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AMONTOTUYHI B3AEMOAII
NMPU LONG COVID TA CTAPIHHI

BaneHnTnHa Yonak!, Hatania MenbHUKoOBa?,
HaTanisa LWWaxoBcbka?, IpnHa Kpinb?!

1J1bBIBCbKMI HALIOHA/IbHMIA MEANYHNI YHIBEPCUTET
imeHi flannna anavybkoro, JlbBiB, YKkpaiHa
2HauioHanbHui yHiBEpCUTET «JIbBIBCbKa MOIITEXHIKA>,
JIbBiB, YKpaiHa

CrapiHHS - ue disionoriyHnii npouec, A0 SKOro 3asydeHi BCi
CUCTEMU | TKaHWHW opraHiaMy. CTapiHHSA CpUYUHSAE XPOHIYHE
3ananeHHs, ane i XpoHidHe 3amnaneHHs MoXe MOoTeHLUitoBaTh
CTapiHHA. XpPOHIYHO <«aKTMBOBAaHa» IMyHHa CWUCTEMa CTaE€
rnpo3ananbHoo i MOCU/IIOE BIKOBI 3amabHi npouecu.

MeTta gocnig)XeHHA — OUIHUTUK piBEeHb peLenTopHO-/liraHAHNX
B3aEMOAIN anonTUYHMX MapKepiB Ha UMTOTOKCMYHMX CD8 Ta NK
(CD56) knitnHax y xsopux i3 Long COVID.

MetoamM pocnip>KeHHSs OXOM/BanM  KIHIYHY  OUIHKY
nauieHTiB, NPOTOYHY LLUTOMETPIIO Ta CTAaTUCTUYHE ONpaLoBaHHA
OaHUX.

Pe3ynbTatn. Y rpyni NoCTKOBiAHMX NauieHTiB 6ynu BiporigHO
3HMxeHi CD3, CD4 nimdoumntn Ta NK-kniTMHK, a Kinbkicte CD8
Ta CD19 knitnH 6yna BiporigHO BMLA MOPIBHAHO 3 KOHTPOJIbHO
rpynoto ocib6 cepeaHboro Biky. Lloao ekcnpecii niraHaa FasL y
MOCTKOBIAHUX MALIEHTIB, TO BiporigHa pi3HMLS NPOCTeXyBasiacs K
y rpyni NOCTKOBIAHUX MaLi€HTIB, Tak i y rpyni oci6é NiTHLOro BiKy,
a B ekcnpecii FasR He 6yno BiporigHoi pizHuui Ha NK-kniTuHax.
CrocoBHO ekcnpecii Ha uMToTokcuyHMx CD8 KkniTuHax peuentopa
PD1R Ta ioro niraHga PD1L, To BiporigHa pi3HMUS BusBNeHa y
rpyni NOCTKOBIAHWX NALIEHTIB Ta rpyni KOHTPOSIO OCib cepefHbOro

BiKy, ane He 6yno BMSABNEHO BIPOriAHOI Pi3HMLI MiXK Fpynol MOCTKOBIAHMX MALIEHTIB Ta rpynoto

KOHTPOO OCi6 NiTHLOrO BiKY.

BWCHOBKM. 3MiHW B eKCrpecii anonTUYHUX MapKepiB Y MOCTKOBIAHMX NALEHTIB Ta 0Ci6 NiTHbOrO BiKy
KOpentoTb MiX co60t0, WO CBIAYMNTL NPO 3B'A30K MiX CTapiHHAM Ta iHOEKUiINHUM HaBaHTaXeHHSM

y NauieHTIB.

Knrouosi cnoa: long COVID, UMTOTOKCUMYHI T-KNiTUHK,

CTapiHHS, anonTos.

NK-KNiTUHW, CTapiHHA, KAITUHHE
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APOPTOTIC INTERACTIONS
IN LONG COVID AND AGING

Valentyna Chopyak!, Nataliia Melnykova?, Nataliya Shakhovs-
ka?, Iryna Kril?

Danylo Halytsky Lviv National Medical University, Lviv, Ukraine
?Lviv Polytechnic National University, Lviv, Ukraine

Aging is a natural process that engages all the body’s systems
and tissues. Aging leads to chronic inflammation, contributing
to the overall aging process. A persistently activated immune
system becomes pro-inflammatory, contributing to age-related
inflammation.

Objective - to assess the level of receptor-ligand interactions
of apoptotic markers on cytotoxic CD8 and NK (CD56) cells in
patients with long COVID.

Research methods comprised clinical evaluation of patients,
flow cytometry, and statistical data analysis.

Results. There was a significant reduction in CD3, CD4 lym-
phocytes, and NK cells among long COVID patients, while CD8
and CD19 cells were significantly elevated compared to the
control group of middle-aged individuals. Concerning the ex-
pression of the FasL ligand in long COVID patients, a notable
difference was found between long COVID patients and older
age groups. In contrast, no significant difference was noted in
the expression of FasR on NK cells. In terms of expression of
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the PD1R receptor and its ligand PD1L on cytotoxic CD8 cells, a notable difference was observed
between the long COVID patient group and the middle-aged control group; however, no signif-
icant difference was noted between the long COVID patient group and the older control group.

Conclusions. Changes in the expression of apoptotic markers in long COVID-19 patients and
elderly individuals correlate, suggesting a connection between aging and infectious burdens in

patients.

Keywords: long COVID, cytotoxic T cells, NK cells, aging, senescence, apoptosis.
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BcTtyn

CrapiHHsA ue natodisionoriyHMn npouec
MOCTYNOBOro MOripweHHsa MpoLueciB opraHis-
MYy, WO NPU3BOAUTbL A0 PYMHYBaHHS Ta BTpaTu
BaX>/IMBUX MOro YHKLUiN, NOB'A3aHNX i3 BIKOM
[1]. 3aranbHoBigOMI Tpu KaTeropii Biabopy ans
BM3HAUYEHHS LUMX B3a€EMOMOB’A3aHMX MexaHi3-
MiB (03HaK): «BOHM MpPOSIBASAIOTLCA 3 BiKOM»,
«eKcrnepuMeHTanbHe TMPUCKOPEHHSA CTapiHHA
AKLEHTYE IXHIN NposiB», <«MOXIUBICTb YMO-
Bi/IbHUTK, 3YNUHUTU ab0 MOBEPHYTU CTapiHHSA
LWASXOM TepaneBTUYHOro BMANBY Ha HUX» [2].
IcHye Kinbka Teopil CTapiHHA opraHismy. 3ria-
HO 3 OAHIEI 3 HMX, Y NIIOACbKOMY OpraHi3Mi rno-
CTYMOBO i HE3BOPOTHO BiAOYBAETLCHA 3HUXKEHHS
PYHKLIN TKaHWH | KNITUH. KNiTUHW MaloTb reHe-
TUYHO 3aKpinaeHy nporpamy TPUBaNoOCTi XUT-
TS, peanisauig Kol 3HaMeHYETbCA NOCTYMNOBUM
PO3BUTKOM HE3BOPOTHUX BIKOBMUX 3MiH, LWO
NpuM3BOASTb A0 CTapiHHA. [3]. 3rigHO 3 iIMyHHOO
Teopi€to, y NIOACbKOMY OpraHi3mi BiabyBaeTbcs
NocTynoBe ocnabneHHs KNiITMHHOI Ta ryMopanb-
HOI NaHKW IMYHHOI BigNOBIAl, WO B pe3ynbTarTi
Nnpu3BoAMUTbL A0 PO3BUTKY IMYHOMATONOMUYHUX
CUHAPOMIB: iIMYHO-AediunTHUX CTaHiB, aBToiI-
MYHHMX 3aXBOplOBaHb i T. iH. Hacnigkom uboro
€ MiABULLEHHS CMPUAHATAMBOCTI A0 iHdeKUin-
HMUX XBOPOO, AKi 4aCTO MepexoasiTb Y XPOHiy-
Hy ¢dopmy [4]. IMyHOCTapiHHS O3Ha4dae 3MiHU
B IMYHHIlh CMCTEMI, LLO 3yMOBJIOKOTh NiABULLEHY
YYTAMBICTb A0 3aXBOPIOBaHb Y NiTHIX Ntoaen, a
Le TiCHO noB’si3aHe 3 po3BUTKOM iHdeKLIl, aB-
TOIMYHHMX 3aXBOPIOBaHb i 3/TI0AKICHUX MYXJIMH
[5]. CrapiHHA opraHi3aMy CnpUYMHAKOTbL TaKOX
yYncneHHi 6ionoriyHi 3MiHKM B IMYHHIW cucTe-
Mi, NOB’A3aHi 3 BIKOBUMW 3aXBOPIOBAHHAMU Ta
nopyLwweHHaMu npouecis anonto3y. CrapiHHS
CNPUYNHAE 3HUXEHHSA eKCnpecii reHis anonTo-
3y Ta 36inblIeHHS eKcnpecii reHiB, NoB’a3aHmX
3i cTapiHHAM [6]. MpaBunbHO BigperyboBaHWM
MeXaHi3M 3arnporpaMoBaHOl K/ITUHHOI CMepTi
(programmed cell death - PCD) i cdarounTo3s
anonTUYHKX Tineub HeobXxiaHi Ana 3anobiraHHs
3MiHeHIl iIMyHHIN Bignosiai [7]. NopyLueHHs pe-
rynauii PCD i darounTosy, Lo BOHW MOB'A3aHi
3i CTapiHHAM, MOXYTb CNPUYUHATK 3anajieHHs
Ta NoB'A3aHe 3 HUM CTapiHHSA, BK/IOYHO 3 aK-
TuBaui€lo curHanbHoro wnsxy NFkB [8-10].
Ockinbkn nepepaBaHHA curHanis NFKB moxe
6ytn abo npoanontoTMyHe, abo aHTManonTo-
TUYHE (3aNeXHO Bi4 KAITUHHONO KOHTEKCTY),
Le MOXe MoeaHaTV 3anasieHHsa 3 noAanbLunMMn
3MiHaMn PCD. XpoOHiyHe 3anasieHHs, 3 iHWoro
60Ky, NoB’sA3aHe 3 NpoAyKYyBaHHAM Mpo3anasb-
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HMX MegdiaTopiB, a TakoxXx 3 6araTbMa BiKOBUMU
nato@isionorivHMMmM npouecaMm Ta 3axXBOPHO-
BaHHSAMMW, 30KpeMa i xBopobow AnbureriMepa,
fAiabeToM, aTepocksiepo3oM, OCTe0apTpUTOM
[11]. Mig yac nanaemii COVID-19 Hahbinbwe
CTpa)XkAasio HaceneHHsa JiTHbOro BiKy. Brnnus
reHeTUYHUX HaKTopiB i OCHOBHUX Ta CYMyTHIX
3aXBOPHOBaHb NPM3BOAMIN A0 3HAYHMX NaTOdi-
3i0/10riYHX 3MiH B IMYHHI CUCTeMi, Wo BNAMBa-
N0 Ha nepebir 3axBOPIOBaHHA Ta KJiHIYHI pe-
3ynbTaTw.

LUs nyb6nikauia € npoaoBXEHHSAM HayKOBOro
aocnigxeHHs «MeTtoam Ta 3acobu aocnigxeH-
HHA MapkepiB CTapiHHA Ta X BMJMBY Ha MOCT-
KOBIiAHI edeKTn AN NMOAOBXEHHS npaue3naT-
Horo nepioay», iHaHcoBaHoro HauioHanbHMUM
doHAOM pocnigxeHb YKpaiHu (peecTpauinHni
Homep 2021.01/0103) [12].

MeTta pocnig)eHHs: OUiHUTU piBEeHb peuen-
TOPHO-NiraHAHNX B3aEMOAIN anonTUYHMUX Map-
KepiB Ha uMToTOKCMYHMX CD8 Ta NK (CD56)
KniTmHax y xsopux i3 long COVID.

MauieHT™M Ta MeTOAM

Jocnigp)xeHHa npoBedeHe 3  AOTPUMAHHAM
npuHUmMniB 7-ro nepernagy enbCiHCbKOI ae-
knapauii npas ntoamHun (2013), KoHBeHuUii Pagu
€Bponu Npo npasa NOANHK | BioMeanunHy Ta
BiANOBIAHWX 3aKOHIB YKpaiHun. [ocnigXeHHs
CXBaJleHe KOMICI€EI0 3 NMUTaHb €TUKN HAYKOBUX
AOCNiAXeHb, eKcnepuMeHTanbHUX po3pobok i
HayKoBuUX TBOPiB JIbBIBCbKOro HalioHanbHOro
MeANYHOro yHiBepcuteTy iMeHi [aHwuna la-
nunubkoro (npotokon cxsaneHHs N° 10 Bia 9
XO0BTHS 2023 pokKy).

JocnigxeHHsa BUKOHaHe Ha 6a3i kadeapu kni-
HiYHOI iMyHonorii Ta anepronorii JIbBiBCbKOro
HauiOHa/NIbHOro MeAUYHOro yHiBEpCUTETY iMe-
Hi JaHuna lanuubkoro (po3no4yaTe Yy >XOBTHI
2023 poky). Onsa igeHTudikauii anonTUYHOI
B3aEMOAIii B cuCTeMi peuenTtop/niraHa, Mu
BM3Hayanm Ha NK-knitTmHax peuentop CD95
(Fas/APO-1R) Ta noro nirana CD178, a Takox
Ha uuToTOKCMYHMX CD8 kniTMHax peuenTop
CD279 (PD1R) Ta noro niraHg CD274. [do-
CNiAXEeHHS BWKOHAHE i3 3aCTOCYBaHHAM Mpo-
To4HOI umtomeTpii (BD FACSCalibur, CLLUA) 3
BUKOPUCTAHHAM MporpaMHoro 3abesnedyeHHs
MultiSET ans BUKOHaHHA PeHOTUNYBaHHS JliM-
douunTtie Ta CellQuest Pro — ansa gocnigxeHHs
peuenTop-AiraHAHMX B3aEMOLIN.
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Introduction

Aging is a pathophysiological process of grad-
ual deterioration of body processes, leading
to the destruction and loss of essential body
functions associated with age [1]. There are
three categories for selecting these intercon-
nected mechanisms (traits): “They appear
with age,” “Experimental acceleration of aging
highlights their manifestation,” and “The po-
tential to slow, halt, or reverse aging through
therapeutic interventions on them” [2]. There
are several theories of aging. According to
one of them, the functions of tissues and cells
gradually and irreversibly decline in the hu-
man body. Cells have a genetically fixed life
expectancy program, the implementation of
which is marked by the gradual development
of irreversible age-related changes that lead
to aging. [3]. The immune theory states that
the immune response’s cellular and humoral
link in the human body gradually weakens, ul-
timately leading to the development of immu-
nopathological syndromes: immunodeficiency
states, autoimmune diseases, etc. The conse-
quence is increased susceptibility to infectious
diseases, which often become chronic [4]. Im-
munosenescence refers to the alterations in
immune function that increase older adults’
vulnerability to diseases, which are closely
linked to the onset of infections, autoimmune
disorders, and cancers [5]. Indicators of aging
lead to various biological changes in the im-
mune system, linked to age-related diseases
and apoptosis disorders. Aging is associated
with the reduced expression of apoptosis-re-
lated genes and the increased expression of
genes related to aging [6]. Properly regulat-
ed programmed cell death (PCD) and phago-
cytosis of apoptotic bodies are necessary to
prevent an altered immune response. [7].
Dysregulation of PCD and phagocytosis, which
are associated with aging, may contribute to
inflammation and associated aging, including
the activation of the NF-kB signaling path-
way [8-10]. As NFkB signaling can be either
proapoptotic or antiapoptotic (depending on
the cellular context), this may link inflamma-
tion to subsequent PCD changes. Conversely,
chronic inflammation is associated with the
production of pro-inflammatory mediators
and numerous age-related pathophysiological
processes and diseases, including Alzheimer’s
disease, diabetes, atherosclerosis, and osteo-
arthritis [11]. During the COVID-19 pandem-
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ic, the elderly population suffered the most.
Genetic factors and underlying and accom-
panying diseases led to notable physiological
changes in the immune system, impacting
disease progression and clinical outcomes.

This publication continues the scientific re-
search “Methods and means of studying ag-
ing markers and their impact on long COVID
effects to extend working life,” funded by the
National Research Foundation of Ukraine (reg-
ister No. 2021.01/0103) [12].

Objective: to assess the level of receptor-li-
gand interactions of apoptotic markers on cy-
totoxic CD8 and NK (CD56) cells in patients
with long COVID.

Methods

The research adhered to the principles of the
7th revision of the Declaration of Helsinki on
Human Rights (2013), the Council of Europe
Convention on Human Rights and Biomedicine,
and applicable Ukrainian laws. Approval was
obtained from the Ethics Commission for Sci-
entific Research, Experimental Developments,
and Scientific Works at Danylo Halytsky Lviv
National Medical University (protocol No. 10,
October 9, 2023).

The research has been conducted at the De-
partment of Clinical Immunology and Aller-
gology at Danylo Halytsky Lviv National Uni-
versity since October 2023. To determine the
apoptotic interaction in the receptor/ligand
system, we evaluated the CD95 receptor
(Fas/APO-1R) and its ligand CD178 on natural
killer (NK) cells, as well as the CD279 recep-
tor (PD1R) and its ligand CD274 on cytotoxic
CD8+ cells. The research was conducted using
flow cytometry (BD FACSCalibur, USA), Mul-
tiSET software for lymphocyte phenotyping,
and CellQuest Pro to examine receptor-ligand
interactions.

Statistical analysis was conducted using the
Student’'s T-test, which assumed a normal
distribution. For non-normal distributions,
statistical calculations were performed using
the non-parametric Mann-Whitney U-test. The
study results are M £ SD (Mean £ Standard
deviation). A significant difference between
groups, P<0.05.
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CTaTMCTUUYHWIA aHani3 npoBoavnn 3a t-kpute-
piem CTblogeHTa nNpu HOpMasibHOMY poO3Mofi-
ni. Y pasi HeHopMasibHOro pos3noainy craTuc-
TUYHI pO3paxyHKM NMpoBOAMAN 3@ AOMOMOroH
HenapaMmeTpuyHoro U-kputepito MaHHa-BiTHI.
PesynbTatn pgocnigxeHb HaBefgeHi y M=%SD
(MeanzxStandard deviation). BiporigHa pi3Hu-
us Mix rpynamm p<0.05.

Pe3synbTaTtn

KniHiyHa cknagosa nauieHTiB. Kputepiamu 3a-
NyYeHHs A0 AocnigxeHHs 6ynu gopocni ocobu
y BikoM Big 18 pokiB fo 65 pokis (50 oci6 o60ox
cTaTel) 3 4aHUMW aHaMHe3y Mpo MNepeHeceHui
COVID-19, 3 HasABHICTIO NOCTKOBIAHOI CMMMTOMa-
TUKK Binblue 12-TK TUXKHIB, WO He NOsICHIOBana-
Csl anbTepHaTUBHUM AiarHo3oMm [13-141]. Mpwu kni-
HiYHOMY obCcTexeHHi nauieHTiB i3 long COVID-19,
AKi CKIanu nepLly rpyny AOCAIAKEHHS, Haryac-
TiLWMMK CKapramu y nauieHTis 6ynu: niasuieHa
BTOMJItOBaHICTb — Yy BCiX 50 nauieHTiB (100%);
MOPYLUEHHS CHY, MOCTiiHa BTOMa Ta NiABuULLEHE
notosBuaineHHs — y 42 (84%); nopyLeHHs Mo-
6inbHoOCTI, 60ni B ronosi Ta BTpaTta Hioxy — y 40
(80%); kawenb i NopyLeHHA Nam’aTi Ta yBaru —
y 35 (70%) nauieHTiB. Y MNOMOBMHU MALIEHTIB
(50%) - npocTexyBanucst nposiBu H6anayocTi
abo TPMBOXHOCTI; AENpecuBHi AyMKW Ta MeH-
woto Mipoto (Big 15 go 45%) 6ynun ckapru Ha
CTUCHEHHS B FPYyAHil KNiTUi, BTpaTy CMaKy, BU-
naaiHHA BOSIOCCA Ta iHWi. [o gocnigpkeHHs 6ynum
TakoX 3aslyyeHi ABi rpynu KOHTPOJIO: nepLua
rpyna - nauieHTn niTHboro Biky (55-70 pokiB)
3 HenepeHeceHuM COVID-19 /abo nepeHeceHnM
y nerkin ¢opmi, 6e3 o4eBMAHOI MOCTKOBIAHOI
CUMMNTOMATUKK, Ta Apyra rpyna KOHTPOJI0 — 0CO-
61 cepenHbOro Biky. BCi y4aCcHMKW AOCHIAXEHHS
(mauieHTN Ta 340POBI KOHTPOSIi), WO BOHW 6ynun
3aslyyeHi 40 uboro AOCNIAXEHHS, Hajanum nucb-
MOBY iH(OpMOBaHy 3roay.

Ons Bepudikauii long COVID-19 Bukopucro-
ByBanun kputepii NICE [15].

Original research: Clinical sciences

Fpynu pocnip)eHHA. Ha nepwomy etani Ha-
woi pobotn Tpeba 6yno ouiHUTKM nonynsauin-
HUI Ta cybnonynsauinHMin cknag niMdoumnTis
MauieHTiB yCiX AoCNigaXyBaHuUx rpyn. Ha ubo-
My eTani AOCNiA)XEeHb MU BUABWAW i onuncanu
AaHi pe3ynbTaTie o6cTexeHHA 50 ocibé 3 noct-
KoBigHUMM Hacniakamu (63,9% xiHok i 36,1%
YONOBIKiB, cepenHin Bik 49,4+12,7 pokiB), aKi
Ccknanwu nepuwy rpyny gocnigxeHHs (1-a). We
ABi rpynu pocnigXeHHs 6ynu KOHTPOSIbHUMU
rpynamu nNOpiBHAHHA: rpyna 2-a - ocobu nit-
Hboro Biky (30 oci6, cepeaHil Bik 62,7+23,5
pokKiB; 68% xiHoOK i 32% 4yonoBikiB) Ta rpyna
3-a - ocobu cepenHboro Biky (40 ocib, cepean-
HilW Bik 45,2+18,4 pokiB; 35% xiHoK i 45%
yonosikiB). Y Tabnuui 1 HaBeaeHi pesynbtatu
aocnigxeHb nonynaui Ta cybnonynauin nim-
doumnTiB Yy AOCNIAXYBAHUX rpynax.

OTpuMaHi pe3ynbTaTi CBig4YaTh NPO CTaTUCTUY-
HO HeBiporiaHe 3HMxeHHS (p=0.2631) Kinbko-
cti T-knituH (CD3) y AocnigHi rpyni NocTko-
BiAHMX NnauieHTiB (54.34+21.54%) NOpiBHSAHO 3
KOHTponem ocib niTHboro Biky (60.24+24.54%)
Ta MK KOHTPONbHUMMK rpynaMm OCi6 NiTHbO-
ro Biky (60.24+24.54%) Ta cepeAHbOro BiKy
(65.33+£26.8%, p=0.4180). OgHak nNpocTexy-
BaJI0CA CTaTUCTUYHO BIipOriAHE 3HUXXEHHS Kiflb-
kocTi T-kniTvH (CD3) y NOCTKOBIAHMX NALIEHTIB
(54.34+21.54%) NOpiBHAHO 3 KOHTPONEM 0Ci6
cepenHboro Biky (65.33+£26.8%, p = 0.0335).
byno BuaBneHe CTaTUCTUYHO BiporigHe 3HU-
XeHHsa T-xennepis (CD4) y BcCix AoCnigHUX
rpynax rnopiBHAHHA: y rpyni NOCTKOBIAHMX Ma-
uieHTiB (27.16+12.33%) 3HWXEHO MOpIiBHA-
HO 3 KOHTPOJIbHOK TFPYMol 0Ci6 NiTHLOrO BiKY
(34.16%£13.43%, p=0.0199) Ta KOHTPOJIbHOIO
rpynoto oci6 cepeaHboro Biky (42.03+19.24%,
p=0.0496). Takox y AOCAIAHIA rpyni MOCTKO-
BiAHMX nauieHTiB (27.16+£13.33%) 6yno cra-
TUCTUYHO BiporigHe 3HMXeHHs (p<0.0001)
NMOPIBHAHO 3 KOHTpPONeM ocib cepeaHbOro BiKy
(42.03+£19.24%).

Tabanys 1
Pe3ynbTaTy gocnig>keHb nonynsuii Ta cyébnonynsuiv nimcpouunTiB y gocnigyxeHnx rpynax
MocTkoBigHI nauieHTn | KoHTponb (NiTHiM Bik) | KoHTponb (cepeaHin Bik) BiporigHicte p<0.05
1-a, n=50 2-a, n=30 3-a, n=40 1-2 1-3 2-3

CD3 54.33+£21.54 60.24+24.54 65.33+26.8 0.2631 | 0,0335 | 0.4180
CD4 27.16+12.33 34.16+13.43 42.03+19.24 0.0199 | <0.0001 | 0.0496
CD8 28.22+14.55 25.76+13.48 21.78+11.34 0.4542 | 0,0241 | 0.1847
CD19 32.46+16.83 24.46+12.44 20.06+10.01 0.0268 | 0.0001 | 0.1057
CD16/56 10.23+5.51 12.2146.11 15.14+7.72 0.1393 | 0,0007 | 0.0911
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Results

The clinical component of patients. The inclu-
sion criteria comprised 50 adults of both sex-
es, aged 18 to 65, with a history of COVID-19
and long COVID symptoms lasting more than
12 weeks, not attributable to another diag-
nosis [13-14]. In the clinical examination of
patients with long COVID-19, who comprised
the first study group, the most common com-
plaints were increased fatigue in 50 (100%);
sleep disturbances, persistent fatigue, and in-
creased sweating in 42 (84%); mobility issues,
headaches, and loss of smell in 40 (80%);
cough, and memory and attention disorders
in 35 (70%) patients. Fifty percent of patients
experienced apathy, anxiety, and depressive
thoughts, while 15% to 45% reported chest
tightness, loss of taste, hair loss, and other
issues to a lesser extent. The study included
two control groups: the first group consisted
of older patients (55-70 years old) with no
history of COVID-19 or only mild cases with-
out long COVID symptoms, and the second
group consisted of middle-aged participants.
All study participants, including patients and
healthy control group members, provided in-
formed consent. NICE criteria were employed
to verify long COVID-19 (COVID-19 rapid
guideline: managing the long-term effects of
COVID-19). NICE guideline [15].

Research groups. In the initial phase of our
work, we needed to evaluate the population
and subpopulation composition of lymphocytes
in patients from all studied groups. At this re-
search stage, we identified and described the
outcomes of 50 individuals with long COVID ef-
fects (63.9% women and 36.1% men, with an
average age of 49.4 £ 12.7 years), who com-
prised the initial study group. The first and sec-
ond study groups served as control comparison

Original research: Clinical sciences

groups: (1) consisting of 30 individuals with
an average age of 62.7+23.5 years, including
68% women and 32% men, and (2) consist-
ing of 40 individuals with an average age of
45.2+18.4 years, including 355% women and
45% men. Table 1 presents the findings from
studies on lymphocyte populations and sub-
populations within the study groups.

The results show a statistically insignificant re-
duction (p = 0.2631) in T cell (CD3) count in
the long COVID patient study group (54.34 +
21.54%) compared to the elderly control group
(60.24 = 24.54%), as well as between the el-
derly control group (60.24 £ 24.54%) and the
middle-aged control group (65.33 £ 26.8%, P
= 0.4180). Nonetheless, long COVID patients
had a statistically significant reduction in T-cell
counts (CD3) (54.34+21.54%) compared to the
middle-aged control group (65.33+£26.8%, P =
0.0335). All experimental comparison groups
showed a statistically significant decrease in
T-helper cells (CD4): in the group of long COVID
patients (27.16+£12.33%), it was reduced
compared to the control group of older adults
(34.16£13.43%, P=0.0199) and the control
group of middle-aged people (42.03+£19.24%,
P=0.0496). Additionally, in the study group of
long COVID patients (27.16+13.33%), a sta-
tistically significant decrease (P<0.0001) was
observed compared to the middle-aged control
group (42.03+£19.24%).

The number of cytotoxic CD8 cells was
non-significantly increased (p = 0.4542) in
the study group of long COVID patients (28.22
+ 14.55%) compared to the control group of
older adults (24.46 £ 12.44%). The compari-
son of data from control groups of older adults
(25.76+13.48%) and middle-aged individu-
als (21.78+11.34 %) also showed no signif-

Table 1

Results of studies of lymphocyte populations and subpopulations in the study groups

Patients with lon ntrol gr | ntrol gri
g | Conre g od [ Conrat goup
Indicators 1st n=50 2nd n=30 3rd n=40 1-2 | 1-3 | 2-3
M£SD
CD3 54.33+21.54 60.24+24.54 65.33+26.8 0.2631 0.0335 0.4180
CD4 27.16%+12.33 34.16+13.43 42.03+19.24 0.0199 | <0.0001 | 0.0496
cD8 28.22+14.55 25.76+13.48 21.78+11.34 0.4542 0.0241 0.1847
CD19 32.46+16.83 24.46+12.44 20.06+10.01 0.0268 0.0001 0.1057
CD16/56 10.23+5.51 12.21+6.11 15.14+7.72 0.1393 0,0007 0.0911
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KinbKkicTb unToTOKCMYHMX CD8 knitmH 6yna

HeBiporigHO  nigsuweHo  (p=0.4542) vy
AOCMigHIM  rpyni  MOCTKOBIAHWMX  MaUiEHTIB
(28.22+14.55%) nOpiBHAHO 3 KOHTpoOneMm

oci6 niTHbOro Biky (24.46+12.44%). MNpu no-
PIBHAHHI [AaHMX KOHTPOSIbHMX rpyn oci6 niT-
Hboro BiKy (25.76+13.48%) Ta cepeaHbo-
ro Biky (21.78+11.34) TakoX He BUSIBMEHI
BiporigHi  3MiHM  pe3ynbTaTtis  (p=0.1847).
LLlono nopiBHAHHA MNOCTKOBIAHUX MAUIEHTIB
(28.22+14.55%) i koHTponto ocib6 cepeaHbO-
ro Biky (21.78+11.34%) 1O cepen umx Aocni-
DKyBaHUX rpyn 6ynv BUsSIBAEHI BipOrigHi 3MiHU
(p=0.0241).

Kinbkicte (CD19) B-KkniTUH Yy MNOCTKOBIAHUX
nauieHTis gocnigHoi rpynn (32.46+16.83%)
6yna BiporigHo Buwa (p=0.0268) nopiBHA-
HO 3 rpyrnol KOHTPONto 0Ci6 cepeaHboro BiKYy
(20.06+10.01%); TakoX Npu NOPIBHAHHI AAaHNX
rpynu NOCTKOBIAHWX NauieHTIB (32.46+16.83%)
Ta rpynu KOHTPOMK 0cCi6 cepeaHboro BiKy
(20.06+10.01%) BUABNEHI CTaTUCTUYHO
BiporigHi 3miHM (p=0.0001). He 6ynu BusiBneHi
AocCToBipHI 3MiHM (p=0.1057) MiX KOHTPO/bHU-
MW rpynamm ocib NiTHboro Biky (24.46+12.44%)
Ta oci6 cepeaHboro Biky (20.06+10.01%).

KinbKicTb HaTypanbHux Kinepis - NK-kniTUH
(CD16/56) y pocnigHin rpyni MNOCTKOBIAHWUX
nauieHTie (10.23+5.51%) 6yna HesiporigHo
3HMxKeHot (p=0.1393) nopiBHAHO 3 KOHTP-
onem oci6 nitHboro Biky (12.21+6.11%),
npote 6yna BIpOriAHO 3HMXKEHOK TMOPIBHS-
HO 3 rpynol KOHTPOMO OCi6 cepeaHboro BiKy
(15.14+7.72%, p=0,0007). He npocTexyBa-
JINCA TAKOX BipOrigHi 3MiHW MK KOHTPOJIbHUMM
rpynamum oci6 niTHboro Biky (12.21+6.11%) Ta
cepenHboro Biky (15.14+7.72%, p=0.0911).

HacTynHmM HawuM 3aBaaHHaM 6y10 OuiHUTK No-
MNynauii KIiTUH, WO BipOrigHO He PI3HUANCA MiX
MOCTKOBIAHMMWN NALEHTaMMU Ta KOHTPOJIbHOK

Original research: Clinical sciences

rpynoto oci6 NiTHLOro BiKy, W06 BUABUTU MOX-
NIMBe 3any4yeHHs 3MiH Yy MeXaHi3Mu anonTtosy.

Onsa BWKOHaAHHA Apyroro etany AoChnigXeH-
HA MW BUPIWWAN AeTasibHO PO3MASAHYTU 3MiHK
B poboTi iMyHHOI cuctemu. Y rpynax [ocni-
[O)KEHHA BM3HA4yann eKCrpecito peuenTopis
Fas (CD56+/95+), FasL (CD56+/178+) Ha
NK-knitTnHax. [aHi pe3ynbTaTiB AOCNiAXKeHb
HaBeaeHi B Tabnuui 2.

Ak BuagHO 3 Tabnuui 2, B ekcnpecii Fas-peuen-
Topa CD95+ Ha CD56-no3nTmBHMX KNITUHaX
oyeBMAHA CTATUCTUYHO BipOrigHa Pi3HMUSA MK
NOCTKOBiAHMMWM nNauieHTamn (4,12+1,95%) Ta
KOHTPONLHOK rpyrnok OcCib cepeaHboro BiKy
(5.11+2.54%, p=0.0393). He BusABneHa Bipo-
rigHa pisHuus ekcnpecii mapkepa CD95+ y no-
CTKOBIAHMX nauieHTiB (4.12+1.95%) nopiBHA-
HO 3 KOHTPOJIbHOKO Fpynot 0cCi6 NiTHLOro BiKY
(4,76%£2,32%, p=0.1898) Ta MiXK KOHTPOJIb-
HOK rpynoto ocCi6 NiTHbOro Biky (4.76+2.32%)
Ta 3 ocobamum cepegHboro Biky (5.11£2.54%,
p=0.5559).

3a pe3ynbTaTaMuM BMU3HAUYEHHS  eKkcnpecii
Fas-niraHgy CD178+4+ Ha NK-knituHax, 6yna
BCTAHOBJ/IEHAa CTAaTUCTUYHO BiporigHa pisHUUS
(p=0.0455) Mix rpynamm nOCTKOBigHMX na-
uieHTiB (4.25+2.14%) nopiBHAHO 3 ocobamu
NiTHbOro BiKy (3.32+1.68%), Ta BiporiaHa pi3-
HUUS MOPIBHSIHO 3 KOHTPOJILHOK FPYrow ocib
cepeaHboro Biky (2.83+1.44%, p=0.0005).
MpoTe He npocTexyBanaca BiporigHa pi3HU-
us (p=0.1941) MiX KOHTPONbHUMW AOCAIAHWN-
MKW rpynamum oci6 niTHboro Biky (3.32+1.68%)
Ta rpynol KOHTPOJI0 0OCi6b cepeaHbOro BiKy
(2.83£1.44%). Ha pucyHky 1 306paxxeHui
BiJCOTKOBMM piBeHb eKcnpecii A4ocnigXyBaHUX
MapKepiB.

HacTtynHuMm Hawum 3aBaaHHAM 6yfn0 OUiHUTUK
piBeHb eKkcrnpecii peuenTtop-niraHa PD1 - PD1L

Tabauysa 2

Exkcnpecia Ha NK knituHax Fas (CD95+), FasL (CD178+) y nOCTKOBiAHMX NaLIEHTIB
Ta rpyn KOHTPOJIO

MocTkoBiaHiI nauieHTn | KoHTponb (NiTHIM BiK) | KoHTponb (cepeaHin Bik) | BiporigHictb Mix rpynamu, p<0,05
1-a n=50 2-a n=30 3-a n=40 -2 | 13 | 23
M+£SD
CD95+ 4,12+1.95 4.76+2.32 5.11+2.54 0.1898 0.0393 0.5559
CD178+ 4,25+2.14 3.32+1.68 2.83+1.44 0.0455 0.0005 0.1941
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icant differences in the results (p=0.1847).
When long COVID patients (28.22+14.55%)
were compared with the control group of mid-
dle-aged (21.78+11.34%) individuals, signif-
icant differences (p=0.0241) were observed.

Thecountof (CD19)Bcellsinlong COVID patients
in the experimental group (32.46+16.83%) was
notably higher (p=0.0268) than in the control
group of middle-aged people (20.06+10.01%);
furthermore, comparing the long COVID group
(32.46%+16.83%) with the control group of mid-
dle-aged (20.06+10.01%) individuals showed
statistically significant differences (p=0.0001).
No significant differences (p = 0.1057) were
observed between control groups of elderly in-
dividuals (24.46 £ 12.44%) and middle-aged
individuals (20.06 + 10.01%).

In the study group of long COVID patients,
the number of natural killer cells—NK cells
(CD16/56) (10.23+5.51%)—was not signifi-
cantly lower (p=0.1393) compared to the
control group of older adults (12.21+6.11%)
but was considerably lower compared to the
control group of middle-aged (15.14+£7.72%,
P=0.0007) individuals. No notable differences
were found between control groups of elderly
(12.21+6.11%) and middle-aged individuals
(15.14+7.72%, P=0.0911).

Our subsequent task was to assess cell popu-
lations that showed no significant differences
between long COVID patients and the elderly
control group to identify potential changes in
apoptosis mechanisms.

We closely analyzed the immune system'’s
functioning changes for the second research
phase. Study groups assessed the expression
of Fas (CD56+/95+) and FasL (CD56+/178+)
receptors on NK cells. Research results are
presented in Table 2.

Original research: Clinical sciences

According to Table 2, a statistically significant
difference was observed in the expression of
the Fas receptor CD95 on CD56-positive cells
between long COVID patients (4.12 £ 1.95%)
and the control group of middle-aged individ-
uals (5.11 £ 2.54%, P = 0.0393). No signifi-
cant difference was observed in the expression
of the CD95+ marker in long COVID patients
(4.12£1.95%) compared to the control group
of elderly individuals (4.76+2.32%, P=0.1898).
Additionally, there was no significant difference
between the control group of elderly individu-
als (4.76+2.32%) and middle-aged individuals
(5.11£2.54%, P=0.5559).

The results of determining the expression of
Fas-ligand CD178+ on NK cells showed a statisti-
cally significant difference (P=0.0455) between
the long COVID patient group (4.25+2.14%)
and the group of older adults (3.32+£1.68%), as
well as a considerable difference compared to
the control group of middle-aged (2.83+1.44%,
P=0.0005) individuals. Nonetheless, no signifi-
cant difference (P = 0.1941) was observed be-
tween the control study groups of elderly indi-
viduals (3.32 £ 1.68%) and the control group of
middle-aged individuals (2.83 + 1.44%). Figure
1 shows the percentage expression level of the
studied markers.

As shown in Table 3, a statistically significant
difference in the expression of the PD1 receptor
(CD279+) on CD8-positive cells was observed
only in the long COVID patient group (6.44
+ 3.28%, p = 0.0011) compared to the con-
trol group of middle-aged individuals (9.16 +
4.35%). In the group of long COVID patients
(6.44+3.28%), the level of expression of the
CD279+ marker was insignificantly reduced
(P=0.1623) compared to the control group
of older adults (7.64+4.28%). A statistically
non-significant difference (p = 0.1498) was also
observed between the control group of elderly

Table 2

Expression on NK cells of Fas (CD95+), FasL (CD178+) in long COVID patients
and control groups

Patients with long Control group (old Control group s
Indicators COVID age) (average age) Probability between groups, p<0.05
1st n=50 2nd n=30 3rd n=40 1-2 1-3 2-3
M+£SD
CD95+ 4,12+1.95 4.76+2.32 5.11+2.54 0.1898 0.0393 0.5559
CD178+ 4.25+2.14 3.32+1.68 2.83+1.44 0.0455 0.0005 0.1941
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PucyHok 1. MopiBHANbHUI aHani3 ekcnpecii FasR-FasL Ha
NK-kniTnHax

anonNTUYHMX B3AEMOAIN Ha IHWKNX LMTOTOKCUY-
HUX nimpoumtax — CD8 kniTvHax, Wo Hane-
»aTtb Ao T-niMmdbounTiB. PesynbTaTh gocnigxeHb
HaBeAeHi y Tabnuui 3 Ta Ha pUCYHKY 2.

3rigHo 3 gaHumm Tabnuui 3, oyeBuaHa CTa-
TUCTUYHO [JOCTOBipHa Ppi3HUUA B eKcnpecii
PD1-peuentopa (CD279+) Ha CD8 no3unTtue-
HUX KITUHax nuvwe y rpyni NOCTKOBIAHUX
nauieHtie (6.44+3.28%, p=0.0011) nopis-
HAHO 3 KOHTPOJIbHOK Fpynot ocib cepeaHbO-
ro Biky (9.16+4.35%). Y rpyni nocTkoBigHWNX
nauieHTie (6.44+3.28%) piBeHb ekcnpecii
CD279+ mapkepa 6yB HeBipOriAHO 3HUXEHUN
(p=0.1623) NopiBHAHO 3 KOHTpONEM OcCib niT-
Hboro BiKy (7.64+4.28%). [pocTtexyBana-
CA TaKoX HeBiporigHa CcTaTUCTUYHa pi3HUUA
(p=0.1498) MiX KOTPONBHUMKW NaUiEHTaMu
NiTHbOro Biky (7.64+4.28%) i KOHTPONbHOW
rpynoto oci6 cepegHboro Biky (9.16+£4.35%).

3a pe3ynbTaTaMu BU3Ha4YeHHs ekcnpecii PD1-ni-
raHay CD274+6yna BCTaHOB/IEHA CTAaTUCTUYHO
AocrtosipHa pi3Huusa (p=0.0018) y pocnigxysa-
HiM rpyni NOCTKOBIAHWX nauieHTiB (7.42+3.55%)
NMOPIBHAHO 3 KOHTPOJIBHOK Fpynoto ocib cepea-
Hboro Biky (5.28+2.52%). Takox 6yna Busisne-

Original research: Clinical sciences

Ha CTaTUCTM4HO BiporigHa pi3Huusa (p=0.0477)
MiDK KOHTPOSIbHMMM Maui€EHTaMn JiTHbOro BiKYy
(6.67£3.25%) i KOHTPONLHOI Fpyrnoto ocib ce-
peaHboro Biky (5.28+2.52%). YTiM He npocTe-
KyBanacs BiporigHa pi3Huusa (p=0.3483) Mix
rpynoro NOCTKOBIAHMX MauieHTiB (7.42+3.55%)
Ta KOHTPOJIbHOK TIpynok ocib niTHbOro BiKy
(6.67£3.25%).
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CD 279+ CD 274+

PiBeHb excnpecii (%)

W post-COVID ™ niTHI BIK M cepeiHiii BiK

PucyHok 2. MopiBHSAbHUI aHani3 ekcnpecii PD1 -
PD1L Ha umToTOKCMYHMX CD8 kniTnHax

O6roBopeHHA

MpoBeneHe HaMu [OCAIOKEHHS [ano 3MOo-
ry BMSIBUTM  3MiHW (HEHOTMNOBOro CKnagy
nimcdoumnTiB, cepen SKMX 3HMXKEHa 3arasbHa
KinbKicTb T-niMmgoumnTiB, NigBULLEHA KiNbKICTb
LMTOTOKCMYHUX CD8 KNiTUH Ta 3HUXEHa Kinb-
KicTb T-xennepis; niaBuLleHa KinbKicTb B-niM-
dounTiB Ta 3HMXKeHa KinbKicTb NK-KAITWH.
3a HawwuMW pesynbTaTamMu, TakoX Yy MOCTKO-
BiAHUX MaLUIEHTIB BUSABJEHI 3MiHW Yy anonTuy-
HUX peuenTop-/iraHAHMX B3AEMOLISAX Ha LM-
TOTOKCUYHMX KhiTMHax CD8 Ta NK-knituHax,
WO BONOAIKOTE (YHKUIE po3ni3HaBaHHA i
3HULLEHHS iHDIKOBAHMX BipycOM KNITWUH. Mu
TaKOX BMU3Ha4uIU, Wo ekcnpecia Fas-peuen-
Topa CD95+ y nocTkoBigHMX nauieHTiB byna
3HMXKEHa MOPIBHAHO 3 KOHTPOJSIbLHUMKU rpyna-

Tabanys 3

MopiBHANbHUIA aHaNi3 peyenTop-JiraHAQHUX B3aEMoAin
CD279+ CD274+ Ha CD8+ khniTMHaX MOCTKOBIAHUX MaWi€HTIB Ta rpyn KOHTPOJIO

MocTkoBIAHI NauieHTy K.OHTPOT.“’ KOHTp.?“b. BiporigHicTb Mix rpynammn, p<0.05
MoKasHUKM nepwa rpyna (NiTHIA BIK) (cepepHin Bik)
1-a n=50 2-a n=30 3-a n=40 1-2 | 13 | 2-3
M=£SD
CD279+ 6.44+3.28 7.64+4.28 9.16+4.35 0.1623 0.0011 0.1498
CD274+ 7.42+3.55 6.67+3.25 5.28+2.52 0.3483 0.0018 0.0477
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Figure 1. Comparative analysis of FasR-FasL expression
on NK cells Our subsequent task was to evaluate the ex-
pression level of the receptor-ligand PD1-PD1L apoptotic
interactions on other cytotoxic lymphocytes, specifically
CD8 cells, which are a type of T lymphocyte. Research
results are shown in Table 3 and Figure 2.

patients (7.64 £ 4.28%) and the control group
of middle-aged individuals (9.16 + 4.35%).

According to the results of determining the ex-
pression of the PD1 ligand CD274+, a statis-
tically significant difference (P = 0.0018) was
observed in the study group of long COVID pa-
tients (7.42 £ 3.55%) compared to the con-
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Figure 2. Comparative analysis of PD1 - PD1L expression
on cytotoxic CD8 cells
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trol group of middle-aged individuals (5.28 %
2.52%). A statistically significant difference
(P = 0.0477) was identified between the elder-
ly patient control group (6.67 £ 3.25%) and the
middle-aged individual control group (5.28 %
2.52%). However, no significant difference (P =
0.3483) was observed between the long COVID
patient group (7.42 + 3.55%) and the control
group of older adults (6.67 + 3.25%).

Discussion

Our research revealed abnormalities in the phe-
notypic composition of lymphocytes, including
a decreased total number of T-lymphocytes, an
increased number of cytotoxic CDS8 cells, a re-
duced number of T-helper cells, an increased
number of B-lymphocytes, and a decreased
number of natural killer (NK) cells. Based on
our findings, patients with long COVID-19 ex-
perienced alterations in apoptotic receptor-li-
gand interactions on cytotoxic CD8 cells and NK
cells, which are responsible for identifying and
eliminating virus-infected cells. We also found
that the expression of the Fas receptor CD95+
in long COVID patients was lower compared to
control groups, while the level of the Fas ligand
CD178 was higher than in control groups. A
similar trend was noted in cytotoxic CD8 cells
concerning the PD1-PD1L interaction. In long
COVID patients, the results showed no signif-
icant difference from the elderly control group
regarding CD95+ (Fas receptor) expression on
NK cells. Similarly, for apoptotic interactions on
cytotoxic CD8 cells, there was no notable dif-
ference between long COVID patients and the
elderly control group in terms of the expression
of both the PD1 receptor and the PD-L1 ligand.

Age-related changes affect the host’s immune
response, weakening the ability to fight infec-
tious diseases. Under specific conditions, a cell
can leave the cell cycle without dying, enter a
resting state, and stop its usual function, called

Table 3

Comparative analysis of receptor-ligand interactions CD279+, CD274+ in long
COVID-19 patients and control groups

Patients with long Control group Control group .
COVID (old age) (average age) Probability between groups, p<0.05
Indicators 1st n=50 2nd n=30 3rd n=40 1-2 1-3 2-3
M+£SD
CD279+ 6.44+3.28 7.64+4,28 9.16+4.35 0.1623 0.0011 0.1498
CD274+ 7.42+3.55 6.67+3.25 5.28+2.52 0.3483 0.0018 0.0477
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MW i, HaBnaku, piBeHb Fas-niranga CD178 6yB
BULLMI HiXK Y KOHTPONbHMUX rpynax. Taka cama
TeHAEeHUIA npocTexyBasacs i Ha UMTOTOKCUY-
Hux CD8 kniTnHax, cTocoBHO B3aemogaii PD1 —
PD1L. Pe3synbTatv y NOCTKOBIAHUX NaALiEHTIB
BipOriAHO He BiAPI3HAINCA MK KOHTPOJIbHOK
rpyrnoto NiTHiX nogen wono ekcnpecii CD95+
(peuentopa Fas) Ha NK-kniTuHax; wWwono
anonTUYHUX B3AEMOAIA Ha LMTOTOKCUYHUX
CDS8 kniTMHax y MOCTKOBIAHMX Maui€HTIB AaHi
BipOriAHO He BiAPI3HAINCA MK KOHTPOJIbHOK
rpyrnoto NiTHIX So4en Woao ekcnpecii, peuen-
Topa PD1 i niraHpaa PD1L.

BikoBi 3MiHW BN/IMBAKOTb Ha IMYHHY BiANOBiAb
rocnogaps, nocnabnioTb 34aTHICTL 6opoTucH
3 iHeKUinHMMKN 3aXBOPOBAHHAMU. 3a NEeBHUX
YMOB KJ/iTUHA MOXE BWUATWU 3 KAITUHHOIO LU-
KNy HE BMMPAK4M, a HATOMICTb MepexoanTb y
CTaH CrOKOK Ta MPUMNUHAE CBOKO HOPMasbHY
dyHKuito. Lle Ha3MBa€eTbCcsa KAITUHHUM CTapiH-
HAM (CceHecueHUis). ICHYE Kinbka 3B'A3KiB MixX
KNITUHHUM CcTapiHHAM (immunosenescence) i
XPOHIYHMM 3ananeHHsiM, NOB'A3aHMM 3 BiKOM
(age-related immune-mediated inflammation
or inflammaging). CrapiHHA KNITUHW — 3aKo-
HOMIpHWIN HE3BOPOTHIN pYyWHIBHMIA npouec,
npMTamMaHHWn BIKOBMM 3MiHaM, WO MpU3BO-
OVTb A0 nopylweHb MeTaboniamy KNiTuHW, i
NPUCTOCYBaNlbHNUX MOX/MBOCTEN, NiABULLYE
BiporigHicTb ii cMepTi. YacTka 3actapinux Kii-
TWUH 36inblyeTbCA 3 BikoM [16]. Ctapi knitn-
HW BUAINAOTbL MapKepwu 3ananeHHs, AKi 3y-
MOBJIOIOTH CTapiHHS [17]. BcTraHoBneHo, wWwo
MOCUNIEHHSA OYMLLEHHS BiA4 CTapux KNiTUH ce-
HONITUKAMW, 3aTPUMYE HACTAHHS BiKOBUX PO3-
nagis [18]. Bignomo, wo Fas-FasL € yacTtuHoto
KomnaekcHoi perynsauii B LHC npu nokanbHUX
3ananbHUX peakuiax. AucdyHkuis cucremu
Fas-FasL npu3soanTb K 40 po3nadiB NpoTUBI-
pycHOI iIMyHHOT BiAMoBsiai, Tak i 4O MOCUJIEHHSA
HeMpo3ananeHHsa [19-20].

Mig 4Yac curHanbHoi a3un BiAbyBaETbCS iHiLi-
auia anonto3y. ICHye peuenTOpHO-3anexHuUN
CUrHaNbHWUIM WNAX | MiITOXOHApianbHWI. B nep-
LWOMYy BMNaaKy BinbyBaeTbca B3aemogis 6inkis
peuenTopiB KNITMHHOI 3armnbeni, WO po3Tallo-
BaHi Ha NoBepxHi KNiTMHHOI MeMbpaHu (TNF-pe-
uentopwu, aHrn. tumor necrosis factor receptor,
Hanbinbw BigoMi 3 HUX Fas abo APO-1, TNFR1,
DR3) 3i cneundiyHMMU 30BHILLHbOKAITUHHMUMU
YMHHMKaMK, abo niraHgamu. AKTMBOBaHI pe-
LenTopy B3AEMOAITb i3 BHYTPILUHbOKITUH-
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HUMW YMHHMKaMK, abo aganTepaMu, a MNOTIM
3 eeKTOpHMMN NpoKacna3aMm — HeaKTUBHMU-
MW nonepeaHuKaMm NpoTeoNiTUYHMX hepMeH-
TiB Kacnas. Y pe3ynbTaTi NaHUIoXKa B3aEMoAil
«niraHa-peuenTop—agantep—-edekTop» ¢op-
MYIOTbCS CUrHasbHi kKomnnekcu, abo anonTto-
COMW, B SKMX aKTMBYIOTbCA Kacrnasu. Kacnasmu
3anyckalwTb Mpouecu pynHyBaHHS 6inkis Bce-
peauHi knituHK [21]. Xoua iMyHHa cucTtema
BiAirpa€ BaxnMBy posib Yy MOAYJ/OBAHHI PiBHIB
npo- Ta MpoTu3ananbHuMX akTopiB, BOHa He
€ €anHUM mxepenom umx dakTtopis. Cyvac-
Hi gocnigxeHHs dibpobnacTis i eniTenianbHUX
KMITUH 3acsBigunnu, Wo KNiTUHHE CTapiHHA Ccy-
MPOBOAXYETHCSA BpPa)katoUnMM 3pOCTaHHAM Yy ce-
kpeuii 40-80 dakTopiB, fKi 6epyTb y4dacTb Yy
MDKKNITUHHIA curHanisauii [11].

XpOHiUHe 3anaseHHsa MOXe 3yMOBJ/OBaTWU 3a-
ranbHWUI Npouec cTapiHHA. I, CBOEK 4yeproto,
XPOHiYHE 3anasieHHA MOXe BUHWUKHYTU nig
yac cTapiHHA. XpOHIYHO aKTMBOBaHa IMyH-
Ha CUCTeMa, 9Ky Ha3uBalOTb «3anasbHOoK», €
J>KepesioM BiKOBOro 3anasieHHda. TakoX npo-
3anajbHuin peHoTMN 3acTapinux KIiTUH € [o-
[NaTKOBUM [XEpPEenoM MOCUNEHHS XPOHIYHOro
3ananeHHs. [11].

JloBeaeHo, WO nopylweHHa perynsauil iMyHHOI
BiAMOBIAI NoB’A3aHe i3 cepueBO-CYAMHHUMU
3aXBOPIOBAHHAMM, 3anasnbHUMKU Mpouecamy,
xBopoboto AnbureriMepa Ta OHKOJMOri€ln. 3
BiKOM iMyHHa cucTteMa CTae HeedEeKTUBHOI
Ta 3pOCTaE MMOBIPHICTb B3aeMoaii iMyHOKOM-
MEeTEHTHUX KNITUH i3 KOMMOHEHTaMW BJlaCHO-
ro opraHiamy. 3a iHLWOK Teopi€el, CTapiHHSA
€ pe3ynbTaTOM KaTacTpo@divyHOro Harpomag-
XXEHHS MOMWUIIOK BIOCMHTETUYHMX MeXaHi3MiB
KNTUHW, 3rigHO 3 iHWO — BOHO € Hacnia-
KOM OBMeXEeHHS MOXJIMBOCTEN POCTY K/ITUH.
BBaxatoTb, WO CTApiHHA KMITUH € MEXAHI3MOM
ctabinizauii KinbkKOCTI KNITUH Yy AOPOCIOMY
opraHismi [22].

KniTuHHe cTtapiHH4A, nepL 3a BCe, € NPOTUNYX-
JVNHHUM LUASIXOM, WO 3anobira€ po3MHOXEHHIO
KNiTUH, 4GKi CTanu Ha Wngx 3/109KiCHOro ne-
pepoAXeHHS, NPOoTe TaKOX iCHYHOTb AaHi NMpo
Te, WO BOHO 3aJifHe y npouecax BigHOBJEH-
HA TKAHWH. 3 iHWOro 60Ky, KNiTUHHE CTapiH-
HA MOX€ MaTW | HeraTMBHI HaCNiAKU, 30Kpe-
Ma 3YMOBJIIOBATW CTApPiHHA LIJIOr0 OpraHismy,
i HaBiTb HOBOYTBOpPIB CTUMYJ/IHOBATU PO3BUTOK
3N08KicHMX [23].
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cellular aging (senescence). There are multi-
ple connections between immunosenescence
and inflammaging. Cell aging is a natural, irre-
versible, and destructive process of age-related
changes that disrupts cell metabolism, affects its
adaptive abilities, and raises the likelihood of cell
death. The percentage of aging cells increases
with age [16]. Aged cells release inflammato-
ry markers that aid aging [17]. Research has
shown that improving the removal of old cells us-
ing senolytics can postpone the onset of age-re-
lated disorders [18]. Fas-FasL is recognized as
a component of the intricate regulation within
the CNS during localized inflammatory respons-
es. Dysfunction in the Fas-FasL system results in
a compromised antiviral immune response and
heightened neuroinflammation [19-20].

During the signaling phase, apoptosis is initiat-
ed. There are two receptor-dependent signal-
ing pathways and a mitochondrial pathway. In
the initial scenario, cell death receptor proteins
on the cell membrane surface (TNF receptors,
also known as tumor necrosis factor receptors,
with Fas or APO-1, TNFR1, and DR3 being the
most well-known) interact with specific extra-
cellular factors or ligands. Activated receptors
engage with intracellular factors, or adaptors,
and subsequently with effector procaspases—
the inactive precursors of proteolytic enzymes
known as caspases. Signaling complexes, also
known as apoptosomes, are formed due to the
“ligand-receptor-adapter-effector” interaction
chain, which leads to the activation of caspases.
Caspases trigger protein degradation processes
inside the cell [21]. While the immune system
plays a crucial role in regulating the levels of
pro- and anti-inflammatory factors, it is not the
sole source of these factors. Recent research
on fibroblasts and epithelial cells has revealed
that cellular aging is marked by a significant
rise in the secretion of 40-80 factors involved
in intercellular signaling [11].

Chronic inflammation can contribute to the
overall aging process and occur during ag-
ing. A persistently activated immune system,
called “inflammatory,” originates from age-re-
lated inflammation. Additionally, the pro-in-
flammatory phenotype of aging cells contrib-
utes to heightened chronic inflammation [11].

It has been shown that immune response dys-
regulation is linked to cardiovascular diseases,
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inflammatory processes, Alzheimer’s disease,
and cancer. As we age, the immune system be-
comes less effective, and the chances of immu-
nocompetent cells interacting with the body’s
own components increase. Another theory
suggests that aging results from a catastroph-
ic buildup of errors in the cell’s biosynthetic
mechanisms, while another posits that it is due
to the cell’s limited growth potential. Cellular
aging is thought to be a mechanism for main-
taining cell numbers in the adult body [22].

Cellular senescence primarily functions as an
antitumor mechanism, halting cell proliferation
along the path to malignant transformation.
However, there is also evidence suggesting its
role in tissue repair processes. Conversely, cel-
lular senescence can also have negative con-
sequences, including contributing to the entire
body’s aging and even stimulating the develop-
ment of malignant neoplasms [23].

Recent studies suggest that a decline in im-
munity may result from secondary changes
caused by environmental and lifestyle factors,
where diet, physical activity, and medication
can influence immune function as we age. Im-
munological aging and chronic inflammation
are key characteristics of the aging immune
system, where the accumulation of senescent
immune cells contributes to its deterioration
while promoting inflammatory phenotypes that
lead to immune dysfunction [24]. Like every
system in the body, the immune system un-
dergoes progressive changes with age. Some
of these changes result in reduced functional-
ity, as evidenced by an increased vulnerability
to respiratory infections, such as influenza and
new coronaviruses. Conversely, inflammaging
is age-related immune-mediated inflammation
[10, 26-27]. Alongside age-related comorbidi-
ties, these changes highlight the susceptibility
of the elderly to latent and new infections, re-
sulting in higher rates of illness and death from
COVID-19 [24; 25].

In other words, apoptosis and cellular senes-
cence are two cellular processes that might
exemplify antagonistic pleiotropy. Both meth-
ods are crucial for the survival and health of
young organisms; however, they can also con-
tribute to the development of aging charac-
teristics, including some age-related diseases
[28-29].
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HoBi pocnigXeHHa ceBigyaTb NMpo Te, Lo ocna-
6neHHsA iMyHiTETY MOXe OyTn pe3ynbTaTtoMm
BTOPUHHUX 3MiH, CMpuUYnHeHnX dakTopamm
HaBKOJIMLLIHBOIO CcepeaoBULLa Ta Cocoby XUT-
TS, KON XapyyBaHHs, di3nyHi BNpasu Ta npu-
MMaHHSA NiKiB BNAMBAKOTb Ha IMYHHY YHKLi0
3 BiKOM. IMyHoOsOriYHE CTapiHHA Ta XPOHiyHe
3ananeHHa npu CTapiHHi BBaXalTb K/IHOYOBU-
MU O3HaKaMW BUCHaXEHOI iIMyHHOI cuctemu, ae
HaKOMUUYEHHS 3MIHEHUNX IMYHHUX peakLili cnpu-
€ 1l 3HMXKEHHI0, | O4HOYACHO MOCWUJIEHHIO 3a-
nanbHUx GeHoTUNiB, SKi 3YMOB/OKTb IMyHHY
ancoyHkuito [24]. SK i ANS KOXHOI CMCTEMU B
opraHismi, konu BiabyBaeTbCa nNpupoaHe cTa-
PiHHSA, CynpoBOAXYyBaHe norpecnsHuMm 6iono-
rYHUMN 3MiHAMKM IMYHHOI CUCTEMU, AedKi 3 UNX
3MiH NpU3BOAATb A0 3HUXEHHS (PYHKLIN iMYyHIi-
TeTy, Npo WO CBIiAYMTb MiABULLEHA CMPUNHAT-
NMBICTb A0 pecnipaTopHMX iHdeKuin, 3okema
rpuvny i HOBUX KOpPOHaBipyciB. 3 iHwWoro 60ky,
pO3BMBAETLCHA IMyHOOMOCEpPEAKOBaAHE 3ananeH-
HS, noB’s3aHe 3 BikoM [10, 26-27]. Pa3om i3
CYNyTHIMW 3aXBOPHOBAHHAMM, LLO MOCUNIOKOTb-
CS 3 BIKOM, Ui 3MiHM CBig4yaTb NMpo BpPas/inBICTb
nogen NiTHbOro BiKY A0 NATEHTHMX Ta HOBUX
iHdeKUin | Npnu3BOAATL A0 3POCTAHHSA 3aXBOPHO-
BaHOCTI Ta cMepTHoCTI Biga COVID-19 [24; 25].

Tob6T0, ABa KNITMHHMUX NpOLLecK, anonTo3 i KJi-
TUHHE CTapiHHA, MOXYTb O6yTWM npuknagamu
aHTaroHicTu4HoI nneroTponii. Obugsa npoue-
CU HeOoOXiAHi ANns XUTTE3AATHOCTI Ta XWUTTE-
AiFNbHOCTI MOMOAUX OpraHiaMmiB, ane MoXyTb
cnpmatn deHoTunaM CTapiHHSA, BKJIIOYHO 3
neBHMMM BiKkoBMMM xBopobamu [28-29].

OTxe, iMyHOCYNnpecuBHi Ta 3anasnbHi pakTopu
3YMOBJIOIOTb HEBIABOPOTHE 3HUXXEHHSA IMYHI-
TeTy, PYMHYKO4YM 34aTHICTb cuctemn 6opoTu-
CS 3 NaTeHTHUMU Ta HOBWUMM iHdeKuiaMu Ta

Original research: Clinical sciences

CTBOPIOBATW afeKBaTHi BiANOBiAi Ha BakKuu-
HW. BogHo4ac Ui dhakTopu CnpusitoTb PO3BUT-
Ky npo3ananbHuX (eHOoTUNIB i y Takuin cro-
Ci6 BNAMBAIOTb HE TifIbKN HA CMPUNAHSATAMBICTb
NOAMHU A0 KOPOHaBipycHOi iHdekuii. Kpalie
pPO3yMiHHSA LUMX bakTopiB HeobxigHe ansa agan-
Tauii Tepanii i cTpaTerii WoA0 BaKUMH Ha Wnsd-
Xy A0 NepcoHanisoBaHoi MeanunHmn, ocobnmneo
WOoAO0 TaKMX CMepTesibHUX 3axBOpPHOBaHb, $K
COVID-19, wo cnpuYnHATbL NaH4eMito.

Y BUCHOBKax:

1.Y rpyni noctkoBigHMX nauieHTiB 6yna po-
CTOBIpHO 3HMXeHa KinbKicTe CD3, CD4 nim-
doumnTtie Ta NK-kNniTMHK, a KinbkicTb CD8 Ta
CD19 knitTnH 6yna BiporigHo nigBuLLieHa no-
pPiBHSHO 3 KOHTPOJILHOK rpynoto ocib cepea-
HbOrO BIKY.

2.Ekcnpecia Fas-nirangy CD178+ Ha NK kni-

TUHaX NOCTKOBIAHUX MALIEHTIB CTaTUCTUYHO

AOCTOBIpHO nNigBULWEHa MOPIBHAHO 3 06u-

ABOMa KOHTPOJSIbHUMU rpynaMu. JocToBipHe

3HMXKEHHS ekcnpecii Fas-peyenTtopa CD95+

Ha CD56-n03nTUBHUX KiTUHAX MOCTKOBIA-

HUX MNaui€HTIB CTapLlloro BiKy MOPIBHAHO 3

KOHTPOJIbHOI rpynoto 0oCib cepeaHbOro BiKy

CBiAYMTbL NpO Ancriponopuito y cucrtemi Fas-

FaslL, BHacnigok 4oro anonTo3 KiTUH, eKC-

npecytoumx Fas, He BigbyBa€eTbCa MOBHO-

LiHHO.

.Ekcnpecia peuenTtopa 3anporpamMoBaHoi

cmepTi PD1 CD279+, KU NPUrHidYy€e akTu-

Bauito Ta nponidepauito T-KNiTUH, Ta MKOro

niraHgy PD1L CD274+ Ha UMTOTOKCUYHWUX

CD8 kniTMHax noCTKOBIAHMX NauiEHTIB CTa-

TUCTUYHO BIpOriAHO 3HWXXEHa MOPIBHAHO 3

KOHTPOJIbHOIO rpynot 0cCi6 NiTHbOro BiKy

Ta KOHTPOJIbHOK rpyrnot ocib6 cepeaHbOro

BiKy, WO CBiAYMTb NpO 36epexeHHs uuMn

KNiITUHAMWN aKTUBOBAHOIO CTaHy.
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Therefore, immunosuppressive and inflamma-
tory factors gradually decrease immunity and
the system’s capacity to combat latent and
new infections and produce appropriate vac-
cine responses. They also encourage the de-
velopment of pro-inflammatory phenotypes,
affecting an individual’s susceptibility to coro-
navirus infection. A deeper understanding of
these factors is essential for tailoring thera-
pies and vaccine strategies toward personal-
ized medicine, particularly for lethal diseases
like COVID-19, which is causing a global pan-
demic.

In Conclusions:

1.In post-COVID patients, the number of CD3,
CD4 lymphocytes, and NK cells was signifi-
cantly reduced, and the number of CD8 and
CD19 cells was significantly increased com-
pared to the control group of middle-aged

Original research: Clinical sciences

2.The expression of Fas-ligand CD178+ on
NK cells of post-COVID patients was statis-
tically significantly increased compared to
both control groups. A significant decrease
in the expression of Fas-receptor CD95+
on CD56-positive cells of older post-COVID
patients compared to the control group of
middle-aged participants indicates a dispro-
portion in the Fas-FasL system, as a result
of which apoptosis of cells expressing Fas
does not occur fully.

3.The expression of the programmed death
receptor PD1 CD279+, which inhibits T-cell
activation and proliferation, and its ligand
PD1L CD274+ on cytotoxic CD8 cells of
post-COVID patients is statistically signifi-
cantly reduced compared to the control
group of older adults and the control group
of middle-aged people, which indicates that
these cells maintain an activated state.

participants.
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