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Pesome. OGcienoBaHo 65 MYXYMH C HECTAOMJIBHOM CTEHOKApAueid M OCTPBIM MH(MAPKTOM MUOKap-
Jga (ocTpbIM KopoHapHbIM cuHapomoM — OKC) ot 40 go 65 ser, Kotopble paHee 6onenu COVID-19 u 20
auu ¢ OKC, He nepeHeciuux COVID-19. ¥V Bcex Juil TakKe ObLla rMIIEpTOHUYECKas: 0071e3Hb, U UM MO-
TpebOBaJIOCh CTEHTUPOBAHUE KOPOHAPHBIX apTepuil B Oamxaliiiue 3 CyTOK MOcCJe TOCTYIJIEHUSI B CTa-
nuoHap. M3 MMMyHOJIOTMYECKUX IToKa3aTesielf METOAOM IMPOTOYHOW ILIMTOMETPUM Ha LUTOMIIIOOpUME-
Tpe Navios (Beckman Coulter, CIIIA) mo cTaHAapPTU30BAaHHOW TEXHOJOTMU OLIEHKU JTUMMOILIUTAPHOTO
3BeHa uMmyHuTteta [1] ompenensuiuck: CD45"CD3*CD19- (T-numdouutsl obiue), CD457*CD3*CD4*
(T-xennepnr), CD45*CD3"CD8" (uutotokcudeckue T-nmumponutsr), CD45*CD3-CD19" (B-numdouuts),
CD45*CD3*CD16'CD56" (T-NK-knetku), CD45°CD3-CDI16"CD56" (HaTypajJbHble KWJIJIEPHI),
CD45*CD3*CD4*CD25*CDI127- (T-peryasatopHbie kietku), CD45*CD3*CD4*CD25" (T-nmumdouuTsr —
panHss aktuBaius), CD45*CD3*"HLA-DR (T-nmumbouuTsl — MO3AHSS aKTUBalvs). Bce maumeHTs ObUTH
MOJIeJICHBI Ha TPYIIIBI B 3aBUCUMOCTH OT coaepxkaHust NK-kjeTok (HaTypaibHbBIX KWIepoB). boyibHbIE, TIe-
peHeciie COVID-19, umerot 3 deHoTUma HapylieHUd (MoHuKeHHoe KoanyecTBO NK-KI1eToK HopMasb-
HOE€ U MOBBIIIEHHOE), a He mepeHecire — 2 ¢peHotuna (moHwxkeHHoe KonyecTBo NK-KkjieTok u HopMaib-
Hoe). Hanbosee Tskemoe cOCTOsTHME M CTeTNeHb BBIPaXKeHHOCTH UMMYHHBIX HAPYIIEHW OBLIA BBISIBJICHBI
y naiueHToB, nepeHeciux COVID-19. V nui ¢ octpbiM KOpoHapHbIM cuHApoMoM U COVID-19 npeumy-
IIECTBEHHO C HOPMaJIbHBIM U MOBBIIIEHHBIM ypoBHeM NK-kjeTok B comocrasieHuu ¢ manueHTaMmu OKC
6e3 COVID-19, Habmonanock 6oJiee TSkesloe TeUYeHUe 3a001eBaHUsl — MPEBATUPOBAIN OOJIbHBIE C OCTPBIM
nH(MaPKTOM MUOKap/a, Y HUX BBISIBJIEH 0oJjiee BHICOKUI YPOBEHb CMEPTHOCTH, YBEIMUYEHA TTPOIOJIKUTEb-
HOCTb JISUEHUSI, a TAKKe Yalle oTMedanruch TpoM003bl cTeHTOB. Y ul ¢ OKC u COVID-19 ¢ noBbIlIeHHBIMU
NK-kjieTkamu HabII0AaT0Ch MAKCUMaIbHOE CHUXeHUE T-KIeTOYHOro 3BeHa UMMYHUTeTa: T-1uMOOMTOB
obuux, T-muMmdonuToB-xenmnepoB, T-IUTOTOKCUYECKUX TUMOOUUTOB, T-TUM@POLUTOB paHHEW aKTU-
BallMu, T-peryiasiTOpHBIX KJIETOK B aOCOJIIOTHBIX YMCJIaX M0 CPAaBHEHMIO C JPYyruMu rpymnamu. HaumeHb-
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MM UMMYHOPETYJIITOPHBIN MHAEKC U TIPU 3TOM MakcuMaiabHoe uuciio T-NK-1uMbonToB oTMevanuch y
s, nepeHeciinx COVID-19 u umeBinux noHuxkeHHble NK-kinetku. MuHumanbHoe koaudectBo T-NK-
JUM@POLIUTOB PETUCTPUPOBATOCH Y 00JbHbIX ¢ HU3KUMU NK-kietkamu, He 6oJieBiiux COVID-19. Munu-
masnbHblie T-muMmdornutel (CD45"CD3*CD4"HLA-DR™) no3nHei akTUBallMK BBISIBJIEHBI Y JIUIL, TIEpe0OJIeB-
mmx COVID-19, ¢ noBeiiieHHbIMU U HOpMaibHbIMU N K-kieTkamu. Haumensbiee yncio T-peryassTOpHbIX
KJIETOK TIO3[THEI aKTUBAllMM OTMeYasaoch y mauueHToB, He 6oeBmmnx COVID-19, HO BaKIIMHUPOBaHHBIX,
U UMelIMX HopManbHoe conepxanue NK-kietok. [IpoBeneHHOe UccienoBaHUE TakKe MO3BOJISIET bosiee
YETKO OIpeNe/UTh TPyMIibl maimeHToB ¢ OKC, HyXAaI0MXCs B TOMTOJHUTEILHO MMMYHHOKOPPEKIINH.

Karouesnie cnosa: ocmpuiii KOpoHapHblil CUHOPOM, nPOMO4HAs yumomempus, aumepoyumol, NK-kaemku, cmenmupoganue
KOpOHapHbIX apmepuil, KOPOHaApoanauoepapus

FEATURES OF T CELL IMMUNITY DEPENDING ON THE
CONTENT OF NATURAL KILLER CELLS IN PATIENTS WITH
ACUTE CORONARY SYNDROME FOLLOWING COVID-19
Safronova E.A. Ryabova L.V.

South Ural State Medical University, Chelyabinsk, Russian Federation

Abstract. We examined 65 men (40 to 65 years old) with unstable angina and acute myocardial infarction
(acute coronary syndrome, ACS) who previously had COVID-19, and 20 persons with ACS who did not suffer
COVID-19. All patients also had arterial hypertension, and they required coronary artery stenting within
the next 3 days after admission to the hospital. The following immunological parameters were determined
by flow cytometry by means of Navios cytofluorimeter (BeckmanCoulter, USA), using standard technology
for the profiling of lymphocyte populations: ), CD45*CD3*CD8* (cytotoxic T cells), CD45*CD3-CD19*
(B cells), CD45*CD3"CD16"CD56" (T-NK cells), CD45*CD3-CD16"CD56* (NK, natural Kkiller cells),
CD45"CD3*CD4*CD25*CD127- (T regulatory cells, Tregs), CD45*CD3*CD4*CD25" (T cells, early
activation), CD45*CD3*HLA-DR (T cells, late activation). All patients were divided into groups depending
on the contents of NK cells. The patients who had a history of COVID-19 exhibited 3 phenotypes of disorders
(decreased, normal, or increased NK cell counts), whereas persons without COVID in their history displayed
2 phenotypes (decreased or normal NK cell counts). The most severe condition and higher grade of immune
disorders were found in patients who underwent COVID-19. In patients with ACS and previous COVID-19,
mostly with normal and elevated levels of NK cells, a more severe course of the disease was observed if
compared with ACS patients without COVID-19 in their history, i.e., the patients with acute myocardial
infarction prevailed, with higher mortality rate, longer duration of treatment, and more common incidence of
stent thrombosis. In the persons with ACS and COVID-19 with elevated NK cells, a maximal decrease of T cell
immunity was observed, i.e., lower contents of total T lymphocytes, T-helper cells, cytotoxic T cells, T cells
of early activation, Tregs, with a decrease in absolute cell numbers as compared to other groups. The lowest
immunoregulatory index and, at the same time, the maximal number of T-NK lymphocytes were observed in
the persons who suffered from COVID-19 and had reduced NK cell contents. The minimal number of NK T
cells was registered in patients with low NK cells who did not have a history of COVID-19. Minimal numbers of
late-activation T cells (CD45"CD3*CD4*HLA-DR*) were found in persons who recovered from COVID-19
with elevated and normal NK cells. The lowest number of late-activation regulatory T cells was observed
in the patients who did not suffer COVID-19 but were vaccinated, and had a normal content of NK cells.
The study also allows us to more clearly define the groups of patients with ACS who need supplementary
immunocorrection.

Keywords: acute coronary syndrome, flow cytometry, lymphocytes, NK cells, coronary artery stenting, coronary angiography

BBe,D,eHVle HUS U BHe3anHoit cmeptu [7]. IIpssMoe 1moBpeskae-

Bocmanenue B muokapae ripu COVID-19 MmoxeT HuMe MMOKapaa M IIUTOKWMHOBBIN IITOPM, HMPUBOISI-
MIPUBECTH K MMOKAPAUTY, OCTPOMY KOPOHAPHOMY IIHMiIi K AECTAOMIM3ALMKM paHee CYIIESCTBOBABIIMX U
cunapomMy (OKC), ObICTpOMY YXYIAIIEHUIO COCTOSI- YCKOPEHHOMY OOpa3oBaHUIO HOBBIX OJISIIIEK, SIBJISI-
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Ocobennocmu T-kaemounoeo ummynumema y 6oavHolx ¢ OKC

T cell immunity in acute coronary syndrome

I0TCS MexaHu3Mamu, npopouupytommumMu OKC npu
COVID-19 [10].

B pabore Xycaunosoii JI.H. u coast. [4] mo-
KazaHo, 4yTo y maureHToB ¢ OKC cHMXeHO 4McIio
T-nmumdonuToB, yBEIMYEHO KOJIUYECTBO TUMDOII-
TOB, BAUsioIIMX Ha aronTo3. [1o nanHubsim JIebeneBoit
O.K. u coaBrt. [2] pa3BUTHE OCTPOil CepIeYHOI He-
MOCTATOYHOCTH Yy ITAIIMEHTOB C OCTPHIM MHMAPKTOM
muokapaa (OMMM) accouMupoBaHO CO CHUKEHUEM
yucia T- u NK-k1eTok (HaTypaJlbHbIX KUJJIEPOB).

B noctymnHoii 1uTepaTtype HeIOCTaTOUYHO JaHHBIX
o T- u NK-kjieToUHOM UMMYHUTETE y MALlUeHTOB C
OKC, nepeneciium COVID-19, uro onpenenser ak-
TyaJIbHOCTb IIPOBOIMMOIO UCCIEAOBAHUS.

Ilensio wmccaenoBaHus SIBUJIOCH WCCIIEIOBaHUE
T-kji1eToYyHOro 3BeHa UMMYHUTETa B 3aBUCUMOCTHU OT
quclia HaTypaTbHBIX KIJIEPOB Y OOJTBHBIX C OCTPBIM
KOpOHapHbIM cuHApoMoM, nepeHeciinux COVID-19
B COMOCTABJICHNH C JaHHBIMU ITapaMeTpaMu Y 00JIb-
HbIX 0e3 nepeHeceHHoro COVID-19.

3amayn UcCIeIOBaHMS:

1. BbIsIBUTH KIMHUYECKUE OTIUYMS B TEUCHUU
3a0oneBaHus y mnauueHToB ¢ OKC, nepeHecmux
COVID-19 u He 0OoJIeBIIMX UM B 3aBUCMMOCTU OT
yuciaa NK-kneTok.

2. OnpenenuTb TIoKasaTelnud T-KJIETOYHOTO
UMMYHHOTO cTatyca y 60abHbIX ¢ OKC, nmeBmux B
aHamHe3ze COVID-19 u He 0oyIeBIINX HOBOIT KOPO-
HaBUPYCHOU MHMEKIMI, B 3aBUCUMOCTHU OT MOKa3a-
Tesieit NK-KJIeTOYHOTO UMMYHUTETA.

3. BbIIBUTH pasnuyusi B coaepXaHUU OCHOB-
HBIX Oyl T-1MGOIINTOB B BEIIIICHA3BAHHBIX
KaTeropusix maiueHTOB.

MaTtepwuarbl 1 MeToabl

OO6cnenqoBaHo 65 MyXYMH C HeECTaOMJIbHOM
CTCHOKApIMEeil M OCTPhIM WH(MApKTOM MHOKapaa
(oCTpBIM KOpPOHApHBIM cUHApOMOM) oT 40 o 65
Jaet, kotopble paHee Oojienu COVID-19 u 20 nun
¢ OKC, ne mepenecmmx COVID-19. ¥V Bcex muig
Tak:Ke OBIJTa TUITepTOHMYECKass OOJIe3Hb, M UM ITO-
TpeboBaJIOCh CTCHTUPOBaHNE KOPOHAPHBIX apTepuii
B Omkaiiinme 3 cyTOK ITOCjie ITOCTYIUJICHHSI B CTa-
nuoHap. KopoHapoaHrmorpadui IPOBOIWIN Ha
anmnapate Innova JE, UMIJTaHTUPOBAIUChH CTEHTHI C
JIEKapCTBEHHBIM NOKpbITUEM (UupMbl Xience Alpine.
Bce 6onbHBIE TOANUCHIBAIU MTHPOPMUPOBAHHOE CO-
riacue (mpotokoa Dtudeckoro komutreta FOYI'MY
Mun3zapasa Poccuu Ne 9 ot 11.09.2006 u npoToKoJ1
stnaeckoro komurera TAY3 OTK3 I'Kb Ne 1 . Ye-
nsa6uHcKa Ne 12 ot 10.10.2022).

N3 uMMyHoJIOrMuecKuX IokKasaTejieii MeToI0M
OPOTOYHOM IIUTOMETPUM Ha HIUTOMIIOOPUMETPE
Navios (Beckman Coulter, CIIIA) no cranaapTU3o-
BaHHOU TEXHOJIOTUM OLICHKU TUM(OIIMTaAPHOTO 3BeHA
uMmmyHuteTa [1] onpenensuiuck: CD45*CD3*CD19-
(T-numpouutel obmue), CD457CD3*CD4"

(T-xenmepnr), CD45"CD3*CD8* (uurotokcuye-
ckue T-numpouutsr), CD457CD3-CD19*(B-num-
douuter), CD45"CD3*CD16"CD56" (TNK-kieT-
ku), CD45"CD3CD16"CD56" (HaTypajibHbIe
kusepsbl), CD45*CD3*CD4*CD25*CD127- (T-pe-
ryastopHbeie kietku), CD45*CD3*CD4*CD25*
(T-numpouuTh — paHHISA aKTUBalUs),
CD45"CD3*HLA-DR (T-aumdoumntsl — MO3AHSIS
aKTUBaLIMs).

C nomomplo mnporpammbl  StatPlus 2009
Professional mpoBogmiack cratucTUdeckass obpa-
0oTka MaTepuajia. BeIcUMThIBaIN: CpeaHIO apud-
MmeTtuueckyro (M), oumimbKy cpenHeil apudmernye-
ckoit (m), onpenenstau Kputepuii CTbloJeHTa ISt
HE3aBUCUMBIX BEIOOPOK.

PesynbTathl 1 06CYyXaeHWe

Bce manueHTHl (OTAEABHO TE€peHecUIue
COVID-19 u He OoJeBIIMe UM, HO BaKIIMHUPOBaH-
Hble OT HOBOW KOPOHaBUPYCHOU MHMEKIMU) ObLIU
pa3oMTHl Ha 3 TPYHOIIBI B 3aBUCHUMOCTUA OT YMCIIa
NK-kieTok: co cHUXKeHHbIMU mokazaTeasiMu NK-
KJIETOK, HOPMaJIbHBIMU W TOBbIIeHHbIMU [1]. O6-
masi KJIMHAYeCcKas XapaKTepucTUKa 3TUX JIUIL TTPO-
WUTIOCTpUpOBaHa B Tabsuiie 1.

CornmacHo Tabmuue 1, y 6onpHbix OKC 0e3
COVID-19, npeBanupoBaiu OO0JIbHbIE C HecTa-
OWJIBHOM CTCHOKApAMEil, a B TPYMIIC IEePEHECIINX
COVID-19 npeo6aaganu namueHTsl ¢ OWMMM, B oc-
HoBHOM ¢ OMM c nST — B rpymnne ¢ HopMaJabHbI-
mu NK-knerkamu. [1o KoJIM4eCcTBY yCTaHOBIICHHBIX
CTEHTOB JIMAWPOBAIM MAWEHTHl ¢ HOPMAJIbHBIM W
noBbIlIeHHBIM KosnuyecTBOM NK-kietok, nepebdo-
jgesie COVID-19. TpoM603bl CTEHTOB PEerucTpu-
poBasnchk y mepebosneBmmx COVID-19: 3 (9,68%)
Juu, uMmeBmInX HopmaibHble NK-kimetkm, m 1
(6,67%) ¢ nonmxenHbiMu NK-kirerkamu. B aTux ke
rpynmnax OOJIbHBIX Yallle OTMEUAIMCh JIeTATbHbBIC NC-
xombl: 2 (10,53%) ¢ nmoBwireHHbIMA NK-KiTeTkamu,
3 (9,67%) c¢ nHopmambHbiMM NK-xietkamu u 1
(6,67%) c nonwxkeHubiMmu NK-kierkamu. Hu on-
HOTO CMEpPTEJbHOTO WKCXOa He ObUIO y JIUL, He
MMEBIINX B aHAMHE3¢ HOBYIO KOPOHABUPYCHYIO MH-
dexuuo. sl KynupoBaHUSI 3arpyAWHHBIX Oojeit
HMCTIOJIB30BAJIM MOP(UH Ha 3Tare CKOPO MEeIUITTH-
cKoli moMoIu 6oiee, yeM y 30% namuenTos ¢ OKC,
nMmeBmnx COVID-19 B anamHe3e, a y i ¢ OKC
0e3 COVID-19 ¢ HopmanbHbiMM NK-kjeTkamu —
T0J1bKO Y 10%. Habonanoch CTaTUCTUYECKU 3HAYM -
moe otmune IgM n IgG y mui ¢ COVID-19 B co-
nocrtaBiaeHun ¢ 6ojbHbIMU OKC 0e3 TakoBOTro, HO
BaKIIMHUPOBAHHBIX. MakcumanbHbie IMGpe IgM
HaOmoganucek y aul, oojemux COVID-19, ¢ no-
BbllIeHHbIMU NK-KeTkamu.

JIMTeIbHOCTh HAXOXKICHMS B CTAallMOHAPE BHIIIIC
y uu ¢ COVID-19 u OKC (p <0,05). Kpome Toro, y
HUX HaOJII0AaIMCh 00s1ee BhICOKME UMM Pbl TPOMOHM -
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TABINLIA 1. OBLLAA XAPAKTEPUCTUKA BONbHBIX C OCTPbIM KOPOHAPHbLIM CUHAPOMOM, MEPEHECLLXX COVID-19
W HE BONEBLUNX UM B 3ABUCUMOCTW OT COLAEPXXAHUA NK-KINETOK

TABLE 1. GENERAL CHARACTERISTICS OF PATIENTS WITH ACUTE CORONARY SYNDROME WHO HAD COVID-19 AND DID
NOT HAVE IT, DEPENDING ON THE CONTENT OF NK CELLS

Boneswune COVID-19 He 6oneBwune COVID-19
Sick with COVID-19 Not sick with COVID-19
1 2 3 4 5
MokaszaTens NK-kneTku NK-kneTku NK-kneTku NK-kneTku NK-kneTku
Index MOHMUXEHbI HopMarbHble NOBbILEHbI NOHMUXEHbI HOpMarnbHble
NK cells are NK cells are NK cells are NK cells are NK cells are
reduced normal raised reduced normal
(n=15) (n=31) (n=19) (n=9) (n=11)
Mzm, p Mzm, p M+m, p Mzm, p M+m
Boapact, roae! 57,33+1,59 | 56,19+1,13 | 56,63+1,60 | 54,78+2,53 | 54,06+2,06
Age, years
HectabunbHasa
CTeHOoKapaus, abconTHoe
yncno 6onbHLIX, % 6 (40%) 14 (45,16%) 7 (36,84%) 5 (55,56%) 9 (81,82%)
Unstable angina, absolute
number of patients, %
OWUM c nST, abcontoTHOE
4yncno 6onbHbIX U % o 12 6 o o
STEMI, absolute number 5 (33,33%) (38,71%) (31,58%) 3 (33,33%) 1(9,09%)
of patients and %
OWM 6nST, abcontoTHoe
yuncno 6onbHbIX, % o o o o o
NSTEMI, absolute number 4 (26,67%) 5(16,13%) 6 (31,58%) 1(11,11%) 1 (9,09%)
of patients, %
OWUM B npouwnowm, 3 (33,33%)
abconoTHOE Yncno
GonbHbIX, % 3(21,43%) 7 (22,58%) 6 (31,58%) 3(33,33%) 1 (9,09%)
AMI in the past, absolute
number of patients, %
Puck no peiic, 6annbi 112,565+12,43 | 119,58+9,77 122,75+7,74 113,67£11,90 | 101,70+9,74
Grace risk, points pss = 0,049
MpogonxuTenbsHOCTb
rocnuTanusauum, CyTku 10,93+0,89 9,77+0,43 10,16+0,61 9,44+0,89 8,54+0,49
Duration of hospitalization, p.s = 0,023 p.s = 0,003
days
Tpurnuuepuabl, MMOnb/n 2,29+0,27 1,84+0,27 1,80+0,27 1,58+0,26 1,57+0,22
Triglycerides, mmol/L pi. = 0,049
TponoHuH |, Hr/mn 8,99+2,82 9,23+1,96 9,97+2,68 6,22+3,44 1,85+1,60
Troponin |, ng/mL p.s = 0,028 p,s = 0,019
IgM k COVID-19, 8,21+£1,71 7,82+1,30 11,90£1,79 1,21+£0,44 2,46+0,72
KoadbhULmeHT P4 = 0,003 pP.s = 0,033 ps « = 0,0002
NO3UTUBHOCTH p,.. = 0,005 ps.s = 0,0003
IgM to COVID-19, positivity p.s = 0,010
coefficient
IgG k COVID-19,
Ko3adpcpuumeHT 20,89+1,30 18,12+1,47 20,88+1,44 9,95+2,55 13,43+3,26
No3UTUBHOCTM (KN) p.4 = 0,001 p,.4 = 0,052 ps 4 = 0,0002
IgG to COVID-19, positivity P55 = 0,0011
coefficient (pc)

MpumeyaHue. OUM — ocTpbiit MH(apkT Mruokapaa, OMM c nST — ocTpbI MHhAPKT MMOKapAa ¢ nogbeMom cermeHTa ST, OUM
6nST — ocTpbI MHAPKT MMOKapaa 6e3 noabLema cermeHTa ST.
Note. AMI, acute myocardial infarction; STEMI, acute myocardial infarction with ST segment elevation; NSTEMI, acute myocardial
infarction without ST segment elevation.
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TABJNLIA 2. CPABHEHME NMOKA3ATENEW NMOKA3SATENEN T-KNETOYHOrO UMMYHUTETA UL} C OCTPbIM
KOPOHAPHbIM CUHAPOMOM, BONEBLUNX U HE BONEBLLXX COVID-19 B 3ABUCUMOCTW OT YUCIA NK-KNETOK

TABLE 2. COMPARISON OF INDICATORS OF T CELL IMMUNITY IN PERSONS WITH ACUTE CORONARY SYNDROME, SICK
AND NOT SICK WITH COVID-19, DEPENDING ON THE NUMBER OF NK CELLS

Boneswune COVID-19
Sick with COVID-19

He 6oneBwue COVID-19
Not sick with COVID-19

CD45*CD3*CD4*CD25*
(early activation), %

MNokazarennb 1 3 4
Index NK-kneTku 2 NK-kneTku NK-kneTku S
NK-kneTku NK-kneTku
NOHWXeHbI HobManbHble | MOBEILEHb! NOHWXeHbI HopManbHble
NK-kneTku NK cells are P NK cells are NK cells are
NK cells NK cells are . NK cells are
reduced _ raised reduced _
- normal (n = 31) _ - normal (n = 11)
(n = 15) M£m, p (n=19) (n=9) M
M+m, p - Mtm, p Mtm, p B
T-nMcoLMTbI 66,81+2,11 73,29+1,43 74,97+2,42 73,24+2,52 73,82+2,52
(CD45'CD3*CD19"), % Pr.2 = 0,905
T lymphocytes 21'3 - 0’040
+ + -\ O 1-4 = Y
(CD45*CD3'CD19), % o 0026
T- o CD45*CD3*
CS:'QN_';I%;";':,'“( 1866,21+ 157,84 [1637,97+129,72| 945 47+ 117,68 [1215.44+179,241931,00+ 163,76
T lymphocytes P13 f 8;8(1)1 .4 = 0,049 Pss = 0,001 P45 = 0,004
(CD45*CD3*CD19)), Pis =0
106 cells/L
T-xennepb! 40,22+2,13 48,79+1,76 50,83+2,31 50,09+2,78 50,26+2,13
(CD45°CD3* CD4*), % P12 = 0,0019
p.s = 0,001
T helpers b, = 0,006
+ + +) O, 14— Y
(CD45*CD3* CD4*), % P 0,003
T-xennepbl 1116,05+102,77 |1067,29+87,66 |631,27+80,25 |838,56+127,59 |1324,20+125,73
(CD45°CD3*CD4%), 105 kn/n | p,., = 0,001 P, 5=0,0014 | pys=0,001 Ps s = 0,007
T helpers (CD45°CD3* CD4%), | p,., = 0,049 Pys = 0,049
108 cells/L
T-uMTOTOKCHUYECKUuEe 674,95+76,27 |504,77+42,93 |334,87+65,85 |347,44+60,84 |549,20+48,07
(CD45'CD3*CD8*), 10°kn/n | p, ,= 0,020
T cytotoxic (CD45'CD3*CD8*), | p,., = 0,001
108 cells/L p.. = 0,005
UMMyHOperynsaTopHbIn
uHaeke (Tx/Tc) 1,95+0,26 2,42+0,23 2,7540,43 2,66+0,43 2,60+0,39
Immunoregulatory index P13 = 0,049
(Tx/Tc)
T-NK-numcouuntbi
(CD45*CD3*CD16* CD56%), % | 8,42+1,29 6,77+0,93 6,00+1,16 4,00+1,01 6,30+1,29
T-NK lymphocytes P14 =0,019 p.s = 0,092
(CD45°CD3*CD 16* CD 56°), %
T-NK-numdoumntbl
(CD45'CD3*CD 16'CD56%),  |242,24+56,86 |14513+26,48 | 78,00£17,92 | 62,22+16,11 [164,400+39,708
108 kn/n ps,=0,044 P, 5 = 0,049 pss = 0,018 Ps s =0,017
T-NK lymphocytes P13 = 0,009 P4 = 0,049
(CD45'CD3*CD16* CD 567), | P14 =0,021
106 cells/L
T-numcounTbI
CD45*CD3*CD4*CD25*
(paHHAA akTMBaLms), % 7,84+0,84 8,37+0,52 7,89+0,53 8,84+0,66 6,85+0,55
T lymphocytes Pss= 0,016
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Tabnuua 2 (okoH4YaHue)

Table 2 (continued)

Boneswune COVID-19
Sick with COVID-19

He 6oneBwue COVID-19
Not sick with COVID-19

MNokasatensb 1 3 4
Index NK-kneTku 2 NK-kneTku NK-kneTkm 3
NOHWXeHbI NK-knetku NoBblILeHbl NOHWXeHbI NK-knetku
NK-KneTku HopManbHble HopMarnbHble
NK cells are NK cells are NK cells are
NK cells NK cells are . NK cells are
reduced _ raised reduced _
=15 normal (n = 31) =19 =9 normal (n = 11)
(n=15) M+m, p (n=19) (n=9) Mzm
Mtm, p ’ Mtm, p Mtm, p
T-numcounTbl
CD45°CD3"CD4°CD25* 79,05+11,81 | 86,35+8,41 | 50,93+7,37 | 73,56%12,02 [ 90,60+11,04
SrplaHHil: aK'tI'VIBaLlVIﬂ), 106 kn/n p.s = 0,033 P, 5 = 0,0051 Ps 4 = 0,049
ymphocytes 5= 0,002
CD45°CD3'CD4°CD25* Pes
(early activation), 10° cells/L
T-numcounTbl
CD45*CD3*CD4*HLA DR*
(nOSAHﬂﬂ aKTMBaLIMﬂ), % 6,39i0,95 5,7810,45 6,3310,63 8,11 i1,13 4,7511,25
T lymphocytes P24 = 0,015 P34 = 0,07 Py 5 = 0,032
CD45*CD3*CD4*HLA-DR*
(late activation), %
T-numcounTbl
CD45*CD3*CD4*HLA-DR*
(nosaHsis aktmBaums), 10° kn/n| 65.21+10,42 56,00+4,53 40,87+6,12 65,44+13,36 67,00+£21,56
T |ymphocytes p1_3 = 0,034 p213 = 0,029 p3,4 = 0,035
CD45*CD3*CD4*HLA-DR* (late
activation), 108 cells/L
T-perynsatopHbie KIeTKn
(CD45°CD3"CD4* 2,39£0,25 3,22+0,35 3,85+0,42 4,98+0,78 2,13+0,34
CD25°CD127), % py.» = 0,049 P4 = 0,014 Pss = 0,003 Pss = 0,002
T regulatory cells p.s = 0,002 P,.s = 0,049
(CD45*CD3*CD4* p.. = 0,001
CD25*CD127°), % ’
T-perynsitopHbie KNeTku
(CD 45°CD3"CD4* 24,05+2,01 34,03£4,55 | 23,80%3,33 38,11£7,94 | 27,70+4,68
CD25*CD127),10¢ kn/n P, = 0,049 P, 5 = 0,074 Py« = 0,034
T regulatory cells p.. = 0,014
(CD45*CD3*CD4*
CD25*CD127-), 108 cells/L
T-perynsitopHbie KNeTku
nos3aHAsA aktusauus (CD
45'CD3'CD4 N 6,39+0,95 5,78+0,45 6,33+0,63 8,11£1,13 4,75+1,25
CD25*CD127-HLA-DR?), % D, , = 0,049 P, 5= 0,074 P, 4 = 0,034
T regulatory cells late i ’ ’
o P, =0,014
activation (CD45*CD3*CD4*
CD25*CD127-HLA-DR*), %
T-perynsatopHbie KNeTku
NO3AHASA aKTUBaLus
(CD45°CD3"CD4" 0,92+0,14 1,04+0,14 1,37+0,23 2,02+0,36 0,62£0,11
CD25*CD127-HLA-DR*) a6c. P.s = 0,049 Py = 0,002
T rggu!atory cells late p.s = 0,0012
activation (CD45*CD3*CD4*
CD25*CD127-HLA-DR*) 10°
cells/L
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Ocobennocmu T-kaemounoeo ummynumema y 6oavHolx ¢ OKC

T cell immunity in acute coronary syndrome

Ha I kpoBu (B GOJibllIEl CTeNEHU C MOBBIIIEHHBIMU
n HopMaidbHBIMH NK-KIeTkammn), Ko3dphuiImreHTa
aTepOTreHHOCTHU U pucka o Ipeiic (c moBbIILIEHHBIMU
NK-keTkaMun) B cpaBHEHUU C 3TUMM IapaMeTpa-
mu y narreHToB 0e3 COVID-19. CiemyeT OTMETUTb,
yTO B rpynmne 6oiabHBIX 0e3 COVID-19 B aHamHe3e,
HU Y OJTHOTO MallMeHTa He ObLIO MoBbIIeHHBIX NK-
KJIETOK.

B Tabnuie 2 mpencraBieHBl JaHHBIE O T-JTMM-
douurax, T-NK-nmumpouurax, NK-nmumdorurax, a
Takke T-peryasaTOpHBIX KJTeTKaX.

CornacHO TIpeACTaBJICHHBIM TIOKa3aTeIsIM B
Tabmuue 2, y aun ¢ OKC u COVID-19 ¢ moBbI-
meHHbiMKU  NK-kineTkamMmu HaOm0maeTcss MMWHU-
MasbHOe 4yucio T-numdouutoB, T-xeamnepos,
T-uuToToKCMYeCcKUX TUM@POLIUTOB, T-ITMMQPOLIUTOB
paHHel aktuBauuu, T-TUM@OLUTOB MO3AHEN aKTU-
BallMM, a TakKe T-peryasaTOpHbBIX KJI€TOK B aOCOIIOT-
HBIX §AMHUIIAX 10 CPABHEHUIO C IPYTUMU TPYITITAMMU.
HaumeHbImii UMMYHOPETYJISITOPHBINA MHASKC U ITPU
3ToM MakcuMajbHoe yruciao T-NK-1umdouuTos oT-
Mevanuch y auil, nepeHecimx COVID-19 u nmes-
mux mnoHuxXeHHble NK-kiaerku. MuHuMalbHOE
konndectBo T-NK-num@ouuTtoB peructpupona-
Joch y 60ybHBIX ¢ HU3KUMU NK-kierkamu, He 60-
neBmmx COVID-19. Munumanbabie T-muM@OIUTEI
(CD45*CD3"CD4"HLA-DR") no3nHeli akTuBauu
BBISIBJIEHBI y JuLl, iepedoseBmnx COVID-19, ¢ nio-
BBILLIEHHBIMU 1 HOpMaJibHbIMU N K-Ki1eTKaMu.

Haumenbuiee uucino T-peryasiTOpHbIX KIETOK
MO3MHE aKTUBAIlMA OTMEUYAJIOCh y MAMeHTOB, HE
ooneBimx COVID-19, HO BakLIMHUPOBAHHBIX U
UMeEIoIIMX HopMaibHoe conepxkanue NK-kineTok.

CornacHo wuccnepoBanusiM JlebeneBoit O.K. u
COoaBT. [2], Yy OOJILHBIX C OCTPBIM MH(pAPKTOM MUO-
Kapaa perucrpupoBaiimch 6oyiee Huzkne CD16(+)
T- u NK-knerku.

Hpyrue aBropsl [3] orMmeyarot, uto y 63,6% muig
¢ OKC ¢ uMmiaHTUPOBAaHHBIMU CTEHTAaMU ObLI OT-
meueH pocT NK-1umM@ouuToB, 4ToO MOTJIO OBITH 00Y-
CJIOBJICHO YCUJICHWEM aKTUBHOCTU aHTUTPAHCIIAH-
TallMOHHOTO UMMYHUTETA.

ITo nanubiM Liu Y. u coaBT. [8], matojsiornyeckuii
ayTOPCaKTUBHBIM MMMYHHBII OTBET OTBETCTBEHEH 3a
pa3pbIB 611K 1 nocneayioniee Hadano OKC. Pery-
JIITOpHBIE T-KJI€TKM HEOOXOMUMBI JIs1 TOAABICHUS
NaToOJOTMYECKOTO ayTOPeaKTUBHOTO UMMYHHOTO OT-
BeTa U MOAAePKaHUSI UMMYHHOTO TOMeocTa3a. ¥ ma-
ueHToB ¢ OKC BBISIBICHO CHIKEHME KOJIMYECTBA U
cynpeccuBHOM (GYHKIMU T-peryassTOPHBIX KIIETOK.
D10 HAOII0IAETCS U Y HALIUMX OOJIbHBIX, TIEPEHECIINX
COVID-19, 1 umeBiux nosbimeHHbIle NK-kireTkn.
CornacHo uccnegoBaHusM Tian X. u coaBT. [11], y
nanueHToB ¢ OKC no cpaBHEHUIO ¢ MallMEHTAMU CO
CTaOMJILHOW CTEHOKApAMEe W KOHTPOJIbHOU TPYII-
Mo, HapylleHue oOpa3oBaHUsl T-peryasiTOPHBIX

KJIETOK TECHO CBSI3aHO C TUIIEPAKTUBHOCTHIO CUMIIA-
TUYECKOU CUCTEMBI.

B pa6ore Gang H. u coaBt. [6] oTMeueHO, YTO
T-uurToToKCHMUYecKUue KJIETKU OT mnanueHToB ¢ OUM
TMOKa3aJIv ITOBBIIICHHYIO [IUTOTOKCUYHOCTh IO CpaB-
HEHMIO ¢ KOHTPOJIbHOI TIpyrmnoil. HapyieHue pery-
JISIOUY LTUTOTOKCHUYEeCKUX T-TuM@OIUTOB y Malm-
eaToB ¢ OKC u COVID-19 ormetunu Shafeghat M.
M coasT. [9].

CornacHo padore Liu P.P. [7], mpu COVID-19
JIMM@OTICHUST SIBIISIETCS TOTEHIIMAJIBHO CBSI3aHHOM
CO CHMXKEeHMEeM KojindecTBa T-XeamnepoB U LIUTOTOK-
cuuecknx T-KJIeTOK, YTO MPUBOAUT K AUcCOaTaHCy
MMMYHHOTO OTBETa, 3alepXXKe KIMpeHca BHUpyca.
BocrraieHrne B cOCYOIUCTOM CUCTEME MOXET IIpHUBE-
CTU K MUKpoaHruomnatuu ¢ Tpomo6ozom, OKC, BHe-
3aITHOM CMEPTH.

B Hammx ucciaeqoBaHUSIX Mbl TTOKa3ajlu, 4TO He
BCE TaK IMPOCTO ¢ nauueHTamu, nepeHecmmmu OKC
M VMCIOIMX T¢ WJIM WHBIC ITOKa3aTesiM, CBSI3aH-
HbIX ¢ omnpeneieHnueM NK-kiertok. Tak, 60JbHbBIE,
nepeHeciie COVID-19, umeror 3 ¢deHoTumna Ha-
pylieHuil (rmoHukeHHoe koaudecTBoO NK-kieTok
HOpMaJIbHOE U MOBBILIEHHOE), a He IepeHeciue 2
¢deHoTuna (rmoHmxkeHHoe komuectBo NK-KieTok 1
HopMaJipHOe). [Ipy 3TOM B 3THUX IpyHITax HECKOIb-
KO TIO-pa3HOMY IIPOSIBIISIINCH, KaK HapyIICHUS B
IPYTUX KOMITapTMEHTaX JIMM@OLIUTOB, TaK U BBI-
PakeHHOCTh KJIMHHWKO-J1A00PaTOPHBIX M3MEHEHWIA.
HawuboJee TsKenoe COCTOSIHUE U CTeTIeHb BhIPaKeH-
HOCTU MMMYHHBIX HapylIeHU ObUIA BBISIBJICHBI Y
nauueHToB, nepeHecmx COVID-19. IIpoBeneHHOE
HCCIIeJOBaHME TaKKe TI03BOJISIET 00JIce YeTKO OIpe-
neauThb rpynnbl nanueHToB ¢ OKC, HyxXaamomuxcs B
JIOTIOJTHUTEIBHON MMMYHHOKOPPEKIIVN.

BbiBOAbI

1. ¥V jui ¢ ocTpbIM KOPOHAPHBIM CUHAPOMOM U1
COVID-19 npenMyliieCTBEHHO ¢ HOPMaJIbHBIM U MO~
BBIIIEHHBIM YypoBHeM NK-K/IE€TOK B cOMocTaBIeHUN
¢ maupeHTamMmu OKC 6e3 COVID-19, Habmogamoch
0oJiee TsKeJioe TeueHMe 3a00JIeBaHNs — IPEBaJIMpPO-
BaJI OOJIBHBIC C OCTPHIM MH(MAPKTOM MHOKapmaa, y
HUX BBISIBIICH 00Jiee BBICOKMIA YPOBEHb CMEPTHOCTH,
yBeJMYeHa IMPOJOKUTEIbHOCTh JICUeHUsI, a TakKxke
yalie oTMe4aarucCh TPOMOO3bI CTEHTOB.

2. ¥V quu ¢ OKC u COVID-19 ¢ noBblllIeH-
HbiMM NK-kneTrkamMmu Ha0J101a710Ch MaKCUMaJlb-
HOe CHIDKeHUe T-KJIETOYHOTro 3BeHa MMMYHUTETA:
T-numdonutoB obiux, T-TUMBOLUTOB-XEANEPOB,
T-uuroTokcnyeckux JuM@ouuToB, T-TMM@POLIUTOB
paHHell akTUBalUU, T-peryJasiTOpHBIX KJIETOK B ab-
COJTIOTHBIX YHMCJIaX II0 CPABHEHUIO C IPYTUMHU TPYII-
HaMu.
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