDKEHUEM
T-perynaropHbix JUM@POLUTOB U T-TUM@OILINTOB,
OTBEUAIONINX 3a PEerysnuio (popMupoBaHUS mud-
depeHIMpoBKU B-nmumdonutos [10] ¢ kiteToK, Hecy-
mux IgM-penenTopsl, Ha KJI€TKWA, CUHTE3UPYIOIINE
I1gG u IgA (T-nmumdonuToB paHHel aKTUBAIIMU, HE-
cymux Mapkep K I1L-2). KpoMe Toro, y Takux 6071b-
HBIX TakKe HaOJIloJaeTcss CHUXEHUE IapaMeTpoB
TeEMOIJI00MHAa U TPOMOOIIMTOB, YTO MOXET B CBOIO
ouepenb CIIOCOOCTBOBATh Y HUX MPOSIBIICHUSIM TH-
TMOKCUM 1 BO3MOXKHOMY HapYIICHUIO CUCTEMBI CBEp-
ThiBaHUs KpoBU [4, 10]. ITocTKOBUAHBINA CUHAPOM
TakKe UIrpaeT OOJbIIYI0 POJb B Pa3BUTUU OCTPOTO
KopoHapHoro cuapoma (OKC). Y nuir ¢ ocTpbIiM KO-
poHapHBIM cuHApoMOM, TrepeHecmux COVID-19 ¢

NPeuMYILIECTBEHHO HOPMAaJIbHbIM W MOBBIIIEHHBIM
YpOBHEM ILUTOTOKCUUECKMX T-KJIeTOK, Habrona-
JIoCch Oosee TsKeJioe TeueHUe 3a0ojieBaHUsL: MPeod-
Jlanaay NalyeHThl C OCTPBIM MH(MAPKTOM MUOKapa,
Yy HUX OblIa BBIIIE CMEPTHOCTD, JUIMTEIIbHEE JIeUue-
HHE U CTCHTUPOBaHUE. TpPOMOO03 HAOIIOIAIICS YaIlle.
Y GOJbHBIX C TOBBILLIEHHBIMU LUTOTOKCUYECKUMU
T-xneTkaMu oOTMe4YaaoCh MaKCHUMalbHOE YBEJIU-
YeHHEe SPUTPOIUTOB, IeMOIJIOOMHA, TeMaTOKPUTA,
JUMQPOIIUTOB KaK OOIIEro KOJMYeCTBa, TaK U CyO-
nonynsauuii — T-xenneposB, T-NK-numdouuntos,
NK-nmumpouuron, T-numMboLUTOB paHHEH 1 MO31-
Heit aktuBauuu, Bl n B2-muMmdonuTsl, mokasarenb
HCT-uHnyumupoBaHHOTO TecTa. Y TIalIMEHTOB C
HopMaJbHBIM ypoBHeM NK-KJIETOK MO CpaBHEHUIO
C OPYTUMM TpyIIiaMHW HaOIIOJaIOCh YBEJIMYCHUE
croHTaHHO# akTuBHOCTU U MHIekca HCT, mocro-
BepHoe cHikeHue C3a m CSa ¢parMeHTOB KOM-
njaemMeHTa. PacnpocTpaHeHHOCTh TpoM0OO3a CTEHTa
W CMEPTHOCTB B TPYMIIC ITAlIMEHTOB ¢ HOPMaJIbHBIM
YPOBHEM LIUTOTOKCUYECKUX T-KJI€TOK MOTYT yKa3bl-
BaTh Ha BSNIOCTb UMMYHHOM CUCTEMBI Y 3THX TaLli-
€HTOB C TUIOXUMHU ucxoaamu [7, 13].

Llenp uccaenoBaHuss — NU3y4UTh YPOBEHD IIMTOKU -
HOB B CbIBOPOTKE KpoBU 00J1bHBIX ¢ OKC 6osieBIIMX
u He 6osieBinx COVID-19 B nuHamuke 3aboJieBa-
HUS U JIEYSHUS.

3agauyn UCCIeIOBAHUS: BBISIBUTDH TPYMIIbI MalM-
eHtoB ¢ OKC, nepeHecmux panee COVID-19 u He
OOJIeBIIMX 3TUM 3a00I€BaHUEM.

OrmpenenuTb YpOBHU ILIMTOKMHOB HMCXOOHO U B
JUHaAMUKe y 2 TPYMII MallMeHTOB, 00JIeBIIUX U HE 00-
neBux COVID-19.

Matepuans! n MeTogbl

ITpousBeaeHO wHCcaeqOBaHUE COACPXKAHUS ITH-
TOKMHOB Yy 20 601bHBIX Mykckoro nona ¢ OKC 6e3
COVID-19 B anamue3se [6] u ¢ OKC ¢ nocTkoBui-
HbIM cuHApoMoM. CoaepxxaHue LIUTOKWHOB Ompe-
JIEJISIIIOCh MYJIBTUTUIEKCHBIM aHaJIM30M Ha Mpudope
MagPix 100, IpUMeHSIA TECT CUCTEMBI JIJIST MYJIBTH -
miekcHoro aHanuza BioRad, CIIIA nHa 17 nutoku-
HoB [5]. Bce 6oabHBIE MOAMUCHIBAIU UHGOPMUPO-
BaHHOE comtacue (IIPOTOKOJI DTUIECKOTO KOMUTETA
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TABINWLUA 1. AIMHAMWYECKUE OCOBEHHOCTW COAEPXXAHUA LIMTOKMHOB B CbIBOPOTKE KPOBWU NALIMEHTOB
C OCTPbIM KOPOHAPHbIM CUHAPOMOM, BOJEBLLUXX U HE BOJNEBLLXX COVID-19

TABLE 1. DYNAMIC FEATURES OF THE CONTENT OF CYTOKINES IN THE BLOOD SERUM OF PATIENTS WITH ACUTE
CORONARY SYNDROME WHO HAD AND DID NOT HAVE COVID-19

BoneBlwune He 6oneBwune He Gonesue
BoneBwune COVID-19 COVID-19 COVID-19
COoVID-19 B AMHaAMUKe
Mokaszartenb NCXOOHO B AUHaAMUKe UCXOAHO Those who p
Index Sick with Sick with Did not have have not had
COVID-19 initially (COVID-19 COVID-19 COVID-19
in dynamics at baseline .
over time
GM-CSF, nr/imn
GM.CSF. p/mL 0,061%0,033 0,096+0,054 0,153+0,073 0,218+0,107
IFNy, nr/mn 1,141£0,465 0,750+0,367 0,785:0,350 0,248+0,125 D, s = 0,049
IFNy, pg/mL :
IL-10, nr/mn p, ., =0,033
1410, paimL 1,15140,398 0,372+0,104 16,47047,441 37,743+25,797 o 0,023
IL-12, nr/mn 0,141+0,070 0,548+0,151 0,728+0,224 0,727+0,341
IL-12, pg/mL
IL-13, nr/mn p:.. = 0,049
113, paimL 0,292+0,124 0,034+0,007 0,034+0,007 0,056+0,023 o 0049
IL-17, nr/mn 0,18540,120 0,474+0,290 0,595+0,403 0,654+0,302
IL-17, pg/mL
IL-1p, nr/mn 0,062+0,024 1,169+0,735 2,053+1,233 0,926+0,537 P, 5 = 0,049
IL-1B, pg/mL :
IL-2, nr/mn 2,502+1,547 0,222+0,100 0,523+0,164 0,36610,169 b, , = 0,049
IL-2, pg/mL :
IL-4, nr/mn
0,350£0,234 0,074+0,035 0,108+0,067 0,078+0,046
IL-4, pg/mL
IL-5, nr/mn 1,178+0,525 1,1750,625 2,416£0,971 1,003:0,454
IL-5, pg/mL
) P, =0,032
IL-6, nr/mn 6,991%3,188 0,891+0,285 3,302+1,073 1,080£0,489 D, 2 = 0,049
IL-6, pg/mL o
Ps s = 0,033
IL-7, nr/mn 0,626+0,206 0,626+0,206 0,75640,271 0,831%0,396
IL-7, pg/mL
IL-8, nr/mn P12 =0,049
’ 95,717+53,527 | 320,476£129,535 | 288,365+54,241 | 358,413£52,819 P, 5=0,030
IL-8, pg/mL i
Ps s = 0,049
] P, » = 0,049
MCP-1, nr/mn 08,717+23,965 | 77,224+15404 | 77,111£18,996 | 46,921+11,512 P, 5= 0,049
MCP-1, pg/mL o
Ps 4 = 0,049
MIP-18, nr/mn p, ., =0,024
MIPAB, paimt. 55,480+18,669 | 16,865+3,383 53,871£10,734 | 32,8105,955 b 0049
TNFa, nr/mn p; . =0,003
TNFa. paimL 6,899+1,272 2,959+0,518 9,010+2,204 4,288+0,798 o 0,029

Mpumeyvanme. IL — nuntepnenkuH, TNF — TyMopHekpoTuyeckun cakrop, MIP-18 — makpodaranbHbI BocnanutenbHbIN
6enok 18, MCP-1 — MOHOLMTapHbIN XeMoaTTPakTaHTHbIN 6enok-1, GM-CSF - rpaHynouutapHo-MakpodaranbHbIi

KonoHuectTumynupyrowmin cdakrop, IFNy — untepcdepoH ramma.

Note. IL, interleukin; TNF, tumor necrotic factor; MIP-1, macrophage inflammatory protein 13; MCP-,monocyte chemoattractant

protein-1; GM-CSF, granulocyte-macrophage colony-stimulating factor; IFNy, interferon gamma.
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IOYI'MY Munszapasa Poccun Ne 9 or 11.09.2006 u
npotokoJ atudeckoro komureta TAY3 OTK3 I'Kb
Ne 1 . Yenstounacka Ne 12 ot 10.10.2022) [6].

O06e TpyIIIbl MalMEeHTOB HEe OTJINYaIMCh MO BO3-
pacTty, IIPOIOJLKUTEIIbHOCTh TOCIIMTAIM3AINN U pa3-
BUTHUE OCTPOTO MH(papKTa MUOKapAa Mpeodagaiu y
JINLL C TIOCTKOBUIHBIM CUHIPOMOM.

B tabnune 1 npeacraBiaeHbl JaHHBIE O COMIEpKa-
HUW LIMTOKWHOB B NepudepruIecKoil KpOBH JINII,
nepeHecuux u He riepeHecinux COVID-19 ucxonHo
¥ B TUHaAMUKe (depe3 28 mHeit).

PesynbTaTthl 1 00CYyXaeHWe

Wcxonst u3 1olydeHHBIX TaHHBIX, MOXKHO OTMeE-
TUTh, YTO Y IMMallMeHTOB, nepedoneBmmx COVID-19
B cornocTtaBieHuu ¢ auuamu 6e3 COVID-19 panee,
o6bu1 nocroBepHo Huxke IL-10, TL-1B, 1L-8, a Tak-
ke Boime 1L-13, IL-6, MCP-1. B nuHamuke craTu-
ctuuecku 3HaunMo (p < 0,05) y mauueHToB, nepe-
ooseBmiux paHee COVID-19, cHusuauch: 1L-10,
1L-13, IL-2, IL-6, MCP-1, MIP-1B, TNFa, moBsi-
cuncs IL-8 (p < 0,05). ¥ 6onbHbIx 63 COVID-19
B aHaMHe3e: CTaTUCTUYECKU 3HAaYMMO B AWHAMUKE
cHusunuck: IFNy, 1L-6, MCP-1, MIP-1B, TNFa,
noBeicwics IL-8 (p < 0,05). ¥V mammeHTOB ¢ MOCT-
KOBUJIHBIM CUHIPOMOM TIO CPaBHEHUIO C JIMIIAMU
6e3 COVID-19 B anamHe3se [8], uMmenoch OoJibliee
colepXXaHWE TMPOBOCHAIUTEIBHBIX ITUTOKWUHOB, B
yactHocTu: 1L-6, IL-8, MCP-1. B nuHamuke nocie
KOMILJIEKCHOM Tepanuu (MeIMKaMeHTO3HOM W CTEeH-
TUPOBAaHUSI KOPOHAPHBIX apTepuii) yepe3 28 mHeit
TIPOM3OIILIIO YIYYIIEHEe HEKOTOPBIX ITOKa3aTesci,
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B YaCTHOCTU B 0obOeux rpymnmnax (OOJIeBIIMX paHee U
He oosieBinx COVID-19), ctaTuctTiyeck 3Ha4MMO
(p < 0,05) cHUBWIUCH MPOBOCHATUTEIbHbIE LTUTO-
kunbl: 1L-6, IL-8, MCP-1, MCP-18, TNFa, noBbI-
cuiics (p <0,05) mMpoTUBOBOCTIATUTEIbHBI IMTOKUH
1L-10. Bpa6ote Eberhardt N. 1 coaBT. mpouItOCTpU-
poBaHo, uto COVID-19 BbI3bIBa€T MOILIHYIO BOCIIA-
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Ho-cocyauctele codbitus. Mudbekumus COVID-19
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YeJioBeKa MOBTOPSET UMMYHHBIN OTBET, HaOJt0Aae-
MBIl B KyJBTUBUPYEMbIX MakKpodarax, BKJIto4asl ce-
KPEeLUIo poaTeporeHHbIx HuTokuHOB [11]. Li H. u
COAaBT. B CBOEI paboTe MOKa3ain, YTO MOBBIIIEHHBIN
YPOBEHb MHTEPJEHMKUHA-6 B KDOBH MOXKET OBbITh He-
3aBUCUMO CBsI3aH C¢ 60Jiee BBICOKUM PUCKOM Cepaey-
HO-COCYJAUCTOU CMEPTHOCTU U CMEPTHOCTHU OT BCEX
npuuuH y nauueHtoB ¢ OKC [12].

TakuMm o0pazom, MOJAyYeHbl HAPYUIEHUS PEry-
JISIITAM UMMYHHOW CHUCTEMBI U, B MEPBYIO OYepPEb,
noka3aTesieil XeMOKMHOB Y NallIEHTOB C TIOCTKOBU/T-
HbIM cuHApoMoM U OKC B otnuue ot un ¢ OKC,
He 6oneBlnx COVID-19 paHee.
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paXeHHOe HapyllleHue ITUTOKWHOBOUW peryisiiuu
VUMMYHHO# CUCTEMBI, TI0 CPABHEHUIO C MallueHTaMMU,
He 60JIEBIIMMU KOPOHOBUPYCHOM MH(peKIMei [6].
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