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COVID-19 as a Potential Target for Cryobiology and Cryomedicine

Pedhepar: Y ornsagi npeactaBneHo Aadi wopo imyHonatoreHedy COVID-19 i nmigxogiB Ao 1Moro npodinakTvky Ta nikyBaHHS.
Hu3bka edeKTuBHICTL NPOTMBIpyCHMX 3acobiB obymosneHa 3gaTHicTio Bipycy SARS-CoV-2 A0 3MiHM BRNACHUX CTPYKTYPHUX i GPyHK-
LioHanbHMX XxapakTepuctuk. IcHytoui ctpaterii nikyBaHHa COVID-19 cdokycoBaHi Ha 3acTtocyBaHHI NikyBanbHUX 3acobiB npsAMoi
NpOoTUBIPYCHOI Ail, MOoAynALii BPOAXKEHO! iIMyHHOI BiAMNOBIAiI, MPUrHIYEHHI «LUMTOKIHOBOTO LUTOPMY» Ta 3acTOCYyBaHHI Mnasmu peKkoHBa-
necueHTiB. [usperynsuia B3aemopii CMCTeM BPOAXKEHOro Ta afanTMBHOIO iMyHiTeTy OOyMOBMIOE 3amyck ayTOiMyHHOro npoLecy B
opraHismi BipyCOHOCIS, WO noTpebye 3acToCyBaHHA ansTepHaTUMBHMX MiAXOAIB A0 MPOMINakTUKM TakMxX 3axBOPHOBAHb i3 BUKOPUC-
TaHHSAM KpiobionoriyHux TexHomnorin. HaBedeHO pesynbTatm BUBYEHHS iIMYHOGIOMOrMYHOI aKTUBHOCTI KPIOKOHCEPBOBAHOIMO JEMNKO-
KOHLeHTpaTy kopgoBoi kposi moguHu (kJTKKJT) i oro KOMMOHEHTIB 32 MPEBEHTUMBHOMO iHTpaHa3anbHOro BBeAEHHS. EdekTuBHICTb
3actocyBaHHs KJIKKI1 nos’asaHa 3 MOXMMBICTIO MepenporpaMyBaHHsS TeHiB, BiANOBiAanbHWX 3a peanisauilo iMyHHUX Bignosigen
opraHismy Ta iHAYKLi0 «TPEHOBaHOro» iMyHiTeTy. Taka mopudikauis cTaHy iMyHHOI cuctemy moxe OyTn HanbinbLl NepcrnekTUBHOK
y 3abesneyeHHi 3axvCTy opraHiamy Bif Bipycis, 3okpema COVID-19.

KnrouoBi cnoa: SARS-CoV-2, COVID-19, iMyHHa cuctema, KpiOKOHCEPBOBaHWI MENKOKOHLEHTPAT KOPAOBOI KPOBi IHOAUHM,
NPOTUBIPYCHUIA 3aXUCT.

Abstract: The review presents data on immune pathogenesis of COVID-19 and approaches to its prevention and treatment.
The low effectiveness of antiviral drugs is caused by the ability of SARS-CoV-2 virus to change its own structure and functions.
Existing treatment strategies of COVID-19 are focused on applying the direct antiviral therapies, modulation of innate immune
response, ‘cytokine storm’ suppression and use of convalescent plasma. Deregulated interaction between innate and adaptive
immune systems determines the start of autoimmune process in the virus carrier body, that requires the use of alternative ways
to prevent such diseases using cryobiological technologies. The results of studying the immune biological activity of cryopreserved
human cord blood leukoconcentrate (cHCBL) and its components by preventive intranasal administration have been presented.
The effectiveness of cHCBL is related to the possible reprogramming of the genes responsible for the implementation of the
body’s immune responses and induction of the ‘trained’ immunity. Such a modification of the immune system state can be the most
promising in protecting the body against viruses, in particular COVID-19.

Key words: SARS-CoV-2, COVID-19, immune system, cryopreserved human cord blood leukoconcentrate, antiviral protection.

CrajicTp BHYTPIIIHBOTO CEPEIOBHUINA OpPTaHiZMy
JIOMUHN TPYHTYEThCS Ha CKOOPIAMHOBAaHIM, rapmo-
HiliHIH B3aemomii TphOX HOro cHcTeM, SIKi CKJa-
JIal0Th «HEUPO-IMyHHO-EHAOKPHHHHUH OJOK» — «30-
JIOTHH TPUKYTHUK Oopiromeoctazy». Came mi cu-
creMu (B mepuly d4epry — iMyHHa) 3a0e3ledyroTh
3aXUCT OpraHi3My JIIOAMHU BiJ| IATOrEHHOI MiK-
podIopu 30BHINTHROTO CEpPENOBUINA. 3 KOXKHHUM
POKOM JIFOJICTBO 3IITOBXYETHCS 3 BCE OLUIBIIOIO
KITBKICTIO HEBiOMHUX paHime iH(eKmiil (BipycHHX
Ta O6akTepianbHux). Jlo mosBu HOBUX IH(MEKITiH mpu-
4eTHI ¥ aHTpomoreHHi ¢dakTopu, HemepemxdadyBa-
HE BHMHUKHEHHS SIKUX 1 3arpo3a 3I0poB’I0 Hace-
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The human body internal environment stability
is based on the coordinated, harmonious interaction
of its three systems, referred as the ‘golden triangle
of body homeostasis’, representing the ‘neuro-immune-
endocrine block’. These systems (first of all immune)
provide the protection of a human body against pa-
thogenic microflora of external environment. Every
year, humanity faces an increasing number of previous-
ly unknown infections (viral and bacterial). Anthro-
pogenic factors are also involved into emergence of
new infections, the unpredictable occurrence of
those and the threat to public health often lead
scientists and physicians worldwide to a dead end.
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JICHHSI YacTO 3aBOAATH Yy IIYXHUH KyT BUEHHX 1 Me-
JMKIB BCIX KpaiH CBITY.

Hanpukinui 2019 p. HaceneHHS CBITY 3iTKHY-
JIOCS 3 HOBUM KOPOHaBipYCHHM 3aXBOPIOBAaHHSIM
(Coronavirus disease 2019, COVID-19), sike cripu-
ynHeHe kopoHaBipycom SARS-CoV-2 (severe acute
respiratory syndrome coronavirus 2). 3a Tpu Mi-
cA1li Bipyc MOIIMPHUBCS 1O BChOMY CBITY Ta 11 Oe-
pe3ns 2020 p. 3a pimennsm BO3 Oyio orosomieHo
mangemiro COVID-19.

[posiBr COVID-19 BapiroroTh Bix 0e3CHMIITOM-
HUX JI0 BaXXKHX, OCKUIBKH CYMPOBOMIXKYIOTHCS CHC-
TEMHOIO TOJIIOPTaHHOK TUCHYHKIIE 1 BUCOKOO
neranpHicTIO [91]. Baxkki Haciinku ekcraHcii Bipycy
3MYIIYIOTh 32JlyMaTHCsI JFOJCTBO HAJl THM, SIK 3YIIH-
HUTH TEMITH PO3MOBCIOKEHHS MTaHIEeMil.

Bimomo, mro ycmimHe JiKyBaHHS Oy/Ib-SIKOTO
3aXBOPIOBAHHS 3aJICKUTH BiJ PO3yMiHHS HOTrO Ta-
ToreHe3y. ToMy MeTOI0 HBOTO OTIsAAY Oyno y3a-
TaTbHCHHS CY4YaCHUX BIJJOMOCTEH TIOJO IMYyHO-
naroredesy COVID-19, ocoOnuBocTeli B3aemosil
CHCTEM BpOJDKEHOTO Ta aJalTHBHOTO IMYHITETY,
JIU3PETYIISIIIISE SIKHX OOYMOBIIIOE 3aITyCK B OpraHi3mi
BIpyCOHOCIS ayTOIMYHHOTO TpoLecy, 10 HOoTpedye
3aCTOCYBaHHs aJbTEepPHATUBHMUX MiAXOAIB J0 TIPO-
(IMaKTUKU pecIipaTOPHUX 3aXBOPIOBaHb 13 BHKO-
PHUCTaHHAM KPi0O1OMOTIYHUX TEXHOJIOTIH.

SARS-CoV-2 HanexuTh A0 OIHOJAHIFOIOBUX
nminiianx PHK-BMicHHX BipyciB ciMelicTBa [-Ko-
poHaBipyciB [88], mia AKX XapakTepHa HasSBHICTH
IJTIKOMIPOTEIMHUX TETJIOMEPIB y BUINIAII BiIPOCTKIB
(«coHsluHOT KOPOHHW») Ha OLNKOBIH 00OJIOHII Bipy-
cy (xamcumi). Tinbku ciM BiJOMHUX KOPOHAaBipyCiB
MOXYTh BHUKJIHMKATH PECIipaTOpHi 3aXBOPIOBaH-
HSl y JoauHU. TpH 3 HUX CTadl MPUYMHOIO BEJIH-
KHX crnajaxiB nmHeBMoHi y XXI cromiTrti: roctpuit
pecniparopauii cuaapom — SARS-CoV (2002 p.),
OnM3bKOCXiAHUE pectipaTtopuuil cunapom — MERS-
CoV (2012 p.), rocTpuii pecripaTopHU CHHAPOM —
SARS-CoV-2 (2019 p.). HoBwuit xoponasipyc SARS-
CoV-2 Mae J0CTaTHIO CXOXKICTh 3a CTPYKTYpPOIO
3 momnepenHiMm SARS-CoV (2002 p.) [43].

I'erom SARS-CoV-2 mictuts 11 BiAKpUTHX paMOK
suntyBanHs (Open Reading Frame, ORF) — mocmi-
JIOBHOCTEH HyKieoTuiB y ckiaai PHK, 1o konytoTh
27 ouikiB [43]. Ilepma ORF1 cknamae npubiu3HoO
JIBi TPETHHM Te€HOMa Bipycy, Koayroun 16 HecTpyk-
TypHHX OinKiB (nonstructural protein, nsp), sKki
OepyTrb ywacth y cuHTe3i BipycHoi PHK. Pemra
TPETHHU T€HOMa KOIyE€ YOTHUPH CTPYKTYpHI OiIKH:
MUMOBUAHUNA  S-01ToK  (S-mmikompoTeinn  Bipycy,
SIKAMH BiH 3B’S3YETbCA 3 KIITHHAMHU-MIIICHAMHA
rocriomapst), obononku (E), myxmeokarcumy (N) i
memOpanu (M), a Tako)K HU3KH JTOMTOMIKHHX O1JIKiB,

At the end of 2019, the world’s population was
exposed to a new coronavirus disease (COVID-19)
caused by the coronavirus SARS-CoV-2 (severe
acute respiratory syndrome coronavirus 2). In three
months, the virus spread around the world and on
March 11, 2020, the WHO declared a COVID-19
pandemic.

The COVID-19 manifestations range from asym-
ptomatic to severe because they are accompanied
by multiple organ failure and high mortality [91].
The severe consequences of the virus expansion are
forcing humanity to think about the way to stop
the pandemic spreading.

Successful treatment of any disease is known
to depend on understanding its pathogenesis. The-
refore, the purpose of this review was to summari-
ze current data on the immune pathogenesis of
COVID-19, the peculiarities of the interaction of
innate and adaptive immune systems, deregulation
of which triggered the autoimmune process in the
body, that required alternative approaches to pre-
vent the respiratory diseases by using cryobiological
technologies.

SARS-CoV-2 belongs to the single-stranded
linear RNA-containing viruses of the -coronavirus
family [88], characterized by the presence of gly-
coprotein peplomers in the form of processes (‘the
Solar corona’) on the virus protein shell (capsid).
Only seven known coronaviruses can cause respi-
ratory diseases in humans. Three of them have
caused the major outbreaks of pneumonia in the
21% century: acute respiratory syndrome — SARS-
CoV (2002), Middle Eastern respiratory syndrome —
MERS-CoV (2012), acute respiratory syndrome —
SARS-CoV-2 (2019). The new coronavirus SARS-
CoV-2 is quite structurally similar to the previous
SARS-CoV (2002) [31].

The SARS-CoV-2 genome contains 11 Open
Reading Frame (ORF), i. e. nucleotide sequences
in RNA encoding 27 proteins [31]. The first
ORF1 is approximately two-thirds of the virus ge-
nome, encoding 16 nonstructural proteins (nsp)
involved into the viral RNA synthesis. The remai-
ning third of the genome encodes four structural
proteins: the spike protein S (S-glycoproteins of
the virus by which it binds to host target cells),
the envelope (E), nucleocapsid (N) and membrane
(M), as well as a number of helper proteins, regu-
lating the replications and promoting the virus
penetration into cells [66].

Using the ribosomal apparatus of the host
cell the virus ORF1 is translated into two large
polyproteins ppla and pplab, which are then clea-
ved by viral proteinases with papain- and chy-
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SIK1 PEryJIOI0Th PEIUTIKaTHBHI MPOLECH 1 CHPUSIOTH
MIPOHMKHEHHIO BipyCy B KJIITHHH [72].

Yepes pubOcOMaNbHUI amapar KIITHHH-TOCIIO-
maps ORF1 TtpaHcmioeThcsi B JBa BEIMKHX TIOJMi-
npoteinu ppla i pplab, ki MOTIM PO3MIIETUTIOIOTHCS
BipyCHMMU MpOTEiHA3aMU 3 IMamaiH- i XiMOTPUTICHH-
MoNiOHUMH BIIacTUBOCTAMHU Ha 16 nsp [56]. CminpHa
excrpecisg 61kiB nsp3 1 nsp4 MpU3BOIUTH J0 peapan-
JKYBaHHS MeMOpaH EeHJIOIUIa3MaTUYHOTO PETHKYIY-
My KJIITHHH rocmonaps. BHacmigok 1poro mporecy
(hopMYIOTBCSI OpraHesoNoMiOHI TBOXMEMOpaHHI Be-
3UKYJIH, SIKi MICTATh PETTMKATUBHO-TPAHCKPHITLIIHHI
KoMmIuieKkcH KopoHasipycy [42]. SARS-CoV-2, sx i
1HIII KOpPOHaBIpYyCH, 3B’SI3YETHCS CBOIM HIMIIOBH-
HuM S-Oinkom i3 peuentopom ACE-2 (angioten-
sin-converting enzyme 2). Lleii penenrop mmpo-
KO PO3MOBCIOMKCHHWI Ha eMiTeliallbHUX KIITHHAX
TUXaJTbHUX MUISAXIB, albBEOJSIPHUX eIiTeNiadbHIX
KJIITHHAX, CHIOTENANbHAX KIITHHAX CyIOWH, CHTe-
pouxTax TOHKOTO KHINEYHHKA, a TaKOK Ha TIaf-
KOM’SI30BUX KIITHHAX OUIBIIOCTI opraiB. Boue-
BUJIb, 1[0 TKAHWUHH 1 OPTaHM JIFOAMHU, KIITHHH SKUX
excnpecyiorb ACE-2, € NOTEHLIHHOK MilICHHIO
SARS-CoV-2 1 mnampapmMoMm aisi PO3BUTKY iMy-
Ho3ananpHuX mnporeciB [58]. lunoBuaauit S-6i510K
KOpOHaBipycy MICTHUTh IBi (yHKIIOHaIBHI cyOoau-
Huwi: S1 — BimmoBimae 3a 3B’sI3yBaHHS 3 PEIICTITO-
poM KIiTHHU-TOcTIofapsl 1 S2 — 3abe3nedye 3JMT-
TS BipyCHOI Ta KIITHHHOI MeMOpaH. [y mpoHWK-
HEHHS BIpyCy y KIITHHY Miclsi KOHTakTy S-Oinmka
3 TOBEPXHEI0 KIITHHHU BimOyBa€ThCS HOTO MPOTEO-
JITHYHE PO3MICTHICHHS MPOTea3aMi KIIITHHH TOCIIO-
naps (Tpuncus, Tpunrtaza Knapa, Tpuncuaononiona
poTeas’a AUXaJIbHUX ILISXIB TOIIO) Ha MEXi cy0o-
quauib S1 / S2 [29]. AHamni3 aMiHOKHCIIOTHOL IO-
CJIIIOBHOCTI HIMIIOBUAHOTO S-0ijKka KOpOHaBIpyCy
SARS-CoV-2 BusiBUB HOBHIl caiiT cyOoauHuili S2,
KM TIAA€ThCS TPOTEONITUIHOMY PO3IICIUICHHIO
(dbypunom kimituH rocrionaps [84]. dypuH € npore-
a3010, sIKa IIMPOKO MOIIMPEHA B OPraHi3Mi JIIOAWHH,
mo oOymosioe 3natHicTh SARS-CoV-2 iHdikysa-
TH HEYYTJIUBI /IO IHIIMX KOPOHABIpyCiB KIIITHHU Ta
MPU3BOAUTH JO PO3BUTKY Biactusoi st COVID-19
TIOJTIOPTaHHO1 BipycHOI iHMeKIil [83].

[Ipo BaxIMBICTH KOMIUIEMEHTApHOI B3a€MOIii
JIOMEeHY CcyOoauHuMII S1-1UIOBUIHOTO S-0ijKa Bipy-
Cy 3 BIANOBIAHOIO CTpPyKTyporo perenrtopa ACE-2
CBIJIYaTh PE3yNBTaTH JOCIKSHh TaHBAHCHKUX BYEC-
Hux [93]. MeTogoM Mac-CreKTpocKomii OyJio moka-
3aHO, IO B HIMIOBHIHOMY S-0iKy KOpOHaBipycy
FIPV-UU4 ceporuny 1, siIKuii BUKIMKa€e THIMHUII
MIEPUTOHIT Y KIIIOK, BiJIHOCHA YaCTKa KOMILIEKCHHUX
N-rikaHiB 13 BUCOKHM BMICTOM MAaHO3HM, CTaHOBU-
1a "He MeHme 25% Bin 3araiapHOl Macu Olnka. Ha
OCHOBI PE3yIbTATIB KPIOCIEKTPOHHO-MIKPOCKOITIY-
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motrypsin-like properties into 16 nsp [47]. The
joint expression of nsp3 and nsp4 proteins leads
to the rearrangement of membranes of the host
cell endoplasmic reticulum, as a result of this
process the organelle-like double-membrane ve-
sicles, containing the coronavirus replicative-trans-
criptional complexes, are formed [30]. SARS-
CoV-2, like other coronaviruses, binds its spike
protein S to the ACE-2 receptor (angiotensin-
converting enzyme 2). This receptor is widely
distributed on airway epithelial cells, alveolar
epithelial cells, vascular endothelial cells, small in-
testinal enterocytes, and mast cells in most organs.
It is clear that human tissues and organs the cells
of which express ACE-2 are a potential target of
SARS-CoV-2 and the base for the development of
immune inflammatory processes [51]. The coro-
navirus spike protein S contains two functio-
nal subunits: S1 is responsible for binding to the
host cell receptor and S2 provides the fusion of
viral and cell membranes. For the virus to enter
the cell after contact of the protein S with the cell
surface, its proteolytic cleavage by host cell pro-
teases (trypsin, tryptase Clara, airway trypsin-
like protease, etc.) is necessary at the boundary
of S1 / S2 subunits [8]. Analysis of the amino
acid sequence of the coronavirus SARS-CoV-2
spike protein S revealed a new site of the S2 su-
bunit, which underwent proteolytic cleavage by
furin of host cells [84]. Furin is a protease that is
widespread in human body, causing the ability of
SARS-CoV-2 to infect cells insensitive to other
coronaviruses and leading to the development of
COVID-19-specific multiorgan viral infection [83].
The importance of complementary interaction
of the domain of the subunit of the virus spike
protein S1 with the corresponding structure of
the ACE-2 receptor is evidenced by the findings
of Taiwanese scientists [93]. Mass spectroscopy
demonstrated that in the spike protein S of coro-
navirus FIPV-UU4 serotype 1, which caused puru-
lent peritonitis in cats, the relative proportion
of complex N-glycans with a high content of
mannose was at least 25% of the total protein
mass. Based on cryoelectron microscopic (Cryo-
EM) analysis findings the authors obtained a three-
dimensional reconstruction of the spike pro-
tein S of this coronavirus and created an near-
atomic EM-map, which allowed 3D modeling of
27 of 33 N-glycans and establishing the fact
that they mask the bulk of studied protein. In
addition, the specific localization of N-glycans,
which are located between two galectin-like do-
mains of the S1 subunit, has been established,
that ensures the existence of the protein S in me-
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Horo anamizy (Cryo-EM) aBTopm oTpumanu Tpu-
BUMIpHY PEKOHCTPYKLIIO IIUIOBUIHOTO S-Oijka
LBOTO KOPOHABIpYyCy Ta CTBOpWJIM near-atomic EM-
KapTy, sika A03BojuiIa mposectd 3D-monentoBaHHS
27 i3 33 N-mmikaHiB i BCTaHOBUTH ()aKT MacKyBaH-
HS HUMH OUTBIIOI YaCTHHH IOCIIKYBaHOTO OiNKa.
Kpim Toro, BCcTaHOBNIEHO ¥ crenudiduHy JT0Kami3a-
mito N-TiiKaHiB, AKi pPO3TAIIOBYIOTHCS MK JBOMA
raJICKTUHO-TIOIOHUMHU  ToMeHaMu S1 cyOoauHHMIIl,
o 3abesredye iCHyBaHHs S-Oiika y MeTacTaliib-
HOMYy cTaHi. lle Moxe BU3HAuaTH HE TUIBKU CIIe-
uudiky ioro 38’13ky 3 ACE-2 xiituH-Mimnenei, ane
0 CHpPUATH YHUKHEHHIO PO3Mi3HABAaHHS IMyHHUMH
KIIITHHAMH TOCTIOAPS.

VY poboti D. Wrapp Ta cniBast. [89] i3 BuKOpU-
cranasiM Takok Cryo-EM orpumano Oiodiznyni Ta
CTPYKTYpHI JaHi, SKi MiITBEPIUIA OULIBII BUCOKY
adinaicTs 3B’s3yBaHHI SARS-CoV-2 i3 perentopom
ACE-2, mix SARS-CoV. Ilpn 11boMy T IKpPECITIOETHCS,
1110, HE3BAKAIOYU HA BITHOCHO BHCOKHM CTYITiHB TO-
MoJorii perenitop-3B’si3yrounx gomenis (P3]1) cy6o-
quHuil S1 munoBuaHOrO S-0iika 000X BipycCiB, OT-
puMaHi crenudiuHi MOHOKIOHAIBHI aHTUTIIA 0
P31 Bipycy SARS-CoV He 3B’s13yBanucs 3 TAKUMHU Yy
HoBoMmy Bipyci SARS-CoV-2. ABropu BBaXXaloTb, 1110
i OOMEKEeHHSI MepexpecHOi PeakTHBHOCTI MOXYTb
Oyt 0OyMOBIIEHI OLNBIIT BHCOKHM CTYIIEHEM IIIKO-
syBanus P3/] Bipycy SARS-CoV-2.

BucnoBntoerbess mpumyineHHs, 1o ¢GepMeHTH
KIIITUHU-TOCHIOAAPS] MOXKYTh IIPU3BOIUTH 10 BOYHO-
BYBaHHSI IYKPIB 13 BHCOKMM BMICTOM MAaHO3H ¥
CHUHTE30BaHI de novo BIpyCHI OUIKH, CIIPUSIOUH «Ka-
MyhispKyBaHHIO» OikiB Bipycy [26]. IIpu upomy
YTBOPIOIOTHCSI HOBI TMOTEHIIMHI caiiTh 3B’S3yBaHHS
Olka KOpOHaBIpyCy 3 MOBEpPXHEI0 KIITHHH. Kpim
TOTO, €KpaHyloue IIIKO3yBaHHSA Bipycy YCKJIaTHIOE
HOTro BUSBIICHHS JIIKAPCHKUMH 3aco0amu, po3pooiie-
HUMH 3 ypaxyBaHHSAM TUIbKH MOJINENTUAHUX MTOCITi-
JOBHOCTEH Oinmka Bipycy [86]. Takum dnHOM, «Ka-
My(QISDKYBaHHS TTOTEHIIITHO IMyHOT@HHUX EITiTOIIB
IIUIOBUIHOIO S-OiKa qa€ M MOYKIUBICTH «BUCIIH-
3aTW» Bill pO3Mi3HABAHHS aHTHUTIIAMH 32 YMOB T'yMO-
panbHOT IMyHHOI BiAmoBizi opranizmy [83]. letansue
BUBYCHHSI OCOOJHMBOCTEH pealbHOI CTPYKTYpH Bi-
pycy O3BOJUTH BH3HAYMTHU HE TUIBKUA CHEHHU)IKY
Hioro B3aemopii 3 KiiTuHaMu-MimeHnsmu npu COVID-
19, a ¥ npUYMHM HECTaHIAPTHOI BiANOBiNI iMYyH-
Hoi cuctemu opranizmy Ha SARS-CoV-2.

[IpoTuBipycHHI 3aXHCT peayizyeThCsl MEXaHi3-
MaMU BPOJPKEHOTO 1 Ha0yTOro (aAanTUBHOTO) iIMyHi-
tety [10], KOXKeH i3 SIKUX MOke OyTH Creru(iqIHIM
(BiamoBinath Ha KOHKPETHUHM THIT 30yAHWKA) 1 He-
crieruigHUM.

Bpomxkena imynHa Bianosias (BIB) 3mificHIOETH-
Csl KIIITHHHUMH (HaTypaJibHI KiepH, AeHIPUTHI KITi-

tastable state. This may not only determine the
specificity of its binding to ACE-2 target cells,
but also help to avoid recognition by host immune
cells.

In the research of D. Wrapp et al. [89] as
well using Cryo-EM there were obtained struc-
tural data that confirmed a higher affinity for
SARS-CoV-2 binding to the ACE-2 receptor than
in SARS-CoV. It is emphasized that, despite the
relatively high homology of the receptor-binding
domains (RBD) of the S1 subunit of the spike
protein S of both viruses, the obtained specific mo-
noclonal antibodies to RBD of SARS-CoV virus
were not associated with those in the new SARS
virus-CoV-2. The authors believe that these li-
mitations of cross-reactivity may be determined
by a higher glycosylation of SARS-CoV-2 virus.

It has been suggested that host cell enzymes
may lead to building-in of sugars with a high
content of mannose to the de novo-synthesized viral
proteins, by helping to ‘camouflage’ the virus pro-
teins [4]. This creates new potential sites for the
binding of the coronavirus protein to the cell surface.
In addition, shielding glycosylation of the virus
complicates its detection by drugs designed with
only the polypeptide sequences of the virus protein
[86]. Thus, the ‘camouflaging’ of potentially immuno-
genic epitopes of spike protein S allows them to
‘escape’ from the recognition by antibodies in
terms of humoral immune response [83]. A de-
tailed study of the virus real structure will deter-
mine not only the specifics of its interaction
with target cells in COVID-19, but also the extra-
ordinary response of the body’s immune system
to SARS-CoV-2.

Antiviral protection is implemented by the me-
chanisms of innate and acquired (adaptive) immu-
nity [13], each of which can be specific (cor-
respond to a specific type of pathogen) and nonspe-
cific.

The innate immune response (IIR) is accomplished
by cell (natural killers, dendritic cells, macro-
phages, granulocytes) and humoral (lysozyme,
interferons, complement system, inflammatory me-
diators) components of the immune system. The
adaptive immune response (AIR) also contains
both cell (various subpopulations of T-lymphocytes)
and humoral (antibodies that produce B-lympho-
cytes) components [13].

The airborne route of SARS-CoV-2 transmission
is the main one, which makes epithelial cells of
the nasolabial cavity with a high level of ACE-
2 expression a ‘primary target’ for the virus [51].
High replicative activity of the virus in airway
epithelial cells [95] with the involvement of in-
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TUHH, MakpoQard, TpaHyloOLHUTH) 1 TyMOpPaJIbHUMH
(mizounm, iHTEpEpPOHHU, CHCTEMa KOMIUIEMEHTY,
MeJiaTopy 3arajeHHs) KOMIIOHEHTaMH IMyHHOI CH-
creMu. AnanTuBHa iMyHHA BignoBins (AIB) Takoxk
MICTUTh K KIITHHHI (pi3HOMaHITHI CyOmOIyIs-
uii T-mimdonutiB), Tak i rymMopanbHi (aHTUTLIA, SKi
MIPOAYKYIOTHh B-miMmdonutn) ckmanosi [10].

[oBiTpsHO-KpanenpHni X mepeqadi SARS-
CoV-2 € 0cHOBHUM, 1110 pPOOUTH emiTeNiaibHi KIiTH-
HU HOCO-POTOBOi TOPOKHHUHHM 3 BHCOKHM piBHEM
excripecii ACE-2 «mepiio4eproBoro MilICHHIO» Bi-
pycy [58]. Bucoka pemsiikaTiBHa aKTHBHICTH Bipycy
B emiTelialbHUX KIITHHAX JIUXaJbHUX NUISIXIB [95]
3a y4acTio iHdaaMacoM i akTuBauii kacnasu | Moxe
BUKJIMKATH B HUX PO3BUTOK MIPOITO3Y — OCOOIMBOTO
BHJIy TPOTPaMOBAHOI HEKPOTUYHOI 3aruleni KITHH
[78].

AKTHBHE BUBUIbHEHHS Yepe3 MOIIKOIKCHY MEM-
OpaHy emiTeniaTbHuX KIIITHH AUXaIbHUX MUISXIB MO-
JIEKYISIPHUX CTPYKTYP, aCOIiIOBaHUX 13 YIIKOKEH-
Hsmu (DAMP) 1 npozanansaux inTepneikinis (1J1) €
MEPUIMM ETaroM KacKaJHOTO IMyHO3aajJIbHOTO MPO-
ecy, mo Mae Mmicre y naiierris i3 SARS-CoV2 [78].

VYuacuuku BIB rocnomapsi, 30kpeMa ajibBeosipHi
Makpodard Ta ajabBEOJSIPHI emiTeNialbHi KIIITHHH,
3natHi BusBisTHh DAMP Ta pi3Hi matoreH-acoriiio-
BaHI MOJICKYIISIpHI CTpyKTypH Bipycy (PAMP — Bipyc-
Hy PHK i Oinkn) 3a 1OTIOMOTOIO0 TaKMX PEIenTopiB
po3mizHaBaHH: (pattern recognition receptor, PRR):
Toll-like receptor (TLR); Nod-like-receptor (NLR);
RIG-I-like receptor (RLR) [78]. Bonu posramoBani
y BIAMOBITHUX KOMIIAPTMEHTaX KIITHH 1 peaizy-
toth Hecrenudiuny BIB rocmomapsi. Pizni crpyk-
TYpHI OIMHHMIII BipyCy pO3MI3HAIOTHCS BiJIOBiIHU-
mu PRR. Tak, munoBuaauii S-01I0K KOpOHABIpyCy
po3nizHaerbest TLR-4. Taka B3aeMoJ1ist 31HCHIOETBCS
3a ydacTio ajantepHoro Oinka MyDS8S8, sikuit aktu-
Bye TpaHckpunuiiHuii ¢axrop NF-xB ta cucremy
[aTOTeH-aKTMBOBAHUX MNPOTEIHKIHA3, 110 Y MOJallb-
IIIOMY TIOCHITIOE CHHTE3 TIPO3anajbHUX UTOKIHIB [55].

Hetexmis wyxmeinoBoi xuciotn PHK-Bipyci
3miticHroeThes sIk TLR-3-, Tak i RLR-penenTopamu,
SKI € [UTOIUIa3MAaTHYHUMU CEHCOPaMH, 3JaTHUMH
«BKJIIOYATH» KacKaJay BHYTPIITHbOKIITHHHOTO CHI-
HAJIOBaHHS, M0 aKTUBYE TaKi TPAaHCKPHUIiHHI (ak-
topu sik IRF3, IRF7 i NF-«B. IlocnigoBao IRF3
1IRF7 ininitorots Tpanckpumnuito inrepdepony (IOH)
tunty [ (o0 1 B) 1 pakropa HeKpo3y MyXJIHHHU-aTIb(a
(®HIT-a) [32, 55]. ToOTO, B IMyHOKOMIIETEHTHHX
kiituHax (IKK) icHye po3ranyxkeHa cuctema CripHii-
HATTS 1 TPAHCAYKIIIi «CUTHAIIB TPUBOTWY, IO 1HIIIFO€
mupokuii HaOip wmemiatopiB BIB, 30xpema, cek-
perniro cucreMu iHTEpdEepoHiB. [HIYKINST BiAIOBIII
IOH tumy 1 HeoOXximHa 111 OOMEKEHHS IIOIIH-
peHHs BipyCy B OpradiaMi rocmomapsi Ha paH-
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flammasomes and activation of caspase 1 can
cause them to develop pyroptosis, i. e. a special
type of programmed necrotic cell death [73].

Active release through the airway epithelial cell
damaged membrane of molecular structures asso-
ciated with damage (DAMP) and pro-inflammatory
interleukins (IL) is the first stage of the cascade
immune inflammatory process that occurs in the
patients with SARS-CoV-2 [73].

Alveolar macrophages and epithelial cells, in
particular involved into host IIR, are able to detect
DAMP and various pathogen-associated molecular
structures of the virus (PAMP — viral RNA and pro-
teins) using the following pattern recognition re-
ceptors (PRR): Toll-like receptor (TLR)); Nod-like
receptor (NLR); RIG-I-like receptor (RLR) [73].
They are located in the corresponding cell com-
partments and implement non-specific host IIR. Dif-
ferent structural units of the virus are recognized
by the corresponding PRR. Thus, the coronavirus
spike protein S is recognized by TLR-4. This interac-
tion is performed with the involvement of the adap-
ter protein MyD88, which activates the transcription
factor NF-xB and the system of pathogen-activated
protein kinases, which further enhances the syn-
thesis of pro-inflammatory cytokines [46].

The RNA virus nucleic acid is detected through
both TLR-3 and RLR receptors, which are cyto-
plasmic sensors capable of ‘switching’ intracellular
signaling cascades that activate such transcrip-
tion factors as IRF3, IRF7 and NF-kB. Sequentially,
IRF3 and IRF7 initiate the transcription of inter-
feron (IFN) type I (o and ) and tumor necrosis
factor-alpha (TNF-a) [11, 46]. Namely, in immune
competent cells (ICC) there is an extensive system
of perception and transduction of ‘alarm signals’,
which initiates a wide range of IIR mediators,
in particular, the secretion of the interferon system.
Induction of the IFN type I response is necessary
to limit the spread of the virus in the host at the
early stages of its invasion. These interferons
mediate the direct antiviral effects of IIR and AIR
by restricting virus replication. Since the main
route of SARS-CoV-2 virus entry is the upper res-
piratory tract, then NALT (nasal-associated lym-
phoid tissue, NALT) is directly involved into the
recognition and destruction of respiratory patho-
gens. Of particular importance is the fact that
information about events developing in NALT, is
transmitted in various forms to remote areas of
the immune system peripheral and central or-
gans.

One of the pathogenetic signs of COVID-19
expansion is the ability to inhibit ICC function,
which causes untimely onset of type I interfe-




HiX cTamisx Woro iHBazii. Li iHTepdeponu omoce-
penKoBYIOTh psiMi ipoTuBipycHi epext BIB 1 AIB,
oOMexytoun perikanio Bipycy. OCKiJIBKH OCHOB-
HUH nuiax notpamsiHHsA Bipycy SARS-CoV-2 B
OpraHi3M — BEpXHI JWXallbHI NUIAXH, TO Oe3Mo-
CepeNHIM YYaCHHKOM pPO3Ii3HABAHHS 1 3HUIICHHS
pecmipatopaux natoreHiB € NALT (nasal-associated
lymphoid tissue, NALT). OcoGnuBy 3Ha4yIIicTh Ma€e
TOW Qakrt, mo iHdopMmalis Npo Moiii, sSKi PO3BHU-
BatoTbesi B NALT, TpaHcimoeTbess B pi3HIA dopmi
y BifJlaieHi JUISTHKY epuepruuHuX i eHTPaIbHUX
OpTraHiB IMyHHOT CHCTEMH.

OnHi€l0 13 [MAaTOT€HETHYHUX O3HAK EKCIIaHCIl
COVID-19 € 3parHicTh A0 NpUTHIYEHHS (YHKLIT
IKK, mo BHUKJIMKAa€E HECBOEYACHUM MOYATOK CHUHTE-
3y I®H tuny 1 [82], mo3Bossroun Bipycy aKkTHBHO
perutikyBarucs. [lpu 1boMy iHTEHCHBHE BiTHOB-
nenus cuaTesy IOH Tumy I y BigcTpokoBaHmii 1me-
piox ToTipIIye KITIHIYHAA CTaH MAIliEHTIB Ha TITi 3a-
TaJIBHOTO AUCOAIaHCy IUTOKIHIB [82].

[Moxi6uo mo inmmx BipyciB SARS-CoV i MERS-
CoV s3parni [48] Brpywartucst B repefady CHUTHAJIB
I®H tuny I, yHuMKaiouum OpOTHUBIPYCHOI BigMOBifi
imynHoi cuctemu. Tax, crpykrypHi (E, M, N) 1 noromix-
Hi (ORF-3b, ORF-6, ORF-7a, ORF-9) Ginku kopoHa-
BipyCy peasi3yloTh Pi3HOMaHITHI MEXaHi3MH IpHI-
HiueHHs iHTepdepoHorenesy. Hampuknan, ORF3b
i ORF-6 3marni ranemyBaru ¢yskmiro IRF-3 — on-
HOTO 3 (DaKTOpiB, IO PEryJaIOIOTh CHHTE3 IHTEp-
tdepony [50]. Kpim TOrO, CTpyKTypHHU Oimok N
Bipycy Moxe oomexxyBaTu cuHte3 IOH tumy [ ms-
XOM 3B’SI3yBaHHS 3 YYTJIMBHM MPOMOTOPOM TeHa
NF-xB. V¥ xynbrypi KJIITHH in Vitro TpOJEeMOHCTPO-
BaHO 3/IaTHICTh ManaiHOMOMIOHOT MpoTeas3u, sKa €
YaCTUHOIO NSp3 KOpPOHaBipycy, MpHUIHIYYBaTH Ce-
kpewito [OH-B xniThHamMuM ToOCmOmaps IUIIXOM
onokyBanHs Oinka STING (Stimulator of interfe-
ron genes) — CTUMYJIsITOpa TreHiB iHTepdepony [60].
Binomo, mo I®H tuny I (o i B) i MeHIIO Mipoto
I®OH Tuny I (y) 3matHi 10 cTUMyNSMii reHa, SKAN
BiamoBizmae 3a ekcrnpecito ACE-2. B ymoBax rimep-
nponykiiii Takux MemiatopiB mpu COVID-19 xii-
THHA TOCTOAApsS MOXYTh OyTH Ime OuTbmn ypa-
snuBuMu it SARS-CoV-2 [97]. Jauuii  ¢akr
CBITUUTh PO HEOOXIJHICTh MOJAIBIIOIO JOCHII-
skeHHs B3aemonii SARS-CoV-2 i3 BIB.

BinbiicTe TpOTUBIPYCHUX IMYyHHHX peakuiil €
1HTEpQEePOH-ONOCEPEKOBAHUMH, TPOTE HE BHK-
JIOYEHA peajri3alisi NPOTHUBIPYCHOIO 3aXMCTy 1 3a
IHIIMMKU HampsMKamu. Tak, micis BBEOEHHS pe-
koMmOiHaHTHOTO TTaMy SARS-CoV (MA15-SARS-
CoV) nokaytHum 1o penentopam [IOH [ rta 11
THIIIB MHIIIAM CIIOCTepiraiiacsa KIiHIYHA KapTHHA,
npuTaManHa Mummam aukoro ¢erorumy [39]. Ilo-
SCHEHHSIM TIONIOHOTO (peHOMEeHa MOXKe OyTH peai-

ron synthesis [77], allowing the virus to actively
replicate. In this case, the intensive resumption
of the synthesis of IFN type I in the delayed period
worsens the clinical condition of patients on
the background of a general imbalance of cytoki-
nes [77].

Viruses, in particular MERS-CoV and SARS-
CoV-2, are able to interfere with the transmission
of type I IFN signals, avoiding the antiviral res-
ponse of the immune system [36]. Thus, structural
(E, M, N) and auxiliary (ORF-3b, ORF-6, ORF-7a,
ORF-9) proteins of the coronavirus implement va-
rious mechanisms of inhibition of interferonoge-
nesis. For example, ORF-3b and ORF-6 are able to
inhibit the function of IRF-3, which is one of the
factors, regulating interferon synthesis [38]. In ad-
dition, the structural protein N of the virus can
limit the synthesis of IFN type I by binding to the
sensitive promoter of the NF-kB gene. In vitro cell
culture has demonstrated the ability of a papain-
like protease, which is part of the coronavirus nsp3,
to inhibit IFN- secretion by host cells by blocking
the STING (stimulator of interferon genes) [53].
It is known that IFN type I (o and B) and to a lesser
extent IFN type II (y) are able to stimulate the gene,
responsible for ACE-2. Under conditions of hyper-
production of such mediators in COVID-19, the
host cells may be even more vulnerable to SARS-
CoV-2 [97]. This fact suggests the need for fur-
ther study of the interaction of SARS-CoV-2 with
IIR.

Most antiviral immune responses are interfe-
ron-mediated, but the implementation of antiviral
protection in other areas is not excluded. Thus,
after administration of a recombinant strain of
SARS-CoV (MA15-SARS-CoV) to knockout IFN I
and II receptors, a clinical picture of wild-type
mice was observed [19]. This phenomenon may
be explained by the implementation of IFN-inde-
pendent mechanisms of antiviral response, in par-
ticular through interfering microRNAs [7], the
system of defensins [59], cathelicidins (LL37) [63]
etc.

The nature of antagonism in the virus-organism
system remains to be elucidated, but the versatile
inhibitory activity of SARS-CoV-2 on antiviral
immunity is striking and alerting. Previously, in
vitro data have been obtained indicating the abi-
lity of SARS-CoV to inhibit interferonogenesis,
directly targeting the mitochondria of epithelial
and embryonic lung cells and monocytes [68]. The
authors proved that the SARS-CoV virus ORF-
9b protein, localized on the outer membrane of mito-
chondrial cells, caused their elongation by ubi-
quitination and proteosomal degradation of DLP1
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samiss [OH-He3ane:xxHUX MeXaHI3MIB MPOTHBIpYC-
HOi BiAMOBixi, 30KpeMa depe3 iHTepepyrodi MIKpo
PHK [28], cucremy nedeHcuHiB [65], KaTeminuam-
HiB (LL37) [69] Tomo.

[Ipupony aHTaroHisMy B CcHCTeMi Bipyc-opra-
HI3M III€ HAJICKUTH 3’ICyBaTH, alle 0araroBEKTOP-
HicTh iHTIOyI0U0i akTtuBHOCTI SARS-CoV-2 momo
MIPOTUBIPYCHOTO IMYHITETY Bpa)ka€ i HACTOPOXKYE.
Panimie Oynu oTpuMaHi in vitro JaHi, sKi CBig4yarhb
npo 3aatHictb SARS-CoV mnpurniuyBatu iHTEp-
(bepoHoreHes, OE3MOCEPEAHBO TAPTETYHOUH MITO-
XOHIpIi emiTemadbHUX 1 eMOpIOHANBHHUX KIIITHH
JIeTeHb Ta MOHOIUTIB [ 74]. ABTOpH TOBEIH, 1110 O1JIOK
ORF-9b Bipycy SARS-CoV, sikuii nokanizyeTbes Ha
30BHIITHIA MeMOpaHi MITOXOHIPIH KIIITHH, BUKIIH-
Kae iX eJIOHTAIlll0 INUIIXOM YOIKBITHHYBaHHA Ta
mpoteocoMHoi aerpagamii Oinkie DLP1 (dynamin-
like-protein 1), sxi B HOpMi 3a0€3MEUYIOTH MO
MiToXOHIpiH. ITocTiIOBHO peani3yroun CBOIO «aHTH-
MITOXOHJIpiaJIbHY» aKTUBHICTD Yepe3 Pl aJanTepHUX
MOJIEKYJI, BipyC MPUTHIYYE MPOAYKIIIO iHTEpPEepoHy
B 3apaxeHuxX KiiTuHax [74]. Bimemr Toro, minBu-
menHst piBHs ekcnpecii ORF-9b npuoauts 10
ayrodarii kmituH. Lle miaTBepaxKye 31aTHICTD Bipycy
nopyuryBatd (i3ioNoriuHUi CTaH MITOXOHIPIH KITi-
THH TOCIoAapsi, TOOTO BHMKJIMKATH KOJONTOIIHHIMA
CTaH MiTOXOH/IPiH.

[TouarkoBi eramm axtuBanii BIB opranismy 3a
YMOB BipycHOT iH(eKIii y BUIVISAI 3analibHOI peak-
mii € (i3i0IOTiYHNM TIPOIIeCOM. Y TIEPBUHHOMY BOT-
Humii iHGekmii krituan BIB, 30kpema HeiTpodinn
Ta Makpo(aru, NpoayKylTh aKTHBHI (JOPMH KHUCHIO
(ADK), sIKi T ICHITIOIOTH IMYHHI TPOTHUBIPYCHI peak-
11ii Ta BUKJIMKAFOTH 1HTIOIII10 perutikaltii Bipycis [33].
Kpim nporo, ADK HeoOXimHI Jyis 3alycKy mexa-
Hi3MIB JuQepeHLiloBaHHS T-KIITHH IUIIXOM aKTH-
Bamii NFAT (nuclear factor of activated T-cells) [47].
aexHo Bix koHueHtpamnii ADK i BigmosigHHX
oinkiB-maptHepiB, NFAT Oepyth yvacte y op-
MYBaHHI BCbOTO KOHTUHYYMY T-KIIITHH, aKTHBYIOUH
IMyHHY BiZlOBifib a00 BUKIMKAIOYHA IMyHHY TOJE-
paHTHICTE. binmemn Toro, mokazano, mo ADK Bimir-
paloTh HAWBAXIMBINIY pOJb y TPSAMIiA OMocepen-
KoBaHiil T-perynsTopHuMu (Tper) KIIITHHAMH CYTIpecii
epexropaux CD4" T-nmimpouwmrie [47]. Takum uu-
HOM, 3alie’)kHO Bi (asu 3amanpHOro npouecy ADK,
OCHOBHMMH TIPOAYLHMTAMHU SIKUX € MITOXOHJPIi,
MOXYTh 3amo0iratu abo CTUMYJIOBAaTH PO3BUTOK
ayTOIMyHHHUX CTaHiB [44].

VY kmipeHci KopoHaBipycy BaxinuBoro € i AlB.
Eniminanis iH]iKoBaHMX BipycOM KIITHH Big0y-
BAaETHCS 32 YYaCTIO 1 3a YMOB KOOIIEPaTHBHOL
B3aeMoii Pi3HUX THIMIB T-KIITHH, BKIIOYAIOUN ITH-
TOTOKCHYHI Bipyc-cienudivunai T-mimborurn Tta B-
KJIITHHH, SKi TICIS KOHTAKTy 3 QHTHTCHOM 3IaTHi
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proteins (dynamin-like protein 1), which normally
provide mitochondrial division. Consistently imple-
menting its ‘antimitochondrial’ activity through
a number of adapter molecules, the virus inhi-
bited interferon production in infected cells [68].
Moreover, increased expression of ORF-9b led to
cell autophagy. This evidences the ability of the
virus to disrupt the physiological state of the mito-
chondria of host cells.

The initial stages of IIR activation in the body
when viral infection as an inflammatory response
is a physiological process. In the primary focus of
infection, IIR cells, in particular neutrophils and mac-
rophages, produce reactive oxygen species (ROS),
which strengten immune antiviral responses and
virus replication inhibition [12]. In addition, ROS
are required to trigger the mechanisms of T cell
differentiation by activating NFAT (nuclear factor
of activated T cells) [35]. Depending on the ROS
concentration and the corresponding partner pro-
teins, NFATs are involved into formation of the
entire continuum of T cells, activating the immune
response or inducing immune tolerance. Moreover,
ROS have been shown to play a critical role in
direct T-regulatory (T, _)-mediated suppression of
effector CD4" T-lymphocytes [35].Thus, depending
on the phase of the inflammatory process, ROS,
the main producers of which are mitochondria,
can either prevent or stimulate the development
of autoimmune reactions [32].

The AIR is also important in the coronavirus
clearance. Virus-infected cells are eliminated with
the participation and cooperative interaction of dif-
ferent types of T cells, including cytotoxic virus-
specific T lymphocytes and B cells, which after con-
tact with the antigen are able to differentiate
into plasma cells and produce specific antiviral
immunoglobulins [69].

It is important to increase the synthesis by IIR
and AIR cells of a number of proinflammatory
cytokines, especially IL-17, which recruits neutro-
phils and monocytes from the blood stream into
the site infection [92]. This explains the lymphopenia
and the significant change in the ratio of neutro-
phils to lymphocytes that occurs in approximately
80% of patients with SARS-CoV-2 [60].

Virus-induced immune inflammatory process is
accompanied with hyperproduction and hyperac-
tivity of ROS, causes the death of both virus-infected
body cells and ICCs, which actively migrate into
inflammation foci, as well as are involved into
antiviral protection [9]. Massive death of ICCs is
accompanied by the so-called ‘immune starvation’
of the tissues, taking into account that the ICCs
act as trophocytes [6]. In a whole there is observed




IudepeHLioBaTUCs y TIa3MaTHyHi KIITHHU Ta MPo-
OyKyBaTh cnenugiyHi aHTUBIPYCHI IMyHOTJIOOY-
niny [75].

BaxnuBuMm € 30iIbIIEHHS CHHTE3Y KIITHHAMHU
BIB i AIB Hu3k# mpo3anaibHHUX [IATOKIHIB, 0COOIMBO
I-17, sxuil pexkpyTye 3 KpOB’SIHOIO pycia HEHUTpO-
¢imu 1 mMoHormTH B caWT iHpikyBaHHS [92]. Llum
MOSICHIOIOThCS JTIM(OTIEHIST 1 CyTTEBa 3MiHA CITiB-
BiHOIICHHST HeHTpodiniB 1 JiMdonuTie, Mo Ccro-
crepiraerses npuonmu3Ho y 80% marieHTtis i3 SARS-
CoV-2 [66].

Bipyc-innykoBaHuii iMyHO3ana bHHUN MPOLIEC, SIKUH
CYNPOBOKYETHCS TIEPIPOLYKII€IO 1 TinepaKTUBHI-
ctio ADK, Bukimkae 3arn0enp sK 3apakeHUX Bipy-
coM KiiThH opraHizmy, Tak ¥ IKK, mo nakommum-
JUCS Yy BOTHMILI 3amajieHHs Ta OepyTh y4acTb y
npotuBipycHoMy 3axucti [30]. MacoBa 3armOenb
IKK, cymIpoBOMKYETHCS TaK 3BAaHUM «iIMYHHHUM TOJIO-
TyBaHHSIM» TKaHUH, 13 ypaxyBaHHsIM Toro, mo IKK
MOXYTh BUCTymatu sk Tpodomuru [1]. ¥V 1mimomy
CIIOCTEPITaEThCsl  PO3BUTOK  JHC(YHKIIIOHATBHOTO
CTaHy CIIeIiali30BaHOT TKAHMHU IMyHHOT CHCTEMHU.

Ha choromni TOYHO HE BIiZOMO, 4YM 3apaxkae
SARS-CoV-2 Oynp-siki iMyHHI KJIITHHH, X04a HEBe-
JIMKHUN BiJICOTOK MOHOLMTIB / MakpoQariB y JereHsx
excripecytoTb ACE-2 i MoxxyTb OyTH MOTEHUIHHOIO
mimenHro SARS-CoV-2 [78]. ¥V upomy BUNAAKY
npsiMe 3apakeHHs Ta pyiiHyBanHS IKK Bipycom
TAKO)X MOXE BHKJIHMKATH IUCPETYISITOPHUNA CTaH
IMyHHOI CHCTEMH, OT)Ke OOTSDKYBaTH 1 TIPOJIOHTYBa-
TH Tiepedir BipycHoi iH(ekii. [Tpomonrariiss BUBLIb-
HEHHS B IIMX YMOBaxX TIPO3alaJlbHUX ITMTOKIHIB,
ocoOmmBo ®HII-0, iHIyKy€e PO3BUTOK alloNTO3y 1 3aru-
0eIb KITITHH y TIGPBUHHOMY BOTHHMIII iH(eKIii [30].

HanmipHa cekperiisi mpo3anajibHUX MeEAiaTopiB
(I®H-0, I®H-y, IOH-18, UI-6, UI-12, UJI-18, LI-
33, ®HII-0, ®HII-f Tomo) i xemokuHiB (CCL2,
CCL3, CCLS5, CXCLS8, CXCL9, CXCL10 Tommo),
mo crocrepiraetbes npu  excrnancii COVID-19,
MIPU3BOIUTH 10 PO3BUTKY TaK 3BAHOIO «IUTOKIHO-
Boro mropMy» [56]. Konmemiis «IIUTOKIHOBOTO
LITOPMY» IIPU PO3BUTKY IMYHO3aNaJIbHOIO IPOLECY
Oynma Bmepme mpenctaBieHa B podori J.L. Ferrara
Ta cmiBaBT. [37] 1 acomiroBanacs 3 MOPYIICHHIM Oa-
JIAHCY TPO- 1 MPOTH3aNaIbHUX MeiaropiB. Y BUNA-
ky COVID-19 «IIuTOKIHOBUI IITOPM» aCOIIOETHCS
SIK 13 UcOallaHCOM, TaK W 13 HAAMPOAYKIIE TPO-
3aManbHUX [UTOKIHIB, IO € MPUYMHOI0 BHHUKHEHHS
y TaMLi€HTIB TOCTPOTrO PECHipaTOpHOTro AUCTPEC-CHHI-
pOMY Ta IOJIOPraHHOI HEJOCTATHOCTI, SIKi Y BaXKKHX
BHITaJIKaX MPHU3BOASTH JIO CMEPTi XBOpHX [56].

CrnigzayBaxknty, moy 1997-2002 pp. ameprkaHCh-
KUM BYEHHUM BJAJOCS BIATBOPUTH TI€HHY CTPYyK-
Typy Bipycy Tpully («iCITaHKa»), SKHH CHaJIaxXHyB
y Oarateox kpainax B 1918 p. [68]. 3 Tim momep-
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a development of dysfunctional state of the specia-
lized tissue of immune system.

To date it is unknown whether SARS-CoV-2
infects any immune cells, although a small percen-
tage of monocytes / macrophages in the lungs
express ACE-2 and may be a potential target of
SARS-CoV-2 [73]. In this case, a direct infection
and destruction of the ICCs by the virus can also
deregulate the immune system state, and therefore
aggravate and prolong the course of viral infection.
Prolongation of the release of pro-inflammatory
cytokines under these conditions, especially TNF-a,
induces the development of apoptosis and cell
death in the primary focus of infection [9].

Excessive secretion of pro-inflammatory media-
tors (IFN-a, IFN-y, IFN-1B, IL-6, 1L-12, IL-18,
IL-33, TNF-a, TNF-B, etc.) and chemokines (CCL2,
CCL3, CCL5, CXCL8, CXCL9, CXCLI10, etc.),
which is observed during the expansion of COVID-
19, leads to the development of the so-called
‘cytokine storm’ [47]. The concept of ‘cytokine
storm’ in the develoment of immune inflammatory
process was first introduced by J.L. Ferrara et al.
[17] and that was associated with imbalance of
pro- and anti-inflammatory mediators. In the case
of COVID-19, the ‘cytokine storm’ is associated
with both imbalance and cytokine overproduction,
which causes patients to develop acute respira-
tory distress syndrome and multiple organ failure,
in severe cases leading to their death [47].

It should be noted that in 1997-2002, American
scientists were able to reproduce the genetic struc-
ture of the influenza virus, which broke out in many
countries in 1918 (‘Spanish flu’) [62]. Samples
of biomaterial were obtained from the bodies of
those who died of this epidemic in Alaska laid in
permafrost for almost 60 years. In 2007, a group
of scientists from Canada, the United States and
Japan [37] published the results of experiments
in monkeys. It has been shown that monkeys in-
fected with this reproducible virus developed flu
symptoms in 1918. Animals died with severe signs
of a ‘cytokine storm’ associated with IIR deregula-
tion. The authors suggested that the predominant
deaths of young healthy people during the 1918
pandemic were also the result of the development
of hyperactive IIR. These data suggest the need
for a more thorough analysis of the age depen-
dence of resistance to SARS-CoV-2 virus. This
information also has a ‘cryobiological aspect’, na-
mely: the resistance of the ‘Spanish flue’ virus to
the effect of sub-zero temperatures is demonstrated,
which is also characteristic of the influenza A / Vic-
toria virus (H3N2) [80]. The fact of ‘resuscitation’
of functional potential of the virus, which has
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TUX Bif i€l emimemii Ha AJSICI, SKi TpoJiexka-
aM y BiYHIA Mep3noTi Maibke 60 pokiB, Oyno
oTpuMaHo 3pa3ku Oiomarepianxy. Y 2007 p. rpyma
BueHux i3 Kanamu, CIIA Ta Smownii [49] omyOmi-
KyBajla pe3yJabTaTd EKCHEpUMEHTIB Ha MaBIax.
[Tokazano, 1m0 y MaBII, iHpIKOBaHUX UM BiATBOpE-
HUM BIpyCOM, PO3BHHYJIACSl CHUMIITOMATHKa TPHUILY
1918 p. TBapuHU BMHpann 3 BHPAKCHUMH O3HaKa-
MU «IIMUTOKIHOBOTO IITOPMY», aCOIiHOBaHOTO 3 JHC-
perymsuiero BIB. Apropu mpumycTHiu, 1o mepe-
BayKHa 3aru0eiib MOJIOIUX 3JI0POBUX JIFOJEH IMiJl yac
nangemii 1918 p. Takox Oyna HacHiKOM PO3BUTKY
rinepaktuBHoi BIB. Lli maHi opieHTYyIOTb Ha HEOO-
XiJIHICTh OUIBII PETENILHOTO aHajii3y CTIHKOCTI 0
Bipycy SARS-CoV-2 pi3HHuX BIiKOBHUX KaTeropii Ha-
ceneHHs. HaBenmeHa indopmariis Mae i «kpioGioso-
riYHAN acmekT». J|eMOHCTpYeThCs CTIMKICTh Bipy-
Cy «ICITaHKW» N0 Iii CyOHyNEeBHX TeMIIeparyp, IIo0
nmpuTaMaHHa W Bipycy rpuiy mTamy A/BikTopis
(H3N2) [21]. «Peanimaris» (yHKIIOHAIBHOTO TIO-
TEHI[IAJIy BIpYyCy, SIKHH MPOTArOM 0ararboxX PpOKIB
nepeOyBaB y BiUHIA Mep3JI0Ti, Ta HAsSBHICTh «3ara-
CiB» BipyC-BMICTHOTO Marepiajy B Cy4acHHX YMOBax
[JI00QJIBHOTO TIOTCIUTIHHS MOXYTh OyTH 3arpo30r0
JUIs1 HABKOJIMIIHBOTO CEPEeIOBHILIA.

Imynozanansnuit npouec npu COVID-19 cynpo-
BOJDKYETHCS «IIUTOKIHOBHM IITOPMOMY 1 ITiJIBHIIIE-
HUM QopmyBaHHAM Ha #oro T ADK. Tpusane i
HEKOHTPOJIbOBAHE iX MPOAYKYBAaHHS IPHU3BOAUTD
JI0 OKUCHIOBaJIbHOT Momu(ikarlii Bcix 0e3 BHHATKY
OinkiB opranizmy [51]. Tak, ampaerimHi MPOIYKTH,
o (GOpMYIOTBCSl B TIPOIIECi MEPEKUCHOTO OKUCHEH-
s mimigiB (ITOJI), ronoBHUM YUHOM 4-TiIPOKCH-
2-aJKeHaIN, MOXKYTh BUKJIMKATH MOJH(]IKAIiI0 4eT-
BEPTUHHOI CTPYKTYpU BJIACHHX OUIKIB OpraHizmy 3
MOSIBOI0 «HOBUX» IMYHOTEHHHUX €MITOIIB, HAJar04YH
iM BHCOKOIMYHOT€HHI xapakrtepucTuku. Lle npus-
BOIOUTH 110 3allyCKy ayTOIMyHHHX peakuiii B opra-
HI3MI BIpyCOHOCISl i, SK HACIiJOK, /O PO3BHUTKY
ayToiMyHHHUX 3axBopioBaHb (Al3) [47]. I[ammmun
CJIOBaMH, iCHYIOTh yCi IEpEAyMOBH TOTO, III0 PO3BH-
tok COVID-19 Oyne mopymryBaTH iMyHHY TOJIe-
PAHTHICTH Ta IHIMIIOBATH ayTOIMYHHI TPOIIECH.

Byno 3ampomoHOBaHO KiTbKa MEXaHI3MIB pPO3-
BUTKY BIpYyC-IHAYKOBaHHMX ayTOIMyHHHX peaKIlii
1 XpoHi3amii 3amajieHHss B OpraHi3Mmi rocmojgaps,
HaBiTh Micis KIipeHcy Bipycy [64]. OqHuM i3 HUX €
«CTITOMHE PO3IMOBCIO/DKEHHS» aHTHTCHIB («epitope
spreading») — mporec, micist IKOTo BUBUILHEHI B pe-
3yNbTaTi TONIKO/DKEHHSI TKaHWH abo MoaudikoBaHi
mig giero AOK ayToaHTHUTeHH BUKIMKAKOTH de novo
aKTHBamio ayropeaktuBHUX T-rmituH [64]. Llel mpo-
LieC MPU3BOMUTE 10 3pUBY HPHPOJHOI TOIEPAHTHOCTI
Ta po3BUTKY pizHUX Gopm AI3 [5]. Ilomibue «ermi-
TOIMHE PO3MOBCIOPKEHHS CIOCTEPIraeThCsl, HaIpHK-
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been in permafrost for many years, and the pre-
sence of such ‘stocks’ of virus-containing material
in today’s global warming can be a threat to the
environment.

The immune inflammatory process in COVID-19
is accompanied by a ‘cytokine storm’ and increa-
sed formation of ROS on its background. Prolon-
ged and uncontrolled production leads to oxidative
modification of all proteins in the body with
no exception [42]. Thus, aldehyde products formed
in the lipid peroxidation (LPO), mainly 4-hyd-
roxy-2-alkenals, can lead to modification of the
quaternary structure of the body’s own proteins
with the emergence of ‘new’ immunogenic epito-
pes, granting them highly immunogenic characte-
ristics. This leads to the initiation of autoimmune
responses in the virus carrier body and, as a con-
sequence, to the development of autoimmune di-
seases (AIDS) [35]. In other words, there are all
the prerequisites that the development of COVID-19
will disrupt an immune tolerance and initiate
autoimmune processes.

Several mechanisms have been proposed for
the development of virus-induced autoimmune reac-
tions and chronic inflammation in the host, even
after virus clearance [57]. One of them is epitope
spreading, a process in which autoantigens released
as a result of tissue damage or modified by ROS
cause de novo activation of autoreactive T cells
[57]. This leads to the disruption of natural tolerance
and the development of various forms of AIDs [24].
Such ‘epitope spreading’ is observed, for example,
in the tumor cryoablation after cryomodification
of tumor antigens, which increases the immuno-
genic properties of solid tumor cells [25].

The process of ‘epitope spreading’ in COVID-19
expansion can affect various structures of ICCs,
including their membrane receptors, which disrupts
the ability to cell-to-cell interaction of the latter
(cell-to-cell cooperation). This causes a change in
the functional activity of the ICCs, complicating the
development of the immune system deregulatory
state [1].

The initiation and implementation of immune
responses against the body’s own proteins in the
active phase of viral infection can be enhanced
by molecular mimicry, i. e. the existing homology
of antigenic determinants of viruses with host pro-
teins. It has been shown that only one immuno-
genic epitope of SARS-CoV-2 has no structural
similarity to human proteins [50]. Other epitopes
may develop a ‘cross’ immune response in the form
of autoimmune ones, which target the structures
of the host organism. This may explain the extre-
mely severe complications in some organs and
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Jan, 3a KpioaOnamii HOBOYTBOPEHb MicCIlsi KpioMo-
mudikanii MyXJIMHHUX aHTUTEHIB, fKa IMiABUIIYE
IMYHOTCHHI BJIaCTUBOCTI KJIITHH COJITHHUX MyXJIFH [6)].

[Iporuiec «emiToMHOro PO3MOBCIOKEHHS» B yMOBax
exkcnaucii COVID-19 moxke crocyBatucsi pisHHX
crpykryp IKK, Bkmrowarounm ix MeMOpaHHI perien-
topu. lle mopymIye 3maTHICTH MO0 MDKKIITHHHOT
B3aemoii ocranHix (cell-to-cell cooperation) i 00y-
MOBJIIOE 3MiHY (yHKIIoHaIbHOT akTUBHOCTI IKK,
OOTSDKYIOUM PO3BUTOK JIHUCPETYISATOPHOTO CTaHy
iMyHHOT cucremu [23].

3anmyck 1 peanizamisi IMyHHHX peaxkUiii NnpoTH
BJIaCHUX OLJKIB OpraHi3My B akTHBHiH (asi Bipyc-
Hoi iH(pekuii MOXyTh OyTH MOCHIICHI U 3a paxyHOK
MOJIEKYJISIPHOT MiMIKpii — HassBHOI TOMOJIOTIi aHTH-
TeHHUX JIETePMIHAHT BIpyCiB i3 OLTKaMH rocrogaps.
[lokazaHo, 1m0 TUTPKM ONWH IMyHOT€HHWH eMiTOI
SARS-CoV-2 He Mae CTpPYKTypHOI CXOXKOCTi 3 Oij-
kamu JrronuHu [57]. Ha i#mni emitomm MoXe po3BHU-
BaTHUCS «TIEPEXpecHa» IMyHHa BIANOBIAL Y BUIVISIL
ayTOIMyHHUX PEaKIlifi, MIIICHIMU SIKUX CTarTh 1
CTPYKTYpH OpraHizmy rocmojaps. LluM mosicHIo0Th-
csl BKpail cepio3Hi yCKIIaJHEHHsSI B JACSKHUX OpraHax
i TkanumHax npu COVID-19, mo BHKIUKAae CyM-
HiB CTOCOBHO «0€3MEeK1» BaKLWH, SKi PO3pPOOITIOI0Th-
csl.

Takum umHOM, posb SARS-CoV-2 gk Tpurepa
3aIlyCKy B OpraHi3Mi BipyCOHOCISI ayTOIMYHHOTO
mporiecy Oesnepeuna. Jlanuii Qaxr BH3HA4Yae He-
0OX1THICTh BKJIIOUCHHS B 3araJIbHUHA MEpeiiK JiKy-
BaJlbHUX 3aXOfiB, CIPSMOBAaHWUX Ha MiHIMI3aIliI0
TAKoTO BHUAY BipycHOI iH(eKii, maroreHeTuIHO
OOIpYHTOBaHMX TMIIXOJIB 1 MpenapariB, sKi mepes-
OavatoTh JiKyBaHHs Al3.

Ha panumii yac He icHye BakuuHuH a0o crie-
uuGiuHUX JTiKyBaJbHUX 3aco0iB mpotn SARS-
CoV-2. IlpomoHy€eTbCsl 3aCTOCYBaHHS Npenaparis
npsMoi NpOTUBIpYyCcHOI Aii 3 METOI0 3HMKEHHS Bi-
PYCHOrO HaBaHTA)XEHHS Ha OpraHi3M Ha paHHIX
cramisx 3axBoproBaHHs: «PempeciBip» («Gilead
Sciences, CILIA») — aHamor HyKJIEOTHIIB BipyCHOI
PHK; «Puronagip/Jloninasip» («Ciplay, Iumis) —
1HTI0ITOPH TIpOTEa3, M0 MEePEeNIKOKAIOTh MPOHUK-
HEHHIO BIpyCy B KIITHHH TOCIOAAps; MOHOKIIO-
HaJbHI aHTHTLIA — HEHTpai3yloTh OUIKHM KarCHIy
Bipycy Tomro [90]. [IpoTuBipycHi 3aco0u Hecmelu-
¢iuHOro (IMPOKOro) crekTpa Iii (pekoMOiHaHTHI
I®H Ttumy I — «Bidepon» («Depon», Pocis), «Jlade-
pon» («HBK Inrepdapmbiorek», Ykpaina); iHmyk-
Topu iHTepdepoHiB — «AMikcun» («IHTepXim», VK-
paiHa), «Amizon» («Dapmax», YkpaiHa) CIpHUSIOTH
MIOCUJICHHIO BPOKCHUX IMyHHHX pEakuiii, THM ca-
MM OOMEXYIOTh pEIUTiKaIlilo BipyCy. AHTarosic-
TUYHI MOHOKJIOHANBHI aHTHTiNA, iHTiOyrowi LJI-1 —
«Anaxinpay («Swedish Orphan Biovitrum AB/Am-

tissues in COVID-19, which casts doubt on the
‘safety’ of the vaccines being developed.

Thus, the role of SARS-CoV-2 as a trigger in
the virus carrier body of the autoimmune process
is indisputable. This fact determines the need to
add to the general list of therapeutic measures
aimed at minimizing this type of viral infection,
the pathogenetically sound approaches and drugs
that provide treatment for AIDs.

There is currently no vaccine or specific antiviral
drug against SARS-CoV-2. It is proposed to use
drugs with direct antiviral action to reduce the
viral load on the body at the early stages of the di-
sease: Remdesivir (Gilead Sciences, USA) — ‘analogue’
of nucleotides of viral RNA; Ritonavir / Lopinavir
(Cipla, India) — protease inhibitors that prevent the
penetration of the virus into host cells; monoclonal
antibodies — neutralize the capsid proteins of the
virus, etc. [90]. Antiviral drugs of nonspecific (broad)
spectrum of action (recombinant IFN type I — Vi-
feron (Feron, Russia), Laferon (NVK Interpharm-
biotek, Ukraine); inducers of interferons Amiksin
(InterChem, Ukraine), Amizon (Farmak, Ukraine)
enhances innate immune responses, thereby limiting
virus replication. Antagonistic monoclonal antibo-
dies that inhibit IL-1: Anakinra (Swedish Orphan
Biovitrum AB / Amgen, Sweden), Arkalist / Rilo-
nacept (Regeneron Pharmaceuticals, USA), IL-6:
Tocilizumab, (Chugai Pharma Manufacturing Co.
Ltd, Japan); Sarilumab (Sanofi-Aventis, France) and
IFN-y: Emapalumab (Novimmune, Switzerland) may
be recommended for the treatment of extensive
pneumonia in COVID-19 as a consequence of a
‘cytokine storm’ [85].

An alternative treatment strategy for COVID-19
is the use of convalescent plasma containing high-
affinity antiviral antibodies [96]. The titer of neutra-
lizing antibodies is known to be sufficient only in
donors who have recently become ill, which makes
promising the use of genetically engineered drugs
with a higher proportion of neutralizing antibo-
dies [96]. However, this method of treatment can
lead to the development of the syndrome of anti-
body-dependent infection enhancement (ADIE) in
patients [74]. Thus, for B-coronaviruses, the possible
cause of ADIE may be the above-mentioned
structural-conformational instability of the pro-
tein S due to the variability of its amino acid compo-
sition and / or metastable state. Antibodies pro-
duced to the virus antigens in a vaccine with
certain antigenic (immunogenic) epitopes of pro-
tein S may lose the neutralizing property during
infection of the patient with the virus with the
modified protein. As a result, the ‘antibody-virus’
complex can provoke an enhancement of the
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geny, LBenis), «Apkanict / «Pinonauent» («Rege-
neron Pharmaceuticals», CILIA); 1JI-6 — «Tomimi-
3ymab», («Chugai Pharma Manufacturing Co. Ltd»,
SAnownis), «Capinymad» («SanofiAventisy, dpaniris)
i [OH-y — «Emanmanymad» («Novimmuney, LlIBeii-
napis) MOXKyTb OyTH PEeKOMEHOBaHI IS JTIKYBaHHS
obmmpanx mHEeBMOHIH mpu COVID-19 sgx Hac-
JIIKIB «IIATOKIHOBOTO MITOPMY» [85].

o ansrepHaruBaux MetomiB Jikyanuss COVID-19
HAJIC)KHUTh 3aCTOCYBAHHS TJIa3MH PEKOHBAJIECIICHTIB,
sIKa MICTUTh BHCOKOA(iHHI TMPOTHBIPYCHI aHTHUTIIA
[96]. Binomo, 1110 TUTP HEHTPaTi3yIOUUX aHTUTLI € JOC-
TaTHIM JIMILE Y JJOHOPIB, sIKi HEAABHO MIEPEHECIIN XBO-
poby. Llum oOyMmOBIeHa NEpPCIEKTUBHICTH 3acTOCY-
BaHHS TEHHO-IH)KCHEPHUX TIperapariB i3 OUThII BUCO-
KOI0 YacCTKOI0 HeWTpaizyrouux antutin [96]. OmHak
el MeTox JIKyBaHHS MOXKE IPHU3BECTH 1O PO3-
BUTKY Y XBOPHX CHHAPOMY AaHTHTIJIO3aJIE€KHOIO
nocuieHHs ekl (A3IID) [79]. Tak, musa B-kopo-
HaBipyciB MoxiuBoro mpuunHoio A3l moxe Oytn
BUINIE3raJlaHa CTPYKTYpHO-KOH(oOpMaIiiiiHa HecTa-
OlmpHicTh S-OifKa 3a paxyHOK BapiaOelnbHOCTI
WOro aMiHOKHCJIOTHOTO CKJajay Ta/abo MeracTa-
OimpHOTO cTaHy. AHTHUTINA, BUPOOJICHI HAa BaKIMH-
HUI BapiaHT BIpyCy 3 OAHHUMH aHTHTCHHUMH (iMy-
HOTEHHUMHM) JIeTepMiHAaHTaMu S-0ilka, MOXYTb
BTPAaTUTH 3[aTHICTH JO HEHTpamizalii Bipycy i3 BH-
JO3MIHEHNM OUIKOM TpH iH(QiKyBaHHI marieHra. Y
pe3yibTaTi KOMIUIEKC «aHTUTLIO—BIpPyCc» MOXKE CIpO-
BOKYBaTH IIOCHJICHHS 1H(EKIIHHOTO TPOIECY, HO-
IIOMararo4u BipyCy MPOHUKHYTH B MOHOIIUTH a00 Ma-
kpodaru rocriogaps [54].

OcTaHHIM YacoM 3pOCTAa€ KIIbKICTh KIIHIYHUX
JOCHIDKEHb OO0 3aCTOCYBaHHS TIpemnapariB Kili-
TUHHOI Teparii ans mikyBanus COVID-19. Taxk, cra-
HOM Ha uyepBeHb 2020 p. 3a manumu HarrioHans-
HO1 MeanuHoi Oi0mioTexkn CILIA HamigyeThCs TOHAT
80 momiOHMX KIHIYHMX IPOEKTIB, AKi 31eOUIBIIO-
r'o 30pi€EHTOBaHI HA BUKOPUCTAHHS ME3CHXIMaJIbHUX
ctoBOypoBux kiiTHH (MCK) pi3HOTO TOXOIKEH-
HA, TIepeBakHO 3 KopmoBoi kpoBi (KK) mogmam. Y
JESIKMX IPOEKTax IependadaeTbcs 3acTOCYBaH-
Hs MoHOHYKIeapHuX KiIiTHH KK, nmutotokcnuynnx T-
KiituH, aeHaputHux kimituH ([K), npupognnx ki-
nepiB (ITK) Ta MyJbTUIOTEHTHHX IIOTIEPEIHHUKIB
KK [46].

OcoOmuBictio MCK € nmoreHuiiiHa MOXKINUBICTH
ix TpaHcdopMalii y reTeporeHHi KIITHHH Pi3HHX
OpraHiB, TaK 3BaHa «IUIACTUYHICTB». YHIiKaJbHa
imyHocynpecopHa akTtuBHicTh MCK peanizyerbcs
LIISIXOM TajbMyBaHHS po3piBaHHs JIK 3a momomo-
TOI0 CeKpemii HH3KH IMyHOCYNPECOPHUX Mejia-
TOpiB — TpaHCHOPMYIOIOTO pocTOBOTO (hakTopa-f
(TP®-p), remaronmrtapHOro (hakTopa pOCTY, TIPO-
crarmananHy E2, ctumynsanii qudepeHiitoBaHHs Tper
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infectious process, helping the virus to penetrate
the monocytes or macrophages of the host [45].

Recently, the number of clinical trials on
the use of cell therapy drugs for the treatment of
COVID-19 is growing. Thus, as of June 2020,
according to the US National Library of Medi-
cine, there are more than 80 such clinical trials,
mostly focused on the use of mesenchymal stem
cells (MSCs) of various origins, mainly derived
from human cord blood (CB). Some of these trials
involve the use of CB mononuclear cells, cytotoxic
T cells, dendritic cells (DCs), natural killers (NKs)
and multipotent CB precursors [34].

The MSCs feature is the potential for their
transformation into heterogeneous cells of different
organs, the so-called ‘plasticity’. Unique is the
immune suppressive activity of MSCs, which
is implemented by inhibiting the maturation of
DC through the secretion of a number of immune
suppressive mediators, i. e. transforming growth
factor-p (TGF-f), hepatocyte growth factor, pros-
taglandin E2, stimulations of T _ differentiation
by IDO-dependent mechanism, inhibition of cyto-
toxic functions of NKs, T-lymphocytes (CD4*
and CD8 ), tissue macrophages [61]. Such properties
of MSCs and the presence of an autoimmune
component in the pathogenesis of COVID-19
focus on the use of cell therapy drugs, containing
the MSCs as an activator of the immunosuppres-
sive vector. Indeed, the experiments on AIDs the-
rapy has shown successful suppression of effector
T cells and activation of T _ after the use of
fetoplacental complex products (fetal liver, placental
cell suspensions) containing MSCs [22].

The ability of MSCs to secrete antimicro-
bial peptides (cathelicidin LL-37, beta-defensin,
lipocalin 2 and hepcidin) allows their use when
treating the infectious diseases [15]. The MSC
therapy is likely be able both prevention of
the immune system hyperactivation in the form
of a ‘cytokine storm’ through immunosuppres-
sive ‘levers’ and promotion to recover the im-
paired body tissues due to the reparative properties
of MSCs. Thus, after intravenous administration,
most MSCs are deposited in the lungs [3]. Such
the MSC homing is often considered as a restric-
tion of their use during intravenous infusion. In
COVID-19 this is an advantage of this type of admi-
nistration.

To date, the issue of MSC homing (engraft-
ment or rejection) by intravenous administration
to the recipient remains open [14, 54]. E. Eggen-
hofer et al. believe [14], that the infused MSCs
are short-life and do not leave the lung [14],
and L.A. Marquez-Curtis et al. [54] report that
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3a IDO-3a7neXHUM MeEXaHI3MOM, 1HTIOIIIT LHUTO-
tokcnunux ¢yHkuin 1K, T-mimpouutie (CD4" i
CDS8"), TkanmHHUX MakpodariB [67]. Taki Bmactu-
Bocti MCK 1 TpUCYTHICTH ayTOIMyHHOI KOMIIO-
HeHTH B maroreHe3i COVID-19 opieHTye Ha BUKOpHC-
TaHHS TpernapariB KIITHHHOI Teparii, sSKi MICTATh
MCK y SsKOCTI akTHBaropa IMyHOCYIIPECOPHOTO
BekTOpa iMyHHOI cuctemu. JlilicHO, B eKcHepu-
MEHTaIbHUX poboTax i3 Tepamii AI3 Oymo moka-
3aHO YCHIIIHY cynpecito edekropHux T-KIiTHH
1 aKTHUBAIIiO T.. TICJIS 3aCTOCYBAHHS MPOIYKTIB (e-
TOIUIAIIEHTAPHOTO KOMILIEKCY ((peTalIbHOT MeUiHKH, Cy-
CreH3i1 KIITHH TuaneHTH ), o Mictste MCK [3].
3parnicte MCK 10 cekpenii aHTHMIKpOOHHX
nentunaiB (kareminuauay LL-37, Gera-mpedencuny,
JIMOKANiHy 2 1 TeNcinHy) J03BOJSIE 3aCTOCOBYBa-
TH iX Ui nikyBaHHS iHeKniiHuX mporeciB [35].
MmosipHo, mo Ttepamis 3 BukopuctanasM MCK
MOXKE SK 3amoOiraT TilmepakTHBaIlii iMyHHOI cHc-
TEMHA Yy BUIIAI «IIUTOKIHOBOTO INTOPMY» depe3
IMYHOCYNPECUBHI «Ba)Kei», TaK 1 CHOPHUATH Bij-
HOBJICHHIO TOIIKO/DKCHUX TKAaHWUH OpraHizMy 3a
paxyHok pemapatuBHux BiactuBoctelt MCK. Tak,
micyisi BHYTPIIIHLOBEHHOTO BBEACHHS Oijblla dYa-
ctuia MCK ocinae y nerensix [25]. Takuii XOyMiHT
MCK 4acto po3misigaeTscsi sIK OOMEXEHHS iX 3ac-
TOCYBaHHSI JUId BHYTpIIIHbOBeHHOT 1H(DY3il. 3a
COVID-19 ue € nepeBaroro LbOro METOAY BBEACHHS.
Mo Tenepimuporo yacy nutanHs xoymiara MCK
(mpwxuBIeHHS a00 BIOITOPTHEHHS) TPH BHYTPIII-
HBOBCHHOMY BBEJCHHI B Oprafi3M peIuIlie€HTa
3anumraeTses Biakputum [34, 61]. Ha nymky E. Eg-
genhofer Ta cmiBaBt. [34], MCK, siki BBOIATBCS
nuisixoM  iH(QYy3ii, HETOBroBiYHI Ta HE IOKUIAIOThH
Mexi jereHb [34], a L.A. Marquez-Curtis Ta CIiiBaBr.
[61] BBaxaroTh, 110 MCK Mirpyrots y Miclisl HOIIKOA-
JKEHHSl 1 3amajeHHsl Yy BiINOBiOb HAa Taki PO3YMHHI
Meniaropy, sk xeMokiHoBui (akrop SDF-1 (Stromal
cell-derived factor-1, SDF-1). Ilpu npomy poscemneH-
Hs Oymb-skuM 1wpixoM BBeeHHX MCK (sk 1 iHImmx
CTOBOYPOBUX KIITHH) ICTOTHO 3aJIe)KUTh BiJl BH-
X1JTHOTO CTaHy OpraHi3My peIuITieHTa. 3armajabHe Mik-
POOTOUEHHS BiJlirpa€ BUPIMIANGHY POJb Yy HaOyBaH-
Hi MCK imyHoperynsTopraoi aktuBHOCTI [63]. Ilo-
Ka3aHo, 0 migBuileHui piBeHb [DH-y, ocobiu-
BO B TO€JHAHHI 31 30UTbIIeHHsIM BMicTy ®@HII-0, €
HEOOXiTHOI0 YMOBOIO aKTHBALil iMyHOCYNPECOPHOI
aktuBHocTi MCK. OpHak Ha TiIi CHOTBOPEHOTO
uutokiHoBoro npo¢into BmmB I®H-y na MCK e
HenepenOadyBanuM. LluTokiHoBHH mnpodine opra-
Hi3My BipycoHociss SARS-CoV-2 nuHamidHO 3Mi-
HIOETBCSI TIPOTSATOM Tiepediry iHdekmiifHoT XBOpo-
6u, Tomy uac BBemeHHSs MCK pernumieHTy MOXKe
BH3HAUaTH iX edekxTuBHiCTE. Came 3 HEmOCTaTHIM
piBaem [®H-y B oprani3mi BipycoHOCIiB Ha mouar-

MSCs migrate to the sites of damage and inflam-
mation in response to soluble mediators such as
chemokine factor SDF-1 (Stromal cell-derived
factor-1, SDF-1). In this case, the settlement of
the MSCs introduced by any way (as well as other
stem cells) significantly depends on the recipient’s
body initial state. Inflammatory microenvironment
plays a crucial role in the acquisition of MSC
immune regulatory activity [56]. Elevated levels
of IFN-y, especially in combination with an
increased content of TNF-a, have been shown
as necessary conditions for the activation of the
immune suppressive activity of MSCs. However,
on the background of a distorted cytokine profile,
the effect of IFN-y on MSCs is unpredictable. The
cytokine profile of the body carrying the virus SARS-
CoV-2 changes dynamically during the course of
infectious disease, so the time of MSCs admini-
stration to the recipient can determine their ef-
fectiveness. Insufficient levels of IFN-y in the body
of viral carriers at the initial stage of the disease
are associated with unsatisfactory results of intra-
venous administration of MSCs of bone marrow
origin when treating acute influenza infection
in mice [10]. In this case, the MSCs act as anti-
gen-presenting cells, without exhibiting their in-
herent immune suppressive properties.

Under physiological conditions, MSCs express
a small number of molecules of the major histo-
compatibility complex of class I (MHC I) and
are not able to express molecules of MHC class
II (MHC 1I), that indicates their low immunoge-
nicity. However, increasing the level of IFN-y
can stimulate the expression of MHC II on
MSCs membrane, leading to their rejection [2].
Another limiting factor when using the MSCs
during COVID-19 expansion is the high proba-
bility of their entry into apoptosis due to the ROS
action [87] and if pro-inflammatory cytokines
TNF-a and IFN-y are hyperconcentrated, especially
during the ‘cytokine storm’.

In addition, MSCs can be a ‘reservoir’ of
many viruses, which can lead to a risk of viral
transmission in recipients. M. Thanunchai et al.
[75] found in vitro the sensitivity of MSCs to
highly pathogenic avian influenza viruses, that
led to the loss of immune regulatory activity
by cells. However, Z. Leng et al. [44] refute
the idea of the possible infection of MSCs with
SARS-CoV-2 virus, because they do not express
ACE-2 and TMPRSS2 receptors. However, the
ability of IFN type I to stimulate the development
of ACE-2 receptors on airway epithelial cells
[97] does not preclude the possibility of initiating
its expression on the introduced MSCs under
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KOBOMY €Tami 3aXBOPIOBAaHHS IIOB’SI3yIOTh He3a-
JIOBIJIbHI PE3yJbTaTH BHYTPIIIHHOBEHHOTO BBEACH-
g1 MCK KICTKOBOMO3KOBOI'O ITOXOKEHHS IIIJI Yac
JiKyBaHHS rocTpoi iHpekmii rpumy y mumei [31].
Y mpomy Bumaaky MCK BucrymaioTe y SKOCTI
AQHTUTCHIPE3EHTYIOUMX KJIITUH, HE IPOSBIISIOUH
IIPUTAMAHHUX IM IMyHOCYIIPECOPHHX BJIACTUBOCTEH.

VY iziomoriuanx ymoBax MCK ekcrpecyioTh
HE3HAYHY KUIBKICTh MOJIEKYJ TOJOBHOTO KOMILICK-
cy ricrocymicHocti knacy [ (KT 1) i He 3xaTHi 10
excripecii monekyn ['KIT kmacy II (KT II), mo
CBIIYUTH MpO iXHIO HM3BKY IMYyHOTeHHiCTb. Of-
Hak migBumenHs piBHsa [OH-y moxe cTumymioBatu
excnpeciro I'KI' II xa MCK, npusBogsuu 10 iXHBO-
ro BigropraeHHs [24]. llle omaUM 0OMEXyBaIBEHUM
yuHHUKOM 3actocyBaHH MCK B ymoBax ekcnaH-
cii COVID-19 € Bucoka HMOBIPHICTE X BXOIKCHHS
B amomnrto3 3a paxyHok mii ADK [87] 1 3a ymoB
TiMmepKOHIIEHTparii mpo3anaisHuX nuTokiHiB OHII-o
1 I®OH-y, ocobmmBo B Iepio «IMTOKIHOBOTO IITOPMY.

Kpim toro, MCK MOXyTh OyTH «pe3epByapoM»»
0ararp0oX BipyciB, IO MPHU3BOAUTH J0 PU3HKY Bipyc-
Hoi TpaHcMicii y penumieHTiB. B ymoBax in vitro
M. Thanunchai ta cniiBaBT. [80] BUSIBUIM Yy TIUBICTH
MCK 10 BHCOKONATOI€HHHX BIpYCiB NTAIIMHOTO
IpUILY, BHACIIAOK YOr0 KIITHHM BTpadaroTh iMyHO-
perynaropHy akTuBHicTb. OnHak Z. Leng Ta criBaBT.
[53] cripocToBYIOTh AYMKY TIPO MOXKIJIHMBICTH 1HQIKY-
BanHs MCK Bipycom SARS-CoV-2, ockinbku Ha
MCK Bigcytas excmpecis pemnentopiB ACE-2 i
TMPRSS2. Tum we menm, 3matHicTs [OH Tumy I
CTHMYJTIOBAaTH HampaioBanHs penentopiB ACE-2
Ha emiTeNNalbHUX KIITHHAX IUXAIbHHUX HIIAXiB [97]
HE BUKJIFOYa€ MOXKJIMBOCTI IHIIAIl HOro ekcrpecii
Ha BBegeHnx MCK B yMoBax «IIMTOKiHOBOTO
LITOPMY» IIPH MiABUIICHHI PiBHS iHTEp(EPOHY.

VY 6epesni 2020 p. komnanist «Cellenkosy (CLLIA)
rnoyajga KIiHIYHI BUNPOOYBaHHS ILNOJO 3acCTOCY-
BaHHs BuauteHnx i3 KK perynstopaux Tper TUTSt
KOPUT'YBaHHsI TOCTPOIO PECHipaTOpHOTO AWCTpec-
CUHJIPOMY Y TIAIIEHTIB i3 Baykkoto opmoro COVID-
19, ockinpku Oyio OTpUMaHO JaHi PO BUCHAKEHHS
Foxp3* Tper TIPH TSDKKOMY TIepediry KOpoHaBipyCHOI
iadexii [66]. BimoMo, mo 1 KIITHHU BiTirparoTh
OCHOBHY pOJIb Y HETaTHBHIM peryismii HaaMmipHOI
eekropHOi (YHKIT MIMPOKOTO CIEKTpa IMYyHHHX
kiituH nipu Al3 [3, 71]. 3umkeHHs: BMICTY (1[1JIKOM
HMOBIPHO i ¢byHKLiT) T, mpu AI3 1 COVID-]?UHIC
pa3 MiATBEpAKY€e ydyacTh ayTOIMyHHHX peakiii B
arpasauii kiiHiuHuX nposisiB COVID-19 i o6rpyHTO-
BY€ BBEJICHHS CK30TCHHHX T K OIHOTO 3 METOZIB
IMYHOKOPHUTYBaHHS ITPH KopOHaBlpyCHm iHGeKmii.

Baxnueum Mapkepom Tper e CD25-monekyna,
miragaoM s skoi Bucrymae 1JI-2. CympecopHa

aKTUBHICTh Tper 3HAXOMUTKLCS B TIPSMIH 3aJeKHOCTI
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conditions of ‘cytokine storm’ when interferon
levels increase.

In March 2020, the Cellenkos Inc. (USA) star-
ted clinical trials of using the CB-derived regu-
latory T, to correct acute respiratory distress
syndrome in patients with severe COVID-19,
as the data on the depletion of Foxp3™ T _ in
severe coronavirus infection were obtained [g60].
These cells are known to play a major role in
negative regulation of excessive effector func-
tion of a wide range of immune cells in AIDs [22,
65]. Reduced content (and likely function) of
T., in AIDs and COVID-19 once again con-
firms the contribution of autoimmune responses
in aggravation of COVID-19 clinical manifes-
tations and justifies the introduction of exogenous
Treg as one of the methods of immune correction
in coronavirus infection.

An important marker of Treg is the CD25 mo-
lecule, the ligand of which is IL-2. The suppres-
sive activity of T  is directly dependent on the level
of IL-2 in a body, which determines the expression
rate of Foxp3 protein, promoting the production of
anti-inflammatory cytokines (IL-10, TRF-f) in cont-
rast to inflammatory mediators [65]. Quantita-
tive content of T with the phenotype of CD4"
CD25high and Foxp3 * cells in CC is higher than
in human peripheral blood [43]. H. Fan et al. [16]
reported about a pronounced immune suppres-
sive activity of CB T which prevented the
development of the graft-versus-host disease
(GVHD). After CB cryopreservation there is a rise
in the level of expression on T, cell membranes
of the CD25 molecule [49]. This is of a particular
interest if the cryopreserved CB is wused for
the treatment of pathologies of viral etiology,
in the pathogenesis of those there are the ‘cy-
tokine storm’ phenomena with increasing le-
vels of IL-2. In particular, there was an increased
content of T., in the spleen of animals with ge-
nital herpes after the introduction of cryopreser-
ved CB [71].

No less important from the point of view
of an antiviral activity implementing is cord
blood plasma, which contains, in particular, cathe-
licidins (LL37), e. natural antimicrobial pep-
tides of the system of the respiratory tract non-
specific protection [52]. The mechanism of their
antiviral action is assumed to be implemented via
a direct destruction of the protein shell of viru-
ses or activation of signaling cascades (via TLR),
which leads to the IIR modulation [67]. CB plas-
ma also contains protein fractions, the molecular
weight of those corresponds to that of properdin,
interferons and vy-globulins, which are characte-
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Big piBHs IJI-2 B oprani3mi, mo BuU3HA4Yae piBEHb
excripecii Oinka Foxp3, sxuil chpuse npogyKuii
nporuzananbHux murokinie  (IJI-10, TP®-B) nHa
mpoTUBary mo MexaiaropiB 3amameHHs [71]. Kinb-
kichnit Bvict T i3 Qenornmom CD4'CD25M! i
Foxp3*-xmitur y KK € BummM, HiX y nepudepnd-
Hill kpoBi moguaM [52]. Y poboti H. Fan Ta cmis-
aBT. [36] mMOKa3aHO BUPAXKEHY IMYHOCYIIPECOPHY
AKTUBHICTh T, KK, sxa 3aro0irae po3BUTKY peak-
uii «rpancruianTar npotu xazsiHa» (PTIIX). ITicis
kpiokoHcepByBaHHs KK crnoctepiraerbest miaBuIeH-
HSl piBHs ekcmpecii Ha T.. kimiTuHax CD25-morne-
kymu [15]. e npencraensie ocoOnuBHii iHTepec 3a
YMOB BHUKOpHCTaHHS KpiokoHcepBoBanoi KK s
JIIKyBaHHS MaTOJOTIH BIpyCHOI €THONOTI, B marore-
He3l SKHX TMPHUCYTHI SBHIA IIUTOKIHOBOTO IITOP-
My» 3 migBumeHasM piBHS 1JI-2. 3okpema, Bim3Ha-
YeHO 30UTBIICHHS BMICTY Tpcr y CelIe3iHIll TBapWH
13 TeHITAJIbHUM TEepPIECOM IICIas BBEAEHHS Kpio-
rxoHcepBoBanoi KK [17].

He menHm 3Hauymoo 3 TOYKH 30py peamizarii
MIPOTHUBIPYCHOT aKTUBHOCTI € TIa3Ma KOPJIOBOi Kpo-
Bi, IO MIiCTUTh, 30KpeMa, karemiruuuuau (LL37) —
MPUPOIHI AHTUMIKPOOHI MENTHAM CHCTEMH He-
cneun(piuHOro 3aXUCTy PECMipaTOPHOTO TpakTy [59].
[lepenbavaeTses, 1Mo MexaHi3M iX HPOTUBIPYCHOL
Il MOXKe peastizyBaTucs IIJISIXOM 0e3M0CcepeHbOro
pYWHYBaHHA TPOTETHOBOI OOOJOHKH BipycCiB abo
aKTUBaIlii kackaaiB curHaxroBanas (depe3 TLR), o
npu3BoauTh 10 Momyismii BIB [73]. V mmazmi KK
TaKOX MPHUCYTHI OUTKOBI (hpakitii, MOJIEKyIIIpHa Maca
SAKUX BIATOBIZAa€ MOJEKYIAPHiN Maci MpomepauHy,
iHTEepQEepOHiB 1 y-TIIOOYNIHIB, SKAM BIaCTHUBA Bipyc-
He#rpanizyroua aktuBHicTh [13, 18]. R.F. Foronjy
Ta crmiBaBT. [38] 3BepHyJAH yBary Ha MOMKIJIHBICTbH
pearnizanii nporuBipycHoi aktuBHOCTI minazmu KK
3a paxyHOK NPUCYTHOCTI B HIiH JieHiKeMisi-iHri-
Oyrouoro axrtopa (leukemia inhibitory factor,
LIF), Takox 3maTHOTO CTa0imi3yBaTH «IIUTOKIHOBUIN
LITOPM» NPH BaXKKUX THEBMOHISIX.

Taxum ynnoM, KK € 6araTokOMIIOHEHTHOIO CHC-
TEMOIO, SIKa MICTUTh TI'€MOIIOETHYHI, ME3EHXIMaJjlb-
Hi cTOoBOYpOBi Ta mudepeHIiioBaHi KIITHHH (Tper)
pa3oM i3 OUTKOBUMH CKJIAIOBUMHU TUIA3MH, IO 3y-
MOBJTIOE i1 IMyHOTPOITHI Ta IMyHOKOPHUTYIOUl BJlac-
TUBOCTI. B eKcrepuMeHTaabHUX JOCIIDKEHHAX OY-
70 TokazaHo edekTuBHicTH 3actocyBaHHs KK i ii
CKJIaJIOBUX JJISI JTIKYBaHHS IIMPOKOTO CIIEKTPa 3aXBO-
ploBaHb, 30kpema BipycHux [8, 11, 17, 19].

KpiokoHcepByBaHHs € 000B’SI3KOBUM CKJIaJOBUM
KOMIIOHEHTOM HU3bKOTEMIIEPaTypHOT0 30epiranus Ta
3aCTOCYBaHHS IIperapariB KIITHHHOI Tepartii y Kili-
HiuHi# npakTui [9]. [HIKiK HAH Ykpaian — yHikanb-
Ha yCTaHOBA, SKa BOJIOII€ 3HAYHUM IIOCBIIOM pO3-
pOOKHM TEXHOJOTIH KpiOKOHCEPBYBAaHHS TAaKUX TIpe-

rized by virus-neutralizing activity [41, 78]. R.F. Fo-
ronjy et al. [18] drew attention to the possible
implementation of antiviral activity of CB plasma
due to the presence of leukemia inhibitory factor
(LIF), which was also able to minimize severity of
the ‘cytokine storm’ in severe pneumonia.

Thus, CB represents a multicomponent system
that contains hematopoietic, mesenchymal stem
and differentiated cells (T, ) together with pro-
tein components of plasma, which determines its
immunotropic and immune corrective properties.
Experimental studies have shown the effectiveness
of CB and its components for the treatment of a
wide range of diseases, including viral ones [28, 39,
71, 82].

Cryopreservation is a mandatory stage of low-
temperature storage and use of cell therapy pro-
ducts in clinical practice [29]. The IPC&C of
the National Academy of Sciences of Ukraine
is uniquely placed to play a major contribution
towards such treatments. The applications of robust
cryobiology allows biobanking of viral isolates
with defined biological characteristics for both new
testing methods, vaccine development and more
sophisticated in vitro studies of COVID-19 actions.
It is also central to the development of novel cell
therapies which can be cryopreserved for wide-
spread clinical treatments around the globe,
aimining at both minimizing the amount of free
virus and modulating the innate immune response.
The study of the properties of human CB after
cryopreservation was started by the staff of the
Department of Cryoimmunology of the I[PC&C
NAS of Ukraine under the leadership of Prof.
A.O. Tsutsayeva [79]. During this period, there were
also performed the investigations to substantiate
the effectiveness of preventive administration of
cryopreserved human cord blood leukoconcent-
rate (cHCBL) for the prophylaxis of influenza
(strain A / Victoria (H3N2)). An intranasal route of
administration of cHCBL has been proposed [81],
the advantages of which are non-invasiveness and
possibility of both local and systemic effects on
the immune system.

The effectiveness of antiviral protection may
actually depend on the method of administration of
drugs, including cHCBL. The mucous membranes
of NALT (mouth, nose) are the main acceptors
of coronaviruses. The structural organization of
each NALT unit implements intercellular coope-
ration of T- and B-lymphocytes and antigen-presen-
ting cells [72]. It limits the spread of the virus
and performs the most important immune mo-
dulatory function, i. e. stimulates the phagocytic
activity of macrophages and the function of
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napariB Uil IIMPOKOTO BUKOPHUCTAHHS y CBITOBIH
KITiHIUHIA npakTumi. Po3poOka HOBUX METOIB Kili-
TUHHOI Tepamii i3 3aCTOCYBaHHSIM KPiOKOHCEpPBOBa-
HUX IIperapaTiB € OCHOBHUM HAIPSIMKOM AisJIbHOCTI
iHcTHTYTY. [loTy>XKHI MOXKITHBOCTI KpioOiomnorii 3a0e3-
MevyIoTh 0100aHKyBaHHS 130JIATIB BipyCiB i3 TIEBHH-
MH O10JIOTIIHIMHE XapaKTePUCTUKAMH, 10 HE0OX1THO
JUIS PO3pOOKM HOBHUX METOMAIB TECTYBaHHS, CTBO-
PEHHSI BAaKIMH Ta MPOBEICHHS OUIBII JIOCKOHATIHX
JOCII/PKeHb 1070 MeToiB JikyBanus COVID-19,
CHpPSIMOBAaHMX HAa MIHIMI3aIlil0 KiJIBKOCTI BIILHOTO
Bipycy 1 monymsuito BIB.

BuBuenns BnactuBocteil kpiokoncepoBanoi KK
JIOAMHHU OyJ0 PO3MOYaTo CHiBPOOITHUKAMHM BiII1TY
kpioimynonorii IIIKiK HAH VYkpaimm nin xepis-
munTBoM 1mpod. A.O. Ilymaesoi [20]. V ueit me-
piom TakoX TPOBOIMIUCS MOCTIIKEHHS 3 METOIO
0OTpyHTYBaHHS €(DEKTHBHOCTI TPEBCHTHBHOTO BBE-
JICHHS1 KPIOKOHCEPBOBAHOIO JIEMKOKOHLIEHTPATy KOp-
noBoi kposi sronuaM (KJIKKJI) ams mpodinak-
tuku Tpury (mram A / Bikropis (H3N2)). Byno
3allpOIMIOHOBAHO 1HTpaHa3aJlbHUN CIOCIO BBEACHHS
kJIKKJI [22], mepeBaramMu sSKOTO € HEIHBa3MBHICTb
1 MOMJIUBICTH SIK MICLEBOIO, TaK 1 CHCTEMHOTO
BIUIMBY Ha IMyHHY CHUCTEMY.

JiiicHO, e(eKTUBHICTb NPOTUBIPYCHOTO 3aXUCTY
MOXeE 3aJIeKaTH BiJ CIIOCOOy BBEIEHHS JIIKYBaJIbHUX
nperaparis, 3o0kpema i kJIKKJI. CinzoBi o6onmoHKH
NALT (por, HIC) € OCHOBHHMH aKIIETITOPAMH KOPO-
HaBipyciB. CTpYKTypHa OpTaHi3allis KOXKHOT OJUHHIT
NALT peanizye MOKKTITHHHY Koorepariito T- i B-
JMiM(GOIMTIB 1 aHTUTEHNPE3CHTYIOUNX KITHH [77].
Came BOHa OOMEXY€E TOIIMPEHHS Bipycy 1 BUKOHYE
HaBaXJIMBINIY IMyHOMOIYIIO04Y (DYHKIIIO — CTH-
MYyIIO€ (harouuTapHy akTHBHICTH Makpodaris i pyHK-
unito [MK-kmiTiH BigHOCHO 1H(IKOBaHHMX KIITHH
rocniozpaps. [lpucyrni B NALT mikpockiamgacTi Kii-
tuHU (M-KITITHHUW) 31aTHI miepenaBatd B JriMdoin-
Hy TKaHWHY Oyib-iKi BUAM aHTUTEHIB 0e3 iXHBOI
nerpananii. [arencuBauit 06Mmin IKK mix mimdpoin-
HUMH CTPYKTYpaMH, SKi JIOKaJi3ylOTbCS B PI3HHUX
JUISHKAX CIIM30BUX OOOJIOHOK, Ja€ MOXKJIMBICTh
pO3BUBATH iHTErpaIiiiHy OararornpodisbHy IMyHHY
BIJNOBIZIb Ha BipycHY iH]ekito, 30kpema SARS-
CoV-2.

[HTpaHa3zanbHa BaKIUWHALIS MOXE CTUMYIIOBa-
TH SIK JIOKQJIbHY (B MICIIl KOHTAaKTy CJIHM30BOI 000-
JIOHKH 3 1H(EKI€r0), TaK i CUCTEMHY IMYHHY pe-
aKIilo OpraHi3My, y BHUIVISIII YTBOPEHHS aHTHTLN,
aKTUBAIll BPO/DKEHOI Ta aJanTHBHOI IMYHHOI Bij-
MOBiAl 13 3aJydeHHAM aHTUreH-crienugpigyanx T- i
B-xmitun mam’ari. L{i kmiTuHE 31aTHI e€EeKTHBHO
pearyBaTty Ha BTOPTHEHHSI TATOTEHIB 13 TOJABIIIOI0
akTuBamiclo edekropunx peakmin [94]. H. Yusuf
Ta cmiBaBT. [94] 3a3Ha4aroTh, U0 IHTpaHa3aJIbHA
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NK cells relative to infected host cells. Present
in NALT microfolded cells (M-cells) are able
to transmit any type of antigen without their
degradation to lymphoid tissue. Intensive exchange
by ICCs between lymphoid structures, which
are localized in different parts of the mucous
membranes, makes it possible to develop an inte-
grative versatile immune response to viral infec-
tion, in particular SARS-CoV-2.

Intranasal vaccination can stimulate both local
(at the site of mucosal contact with infection)
and systemic immune response, which includes
the formation of antibodies, activation of in-
nate and adaptive immune response involving
antigen-specific T and B memory cells. These
cells are able to respond effectively to pathogen
invasion with subsequent activation of effector
responses [94] H. Yusuf et al [94] note that in-
tranasal vaccination induces the development of
cross-protection against variant strains (e. g., influen-
za virus), which can be used to develop so-called
‘universal vaccines’.

In this regard, the application of CB namely
to the mucous membrane of NALT-structures may
be quite justified. Thus, when using the CB at the
early stages of clinically non-manifested infectious
process, amplification of local antiviral immunity
may occur due to the ICCs contained in the CB. As
well it can increase the resistance of the immune
system to the virus if used preventively.

On the basis of actually preclinical studies to
prove the effectiveness of preventive administra-
tion of cHCBL, a combined immune biological
product of cryopreserved cord blood ‘Cryocell-He-
mocord’ (IPC&C of the NAS of Ukraine) was created.
Cryocell-Hemocord was derived from the who-
le human CB as non-fractionated cHCBL, which
composes CB nucleated cells and plasma. In these
respects, particular attention is paid to cord blood,
the cryopreserved one as well. The mechanisms
of action of the ‘Cryocell-Hemocord’ were stu-
died and its immune modulatory activity was
established, that leads to the synthesis of anti-
viral antibodies by B cells and reduced virus
replication [58].

Studies of the mechanism of implementation
of antiviral activity of all components of ‘Cryo-
cell-Hemocord’ have been continued at the De-
partment of Cryopathophysiology and Immu-
nology of the IPC&C of the NAS of Ukraine.
Intranasal administration of cHCBL to healthy
animals as a vaccine has been shown to signifi-
cantly increase the functional status of CDI11b*
alveolar macrophages, and this effect persisted
for six months [40]. Such an activity was most




BakKLHUHALSA 1HAYKYE DPO3BUTOK MEPEXPEecHOro 3a-
XHCTYy TIPOTH BapiaHTHMX IITaMiB (HapUKIAL,
BipyCy TpHIly), II0O MOXE OyTH BUKOPHUCTAHO JUIS
PO3POOKH TaK 3BaHUX «yHIBEPCAJIBHHUX BAKLIUHY.

VY 3B’A3Ky 3 MM LIJIKOM OOIPYHTOBAHOI MOXKE
oytu armikariss KK came na cnuzoBy NALT-cTpyk-
Typ. Tak, micns 3acrocyBannas KK Ha paHHIX eramax
KJIIHIYHO HETPOSBICHOTO 1H(EKIIHHOTO TIpoIecy
MOXe BiOyBaTHCsl aMIUTi(iKallisi JIOKaJIbHOTO IPO-
TUBiIpycHOro iMyHiTeTy 3a paxyHok IKK, mo wmi-
crarbest B KK, Takox KK moxke migBuiyBar CTiii-
KICTh IMyHHOI CHCTEMH JIO BipyCy 32 yMOB TIPEBCHTHB-
HOTO 3aCTOCYBaHHSL.

Ha mincraBi ¢axkTuyHO HOKIIHIYHUX POOIT 13
JIOBE/ICHHSI €(EKTUBHOCTI MPEBEHTHBHOTO BBEACH-
v KJIKKJI Oymo cTBOpeHO KOMIUIEKCHHH iMyHO-
OloyoriuyHuH Mpenapar KpioKOHCEPBOBAHOT KOPIOBOT
kpoBi «Kpionemi-I'emoxopa» (ITTKiK HAH Ykpaiam).
Y 1mpoMy BiTHOIICHHI 0COOIMBA yBara MpHAUIIETh-
Cs IyMOBHUHHIA KpOBi, OCOOIMBO KpPiOKOHCEPBO-
Baniid. «Kpionemn-I'emokopa» oTpuMyBau 3 Iijib-
voi KK mropubHu y BUDIAl He(pakiioHOBaHOTO
kJIKKJIL, no ckiay sikoro BXOJISATh SPOBMICHI KITITH-
nu KK Ta mna3ma. Byno BuBueHo Mexanismu aii mpe-
napary «Kpiouemn-I'emokopa» 1 BctaHOBIEHO Horo
IMYHOMOZYJIOIOUY aKTHUBHICTB, SIKA& MPHBOIUTH [0
CUHTE3y B-KkiiTHHAMU IPOTUBIPYCHUX aHTHUTILI 1 3HA-
JKeHHS perutikaiiii Bipycy [16].

JocmimkeHHss MexaHi3My peaii3arii TpOTHBi-
pPYCHOi aKTHBHOCTI ycCiX ckiagoBux «Kpiomemr-
I'emoxopmy» Oymm TpOMOBKEHI B BIIILI Kpioma-
togizionorii ta imynomnorii ITTKiK HAH Vkpainu.
[Mokazano, 1m0 iHTpaHazambHe BBenaeHHs KJIKKJI
3JI0POBUM TBapUHAM Yy SIKOCTI BaKIUHU 3HAYHO Tij-
BumryBano Qynkuionansauii ctan CD11b* ambBeo-
nspHUX Makpodaris, i ueil edekr 30epiraBcsi mpo-
TsiroM miBpoky [12]. Taka axkTuBHICTH HalOiibIIe
Oyna npuramanHa Hedpaxionosanomy kJIKKIJI mo-
PIBHSIHO 3 OKpEMHMM BBEACHHSM TUIBKH SIICPHHUX
kiituH KK abo Tinmbku mima3Mu, M0 CBITYHTH IIPO
ammutipikyrounii e(heKT KOXKHOTO 3 3a3Ha4€HUX KOM-
ITOHEHTIB BiTHOCHO oxHEe oxHoro [13].

IIpeBeHTHBHE 3acTOCYBaHHS HE()PAKIIIOHOBAHOTO
kJIKKJI mumawm, indikoBanum rpumom (mram A /
Bikropiss (H3N2), 3a0e3mnedyBajio BHCOKY BHKH-
BaHiCTh TBapuH (Oau3bko 80%) y TOpIBHSHHI 31
100%-10 neTanpHICTIO TBapHH-BipycOHOCIiB. Mexa-
Hi3MHU peanizanii npotusipycHoro edekry kJIKKII
MOXYTh OyTH OaraTOBEeKTOpPHMMH. Y HaImuX po0o-
tax [12, 13] BcTaHOBNEHO, 10 MPEBEHTHBHE 1HTpA-
HasalbHE BBEACHHS TUMbKM saepHuX KimituH KK
OUIBIIIOI0 MIpOIO CTHUMYIIOBAJIO Yy TBapUH-BIpyCO-
HOCIiB aKTHBHICTh TIPOTH3AMaJbHUX Makpodaris
tdenotrry M2 (CD16/32*CD210"-xmiTiH), sSKi Ma-
I0Th BHpILIAJIbHE 3HAYCHHS IJIsI OOMEXKEHHsS IOIL-
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characteristic of non-fractionated cHCBL compa-
red with the individual use of just nucleated cells
either of CB or only plasma, emphasizing the
amplifying effect of each of these components
in respect of each other [41].

Preventive use of non-fractionated cHCBL in
mice infected with influenza (strain A / Victoria
(H3N2) ensured high survival of animals (about
80%) compared with 100% mortality of virus-
carrying animals [40,41], it was found that preven-
tive intranasal administration of only nuclear CB
cells to greatly stimulated the activity of antiin-
flammatory macrophages of the M2 phenotype
(CD16/327 CD210" cells) in virus-carrying animals,
which were crucial for limiting the damages. Inte-
restingly, in infected mice, which were preventi-
vely administered only with cord blood plasma,
there was an increase in the content of INF-y in the
serum, creating the conditions for the activation
of the function of NK cells. However, the maximum
therapeutic effect was observed in all animals
with pre-administration of non-fractionated cHCL,
which might be associated with the implementa-
tion of mechanisms of combined antiviral protec-
tion.

The success of preventive therapy of viral in-
fections may be based on epigenetic changes in
innate immune cells, i. e. monocytes, macrophages,
NK cells, caused by stimulation by non-infec-
tious agents. P. Rusek et al. [64] believe that this
is due to a recently discovered phenomenon of
‘trained innate immunity’. A. Miller et al. [55] sup-
pose that such a ‘training’ of immunity provides
a lower mortality rate from COVID-19 in countries,
were the population was massively vaccinated with
BCG (bacille calmette-guerin, BCG). The BCG
vaccine has been shown to be able of forming the
heterologous and ‘trained’ immunity, stimulating
and antiviral protection. Thus, R.J.W. Arts et al. [5]
showed that after BCG vaccination, humans deve-
loped an increased resistance to yellow fever. This
fact is associated with the modification of histones
and epigenetic reprogramming of monocytes in
the promoter sites of genes encoding inflamma-
tory cytokines (IL-1B, TNF-a and IL-6) under the
influence of previous BCG vaccination and, as a
consequence, more active IIR after re-stimulation.
Despite the lack of a clear evidence for the effec-
tiveness of BCG vaccination in protecting against
COVID-19, clinical trials are currently underway
to determine the ability of BCG vaccination to
develop immunity to SARS-CoV-2 [70].

The effectiveness of preventive intranasal ad-
ministration of CB products indicates the possi-
bility of epigenetic and functional reprogram-
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KOJ/DKEHb, BUKIIMKAHUX 3amalibHUMH peakiismu. [li-
KaBo, 10 y iH()IKOBAaHMX MHILEH, SKUM HNPEBEHTHB-
HO BBOMWIM Timbku Iiazmy KK, Oymo BiamiueHO
migsuiieHHs BMmicty IH®-y B cuposarii, mo cTBo-
proe ymoBm it aktuBarii ¢ynkmii [TK-kmitun. Op-
HaK MaKCUMaJIbHUH TEpaneBTUIHHHA ¢PEeKT 3a BCiMa
MTOKa3HUKaMu OyB BiA3HAUCHWH y TBapHH i3 TOIe-
penHiM BBemeHHAM HedpakmionoBaHoro KJIKKIIL,
10 MOXKe OyTH TIOB’SI3aHO 3 peali3alliclo MexaHi3MiB
KOMIUIEKCHOTO MPOTUBIPYCHOTO 3aXHCTY.

OCHOBOIO ycCITiXy NPEBEHTHBHOI Teparii Bipyc-
HUX iHQEKmid MOXyTh OyTH eMireHeTH4Hi 3MiHH
B KJIITHHAX BPOPKEHOI0 IMYHITETy (MOHOLUTAX,
Makpodarax, IIK-kmiTHHaX) BUKIMKaHI CTUMYIS-
niero HeiHpekniiHumu areHtamu. Ha mymky P. Ru-
sek Ta cmiBaBT. [70], e TMOB’S3aHO 3 HEMIOJAABHO
BHUSBIEHUM (DEHOMEHOM — «TPEHOBAHUM BPOJKE-
HUM imMyHiTeTOM». A. Miller Tta cmiBaBT. [62] BBa-
JKaIoTh, IO Taka «TPEHOBAHICTH» IMYHITETY 3a0e3-
redye HIK4IMA piBeHb cMmepTHOCTI Bim COVID-19
y KpaiHax, y skux mpoBomwim macoBy BCG-Bak-
nuHaiito (bacille Calmette—Guerin, BCG). byno
nokazano, 1o BakuuHa BCG 3pmatHa QopmysaTtu
reTepOJIOTIUHIM 1 «TPEHOBAaHUI» IMYHITET, CTUMY-
JIOIOYM 1 NPOTHUBIPYCHHMH 3axucT. Tak, y poOoTi
R.J.W. Arts Ta cmiBaBT. [27] mokazaHO, IO TMicCIs
BCG-Bakiunaiii B oprasizMi JIOIUHA PO3BUBAIACS
MJIBUIICHA CTIHKICTh 0 3KOBTOT JIMXOMAaHKHU. JlaHuit
(bakT TOB’sA3yIOTH 13 MoaM(iKaIi€lo TICTOHIB 1 erri-
TeHETUYHUM PETporpaMyBaHHIM MOHOIIUTIB y TIPO-
MOTOPHHUX CalTax TeHiB, SKi KOAYIOTH IMpo3amnaibHi
uutokian (UJI-1PB, ®HII-a i 1JI-6) mix niero mome-
penaboi BCG-BakuuHarii i, sSIK HACNiJIOK, OiIbII
aktuHi BIB micns pectumynsnii. HesBaxarouu
Ha BiJICYTHICTB YITKHX J0Ka3iB epexTuBHOCTI BCG-
BaknuHalii y 3axucti Bim COVID-19, cworoani
BCE K MPOBOASATHCS KIIHIUHI BUIIPOOYBaHHS 3 BU3-
HayeHHs1 crnpoMokHocTi BCG-Bakumuamii dopmy-
BatH imyHiTeT 10 SARS-CoV-2 [76].

EdexTuBHICTS NMPEBEHTHBHOTO iHTPaHA3aJIHLHOTO
BBeneHHs npernapariB KK cBiT4UTE PO MOXITHBICTH
eMITeHEeTHYHOTO Ta (PYHKIIIOHATLHOTO TIEPeTpo-
rpaMyBaHHA TEHIB, SKi 3a0e3MeuyloTh peasizallio
IMYHHHX BIJIOBiJIed OpraHiamy, IO HPU3BOIUTH
JI0 THAYKIIT «TpeHOBaHOTO» iMyHiTety. Lls mam’sath
MOXKE 1HJIyKYBaTHCslI B TE€MAaTOMOCTUYHIN Hilm W
MOLIMPIOBATUCS HAa JOYipHI KIITHHH, TCHEPYIOUH
MPOAYKI0 EMIreHeTHYHO Ta MeTaboJIiYHO mepe-
MIPOTPaMOBAHUX KIIITHH BPODKEHOTO IMYHITETY, SKi
OyAyTh MaTH MiJIBUIICHY 3[aTHICTh O MiHiMi3arlii
3amanenas. Orxe, B ymoBax ekcnancii COVID-19
aKTyaJbHUM CTa€ 3aBIAaHHS TOIMEPETHBOI IiATOTOB-
KM 1 CTBOPEHHS TUIAIIapMy HE TUTBKH cIienudivHoi,
ane 1 HecmemudigHOi CTIHKOCTI IMyHHOI CHCTEMH
10 1i€T BipyCHOT iH(EeKIii.
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ming of genes that ensure the implementation of
immune responses of the body, which leads to
the induction of ‘trained’ immunity. This memory
can be induced in the hematopoietic niche and
spread to daughter cells, generating products of
epigenetically and metabolically reprogrammed
innate immune cells that will have an increased
ability to minimize an inflammation. Therefore,
in COVID-19 expansion the task of preliminary
preparing and creating the base of not only spe-
cific, but also nonspecific resistance of im-
mune system to this viral infection, becomes ac-
tual.

The autoimmune component in the pathoge-
nesis of COVID-19 has been repeatedly men-
tioned above. Therefore, there is a need to use
drugs with immune suppressive activity, inclu-
ding cell therapy, to minimize the manifestations
of AIDs during the COVID-19 development.
Cryopreservation has been proven not only to en-
sure the preservation of the original state of the
samples, but also is able to control their functional
potential.

An important role in controlling the develop-
ment of autoimmune reactions is played by
the mentioned above T, which immunosuppressive
activity is controlled by the production of the
enzyme indolamine 2,3-dioxygenase (IDO) and,
accordingly, the expression level of the same-
name ido gene [65]. It was found that after certain
regimens of cryopreservation in fetal liver cells
there was revealed a significant increase in the
level of the ido gene expression compared to
native cells, that provided them more pronounced
immune corrective properties [27]. Enhancement
of the therapeutic potential of fetal liver cells after
cryopreservation was confirmed by minimization
of developing local GVHD, in which the intro-
duction of these cells led to increased levels
of tgf-f gene expression in the lymph nodes of re-
cipients [26]. Moreover, the ido gene expression
level depends on the freezing modes used [48].
So, cryopreservation of a suspension of placental
cells under the protection of propanediosaccharol
led to increased expression of the ido gene in
cells compared to that after cryopreservation of
cells under the protection of DMSO. A similar
modulating effect of cryopreservation on the ex-
pression level of genes of different cells was earlier
reported [20, 33].

The stimulating effect of certain cryopreser-
vation regimens on the level of ido gene expres-
sion was demonstarted also in fetal nerve cells
(FNCs) the immune corrective potential of those
was justified in the GVHD model [21]. There has
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Buie HeonHOpa30Bo 3rajgyBanocs Npo ayToiMyH-
Hy KoMmnoHeHTy B matoreHe3i COVID-19. V 3B’s3ky
3 UM ICHYy€e HEOOXiAHICTH BHUKOPHUCTAHHS Ipera-
pariB i3 IMyHOCYIIPECOPHOI aKTHUBHICTIO, 30Kpe-
Ma KIITHHHOI Tepamii, s MiHimizamii npossis Al3
pu pozButky COVID-19. JloBeneHo, mo KpioKoH-
CEepPBYBAaHHS HE TIIbKHA 3a0e3redye 30epeKeHHs
BHUXITHOTO CTaHy IUX 01000’€KTiB, aje 1 3maTHE
YIPaBIsTH iX QYHKIIOHATBHUM ITOTEHITIAIOM.

Y KOHTpOII PO3BUTKY ayTOIMyHHUX PEaKIili BaK-
JIUBY pOJIb Bi[[il“pjclIOTI) 3rajiaHi BUILE LI iMyHOCY-
[pecopHa aKTUBHICTh SKHX KOHTPOIIOETHCS MPOAYK-
uiero pepmenty ingonamin 2,3-giokcurenasu (IDO)
1, BIIMOBIHO, piBHEM eKcTIpecii OMHOHMEHHOTO reHa
ido [71]. Byno BCTaHOBJIEHO, IO MiCJIs MEBHUX pe-
JKUMIB KPIOKOHCEpPBYBaHHS B KIIITHHaX (heTaibHOI
MIEYiHKH BUSBJICHO iCTOTHE ITiIBUIICHHS PIBHSA E€KC-
npecii reHa ido B TOPIBHAHHI 3 HATHBHUMH KITi-
TUHAMH, III0 HAIaBaji0 iM OUTBII BHUPAKECHUX IMY-
HOKOopuryrounx BractuBoctedl [41]. Ilocmnenns
TEparieBTUYHOTO MOTEHIIANy KITHH (eTalbHOI Ie-
YiHKH TIiCJIs  KPIOKOHCEpBYBaHHS OyJo0 TiITBep-
JUKEHO B yMoOBax po3BUTKY JiokanbHOI XTIIX, 3a
SIKMX BBEACHHS LUUX KJIITHH TPU3BOIMIIO IO TiJIBHU-
LICHHS piBHA ekcopecii reHa fgf-f y niMdoBys3-
Jax peuumieHTiB [7]. binbm Toro, piBeHb excrpecii
reHa ido 3aleXWuTh BiJl BUKOPHCTAHUX PEKUMIB
3amopoxxyBaHHs [14]. Tak, KpiokOHCEpBYBaHHS CycC-
MMeH3il KJITHH TUTAleHTH IIiJl 3aXWUCTOM IIPOIIaH-
JIi0CaxapoIro MPU3BOANIIO 0 TMOCHIICHHS eKCIpecii
reHa ido B KITHHAX TOPIBHAHO 3 aHAJOTIYHUM
MTOKa3HUKOM ITIiCsl KPIOKOHCEPBYBAHHS KIITHH ITiJT
zaxuctom JIMCO. TIIpo mnomiOHWMII MOIYIIOIOUUIt
BIUIMB KPIOKOHCEPBYBAaHHS Ha PIBEHb eKcrpecii re-
HIB pi3HUX 01000’€KTiB OyJI0 3a3HAYCHO paHile
B poborax B. Fuller i I. Katkov [40, 45].

Crumynrorounii eeKkT TEeBHUX PEKUMIB Kpio-
KOHCEpPBYBaHHs Ha PiBeHb eKcipecii reHa ido mpo-
JEMOHCTPOBAaHO 1 B (ETaNbHUX HEPBOBHX KIIi-
tuHax (PHK), iMyHOKOpHTYrOUHII TIOTEHINAN SKHX
migTBepmkyeTbes B mopeni XTIIX [2]. BigmiueHo
TIOJIIMIIIEHHST KIIIHIYHUX ITOKAa3HWKIB TBapuH 13
XTIIX 3a paxyHOK cTuMmymanii T-peryasTopHOi
JIAHKW IMYHITETy IIICIs BBEJIEHHS KPiOKOHCEpPBO-
BaHux OHK i3 miagBHILEHOI0 AaKTHUBHICTIO reHa ido
[2]. Lli maHi cBi4aTh PO MOXKIHUBICTH KPIOKOHCEP-
ByBaHHsI OyTH aMILTi(QiKaTopoM TeparneBTHYHOTO IO-
TEHIllaly BHUKOPHCTOBYBAHUX TpENapariB KIiTHHHOL
Tepartii.

YrnockoHaNeHHsI ClIOCOOIB JIOBTOCTPOKOBOTO 30€-
piramas mnpenaparie KK go3Bommio po3podutu
TEXHOJIIOTI1 Jiodimizarii, siki mepeoavaroTh monepe-
HE 3aMOPOXKYBaHHs Marepiajiy Ta MOJAJIbIIy CYLIKY
13 3aMOPOKEHOTO CTaHy B Bakyywmi [4]. Ha Bigminy
BiI KpIOKOHCEPBOBAaHUX, Jiodisi3oBaHi 3a po3po0d-
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been an improvement in the clinical parameters
of animals with GVHD due to stimulation of
the T-regulatory link of immunity after the introduc-
tion of cryopreserved FNCs with increased ac-
tivity of the ido gene [21]. These data suggest the
possibility of cryopreservation to amplify the the-
rapeutic potential of the used products of cell the-
rapy.

Improvement of methods for a long-term
storage of CB products has led to the development
of lyophilization techniques, which provide for
pre-freezing of the material and subsequent
drying from the frozen state in vacuum [23]. In
contrast to cryopreserved cells, the lyophilized
CB ones are less susceptible to structural changes,
also they do not lose herewith immune modula-
tory properties during long-term storage. The
results of assessing the nature of the lyophiliza-
tion effect on CB functional properties indicate
that lyophilization may be one of the ways to
enrich the CB population of T.. while enhan-
cing their immune suppressive properties [23].

Conclusions

Thus, the principles of treatment of patients
with viral infection, especially during the COVID-
19 pandemic, should foresee the simultaneous
solution of several tasks, including the prevention
of the expansion of the virus itself and further
development of virus-induced pathological pro-
cess. In this regard, it is necessary to under-
stand the pathogenesis of the development of
events during the virus expansion in the body,
taking into account, above all, changes in the
state of antiviral protection, implemented by the
immune system. Equally important is the develop-
ment of strategies to treat this type of infec-
tion and decode the mechanisms of implemen-
tation of antiviral protection of drugs. As well to
preserve stocks of type-identified viral sub-strains
the need for high-quality low temperature bioban-
king is clearly identified.

Studies performed at the Department of Cryo-
pathophysiology and Immunology of the IPC&C
of the National Academy of Sciences of Ukraine
have proven the ability of cryopreserved pro-
ducts to prevent the development of viral infection
and possible complications caused by it. The crea-
ted cryopreservation techniques of a wide range
of cell products provide not only their long-term
storage, but also increase the inherent therapeutic
characteristics with the aim of further clinical
application.

Thus, the catastrophic spread of SARS CoV-2,
high mortality from COVID-19, the lack of
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JIEHOIO TexHoJjoricro kinitua KK MeHmie miagarTh-
csl CTPYKTYpHHM 3MiHaM, J0 TOTO X HE BTPayaroTh
CBOiX IMYHOMOJYJIOIOUMX BJIACTHBOCTEH y IpoIeci
TpuBasoro 30epiraHHs. Pe3ynapraTél OIIHKK Xapak-
Tepy BIUMBY Jio¢inizamii Ha (QyHKITIOHATIBHI Bac-
tuBocti KK cBimuare mpo Te, mo Jrodimizaris
MO)KE€ BUCTYNHTH OTHWUM i3 CIOCOOIB 30aradeHHs
KK momynsiero Tpe » HOCHIIIOIOYH TPH IBOMY iX
IMyHOCYTIPECOPHI BIIaCTHBOCTI [4].

BucHoBkn

TakyuM YWHOM, NPUHIUIM JIIKYBaHHS XBOPUX
Ha BipycHy iH(ekuilo, ocoOnMBO B Mepioj MaH-
nemii COVID-19, noBuHHI nepeabauaT oHOYACHE
BHpIIICHHS KIJIBKOX 3aBJaHb, 30KpeMa IONepe-
JKEHHS eKCIaHCii caMoro BipyCy Ta TOAabIIAN
PO3BUTOK BipyC-iHIyKOBAaHOTO ITaTOJOTIYHOTO TIPO-
mecy. s 1mporo HEOOXiTHO PO3YMITH TaTOTEHE3
COVID-19 3a yMOB ekcmancii Bipycy B OpraHi3Mi
3 ypaxyBaHHsM, TIEPII 3a BCE, 3MiH CTaHy IPOTHBI-
PYCHOTO 3aXHCTy, L0 PEaI3ye€ThCs IMYHHOIO CHC-
TeMol0. He MeHII BayKIIMBHM € po3poOKa cTpareriit
JKyBaHHsI JJAHOTO BUAY iH(eEKUil Ta po3mudpyBaH-
Hs MEXaHI3MIB pealtizaiii MpOTHBIPYCHOTO 3aXHUCTY
JNiKyBaJibHUX TIpenapatiB. HarampHor € morpeba
BHCOKOSIKICHOTO 30epiraHHsi BipyCHHX CyOIITamiB
y OlONOTIYHUX HU3BKOTEMIIEPaTypHUX OaHKaX.

Buxonani y Bimmim kpiomarodizionorii Ta imy-
aouorii ITTKiK HAH VYkpaiam mocimimkeHHS TOBEITH
CIIPOMOKHICTH KpiOoKOHCepBOBaHHX mpemnapariB KK
TIOTIEPEKATH PO3BUTOK BIPYCHOI iH(EKITi Ta MOX-
JINBUX YCKJIAQJHEHb, BHUKJIMKaHUX Hero. CTBopeHi
TEXHOJIOTIi KPIOKOHCEPBYBAaHHS MIMPOKOTO CIIEKTPa
KJIITHUHHHUX TpenapariB 3a0e3MeuyoTh HE TIIbKH 1X
JIOBrOCTPOKOBE 30epiraHHsl, a 1 MiJBUIICHHS PUTa-
MaHHUX IM TEPareBTHYHUX XapaKTEPUCTHK 3 METOIO
MOAAJBILIOrO KIIHIYHOTO 3aCTOCYBaHHSI.

OTxe, xaracTpodiuni Temnu nomupeHHs SARS
CoV-2, Bucoka cmeptHicth Bix COVID-19, Bincyt-
HICTh €IMHUX TPOTOKOIIB JIIKyBaHHS JaHOI Taro-
JIOTii CBiMUaTh PO HEOOXITHICTH 00’ €THAHHS CHII
BUCHHUX yChOTO CBiTy. Came Tpo 1ie 3asBuB 15 Tpas-
a1 2020 p. TONOBHHMI pemakTop XypHaiay Science
H. Holden Thorp: «3axuct CBITYy BiJ BaKKOTO
FOCTPOr0  PECHipaTOPHOTO CHUHIAPOMY, OOYMOBJIE-
Horo SARS-CoV-2, He Moxe Oyt 3a0e3medeHuit
0e3 MDKHApPOIHOTO HAYKOBOIO CIiBPOOITHUIITBA»
[81]. OueBumHA HEOOXITHICTH MOIIYKY HOBUX HEOP-
JUHAPHUX MiAXOIIB MPOTUBIpYyCHOrO 3axucty. Bu-
COKa 3HAYYIIICTh ayTOIMyHHOI KOMIIOHEHTH — JIO-
MiHyr04Uoro eneMeHTy B naroreHezi COVID-19 — nae
MiJICTaBy 3 ONTHUMI3MOM PO3TISAATH BUKOPHCTAHHS
KpiOKOHCEPBOBAaHUX IIperapaTiB KITHHHOI Teparii,
SKUM TIpUTAMaHHUKA OararomnpogiTbHUN TOTEHITIal,
30KpeMa, BUpaKeHa IMyHOKOPUTYIOYa aKTUBHICTb.
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common protocols for the treatment of this patho-
logy suggests the need to pool together the
efforts of scientists worldwide. This is what the
editor-in-chief of Science H. Holden Thorp sta-
ted on May 15, 2020: ‘Protecting the world from
severe acute respiratory syndrome — corona-vi-rus 2
(SARS-CoV-2) can’t happen without internatio-
nal scientific collaboration’ [76]. There is an obvious
need to find new, extraordinary approaches to
antivirus protection. The high importance of an
autoimmune component as a dominant element
in the pathogenesis of COVID-19, affords the
ground to be optimistic about the use of cryopre-
served products of cell therapy, having versatile
potential, in particular, the pronounced immune cor-
rective activity.
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