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PE3IOME

AkTyanbHicTb. MykopMiko3 — yMOBHO-NaToreHHa rpubkoBa iHdekuis, sika 3a3Buyan
Bpakae nauieHTiB 3 ocnabneHum iMyHiTeToM, 0cOBNMBO, NALEHTIB i3 HEKOHTPONbLOBA-
HUM LykpoBuM Aiabetom (LIO). B mxepenax nitepatypu € 6arato gocnigXeHb npo
BMMNAaAKM OMOPTYHICTUYHUX iHGPEKLIN, 30Kpema MyKOPMIKO3y Mnpu TsKKOMY nepebiry
COVID-19. Ha paHuin 4ac ¢aktopu pU3MKy BUHUKHEHHSI MYKOPMIKO3y MpY Pi3HUX
3aXBOPIOBAHHSAX Ta CTaHax onucaHi HeJoCTaTHLO.

MeTta po60Tu — faTu OLiHKY hakTopiB PU3NKYy BUHUKHEHHS MYKOPMIKO3Y SIK YCKNaAHEHHS
KOpOHaBipyCcHOi XBOpobu, 0cobnmMBOCTEN KMiHIKM 3aXBOPIOBaHHS Ta AOro NpodinakTuku.
Martepianu Ta meTtogu. Hamu GyB npoBegeHuii cucTeMaTUYHUIA ornag nitepatypu
3 BMKOPUCTaHHSIM enekTpoHHUxX 6a3 aaHux PubMed Medline, HauioHanbHoi MmegnyHoi
6ibniotekn CLUA (NLM), Cochrane Database of Systematic Reviews, Embase
Ta Google Scholar wopo pocnigxeHHs 145 BunapgkiB giarHOCTOBaHOTO MYKOPMIKO3y
y naujeHTis 3 COVID-19.

PesynbTaTu Ta iXx 06roBopeHHs. Y Hawomy ornsi 6yno 3asHayeHo, WO MyKOPMiKo3
6yB BUSBNEHUA WMOBIPHO Yy paHille iMyHOKOMMETEHTHMX NaLuieHTiB, y sfkux Oyna
piarHocToBaHa iHdekuis COVID-19, Wo Moxe 03Ha4aTu iCHyBaHHS iHLUMX, OKpiM 3a-
ranbHOBIOOMUX, MeXaHi3MiB naTtoreHe3y MOXOMXXEHHS iIMyHOCYNpecii Mpu MyKOpPMIKO3i.
Mpw iHcikyBaHHi COVID-19 cnocTtepiraetbea niMdoneHis, NpurHiveHHst T-nimcounTis
CD4+ i CD8+, wo Buknukae iMyHHy aucdyHkuito. Pesynbratu Heviposisyanisauii
npu uepebpansHomy MykopMikosi (LIM) MoxyTb 3HayHO BigpisHaTUCA. HanbinbLu
nowmpeHnmm cumntomamum LIM € opbitanbHi Ta HeBpOMoriyHi. YpaXKeHHs KaBepHO3-
HOTrO CWHyca $IK HaWbinbll NOLIMPeHy O3HaKy Bidyanisauii ronoBHoro Mo3ky (M),
B [OEesKMX Bunagkax Moxe HaragyBatu abcuec M. [ematonoriyHi  3noskicHi
HOBOYTBOPEHHS NOB’A3aHi 3 NiABULLEHMM PU3MKOM AUCEMIHOBaHOI (DOPMU MYKOPMIKO3Y,
TOOI K TpaHCMnaHTauis napeHxiMaTO3HUX OpraHiB B aHaMHesi acouiloeTbCs
3 NiABULLEHHSAM PU3NKY FNIErEHEBMX i LLNYHKOBO-KULLKOBWX NPOSIBIB MyKOPMIiKO3Y.

Y cuctematuyHomy ornsgi Jeong Ta iH., 851 nauieHta 6yno BUsIBNEHO, WO LyKpOBUI
niabeT € nepeBaxaroyoo komopbigHow natonorieto cepep nadieHtie i3 COVID-19
Ta Mykopmiko3om — y 77,1%, Tomi sk y gonaHaemiyHui nepiog nowwmpeHicte LA
y XBOpPUX Ha Mykopmiko3 ctaHosuna 40%. MoHag 90% nauieHTiB oTpumyBanu cre-
poign B sKocTi Tepanii ocHoBHoro 3axeoptoBaHHs COVID-19 y pisHux copmax
BBEEHHS LWe A0 AiarHOCTOBaHOro Yy HUX MYKOPMiKo3y. Take nikyBaHHs, MMOBIPHO,
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AAS LUTYBAHHS:

36inbluye pUsUK ypaxkeHHs xBopux Ha L[ uieto onopTyHicTUYHOW iHdekuie y Bu-
nagky KopoHaBipycHoi xBopobu. CTepoiou nigBuULLYHOTb piBEHb LYKPY B KPOBI,
IO Yy CBO 4Yepry BUKMIMKAE [MiKO3UMIOBaHHSA TpaHCEPUHY Ta EepUTUHY, 3MEHLLye
ix 3B’I3yBaHHA i3 3anisoM, 36inbLUyuM KinbKiCTb BinbHOro 3aniza. Lle pasom
3 auMpo3oM, ChpUYMHEHUM  AiabeTUyHUMM  KeToauuao3oM, Crpusie MpPOPOCTaHHIo
Crop MYKOpPY, BUWKIMKalOYM MYKOPMIkO3. [IpurHiyeHHs daroumMTapHoi aKTUBHOCTI
nenkoumTiB, WO € pe3ynsTaTtoM Al cTepoiniB, Takox 6epe yyacTb y naToreHesi Lboro
3axBoploBaHHsA. EHpoTenianbHuin TpoM60o3, nocuneHHs GRP-78 (npoTeiHy peuenTtopa
rMoKO3n-78), SIKMIn cnpusie rpubkoBil iHBasii, Ginka-romonora NOKPUTTS Crop rpuGKo-
Boro niraHay (CotH), Wwo nonerwye rpubkoBy aHrioiHBasito, Ta akTuBaLis rencuguHy
rnikonpoTeiHoMm Bipycy SARS CoV-2, npu3BoauTb A0 Aucperynsuii romeocrasy 3anisa
Ta MOro nepeBaHTaXeHHs, WO € OAHMM i3 MeXxaHi3MiB, SiKi MOSICHIOITb NiABULLEHY
CXWUNbHICTb NauieHTiB 3 COVID-19 oo MyKopMmikoay.

Y pocnigXeHHsX NoBiAOMIANOCS NPO remMaTonoriyHy AUCEeMiHaLiio B FONTIOBHOMY MO3KY
3 po3BuUTKOM LepebpanbHoro abcuecy Ta roctpux iHdapkTis M npu MykopMikosi.
IHWUMK  ycknapgHeHHamu 6ynu  cuHapom opbitanbHoro Bigginy Ta/abo HeBput/
iHpinbTpaLis 3opoBoro Hepsa. [MpeactaBneHi gakTy NiATBEpAXylOTb BKpal Hebes-
neuvHy, iHOAi cMmepTenbHy, npupody MyKOpMikody. Bucokuii piBeHb neTanbHOCTI
Big MykopMmiko3dy cepeq xBopux Ha COVID-19 MoxHa 4acTKOBO MOSICHUTWU K Heaoni-
KaMu B [OCTYMHOCTI NMpOTUrpuGKOBMX NpenapartiB, Tak i HeQOCTaTHLOK HACUYEHICTIO
kBanicpikoBaHMMM MegMYHMMM pecypcaMu  3aKnagiB  OXOpPOHM 300pOB’'s, nepLu
3a BCe, B KpaiHax, WO pO3BUBalOTbCS, Mig Yac apyroi xsuni naHgemii COVID-19,
Ae byna 3ocepemkeHa BinbLUiCTb BUNaAKiB 3aXBOPIOBaHHS.

BucHoBku. TpaguuinHi daktopu pusuky, siki 36inblUyOTb PU3MK  3aXBOPHOBAHHS
Ha Mmykopmiko3 npu COVID-19, BkntovatoTb LKpOBUIA AiabeT, 3rnosikicHi reMaTonoriyHi
HOBOYTBOPEHHS!, TpaHCMnaHTauilo CTOBOYPOBMX KMiTWH, TpaHCMMaHTaLilo OpraHis,
nepeBaHTaXeHHs 3ani3oMm, TpuBane BUKOPUCTaHHS aHTMBIOTWKIB LUMPOKOro cnekTpa
aii. U0 2-ro tuny € ogHMM 3 Hamnbinbll MOLWMPEHUX 3aXBOPHOBaHb, SIKE YCKIaAHIE
Ta obTsxye nepebir kopoHaBipycHOI iHdekLii. PekoMeHgoBaHO yHUKATU HedouinbHOI
Ta HeMOTMBOBAHOI Tepanii [MOKOKOPTUKOCTEPOIAHUMIW TFOPMOHaMM Yy nNauieHTiB
3 KOpOHaBipyCHOK XBOPOOO, 30CEepedXyUuncb Ha MOCTIMHOMY MOHITOPIHIY PiBHSI
FFOKO3M KPOBI Ta IHWKMX iHAMKATOPIB CTaHy 340POB’S XBOPUX.

TakuM 4YMHOM, HeobXiAHMM Ta [OUINbHUM € YTOYHEHHSI (PaKTOpIB PU3NKY BUHWUK-
HEHHS! TaKoro HeGe3neyHOro YCKNnagHEHHs KOPOHaBIPYCHOI XBOPOGYU SIKk MyKOPMIiKO3.

Bobpoea O.B., MixaHoscbka H.I"., Llykop H.I. Mykopmiko3 sik ycknagHeHHst COVID-19: 38’30k 3 iMyHoaediuUTHAMM
cTaHamu, ocobnueocTi nepebiry Ta npodinaktuka. KapasiHcbkull imyHonoeidHull xypHan. 2025. T. 8, Ne 1 (15).
C. 8-24. DOI: https://doi.org/10.26565/3083-5615-2025-15-01
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ABSTRACT

Background. Mucormycosis is a conditionally-pathogenic mycotic infection that
usually strikes patients with weak immunity, especially, patients with an out-of-control
diabetes mellitus. In sources literatures are many researches about the cases of
opportunism infections, in particular, mykopmiko3sy, at heavy motion of COVID-19.
On this time risk of origin of mucormycosis factors at different diseases and states
are described not enough.

Purpose — of work is dates estimation of risk of origin of mucormycosis factors as
complication of coronavirus disease, features of clinic of disease and to its prophylaxis.
Materials and Methods. By us the systematic review of literature was conducted
with the use of electronic databases of PubMed Medline the National medical
library of the USA (NLM), Cochrane Database of Systematic Reviews, Embase and
Google Scholar in relation to research 145 cases of diagnosed mucormycosis for
patients from COVID-19.

Results. It was marked in our review, that mucormycosis was educed in earlier
immunocompetency patients that had the diagnosed infection of COVID — 19, that
can mean existence other, except well-known, mechanisms of pathogeny of origin of
immunosuppression at mucormycosis. At infecting of COVID-19 there is a lympho-
penia, oppression of T-cell of CD4 and CD8, that causes immune disfunction.
The results of neurovisualisation can vary considerably in cerebral mucormycosis (CM).
The most widespread symptoms of CM are orbital and neurological. The defeat of the
cavernous sine, as the most common sign of imaging cerebrum, can sometimes
resemble a cerebral abscess. Haematological malignant new formations are associated
with an increased risk of disseminated form of mucormycosis, where as transplantation
of parenchymal organs in anamnesis is associated with an increased risk of pulmonary
and gastroenteric manifestations of mucormycosis. A systematic review of 851 patients
by Jeong et al. found that diabetes mellitus was the predominant comorbidity among
patients with COVID-19 and mucormycosis (77.1%), whereas in the pre-pandemic
period, the prevalence of diabetes in patients with mucormycosis was 40%. More than
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90% of patients received steroids as a treatment for the underlying disease
COVID-19 in various forms of administration, even before they were diagnosed
with mucormycosis. Such treatment is likely to increase the risk of diabetics with this
opportunistic infection in the event of coronavirus disease. Steroids increase blood
sugar levels, which in turn causes glycosylation of transferrin and ferritin, reduces
their binding to iron, and increases the amount of free iron. This, together with the
acidosis caused by diabetic ketoacidosis, promotes the germination of mucor spores.
The suppression of phagocytic activity of leukocytes, which is the result of steroids,
is also involved in the pathogenesis of this disease. Endothelial thrombosis, increa-
sed GRP 78 (glucose receptor protein 78), which promotes fungal invasion, fungal
spore coat homologue protein (CotH), which facilitates fungal angioinvasion, and
activation of hepcidin by SARS CoV 2 glycoprotein, leads to dysregulation of iron
homeostasis and iron overload, being one of the mechanisms that explain the increa-
sed susceptibility of patients with COVID-19 to mucormycosis. Studies have reported
haematological dissemination in the brain with the development of cerebral abscess
and acute brain infarctions in mucormycosis. Other complications were orbital syn-
drome and/or neuritis/infiltration of the optic nerve. The presented evidence confirms
the extremely dangerous, sometimes fatal nature of mucormycosis. The high mortality
rate from mucormycosis among patients with COVID-19 can be partly explained
by both the lack of availability of antifungal drugs and the insufficient availability of
qualified medical resources in healthcare facilities, primarily in developing countries
during the second wave of the COVID-19 pandemic, where most cases of the
disease are concentrated.

Conclusions. Traditional risk factors that increase the risk of mucormycosis in
COVID-19 include diabetes mellitus, malignant haematological neoplasms, stem cell
transplantation, organ transplantation, iron overload, and prolonged use of broad-
spectrum antibiotics. Type 2 diabetes mellitus is one of the most common diseases
that complicates and aggravates the course of coronavirus infection. It is recommended
to avoid inappropriate and unmotivated therapy with glucocorticosteroid hormones
in patients with coronavirus disease, focusing on continuous monitoring of blood
sugar and other indicators of patients’ health status.

Thus, it is necessary and appropriate to clarify the risk factors for the occurrence
of such a dangerous complication of coronavirus disease as mucormycosis.

Bobrova OV, Mikhanovska NH, Tsukor NH. Mucormycosis as a complication of COVID-19: connection with
immunodeficiency states, features of the course and prevention. Karazin Journal of Immunology. 2025;8(1(15)):8-24.
DOI: https://doi.org/10.26565/3083-5615-2025-15-01

BCTYN

MykopMiko3 — yMOBHO-NaTOreHHa rpubkoBa iHdek-
Lis, sika 3a3Bu4Yal BpaXkae nauieHTiB 3 ocnabneHnm
iMyHITETOM, OCOONMBO NaUi€HTIB i3 HEKOHTPONbLOBAHNM
uykposum pgiabetom (LO). Y mxepenax nitepatypu
€ Garato pocnimkeHb Npo BUMNAAKM OMOPTYHICTUYHMX
iHbeKLi, 30KpeMa, MyKOpPMIKO3y Npu Tsbkkomy nepebiry
KopoHaBipycHoi iHdekuii COVID-19 [1-3]. KopoHasi-
pycHa xBopoba 2019 — rocTpe BipyCHe 3axBOpHBaHHS,
IO CMPUYUHEHE TSPKKMM FOCTPUM PEecnipaTOpHUM CUH-
apomom kopoHaBipyc-2 (SARS-CoV-2, 6eTa-kopoHaBipyc
3 ogHonaHutorosoo PHK, akuin HanexuTb OO0 poauHu
Coronaviridae). MaHgemis KOpOHaBipyCHOI XBOpPOOM
2019 (COVID-19) tpmeana 3 noyatky 2020 no 2023 pp.
3 MOMEHTY MepLloro BUSIBMIEHHS B YxaHi y nuctonagi
2019 poky Bipycom SARS CoV-2 iHgikyBanocsa noHapg
775 minbnoHiB niogen y cBiTi, cnpudnHmen 7072496
NiATBEPOKEHUX CMepTen CcTaHOM Ha 3 nuctonaga
2024 p. [4]. MaHgemis COVID-19 € n’'aToko 3a KinbKicTo
CMepTeNbHNX BMNaakiB naHaemieto B ictopii [5]. Y Tpas-
Hi 2023 p. BOO3 nosigomuna npo 3aBepLUeHHst naH-
nemii  KopoHaBipycHoi xBopobu, 5 TpaBHa 2023 p.
ronoea BOO3 Tegpoc AoxaHoMm [ebpeliecyc oronocus,
wo COVID-19 6inblie He € Haa3BMYaMHOW CBITOBOK
3arpo3olo B ranysi OXOpOHW 300pOB’d, xo4ya Hebeaneka
NPOAOBXKYE 3anuiuaTucs ceprosHol. Puank cnanaxis
COVID-19, 30kpema i MyKOpMIKO3y, 3anu1LIaeTbCs BUCO-

INTRODUCTION

Mucormycosis is an opportunistic fungal infection
that commonly affects immunocompromised patients,
especially those with uncontrolled diabetes mellitus (DM).
There are many studies in the literature reporting cases
of opportunistic infections, including mucormycosis,
in severe COVID-19 infection [1-3]. Coronavirus disease
2019 (COVID-19) is an acute viral disease caused
by severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2, a single-stranded RNA beta coronavirus
belonging to the Coronaviridae family).

The coronavirus disease 2019 (COVID-19) pan-
demic lasted from early 2020 to 2023. Since its first
detection in Wuhan in November 2019, SARS CoV-2
has infected more than 775 million people worldwide,
causing 7.072.96 confirmed deaths as of 3 Novem-
ber 2024 [4]. The COVID-19 pandemic is the fifth dea-
dliest pandemic in history [5].

As of May 2023, the WHO has declared the end
of the coronavirus disease pandemic, on May 5, 2023,
WHO Director-General Tedros Adhanom Ghebreyesus
announced that COVID-19 is no longer a global health
emergency, although the risk remains serious. The risk of
COVID-19 outbreaks, including mucormycosis, remains
high for various countries around the world, primarily
for countries in Southeast Asia [6]. In Ukraine, as of
November 8, 2024, 5,557,995 cases of coronavirus
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KMM Ons pisHUX KpaiH CBIiTy, nepw 3a Bce AN KpaiH
MiBaeHHo-CxigHoi Asii [6]. B YkpaiHi Ha 8 nucTtonaga
2024 p. 3adbikcoBaHo 5557995 Bunapgkis iHdiKyBaHs
KOpOHaBipyCHOK XBOPOOOID, 3 SKUX KiNbKiCTb NeTanbHUX
Bunagkis cknagae 112418 [7]. Y nitepatypi onucaHo
Jekinbka @akTopiB pU3UKy MYKOPMIKO3y, 30Kpema Le
BHYTPILUHbOBEHHE BXWBaHHSI HAPKOTUKIB, 3MOSKICHI HOBO-
YTBOPEHHS, LlyKpOBWIA AiabeT, TpaHcnnaHTauisi TBepaoro
Ta KiCTKOBOrO MO3KY, CTaH MEepeBaHTaXXEHHS 3ani3oM.
BHYTPIiLLHLOBEHHE BXWBAHHSA HAPKOTUKIB € BaromMum
hakToOpoM pu3uKy pO3BUTKY LiepebpanbHOro MyKopMi-
kosy (LUM) [3, 8, 9]. NosigomnseTscs npo 30 Bunagkis
isonboBaHoro LMy nauieHTiB, 3 siknx 17 Gynu BHYTPiLLHbO-
BEHHUMW CroXmnBadyamu HapKoTU4YHMX 3acobiB [9, 10].
LlykpoBuii piabet € ogHMM 3 MpoBigHMX bakTopiB pu-
3MKYy PO3BUTKY MYKOPMIKO3HOI iHdekuii. Y meTaaHanisi
3 929 BunagkiB ULbOrO 3axXBOPIHOBAHHSA BUSIBMEHO,
Wwo 36% nauieHTiB 3 MyKOPMIKO30M XBOPINM Ha LykK-
poBwii giabet 2-ro Tuny [11, 12].

30yaHVKK, SIKi BUKNWKaKOTb MYKOPMIKO3, Hanexarb
no rpubiB Mucorales: Rhizopus, Mucor, Rhizomucor,
Cunninghamella Ta Absidia, Wwo npu npoBegeHHi Mikpo-
ckonii BUMMAJalTb K LUMPOKi, HEPIBHOMIPHO poasrany-
XeHi, 3 pigkicHumn neperopogkamu. [adi rpubu no-
BCIOOHO 3yCTpivaloTbCsl, 0COONMBO B I'PYHTI Ta THWMIA
POCMMHHOCTI, PErynsipHO NiAOaTbCA  3HELLKOXEHHIO,
He BUKIMKaKUM XXOOHUX iHGEKUin y niogen 3 Hopmarb-
HAM  iMyHiTeTOM. bBinblWicTe JOCMiAHWKIB  BBaXae,
Wwo xsopi Ha L[ cnpunHATAMBI OO MYKOPMIKO3y 4epes
rpMbKoBY KeTOopeayKTas3Hy CUCTEMY, sika [03BOSSIE Opra-
Hi3MaM MeTabonidyBatn KeTOHOBi Tina. [do Toro X,
rineprrikemis Ta aumgos, €Ki 4acTo 3yCTpiyalTbCH
npu LA, 3HWXKyIOTb XemMoTakcuc Hewtpodinis i agresito
no rid rpubiB, a TakoX NOpyLyoTb iHribyBaHHSA cnop
i Miuenito Mucorales anbBeonApHUMK  Makpoda-
ramm [13, 14]. TllpoBigHWiA MiKHapogHWA HayKOBWUIA
3aknag (LIFE) 3 BMB4YEHHS TpUMOKOBMX 3axBOPHOBaHb
y 2017 poui noBigOMUB NPO MOLUMPEHICTb MYKOPMIKO3Y,
fka cTaHoBuna npubnusHo 910000 Bunagkie Ha pik,
98,9% 3 Hux Oynu BusiBneHi B IHAii, a nepenbavyBaHa
cepefHs CMepTHiCTb cTaHoBuna 6nusbko  38,2%
Ha pik [13]. BinbwicTeb BMNaakiB MyKopmikody 6yno
3apeecTtpoBaHo B IHaii (49,6%), fani nayte IpaH (15,6%)
i TypeuyuuHa (9,6%). Oes’aTb Bunagkis (7,8%) sapeecT-
posaHo B CLUA, 8 Bunagkis (6,9%) — B €runTi, 4 (3,5%)
y HigepnaHngax, 2 (1,7%) B IcnaHii, Ta no ogHoMy Bu-
nagky B ABcTpii, Mekcuui, PpaHuii, BenukobpuTaHii,
Itanii [8, 15, 16].

MeTta po6oTM — [atu OUuiHKY dakTopiB PU3UKY
BUHWKHEHHS] MYKOPMIKO3Y $IK YCKMNafHEHHS KOpOHa-
BipycHOi xBopobu, 0coBnmMBOCTEN KIiHiKM 3axBopto-
BaHHS Ta MOro NpodinakTuku.

MATEPIAAU TA METOAU AOCAIAXEHHSA

[ns BMKOHaHHSA NOCTaBNEHOro 3aBfAaHHsi 6yno npo-
BEEHO aHaniTM4HWi ornag nyonikauin B enekTPOHHUX
6asax gaHnx MegunyHux i BionoriyHux nybnikawin aHrnin-
cbkoto moBoto PubMed (https://pubmed.ncbi.nim.nih.gov/),
Cochrane  Database  of Systematic = Reviews
(https://www.cochranelibrary.com/), Embase ta Google
Scholar (https://scholar.google.com/). Ha nepwwomy etani
NPOBOAWMM MOLUYK NiTepaTypHUX [Kepen 3a Kr4oBUMA
cnosamun: «COVID-19», «Coronavirus disease-2019»,
«SARS-CoV-2» Ta «Mucormycosis», «Mucor», «3uro-

infection were recorded, of which the number of deaths
is 112,418 [7].

Several risk factors for mucormycosis have been
described in the literature, including intravenous drug
use, malignancy, diabetes mellitus, solid and bone
marrow transplantation, and iron overload. Intravenous
drug use is a significant risk factor for the development
of cerebral mucormycosis (CM) [3, 8, 9].

Thirty cases of isolated cerebral mucormycosis
have been reported in patients, 17 of whom were intra-
venous drug users [9, 10]. Diabetes mellitus is one of
the leading risk factors for the development of mucor-
mycosis infections, and in a meta-analysis of 929 cases
of this disease, 36% of patients with mucormycosis
had type 2 diabetes mellitus [11, 12]. The causative
agents of mucormycosis belong to the fungi of
the order Mucorales: Rhizopus, Mucor, Rhizomucor,
Cunninghamella and Absidia, which appear as broad,
irregularly branched, sparsely septate fungi under
microscopy. These fungi are ubiquitous, especially in
soil and decaying vegetation, and are routinely cleared
without causing any infections in immunocompetent
individuals. Most investigators believe that patients
with diabetes are susceptible to mucormycosis because
of the fungal ketoreductase system, which allows
organisms to metabolize ketone bodies. In addition,
hyperglycemia and acidosis, which are common in
diabetes, reduce neutrophil chemotaxis and adhesion
to fungal hyphae, and impair the inhibition of Mucorales
spores and mycelium by alveolar macrophages [13, 14].
The leading international scientific institution (LIFE)
on fungal diseases reported in 2017 the prevalence
of mucormycosis was approximately 910.000 cases
per year, 98.9% of which were found in India, and the
estimated average mortality was about 38.2% per
year [13]. The majority of cases of mucormycosis
were reported in India (49.6%), followed by Iran (15.6%)
and Turkey (9.6%). Nine cases (7.8%) were reported
in the United States, 8 cases (6.9%) in Egypt, 4 (3.5%) in
the Netherlands, 2 (1.7%) in Spain, and one case
each in Austria, Mexico, France, the United Kingdom,
and ltaly [8, 15, 16].

Objective — the aim of the work is to assess the
risk factors for mucormycosis as a complication of
coronavirus disease, the clinical features of the disease
and its prevention.

MATERIALS AND METHODS

To accomplish the task, an analytical review of publi-
cations in electronic databases of medical and biological
publications in English was conducted in the electronic
databases PubMed (https://pubmed.ncbi.nim.nih.gov/),
Cochrane  Database  of Systematic = Reviews
(https://www.cochranelibrary.com/), Embase and Google
Scholar (https://scholar.google.com/). At the first stage,
a search for literary sources was conducted using
the keywords: « COVID-19», «Coronavirus disease-2019»,
«SARS-CoV-2» and  «Mucormycosis»,  «Mucory,
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MiKo3». Y xoAi AOCnimpKeHHs1 BUKOpUCTOByBaBcs Gibnio-
rpacpoceMaHTUYHUA METOA LOCIAXKEHHS 3rigHO 3 Mpo-
Tokoriom PRISMA «Preferred Reporting Elements for
Systematic Reviews and Meta-Analyses». BignosigHo
[0 UbOro MpOTOKOMY, BUSIBMEHI NiTepaTypHi mxepena
NnocrnioBHO aHanisyBanucs 3a Ha3BOW, KIMHYOBUMMU
crioBamu, aHoTali€o Ta NOBHUM TEKCTOM CTaTel.

Mowykn niTepaTypu npoxogunu 3a nepiog 3 ceprnHs
2017 p. no nuctonag 2024 poky.

Ha ppyromy eTani BuMBYanucb pesiome cTaTen
Ta BukNoYanuceb nybnikauii, siki He Bignosiganu Kpwu-
Tepiam OOCniLKEHHS.

Ha TpeTboMy eTani BUB4anu NoBHi TEKCTU BigibpaHux
cTaTel Ha  BIiANOBIOHICTb  KPUTEPISIM  BKITHOYEHHS
[0 CnUcKy niTepaTypy Ta peneBaHTHICTb JOCNIAXKEHb.

Kpumepii ekntodeHHss 6ynu ecmaHOo8/eHi makum
YUHOM:

— yCi NoBiAOMNEHHA NPO BUNagku Ta cepii BUNaakis
3 [fiarHo3oM «MyKOpMiko3» Oynu BKItOYeHi 3a gorno-
MOrOI0 HaBeAEeHWX BULLIE KPUTEPIIB MOLLYKY;

— NauieHTn, aKi Manu nigTBEpAXEHUN aiarHos
COVID-19, i3 BCcTaHOBMEHUM AiarHO30M MYKOPMIKO3,
SIKi OTPMMYBanW rMIOKOKOPTUKOIAHY Tepanito.

Kpumepii sukntoueHHs1 6ynu ecmaHo8eHi makumu:

— BMKNIOYEHO CTaTTi 3 niTepaTypold He aHrminchb-
KOO MOBOIO.

[o Haworo ornsgy 6yno BknioyveHo 36 cTaTen
i3 JaHUMKM Woao AocnigpkeHHs 145 nauieHTiB 3 KOpoHa-
BipyCHOK xBOpO6Ot0, B sikMx OYB AiarHOCTOBaHUIA MyKOp-
Mik03, 3 skux 37 (25,5%) nomepnu.

CepenHsa TpuBanicTb MiXX BCTAHOBMEHHSAM AiarHo3y
COVID-19 i mykopmiko3om ctaHoBuna 15 gi6 (Big 2 go
90 gib).

CepepgHin Bik nauientie — 54,9 p. (konusascsa Big 14
0o 88 pokiB), cepen HUX 77,4% — 4onoBikun, 22,6% — KiHKW.

PE3YABTATU TA iX OBrOBOPEHHS

BuHukna HeobxigHiCTb NpoBefeHHs AoChioKeHb
ans niaTBepaxeHHs poni Bipycy SARS-CoV-2 y cnpu-
YMHEHHI IMYHHOI AMCAYHKLUIT, iKa NpM3BOAUTL OO Takoro
3arpo3nMBOro YCKnagHeHHs ik MyKOPMIKO3.

HeobxigHO OLiHUTM MOLMPEHICTb (haKTopiB PU3UKY,
MOB’A3aHMX i3 MYKOPMIKO30M, Takux K LlyKpoBuUi giaber,
TpaHcnnaHTauis opraHis, 3NM0OsKiCHi HOBOYTBOPEHHS Ta iH.,
BMBYMTW akTyanbHi bakTopu pu3uKy, o6 BignoBigHUM
YMHOM 3HU3UTWU KifbKiCTb BUNAAKiB AaHoi HebesneyHol
rpnbkoBoi iHdekUii cepen nauieHTiB 3 COVID-19. Bpaxo-
BylOUM BuLLe3a3HayeHe, OyB NpoBedeHWI cucTemaTtuy-
HW ornsg niTepaTypyu ANs BMBYEHHS ocobnuBocTew
KNiHikn, akTopiB puU3KKy, YCKNagHeHb Y nauieHTiB
3 COVID-19 3 giarHoCcToBaHNM MYKOPMiKO30M.

LlykpoBuii piabet, nepeBakHO 2-ro Twumy, iHCYMiHO-
He3anexHun, 6yB HaWMOLMPEHIUMM CyMNyTHIM 3axBopto-
BaHHAM (77,1%) y AaHNX XBOpUX, Apyre Micue Hanexano
rinepToHivHin xBopobi (29,5%), TpeTe — 3axBOpOBaH-
HAM HUpoK (14,3%). HiabeTnynnii ketoaumgos (OKA) 6ys
BusBNeHun y 9,6% nauientis [23—-25].

55,2% naujieHTiB OTpMMyBanu rMOKOKOPTUKOCTE-
pPOIgHUI rOpMOHanbHWI NpenapaT AeKcaMeTasoH B KOMIM-
nekcHin cxemi nikyBaHHa COVID-19. [ecatb nauieH-
TiB (11,5%) oTpumyBanu npenapaTt Ha OCHOBi pekombi-
HaHTHOIO TyMaHi30BaHOTO MOHOKITOHANbHOMO aHTUTINa
0O NIOACLKOro peuenTopa iHTepnenkiHy-6 (I/1-6) 3 nig-
Knacy iMmyHornobyniHiB — Touunizymab. Cepepn KniHiy-

«Zygomycosis». The study used the bibliographic-
semantic research method according to the PRISMA
protocol «Preferred Reporting Elements for Systematic
Reviews and Meta-Analyses». In accordance with this
protocol, the identified literary sources were sequen-
tially analyzed by title, keywords, abstract and full text
of the articles.

Literature searches were conducted from August 2017
to November 2024.

In the second stage, abstracts of articles were
examined and publications that did not meet the study
criteria were excluded.

In the third stage, full texts of selected articles were
examined for compliance with the inclusion criteria in
the literature list and relevance of the studies.

The inclusion criteria were set as follows:

— all case reports and case series with a diagnosis
of «mucormycosis» were included using the search
criteria above;

— patients had a confirmed diagnosis of COVID-19
before and patients with a diagnosis of mucormycosis
who were receiving glucocorticoid therapy.

The exclusion criteria were set as follows:

— articles with literature in a language other than
English were excluded.

Our review included 36 articles with data from
a study of 145 patients with COVID-19 disease who
were diagnosed with mucormycosis. Of these,
37 (25.5%) died.

The median duration between diagnosis of COVID-19
and mucormycosis was 15 days (range 2 to 90 days).

The median age of patients was 54.9 years (range 14
to 88 years), with 77.4% men and 22.6% women.

RESULTS AND DISCUSSION

There is a need for research to confirm the role
of the SARS-CoV-2 virus in causing immune dysfunc-
tion, which leads to such a threatening complication
as mucormycosis.

It is necessary to assess the prevalence of risk factors
associated with mucormycosis, such as diabetes melli-
tus, organ transplantation, malignancies, etc., to study
current risk factors in order to appropriately reduce the
number of cases of this dangerous fungal infection
among patients with COVID-19. Given the above, a syste-
matic review of the literature was conducted to study
the clinical features, risk factors, and complications in
patients with COVID-19 diagnosed with mucormycosis.

Diabetes mellitus, mainly type 2, non-insulin-depen-
dent, was the most common comorbidity (77.1%) in
these patients, followed by hypertension (29.5%), and
kidney disease (14.3%). Diabetic ketoacidosis (DKA)
was detected in 9.6% of patients [23-25].

55.2% of patients received the glucocorticosteroid
hormonal drug dexamethasone in the complex treat-
ment regimen for COVID-19. Ten patients (11.5%)
received the drug based on the recombinant humanized
monoclonal antibody to the human interleukin-6 (IL-6)
receptor from the immunoglobulin subclass tocilizumab.
Among the clinical manifestations, sinusitis was the
most common site of mucormycosis in patients with
COVID-19 (79.4%), with the maxillary sinuses (47.4%)
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HUX NPOSABIB Ypa)X€HHS1 CUHYCOBUX Ma3yx Oyno Hanmnowm-
peHiwumM micuem Mykopmikody y nauieHTisB 3 COVID-19
(79,4%), npu 4omy rammopoBi nasyxu iHdikyBanucs
HanvacTiwe (47,4%). Op6itTn Bynu gpyrum 3a nowwmpe-
HiCTIO MicueM ypaxeHHs1 y 56,7% nauieHTiB. CepegHsa
TpuBanicTb M BCTaHOBMEHUM fiarHO30M iHdekuii
COVID-19 i mykopmiko3oMm cTaHoBuna 15-16 pgHis
(aianasoH 2-90 gwiB). Y 14 nauienTiB (14,4%) kaBep-
HO3HWMIN cuHYC OyB iHINLTPOBaHUA, abo 3akpuUTUi,
TaKOX crocTepiraBcs Tpomb603 kaBepHO3HOro cuHycy M.
Y 12 nauieHTiB (12,4%) ypaxeHnHs M 6yno y surnsgi
abcuecy, iHapkTy abo Habpsiky.

MoHag 90% nauieHTiB 3
oTpUMyBanu ctepoigu.

Ha ocHOBi KniHIYHOT KapTWUHW MYyKOPMIKO3 Knacu-
ikyeTbCs WicTbMa KNiHiYHUMKU cbopmamm: puHouepeb-
panbHa, nereHeBa, LUKipHa, LUMYHKOBO-KULLKOBA, AMCEMI-
HOBaHa Ta iHWi pigkicHi bopmn [26-29].

PuHoopGiTanbHoUepebpanbHUi MYKOPMiKoO3
(POUM, aHrn. ROCM) € HanbinbLu nowmpeHnM NposiBom
3axBOPIOBAHHSA, 3@ HUM idyTb LWKIpHWA | nereHeBun
mykopMiko3. POLIM — roctpe abo XxpoHi4yHe 3axBopto-
BaHHA LeHTpanbHoi HepBoBoi cuctemun (LHC), cnpuum-
HeHe rpubamu Mucorales, sike € 3arpo3nuBum ans
XntTa xsopux [11, 15, 17]. Y GinbwocTi Bunagkis POLIM
3YMOBIEHMWI NOLUMPEHHAM iH(eKLUii 3 npuaaTKkoBMX Nasyx,
isonboBaHun POLIM 3ycTpivaeTtbesa pigko [11, 16, 17].

MynbTULEHTPOBE NPOCNEKTUBHE [OOCHIAXKEHHS, siKe
oxonnioBarno 465 nauieHTiB 3 MyKopmiko3oM B IHAjT, no-
kasano, wo POLIM 6yB Hawbinbw nowwmpeHnm (67,7%)
NposiBOM, CYTTEBO pigLule 3ycTpivanuce nereHesi (13,3%),
wikipHi (10,5%) Ta iH. [30]. JomiHytounum chOoHOBUM 3axBO-
pIOBaHHsSIM yCix hopM MyKopMiko3y ByB LyKpoBuii fiabet
2-ro TMNy, NnepeBaxHoO iHcyniHoHe3anexHu (73,5%) [30].

Cnig 3a3HaunTK, WO TOYHMX JAHMX LLOAO 3aXBOpHOBa-
HocTi Ha POLIM (ROCM) He icHye, ockinbku GinbLuicTb
[ocnigXeHb WOoAo MOro noLMpeHOCTi NoxoaaTb 3i 3BITiB
npo Bunagku, cepii BUNagkis Ta/abo kOropTHWUX gocnia-
XeHb, ane He 6a3yOTbCs Ha NonynsuiitHoMy aHanisi.

BignosigHo, JopaTtkoBa cknapgHicTe 300py 3paskisB
i HM3bKa YYTNMBICTb ETIONOMYHUX TECTIB ChpUsOTbL
HEOOUHIOBaHHI0O  (pakTUYHOI  MOLUMPEHOCTi  MyKOp-
miko3dy [31-33].

Y niTepaTypi € NoBiAOMMNEHHA NPO BUMAOKW OMOPTY-
HICTUYHUX H(PEKLIN, TakMX SK KaHOMAO3, acneprinboma
Ta MyKOPMIKO3, LLI0 NOB’s3aHi 3 iHdekuieto COVID-19[3, 21].
Pu3uk i nowmpeHicTe MykopMiko3dy y pi3HUX KpaiHax CBITY
cepen xBopmx Ha COVID-19 Hapasi Bigomi HegocTaTHbLO.
Y ponaHaeMiyHuin nepiog rnobanbHa KinbkicTb BMnag-
KiB MykopMiko3y konusanacs Big 0,005 go 1,7 Ha 1 MnH
HaceneHHsa [13, 14]. MNig yac Agpyroi xBuni naHgemil
COVID-19 y peskux kpaiHax [liBaeHHoi Agii, 3okpema,
IHgii, cnocTepiranocsi 3Ha4YHe 3POCTaHHA BUNaAKIB
MyKOpMiko3y [3, 22].

Metaananiz W. Jeong BusBus, wo POLIM € Hamno-
lwmnpeHiwow ¢opmoto y nauieHTiB 3 pgiabetom [21].
JlereHeBa Ta gucemiHoBaHa copmu Oynu Ginbll MoLUK-
peHMMM Yy nauieHTIB i3 3MOSKICHAMW MNyXnMHaMM Ta
peuunnieHTiB TpaHcnnaHToBaHnx opraHie [18, 34-37].

Y metaaHanisi Roden MM. 3 929 Bunagkie mMyKkopMi-
ko3y y 30% onucysanu 3axsoptoBaHHs LIHC, 3 akux nuwe
16% O6ynn obmexeHri Tinbkn LIHC-nokanizauieto [38].
B iHWMX pocnimkeHHsx Oyno BCTAHOBMEHO, WO i30-
NboBaHU LepebpanbHuii MykopMiko3 cTaHoBMB A0 8%
yCiX BUNaAKiB LibOro 3axsoptoBaHHSA [39].

iHpekuieto COVID-19

being the most frequently infected. The orbits were
the second most common site in 56.7% of patients.
The median duration between the diagnosis of COVID-19
infection and mucormycosis was 15-16 days (range
2-90 days). In 14 patients (14.4%), the cavernous sinus
was either infiltrated or occluded. In 12 patients (12.4%)
brain damage was observed in the form of abscess,
infarction or edema. Of these, 37 (48.7%) patients died.
More than 90% of patients with COVID-19 infection
received steroids.

Based on the clinical presentation, mucormycosis is
classified into six clinical forms: rhinocerebral, pulmonary,
cutaneous, gastrointestinal, disseminated, and other
rare forms [26-29].

Rhino-orbital-cerebral mucormycosis (ROCM) is
the most common manifestation of the disease, followed
by cutaneous and pulmonary mucormycosis. ROCM is
an acute or chronic disease of the central nervous sys-
tem (CNS) caused by Mucorales fungi, which is life-
threatening for patients [11, 15, 17]. In most cases, ROCM
is due to the spread of infection from the paranasal
sinuses, isolated ROCM is rare [11, 16, 17]. A multicenter
prospective study that included 465 patients with mucor-
mycosis in India showed that ROCM was the most
common (67.7%) manifestation, with pulmonary (13.3%),
cutaneous (10.5%), and others occurring significantly
less frequently [30]. The dominant underlying disease of
all forms of mucormycosis was type 2 diabetes mellitus,
predominantly non-insulin-dependent (73.5%) [30].

It should be noted that accurate data on the incidence
of ROCM are lacking, as most studies on its prevalence
come from case reports, case series and/or cohort stu-
dies, and are not based on population-based analyses.

Accordingly, the additional complexity of specimen
collection and the low sensitivity of etiological tests
contribute to an underestimation of the actual prevalence
of mucormycosis [31-33].

There are reports in the literature of cases of opportu-
nistic infections, such as candidiasis, aspergilloma and
mucormycosis, associated with COVID-19 infection [3, 21].
The risk and prevalence of mucormycosis in different
countries of the world among patients with COVID-19
are currently not well known. In the pre-pandemic period,
the global incidence of mucormycosis ranged from 0.005
to 1.7 per 1,000,000 population [13, 14]. During the
second wave of the COVID-19 pandemic, some countries
in South Asia, particularly India, experienced a significant
increase in mucormycosis cases [3, 22].

A meta-analysis by W. Jeong found that ROCM is
the most common form in patients with diabetes [21].
Pulmonary and disseminated forms were more common
in patients with malignant tumors and recipients of
transplanted organs [18, 34-37].

In a meta-analysis, Roden MM. of 929 cases of
mucormycosis, 30% described diseases of the central
nervous system (CNS) involvement, of which only 16%
were limited to CNS localization [38]. In other studies,
it was found that isolated cerebral mucormycosis accoun-
ted for up to 8% of all cases of this disease [39].

Based on the data discussed in the literature, there
are nonspecific signs and symptoms that greatly compli-
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Cnupatounchb Ha gaHi, Wwo obroBoptooTbCs B niTepa-
Typi, iCHylOTb HecneuudiyHi O3HakKM Ta CUMNTOMWU, SiKi
3HAYHOK MIpOKO YCKNagHWTb AndepeHUinHy AiarHoc-
TUKY MYyKOpMmiko3y. Tak, y 13 Bunagkax i3onboBaHOro
LepebpanbHOro MyKopMiko3y MnoLMpeHuMn Gynu 3miHa
ncmxiyHoro craHy (54%) i ronosHun 6inb (51%) [40].
Y cnpuiHATAMBUX OCIG MYKOPMIKO3 BUKIMKAETLCS BOU-
XaHHAM crnop rpubie i, 3a3Buyan, NOYMHAETLCS 3 SABULL
rocTporo cuHycuty. MoxyTb pPO3BUHYTUCS Taki CUMNTOMMU,
K 6inb B 06nMYYi, BUAINEHHS 3 HOca, ronoBHWUA Ginb,
NUXOMaHKa, 3aknageHictb Hoca. IHdekuis, Sk npasuno,
arpecuBHa, BpaXkae CyCiaHi aHaTOMIiYHi AiNsHKW, BUKNN-
Kal4M Hekpo3 nigHeGIHHS, HOCOBUX PaKOBWUH Ta iHLUMX
HOCOBMX CTPYKTYp [41].

YpaxeHHs1 op6iTu MoXe MpuU3BeCcTU 4O BTpaTu 30py,
ek3oTanbmy, opbitTanbHoro 6omnto, BUAiNeHs i nepiopbi-
TanbHOro Habpsiky. TakoXX MOXMUBUM € 3aryYeHHs CyaANH-
HUX CTPYKTYP, TAKMX sIK COHHA apTepis Ta KaBepHO3HWN
CcuHyc. JlMxomaHka Ta KpOBOXapKaHHsi pPO3BMBaKOTbLCS,
KON MOYMHAETLCS MHEBMOHIS 3 BOWXaHHSIM TPUOKOBUX
Crop, WO MOXe BUKIMKATK iHDapKT nereHb [42—45].

LIHC moxe 6yTn 3any4yeHa no 6e3nepepBHOro noLum-
peHHs iHdekuii B nasyxax cuHyciB. KniHiyHi nposiBu
POLIM nopr’sizaHi 3 nokanisauieto rpubkoBoi iHBasii, cepen
SKMX CMOCTepiraeTbCa pPyMHYBaHHSA KiCTKOBOI TKaHWHMW
npuaaTKoBUX Nasyx HOCa Ha paHHi cTafii 3axBoploBaHHS,
cuHapoM BepxiBkn opbitn (OBC, orbital apex syndrome,
OAS) y nporpecytodin dasi Ta CMHAPOM BEHO3HOrO CU-
Hycy (CBC) Ha ni3Hiin ctagii. Taki ocobnuBocTi KniHiy-
HUX NPOSIBIB BKA3YOTb HA NMOTEHLiHY rpubkoBy iHEKLHO.
Mepenbavaetbes, wo POLIM nounHaeTbcs 3 HaBKOMO-
HOCOBWX Nasyx, CMoYaTky NPOSIBMSIOYMNCL 3aKMaAeHICTHo
Hoca, TronoBHUM 6Gornem, nmMxomaHkol abo 6Gonem
y nasyxax, ki Ba)ko Bigpi3HUTM Bif Ginbll nompeHux
NpUYMH cuHycuTy. MoxyTb GyTu 3anydveHi BCi CUHYCOBI
nasyxu, BUKMUKAYN PU3NK MPOrPECUBHOIO MOLUMPEHHS
iHbekUii Ha cycigHi CTpykTypu, Taki sk nigHEbIHHS,
opbiTa Ta TKaHWHW MO3KY, NPOTArOM Kinbkox AHIB abo
TwxHiB [10, 16, 26, 42, 45]. Yepes BiaCyTHICTb 4iTKOI
KMiHIYHOI OKpecneHoCTi Ha paHHin ctagii POLUM naui-
€HTWU YacTo 3BepTalTbCsa A0 dhaxiBUiB Pi3HMX Npodinis:
odTanbMonoriYHoro, OTOPWUHOMNAPWHIONOrIYHOro, Tepa-
NEeBTUYHOrO, NYNIbMOHOJOMNYHOrO, HEBPOSONYHOIO Ta iH.
MporpecytounMy NposiBaMy YCKNaAHEHHST € NepeBaXHO
peTpo-bynbbapHe 3ananeHHs M’SIKUX TKaHWH | ypaXeHHs
GaraTbox TKaHWH Yepena, BKHYaluM CyOuMHW, 30POBUI
HepB, OKOPYXOBWI Ta GNOKOBMIA HEPBW, LLO MPU3BOAUTL
0o nepiopbiTansHoro 6onto, ek3ogTansMy, 3acTilHWMX
SIBMLL, KOH FOHKTUBM, 3HWXKEHHSI FOCTPOTK 30py Ta GonicHoi
odpranbmonnerii, Takux, 5k OBC. BunnkHeHHst OBC (OAS)
TaKOX MOXe BKa3yBaTW Ha HasiBHICTb rpuBKOBOT iH(DEKLi.
Oeski pocnigHukn npunyctunu, wo konu OAS cynpo-
BOOKye Oyab-sikuiA CUHYCMT Yy nauieHTa 3 giabetom abo
iHWKUM  iIMyHOOEMIUMTHUM CTaHoM, Ccnig nigo3ptoBaTtu
rpubkoBy etionorito xBopobu [45, 46]. CepepaHiii piBeHb
HbA1C (rniko3aunboBaHoro remornobiHy) nauieHTiB cTaHo-
BuB 10,1%. XpOHidHi 3axBOptoBaHHS HUPOK Bynu 3apeecT-
poBaHi y 14,3% nauieHTiB, y 2,8% Mana micue TepMiHanb-
Ha CTagis HUPKOBOI HepocTaTHocTi. Y 6,7% nauieHTis
i3 3axBOplOBaHHAMMU cepus — kapgiomionarisi, 7,6% oTpu-
MyBanu TpuBany iMyHOCYNpecuBHYy Tepanito B SKOCTI
nikyBaHHS OCHOBHOIO 3aXBOPOBaHHS, Y 6,7% Oynu 3nos-
KiCHi remaTornoriyHi 3axBoptoBaHHs, y 6,7 % XBopux B aHaM-
Hesi Oynu TpaHcnnaHTauii opraHiB, cepen sIKUX Handac-
Tiwe 6yna TpaHcnnaHTauist Hupku [34, 35]. BpoHxianbHa
acTma Ta oxupiHHsA 6ynu y 3,8% nauienTiB [41, 46—49].

cate the differential diagnosis of mucomycosis. Thus, in
13 cases of isolated cerebral mucormycosis, a change
in mental status (54%) and headache (51%) were com-
mon [40]. In susceptible individuals, mucormycosis is
caused by inhalation of fungal spores and usually begins
with acute sinusitis. Symptoms such as facial pain, nasal
discharge, headache, fever, and nasal congestion may
develop. The infection, as a rule, is aggressive, affecting
the adjacent anatomical areas, causing necrosis of the
palate, turbinates, and other nasal structures [41].

Orbital involvement can lead to vision loss, exoph-
thalmos, orbital pain, discharge, and periorbital edema.
It is also possible to involve vascular structures such as
the carotid artery and cavernous sinus. Fever and hem-
optysis develop when pneumonia begins with the
inhalation of fungal spores, which can cause pulmonary
infarction [42—45].

The central nervous system can be involved in the
continuous spread of infection in the sinuses. Clinical
manifestations of ROCM are related to the localization
of fungal invasion, among which there is destruction of
the bone tissue of the paranasal sinuses in the early
stage of the disease, orbital apex syndrome (OAS) in the
progressive phase, and venous sinus syndrome (VS)
in the late stage. These clinical features suggest a poten-
tial fungal infection. ROCM is believed to begin in the
paranasal sinuses, initially presenting with nasal con-
gestion, headache, fever, or sinus pain that is difficult
to distinguish from the more common causes of
sinusitis. All paranasal sinuses may be involved,
causing the risk of progressive spread of infection to
adjacent structures such as the palate, orbit, and brain
tissue over days or weeks [10, 16, 26, 42, 45]. Due to
the lack of a clear clinical delineation at the early stage
of ROCM, patients often turn to specialists of various
profiles: ophthalmological, otorhinolaryngological, thera-
peutic, pulmonological,neurological, etc. Progressive mani-
festations of the complication are predominantly retro-
bulbar inflammation of soft tissues and damage to many
tissues of the skull, including blood vessels, optic nerve,
oculomotor and block nerves, which leads to periorbital
pain, exophthalmos, conjunctival congestion, decreased
visual acuity and painful ophthalmoplegia, such as OAS.
The occurrence of OAS (OAS) can also indicate the
presence of a fungal infection. Some investigators have
suggested that when OAS accompanies any sinusitis
in a patient with diabetes or another immunodeficient
condition, a fungal etiology of the disease should be
suspected [45, 46].

The average level of HbA1C (glycosylated hemo-
globin) of the patients was 10.1%. Chronic kidney
diseases were registered in 14.3% of patients, in 2.8%
of patients had end-stage renal failure. In 6.7% of pati-
ents with heart disease had cardiomyopathy, 7.6% re-
ceived long-term immunosuppressive therapy as treat-
ment for the underlying disease, in 6.7% of patients
had malignant hematological diseases. In 6.7% of
patients had a history of organ transplantation, the
most common among them being kidney transplan-
tation [34, 35]. Bronchial asthma and obesity were
present in 3.8% of patients [41, 46, 47—49].

The late stage of infection is often indicated by intra-
cranial manifestations in the form of sinusitis. On the way
of intravascular invasion, fungi first affect the nasal sinus
and intraorbital vein with abundant blood supply, and
then spread, penetrating the internal carotid artery,

OpuwuriHanbHi 4oCnigpKeHHSs

Original research



KapasiHcbkui imyHomnoriyHui xxypHan. 2025. T. 8. Ne 1(15). C. 8-24

Karazin Journal of Immunology. 2025;8(1(15)):8—24

ISSN 3083-5615 (Online)

Ha nisHio cTagito iHdekuii yacTo BKasylTb BHYT-
pilUHbOYEpEenHi NPosiBU y BUrAAAI CMHYCUTY. Ha wnsaxy
BHYTPILLUHBOCYAMHHOI iHBa3ii rpuby crnoyaTtky BpaxarTb
nasyxy Hoca Ta BHYTPILUHLOOYHOSIMKOBY BEHY 3 PSICHUM
KPOBOMOCTa4aHHsIM, @ MOTiM NMOLUMPHOIOTHLCS, MPOHUKAKYN
00 BHYTPILLHBOI COHHOI apTepii, ika oTo4YeHa BEHO3HUM
CMHyCcOM, yTBOplOtouM rpubkoBy embonito. Lle moxe
npussectM Oo embonisauii B incunatepanbHi cepeaHi
MO3KOBI apTepii nicna BignagaHHs, BUKNMKaYM reminne-
rito, CEHCOpHi po3naawn, eninencito Ta NopyLUeHHs CBigo-
MocTi [42, 43, 48]. Y TOI Xe 4Yac, HasiBHICTb rpubKoBOT
iHbeKLii Yy BEHO3HOMY CUHYCi 4acTo BpaXKae HaBKOMULLIHI
yepenHi Hepawu I, IV, Vi VI nap, wo Brknnkae odpTanbmo-
nnerito Ta 6inb B 06MnM4di. Mpu NpssMOMY NPOHMKHEHHI
Yepe3 KiCTKOBY MNacTUHKY rpvbu po3noBCHOOXKYHOTLCS
HaBKOMOHOCOBOIO Ma3yXol Ta BEPXiBKOK KiCTKOBOI nnac-
TUHKM Opb6iTM o ronoBHoro mo3ky (M), 3 po3BMTKOM
HeBpororiyHoro Aediunty y BiANOBIOHUX MOLLUKOAXKEHMUX
AinsiHkax. TpaHcBackynsaApHWUIA WNaX € GinbLl NoWnpeHnm
3a TpaHCKaBEPHO3HWI, BigMNoBigHO, CUHOPOM BEHO3HOMO
CUMHYCYy MOXe BKasyBaTW Ha Te, Lo rpubkoBa iHdeKLis
npoHukna go M [42, 45, 47, 48]. Yepe3 aHaTOMiyHy
6numsbkicTb HeobxiaHo BigpisHaTM OAS Big cuHopomy
BepxHbOi opbiTanbHoi TpiwunHm (CBOT, SOFS) i cuHa-
pomy kaBepHo3Horo cuHycy (CKC, aHrn. CSS). OAS xapak-
Tepu3yeTbecs ypaxkeHHAM yepenHux Hepsis I, 11, IV, VI
Ta V1 nap [17, 26, 39, 48, 50]. 3any4yeHHss cumMnaTU4HnX
BOITOKOH i BepxHbOLLEenenHoi rifky Tpinvyactoro Hepsy
BigpisHse CKC Big cxoxux cuHgpomis [48, 50]. Opbitanb-
Hi cumMnTOMMK, Taki SIK NPUMYXMICTb O4YHMLI, Binb, ek3od-
Tanbm, NTo3, 6ynu HanbinbLL NOLMPEHNMM CUMMNTOMAMMU,
SIKi LO3BONANM 3anigo3puTy Ta/abo giarHocTyBaT MyKop-
Miko3. 30pOoBi CKapru, Taki, SIK 3HKEHHS rocTpoTn abo
BTpaTa 30py, po3amMuTicTb abo aunnonis, cnocrepiranucs
y 49,3% nauieHTiB. [lMepiopbitancHuii 6inb abo 6inb
B iHWKX AOinsiHkax obnuu4ys, ronoBHWUI Ginb cnocTepira-
nneca y 46,8% i 19,5% nauieHTis, BignosigHo. IHWI cumn-
TOMW BKIIOHManNM BWUAINEHHS 3 HOCA, HEKPO3 TBEpPAOoro
abo M’sikoro niaHebiHHsA [23, 26, 41, 42, 50]. Jlokanisauis
Yy CUHYCOBMX nasdyxax Oyna Hanbinbw nowmpeHum
ocepeakom Mykopmikosy y 79,4% nauientis 3 COVID-19,
npyM YoMy, HamyacTiwe iHdikyBanuca ranmMopoBi na-
3yxu (47,4%), notim rpatyacTi (45,4%) Ta knuHonopgi6-
Hi (25,8%). Y 14,4% BunagkiB KaBepHO3HWI CUHYC OyB
abo iHdinbTpoBaHM abo 3akpuTuid. Y 12,4% xBOpUX
ypaxeHHss M cnoctepiranocs y Burnsigi abcuecy,
iHpapkTy abo Habpsiky. YpaxeHHsi opbiT Gyno gpyroto
3a MOLWMPEHICTIO nokanizauieto — 56,7%, cnu3osa
obornoHka Hoca byna ypaxeHa y 16,5% nauieHTis [1].

Yactumu cumnTomMamu y nauieHTa 3 MeseHTepiarnb-
HUM MYyKOpPMiko30M Bynu Ginb Yy XMBOTi Ta METEOPU3M.

JlereHeBa opma MyKOpMiKO3y crnocTepiranach
y 11,3% xBopux. Y XBOpPUX Ha NereHeBuMn MYKOPMIKO3
cnoctepiranuca kawens (3,9%), kpoBoxapkaHHs (1,3%)
i nocuneHHs sagunwku (9,1%) [37, 49]. AmucemiHoBaHWn My-
KopMmiko3 ByB 3apeecTpoBaHuin y ABOX Bunagkax (2,1%),
OnMcaHuii oaMH BUNaAoK MyKOPMIKO3y LUMyHKa.

YpaxeHHs LWKipM Mano Micue y nauieHTa, B SKOro
Oyna cnokTyaliiHa Wwuwka B naxBoBin AinsHui. LWkip-
HWUIA MYKOPMIKO3 CrnocCTepiraeTbCsl Npy MociBi rpubKoBMX
CNOp Ha LWKipi Ta NigLWKipHIA KMiITKOBUHI MNicns BENWKOI
YN He3HayHoi TpaBMM Yy CrpURHATIMBOI ocobu [1].
MepopanbHe NPOKOBTYBAHHSI CrOp MOXe NpU3BecTn
00 HEeKpOTUYHMX BMpasok, nepdopadii, MNEepPUTOHITY,
iHpapKTy KMLLIEYHMKA, O BUKNUKaE Binb Yy XMBOTI, HY-
[OTy Ta 6rnoBaHHs.

which is surrounded by the venous sinus, forming
a fungal embolism. This can lead to embolization into
the ipsilateral middle cerebral arteries after shedding,
causing hemiplegia, sensory disturbances, epilepsy,
and impaired consciousness [42, 43, 48]. At the same
time, the presence of a fungal infection in the venous
sinus often affects the surrounding cranial nerves lll, 1V,
V and VI pairs, causing ophthalmoplegia and facial pain.
With direct penetration through the bone plate, the
fungi spread through the paranasal sinuses and the
apex of the bone plate of the orbit to the brain, with the
development of neurological deficits in the corresponding
damaged areas. The transvascular slit is more common
than the transcavernous, accordingly, venous sinus syn-
drome may indicate that a fungal infection has penetrated
to the brain [42, 45, 47, 48]. OAS must be distinguished
from superior orbital fissure syndrome (SOFS) and
cavernous sinus syndrome (CSS) due to anatomical
proximity. OAS is characterized by damage to cranial
nerves Il, lll, IV, VI and V1 pairs [17, 26, 39, 48, 50].
The involvement of sympathetic fibers and the maxillary
branch of the trigeminal nerve distinguishes CCS from
similar syndromes [48, 50]. Orbital symptoms, such as
orbital swelling, pain, exophthalmos, ptosis, were the
most common symptoms to suspect and/or diagnose
mucormycosis. Visual complaints such as decreased
acuity or loss of vision, blurring or diplopia were observed
in 49.3% of patients. Periorbital pain or pain in other
areas of the face, headache were observed in 46.8%
and 19.5% of patients, respectively. Other symptoms
included nasal discharge, necrosis of the hard or soft
palate [23, 26, 41, 42, 50]. Localization in the sinuses
was the most common site of mucormycosis in 79.4% of
patients with COVID-19, with maxillary sinuses (47.4%),
followed by ethmoid (45.4%) and sphenoid sinu-
ses (25.8%). In 14.4% of cases, the cavernous sinus
was either infiltrated or occluded. In 12.4% of patients,
GM involvement was observed in the form of abscess,
infarction, or edema. Orbital involvement was the second
most common localization — 56.7%, and the nasal
mucosa was affected in 16.5% of patients [1].

Abdominal pain and flatulence were common symp-
toms in a patient with mesenteric mucormycosis.

Pulmonary form of mucormycosis was observed in
11.3% of patients. In patients with pulmonary mucormy-
cosis, cough (3.9%), hemoptysis (1.3%) and increased
shortness of breath (9.1%) were observed [37, 49].

Disseminated mucormycosis was reported in two
cases (2.1%), and one case of gastric mucormycosis
was described.

Cutaneous mucormycosis occurs when fungal spores
are inoculated into the skin and subcutaneous tissue
after minor or major trauma in a susceptible individual [1].
Oral ingestion of the spores can result in necrotic ulcers,
perforation, peritonitis, and intestinal infarction, causing
abdominal pain, nausea, and vomiting.

A case of mucormycosis involving the muscles has
been described after the patient was diagnosed with
compartment syndrome of the leg. Overall, the mortality
rate has ranged from 31% to 96%, with the highest in
disseminated forms of the disease [9, 16, 48, 51, 52].

The REMAP study demonstrated the effectiveness
of the glucocorticosteroid hormone dexamethasone in
reducing mortality in severe COVID-19 pneumonia with
pulmonary insufficiency and hypoxia, which is the drug
of choice [8, 18-20], which led to an increase in its use
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€ onucaHHA BMNagKy MyKOPMIKO3y, LLIO Bpa3uB M’a3u,
nicns Toro sk y nauieHta OyB AiarHOCTOBaHUA KOM-
NapTMEHT-CUHAPOM Horu. 3aranoMm, piBEHb CMEpPTHOCTI
konueaecs Big 31 0o 96%, 3 HaMBULWNM cepen OUCEMi-
HoBaHux cdbopm xBopobu [9, 16, 48, 51, 52].

OocnipxeHHas REMAP npogemoHcTpyBano edektus-
HICTb 3aCTOCYBaHHS MIOKOKOPTUKOCTEPOIAHOIO FOPMOHY
[JEeKCcamMeTa3oHy B 3HWKEHHI CMEPTHOCTI MpU TSXKKOMY
nepebiry nHeBmoHii COVID-19 i3 sBuwamn nereHeBoi
HeOoCTaTHOCTI Ta rinokcii, sk € npenapatoMm BWGO-
py [8, 18-20], Wwo 3ymMOBMIMO 3POCTaHHA MOr0 BUKOPUC-
TaHHS NpU KOpOHaBipycHii xBopobi. Cnig 3a3HauuTwy,
wo Tpueane Ta/abo HepouinbHe 3acTOCyBaHHS CTEpo-
iOHMX TOPMOHIB y MauieHTIB MOXe CTBOploBaTW nepen-
YMOBU AN BUMHWUKHEHHSI  Pi3HUX  OMOPTYHICTUYHMX
iHdbeKLin, 30Kkpema, MyKOpPMIKO3Y.

AiarHocTuka

Ha paHui yac Hemae JOCTYMNHUX KNiHiYHMX Biomapke-
piB MykopMmikody. OCTaTO4HMI AiarHO3 3axBOPHOBaHHA
BCE LU 3anexuTb Big TpaguuiiHoi giarHocTMYHoI Gioncii,
sika € iHBa3MBHOIO i He Mae YyTNUBOCTI Ta igeHTUdiKauii
Ha Bugosomy pisHi [9, 14, 30]. Weugka giarHocTuka
POLIM (ROCM-iHgekuii) 3a aponomorow arpecuBHOl
NpoTUrpMbkoBoi Tepanii mMae BupillanbHe 3HaYeHHS
ONst NIOBULLEHHS BWKUBAHOCTI Ta 3HWXEHHS CMepT-
HocTi [14, 30]. B ocTaHHi gekinbka pokiB Ansa giarHocTy-
BaHHSA Pi3HMX hOpM MYKOPMIKO3y creuianictamu-gocnia-
HMKamu Byrno po3no4vaTo 3acTOCyBaHHS HOBOI TEXHOMOril
MeTareHOMHoro  6eskniTMHHoro  cekBeHyBaHHs [HK
HacTynHoro nokorniHHa — MNGS (MeTareHOMHe CeKkBeHy-
BaHHA HacTynHoro nokoniHHa, MCHI1, metagenomic
next-generation sequencing — mNGS). La texHonoria
BMKOPWUCTOBYETLCH ANS LIBWAKOI Ta TOYHOI Bepudikauil
eTioNoriYyHoro YMHHMKa XBOPOOM NpPOTAroM 24 roauH.
TexHonoria mNGS, 3a gaHumu gocnigxeHb, € edek-
TMBHOK, HEIHBA3MBHOKO Ta LUBUAKOK nabopaTopHo
npouenypoto. lopiBHSAHO 3 TpaguUiNHUMW OiarHOCTUY-
HAMW MeTodaMM, TakMMK SIK TicTonaTosioriyHa Ta Kynb-
TypanbHa pJiarHocTuka, TectyBaHHa MNGS nokasano
Kpally 4yTnuBICTb OO BUSIBMEHHSI MATOrEHIB, 3aBAOsKU
Moro 3gaTHOCTI iAeHTUdIKyBaTK BinbLU LUMPOKWIA CNEKTP
MikpoopraHiamiB i MikpobHMX npodinie, BKMOYaUn
30yaHUKIB, siki pigko 3ycTpivatoTbes. Cnig 3asHauuTwy,
WO Ha Uelh MeToh MeHLIe BNNMBaE 3acTOCyBaHHSA
aHTMbioTukiB [53].

CekBeHyBaHHAI HOBOro MOKOMiHHA (aHrn. — next
generation sequencing — mNGS) — BUCOKONPOAYKTUBHUI
METOA, SIKUA [OCSAraeTbCsl LUMSIXOM CEKBEHyBaHHS Kro-
HanbHo amnnicikoBaHux [OHK-maTpyub y mMacoBomy
macLuTabi. MeTtoa Mae LIMPOKe 3aCTOCYBaHHSA Ta BigKpu-
Ba€ HayKOBLSM HOBi MOXMMBOCTI Yy BMBYEHHI reHOMIB,
TPaHCKPUNTOMIB 4YM  €K3eMiB Oyab-sIKOro  opraHiamy.
Bucoka npoayKkTMBHICTb, LIBMAKICTb Ta Maclutabosa-
HicTb TexHonorii NGS possonstoTb gocnimpkysaTtn Gio-
MNOriYHi cMCTeMM Ha HOBOMY piBHi. APMCTPOHI Ta iH.
nocnigHukn suaemnn 40 3paskiB  nnasMy  nauieHTiB
rpynu pusmky L1ogo rpubkoBoi iHdbekuii, ski nepeHecnu
rematororiyHi Ta/abo OHKOmoriyHi xBopobu, TpaHc-
nnaHTauito cToBOYpOoBMX KNiTUH ToLo [54].

MeTtoanky mNGS y BusIBNEHHi naToreHis, WO BUKNN-
Kanu roctpy CMHHOMO3KOBY iH(PEKLLit0, BUKOPMUCTOBYBanu
ONsi BUSIBNEHHS TpuOKOBUX 30YyAHWKIB, MOPIBHIOKYN
3i 3BMYAWHMM KMiHIYHUM TecTyBaHHsAM. byno BusiBneHo,

in coronavirus disease. It should be noted that prolonged
and/or inappropriate use of steroid hormones in patients
can create the prerequisites for the occurrence of various
opportunistic infections, including mucormycosis.

Diagnostics

Currently, there are no clinical biomarkers available
for mucormycosis. The final diagnosis of the disease
still depends on the traditional diagnostic biopsy, which
is invasive and lacks sensitivity and identification
at the species level [9, 14, 30]. Rapid diagnosis of
ROCM (ROCM infection) with aggressive antifungal
therapy is critical to increase survival and decrease
mortality [14, 30]. In the last few years, for the diagnosis
of various forms of mucormycosis, research specialists
have started using the new technology of metagenomic
cell-free DNA sequencing of the next generation —
mNGS (metagenomic next-generation sequencing —
mNGS). This technology is used for fast and accurate
verification of the etiological factor of the disease within
24 hours. According to research, mNGS technology
is effective, non-invasive and compared to traditional
diagnostic methods, such as histopathology and culture,
mNGS testing has shown better sensitivity for detecting
pathogens, due to its ability to identify a wider range of
microorganisms and microbial profiles, including patho-
gens that are rarely encountered this method is less
affected by the use of antibiotics [53].

Next generation sequencing (English — next
generation sequencing — mNGS) is a high-throughput
method that is achieved by sequencing clonally amplified
DNA matrices on a mass scale. The method has wide
application and opens up new opportunities for scientists
in the study of genomes, transcriptomes or exomes
of any The high productivity, speed and scalability of
NGS technology allow the study of biological systems
at a new level. Armstrong et al. researchers identified
40 plasma samples of patients at risk for fungal infection
who had undergone hematological and/or oncological
diseases, stem cell transplantation, etc. [54].

The mNGS technique in the detection of pathogens
causing acute spinal cord infection was used to detect
fungal pathogens, compared with conventional clinical
testing. mMNGS was found to verify fungal pathogens
in 7 of 40 patients, of which 66.7% were further confir-
med by biopsy [54].
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wo mNGS BepucpikyaB rpmbkoBi 36yaHukn y 7 i3 40 na-
LieHTiB, cepen siknx 66,7% Oynu goaaTtkoBO NigTBEpa-
XeHi 6ioncieto [54].

MeTtareHomHe 6e3kniTMHHe cekBeHyBaHHA [HK Ha-
CTYNHOrO MOKOSiHHS € HOBOK MEPCMNEeKTUBHOK MeTo0-
norieto 4ns QiarHOCTMKM iHBA3MBHUX FPUOKOBUX iHDEKLLN,
ska NiaTpyMye LWBUAKe Ta cneundiyHe BUSBMEHHS BOT-
HULLa Npouecy B Pi3HMX Micuax nokanisauii iHndekuii [53].
B enoxy cTpimMKoro po3BWUTKY reHeTuku Ta Bipyconorii
AiarHoCTWYHI nigxoam, 3acHoBaHi Ha MNGS, MoXyTb AaTu
Ginble iHdopMauii Woao pisHMX NPOSIBIB MyKOPMIKO3Y,
BKITHOYAOUM CTPYKTYPY FreHOMY, AeTepMiHaHTU BipyneHT-
HoCTi, pocTy Ta MeTtaboniamy 30ygHuKa, NaToreHHoCTi,
CTifkOCTi OO MpPOTUrpMbBKoBOI Tepanii, B3aEMOBIAHOCKH
3 xassiiHoMm. [lonepegHi QocnigpkeHHA nokasanu, LWo
mNGS mae nogibHy 4yTnuBicTb [0 cneundivHnx
MOInEeKynspHO-reHETUYHNX  aHanisiB — noniMmepasHoi
naHutorooi peakuii (MJIP), sika € 6Ginbw 4yTnNUBOLO,
HiX 3BMYanHi MeToam giarHoctuku [53].

Oco6nMBOro 3Ha4eHHs METOL, CEKBEHYBAHHS HOBOIO
nokoniHHs HabyB y BUBYEHHI reHoMy Bipycy SARS-CoV-2
Ta po3yMiHHI MyTauii, ski y HboMy BigbyBatoTbes. 3aB-
askn NGS BYeHi oTpumanu MOXMMBICTb BiACTeXyBaTu
3MiHW B reHoMmi 30ygHWKa KOpOHaBipycHOT iHdekuii
COVID-19, wo BiabyBalTbCsA MOCTIMHO MPOTArOM NaH-
aemii xBopobu, Npu3BoAsHM OO0 NOSIBU HOBWUX BapiaHTIB
Bipycy — Anbda, Kanna, Oenesra, ensta+, ®nipT Ta iHWNX
wramis. Ha BigmiHy Big lMJIP-TecTiB, WO BCTaHOBMNIOWOTb
aKT HasIBHOCTI YW BIiOCYTHOCTI B OpraHiami noavHu
KOPOHaBipyCy LUMSXOM BW3HAYEHHSI MOr0 TEeHETUYHOro
mMaTepiany, reHOMHe CEeKBEHYBaHHsI [O3BOMISIE HE nuLle
BUSIBUTM BipYC, a 1 ineHTUdiKyBaTN MOro KOHKPETHWUIA Bapi-
aHT, a TakoX HOBI (paHille He onucaHi) 3MiHV reHiB Bipycy.
Kpim TOro, us TexHonoria Ta obnagHaHHs [03BONSATbL
npauBaTu i 3 iHW1MK naTtoreHamu (refbMiHTamu, Mikpo-
opraHiamamu Ta Bipycamu) Ha reHoMHOMY piBHi [53, 55].

Y xo0BTHi 2021 poKy L0 TEXHOMorito B3siB Ha 036po-
eHHa LleHTp rpomapgcbkoro 3pgopor’a (LIM3) Ykpainu
AN BUABMNEHHSA MyTauin y reHomi Bipycy SARS-CoV-2
Ta igeHTMdikauii Moro BapiaHTiB, SKi nepeBaxawTb
cepen HaceneHHsi Hawoi kpaiHu. Y naGopatopii L3
BCTAHOBMNEHO obnagHaHHs ans poboTu 3 TexXHOonoriew
NGS, po3pob6neHe naptHepom «AJlT YkpaiHa» — KoM-
nanieto Thermo Fisher Scientific [56]. LinboBun nigxig
00 BMpIlIeHHA npobnemMu 4Yacto € 6inbl npuaaTHOK
TapeHTabenbHO anbTepHaTMBOI, 0COBNMBO AN AiarHoc-
TUYHUX Ta KOHKPETHUX KNiHIYHMX JocnigXeHb. Y Mipy
TOrO, SIK 3HAHHS MPO FEeHETUKY, NOB’A3aHy 3 XBOpobamu,
NPUMHOXYHOTbCS, NOTpeba y BUKOPUCTaHHI FeHOMHOTO Cek-
BEHYBaHHS 3pOCTae, Ta cTae binbLy 3aTpebyBaHoto [57].

HoBi pgiarHocTUYHi MeTogM, 30Kpema, MaTpuyHa
nasepHa Aecopbuisi/TecTyBaHHsi Yacy NomnboTy ioHi3auji
(wwupoko Bigomuin, sk MALDI-TOF- Matrix Assisted Laser
Desorption lonization Time Of Flight Mass-Spectrometry,
MeToa MaTpu4HO-aKTMBOBaHOI NasepHoi aecopbuii/ioHi-
3auii) TeCcTyBaHHSA CMPOBAaTKM Ta KPio3pisiB, TAKOX MOXYTb
OyTV BUKOpPUCTaHi Ansa AiarHoCTUKM MykopMiko3y [58].

Pesynetatv nociBiB CNWHHOMO3KOBOI  pPiAMHU Ha
NOXMBHOMY CepefoBuLLi NpW Nigo3pi Ha MYKOPMIKO3
B GinblocTi BMnNagkie OynuM HeratMBHUMMW, WMOBIPHO,
TOMY, IO YMOBW KynbTUBYBaHHSl, HeobXxigHi Ans pocty
rpm6is Mucorales, B niTepaTypi NOKU YiTKO HE BU3HAYEHI
Ta He 3acTocoBylOTbCA. Bisyanisauis WMpPoOKMX, CTpivko-
noaibHMX, nayumcenTaTHUX rig i3 LUMPOKUM KYTOM pO3-
rany>xeHHs nNiaTBepOXye AgiarHo3 mykopmikosy [14, 30].
lMcTonaTtonoriyHe AOCNIAXEHHS ypaXeHUX TKaHWH MOXe

Next-generation metagenomic cell-free DNA sequen-
cing is a promising new methodology for the diagnosis
of invasive fungal infections, which supports the rapid
and specific detection of the site of the process at diffe-
rent sites of infection localization [53]. In the era of
rapid development of genetics and virology, diagnostic
approaches based on mNGS can provide more infor-
mation on various manifestations of mucormycosis,
including genome structure, determinants of virulence,
growth and metabolism of the pathogen, pathogenicity,
resistance to antifungal therapy, and interactions with
the host. Previous studies have shown that mNGS has
a similar sensitivity to specific molecular genetic ana-
lyzes — polymerase chain reaction (PCR), which is more
sensitive than conventional diagnostic methods [53].

The next-generation sequencing method has gained
particular importance in studying the genome of the
SARS-CoV-2 virus and understanding the mutations
that occur in it. Thanks to NGS, scientists were able to
track changes in the genome of the causative agent
of the coronavirus infection COVID-19, which occur
constantly during the pandemic of the disease, leading
to the appearance of new variants of the virus — Alpha,
Kappa, Delta, Delta+, Flirt and other strains. Unlike PCR
tests, which establish the fact of the presence or ab-
sence of coronavirus in the human body by determining
its genetic material, genomic sequencing allows not
only to detect the virus, but also to identify its spe-
cific variant, as well as new (not previously described)
changes in the genes of the virus. In addition, this techno-
logy and equipment allow working with other patho-
gens (helminths, microorganisms and viruses) at the
genomic level [53, 55].

In October 2021, this technology was adopted by
the Public Health Center (CPH) of Ukraine to detect
mutations in the genome of the SARS-CoV-2 virus
and identify its variants that prevail among the popu-
lation of our country. Equipment for working with NGS
technology, developed by the partner of «ALT Ukraine» —
the company Thermo Fisher Scientific, has been installed
in the laboratory of the Central Research Institute [56].
A targeted approach to problem solving is often a more
suitable and cost-effective alternative, especially for
diagnostic and specific clinical studies. As knowledge
about genetics related to diseases increases, the need
to use genomic sequencing increases and becomes
more in demand [57].

MpNew diagnostic methods, in particular, matrix
laser desorption/testing of time of flight of ionization
(commonly known as MALDI-TOF — Matrix Assisted
Laser Desorption lonization Time Of Flight Mass-
Spectrometry, Method of matrix-activated laser desorp-
tion/ionization:) testing of serum and cryosections, can
also be used to diagnose mucormycosis [58].

The results of cultures of cerebrospinal fluid on
a nutrient medium when mucormycosis is suspected
were negative in most cases, probably because the
cultivation conditions necessary for the growth of
Mucorales fungi have not yet been clearly defined and
applied in the literature. Visualization of wide, ribbon-like,
paucyseptate hyphae with a wide branching angle
confirms the diagnosis of mucormycosis [14, 30]. Histo-
pathological examination of the affected tissues can
confirm the diagnosis of mucormycosis, however,
it requires invasive intervention. The difficulties of labo-
ratory diagnosis emphasize the importance of clinical
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nigTBEpaUTY AiarHo3 MyKOpMiko3y, OfHaK, BUMarae iHea-
3MBHOrO BTpPYyYaHHs. TpyaHolli nabopaTtopHoi aiarHoc-
TUKN MNiOKPECMOTb BaXMBICTb KIiHIYHOrO BU3HAYEHHS
uepebpanbHoro mykopMikody (LIM) Ta peTenbHoi ande-
PEeHUiNHOI aiarHoCTUKK 3 iHWKMMK xBopobamu. Kpim Toro,
rictonaronoriyHa igeHTudikalis MykopMikody He Hagae
iHdhopmauii npo pig i Bua 36ygHuka, a TakoX AaHi npo
YyTNMBICTb 4O NPOTUrPUBKOBUX 3acobiB i Mae obMexeHy
30aTHICTb BUSIBNATM 3MiwaHi rpmbkosi iHdekuil. licTto-
NOriYHWMIn piarHo3 Moxe OyTu nigTBEpOKEeHUn 3abaps-
TNIOBaHHSIM reMaToKCUMiH-e031HOM | MeTaHaMiHOM-cpibna
pesektoBaHoi TkaHuHu M [1, 14, 30]. [lns BCTaHOBMEH-
HS [giarHo3y HeoOxigHa eHpockoniyHa OuiHKa nasyx
i Gioncis ypaXeHUX nasyx N HEKPOTUYHUX TKaHWH.
MigTBEPAXEHHSIM € ricTONaToNoriYHe AOCNIAXEHHS LWMPOo-
KMX acenToBaHMX Fih 3 BMKOPUCTaAHHAM Ginux KanbuLo-
dpnyopie i MetaHamiH-cpibna [14, 30]. MonekynsipHi
MeToau AiarHOCTUKM MYKOPMIKO3Yy i AoTenep AOCTYrHI
He Ha YCiX pIBHAX HagaHHA MeaW4HOI AOMOMOru, TOMY
naTtoricTorioriyHe OOCHiAKEHHS 3anMLIaeTbCsl «3010TUM
cTaHgapToM» Ans giarHocTuku isonboeaHoro LIM [14, 30].

NiKyBAHHS

Ona nikyBaHHS MYKOpPMiKO3y cepen nauieHTiB
3 COVID-19 Hanbinblw nowmpeHumMmn npenapaTamu, siKi
BMKOpPUCTOBYBanucsi, 6ynu ninocomanbHuin amdoTtepu-
unH B (85,9%) Tta nocakoHason. JlinocomansHuin amgo-
TepuuuH B € npenapaTtom BUGOpyY Ha eTani noyaTky niky-
BaHHA N pekomeHaoBaHwun y fosi 5-10 mr/kr Ha goby.
Ho3a amdoTtepuumHy B — 3 Mr/kr/oeHb Takox BUSABU-
nacsi oiHaKoBO e(peKTMBHOK B paHAOMI30BAHOMY KOHT-
ponbHOMY gocnimkeHHi [59]. lNocakoHason Ta i3aByKoHa-
30/ 3a3BMYall BUKOPUCTOBYOTLCS sIK MOCTYNoBa Teparnis
nicnsi KiNnbKOX TWXKHIB nNiKyBaHHA amdoTepuuuHom B
abo eTioTponHoi Tepanii [59, 60]. Cnig 3a3HaunTy,
wo aHTMbakTepianbHa Tepanis LIMPOKOro cnektpa Aii
y nauieHTiB 3 MyKOpMiKo3oM B GinbLuoCTi Bunaakis byna
NpoJOBXeHa, He3BaXkalun Ha BiACYTHICTb O3HaK GakTe-
pianbHoi iHdekuii mamke B 10% BuNagkis, WO € HE OO-
LinbHMM, nornubniotoun sk Amcbios, Tak i imyHoaediunT-
HUM cTaH nauieHTiB. 3i 145 nauieHTiB cTepoigHi ropmo-
HanbHi Nnpenapatn ansa nikysaHHa COVID-19 oTpumysanu
91,7% nauieHTiB, 55,2% 3 HUX OyB Npu3HaYeHWn aekca-
MeTa30H [0 BCTaAHOBMEHHS AiarHody MykopMikosy. ETio-
TPOMHWIA npenapaTt peMaecuBip Ta aHTMbakTepianbHy
Tepanito otpumyBann 21,8% Ta 17,2% nauieHTis,
BignosigHo. B 11,5% BunagkiB npuaHayaBcs TOLUNI3y-
Mab B sIKOCTi npenapaTty [AOns MoKpaweHHs yHKLiT
ounxaHns [16, 30, 61].

KoHTponb abo ycyHeHHsi chakTopiB, Siki CnpusioTb
pO3BUTKY XBOpPOOM, NpoTUrpubkoBa Tepanis Ta XipypridHi
BTPYYaHHS € OCHOBHMMMW acriekTamu nikyBaHHS MYyKOp-
Miko3y. OB’eM ypaKeHUX TKaHUH Moxe OyTu Benukum,
€ PpU3MK CMOTBOPEHHS NauieHTiB npu iX XipypriyHOMY
BUAaneHHi, Npote, Len MeToq 4acTto pATye xuTTs. Han-
OinblW nNoOWMpeHUMK  XipypriyHUMKM  MeTodammu  MiKy-
BaHHs Oynu rHyyka eHAocKomnivyHa xipyprisi nasyxu 1a ob-
pobka paH, a opbiTanbHa ek3eHTepaLis 6yna BUKOHaHa
y 14,1% nauieHTiB [62].

OGroBopeHHs

Y Hawomy ornsai 6yno 3asHayveHo, WO MYyKOPMiKo3
OyB BMSIBNEHMI NMOBIPHO Yy paHille iMyHOKOMMNETEHT-
HUX nauieHTiB, y sikux Oyna piarHocToBaHa iHdeKUis
COVID-19, wo Moxe 03HayaTu iCHyBaHHSA iHLUMX, OKpiM
3aranbHOBIAOMUX, MeXaHi3MiB MaToreHe3y MOXOAXKEHHS

definition of cerebral mucormycosis (CM) and careful
differential diagnosis with other diseases. In addition,
histopathological identification of mucormycosis does
not provide information on the genus and species of
the pathogen, as well as data on sensitivity to anti-
fungal agents and has a limited ability to detect mixed
fungal infections. Histological diagnosis can be confirmed
by staining with hematoxylin-eosin and methanamine
silver staining of the resected tissue of brain [1, 14, 30].
An endoscopic evaluation of the sinuses and a biopsy
of the affected sinuses and necrotic tissue are necessary
to establish the diagnosis. Confirmation is histopatho-
logical examination of wide aseptic hyphae using white
calcofluors and methenamine-silver [14, 30]. Molecular
methods for diagnosing mucormycosis are still not
available at all levels of medical care, therefore,
histopathological examination remains the «gold stan-
dard» for the diagnosis of isolated CM [14, 30].

Treatment

Liposomal amphotericin B (85.9%) and posaconazole
were the most common drugs used to treat mucormyco-
sis among patients with COVID-19. Liposomal ampho-
tericin B is the drug of choice at the initial stage of
treatment and is recommended at a dose of 5-10 mg/kg
per day. A dose of amphotericin B of 3 mg/kg/day was
also found to be equally effective in a randomized
controlled trial [59]. Pocaconazole and isavuconazole
are usually used as step-down therapy after several
weeks of amphotericin B treatment or etiotropic
therapy [59, 60].

It should be noted that broad-spectrum antibac-
terial therapy in patients with mucormycosis in most
cases was continued, despite the absence of signs
of bacterial infection, in almost 10% of cases, which is not
appropriate, deepening both dysbiosis and the immuno-
deficient state of patients. Of the 145 patients, 91.7%
of patients received steroid hormonal drugs for the
treatment of COVID-19, 55.2% of them were prescribed
dexamethasone before the diagnosis of mucormycosis.
Etiotropic drug remdesivir and antibacterial therapy
were received by 21.8% and 17.2% of patients, respec-
tively. Tocilizumab was prescribed in 11.5% of cases as
a drug to improve respiratory function [16, 30, 61].

Control or elimination of predisposing factors, anti-
fungal therapy, and surgery are the main aspects of
treatment for mucormycosis. The volume of affected
tissues can be large, there is a risk of disfiguring pati-
ents during their surgical removal, but it saves lives.
The most common surgical treatments were flexible
endoscopic sinus surgery and wound dressing, and orbi-
tal exenteration was performed in 14.1% of patients [62].

Discussion
In our review, it was noted that mucormycosis was
detected in previously immunocompetent patients who
were diagnosed with COVID-19 infection, which may
indicate the existence of other, besides the generally
known, mechanisms of pathogenesis of the origin of
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iMmyHocynpecii npu  MykopMmikosi. [pu  iHdiKkyBaHHI
COVID-19 cnocTtepiraetbcst NiMGONEHis, NPUrHiYEeHHS
T-nimdpoumntis CD4+ i CD8+, WO BUKNIMKAE IMYHHY
aucoyHkuito [1, 8, 16]. Pesynbtatn Henposisyanisauii
npu uepebpanbHoMy Mykopmikosi (LIM) MoXyTb 3Ha4yHO
BigpisHATUCA. Hanbinbw nowmpeHnmmn cumntomamum LIM
€ opbiTanbHi Ta HEBPOMOriYHi. YpaxeHHs KaBepHO3HOro
CUHYCY, SIK HanBiNbLL NOLWMPEHY 03HaKy Bidyanisauii B 'M,
y OesikMX BUNagKax Moxe HaragysaTtu abcuec ronoBHOro
MO3Ky [39—41]. lemaTonOriyHi 3MOSIKICHi HOBOYTBOPEHHSA
noB’A3aHi 3 NigBULLEHMM PU3MKOM ANCEMIHOBaHOI hopmu
MYKOPMIKO3Y, TOAi siKk TpaHCnnaHTauisa napeHximaTto3HuX
opraHiB B aHaMHe3i acoLiloeTbCs 3 NiABULLIEHHSM PU3UKY
nereHeBUX | LUNYHKOBO-KMLLKOBUX MPOSBIB  MYKOPMi-
kosy [34-36, 48]. Y cuctematuyHomy ornsagi Jeong Ta iH.,
851 naujieHTa 6yno BusineHo, wo LA 2-ro Tuny € nepe-
BaXalUMM CYMYTHIM 3aXBOPKOBAHHAM Yy nauieHTiB
i3 COVID-19 ta mykopmikosom —y 77,1%, Tofi K y Aonax-
JemiyHui nepiog nowmpeHictb L y XBOpUX i3 MyKopMi-
kozom ctaHoBuna 40% [21]. MNoHag 90% nauieHTiB
oTpumyBanu cTtepoign B skocTi Tepanii COVID-19 sk
OCHOBHOIO 3aXBOPHOBaHHS B Pi3HNX (hopMax BBEAEHHS,
e OO0 [iarHOCTOBAHOro y HUX MYKOpMiko3y. Take niky-
BaHHS1, MMOBIpPHO, MOXe 30inbluyBaT PU3MK YparKEHHS
xBopux Ha LI uieto onopTyHiCTUYHO iHEKLiE Y BU-
nagky KopoHaBipycHoi xBopobu. CTepoign nigBuLLyHOTb
piBEHb LIYKPY B KPOBI, LLO Y CBOI Yepry BUKITUKAE rMiko-
3UMIOBaHHA TpaHcepuHy Ta EepuTuHY, 3MEeHLUYyeE iX
3B’A3yBaHHs i3 3anizom, 30inblUye KiNbKiCTb BiflbHOIO
3anisa. Lle, pasom 3 aungo3om, cnpuynMHeHMM aiabetny-
HUM KETOaUUA030M, CNpUSIE MPOPOCTaHHIO CMOP MYKOPY.

Came TOMy cnig O6inbw peTenbHO BiAHOCUTMCH
0O MPUHATTSA pIlIEHHNA LWOAO0 BMKOPUCTaAHHA CTepoiaiB
y Tepanii, yHuKawouM ix HeBUBIPKOBOIO BUKOPUCTAHHS,
Ta 30CepeguTMcsl Ha CyBOPOMY KOHTPOMi PIiBHA LYKpY
B KPOBi Y XBOpMX Ha LlyKpoBui fiaber.

[MpurHiveHHa darounTapHOi aKTUBHOCTI NEMKOLUMTIB,
Wo € pesynsratom fAii cTepoigiB, Takox Oepe yyacTb
y naTtoreHesi Lporo 3axsoptoBaHHs [1, 8, 12, 16]. EHgo-
TenianbHM Tpom6o3, nocuneHHs GRP 78 (mpoteiny
peLenTopa rMioko3n—78), Skuik cnpusie rpubKoBii iHBasil,
Ginka-romonora nOKpPUTTA crnop rpubkoBoro niraHay
(CotH), sikmin nonerwye rpubkoBy aHrioiHBasito, Ta akTu-
Bauis rencuguHy rnikonpoteiHom SARS CoV-2, npusso-
OuTb 0O Aucperynsadii romeocTasy 3anisa Ta moro nepe-
BaHTaXXEHHAM, LLO € OOHWUM i3 MEeXaHi3MiB, siKi MOSICHIOTb
nigBuLLeHy cxunbHicTb nauieHtiB 3 COVID-19 pgo
MyKOpMiko3y [41, 48, 52].

Y pocnigjkeHHsX NoBigoMIisnocs nNpo rematonoriyHy
AvceMiHauiio B rONIOBHOMY MO3Ky 3 PO3BUMTKOM Lepeb-
panbHoro abcuecy Ta rocTpux iHcpapkTie 'M npu mykop-
MiKO3i. |HWKUMK ycknagHeHHsaMU Oynu cuHapom opbi-
TanbHoro Biadiny Ta/abo HeBpuT/iHdINLTPaLis 30poBOro
HepBa [11, 16, 26, 33, 48]. MNpeacTtaeneHi daktn nig-
TBEPOXKYIOTb BKpah HebesneyHy, iHOAI CMepTenbHY,
npupody MyKOpMiko3y. Bucokuin piBeHb neTanbHOCTI
Big MykopMmiko3y cepen xBopux Ha COVID-19 moxHa
YaCTKOBO MOSICHUTW Heponikamy B AiarHOCTULi MyKOpMi-
KO3y, HEeOOCTaTHICTIO B [OCTYNHOCTI A0 edEKTUBHUX
NpoTMrpMbKOBMX NpenapariB, Ta HEAOCTaTHLOK Hacu4e-
HiCTIO KBanigikoBaHMW MeaUYHUMMK pecypcamMu 3akna-
[iB 0XopoHM 300poB’si. Taki npobrnemu Ginbl NowmnpeHi
B KpaiHax, 10 po3BMBalOTLCS, 0COONMBO, Nig Yac BUHUK-
HeHHs apyroi xBuni naHgemii COVID-19, ne 3ocepesn-
»eHa GinbLuicTb BUNaakie 3axeoptoBaHHs [1, 15, 16, 30].

immunosuppression in mucormycosis. When infected
with COVID-19, there is lymphopenia, suppression of
CD4+ and CD8+ T-lymphocytes, which causes immune
dysfunction [1, 8, 16]. The results of neuroimaging
in cerebral mucormycosis (CM) can vary significantly.
The most common symptoms of CM are orbital and
neurological. Damage to the cavernous sinus, as the
most common imaging feature of brain, in some cases
may resemble a brain abscess [39-41]. Hematological
malignancies are associated with an increased risk of
disseminated mucormycosis, while a history of paren-
chymal organ transplantation is associated with an in-
creased risk of pulmonary and gastrointestinal manifes-
tations of mucormycosis [34-36, 48]. In a systematic
review of 851 patients by Jeong et al., found that type 2
diabetes mellitus was the predominant comorbidity
among patients with COVID-19 and mucormycosis,
occurring in 77.1% of patients, compared with a pre-
pandemic prevalence of 40% in patients with mucor-
mycosis [21]. More than 90% of patients received
steroids as therapy for their underlying COVID-19 disease
in various forms of administration, even before they were
diagnosed with mucormycosis. Such treatment may
potentially increase the risk of diabetic patients develo-
ping this opportunistic infection in the event of COVID-19
disease. Steroids increase blood sugar levels, which in
turn causes glycosylation of transferrin and ferritin,
reduces their binding to iron, and increases free iron.
This, together with the acidosis caused by diabetic keto-
acidosis, promotes the germination of Mucor spores.

That is why more care should be taken when making
decisions about the use of steroids in therapy, avoiding
their indiscriminate use, and focusing on strict control
of blood sugar levels in patients with diabetes.

Inhibition of leukocyte phagocytic activity resulting
from steroid action is also involved in the pathogenesis
of this disease [1, 8, 12, 16]. Endothelial thrombosis,
upregulation of GRP 78 (glucose receptor protein-78),
which promotes fungal invasion, fungal ligand spore
coat homolog protein (CotH), which facilitates fungal
angioinvasion, and activation of hepcidin by the
SARS CoV-2 glycoprotein, lead to dysregulation of iron
homeostasis and iron overload, which are among the
mechanisms explaining the increased susceptibility of
COVID-19 patients to mucormycosis [41, 48, 52].

Studies have reported hematological dissemination
in the brain with the development of cerebral abscess
and acute infarctions of brain in mucormycosis. Other com-
plications were orbital compartment syndrome and/or
optic neuritis/infiltration [11, 16, 26, 33, 48]. The presented
facts confirm the extremely dangerous, sometimes
fatal nature of mucormycosis.

The high mortality rate from mucormycosis among
COVID-19 patients may be partly explained by short-
comings in the diagnosis of mucormycosis, lack of
access to effective antifungal drugs, and insufficient
saturation of qualified medical resources in health care
facilities. Such problems are more common in develo-
ping countries, especially during the second wave of the
COVID-19 pandemic, where the majority of cases are
concentrated [1, 15, 16, 30].
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BUCHOBKMU

LlykpoBuii giabet 2-ro Tuny € ogHMM 3 HanbinbL no-
LLUIMPEHNX 3aXBOPIOBAHb, SIKe YCKIaaHIOE Ta O0TAXYe nepe-
Oir KOpOHaBIpyCHOI iH(peKUji, WO TUM camum nigBuLLye
PY3UK Takoro Hebe3ne4yHoro ycknagHeHHs ik MyKOpMIKO3.

ICHYIOTb iHLLIi TPAAWUIiHI hakTopW PU3UKY, sIKi 30inbLLY-
I0Tb PU3UK 3aXBOPHOBAHHA Ha MyKopmiko3 npyu COVID-19:
3M0SKICHI reMaTonNoriYyHi HOBOYTBOPEHHS, TpaHcnnaHTauisa
CTOBOYpPOBMX KMiTWMH, TPAHCNMAaHTAaLis OpraHis, nepesaH-
TaXEHHs1 3arisom, TpvBarne BUKOPUCTaHHSA aHTMBIOTMKIB
LUMpOKOro cnekTpa Aii [8, 15, 16, 19, 30].

Cnig yHMKaTn HedouinbHOi Ta HEMOTMBOBAHOI Tepa-
nii  rMIOKOKOPTMKOCTEPOIOHUMW TOPMOHaAMU Y MauieHTiB
3 KOpOHaBipyCHOK XBOpOOOI0, 30CepedXyouncb Ha no-
CTINHOMY MOHITOPIHIY pPIiBHA [MIOKO3M KPOBi Ta iHLWKX
iHOMKaTOpIB CTaHy 300POB’S XBOPUX.
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CONCLUSIONS

Type 2 diabetes is one of the most common diseases
that complicates and aggravates the course of corona-
virus infection, thereby increasing the risk of such a dange-
rous complication as mucormycosis.

There are other traditional risk factors that increase
the risk of mucormycosis in COVID-19: hematological
malignancies, stem cell transplantation, organ trans-
plantation, iron overload, and prolonged use of broad-
spectrum antibiotics [8, 15, 16, 19, 30].

Inappropriate and unmotivated therapy with gluco-
corticosteroid hormones in patients with coronavirus
disease should be avoided, focusing on constant moni-
toring of blood glucose levels and other indicators of
the patients’ health status.
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Prospects for further research

The data of the literature review serve as the basis for con-
ducting further in-depth experimental and clinical studies by
scientists and doctors from different countries of the world to
confirm the role of the SARS-CoV-2 virus as a trigger factor
that causes immune dysfunctions and the occurrence of such
a dangerous complication as mucormycosis.
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PE3IOME

AkTyanbHicTb. Ha cborogHi naToreHeTMYHi MexaHi3MW XPOHIYHOTO 3anarneHHs
npy BTOPMHHOMY OCTE0apTpUTi, NOro peunavBytoumin nepebir 3 po3BUTKOM AereHepa-
TUBHYMX NPOLIECIB B CYrNMOBOBOMY XPsiLLi 3anunLwatoTbCA He A0 KiHLS BUBYEHVUMN.

MeTta po60TH — BU3HA4YMTK POsib iIMYHHUX MOPYLUEHb Y XBOPUX Ha BTOPUHHWUIA OCTEO-
apTpuT B 3anexHOCTi Bif cTafii aereHepadii cyrmobosoro xpsiia.

Matepianu Ta metoaun. ObcTexxeHo 117 xBopux Bikom 19-45 pokis. BugineHo 4 rpynu
3anexHo Bif cTagii ypaxeHHs cyrnmobosoro xpswa: 1-wa rpyna (< 10%); 2-ra (10-25%);
3-19 (25-50%); 4-ta (> 50%). Buswavanm piBHi IgM, IgA, IgG B cupoBaTui
KpoBi MeTogom IPA Ta KOHUEHTpaUilo 3aranbHOro KOMMMEMEHTY Ta KOMMo-
HeHTiB komnnementy C,, C,, C,, C,, C_, piseHb LIK meTogom AandepeHuinHoi
npeumnitadii y 3-, 4,5-, 6%-my po3uuHi nonietuneHrmnikonto. darountapHy aKTUBHICTb
nenkoumTiB (daroumtapHe 4YMCNO Ta IHAEKC) OUiHIOBanM 3a 3AaTHICTIO MOrmuHaTh
bakrepii S.aureleus (wtam 209). MeTaboniyHy akTUBHICTb cparoumuTiB BUBYaANU
Yy CMOHTAHHOMY Ta CTUMYNbOBaHOMY CycneHs3ieto 3umo3aHy HCT-Tecri.

Pe3ynbrath Ta ix o6roBopeHHs. [pu | Ta Il cTagisx aereHepadii cyrno6osoro xpsiia
BM3Ha4anocs nigBuwieHHs B 1,1-2,2 pasy IgM, IgA Ha Tni 3HuwkeHHs B 1,1 pasy IgG,
TOAi K B rpynax i3 BUPaXKeHOW AereHepadieto cyrnoboBoro xpsiia AiarHocTyBanocs
3HWKeHHs IgA, IgM B 1,3-2,3 pasy 1a IgG y 1,4-1,5 pasy. BusHayanacs aktusauis
cuctemn komnnemeHTy. PiBeHb LIIK OyB 3HayHo BuwwmMm npu 3-i Ta 4-n cragisx.
Ha ycix cTagisx pynHyBaHHSA CyrnmoboBOro xpsilia CrnocTepiraeTbCA 3HWXKEHHSA daro-
LMTapHOI aKTUBHOCTI JIENKOLUTIB KPOBI.

BucHOBKW. Y XBOPMX Ha BTOPVHHWUI OCTEOApTPUT Mae MiCLe KONMMBAHHS PiBHIB IgA,
IgM Ta IgG 3anexHo Big cTagii gereHepadii cyrmoboBOro xpsilia; akTvMBaLis cucTeMu
KkomnnemeHTy Ta niasuweHHs LIIK Ha Tni HegocTtaTHBOro iMyHHOro 3axucTty y BUrmMsAAi
3MEHLLUEHOI NOrMuHanbHOI 3aaTHOCTI KNiTUH GakTepii S.aureus, WO Bkasye Ha nigsu-
LeHe HaBaHTAXEHHs EeK30reHHMX Ta EeHAOreHHWX aHTUreHiB Ta akTvBauii nponi-
depaTMBHMX NPoLECIB Y CyrnoboBOMY XpsiLLli Ta CUHOBIanbHii 060MOHL.

lony6 O.l., YepHycbkuin B.I., Netaro IB., MNaenikoBa K.B., Hikonbcbka O.C. Ponb iMyHHMX MOpYLUEHb Y XBOPUX
Ha BTOPWHHWIA OCTEOAPTPUT 3anexHo Big cTafii AereHepadii cyrnmoboBoro xpsiwa. KapasiHcbkull iMyHono2iyHul
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ABSTRACT

Background. The pathogenetic mechanisms of chronic inflammation in secondary
osteoarthritis, its recurrent course with the development of degenerative processes
in articular cartilage, remain incompletely understood.

Purpose — to determine the role of immune disorders in patients with secondary
osteoarthritis depending on the stage of articular cartilage degeneration.

Materials and Methods. 117 patients aged 19 to 45 years were examined. 4 groups
were distinguished depending on the volume (stage) of articular cartilage damage:
1 (< 10%); 2 (10-25%) 3 (25-50%); 4 (> 50%). The levels of IgM, IgA, 1gG in blood
serum were determined by ELISA and the concentration of total complement and
complement components C,, C,, C,, C,, C,, the level of CIC was determined by
the method of differential precipitation in 3, 4.5, 6% polyethylene glycol solution.
The phagocytic activity of leukocytes (phagocytic number and index) was assessed
by the ability to absorb S.aureleus bacteria (strain 209). The metabolic activity of
phagocytes was studied in the spontaneous and zymosan-stimulated NST test.
Results. At stages 1 and 2 of articular cartilage degeneration, an increase of
1.1-2.2 times in IgM and IgA was determined against the background of a decrease
of 1.1 times in IgG, while in groups with severe articular cartilage degeneration,
a decrease of IgA, IgM by 1.3-2.3 times and IgG by 1.4-1.5 times was diagnosed.
Activation of the complement system was determined. The level of CIC was signifi-
cantly higher at stages 3 and 4. At all stages of articular cartilage destruction,
a decrease in the phagocytic activity of blood leukocytes was observed.

Conclusions. In patients with secondary osteoarthritis, there is a fluctuation in the
levels of IgA, IgM and IgG depending on the stage of articular cartilage degene-
ration; activation of the complement system and an increase in CIC against the
background of insufficient immune protection in the form of a reduced absorption
capacity of S.aureus bacteria cells, which indicates an increased load of exogenous
and endogenous antigens and activation of proliferative processes in the articular

cartilage and synovial membrane.

For citation:
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secondary osteoarthritis depending on the stage of articular cartilage degeneration. Karazin Journal of Immunology.
2025;8(1(15)):25-34. DOI: https://doi.org/10.26565/3083-5615-2025-15-02

BCTYN

BtopuHHuin octeoaptput (BOA) 3aiimae npoBigHe
MicLe B CTPYKTYpi AereHepaTUBHO-AMCTPOMIYHNX 3axBO-
ptoBaHb cyrnobiB i cknagae 54,7-69,7% [1-3]. OpHieto
i3 npuunH po3sutky BOA € nonietionoriyHniAi cTpecop,
LLIO IHAYKYE XPOHIYHMI 3ananbHui npouec y cyrnobosBomMy
Xpsilli Ta CUHOBIAnNbHIN 0OO0MOoHLU;. Moro ocobrnusicTio
€ CyOkniHiYHUA nepebir i paHHE ypaXeHHs maTpukca
cyrnoboBoro xpsiwa [2-4]. Y pesynbraTi BU3HaYeHUX
nopyLeHb, NpoayKTN AerpagaLii NPOHUKaoTb Y BENUKin
KINbKOCTI A0 CUHOBIanbHOI PiOUHW i CAPUAIOTL 3anycky
HU3KW iIMYHOMOTYHUX peakuin, pe3ynbTaToM SIKUX € Le
GinbLue yLIKOMKEHHSA cyrrnoboBoro xpsilia i CUHOBianbHOT
obonoHkn. Ha Tni unx npoueciB y noganbliomy npuea-
HYIOTbCS @yTOIMYHHWUIA KOMMOHEHT Ta anonTo3 KMiTUHHO-
TKaHWHHUX CTPYKTYp CyrrnoboBoro xpsiia, pO3BMBUTOK
ibpo3dy 3 noganbluMM MNOPYLIEHHAM (YHKLiOHaNbHOT
aKTMBHOCTI cyrrnoba.

Y natoreHesi BOA iMyHOMOriYHi NoOpyLLeHHs Bigirpa-
I0Tb KIMIOYOBY POfb Y PO3BUTKY SIK NEPBUHHUX, TakK i BTO-
PVHHMX 3anarnbHUX MpoOLEeciB y CyrnoboBii NMOPOXHUHI.
IMYHOKOMMETEHTHI KNITUHW AK Y NnasMi KpoBi, TakK i B cu-
HoBianbHin piguHi, 6epyTb y4acTb y ¢OpMyBaHHi 3a-
nanbHUX Ta [AereHepaTUBHO-OUCTPOMIYHMX 3MIH BCiX
KOMMOHEHTIB cyrnoba, siki nporpecytotb Ha poHi po3BUT-
Ky rinorammornobyniHemii Ta HecnpoMOXHOCTi Makpo-
dharanbHOro naHurra Ao iHakTuBauii Ta enimiHauii iHgy-
KYIOYOro aHTUreHy, Lo BU3HA4Ya€e NoKa3HUK 3aBepLUEHOCTI
Ta HesaBepLUeHoCTi darounTosy [5, 6]. Edektn 3asep-

INTRODUCTION

Secondary osteoarthritis (SOA) occupies a leading
place in the structure of degenerative-dystrophic diseases
of the joints and accounts for 54.7—69.7% [1-3]. One of
the causes of the development of sOA is a polyetiological
stressor inducing a chronic inflammatory process in the
articular cartilage and synovial membrane, the feature
of which is a subclinical course, early damage to the
matrix of the articular cartilage and cell membranes [2—4].
As a result of certain disorders, degradation products
penetrate into the synovial fluid in large quantities and
contribute to the launch of a number of immunological
reactions, the result of which is even greater damage to
the articular cartilage and synovial membrane. Against
the background of these processes, an autoimmune
component and apoptosis of cellular and tissue struc-
tures subsequently join, fibrosis develops with sub-
sequent disruption of the functional activity of the joint.

In the pathogenesis of sOA, immunological processes
play a key role in the development of both primary and
secondary inflammatory processes in the joint cavity.
Immunocompetent cells in both blood plasma and syno-
vial fluid participate in the formation of inflammatory and
degenerative-dystrophic changes in all components
of the joint, which progress against the background of
the development of a secondary immunodeficiency state
due to nonspecific factors, primarily the failure of the
macrophage chain in relation to the inducing antigen,
which determines the indicator of completion and
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WweHoro darounTosy CynpoOBOMAXKYHTLCSA iHaKTUBALliEto
Ta eniMmiHauielo naTtoreHy Ta 3akiH4ylTbCs iHOYKOBaHO
cTajieto B pesynbraTi akTuBauii nisocomanbHux dep-
MeHTIB Makpodaris. Y BMnNagKky HesaBepLUeHoro garoLm-
TO3y B iHaKTUBALii MaToreHy BMWKaETbCHA Koonepawis
iIMYHOKOMMNETEHTHMX KNiTUH, SKi KOMMNEHCYOTb 3HMKEHHS
daroumnTapHoi yHKUii Makpodaris. Mpn UbOMy ceHcu-
Ginizytouumn npoaykTtamu posnagy KrniTUHHO-TKaHUHHUX
CTPYKTYp Cyrno6oBOro xpsilia Ta CMHOBIanbHOI 060MOHKK
€ «iMyHHi» Makpodaru, WO npoAyKyITb €EKTOPHI
MONEKynM HedepMeHTaTUBHOI npupoan (drororeHn),
nig Aietlo sikux akTuByeTbcs MeTaborniam apaxigoHOBMX
KACMOT 32 LMKIOOKCUrEHaA3HUM  LUMSXOM, MPOAYKTU
NpoCTOrMaHAuHIB Ta 3a MiNOOKCUIEHa3HNM  LUFSIXOM
NenKoTpieHiB NPU  OQHOYACHOMY  3HWXKEHHI CUHTesy
iHTepdepoHiB anbda i ramma [7].

BusiBneHHs iMyHonoriyHoi HegocTaTHocTi abo rinep-
aKTUBHOCTI rymoparnbHUX NaHUIOrB iIMYHITETY Y XBOPUX
Ha BOA pacTb MOXMMBICTb YTOYHWUTU MNaTOreHEeTUYHi
MeXaHi3mMu X po3BUTKY Ta po3pobuTn MeToau Line-
cnpsAMOBaHOI Tepanii.

MeTta po60TM — BMBYMTU POfb iMYHHMUX MOPYLUEHb
Yy XBOPUX Ha BTOPUHHUI OCTE0apTpUT 3anexHo Big ctagii
JereHepalii cyrnoboBoro xpsiia.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

lMposeneHo gocnigxeHHs 117 xsopux Bikom 19—45 po-
KiB, ki nepebyBanu Ha nikyBaHHi y Artz Clinic (M. XapkiB)
3 MpUBOAY BTOPUHHOIO OCTEApPTPUTY KOMiHHOro cyrnoba
SIK B nepiodi 3arocTpeHHs, Tak i B peMicii. [liarHo3 BcTa-
HoBMBanu 3rigHo 3  MixHapogHol knacudikauieto
xBopobu 10-ro nepernsgy (MKX-10) — M18.1. KoHT-
ponbHY rpyny cknanu 25 300poBMX  A0OPOBONbLLIB.
[ns BM3HayeHHs1 cTagdii ypaxeHHs cyrnmoboBoro xpsiia
Bin 00’eMy [ereHepaTUBHWX 3MiH, BWKOPMCTOBYBanu
knacudikauito MixHapogHOro ToBapucTBa 3 BMBYEHHSA
octeaptputy (OARSI). BugineHo 4 cragiji: 1-wa — < 10%;
2-ra — 10-25%; 3-t9 — 25-50%; 4-ta — > 50% Ha nia-
CTaBi peHTreHonoriyHux Ta Y3[ gocnigkeHsb.

Ycim XxBOpuM B nepiogi 3aroCTPeHHs npoBoAMMv
iIMYHOSTOTiYHI AOCAIIKEHHA CMpOBaTKM KpoBi. BusHavanm
pieHi Ig A, Ig M, Ig G y cupoBatui kpoBi metogom IPA
Ha iMyHodepMeHTHOoMy aHanisatopi RT-2100C (Rayto
Electronic Inc.) 3 BukopucTaHHSM HabopiB peareHTiB
¢ipmm DRG Instruments CtmbH USA, kopucTytoumcb
iHCTpyKUieto BUpoOHMKA. KoHUEHTpauilo KOMMOHEHTIB
komnnementy (C_,C,,C,, C,, C,, C_)y cuposarui KpoBi
BM3Ha4yanun metogoMm IPA 3 BMKOPUCTaHHAM Habopis
TecT-cuctem oipmn Bio Source Europe (benbris) [8].
PiBeHb UMpkyntooumx iMyHHUX komnnekcis (LIIK) 3arane-
HUX Ta HU3bKKNX, CEPEHIX, | BUCOKMX PO3MIpIB Y cupoBaTtLi
KpOBi BM3Ha4Yanu 3a 4OMNOMOro Metoay AndepeHLUinHoT
npeumnitauii y 3-, 4,5-, 6%-My po34uMHi nonieTuneHrni-
konsa [9]. dParoumTapHy aKTUBHICTb NENKOUMTIB OLjiHHO-
BanM 3a iX 3paTtHiCTio nornmuHatv GakTepii S.aureus
(wtam 209). AKTMBHICTb KNITUH OLjiHIOBanu 3a [Boma
nokasHukamu: darountapHuii iHgekc (®l) — kinbkicTb
akTuBHux cparoumnTtie Ha 100 nenkouwntie yepes 30 xBu-
nvH iHKyGauii y BigcoTkax; daroumTtapHe 4ucro (d4) —
cepefHs KinbkicTb MikpoopraHiamis S.aureus (wrtam 209),

incompleteness of phagocytosis [5, 6]. The effects of
completed phagocytosis are accompanied by inactivation
and elimination of the pathogen and end with an induced
stage as a result of activation of lysosomal enzymes of
macrophages. In the case of incomplete phagocytosis,
cooperation of immunocompetent cells is included in the
inactivation of the pathogen, which compensate for the
decrease in the phagocytic function of macrophages.
At the same time, the sensitizing products of the break-
down of cellular and tissue structures of articular cartilage
and synovial membrane are «immune» macrophages,
which produce effector molecules of a non-enzymatic
nature (phlogogens), under the influence of which the
metabolism of arachidonic acids is activated via the
cyclooxygenase pathway, the products of prostaglandins
and via the lipoxygenase pathway of leukotrienes, while
simultaneously reducing the synthesis of interferons
alpha and gamma [7].

The identification of immunological insufficiency
or hyperactivity of humoral chains of immunity, as well as
the possible combination of these conditions in patients
with OA, will make it possible to clarify the pathoge-
netic mechanisms of their development and develop
methods of targeted therapy.

Objective — to study the features of humoral and
nonspecific immunity in patients with secondary osteo-
arthritis depending on the stage of articular cartilage
degeneration.

MATERIALS AND METHODS

A study was conducted in 117 patients aged 19
to 45 years who were treated at Artz Clinic in Kharkiv
for secondary osteoarthritis of the knee joint both during
the period of exacerbation and remission. The diagnosis
was established according to the International Classi-
fication of Diseases, 10th revision (ICD-10) — M18.1.
The control group consisted of 25 healthy volunteers.
To determine the stage of articular cartilage damage
from the volume of degenerative changes, the classi-
fication of the Osteoarthritis Study Society International
(OARSI) was used. 4 stages were distinguished:
1 - <10%; 2 — 10-25%; 3 — 25-50%; 4 — > 50% based
on X-ray and ultrasound examinations.

All patients during the period of exacerbation under-
went immunological studies of blood serum. Serum Ig A,
Ig M, and Ig G levels were determined by ELISA on
an RT-2100C enzyme-linked immunosorbent assay
(ELISA) analyzer (Rayto Electronic Inc.) using DRG
Instruments CtmbH USA reagent kits, following the
manufacturer’s instructions. Serum complement com-
ponent concentrations (C__, C,, C,, C,, C,,, C,) were
determined by ELISA using Bio Source Europe (Belgium)
test system kits [8]. Serum circulating immune comp-
lexes (CICs) of total, low, medium, and high sizes were
determined by differential precipitation in 3-, 4.5-, and
6% polyethylene glycol solutions [9]. Leukocyte phago-
cytic activity was assessed by their ability to engulf
S.aureus bacteria (strain 209). Cell activity was assessed
by two indicators: phagocytic index (Pl) — the number
of active phagocytes per 100 leukocytes after 30 minutes
of incubation in percent; phagocytic number (PN) —
the average number of S.aureus microorganisms
(strain 209) intracellularly in one active phagocyte after
30 minutes of incubation in %. The oxygen-dependent
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O 3HAXOASATbCS BHYTPILUHLOKMITUHHO B OQHOMY aKTUB-
HoMy cparoumTi, Yepe3 30 xBWUNKWH iHKyGaUil y BigcoTkax.
KucHeBo3anexHy meTaboniyHy akTUBHICTb aroumTis
BMBYaNu y CMOHTAHHOMY Ta iHAYKOBAHOMY CyCrMeH3ieto
3umo3aHy HCT-tecti BignoBigHO [0 pekoMeHaauii.
IHaekc cTMMynALii BUpaxoByBanu K pisHULII0 MK Benu-
YMHaMu iHayKoBaHoro Ta cnoHtaHHoro HCT-TecTy Ta oui-
HioBanu sk dyHkUioHanbHU peseps (PP) darouutyto-
Ymx KniTuH [9].

KpoB ansi imyHonoriyHnx gocnigxeHs 6panu BpaHLi,
HacCTynHOro OHs1 nicns HaaXOOKEHHs XBOPOro A0 cTa-
uioHapy, 4Yepe3 12—-18 roguH nicns ixi. 3abip nposogunu
3 NiKTbOBOI BEHW CemnikoHIpOBaHOK ronkot, B 00’eMi
10 mn y cTepunbHy NpoGipky Tvny «Enengopd».

CraTucTnyHy oBGpobKy OTpUMaHux pesynbraTtiB npo-
Boaunn i3 BukopuctaHHam IBM SPSS Statistics 22
i3 BM3HAYEHHSAM abCOMTHOI Ta BiAHOCHOI BENMUYUHU
Ta il noxmnbkn (M + m, abc.oa.). JoCTOBIpHICTb OTpUMaHUX
pesynbTaTiB BU3Ha4yanu 3a kputepiem CtblogeHTa.

MeTogukn obcTexeHHs Ta nikyBarbHO-AiarHOCTUYHI
3ax04M, BWKOPUCTaHi B MPELCTaBMEHOMY  KIliHIYHOMY
BMNazKy, Oynu cxeaneHi komicieto 3 nuTaHb GiomeanyHol
eTukn XapKiBCbKOro HauioOHanbHOro YHIiBEPCUTETY iMe-
Hi B.H. KapasiHa MiHicTepcTBa oCBiTW i Hayku YKkpaiHu
(Mpotokon Ne 3/3 Big 13.12.2023 p.) Ta npoBefeHi
3 MMCbMOBOK 3rogow i BiANOBIQHO [0 NpUHUMNIB
GioeTuKkM 3 OOTpMMaHHAM npaB noavHKU (MenbciHcbka
geknapauis «ETWYHi npyHUMNM MeandHux [ocniokeHb
3a yyacTio nogen» Ta «3aranbHa Aeknapaudia npo
GioeTuky Ta npasa nioavHn (FKOHECKO)) Ta BignosigHo
00 YMHHOro B YKpaiHi 3akoHO4aBCTBa.

PE3YABTATU TA TX OBFOBOPEHHS

lMpoBegeHe pocnigkeHHs nokasano aucbanaHc
B perynsuii imyHonoriyHux npouecis npu BOA, wWwo npo-
SIBNSABCA 3MiHaMu Yy KoHueHTpauiax Ig M, Ig G, Ig A
B cvMpoBaTui kposi (Tabn. 1).

metabolic activity of phagocytes was studied in the
spontaneous and zymosan-induced NST test according
to the recommendation. The stimulation index was cal-
culated as the difference between the values of the
induced and spontaneous NST test and was estimated
as the functional reserve (FR) of phagocytic cells [9].

Blood for immunological studies was taken in the
morning, the next day after the patient was admitted to
the hospital, 12—18 hours after a meal. The collection was
carried out from the ulnar vein with a siliconized needle,
in a volume of 10 ml into a sterile Eppendorf tube.

Statistical processing of the obtained results was
carried out using IBM SPSS Statistics 22 with the deter-
mination of the absolute and relative value and its error
(M £ m, abs. units). The reliability of the obtained results
was determined by the Student’s criterion.

The study methods and all diagnostic and treatment
measures used in the presented clinical case were
approved by the Biomedical Ethics Commission of
the V. N. Karazin Kharkiv National University of the
Ministry of Education and Science of Ukraine
(Protocol No. 3/3 dated December 13, 2023) and
conducted in accordance with the written consent
and the ethical principles with respect for human rights
(following the «Ethical Principles for Medical Research
Involving Human Subjects» and the «Universal Decla-
ration on Bioethics and Human Rights (UNESCO)»).

RESULTS AND DISCUSSION

The study showed an imbalance in the regulation of
immunological processes in OA, which was manifested
by changes in the concentrations of Ig M, Ig G, Ig Aiin the
blood serum (Table 1).

Ta6nuus 1. [Noka3HWKM ryMoparnbHOro iMyHITeETY
XBOPWX Ha BTOPWHHWI OCTE0apTpUT Y NEPIOAi 3aroCTpeHHs 3anexHo Bif cTagii aereHepadii cyrmobosoro xpswa, (M+m)
Table 1. Indicators of humoral immunity
in patients with secondary osteoarthritis during the exacerbation period depending on the stage of articular cartilage degeneration, (M+m)

. IMyHorno6yniHv B cupoBaTLi Kposi (r/n)
Cragis pereHepaliji cyrno6oBoro xpsiia KinbkicTb XxBOpUX Immunoglobulins in blood serum (g/l)
Volume stage of articular cartilage degeneration | Number patients
IgA IgM IgG
Cragis 1/ Stage 1, (<10%) 23 4,7+0,18*a° 2,140,19a 12,8+1,23
Crapis 2 / Stage 2, (10-25%) 36 2,5+0,15*° 1,7£0,12° 11,6+1,12
Crapis 3 / Stage 3, (25-50%) 34 1,6£0,12° 1,1£0,10* 10,4+1,6
Cragis 4 / Stage 4, (> 50%) 24 0,940,11*a° 0,8+1,13*a 9,56+1,19
3poposi goHopu / Healthy donors 25 2,1+0,19 1,9+0,16 14,2+1,13
lMpumimku:

* — BIAMIHHOCTI JOCTOBIPHOCTI MOPIBHSAHO 3i 34opoBuMy goHopamu (p < 0,05);
o — BigMiIHHOCTi OCTOBIpHI Mi>X Moka3Hukamu 1-i ctagii 3 4-to ctagieto (p < 0,05);
° — BiAMIHHOCTI AOCTOBIPHI MiXX Nokas3HUkamu 2-i ctagii 3 4-to ctagieto (p < 0,05);

Notes:

* — reliability differences compared to healthy donors (p < 0.05);

o — significant differences between indicators in groups 1 and 2 stage with stage 4 (p < 0.05);
° — significant differences between the indicators of stage 2 and stage 4 (p < 0.05).

BusaBneHo, o Ha nepuin ctagii gereHepaTUBHOrO
npouecy B cyrno6oBomy xpswi piBHi Ig M ta Ig A
nepesuLlyBanm Hopmy (p < 0,05) Ha Tni 3HMXeHHs Ig G.

It was found that at the 1st stage of the degenerative
process in the articular cartilage, the levels of Ig M and IgA
exceeded the norm (p<0.05) against the background of
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Ha gpyriv cTagii Bu3Hayanucsa 3BOpOTHI 3MiHM Y BUrMA4i
3MEeHLLEHHA KOHLUEeHTpaLi B cupoBaTui kposi Ig G, Ig M,
Ig A (p < 0,05). BussneHo, Lo Ana 4eCTpyKTUBHOMO nNpo-
uecy, B sfkui 3anyyanocs Oinbwe 25% cyrnobosoro
Xpsilla, NpuUTamMaHHO 3HMXKEHHS MOPIBHSHO i3 rpymnoto
KOHTpOMO B cupoBaTtui KpoBi He Tinbkn piBHA IgG,
ane nlg M (p < 0,05) Ta Ig A (p < 0,05). Taka gnuHamika
3MiH y CUpOBaTKOBMX iMyHOrnobyniHax Bka3lye Ha po3-
BMTOK rinorammarnobyniHemii, LWo cnpusie nigTpumui
XPOHIYHOro 3ananeHHs, 3HWXKEHHK IHTEHCMBHOCTI Mpo-
LeciB OMCOHi3auil aHTUreHiB, y pesynbrati 4oro mnorip-
WwyeTbCa iX IiHaKkTMBauia Ta enimiHauia darouutamm
Ta MOCTYMNOBMM MOpPYLUEHHAM MeTaboniyHux npouecis
y CUHOBiIanbHOMY cepefioBuLLi cyrnobiB i NporpecyBaHHsi
OecTpykuii xpsaLwa.

Y XBOpMX Ha BTOPUMHHWIA OCTEOAPTPUT Mae Micue
aKTMBaLis CUCTEMU KOMMNEMEHTY (Tabn. 2)

a decrease in Ig G. At the second stage, reverse changes
were determined in the form of a decrease in the serum
concentrations of Ig G, Ig M, Ig A (p<0.05). It was found
that for the destructive process, in which more than 25%
of the articular cartilage was involved, a decrease in the
serum level of not only IgG, but also Ig M (p<0.05) and
Ig A (p<0.05) was characteristic compared to the control
group. Such dynamics of changes in serum immunoglo-
bulins indicates the development of hypogammaglobu-
linemia, which contributes to the maintenance of chronic
inflammation, a decrease in the intensity of antigen
opsonization processes, resulting in a deterioration
of their inactivation and elimination by phagocytes and
a gradual disruption of metabolic processes in the
synovial environment of the joints and the progression
of cartilage destruction.

In patients with secondary osteoarthritis, the comple-
ment system is activated (Table 2).

Tabnuus 2. MNoka3HWKM CUCTEMU KOMMITEMEHTY
Yy XBOPUX Ha BTOPMHHWIA OCTE0APTPUT y Nepiofi 3aroCTPEeHHs 3anexHo Big cTagii aereHepadii cyrmobosoro xpsiwa, (Mtm)
Table 2. Indicators of the complement system
in patients with secondary osteoarthritis during the exacerbation period depending on the stage of articular cartilage degeneration, (Mtm)

Crapisi pereHepalii KinbKicTb [Moka3HWKM CMCTEMU KOMMIEMEHTY
cyrno6oBoro xpsta XBOPUX Indicators of the complement system
Volume stage Number C,.»mrian | C,, mr/an C,, mr/an C,, mr/gn C,,, Hr/Mn1 C,,, Hr/Mn
of articular cartilage degeneration patients Cwﬁl, mg/dl | C,, mg/d| C,, mg/d| C,, mg/d Cse‘ ng/dl CE’ ng/dl
Cragisi 1/ Stage 1, (<10%) 23 76,5£3,6 ¢ | 81,543,7¢ | 74,3+3,6* | 72,3+3,4* | 73,5+29* | 69,8£3,5¢
Cragis 2 / Stage 2, (10-25%) 36 112,3+3,8 | 139,643,4 | 97,642,9* | 98,2+3,3* | 102,3+3,4 113,4+2,9
Cragisi 3/ Stage 3, (25-50%) 34 134,7+4,2 | 153,4+4,3* | 149,614,2* | 136,7+4,4* | 156,8+4,2* | 149,7+3,2*
Cragis 4 / Stage 4, (> 50%) 24 156,8+4,5 ¢ | 176,8+3,9** | 159,8+4,6** | 149,8+3,6** | 179,6+3,9** | 169,8+4,8*
3poposi foHopwu / Healthy donors 25 71,44+3,6 73,242,3 68,7+2,7 62,6+2,4 65,3+2,6 63,6+2,3

TMpumimku:

* — BiAMIHHOCTI 4OCTOBIPHOCTI MOPIBHSAHO 3i 300poBKMM goHopamu (p < 0,05);
o — BiGMIHHOCTi 4OCTOBIpHI Mi>k Moka3Hukamu 1-i ctagii 3 4-to ctagieto (p < 0,05).

Notes:

* — reliability differences compared to healthy donors (p < 0.05);

o — significant differences between indicators in groups 1 and 2 stage with stage 4 (p <0.05).

AkTuBauii komnnemeHTy npeacrasneHdo C_, C,, C,
Ta C4. [MokasaHo, WO piBeHb 3a3Ha4YeHUX KOMMOHEHTIB
KOMMMEMEHTY MOPIBHAHO i3 300POBUMW AOHOPaMW Mo-
CTYNOBO MiABULLYETHLCS | 3aneXuTb Big 06cAry pynHyBaH-
HS cyrnoboBoro xpsiia — Ymm Ginblua cTagis, TUM BuLa
KOHLeHTpaLis pocnigkyBaHux nokasHukie (p < 0,05),
NPUYOMY Lii 3HAYEHHS NePEBULLLYIOTb HOPMY Npu 4-11 cTagii
y 2,5 pa3y i € BaXNMBOK [iarHOCTMYHOK O3HAKOK nif,
yac OUiHKM TSHKKOCTI nepebiry nmaTornoriyHOro npouecy.
Mpuuomy 3spocTaHHs C,, AKMA CNpUsiE PO3LLIENTIEHHIO
C, ta C, B peakuii akTuBaLii KOMNIEMeHTy, NPU3BOANTL
00 MiABULLEHHSA KMITUHHOI MPOHWKHEHOCTi, MEpPeKIo-
YEHHI0 peakuii rinepyyTnMBOCTI YMOBINBHEHOTO TUMNYy
Ha peakuilo rinep4yTnuBOCTI HeranHoro Tuny. AkTueauis
C, KOMMOHEHTa KOMMIIEMEHTY CMPUAE MOCUMEHHIO Hell-
Tpanisauiji BipyciB, CTMMynsuii BMBINbHEHHIO GionoriyHo
aKTUBHUX PEYOBMWH (riCTaMiHy, CEPOTOHiHY, BpafuKiHiHy)
eheKTopHUMKN  KNiTUHaMK, OOBTSDKYHOYI  AECTPYKTUBHO-
JereHepaTvBHi mpouecu B CyrnoboBoMy Xpsui Ta cu-
HOBianbHiN 06OMNOHL.

B obcTtexeHux xBopux 3 3-t0 Ta 4-10 cragielo ae-
reHepadii cyrnoboBoro xpsiLia Mae Micue MiaABULLIEHHSA
C3a, Csa KOMMOHEHTIB KOMMIIEMEHTY, PIiBHI SKUX TaKOX
NpOrpecuBHO 3pOCTaloTb 3anexHo Bif cTagil Aerpagauii
cyrnoboBoro xpswa i € HamBuwmMmu npu 4-n cragii.
ix edektn peanisyloTbcs y BUMAAi 36inbLIEHHS Npo-

Complement activation is represented by C ., C,,
C,and C,. It has been shown that the level of these
complement components, compared with healthy donors,
gradually increases and depends on the extent of de-
struction of articular cartilage — the higher the stage,
the higher the concentration of the studied indicators
(p<0.05), and these values exceed the norm at the
4th stage by 2.5 times and are an important diagnostic
sign in assessing the severity of the pathological
process. Moreover, the increase in C,, which contributes
to the cleavage of C, and C, in the complement activa-
tion reaction, leads to an increase in cellular permeability,
switching from a delayed-type hypersensitivity reaction
to an immediate-type hypersensitivity reaction. Activation
of the C, component of complement contributes to the
enhancement of the neutralization of viruses, stimulation
of the release of biologically active substances (hista-
mine, serotonin, bradykinin) by effector cells, aggravating
destructive-degenerative processes in the articular
cartilage and synovial membrane.

In the examined patients with 3 and 4 stages of
articular cartilage degeneration, there is an increase
in C,,, C,, complement components, the levels of which
also progressively increase depending on the stage
of articular cartilage degradation and are highest at
stage 4. Their effects are realized in the form of an in-
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HWUKHEHOCTi KPOBOHOCHMWX CYOUH, CTUMYNSALi BUBINIbHEHHSA
ricTamiHy, WO nNpM3BOAWUTL [0 MIKPOLMPKYNSTOPHUX
nopyLUeHb, siki B LUMPOKOMY 06CsA3i BU3Ha4alTbes y na-
uieHtie i3 OA [5]. Takox pgopatkoBumMuM edekTamu €
Mirpauisa nemkoumTiB 3 KICTKOBOrO MO3KY, MPUrHIYEHHSA
akTtmBauii B-nimdpoumnTie, cTumynsAuia ek3ouuTtosy ni3o-
COMarnbHUX eK3UMIB i3 parounTyounX KNiTUH, NOCUNEH-
HA XeMOoTaKcucy, arperadis HeWTpodiniB, ki CNpUSAOTb
TpUBaNoMy CUMHOBITY i NOAANbLUOMY PYMHYBaHHIO CYrno-
60BOro xpsiia.

BpaxoBytoun, o B aHamHesi y nauieHTiB i3 BOA
BM3HAYaETbCA BWCOKA 4acToTa CyMyTHIX MaTonorin
potornoTtkn [10], a came XPOHIYHMIA TOH3UNIT, hapuH-
riTM, rauimMopuTi, OTUTK, ETONOrYHMM (PaKTOPOM SIKUX
BM3Ha4aloTb PaMMO3UTMBHI Ta rpaMHEraTuBHI MiIKpo-
opraHiamm Ta ix acouiadii, To ua Mikpocdnopa Habysae
CTIKOCTi [0 KOMMOHEHTIB KOMMMEMEHTY 3a paxyHOK
0cob6nMBOCTEN CTPYKTYPWU MYpiiHOBOI OGOMOHKM MIKpOO-
HUX KMITUH, K  30aTHi  3acTOCOBYBaTW  MeXaHi3mu
PE3NCTEHTHOCTI 4O CUCTEMU KOMMIIEMEHTY, LIO NPU3BO-
OUTb 0O BUAINEHHs 6ionoriYyHo-akTUBHUX CromnyYeHb
3 YUCNEHHNMM Mpo3ananbHUMK BMACTUBOCTAMM, i3 34aT-
HICTIO OO0 MOAYMNtoBaHHS  iIMYHOMOrMYHUX MOPYLUEHb
Ta NOrMMOBMNEHHS XPOHIYHOTO 3anarneHHsl.

Yepe3 akTuBaLilo CUCTEMWU KOMMNEMEHTY MEBHE
3HayeHHs1 BigBogutbes ans LIK (tabn. 3), ski moxyTb
YTBOPIOBATUCS MICLEBO B KMITUHHO-TKAHWUHHUX CTPYKTY-
pax cyrnoboBoro xpsiia abo cuHOBianbHiA 0O0MOHLI
i iX piBEHb 3anexuTb Bif LUNAXiB HAOXOMKEHHS B CTPYK-
Typu cyrmoba Ta MicUeM YTBOPEHHSI aHTUreHiB,
a IHTEHCUBHICTb BigKNageHHss — Big MPOHUKHEHOCTI
KPOBOHOCHWUX CYaVH.

crease in the permeability of blood vessels, stimulation of
the release of histamine, which leads to microcirculatory
disorders, which are widely determined in patients
with OA [5]. Also additional effects are migration of
leukocytes from the bone marrow, inhibition of B-lym-
phocyte activation, stimulation of exocytosis of lyso-
somal exosomes from phagocytic cells, increased
chemotaxis, aggregation of neutrophils, which contribute
to prolonged synovitis and subsequent destruction of
articular cartilage.

Considering that the history of patients with sOA
determines a high frequency of concomitant pathologies
of the oropharynx [10], namely chronic tonsillitis,
pharyngitis, sinusitis, otitis, the etiological factor of
which is determined by gram-positive and gram-negative
microorganisms and their associations, this microflora
acquires resistance to complement components due to
the peculiarities of the structure of the murine shell of
microbial cells, which are able to apply mechanisms
of resistance to the complement system, which leads
to the release of biologically active compounds with
numerous pro-inflammatory properties with the ability
to modulate immunological changes and aggravate
chronic inflammation.

Due to the activation of the complement system,
a certain importance is assigned to CIC (Table 3),
which can be formed locally in the cell-tissue structures
of the articular cartilage or synovial membrane and
their level depends on the routes of entry into the joint
structures and the place of formation of antigens, and
the intensity of deposition — on the permeability of
blood vessels.

Tabnuua 3. BusHayeHHA AuHaMiKL LIMPKYTOHYMX iMYHHUX KOMMNIEKCIB
Yy XBOPUX Ha BTOPMHHWIA OCTE0APTPUT y Nepiofli 3aroCTPEeHHs 3anexHo Big cTagii aereHepadii cyrmobosoro xpsiwa, (M+m)
Table 3. Determination of the dynamics of circulating immune complexes
in patients with secondary osteoarthritis during the exacerbation period depending on the stage of articular cartilage degeneration, (M+m)

Crapis gereHepalyji KinbkicTb Livpkyrtorodi iMyHHi Komrniekeu, r/n

CyITIOGOBOI'O xpswa XBOPUX Circulating immune complexes, g/I
Volume stage of Number | HusbkomonekynsipHi | CepemHbomonekynsipri | BucokomonekynspHi | 3aranbHi
articular cartilage degeneration | patients | Low molecular weight | Medium molecular weight | High molecular weight [ General
Crapis 1/ Stage 1, (< 10%) 23 1.2+0,5% 1,9+0,6" 3,9+1,2 7,0+1,3*
Crapis 2 / Stage 2, (10-25%) 36 1,6+0,3*= 2,7+0,8* 2,4+0,9 6,7+1,8*
Crapis 3/ Stage 3, (25-50%) 34 2,2+0,8*" 4,3+1,6" 1,840,6 8,3+2,3*
Crapis 4 / Stage 4, (> 50%) 24 3,9+1,4%e0 6,5+2,3% 1,6+0,4 12,0£3,2*
3poposi goHopw / Healthy donors 25 0,51+0,02 1,16+0,05 1,85+0,07 3,4910,56

lMpumimku:

* — BiAMIHHOCTI JOCTOBIPHOCTI MOPIBHSAHO 3i 300poBnMK AoHopamu (p < 0,05);
0 — BiAMIHHOCTI JOCTOBIPHI MiX nokasHukamu 4 ctagii 3 1 ctagieto (p < 0,05);
A — BiAMIHHOCTI JOCTOBIpHI Mix Noka3Hukamm 3 ctagii 3 1 ctagieto (p < 0,05);
0O — BiAMIHHOCTi AOCTOBIPHI MiX NokasHukamu 4 ctagii 3 2 ctagieto (p < 0,05).

Notes:

* — reliability differences compared to healthy donors (p < 0.05);

a — significant differences between indicators in groups 1 with stage 4 (p < 0.05);
A — significant differences between the indicators of stage 3 and stage 1 (p < 0.05);
o — significant differences between the indicators of stage 4 and stage 2 (p < 0.05).

B yrtBopeHHi LIK Gepe yyacTb Limpoke Komo ek3o-
FreHHUX Ta eHAoreHHuMx adTtureHiB. Bnactmeocti LIK
BM3HAYalOTLCS X CKMagoM, a came CniBBiAHOLIEHHSM
mMonekyn aHTtureny (Al Ta antutina (AT), knacom abo
nigknacom AT [5]. Big KinbkocTi i cniBBiAHOLEHHSA More-
kyn Al Ta AT 3anexwuTb BenuuuHa LIIK Ta ix cTpykTypa.
Tak, BucokomonekynspHi LIK, wo yTBoptoloTbCa 3a Haa-
MipHOI KinbKkocTi AT, LUBMAKO BMAANAKTLCS i3 KPOBOTOKY

A wide range of exogenous and endogenous anti-
gens participate in the formation of CIC. The properties
of CIC are determined by their composition, namely the
ratio of antigen (Ag) and antibody (Ab) molecules, class
or subclass of Ab [5]. The size of CIC and their structure
depend on the number and ratio of AG and Ab molecules.
Thus, high-molecular CIC, formed with an excessive
amount of Ab, are quickly removed from the bloodstream
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mMakpodparansHo cuctemor. CepenHbOMONEKYNspHI
LIK yTBOpeHi ogHoBaneHTHUM Al LMPKyniowTb AOBrui
yac, IKCyrTbCsl Ha KMITUHHO-TKAHUHHUX CTPYKTypaXx,
i MOXYTb MaTu cnabKy YLIKOMKYHYY akTUBHICTb. Hera-
TUBHWUIA BNIUB Ha KIMITUHHI CTPYKTYpW CyrnoboBoro xpsiLia
MalTb PO34YMHHI  Hu3bkoMonekynsipHi LK, yTBopeHi
B He3HayHin KinbkocTi Al, 3 KOHCTaAHTHOK ceduMEHTa-
uieto, sika Aewo nepesuwye 19s, Wo BignoBigae mMoneky-
napHin  maci 900000-1000000 [danstoH. Tonorpadis
BigknageHHs LIK Bu3Ha4yaeTbca CTaHOM MPOHWKHEHOCTI
KPOBOHOCHUX CyOWH CUHOBianbHOi 000noHkW, i3 no-
JanbLUNM IX HaKOMUYEHHSM.

B xoai Haworo gocnigkeHHs nokasaHo, Wo y pasi
nporpecyBaHHss BOA BM3HA4Ya€TbCsl HAPOCTaHHS PiBHIB
ycix tvnis LIK: HM3bkomonekynsapHux, cepegHboMone-
KYNspPHUX, BUCOKOMOJSEKYNSPHUX Ta 3aranbHuX nopis-
HSAHO SK 3 rpynoto koHTponto (p < 0,05), Tak i3 noyaTkoBK-
MU eTanamu pO3BUTKY AECTPYKLii XPSLLOBOI TKaHUHU
(p < 0,05). Bu3HaueHo, Lo HanbinbLLKiA NpupicT BiadyBcs
cepen HusbkomonekynsapHux UIK, piBeHb skux npwu
4-i cTagii pecTpykuii XpsILWOBOI TKaHWHU BiNbLUWA HixX
y 2,5 pa3y NoOpiBHAHO i3 NauieHTamu, y SKMX Mae Mmicue
nepwa cragis. PiBeHb cepegHboMonekynspHux LIIK 3pic
BiQMNOBIAHO Y 2 pa3u, a BUCOKOMOneKynspHux —y 1,5 pasy.
Lli noka3HukM BKasylTb Ha Te, WO 3pOCTaE MOLUKOOXKY-
loya aKTMBHICTb Hu3bkomonekynspHux LIK npu ubomy
3aXBOPIOBaHHI, i3 3aKNageHHsIM YMOB AMs ayTOiMyHHMX
npouecis [5, 10].

by the macrophage system. Medium-molecular CIC are
formed by monovalent AG, circulate for a long time, are
fixed on cell-tissue structures, and may have weak
damaging activity. Soluble low molecular weight CIC,
formed in a small amount of Ag, with a sedimentation
constant slightly exceeding 19s, which corresponds to
a molecular weight of 900.000-1.000.000 Dalton, have
a negative effect on the cellular structures of articular
cartilage. The topography of CIC deposition is deter-
mined by the state of permeability of the blood ve-
ssels of the synovial membrane, with their subse-
quent accumulation.

Our study showed that with the progression of OA,
the levels of all types of CIC increase: low-molecular,
medium-molecular, high-molecular and total, compared
with both the control group (p<0.05) and the initial stages
of cartilage tissue destruction (p<0.05). It was deter-
mined that the greatest increase occurred among low-
molecular CIC, the level of which at the 4th stage of
cartilage tissue destruction is more than 2.5 times
higher compared with patients with stage 1. The level
of medium-molecular CIC increased by 2 times, res-
pectively, and high-molecular CIC by 1.5 times.
These indicators indicate the increasing damaging
activity of low-molecular CIC in this disease with the
creation of conditions for autoimmune processes [5, 10].

Tabnuus 4. lNMoka3Hykn darounTapHOi NaHKK iMyHITETY
XBOPWX Ha BTOPUHHWUIA OCTE0apTPUT y Nepiodi 3aroCTPEHHS 3anexHo Big cTagii AereHepadii cyrmobosoro xpswa, (M+m)
Table 4. Indicators of the phagocytic link of immunity
in patients with secondary osteoarthritis during the exacerbation period depending on the stage of articular cartilage degeneration, (M+m)

. . MNoka3Hukn harounTapHOi NaHKK iMyHITETY
Cranis aerexepalii KinbkicTs Indicators of the phagocytic link of immunity
Cyrno6oBoro xpsiua XBOPUX
Volume stage of articular | Number | &4 /PN, HCT cn. HCT ct. Inaeke HCT cr/cn.
cartilage degeneration patients % @l /Pl | NST spontaneous, | NST stimulated, NST |nde?(
% % spontaneous / stimulated

Crapis 1/ Stage 1, (<10%) 23 47,4+2,8 | 2,9+1,2¢ 5,7+1,4¢ 13,4+2,5* 2,3+0,4
Crapis 2 / Stage 2, (10-25%) 36 29,742,3 | 2,2+0,8 4,5+1,2* 8,9+2,3* 1,9+0,3
Cragis 3/ Stage 3, (25-50%) 34 32,6+2,6 | 1,7+0,6* 3,6+0,9* 6,5+2,1* 1,8+0,2
Cragis 4 / Stage 4, (> 50%) 24 28,3+2,2 | 1,4+0,3* 2,9+0,6* 4,8+1,9* 1,6+0,1
SAOPOBI 0HOPM 25 | 71,2423 | 3,8:05 8,2+0,7 20,1£1,3 2,410,3
Healthy donors

lMpumimku:

* — BiAMIHHOCTI JOCTOBIPHOCTI MOPIBHSAHO 3i 300opoBuMy goHopamu (p < 0,05);
o — BiAMIHHOCTiI 4OCTOBIpHI MiX nokasHukamn 1 ctagii 3 4 ctagieto (p < 0,05).

Notes:

* — reliability differences compared to healthy donors (p < 0.05);
o — significant differences between indicators in groups 1 and 2 stage with stage 4 (p < 0.05).

AyTOIMYHHUIA KOMMOHEHT 3anafieHHsl TaKoX MOoXe
dopmMyBaTUCH 3a YMOB 3HUXEHHS baroumnTapHOi akTue-
HOCTi Ta nepepobku i enimiHaLil aHTUreHiB Makpodaramu.
Pesynbtatv pocnigxeHHs nokasanu, WO Yy nauieHTiB
i3 BOA cnoctepiraetbcsi 3HMWXEHHs Ak ®Y, Tak i Ol
IHTEeHCUBHICTL UMX 3CyBiB 3anexuTb Big cTagii gerpa-
pauii cyrno6osoro xpsiwa. Tak, npu 4-i cragii BU3Ha-
Yanucs Ui MOKa3HUKN Ha HAMHWKYOMY PiBHi B MOPIBHSHHI
i3 1-to ctagieto (p < 0,05), Tak i 3 rpyno0 KOHTPOMO
(p < 0,05). CnoHTaHHa Ta ctumynbosaHa (HCT  HCT_
BiQMOBIAHO) 3MiHIOBanuca aHanorivHo go ®Y ta @l
WO BKa3yBano Ha 3HWXEHY MOrMWHanNbHYy 34aTHICTb
knituH [5, 6]. OuiHka MoHouMTapHO-MakpodaransHol
cucTtemMm nokasana, wo npu BOA mae micue HedoCTaTHIn

The autoimmune component of inflammation can
also be formed under conditions of reduced phagocytic
activity and processing and elimination of antigens
by macrophages. The results of the work showed that in
patients with sOA there is a decrease in both PN and PI.
The intensity of these shifts depends on the stage of
articular cartilage degradation. Thus, at stage 4 these
indicators were determined at the lowest level in
comparison with stage 1 (p<0.05) and with the control
group (p<0.05). Spontaneous and stimulated (NSTSP,
NST,, respectively) changed similarly to PN and PI, which
indicated a reduced absorption capacity of cells [5, 6].
Assessment of the monocyte-macrophage system
showed that in sOA there is insufficient immune pro-
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iIMyHHUIA 3axUCT Yy BUrNSAAI 3MEHLUEHOi NOrMuHanbHoI
30aTHOCTI KMiTUH Ha TNi NigBULLEHOro HaBaHTaXEeHHs
aHTureHamm (O4, ®l). Lle Takox NigTBEPOXYETLCA 3HU-
KEHHAM 3HauveHHs iHaekcy ctumynsauii (HCT _ ) npu
HapOCTaHHi OECTPYKTMBHUX MpoueciB y cyrnobax i 3ara-
JIOM 3HWXKEHHS parounTapHOi akTMBHOCTI MOXHA po3rnsi-
AaTn 9K akTuBaLilo npornidepaTtMBHUX NPOLECIB Yy Cyrno-
60BOMY XpsiLLi Ta cUHOBIanbHi 06onoHui npu BOA.

BUCHOBKMU

Y xBopux Ha BOA mae micue rinorammarnotyniHe-
Misi, 3HWXEHHS darouMTapHOI NaHKW iMYHITETY, Ha Tni
SIKOi MPOrpecye XpoHiYHe MIsiBE 3anarneHHs B cyrnobo-
BOMY XpSsiLLi Ta CUHOBIanbHii 060MOHL.

Y xBopux Ha BOA BM3HaA4Ya€eTbCA NiABULLIEHA aKTUBa-
uia C, Ta C,, KOMMOHEHTIB CUCTEMW KOMMIEMEHTY,
piBEHb SKMX 3pOCTa€ 3anexHo Big cTafii aereHepauii
cyrno6oBoro xpsa.

[Moka3zaHo nigBuLeHHs B cupoBaTui Kposi ycix LIK,
0C06MNMBO HM3BKOMOINEKYINAPHUX, HAa BCiX CTagisx AereHe-
pauii cyrnoboBoro xpsila, Lo MOCUITIOTE ayTOIMYHHWUIA
KOMMOHEHT 3aXBOPHOBAHHSI.

OuiHka MoHouMTapHo-MakpodaranbsHoi cuctemm (PY,
®I, HCT cn, HCT cT) nokasana, wo npu BOA mae micue
HedoCTaTHIM IMYHHUA 3axXMCT Yy BUMALI  3MEHLLeHOT
NOrnuHanbHOI 30aTHOCTI KNITUH, WO CRApUSiE MOpYLUEH-
HAM nepepobku, eniMiHauil ek30reHHUX Ta eHOOreHHUX
aHTUreHiB Ta akTuBauii nponihepaTtMBHUX NPOLECIB
y cyrnoboBoMy XpsiLLi Ta CUHOBIanbHin 0O0NOHLL.

CMUCOK BUKOPUCTAHOI AITEPATYPU

1. Abramoff B.A., Caldera F.E. Osteoarthritis: pathology, diagnosis,
and treatment options. Medical Clinics. 2020. Ne 104. P. 293-311.
DOI: https://doi.org/10.1016/j.mcna.2019.10.007

tection in the form of a reduced absorption capacity
of cells against the background of an increased antigen
load (PN, PI). This is also confirmed by a decrease in the
stimulation index (NST st/sp) with an increase in destruc-
tive processes in the joints, and in general, a decrease
in phagocytic activity can be considered as an activation
of proliferative processes in the articular cartilage and
synovial membrane in sOA.

CONCLUSIONS

In patients with OA, hypogammaglobulinemia is
present, a decrease in the phagocytic component of
immunity, against the background of which chronic
sluggish inflammation in the articular cartilage and
synovial membrane progresses.

In patients with OA, increased activation of C,,
and C,, components of the complement system is deter-
mined, the level of which increases depending on the
stage of articular cartilage degeneration.

An increase in the serum of all CICs, especially
low molecular weight ones, has been shown at all stages
of articular cartilage degeneration, which enhance the
autoimmune component of the disease.

Assessment of the monocyte-macrophage system
(PF, FI, NSTSp, NST,) showed that in vOA there is
insufficient immune protection in the form of reduced
cell absorption capacity, which contributes to impaired
processing, elimination of exogenous and endogenous
antigens and activation of proliferative processes in the
articular cartilage and synovial membrane.
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HepcneK‘ruBM MOAQABbLUUX AOCAIAXEHD

BusBneHi iMyHomoriyHi nopyLleHHs rymoparnbHOi Ta Hecneuu-
iYHOT NaHOK IMYHITETY NpW pi3HUX cTagisax gereHepadii cyrno-
60BOro xpsila HagadyTb MOXIMBICTb YTOYHUTU MaTOreHETUYHI
MexaHi3Mu iX po3BUTKY Ta pO3pobUTU NigXoau iMyHOMOZYIHO0-
Yoi Tepanii y XBOpMX Ha BTOPMHHUIA OCTE0APTPUT.

KoHdbAikT iHTEepecis

ABTOpPWU pYKOMUCY CBiAOMO 3acCBigyylOTb BIiACYTHICTb haKTU4-
Horo abo MOTEHUINHOrO KOHMNIKTY iHTepeciB LWoao pesynsrarTis
uiei pobotn 3 chapMaueBTUYHUMM KOMMNAHiAMM, BUPOOHMKaMu
6GioMeauYHUX NPUCTPOIB, IHLIMMW OpraHisauisiMu, Yui NpoayKTH,
nocnyru, diHaHcoBa NiATPUMKa MOXYTb OyTu MoB’A3aHi 3 npea-
METOM HagaHux MaTepianie abo ski crnoHcopyBanu npo-
BeeHi JOCTiIKEeHHS.

IHdpbopMauis npo diHAHCYBAHHS

Po6ota BukoHyBanacsi 6e3 giHaHCyBaHHS.
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KAlo4OBi cAoBa: PE3IOME

BTOPVHHWI OCTE0apPTPUT, AECTPYKLUiA, uM-  AkTyanbHicTb. Cy4yacHi Teopii po3BUTKY BTOPUHHOTO OCTEOApPTUTY MiOKPECNoTb
TOKiHW, ayToaHTUTINa ePeKTOopHI KNITUHK. ponb pi3HUX UUTOKIHIB y noro natoreHesi (IJ1-1B, J1-6, ®HM-a). OgHak Ha CbOroaHi
NPaKkTU4YHO He MoKasaHi 3MiHW UMTOKIHIB Yy cupoBaTuUi KpOBi Ta CUHOBIAnbHIA piauHi
Ha Ppi3HMX CcTagisx AecTpykuii cyrnmoboBoro Xxpsilla, a TakoX He BM3Ha4YeHa porb
AHTWULMTOKIHOBMX aHTUTIN NpY BTOPUHHOMY OCTE0apTpUTI.

MeTa po6GoTM — BM3HAUMTK piBEHb Ta AWMHaMiKy CUMPOBAaTKOBMX Ta CWUHOBIANMbHUX
YepHycbkuli B'adecnas [puzoposuy UMTOKIHIB NPU BTOPUHHOMY OCTEOapTPUTI 3anexHo Big cTadii AereHepauii cyrno-
XapKiBCbkU HauioHanbHUA YHIBEPCUTET  Gosoro xpALa.

imeHi B.H. KapasiHa MiHicTepcTBa OCBiTM  Marepianu Ta meToau. [ocnimxeHHs nposeaeHo y 117 xsopux Bikom 19—-45 pokis,
i Hayku YkpaiHu, kacdbegpa iHPeKUiiHUX  qki nopinanucs Ha 4 rpynu 3anexHo Big cTamii ypaxeHHs cyrno6oBoro xpsLia:

AAS KOpeCcnoHAEHL:

XBOPO6 Ta KMiHiYHOT iMyHONOTiT; ctagia 1 — (< 10%); ctagia 2 — (10-25%); cTagia 3 — (25-50%); cragis 4 — (> 50%).
mangaH CeoGoau, Oya. 4, M. XapkiB,  BusHauanu piBeHb umTokiHie (IN-1p, -4, IN-6, IN-12, IM1-13, IN-18, ®HO-a, IM-33)
YkpaiHa, 61022; y cupoBaTui KpOBi Ta CUHOBIanbHi piawHi Metogom IPA. PiBeHb ayToaHTWTin
e-mail: chernusky@karazin.ua [0 BKasaHUX UMTOKIHIB BM3HaYanmuM B CMPOBATLi KPOBI i3 3aCTOCyBaHHAM Hedero-
METPUYHOI peakuii YaH'e 3 KiNbKICHAM BU3HAYEHHAM aHTWUTIN Yy mMoaudika-
© lony6 O.1., YepHycbkuti B.I", uii H.M. Knemnapcbkoi.
Jlemsizo I'B., Maenikosa K.B., Pe3ynbTaTn Ta ix 06roBopeHHsi. Y poboTi nokasaHa nigBuLieHa akTWBHICTb LMTO-
Hikonbcbka O.C., Manan4yk PO., 2025 KiHiB nposananbHoi rpymu (IM-1B, IM1-6, 11-12, ®HM-0) i3 HaWGinbWMM iX piBHEM

Ha no4vaTKy pO3BUTKY BTOPUHHOIO OCTE0APTPUTY, i3 3HWKEHHSM MPU NpPOrpecyBaHHi.
AKTUBHICTb NpOTM3ananbHUX LUTOKIHIB TaKOX 3pocTana Ha noyatky PO3BUTKY L€l
naTonorii 3i 3HXeHHAM Jo 4 ctagii AereHepadii. MokasaHo nigsuLLeHHs (p<0,01) piBHS
yCiX ayToaHTWUTIN Yy rpynax XBOPWX Ha Pi3HWMX CTapisx AdereHepauii cyrmo6osoro
XpsiLLa NOPIBHSAHO i3 KOHTPONEM.

BucHoBKKU. Y XBOpMX Ha BTOPUMHHWIA OCTEO0ApPTPUT Mae Miclue 3pOCTaHHS pIiBHSA
nposanarnbHuX i NpoTusananbHux uutokiHis (1J1-18, 111-6, J1-12, I11-18, ®HI-a) Ha paH-
HiX cTtagiax (1-i Ta 2-i cTapgii gereHepauii cyrno6oBoro xpsila) Ta X 3HUKEHHS
Ha ni3Hix 3-i Ta 4-i cTagiax AereHepauii cyrnobosoro xpsiwa. MigsuwieHuid piBeHb
ayTOTINOYTBOPEHHA [0 LUWUTOKIHIB €(EeKTOPHUX KMiTUH He NPMBOAUTbL OO0 iX MOBHOI
iHaKTUBAaLji, WO O4YEeBMAHO € NIArpyHTAM OO nepexody XPOHIYHOro MMsBOro 3ana-
NeHHs1 B cyBkniHiYHMIA nepeoir.
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ABSTRACT

Background. Modern theories of the development of secondary osteoarthritis
emphasize the role of various cytokines in its pathogenesis (IL-1B, IL-6, TNF-a).
However, to date, changes in cytokines in blood serum and synovial fluid at different
stages of articular cartilage destruction have not been shown, and the role of anti-
cytokine antibodies in secondary osteoarthritis has not been determined.

Purpose — to determine the level and dynamics of serum and synovial cytokines in
secondary osteoarthritis depending on the stage of articular cartilage degeneration.
Materials and Methods. The study was conducted in 117 patients aged 19 to 45 years,
who were divided into 4 groups depending on the stage of articular cartilage damage:
stage 1 (< 10%); stage 2 (10-25%); stage 3 (25-50%); stage 4 (> 50%). The level of
cytokines (IL-1B, IL-4, IL-6, IL-12, IL-13, IL-18, TNF-a, IL-33) in blood serum and
synovial fluid was determined by ELISA. The level of autoantibodies to the indicated
cytokines was determined in blood serum using the nephelometric Wanier reaction
with quantitative determination of antibodies in the modification of N.M. Klemnarska.
Results. The work shows increased activity of pro-inflammatory cytokines (IL-1p, IL-6,
IL-12, TNF-a) with their highest level at the beginning of the development of secon-
dary osteoarthritis, with a decrease during progression. The activity of anti-inflam-
matory cytokines also increased at the beginning of the development of this pathology
with a decrease until the 4th stage of degradation. An increase (p<0.01) in the level
of all autoantibodies in groups of patients at different stages of articular cartilage
degeneration compared to controls was shown.

Conclusions. In patients with secondary osteoarthritis, there is an increase in the level
of pro-inflammatory and anti-inflammatory cytokines (IL-18, IL-6, IL-12, IL-18, TNF-a)
in the early stages (from stages 1 to 2 of articular cartilage degradation) and their
decrease in the late stages 3 and 4 of articular cartilage degeneration. The increased
level of autoantibodies to cytokines of effector cells does not lead to their complete
inactivation, which is obviously the basis for the transition of chronic sluggish inflam-
mation to a subclinical course.

Golub Ol, Chernusky VH, Letiaho HV, Pavlikova KV, Nikolska OS, Malanchuk RO. The significance of some cytokines
in the pathogenesis of secondary osteoarthritis depending on the stage of articular cartilage degeneration. Karazin
Journal of Immunology. 2025;8(1(15)):35—48. DOI: https://doi.org/10.26565/3083-5615-2025-15-03

BCTYN

INTRODUCTION

3rigHO 3 cyyacHMMW OaHWMW B OCHOBI BTOPWMHHOIO
octeoaptputy (BOA) nexuTb XpOHiYHe 3ananeHHs Kni-
TUHHO-TKAHUHHUX CTPYKTYP Cyrno6oBoro xpsilia Ta CUHO-
BianbHOi 0OOMOHKM, B naToreHesi sIKoro BaXKnvBa pPosb
BiOBOAMTBCA iIMYHHUM MOPYLUEHHAM Ta LUTOKIHOBOMY
auncbanaHcy [1-3]. 3a cyyacHMMM [JaHUMKU  LIMTOKIHW
MatoTb BUpaxeHy BionoriyHy akTUBHICTb, 6epyTb aKkTUBHY
yyacTb y perynsaudii npouecis remonoesy, 3anarneHHs,
audpepeHuiloBaHHS Ta pOCTY IMYHOKOMMETEHTHUX Kni-
TWH, penapaTMBHMX MPOLECIB Yy TKaHWHAX, 30Kpema
i Y KNITMHHO-TKAHWHHUX CTPYKTypax cyrnoboBoro xpsiia
Ta CUHOBiIanNbHOT 0BONOHKMN.

LntokiHm — noninentngn 3 MOMNEKYNsipHOO Macolo,
wo He nepesuutye 30 k[. Ix npogyueHTamm € niMdo-
unUTK, Makpodaru, rpaHynounTi, PETUKYMSIPHI KNiTUHW,
ibpobnacti, eHgoTenianbHi KNITUHW Ta iHWI TMAKX Kni-
TWH, NPOAYKLiS aHTUTIN Ta MEepeKnoYeHHs X CUHTesy
3 ogHOro knacy Ha iHwun. LUutokiHam nputamaHHi
NNenoTPONHICTb (34aTHICTb OAHOrO i TOro X LUMUTOKIHY BU-
KnukaTtu pisHi GionorivyHi edekTn y pisHUX TUNIB KNiTUH-

According to current data, the basis of secondary
osteoarthritis (sOA) is chronic inflammation of the cellular
and tissue structures of articular cartilage and synovial
membrane, in the pathogenesis of which an important
role is played by immune disorders and cytokine
imbalance [1-3]. According to current data, cytokines
have pronounced biological activity, take an active part
in the regulation of hematopoiesis, inflammation, diffe-
rentiation and growth of immunocompetent cells, repa-
rative processes in tissues, including in the cellular
and tissue structures of articular cartilage and syno-
vial membrane.

Cytokines are polypeptides with a molecular weight
not exceeding 30 kD. Their producers are lymphocytes,
macrophages, granulocytes, reticular cells, fibroblasts,
endothelial cells and other cell types. Cytokines are
characterized by pleiotropic properties (the ability of the
same cytokine to cause different biological effects in
different types of target cells), synergism and antagonism
in action, cascade of effects and redundancy.
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MiLLIEHin), CMHepri3aM Ta aHTaroHiam Yy fAii, KackagHicTb
edgeKTiB Ta HaaMIpHiICTb.

CuHepriaMm LMTOKIHIB NPOSIBASIETbCA Y MNOCUMEHHI
edeKTiB OKpeMnX LIMTOKIHIB, @ aHTaroHiaMm — y NpUrHivYeHHi
abo HeTpanisauii ehekTiB iHLWMX LUTOKIHIB. Takox Ha aito
OOHOrO LMTOKIHY Ha KNiTUHY-MilleHb, BUKIMKAE BUPOO-
NeHHs HOoBUX LMTOKIHIB Towo. [ig HagmipHicTio po3y-
MitOTb 3[4aTHICTb PI3HUX KMITUH Ta OZHIET B3ATOI KMNiTUHM
npoayKyBaTu LUTOKIHM 3 NogibHMMK BionoriyHnmun edek-
Tamu. MNoTpibHo BiAMITUTK, WO Yy disionorivHo HopmaTuB-
HUX 3HaYeHHSAX UWTOKIHOBa Mepexa HecneundiyHa
i MOoxe BnnMBaTM Ha Oyab-siki KNITWUHM, WO MICTATb
BiQNOBIgHI peuenTopu Ta 3HAXoOATbCS B afdeKBaTHIN
disionoriyHin akTneHocTi [4, 5].

BtopuHHuin OA xapakTepusyeTbCs XPOHIYHUM 3a-
nanbHUM npouecom y cyrnobi Ta anstepauieto rianiHo-
BOrO XpsiLla, 3 po3nagoM SKOro MnpoaykTu aerpagadii
KonareHy Ta npoTeornikaHiB, NoTpanmsyn B CMHOBIANb-
Hy piguHy, BWCTYNawTb $K chneundiyHi  aHTUreHu,
a 3 iHWOro CTUMYIIOITb ePEeKTOPHI KMITUHU NO NpoayKuii
LUUTOKIHIB. 3aBOsiKM aHTUreHcneuniyHOCTi BOHU MOXYTb
HabyBaTW OEeCTPYKTUBHOI Aii, MOCUIMIOYN ayTOIMYHHWIA
KOMMOHEHT i anonTo3 KMiTUHHO-TKAHUHHUX CTPYKTYp
CMHOBIanbHoi 060MoHKM Ta cyrnobosoro xpswa [5].
BananeHHs npy BOA po3BMBaETLCS NOCTYMNOBO i CTafiiHO,
a iIMyHOMOriyHi Npouecu HOCATb ayTOIMyHHWUI Xapaktep
3a TUNOM peakuii YnoBiNbHEHOro TWMy, MpU SKOMY
Ha nepwui MnaH BWUCTYNawTb ippauioHanbHi NposiBu
30INCHIOKTb 3a AOMOMOrOK LMTOKIHIB €heKTOPHUX Ki-
TUH He TiNbKU K PerynaTopHoi NaHkW iMyHiTeTy, ane
i SIK naToreHeTU4HOro pakTopa, SKMMA chnpaense ne-
CTPYKTUBHY [il0 Ha KMiTUHHO-TKAHUHHI CTPYKTYpPWU CUHO-
BianbHOT 060MOHKM Ta cyrnoboBoro xpsila. 3a BNIMBOM
Ha cyrnoboBi Ta HaBKOMNOCYrnoOOBiI TKAHWUHU LIMTOKIHW
NOAINATLCS Ha TPU rpynu — OECTPYKTUBHI (Mpo3ananbHi
IL-1B, TNFa, IL-6, IL-12, IL-18), perynaTopHi (npoTu-
3ananbHi  IL-4, IL-10, IL-13, IPH-B) Ta aHaboniyHi
(umHHVKM pocty |OP, EGF, IGF, TGFB) [5-7, 10].
Mu HaBogMMO OCHOBHI GionoriyHi edekTn pocnigxy-
BaHWX y poboTi UMTOKIHIB y xBOopux Ha BOA.

IL-1B — roro npoayKuia 34iMCHI0ETLCA Makpodaramu
CMHOBIOUMTaMW, XOHApOUMUTaAMW Ta OCTEOoKnacTamu.
Ctumynioe BuXxig HeNTpodiniB 3 KiCTKOBOrO MO3KY,
3pocTaHHA Ta AaudepeHuiloBaHHA nimdouunTie, OGepe
yyacTb B iHOYKUIT CUHTE3y GaraTbox LMUTOKIHIB, Xemo-
KiHIB, MaTpU4YHUX MeTanonpotea3 Ta (epMmeHTiB, WO
CMpUSAIOTb PYMHYBAHHIO Xpslla Ta KiCTKOBOI TKaHWUHW.
IL-1B BignosigansHui 3a nporpecyBaHHs OA, noro miwle-
HSIMU MOXYTb OyTW CWHOBiamnbHi KNITUHW, a TaKoX
XOHOPOLUUTM Ta OCTEOLMTU, 3 YUMM MOB’si3aHa 34aTHICTb
pyMHyBaTW XpPSILLOBI Ta KIiCTKOBI TKaHWHM Mpu iX 3any-
YEHHI B 3ananbHWiA Mpouec, MiACUMOKYN EKCNPECito
agresMBHUX MONEKyn Ha eHaoTenii BeHyn 3A4aTHICTIo
Mirpauii nposananbHux KNiTUH Ta nimdouunTiB y cyrnob
Ta CUHOBianbHy piguHy. IL-1f npurHiyye cuHTes kona-
reHy Ta MpOTOMMiKaHiB, CNpusie NpoAyKuii akTueatopa
nnasmiHoreHy, CTUMYMIOE CUHTE3 Ta BUBINbHEHHS E€NKO-
3aHoigiB npoctarnaHauHis (PGE) Ta nenkotpieHis.
IL-1B cTumynioe npoayKuito akTUBHMX POPM  KWUCHIO,
30aTHUX MOLUKOAXKYBaTM CyrnoboBUA  XpsiLl, MNOCUMIOE
npoLec anonTo3y XOHAPOUUTIB.

IL-4 — npogykyeTbca T-xennepamu 2-ro Tuny i, no-
[i6Ho po IL-10, 3paTHMi iHribyBaT npogyKuito Takux
Th1-yuTtokinis, IL1, 2, 6, ®HIM-a, I®Hy, makpodaransHy
aktueHicTb NF-kB, HagaBaTtu nponicdepaTuBHuii Ta akTu-
BaLiiHUM edeKT Ha B-kniTnHuW, cTumynioe npoaykuito IgE.

Cytokine synergism is manifested in the enhance-
ment of the effects of individual cytokines, and antago-
nism is manifested in the suppression or neutralization
of the effects of other cytokines. Also, the effect of
one cytokine on a target cell causes the production of
new cytokines, etc. Redundancy is understood as the
ability of different cells and one taken cell to produce
cytokines with similar biological effects. It should be noted
that in physiologically normative values, the cytokine
network is nonspecific and can affect any cells that
contain the corresponding receptors and are in ade-
quate physiological activity [4, 5].

Secondary OA is characterized by a chronic inflam-
matory process in the joint and alteration of hyaline
cartilage, with the disintegration of which the degra-
dation products of collagen and proteoglycans entering
the synovial fluid act as specific antigens, and on the
other hand stimulate effector cells to produce cytokines.
Due to antigen specificity, they can acquire a destructive
effect, enhancing the autoimmune component and apop-
tosis of cell-tissue structures of the synovial membrane
and articular cartilage [5]. Inflammation in sOA develops
gradually and in stages, and immunological processes
are autoimmune in nature by the type of delayed-type
reactions in which irrational manifestations come to
the fore, carried out with the help of cytokines of effector
cells not only as a regulatory link of immunity, but also
as a pathogenetic factor, exerting a destructive effect
on the cell-tissue structures of the synovial membrane
and articular cartilage. According to their effect on
articular and periarticular tissues, cytokines are divided
into three groups — destructive (pro-inflammatory IL-1f,
TNFa, IL-6, IL-12, IL-18), regulatory (anti-inflammatory
IL-4, IL-10, IL-13, IFNB) and anabolic [5, 6, 7]. We pre-
sent the main biological effects of the cytokines studied
in the work in patients with OA. IL-1p — its production is
carried out by macrophages, synoviocytes, chondrocytes
and osteoclasts. Stimulates the release of neutrophils
from the bone marrow, the growth and differentiation of
lymphocytes, participates in the induction of the syn-
thesis of many cytokines, chemokines, matrix metallo-
proteases and enzymes that contribute to the destruction
of cartilage and bone tissue. IL-13 is responsible for
the progression of OA, its targets can be synovial cells,
as well as chondrocytes and osteocytes, which is asso-
ciated with the ability to destroy cartilage and bone
tissue when they are involved in the inflammatory
process, enhancing the expression of adhesive mole-
cules on the endothelium of venules, the ability to migrate
pro-inflammatory cells and lymphocytes into the joint
and synovial fluid. IL-1p inhibits the synthesis of collagen
and proteoglycans, promotes the production of plasmi-
nogen activator, stimulates the synthesis and release
of eicosanoids prostaglandins (PGE) and leukotrienes.
IL-1B stimulates the production of reactive oxygen
species that can damage articular cartilage, and enhan-
ces the process of chondrocyte apoptosis.

IL-4 — produced by T-helper cells of the 2nd type and,
like IL-10, is able to inhibit the production of such Th1
cytokines, IL1, 2, 6, TNF-a, IFNy, macrophage activity
NF-kB, have a proliferative and activating effect on
B-cells, stimulates the production of IgE. IL-4 induces
the expression of major histocompatibility complex
class Il molecules on macrophages and dendritic cells,
participating in the maturation and activation of the latter
and is able to inhibit the proliferation of synoviocytes.
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IL-4 iHOyKye eKkcnpecito MOMEKyr rorioBHOro KOMMreKcy
rictocymicHocTi Il knacy Ha makpodparax, AeHOPUTHUX
KniTuHax, 6epy4u yyacTb y 03piBaHHI Ta aKkTUBaLii ocTaH-
HiX Ta 3gaTHMIN NpUrHivyBaTy npornicdepadiio CUHOBIOUUTIB.

IL-6 — cuHTesyeTbca nimdpoumTamm, MoHoUMTamu,
HelTpodinamn, eosnHodinamu, B-kniTnHamu, dibpo-
6nactamu, TY4YHUMU KNiITUHAMKW, eHaoTeniansHUMK KNiTu-
Hamu, cMHoBianbHUMK ibpobnactamu Ta Makpodaramu.
IL-6 3maTHWA akTMBYBaTU NpOAYKUil0 OCTpodha3oBmx
OiNnkiB, aHTUTIN B-KNiTUH, XEMOKIHIB eHaoTenianbHUMK
KniTMHaMu, ekcnpecito Monekyn aaresii, BUKNMkaTn npo-
nicpepauito cmHoBianbHUx ¢pibpobnacTiB Ta akTuByBaTh
octeoknactu. IL-6 moxe Opatu ydacTb Yy pO3BUTKY
HaBkonocyrnoboBoro ocreonopo3dy Ta cyrnobosoi Ae-
CTPYKUii Yepe3 BMMAMB Ha AudepeHLiloBaHHS ocTeoknac-
TiB, 306iNbLUEHHS1 aKTUBHOCTI MPOTEONITUYHOIO hEPMEHTY
arpekaHasu Ta NPUCKOPEeHHs Aerpagauii npoTeornikaHy.
Buctynatoum y cuHepriami 3 IL-1p Ta TNFa, IL-6 BUknukae
3MiHW Y cyOxoHAparnbHil 30Hi. IL-6 3gaTHWMiA 3MeHLIyBaTh
BTpPaTM MpoTeornikaHiB y nepiog 3aroCTpeHHs y nadi-
eHTiB 3 OA. Lleit edekt 3ymoBneHui 3gaTHICTIO BMMAW-
BaTM Ha OPMYBaHHsi OCTEOKMacTiB, CNpUsitoYM TUM
caMuM KiCTKOBI pe3opOuii.

IL-10 — npoaykyeTbcsi Mmakpocharammu, CD*, B-kni-
THamm, CD*, T-knituHamn Ta MoHoumtamu. IL-10 saat-
HUA npurHivyBatu ekcnpecito IL-1, 6, 8, ®HM-a i ma-
TPUKCHUX  MeTarnonpoTeas, MPUrHidye  akTUBHICTb
Th1-kniTuH; cnpusie peanisauii rymopanbHUX iMYHHUX
peakuin i BMCTYNae sIK CYnpecopHWUM LUMTOKIH LoA0
3ananbHUX npoueciB Ta afanTUBHUX iIMYHHUX peakuin
KNITUHHOTO TWUMY; 3HWXYE CUHTE3 XOHAPOUMTIB Npo-
3ananbHUX UWUTOKIHIB Ta iHWWX MediaTopiB 3ananeHHsi
(PGE2 ToLW0), iHriBytoun anonTto3 xoHapoumTie. BiH mae
NOTYXXHWUN NpOTU3ananbHUN, iIMyHOMOZOYIHOKUUIA, IMYHO-
cynpecuBHui edpekt. Baxnuea ponb IL-10 nonsrae
B iHribyBaHHi HaONMLIKOBOrO CWHTE3y nNpo3ananbHUX
unTokiHis — IL-1a, IL-1B, IL-6, IL-8, ®HI-a, y-IH® akTu-
BOBaHMMM Makpodaramu i Th1 Tuny i cuHTe3 npoay-
KOBaHUX HUMW LIUTOKIHIB, TOOTO BUKMMKAE 3MiH YiMyHHOT
Bignosiai 3 Th1 Ha Th2. IL-13 — npogykyeTbca B ocC-
HOBHOMY FMagkuMy Ta akTUBOBaHWMU T-nimdpountamm.
Mopsig 3 IL-4 Ta IL-10 BiH Gepe y4yacTb y po3sutky Th2-
iMyHHOI BigNoBIAi; € MOAyNATOPOM akTUBHOCTI MOHOLUMUTIB
i B-kniTMH, npu UbOMYy BiH He Hagae MPSMOro BNUBY
Ha T-kniTuHK, ane iHribye edekT Ha npo3ananbHi LuTo-
KiHM, L0 CTMMYNIOTbL MOYATOK 3ananbHOro npoLecy
B cyrnobax y xsopux Ha OA.

IL-18 Bigirpae ogHy 3 KNOYOBMX poren y peanisadii
iMmyHHOI Bignosigi 3a Th1-tunom. OcHOBHMMUK npoay-
ueHTamun IL-18 € makpodparn, nimcbounTn, AEHAPUTHI
KNiTUHK, 0OcTeOBNacTu; cTuMyntoe nponidepadito T-KMiTuH,
FasL-onocepenkoBaHy LUMTOTOKCUYHY akTUBHICTb NK-kni-
TWH, npogykuito Th1-knituHamu IL-12 ta IH®-y, TMKC®,
3HWKye npoaykuito IL-10 Th2-kniTuHamu; y cMHoBianbHin
o6onoHui cyrmoba Ta CuHOBIAnNbHIN  piguHi  iHOYKYE
npoaykuito ®HM-o, TMKC®, IH®-y Ta cuHTe3 nposa-
nanbHUX LMTOKIHIB Ta XEMOKIHIB.

®OHIM-0. — NnpoaykyeTbCa Makpodaramu CUHOBIaNbHOI
TKaHWUHW, AOr0 MakcumarbHa KOHLEHTpaLis 4oCAraeTbesi
B nepioai 3aroctpeHHss OA 3a paxyHok. OCHOBHMM nato-
reHeTn4HMMK ecbektamu npyu OA € 36inblueHHs NpoaykK-
uii  Monekyn apresii, MertanonpoTteiHa3s, konareHas,
XeMOKiHIB Ta npoctarnaHavHiB. KniTWHHI CTPYKTYpu TKa-
HWH Xpsilla, CUHOBIanbHOI OBGOMOHKM, 3B’SI30K Ta CYXO-
KWUNKIB MaloTb Ha CBOIN 30BHILLHIA MembpaHi peuentopu
no ®©HlM-a. 38’as3yBaHHa ®HI-o 3 BignosigHUMK peuen-

IL-6 — synthesized by lymphocytes, monocytes,
neutrophils, eosinophils, B-cells, fibroblasts, mast cells,
endothelial cells, synovial fibroblasts and macrophages.
IL-6 is able to activate the production of acute phase
proteins, B-cell antibodies, chemokines by endothelial
cells, the expression of adhesion molecules, induce
the proliferation of synovial fibroblasts and activate
osteoclasts. IL-6 may participate in the development
of periarticular osteoporosis and joint destruction through
its effect on osteoclast differentiation, increased activity
of the proteolytic enzyme aggrecanase and accelerated
proteoglycan degradation. Acting in synergy with IL-18
and TNFa, IL-6 causes changes in the subchondral
zone. IL-6 is able to reduce proteoglycan loss during
exacerbations in OA patients. This effect is due to its
ability to influence osteoclast formation, thereby promo-
ting bone resorption. IL-10 — produced by macrophages,
CD*, B cells, CD*, T cells and monocytes. IL-10 is able
to suppress the expression of IL-1, 6, 8, TNF-a and
matrix metalloproteases, suppresses the activity of
Th1 cells; promotes the implementation of humoral
immune reactions and acts as a suppressor cytokine
in relation to inflammatory processes and adaptive
immune reactions of the cell type; reduces the synthesis
of chondrocytes of pro-inflammatory cytokines and
other inflammatory mediators (PGE2, etc.), inhibiting
chondrocyte apoptosis. It has a powerful anti-inflam-
matory, immunomodulatory, immunosuppressive effect.
An important role of IL-10 is to inhibit the excessive
synthesis of pro-inflammatory cytokines — IL-1a, IL-18,
IL-6, IL-8, TNF-o, INF-y by activated macrophages
and Th1 type and the synthesis of cytokines produced
by them, i.e. causes a change in the immune response
from Th1 to Th2. IL-13 — is produced mainly by smooth
and activated T-lymphocytes. Along with IL-4 and IL-10,
it participates in the development of the Th2 immune
response; it is a modulator of the activity of monocytes
and B-cells, while it does not have a direct effect on
T-cells, but inhibits the effect on pro-inflammatory
cytokines that stimulate the onset of the inflammatory
process in the joints in patients with OA. IL-18 plays
one of the key roles in the implementation of the Th1-type
immune response. The main producers of IL-18 are
macrophages, lymphocytes, dendritic cells, osteoblasts;
stimulates T-cell proliferation, FasL-mediated cytotoxic
activity of NK cells, production of IL-12 and INFy,
GM-CSF by Th1 cells, reduces production of IL-10 by
Th2 cells; in the synovial membrane of the joint and
synovial fluid induces the production of TNF-a, GM-CSF,
INFy and the synthesis of pro-inflammatory cytokines
and chemokines. TNF-a is produced by macrophages
of the synovial tissue, its maximum concentration is
reached during the period of exacerbation of OA due to.
The main pathogenetic effects in OA are an increase
in the production of adhesion molecules, metallopro-
teinases, collagenases, chemokines and prostaglandins.
Cellular structures of cartilage, synovial membrane,
ligaments and tendons have receptors for TNF-a on
their outer membrane. Binding of TNF-a to the corres-
ponding receptors leads to an increase in the volume of
joint tissues and their death. TNF-o destroys the inter-
cellular matrix of cartilage by activating caspases,
namely -3 and -8, and inhibits the synthesis of its
molecules. IL-33 — is released into the extracellular space
when cells are damaged and is part of the immune
response, which is implemented by reducing the forma-
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TopaMu npu3BoAMTb A0 30inblieHHS 06’eMy TKaHWH
cyrnoba Ta ix 3arnbeni. ®HM-o. pyrAHye MiKKNITUHHUIA
MaTpUKC Xpsillia LWNSAXOM akTuBauii kacnas, a came -3
Ta -8, i NpUrHivyye cMHTE3 NOro MoreKyn.

IL-33 — BWBINbHAETLCS Y NO3AKMITUHHUA NPOCTIP
NPy MOLUKOAXEHHI KMiTUH, Ta € YacTUHOK iMYHHOI
BigMNoBIAi, SIka peanisyeTbCa Yepes 3MEHLLEHHS YTBOPEH-
Hs  MakpodariB LUNSAXOM 36inblUEHHST  perynsitopHux
T-nimcpountiB. He Mae nposananbHOi aKTUBHOCTI,
cTumyntoe npogykuito Th2 — 1J1-4, 111-5, 1J1-13, BubipkoBo
aktmBye npogykuito Ig. [lMpu nopyweHHi asigHOCTI
Ta adiHHOCTI aHTUTIN nigBuwyeTbcs i piBeHb [L-33 sk
B CMPOBATLLi KPOBI, TaK i B CUHOBIaNbHIN pignHi.

Y uucneHHnx poboTax peTenbHO OMNUCYTLCS NUTaH-
Hsi BMNMMBY Pi3HMX UMTOKIHIB Ha nepebir BOA, npoTe,
Ha CbOrofiHi y CyyacHin nitepartypi He BUCBITNIEHO NUTaHHA
W00 3amnexHOCTi piBHA LMTOKIHIB Big CTyneHst obcsry
JereHepalii cyrnobosoro xpsiwa y nadieHtis 3 OA.

MeTta po60OTM — BW3HAYUTU piBEHb Ta AMHAMIKY
CMPOBaTKOBMUX Ta CMUHOBIAlNbHUX LWUTOKIHIB Yy XBOpPUX
Ha BTOPWUHHWI OCTE0APTPUT 3anexHO Bi4 cTagii aereHe-
pauii cyrnoboBoro xpsiia.

MATEPIAAU TA METOAU AOCAIAXXEHHA

MNpoBegeHo pocnigpkeHHa y 117 xBopux Bikom 19—
45 pokiB, siki nepebyBann Ha cTauioHapHOMY niKyBaHHi
y Artz Klinic (m. XapkiB) 3 npuBogy BTOpuHHOrO OA
KoniHHoro cyrno6a. [iarHo3 BCTaHOBMNIOBANM 3rigHO
3 MixHapogHoto knacudikauieto xsopobu 10-ro nepe-
msagy (MKX-10) — M18.1. KoHTponbHy rpyny cknanm
25 3pgopoBux pobposonbuiB. MikHapogHUM TOBapUCT-
BOM 3 BMBYEHHs1 ocTeoapTpuTy (OARSI) 3anponoHoBaHO
HOBY kracudikauito, sika Oo3Bonsie Buainutu 4 cragii
ypaxeHHs1 cyrnoboBoro xpswa Big ob’emy (%) pereHe-
paTvBHUKX 3MiH: cTagis 1 — (< 10%); ctagia 2 — (10-25%);
ctagia 3 — (25-50%); ctagia 4 — (> 50%).

YCiMm XBOpMM MpOBEAEHO BU3HAYEHHSA PIBHA LMTO-
kivis (1J1-1B8, IN-4, IN-6, IN-12, 11-13, 1J1-18, ®HO-q, 1J1-33)
y cupoBaTui KpOBi Ta CWHOBIaNbHIN piguvHi MeToooM
I®A Ha imyHObepmeHTHOMY aHanisatopi RT-2100C
(Rayto Electronic Inc., KHP) 3 BukopucTaHHsIM TecT-
cucteM Ridascreen (HimewumHa). PiBeHb ayToaHTWTIN
0O UMTOKIHIB y CMpoBaTLi KpOBi AOCnigKyBanu i3 3acto-
CYBaHHSIM HeheNnoMeTPUYHOI peakuii YaH’e 3 KinbKiCHUM
BMU3HAYEHHAM aHTUTIN y moamdikauii H.M. Knemnapcbkoi,
3a Takol Mpouenypor: 3 MiKTbOBOI BeHW 3abupanu
KpoB HaTLe B 06casi 10 mn y cTepunbHy Npobipky Tuny
«Enenpopd», wo mictnna 250 Of po3ynHy renapuviHy.
KpoB LeHTpugyrysanu, nnasmy BigoKpemMmoBanu B iHLWY
npoOipky. [lo MiTkn gopaBanu ¢i3ionoriyHMiA PO3ynH,
i nicns 300BTyBaHHA AodaBanu 2,5 mn po3BedeHoro
aHTUreHy (UMTOKiHY) y aosi no 0,1 mn. Y noganbliomy
CyMilW CTpywlyBanu i rotysanu noOCrnigoBHI po3BeAeHHS
umnTokiHie Big 1:30 go 1:15360 (10 npobipok). Y kioBeTn
®EK-M Hanueanu no 1,7 mn nnasmm Ta qisionoriyHun
po34nH (KOHTponb). Hynb BCTaHOBMOBanu Ha BOA.
Motim 6panu 0,1 mn 3 10 Npo6ipkn, gogaBanu B 4OCNIAHY
i KOHTPOMbHY KIOBETW, KOMOPWMETPYyBanu, 3HOBY Ooaa-
Banu 0,1 mn 3 9 Npobipku i3 dikcauie OTpUMMaHNX AaHKX
3 OEK-M Ta iHwi. 3a pesynsratamu OyayBanu Kpuay,
[e HasBHiCTb «nnato» abo «nikiB» CBiAYMTL MPO Mpu-
CYTHICTb ayTOaHTUTIN Yy [JOChifKyBaHin cupoBarTLi.
[ns KinbKiCHOrO BM3Ha4YeHHs ayTOQHTUTIN OO0 UMUTOKIHIB
BMKOPUCTOBYBanM MaTeMaTWyHUI aHanisa OTPUMaHuX

tion of macrophages by increasing regulatory T-lympho-
cytes. It does not have pro-inflammatory activity,
stimulates the production of Th2 — IL-4, IL-5, IL-13,
selectively activates |g production. When the avidity
and affinity of antibodies are impaired, the level of
IL-33 increases both in the blood serum and in the
synovial fluid.

The works carefully describe the issues of the
influence of various cytokines on the course of sOA,
however, to date, the modern literature has not addressed
the issue of the dependence of the level of cytokines
on the degree of articular cartilage degeneration in
patients with OA.

Objective — to study the level and dynamics of serum
and synovial cytokines in patients with secondary
osteoarthritis depending on the stage of articular carti-
lage degeneration.

MATERIALS AND METHODS

A study was conducted in 117 patients aged 19
to 45 years who were inpatients at Artz Klinic (Kharkiv)
for secondary OA of the knee joint. The diagnosis was
established according to the International Classification
of Diseases, 10th revision (ICD-10) — M18.1. The control
group consisted of 25 healthy volunteers. The Osteo-
arthritis Study Society International (OARSI) proposed
a new classification that allows us to distinguish 4 stages
of articular cartilage damage based on the volume (%)
of degenerative changes: stage 1 — (<10%); stage 2 —
(10-25%); stage 3 — (25-50%); stage 4 — (> 50%).

All patients underwent determination of cytokine
levels (IL-1B, IL-4, IL-6, IL-12, IL-13, IL-18, TNF-q, IL-33)
in blood serum and synovial fluid by ELISA on
an RT-2100C enzyme-linked immunosorbent assay
(ELISA) (Rayto Electronic Inc., China) using Ridascreen
test systems (Germany). The level of autoantibodies
to cytokines in blood serum was investigated using
the Wanier nephelometric reaction with quantitative
determination of antibodies in the modification
of N.M. Klemparskaya, according to the following
procedure: fasting blood was taken from the cubital
vein in a volume of 10 ml into a sterile Eppendorf
tube containing 250 U of heparin solution. The blood
was centrifuged, and the plasma was separated into
another tube. Saline solution was added to the label,
and after shaking, 2.5 ml of diluted antigen (cytokine)
was added in a dose of 0.1 ml. The mixture was then
shaken and serial dilutions of cytokines from 1:30
to 1:15360 (10 tubes) were prepared. 1.7 ml of plasma
and saline (control) were poured into the FEC-M cuvette.
Zero was set to water. Then 0.1 ml was taken from
the 10th tube, added to the test and control cuvettes,
colorimetrically measured, 0.1 ml was added again
from the 9th tube with fixation of the data obtained
with FEC-M, etc. According to the results, a curve was
constructed, where the presence of a «plateau» or
«peaks» indicates the presence of autoantibodies in
the serum under study. For quantitative determination
of autoantibodies to cytokines, mathematical analysis
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3a KonopumeTpii pesynbraTiB 3a cneuianbHOK pPo3-
paxyHkoBoto chopmyroto [8, 9].

(2,3, ) (s

— X

L)+ (0 ) (3= »,)

of the results obtained by colorimetry was used accor-
ding to a special calculation formula [8, 9].

0 =1-

Ae x, Ta ¥, — BignosigHo abcuuca Ta opauHata Touku P,
¥, Ta ¥, — abcumuca Ta opauHata Touku P,, x; Ta y; —
abcuuca Ta opavHaTa Toukmn P,.

CaTtnctuyHy 06pobKy OTpUMaHUX pesynbraTiB NpoBO-
ounn i3 BukopuctaHHam IBM  SPSS  Statistics 22
i3 BM3Ha4YeHHSIM abCONtOTHOI BENUYMHKM Ta ii MOXMOKK
(M = m, abc.oa.). [OCTOBIpHICTb OTPUMaHUX pPe3ynbTaTis
BU3Ha4yanu 3a kputepiem CTblogeHTa.

MauieHTn OGynu iHcopmoBaHi wWopo uinew pocnia-
XEHHs1 Ta Haganu cBok noiHdopmoBaHy 3rogy. [o-
CNiJKEHHs1 NPOBEAEHO 3 ypaxyBaHHSM OCHOBHMX MOJO-
EHb i BIiAMNOBIAHO €TUYHMM Ta MOpanbHO-MPaBOBUM
Bumoram CrtaTycy YkpaiHcbkoi acouiauii 3 6GioeTuku
Ta Hopmam GCP i GLP, npuHuunam [enbcCiHCbKOT
peknapauii npas noguHn, KoneeHuii Pagn €sponun
npo npasa NaunHW | GiomeanumHN.

MeToaukn obCTexeHHs Ta nikyBarbHO-AiarHOCTUYHI
3axX04M, BUKOpPUCTaHIi B MPEACTaBNEHOMY KIiHIYHOMY
BMNaaky, Oynu cxearneHi KoMicielo 3 nutaHb Giomeawu-
HOi eTMku XapkKiBCbKOro HaLioHanbHOro YHiBepcUTeTy
imeHi B.H. KapasiHa MiHicTepcTBa ocBiTW i Hayku YkpaiHu
(Mpotokon Ne 3/3 Big 13.12.2023 p.) Ta npoBeaeHi
3 NMCbMOBOI 3rofok i BignoBigHO A0 npuHUMniB Gio-
eTKM 3 [JOoTpuMaHHaM npaB noguHn  (FenbciHcbka
peknapauis «ETMYHI npvHUMNM MeanvyHuX [ocnigKeHb
3a yyacTio nwogen» Ta «3aranbHa geknapauis
npo 6ioeTuky Ta npasa nogmHn (KOHECKO) Ta BignosiaHo
[0 YMHHOrO B YKpaiHi 3akoHO4aBCTBa.

PE3YABTATM TA iX OBrOBOPEHHS

AHania oTpumaHux AaHux (Tabn. 1) nokasas, LWO
[ONsi no4YaTKoBOI cTagil po3BUTKY AereHepaldii cyrnobosoro
Xpslla XapakTepHe niABULLEHHS aKTMBHOCTI LIMTOKIHIB
nposananesHoi rpynu (IJ1-18, 1-6, 1J1-12, ®HM-a), ska
nposiBnsinaca HambinbwyM iX piBHEM Ha NoyaTKy pos-
BUTKY BOA, 3 MPOrPEeCUBHUM 3HWKEHHSM NPU PO3BUTKY
OEeCTPYKTMBHOIO MPOLIECY, ane piBHi Npo3ananbHuX UuTo-
KiHIB BCE OZIHO He JocsAranu 3Ha4eHb rpynu KOHTPOSIH.

Pisenb IJ1-13 y cuposatui kposi nauieHTiB i3 BOA
npu nepLin ctagii gereHepadii cyrnoboBoro xpsiLia 3poc-
TaB y 8,5 pasy (p < 0,01) NOpiBHSIHO i3 FPynot KOHTPOSIHO.
Mpu noganbloMy nporpecyBaHHi MaTonoriYHOro npo-
uecy Mano Mmicue nporpecvBHe 3HWxeHHsa J1-1B, ane
Moro 3HayeHHst Ha 4-i cTagii gereHepadii cyrnobosoro
Xpsilla Bce ogHO Oynu BULLMMM, HiXX B rpyni KOHTPOMO
y 2,5 pasy (p < 0,01).

[Mpn ouiHUi 3Ha4YeHHs iHLWOro npo3ananbHOro LMTO-
KiHy I/1-6 i3 rpynoto NOpiBHSIHHA BWOHO, WO Ha no4vart-
koBux etanax po3sutky BOA, NOro piBeHb nepesuLLyBaB
KOHTponb Manxe y 7 pasis (p < 0,01) i maB ogHocnps-
MoBaHy TeHaeHuijto i3 IJ1-1B, i3 noganswunm nporpecus-
HUM 3HWXEHHAM Mpu NOrmvMbneHHi npoueciB OecTpykuil
(p < 0,01) Ginble, Hix 50% (4-Ta cTagis). PiseHb 1J1-6
Ha 4-n cTagii gereHepaldii cyrnoboBoro xpsiwa 6yB 6inb-
UMM 3a KOHTponb y 2 pa3u (p < 0,01).

AkTtusHicTb IJ1-12 Ha nepwwin cTagii gereHepadii cyrno-
00BOro xpsilia 3pocTana 3 MEHLLOK IHTEHCUBHICTIO, HiX

\/(xz—xl )2 +(J’3 — W2 )2 \/(xJ—x?. )2 +(Y3 -V )2

where x, and ¥, are the abscissa and ordinate of point P,
¥, and y, are the abscissa and ordinate of point P,, X; and
Y5 are the abscissa and ordinate of point P,, respectively.

Statistical processing of the obtained results was
carried out using IBM SPSS Statistics 22 with determina-
tion of the absolute value and its error (M £ m, abs. units).
The reliability of the obtained results was determined
by the Student’s criterion.

The study methods and all diagnostic and treatment
measures used in the presented clinical case were
approved by the Biomedical Ethics Commission of
the V.N. Karazin Kharkiv National University of the
Ministry of Education and Science of Ukraine (Proto-
col No. 3/3 dated December 13, 2023) and conducted
in accordance with the written consent and the ethical
principles with respect for human rights (following
the «Ethical Principles for Medical Research Involving
Human Subjects» and the «Universal Declaration on
Bioethics and Human Rights (UNESCO)».

RESULTS AND DISCUSSION

Analysis of the obtained data (Table 1) showed
that the initial stage of articular cartilage degradation
is characterized by activation of the activity of pro-inflam-
matory cytokines (IL-1p, IL-6, IL-12, TNF-a)), which was
manifested by their highest level at the beginning of
sOA development, with a progressive decrease during
progression, but the levels of pro-inflammatory cytokines
still did not reach the values of the control group.

The level of IL-1B in the serum of patients with sOA
at the first stage of articular cartilage degradation
increased by 8.5 times (p<0.01) compared to the control
group. With further progression of the pathological
process, there was a progressive decrease in IL-1p,
but its values at the 4th stage of articular cartilage
degradation were still higher than in the control group
by 2.5 times (p<0.01).

Comparing the values of another pro-inflammatory
cytokine IL-6 with the comparison group, it is seen that
at the initial stages of sOA development its level excee-
ded the control by almost 7 times (p<0.01) and had
a unidirectional trend with IL-1B, with a further pro-
gressive decrease with deepening of the destruction
processes (p<0.01) by more than 50% (stage 4). The level
of IL-6 at the 4th stage of articular cartilage degra-
dation was 2 times higher than the control (p<0.01).

The activity of IL-12 at the first stage of articular
cartilage degradation increased with less intensity than
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IJ1-1 Ta IJ1-6, ane 6yna BWLIOK MOPIBHAHO i3 HOPMOM
y 5,5 pasy (p < 0,01). Noganble nporpecysaHHa BOA
Ha 4-i cTafii gereHepadii Nokasano nNepeBuLLEHHS 3Ha-
yeHHs 1J1-12 Big rpynu koHTponio y 2,5 pasy (p < 0,01).

IL-1 and IL-6, but was higher compared to the norm
by 5.5 times (p<0.01). Further progression of sOA at
the 4th stage of degradation showed an excess of IL-12
values from the control group by 2.5 times (p<0.01).

Ta6nuus 1. PiBeHb LUMTOKiHIB y cupoBaTLi kpoBi xBopux Ha BOA B nepiodi 3arocTpeHHs
3anexHo Bif cTagii AereHepadii cyrnob6osoro xpswa, (M+m), nr/mn
Table 1. Serum cytokine levels in patients with sOA during the exacerbation period
depending on the stage of articular cartilage degeneration, (M+m), pg/ml

iz @© (0] %)
FIEIPR gt LiuTokinm / Cytokines
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FE3EEE |52 n-10 | 1n-10
©3853% 2 g 1-1B 111-4 1N-6 111-10 111-12 11-13 111-18 PHO-a 11-33
E g S '(‘% £ E g IL-1B IL-4 IL-6 IL-10 IL-12 IL-13 IL-18 FTN-o IL-33 IL-1B IL-6
©
53 % z IL-10 | 1L-10
((Zaéi'/")“ Stage 1| 53 | 207574104 | 08,7463 | 287,9% 10,6 | 7.421.8 | 185,470 47,3 | 12.3% 15,7 | 276,40 112.4 | 374,87 £11.8 | 35412 |40.224.2 [ 389723 7
0
(ﬁ?@g;gsmgez 36 | 198,7"148,6 | 86,5752 | 213,748,7 | 6,27¢1,6 | 169,8716,9 | 96,7245 | 72,6:98 | 2865106 |4,711,4|30,2438) 34,4435
I~ 0
g;;gg%smgea 34 | 1154467 |67.9"4,8 | 1286454 | 497214 | 11937256 | 724242 | 103569 | 197.6%:89 | 7.341,9 | 235132 | 26,2429
= 0
ggg';;” Stage4| o4 | 809153 46474390120 248|360 213|815 145 | sa6139 | 873143 |14210 275 | 8ers21 | 224128 [ 253123
J
3A0pOBI AOHOPM [ o5 | 30156 | 272005 | 41,3537 [241013| 317138 | 402128 | es2e26 | 242023 |1620.12 [ 145617 | 17,2621
Healthy donors

lMpumimku:

* — NOCTOBIPHI BiAMIHHOCTI NOKa3HMKIB Ha Pi3HWX CTadisx AeCTPYKTUBHOIO npolecy Big rpynu 3goposux goHopis (p < 0,01);
o — AOCTOBIpHi BiAMIHHOCTI NOKa3HWKIB Mix 1-10 Ta 4-10 cTagieto 4eCTPYKTMBHOIO npolecy B cyrnobosomy xpsii (p < 0,01);
A — OOCTOBIPHI BIAMIHHOCTI MOKa3HWUKIB rpynu 3 4-t0 cTtagieto 3 rpynoto koHTponto (p < 0,01).

Note:

* — significant differences in indicators at different stages of the destructive process from the group of healthy donors (p < 0.01);
o — significant differences in indicators between the 1st and 4th stages of the destructive process in the articular cartilage (p < 0.01);
A — significant differences in indicators of the 4th stage group with the control group (p < 0.01).

[unHamika pieHs 1J1-18 Bignosigana 3aranbHin TeHOEH-
uii rpynu nposananbHUX LMTOKIHIB, NpoTe BOHa Mana
cBOi BigMiHHOCTi. Ha noyaTtkoBomy etani po3suTky BOA
Moro KoHUeHTpauia 3poctana nuwe y 2 pasm (p<0,01)
i MOCTYMOBO 3HMXYyBanacs OO TakMx 3Ha4YeHb, NpU SKKX
BiOMIHHICTb MK KOHUeHTpauismu IJ1-18 Ha 3-n Ta
4-n cTapii gereHepaduii cyrnoboBoro xpsilia LOCTOBIPHO
He Bigpi3Hanaca Big rpynu KOHTPOIHO.

PiBeHb ®HIM-0. OyB HaBULLMM Cepen YCiX LIMTOKIHIB
Ha nepwini cTagii gereHepauii cyrmobGoBoro xpsuia.
BiH nepeBuLLyBaB 3Ha4EHHS rpynu KOHTpPono y 15,5 pasy.
B noganbwomy mana micue AnHamika aHanoriyHa iHWuMm
UMTOKIHAM, ane noro piBeHb y 5,5 pasy OyB BULLMM
3a KOHTpPOnb Npu 4- cTagii AereHepadii.

AKTMBHICTb NpoTM3anarnbHUX LUTOKIHIB TakoX 3poc-
Tana Ha novatky po3sutky BOA, ane usa TeHaeHuia oyna
3HAYHO MEHLUOK MOPIBHSAHO i3 Mpo3ananbHUMW LUTO-
KiHamn. Tak, piBeHb IJ1-4 npu nepwin crtagii gereHepadii
cyrno6oBoro xpsiia 36inbwysasca y 3,63 pasy (p < 0,01),
alll-10y 3,08 pasy (p <0,01), IN1-13y 2,79 pasy (p < 0,01)
NOpPIBHSAHO i3 KOHTpoOreMm, a npu 4 cragii gereHepadii —
y 1,7, 1,5 Ta 1,3 pasy BignosigHo. leBHa BigMiHHICTb
BM3Ha4anacsa i3 guHamikor 3HadeHb [J1-33 3anexHo
BiO cTagdil 4eCTPYKTUMBHOrO npotecy. PiBeHb LbOro umTo-
KiHy NporpecuBHO 3pOCTaB 3anexHo Bi4 cTagin i nepe-
BULLYBaB KOHTPONb Ha 4-M cTagii OeCTPYKTUBHOMO
npouecy y 8 pasis (p < 0,01).

CniBBigHOLLIEHHS Npo3ananbHUX Ta NpoTu3ananbHUX
uuTokiHiB I1-1p /IN-10 Ta 111-6/IJ1-10 Ha 1-n cTagii ge-
CTPYKTMBHOrO npouecy Oyno BULLMM 3a rpyny KOHTPOSO
y 2,5 pasy (p<0,01) 3a paxyHOK BENWKUX 3HA4YEHb
nposananbHUX UWUTOKIHIB, ane no Mipi iHTeHcudi-
Kauii OeCTPYKTMBHMX MPOLECIB Yy CYrnoGoBOMYy XpsLui

The dynamics of the IL-18 level corresponded to
the general trend of the group of pro-inflammatory cyto-
kines, but it had its own differences. At the initial stage
of the development of sOA, its concentration increased
only 2 times (p<0.01) and gradually decreased to such
values, at which the difference between the concentra-
tions of IL-18 at stages 3 and 4 of articular cartilage degra-
dation did not differ significantly from the control group.

The level of TNF-a was the highest among all cyto-
kines at the first stage of articular cartilage degradation.
It exceeded the value of the control group by 15.5 times.
Subsequently, the dynamics were similar to other cyto-
kines, but its level was 5.5 times higher than the control
at stage 4 of degradation.

The activity of anti-inflammatory cytokines also
increased at the beginning of the development of sOA,
but this trend was much smaller compared to pro-
inflammatory cytokines. Thus, the level of IL-4 at the first
stage of articular cartilage degradation increased
by 3.63 times (p<0.01), and IL-10 by 3.08 times (p<0.01),
IL-13 by 2.79 times (p<0.01) compared to the control,
and at the 4th stage of degradation — by 1.7, 1.5 and
1.3 times, respectively. A certain difference was deter-
mined with the dynamics of IL-33 values depending
on the stage of the destructive process. The level of
this cytokine progressively increased depending on the
stages and exceeded the control at the 4th stage of the
destructive process by 8 times (p<0.01).

The ratio of pro-inflammatory and anti-inflammatory
cytokines IL-1B/IL-10 and IL-6/IL-10 at stage 1 of the
destructive process was 2.5 times higher than in the
control group (p<0.01) due to the high values of pro-
inflammatory cytokines, but as the destructive processes
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0o 4-i ctagii 3HavyeHHs npo3ananbHux LuTokiHiB IJ1-18
Ta I/1-6 3HWXKyBanucs, WO MNpuM3BOAUNO OO BiANOBiA-
HOMO 3HMXXEHHS X CMiBBIOHOLEHb, NPAKTUYHO OO0 PiBHSA
rpynu KOHTPONHO.

BusHaueHHsA BMIiCTY LUMTOKIHIB Yy CMpOBaTLUi A03BONsiE
OLiHUTM CUCTEMHY peakLilo OpraHiaMy y AaHOro KOHTWH-
reHTy xBopux [6, 11]. Y Tol e 4Yac BU3HaAYEHHs1 cnekTpa
LMTOKIHIB B 0OCepeaKy naTornoriyHoro npouecy B KNiTUHHO-
TKAHWHHUX CTPYKTypax Xpsilla Ta CUMHOBIanbHOI pianHu,
Ha Hall nornsa, € HanbinbL NepcnekTMBHMM, 0cobnmBo,
SIKLLO BpaxoByBaTW, WO 32 CBOIM GiOXiMiYHMM CKNagom
CVHOBIanbHa piavMHa nogibHa 0o nnasmu KpoBi. Y 3B’A3Ky
3 UMM MW BUPIUMNM NPOBECTM [OOCHILKEHHS pPiBHSA
LMTOKIHIB y CUHOBIanbHin pigunHi y xsopux Ha BOA 3anex-
HO Bif cTapgji gereHepaldii cyrnoboBoro xpsia (Tabn. 2).

in the articular cartilage intensified to stage 4, the values
of pro-inflammatory cytokines IL-1p and IL-6 decreased,
which led to a corresponding decrease in their ratios,
almost to the level of the control group.

Determination of cytokine content in serum allows
to assess the systemic reaction of the organism in this
contingent of patients [6, 11]. At the same time, determi-
nation of the spectrum of cytokines in the focus of the
pathological process in the cellular and tissue structures
of cartilage and synovial fluid, in our opinion, is the most
promising. Especially, considering that in its biochemical
composition synovial fluid is similar to blood plasma.
In this regard, we decided to conduct a study of the
level of cytokines in synovial fluid in patients with OA
depending on the stage of articular cartilage degene-
ration (Table 2).

Tabnuus 2. PiBeHb LMTOKIHIB Yy CUHOBIanbHIil pianHi npy BToprHHomy OA y nepiofi 3arocTpeHHs
3anexHo Big ctagii gereHepadii cyrnobosoro xpswa, (Mtm), nr/mn
Table 2. Cytokine levels in the synovial fluid of patients with secondary OA during the exacerbation period
depending on the stage of articular cartilage degeneration, (Mtm), pg/ml
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TMpumimku:

* — [OCTOBIPHI BiAMIHHOCTi MOKa3HMKIB Ha Pi3HMX CTadisx 4eCTPYKTUBHOIO NpoLecy Bif rpynu 3goposux goHopis (p < 0,001);
o — AOCTOBIPHI BiAMIHHOCTi MOKa3HWKIB M 1-10 Ta 4-10 cTagieto AeCTPYKTUBHOIO npouecy B cyrmobosomy xpswi (p < 0,01);
# — JOCTOBIPHI BiAMIHHOCTI MOKa3HWKIB rpynu 3 4-10 ctagieto 3 rpynoto koHTponto (p < 0,05).

Note:

* — significant differences in indicators at different stages of the destructive process from the group of healthy donors (p < 0.001);
o — significant differences in indicators between the 1st and 4th stages of the destructive process in the articular cartilage (p < 0.01);
# — significant differences in indicators of the 4th stage group with the control group (p < 0.05).

Buxogsum 3 oTpMmaHux [aHux LWo[o pPiBHIB Mpo-
3ananbHUX Ta NpoTusananbHUX LUTOKIHIB Y CUHOBIambHIN
PiAVHI BUAHO, L0 iX AMHaMiKa CxXoxa [0 3MiH y cupoBartwi
KpOBi, TOMY MW 3p06UNN MOPIBHSANbHY rpadivyHy KapTuHy
3MiH UWTOKIHIB, L0 BMBYanucs, B CUpoBaTLi KpOBi
Ta CUMHOBIanbHiIN piguHi (puc. 1).

3 puc. 1 BugHo, wo IJ1-1p nporpecmBHO 3HWXKyBaBCA
K Y KPOBIi, TaKk i B CMHOBIanNbHIN piguHi, Npuyomy BXe
Ha TpeTin cTagii OeCTPyKTMBHOrO npouecy Biabynocsa
3PIBHAHHA [0 3Ha4yeHb UbOro iHTEPnemkiHy y CUHOBI-
anbHin pignHi. MposananbHuii uuTokiH IJ1-6 'y cupo-
BaTLi KpOBi AocsAraB 3Ha4YeHb Y CUHOBIamnbHIA PiavHI
BXXE Ha 2 cTafii AeCTPYKTUBHOrO npoLecy B cyrnoboBomy
xpswi. 3miHm 1J1-12 ta ®HIM-a 5K y cnHOBIaNbHIN piguHi,
Tak i B cupoBaTui KpoBi BigbyBanucs napanenbHo
oauH ogHomy. Tinbku 3HaveHHsa IJ1-18 y cnpoBaTui KpoBi
He Bignoeiganu MOro 3miHam y CUHOBIanbHIA PigVHI —
i AWM B NPOTUAEXHOMY OAMH OOHOMY HanpsiMmi.

MpoTtunsananeHi umtokinm (I11-4, 111-10, 1/1-13) Takox
Manu CBOI MOCMIQOBHOCTI Yy KPOBi Ta CUHOBIANbHIN
piouvHi (puc. 2).

Based on the obtained data on the levels of pro-
inflammatory and anti-inflammatory cytokines in the
synovial fluid, it is clear that their dynamics are similar
to changes in blood serum, so we made a comparative
graphic picture of changes in the cytokines studied
in blood serum and synovial fluid (Fig. 1).

Fig. 1 shows that IL-1B progressively decreased
both in the blood and in the synovial fluid, and already
at the third stage of the destructive process, it was
equalized to the values of this interleukin in the synovi-
al fluid. The pro-inflammatory cytokine IL-6 in the blood
serum reached the values in the synovial fluid already
at the 2nd stage of the destructive process in the arti-
cular cartilage. Changes in IL-12 and TNF-a in both the
synovial fluid and blood serum occurred in parallel with
each other. Only the values of IL-18 in the blood serum
did not correspond to its changes in the synovial fluid —
and went in the opposite direction to each other.

Anti-inflammatory cytokines (IL-4, IL-10, IL-13)
also had their own sequences in the blood and synovial
fluid (Fig. 2).
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Puc. 1. [luHamika nokasHWKIB Npo3ananbHuX LMTOKIHIB B CMPOBATLi KPOBi Ta CUHOBIAnNbHIN pignHi
3anexHo Bif cTagii 4ecTpyKTUBHOrO npouecy y cyrnoboBomy xpswi (nr/mr):
nomapaHyeBa fiHis — BMICT Y CMHOBIanbHI PignHi, CUHA NiHIS — piBeHb y cMpoBaTLi KPOBi
Fig. 1. Dynamics of pro-inflammatory cytokines in blood serum and synovial fluid
depending on the stage of the destructive process in articular cartilage (pg/mg):
orange line — content in synovial fluid, blue line — level in blood serum

MokasaHo, wo pisHi 1J1-4 Ta IJ1-13 y kpoBi Ta cuHo-
BianbHi pigWHI  3MiHIOBanuca napanernbHO 3anexHo
Bif CTafii 4EeCTPYKTMBHOIO NPoLEeCy B CyrnoboBOMY XPSLLi.
MeBHi ocobnmeocTi mas 1J1-10, 3HaYeHHs AKOro B CMpoBaT-
Ui KpOBi Npv Apyrin cTtagii OeCTPyKTMBHOIO Npouecy
B CyrnoboBOMY XpsLLi AoCAranu Noro piBHA B CUHOBIanb-
HiM pignHi, a BXe npu 3-1 Ta 4-n cTagii 4eCTPYKTUBHOIO
npouecy Oynu CyTTEBO HWXKYMMW, HiDK Y CUHOBIAnbHIN
piavHi, WO, O4EBMOHO, € NEBHOK OCOGNMBICTIO nepebiry
BOA Ha GinbLU Ni3Hix CTagisix NaTonoriYHoOro npowecy.

It was shown that IL-4 and IL-13 in the blood and
synovial fluid changed in parallel depending on the
stage of the destructive process in the articular cartilage.
IL-10 had certain features, the values of which in the
blood serum at the second stage of the destructive pro-
cess in the articular cartilage reached its level in the
synovial fluid, and already at the 3rd and 4th stages of the
destructive process were significantly lower than in the
synovial fluid, which, obviously, is a certain feature of the
course of sOA at later stages of the pathological process.
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Puc. 2. [lInnamika nokasHWKiB NpoTnsananbHUX LIMTOKIHIB Y CMPOBATLi KPOBi Ta CUHOBIaNbHIV piauHi
3anexHo Bif CTafii 4eCTPYKTUBHOIO NpoLecy B cyrnoboBomy xpsLi (nr/mr):
nomapaH4yeBa MiHisi — BMICT y CUHOBIanbHil pianHi, CUHA NiHiS — piBeHb y CMPOBATLi KPOBi
Fig. 2. Dynamics of anti-inflammatory cytokines in blood serum and synovial fluid
depending on the stage of the destructive process in articular cartilage (pg/mg):
orange line — content in synovial fluid, blue line — level in blood serum

TpvBanuin BNNAMB npo3ananbHUX LUUTOKIHIB Ha K-
TUHHO-TKAHUHHI CTPYKTYpWU cyrnoboBoro xpsita Ha Tni
3HWXKEHOI aKTUBHOCTI NpoTU3ananbHUX LMTOKIHIB NpU3Bo-
OnTb [0 X OecTpykuii, anonto3dy Ta A0 BUMPOONEHHS
ayTOAHTUTIN Ha Tak 3BaHi «CEKBECTPaHTM», LLO 3YMOB-
ME MNPOrpecyBaHHsl XPOHIYHOrO 3anarieHHst Ha ayTo-
iMyHHI ocHoBi [12]. Ha 6inblu nisHix eTanax po3BUTKY
BOA ponydyaoTbCsi nponidepaTuBHi npouecu, ki iH-
TEHCUIKYIOTLCA Ha Tri NoganbLIOro 3HWXKEHHS PiBHIB
nposananbHUX Ta nNpoTM3ananbHUX UUTOKIHIB [13].
MponichepatvBHa peakuia darounTapHMx enemeHTiB
mMae nepebir Ha Tni ayTOIMyHHOrO KOHTPOIMIO KMiTUHHO-
TKaHWHHUX CTPYKTYp CyrnoboBoro xpsiwa, i cnpsiMoBaHa
Ha Oro YCyHEHHs1 Yepes3 YTBOPEHHS BOMIOKHUCTUX CTPYK-
TYp CMONy4YHOI TKaHWHWU 3 iX noganblwmum ¢ibpo3yBaH-
HAM Ta po3BUTKOM iOPO3HOT TKaHWUHM B CcyrnoGi
3 NopyLUEeHHSM NOoro dyHKLiOHaNbHOT akTMBHOCTI [14].

OGr'pyHTOBYHO4M IMYHONATONOrYHY POMb LIMTOKIHIB
edekTopHMX KniTuH y natoreHesi BOA [12] mu BpaxoBy-
Banu, WO iX NiABULLEHHUA piBEHb TaKOX Mae nignagaTu
nig, iMyHOMNOrYHUIA KOHTPOMb OpraHiamy. 3 ypaxyBaHHSIM
LUbOro Hamu NPoOBeAEeHO Cepito iIMyHOMOriYHMX aocnig-
XEHb LOAO KiNbKICHOrO BM3HAYeHHSI aHTUMLUUTOKIHOBMX
ayToaHTUTIN y kpoBi xBopux Ha BOA (Tabn. 3).

Prolonged exposure to proinflammatory cytokines
on the cellular and tissue structures of articular cartilage
against the background of reduced activity of anti-inflam-
matory cytokines leads to their destruction, apoptosis
and the production of autoantibodies to the so-called
«sequestrants», which causes the progression of chronic
inflammation on an autoimmune basis [12]. At later stages
of the development of sOA, proliferative processes
are involved, which intensify against the background
of a further decrease in the levels of pro-inflammatory
and anti-inflammatory cytokines [13]. The proliferative
reaction of phagocytic elements occurs against the
background of autoimmune control of the cellular and
tissue structures of articular cartilage and is aimed at
its elimination through the formation of fibrous connec-
tive tissue structures with their subsequent fibrosis
and the development of fibrous tissue in the joint with
a violation of its functional activity [14].

Substantiating the immunopathological role of cyto-
kines of effector cells in the pathogenesis of sOA [12], we
took into account that their increased level should also fall
under the immunological control of the organism. Taking
this into account, we conducted a series of immunological
studies on the quantitative determination of anticytokine
autoantibodies in the blood of patients with sOA (Table 3).
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Ta6nuus 3. [aHi KinbkiCHOro BU3Ha4YeHHs1 ayTOaHTUTIN A0 LMTOKIHIB y KPOBi XBOPYX Ha BTOpMHHUIA OA B nepiofi 3arocTpeHHs
3anexHo Big ctagii AereHepadii cyrno6osoro xpsiwa (X+Sx), ym. oa.
Table 3. Quantitative data on autoantibodies to cytokines in the blood of patients with secondary OA during the exacerbation period
depending on the stage of articular cartilage degeneration (X+Sx), conventional units

5 3 o) < *2 PiBeHb ayTOaHTUTIN B KPOBi A0 LIMTOKIHIB €(PeKTOPHMX KMiTUH
S F g.‘—g S 3 2 The level of autoantibodies in the blood to cytokines of effector cells
x2X8g = 2 g
g@ 2 @08 |xa
TeRes2 |20
6385388l wwp -4 In-6 IM-10 In-12 In-13 n-18 ®HO-0: In-33
2090E g |2 IL-1B IL-4 IL-6 IL-10 IL-12 IL-13 IL-18 FTN-a IL-33
S > &% |E S
8z 5 |z
Eﬂacﬁ,'/”; I'Stage 11 o3 | o16:005% | 0124002 | 015:004% | 0.1650,05% | 013:002* | 0.15:0,03% | 0182004% | 02240,05% | 0,12:005%
0
8?”2"'55;%‘9‘32 36 | 023:004* | 019:005* | 024:006* | 018007 | 0151003 | 018:002* | 0200,05* | 0.2410,06* | 0,17+0,04*
= 0
((;T;‘”S'E%SWQE:S 34 | 034005 | 026:006* | 033:008* | 020£004* | 027005 | 025003 | 028:0,02¢ | 039:0,07 | 0,31:0,06%
= 0
(C:gf‘)';;” Stage 4| o4 | 0424007 | 0302008 | 04420,00% | 0230067 | 0.35:0.07% | 0,3120,06% | 0424008 | 0.4820.00% | 0452008+
0
3A0POBI AOHOPY | 5o | g 051000 | 0,0440,01 0,06:003 | 002:001 | 003:001 | 0042002 | 006:002 | 007:003 | 0,02:0,01
Healthy donors

TMpumimku:

* — [OCTOBIPHI BiAMIHHOCTi MOKa3HMKIB Ha Pi3HWX CTadisx 4eCTPYKTMBHOIO NPoLecy Bif rpynu 3poposux goHopis (p < 0,01);
O — JOCTOBIPHIi BiAMIHHOCTi MOKa3HUKIB MiX 1-10 Ta 4-10 CTaAielo AeCTPYKTUBHOTO npolecy B cyrnobosomy xpsi (p < 0,05);
# — [OCTOBIPHI BiAMIHHOCTI MOKa3HUKIB rpynu 3 4-10 ctagieto 3 rpynoto koHTponio (p < 0,05).

Note:

* — significant differences in indicators at different stages of the destructive process from the group of healthy donors (p < 0.01);
a — significant differences in indicators between the 1st and 4th stages of the destructive process in the articular cartilage (p < 0.05);
# — significant differences in indicators of the 4th stage group with the control group (p < 0.05).

OtpumaHi gaHi nokasanu poctosipHe (p < 0,01)
NigBULLEHHS PIBHA YCiX ayTOaHTUTIN y rpynax XBOpUX
Ha pi3HUX cTagisx gereHepadii cyrnoboBoro xpsia no-
PiBHAHO i3 KOHTponem. PiBeHb ayToaHTWTIN A0 npos3a-
nanbHux uwuTokiHie (IJ1-1B, 111-6, 11-12, IJ1-18, ®HIM-a)
nporpecuBHo 3poctas Big 1-i 0o 4-i ctagii gereHepadii
cyrnoboBoro xpsilla i B cepegHbOMYy BXe Ha MepLuin
cTagii nereHepadii cyrnoboBoro xpsia 3poctas binbLue,
HiXX y 2-3 pa3n nopiBHAHO i3 koHTponem (p < 0,05),
a Ha 4-1 cTagii ayToaHTWTINa nepeBuLLyBanuM KOHPOrb
y 7-8 pasiB (p < 0,05). MNpoTusananbHi LMTOKIHA TaKOX
3a3Hanu BnnmB 3 60Ky ayTOaHTWTIN Y BUIMSA CYTTEBOIO
3pOCTaHHA iX piBHS 3i 30iNblUeHHAM cTagii 4ecTpyKTUB-
Horo npouecy. MiHiManbHM piBEHb 3pOCTaHHA ayTo-
aHtunin go lJ1-4 ta IN-13 6yB y 3 pasu, npote ayToaHTu-
Tina go 1/1-10 Bxe npu nepLin ctagii AeCTPyKTUBHOIO
npouecy 3poctanu y 8 pasiB MopiBHAHO i3 KOHTporem
(p < 0,05). Ha 4-i1 ctagji [ecTpyKTMBHOrO npoLiecy piBeHb
aytoaHtutin go I1-4 ta IJ1-13 3poctaB y 4-5 pasis
(p < 0,05), Togi sk pgo 111-10 nigBuwysascs y 11 pasis
(p < 0,05), wWo o4eBMOHO BKA3ye Ha MOPYLUEHHS
perynsatopHoi dyHkuii IL-10 Ta nigBuLLEeHOro piBHS MOro
KOHTponto 3 6OKy iMyHHOI cucTemum.

OTpuMaHi faHi ceigyaTth, Wwo 3 60Ky rymoparnbHoi cuc-
TeMu IMyHITEeTYy BUSBNSETbCA 34aTHICTb [0 HiBento-
BaHHA Mpo3ananbHuX Ta npoTM3ananbHUX LIMTOKIHIB
epeKTOpHUX KMITUH, LLO Y3romKyeETbCS 3 AaHUMW Mnone-
peaHix pocnipxeHb [13, 14]. HanpyxeHe ayToTinoyTso-
PEHHS NPOTU LMTOKIHIB €(PEKTOPHUX KNITUH HE NPUBOLAUTbL
0O iX MOBHOI iHakTMBaUii, WO MOXe crnpuatn nepe-
X04y XPOHIYHOrO MIISIBOTO 3anasnieHHst B CyOKMiHIiYHWI
nepebir 3axBOpOBaHHS.

BUCHOBKHU

Y xBopux Ha BTOpuHHMIA OA Mae micue NiaBULLEHHS
piBHA npo3ananbHux umtokinie I11-1B, 111-6, 111-12, 111-18,
®HlM-a0 y cupoBaTui KpoBi Ta CHUHOBIamNbHIN piguvHI

The obtained data showed a significant (p<0.01)
increase in the level of all autoantibodies in groups
of patients at different stages of articular cartilage
degeneration compared to the control [13, 14]. The level
of autoantibodies to pro-inflammatory cytokines (IL-18,
IL-6, IL-12, IL-18, TNF-a) progressively increased
from 1 to 4 stages of articular cartilage degradation
and on average already at the first stage of articular
cartilage degradation increased by more than 2-3 times
compared to the control (p<0.05), and at stage 4 auto-
antibodies exceeded the control by 7-8 times (p<0.05).
Anti-inflammatory cytokines were also affected by the
side of autoantibodies, in the form of a significant
increase in their level with an increase in the stage
of the destructive process. The minimum level of
increase in autoantibodies to IL-4 and IL-13 was 3 times,
but autoantibodies to IL-10 already at the first stage of
the destructive process increased 8 times compared to
the control (p<0.05). At the 4th stage of the destructive
process, the level of autoantibodies to IL-4 and IL-13
increased 4-5 times (p<0.05), while to IL-10 increased
11 times (p<0.05), which obviously indicates a violation
of the regulatory function of IL-10 and an increased
level of its control by the immune system. The obtained
data indicate that the humoral immune system has the
ability to neutralize pro-inflammatory and anti-inflam-
matory cytokines of effector cells. Intense autoantibody
formation against cytokines of effector cells does not
lead to their complete inactivation, which may contribute
to the transition of chronic sluggish inflammation into
a subclinical course of the disease.

CONCLUSIONS

In patients with secondary OA, there is a shift in the
level of proinflammatory cytokines IL-18, IL-6, IL-12, [L-18,
FNP-a in blood syrovacy and synovial range by 1 and
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Ha 1-n Ta 2- cTagii gereHepadii cyrnoboBoro xpsia
Ta iX 3HWKEHHA Ha 3-h Ta 4-n cTagisx aereHepauii
cyrno6boBoro xpsiia.

MposananbHi umtokiHm IJ1-4, 171-10, 11-13 y xBopux
Ha BTopuHHMIA OA He HiBENWTbL Kackag nposanarnb-
HUX UWTOKIHIB, LIO BW3HA4Ya€ MNpPOrpecyBaHHsl XPOHiy-
HOro 3 MNsABUM nepebirom 3anansHOro NpoLecy B Cyrno-
60BOMY XpsiLLi.

AyTOIMYHHWUI KOHTPOMb LIMTOKIHIB €(PEeKTOPHUX KIiTUH,
KU HapocTae Big 1-i oo 4-i ctagii gereHepadii cyrno-
60oBOro xpsia, He NPMBOAMTbL A0 X MOMHOI iHaKTMBaUil,
WO MOXe CrpusiTM nepexogy XPOHIYHOro  MISIBOrO
3anarneHHs B CyOkniHiYHing nepebir 3axBoptoBaHHS.
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MepcnekTMBY NOAAABLUMX AOCAIAXKEHD

3 meToto iHribiuii paHHbOi hasn anonTo3y KNiTMHHO-TKAHUHHUX
CTPYKTYp cyrnoboBoro xpsiiia nokasaHo AOAATKOBE BKITHOYEHHS
no 6asucHoi Tepanii aHTUOKCMAAHTHOI Ta IMYHOMOAYMIOKYOI
Tepanii y AaHOro KOHTUMHIEHTY XBOPWX, WO € MNEepPCrneKkTUBOI
noganbLUuMX SOCHimKEHb.

KoHdAIKT iHTEpEeciB

ABTOpPW pYyKOMMCY CBIAOMO 3acBigyylOTb BIACYTHICTb haKTU4-
Horo abo MOTEHUNHOro KOHMMIKTY iHTepeciB LWo[o pe3ynbrarTis
uiei pobotn 3 capmMaueBTUYHMMM KOMMAHISIMU, BUPOGHMU-
KamMmy GioMeguMYHUX NPUCTPOIB, [HWMMKW OpraHisauiamu, yui
npoayKkTu, nocnyru, diHaHcoBa niaTpyMka MoXxyTb OyTu noe’s-
3aHi 3 MpeaMeToM HadaHux marepianiB abo siki cnoHcopy-
Banu NpoBeaeHi OCNIIKEHHS.

2 stages of degeneration of the subglobular cartilage
and their decrease at the 3rd and 4th stages of dege-
neration of the subglobular cartilage.

Pro-inflammatory cytokines IL-4, IL-10, IL-13 in pati-
ents with secondary OA do not negate the cascade of
pro-inflammatory cytokines, which means the progre-
ssion of a chronic inflammatory process in the sub-
globular cartilage.

Autoimmune control of cytokines in effector cells,
which increases from stages 1 to 4 of degeneration of
the subglobular cartilage, should not be carried out until
they are completely inactivated, which may prevent
the transition of chronic inflammation. in subclinical
transition from illness.
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Prospects for further research

By inhibiting the early phase of apoptosis of the tissue tissue
structures of the subglobular cartilage, additional inclusion
before the basic therapy of antioxidant and immunomodu-
latory therapy in this contingent of patients is indicated, with
the prospect of further investigation.
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KAo4oBi cAoBa: PE3IOME

OpoHxianbHa actMa, AiTu, IMIKOKOPTUKO-  AKTyanbHiCcTb. Ha gaHuili yac 3axBoploBaHiCTb Ha OpoHXianbHy acTMy € OfHieto
CTepoiAn, NpONioHroBaHi  32-aroHiCTW, 3 OCHOBHMX NPOBNEeM OXOPOHW 300POB’SA Y BCiX KpaiHax CBiTy. 3anuiwalTbCs He BUBYe-

6p0onnereHeBi aHTUreHu, anonToas. HUMU NUTaHHA WOAO0 BMJIMBY CyYaCHUX TepaneBTUYHUX KOMMIEeKciB Ha iMyHOKOMI'Ie-
TEHTHI KNITUHU Ta KNITUHHO-TKaHWUHHI CTPYKTYypu 6p0onr|ereHeBo'|' CUcTemMu, BUKIUKa-
AAﬂ KOpeC"OHAeHU.l-l.: 04K 1X anonTo3 Ta NOCUSTIKYU ayTOIMYHHUN KOMIMOHEHT 3aXBOPHOBAHHA.

MeTa po60Tu — BUBYUTM BMAMB iHrANSAUIMHUX FMFOKOKOPTUKOCTEPOILIB Ta MPOSIOHIo-
BaHMX [2-aroHicTiB Ha mpouec anonTo3y MiMOoUUTIB Ta ayTOIMYHHUA KOMMOHEHT
L’eP*{beKUU B'auyecnas Ipusoposuy y OiTei, XBopux Ha BpoHXianbHy acTmy.
XapkiBCbKUIA HaLOHANBHWIA YHIBEPCUTET  Marepianu Ta MeToamn. O6CTEXEHO 76 AiTelt BikoM 5—14 pokiB y Nepiofi peMicii GpoH-
imeHi B.H. KapasiHa MiHicTepcTBa OCBITM  xjanbHoi acTMu. OLHIOBANM BMAMB iHrANSLNHIX MIOKOKOPTUKOCTEPOIAIB Ta MPOMOH-
i Hayku YkpaiHu, kacbeapa iHPEKUIMHUX  ropaHux B2-aroHiCTiB Ha NPOLEC anonTody MiMGOLMTIB Ta ayTOIMYHHUIA KOMMOHEHT

XBOPO6 Ta KMiHiYHOT iMyHONOTiT; 3aXBOPIOBaHHS AOCHiAKEHHA iMyHornobyniHie IgM, IgA, 1gG, 3aranbHui IgE, 3aranb-
marifaH CsoGoau, Gya. 4, M. XapkiB,  puii C, L|IK HU3bKUX, CEPEHIX | BUCOKUX PO3MIPIB) Ta KMITUHHOT NaHKM iMyHiTeTy CD+3,
YkpaiHa, 61022; CD+4, CD+16, CD+19, Takox CD95, FASL (CD178), 6inka Annexin V (Vac-o.). OTpuMaHi
e-mail: chernusky@karazin.ua pesynsTaT CTaTUCTUYHO 0B6poBnsnNCS.

Pe3synbraTi Ta ix obroBopeHHs. [licna npoBegeHoro Kypcy Tepanii iHransuiiHumMm
© Jlsdoea T.I., Bonobyeea O.B., FTIIOKOKOPTUKOCTEPOIAaMM i MPOMOHIOBAHUMI B2-arOHICTaMM, BU3HAYANOCH 3HUKEHHS
HepHycekull B.I", INonoe M.M., 3aranbHoi dpakuii komnnementy (C_ ), LK i cniesigHowenHs LIIK/C, Hopmanisauis
Jlemseo 'B., 2025 IgA, a dpakuii IgM i IgG sanuwanucs sHkeHuMu, IgE nigsuileHnin. SHmkeri CD+3

T-nimcpoumnTy, nigBueHHs CD+16 knituH Ta agucbanaHc mapkepis CD4/CD8 3a paxyHok
piskoro 3HWkeHHs mapkepiB CD+8 cynpecopis/kinepis. Ha ubomy coHi Big3HavaeTbcs
pi3ke NigBULLEHHS MOHOHYKNeapiB, WO HeCyTb Ha KNiTUHHIAN MembpaHi oguH 3 Mapke-
piB anontody CD95, FASL (CD178), 6inka Annexin V (Vac-a), a TakoX HapOCTaHHs
piBHS ayToaHTWTIN A0 BpoHXonereHeBUX aHTWUrEHIB Bif NErkoro Ao TsHKKoro nepebiry
OpoHxianbHOT acTMMm.

BucHoBku. Tepanis iHransyinHUMKM MIOKOKOPTUKOCTEPOIg4aMN Ta MPOSIOHFOBaHUMU
2-aroHicTamu € XiMi4YHO arpecyBHOI, aKTUBYIOE NPOLIEC anonTo3dy iMyHOKOMMNETEHTHUX
KNiTUH Ta nigBuLWLYE ayTOIMYHHUIA KOMIMOHEHT, BMNMMBAE Ha TAXKICTb nepebiry
BpoHxianbHOi acTMu y AiTen.
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ABSTRACT

Background. Currently, bronchial asthma is one of the main health problems in all
parts of the world. They are deprived of untreated nutrition due to the infusion of
daily therapeutic complexes on the immunocompetent cells and tissue structures
of the broncho-leginal system, causing their apoptosis and therefore the autoimmune
component of illness.

Purpose — to study the infusion of inhaled glucocorticosteroids and long-acting
B2-agonists on the process of apoptosis of lymphocytes and the autoimmune
component in children with bronchial asthma.

Materials and Methods. 76 children with bronchial asthma from 5 to 14 years of age
in remission were treated. The infusion of inhaled glucocorticosteroids and long-
acting B2-agonists on the process of apoptosis of lymphocytes and the autoimmune
component of illness was assessed to monitor the immunoglobulins IgM, IgA, 19G,
and others. IgE, gallbladder C, CIC of low, medium and high sizes) and cell immune
systemCD+3,CD+4,CD+16,CD+19,alsoCD95,FASL(CD178),AnnexinVprotein(Vac-a.).
The results were statistically summarized.

Results. After a course of therapy with inhaled glucocorticosteroids and long-acting
B2-agonists, there was a decrease in the complement fraction, the CIC and the CIC/C
ratio, normalization of IgA, and the IgM and IgG fractions showed a decrease in
IgE elevations. A decrease in CD+3 T-lymphocytes, an increase in CD+16 cells and
an imbalance of CD4/CD8 markers due to a sharp decrease in CD+8 suppressor/killer
markers. Against this background, there is a sharp movement of mononuclear cells
that carry on the cell membrane one of the markers of apoptosis CD95, FASL (CD178),
Annexin V protein (Vac-a), as well as an increase in the level of autoantibodies to
bronchial antigens from mild to severe asthma.

Conclusions. Therapy with inhaled glucocorticosteroids and long-acting p2-agonists
is chemically aggressive, activates the process of apoptosis of immunocompetent
cells and promotes the autoimmune component, increases severity overcoming
asthma in children.

Liadova TI, Volobuieva OV, Chernusky VH, Popov MM, Letiaho HV. The effect of inhaled glucocorticosteroids
and f2-agonists on the apoptosis process and autoimmune component in children with bronchial asthma.
Karazin Journal of Immunology. 2025;8(1(15)):49-59. DOI: https://doi.org/10.26565/3083-5615-2025-15-04

BCTYN

INTRODUCTION

BponxianeHa actma (BA) y giTel € XpoHiYHMM 3ananb-
HMM npoLecoM GpoHXonereHeBoi CUCTeEMN i NPy BCbOMY
Pi3HOMaHITTi nonieTionoriyHoro ¢paktopa B OCHOBI naTo-
reHesy ofiHe 3 NPOBIAHMX 3HAYeHb BiABOAMTLCS anonTo3y
Ta ayToiMyHHOMY Npouecy B KMITUHHO-TKAHUHHUX CTPYK-
Typax GpoHxonereHeBoro anapaty [1-3]. Ha cborogHi
farato [OCMiAHWKIB Big3Ha4aloTb, WO PO3BUTOK ayTo-
iIMyHHUX npoLeciB, 3okpema i GpoHxonereHeBoi cucTe-
MU, € pe3ynbLTaToM NopyLUEHHS perynsuii npoueciB OHOB-
NEHHs Ta PyNHYBaHHSA KNITUHHUX CTPYKTYp — anonTos [4, 5].

AnonTto3, abo 3anporpamoBaHa CMEpPTb KITiTUHM,
€ MpoLecom, 3a LOMOMOroK SIKOro BHYTpIlWHI abo 30B-
HiLLHi hbaKTOpW, aKTMBYIOYM FEHETUYHY Nporpamy, Npu3Bo-
OATb Ao 3armbeni kniTMHKU Ta il eeKTUBHOro BUAaneHHs
3 TkaHuHW. [Npouec anonToady kniTuH — Le BionoriyHo cne-
undivHMA TUN 3armbeni KNitMHK, WO XapaKTepu3yeTbes
aKTMBaLj€e0 HenisocoManbHNX eHA0HYKNeas, sKi po3Luen-
notoTb AaepHy OHK Ha HanapibHiwi dparmeHTn. Mopdo-
FIOriYHO anonTo3 MPOSBMSETbCA 3arnMbenso KniTuH, Lo
CYNPOBOKYETLCS (POPMYBaHHAM OKPYITINX, OTOYEHMX
mMembpaHolo Tineub («anonTWyHi TiNbus»), AKi Bigpasy

Bronchial asthma (BA) in children is a chronic
inflammatory process of the bronchopulmonary system
and, despite the diversity of polyetiological factors
underlying the pathogenesis, one of the leading roles is
assigned to apoptosis and the autoimmune process
in the cellular and tissue structures of the bronchopulmo-
nary apparatus [1-3]. Currently, a number of researchers
note that the development of autoimmune processes,
including the bronchopulmonary system, is the result
of a violation of the regulation of the processes of renewal
and destruction of cellular structures — apoptosis [4, 5].

Apoptosis, or programmed cell death, is a process
by which internal or external factors, activating a genetic
program, lead to cell death and its effective removal
from the tissue. The process of cell apoptosis is a bio-
logically specific type of cell death, characterized by the
activation of non-lysosomal endogenous endonucleases
that cleave nuclear DNA into the smallest fragments.
Morphologically, apoptosis is manifested by cell death,
accompanied by the formation of rounded, membrane-
enclosed bodies («apoptotic bodies»), which are imme-

OpuwuriHanbHi 4oCnigpKeHHSs

Original research


mailto:chernusky@karazin.ua
https://doi.org/10.26565/3083-5615-2025-15-04
https://doi.org/10.26565/3083-5615-2025-15-04

KapasiHcbkui imyHomnoriyHui xxypHan. 2025. T. 8. Ne 1(15). C. 49-59

Karazin Journal of Immunology. 2025;8(1(15)):49-59

ISSN 3083-5615 (Online)

darounTyroTbCa  OTOMytouMMK  KniTuHamu. Lle npouec,
3a ONOMOrOH SIKOro BUAANsTLCst HebaxaHi Ta AedekT-
Hi KNiTMHW opraHiamy. AnonTo3 Bigirpae BenuKy pornb
y MopdoreHesi, Ta € MexaHi3MOM MOCTINHOIO KOHTPOI0
po3MipiB opraHa Ta iX aHTUreHHoro cknagy. 3HWXEHHS
iHTEHCUBHOCTi MpoLeciB anonTto3dy Npu3BoAMTbL A0 NyX-
NMHHMX NpoLeciB, a 36inbLUEHHss — 40 NMOCUMEHHs 3aru-
Oeni KNiTWH, WO THArHe 3a cobol NiABULLEHHSA eHao-
anepreHis Ta BUpoONeHHs Ha HMUX cneungiYHUX ayToaHTu-
Tin. AnonTo3 y aiter 6epe y4acTb y Takux isionoriyHux
Ta NaTosoriyHMX npouecax:

— 3anporpamoBaHOMy pYMHYBaHHI KNiTWMH nig 4ac
embpioreHesy (BKMo4ar4M iMnnaHTawito, opraHoreHesy);

— 30JNCHEHHSI KOHTAaKTy iMYHOKOMMETEHTHUX CUCTEM
3 KNITMHHO-TKAHWHHMMMW @HTUIEHaMu Pi3HUX OpraHiB
Ta cucTem;

— BUAANeHHs OEeAKUX KNiTUH Npyv HaaMIpHiA nponi-
depauii KNITMHHUX CUCTEM B OpraHiaMi QUTUHWY;

— 3arubeni KniTMH iMyHHOI cucTEMU OUTUHW, siK B,
TaK i T-nimdoumnTie, NicnNa BUCHaXXEHHSI 3anaciB LMTOKi-
HiB, @ Takox 3armbeni aytopeakTMBHUX T-KNiTUH NpU po3-
BUTKY B TUMYCI;

— MaToNorivyHoi aTrpodii ropMOHO3aNEXHUX OpraHis,
Hanpuknag, BUCHaXeHHs nimdouunTiB y TUMyci nig 4ac
Tepanii rMKOKOPTUKOCTEPOIAAMN Ta LIUTOCTATUKAMMU;

— MaTtonorivyHoi atpodii NapeHxiMaTo3HMX OpraHiB
nicns o6Typauii BUBIAHMX MPOTOK, LUO CrnocTepiraeTbcs
y NiALWIYHKOBIN Ta CIMHHIN 3ano3ax, HUpKaXx;

— 3armbeni KniTuH, BUKIMKaHUX Oi€0 LIUTOTOKCUYHUX
T-kniTMH, Hanpuknag, npyv BIOTOPrHEHHi TpaHcnnaHTary,
KonareHosi, ayToiMyHHOMY TUPEOIAMTI;

— MOLUKOOKEHHS KNITUH NPU OESKUX BipyCHUX 3aXBO-
PIOBaHHsIX, Hanpuknag, npu BipyCHOMY renatuTi, Konwu
dparMeHTU anonTUYHUX KMITUH BUABAAIOTLCA Y MediHUi
AK Tinbus KayHcunbmaHa;

— 3armbenb KNiTUH Yepes Ailo pi3HMX hakTopiB, WO
YLIKOOXKYIOTb, ane filoTb Y HEBEMMWKMX J03ax, Hanpuknag
3a BMCOKOI TeMrneparypu, ioHi3yto4oMy BUMPOMIHIOBaHHI,
3acTOCYBaHHI NPOTUNYXIIMHHUX Npenaparis.

TakvMM YMHOM, anonTo3 MOXHa po3rnsaaTh siK 3 No3u-
Uil 3axmcTy opraHiamy AUTUHM Big 3MiHEHMX abo noLukoa-
XKEHUX KMiTWH, ki MOXYTb OyTM noTeHuiMHO Hebesneu-
HAMW AN opraHiaMmy, Tak i 3 noauuii dakropa, Lo no-
LWIKOAXKYE, NPV NiABULLEHIM WOro akTUBHOCTI [6, 7).
ToMy OCTaHHIM 4acoMm akTMBHO BMBYaKOTbCS hakTopw,
Lo iHribYOTL | aKTMBYOTL Mpolecn anonTtosy. IHribiTopu
BKIMOYaOTb (QaKTOPWU POCTY, MaTPUKC KNiTUH, CTaTesi
ropMoHU, Aesiki BipycHi 6inku, reHu: bcl-2, bcl-x4, Mcl-1,
bcl-W, ageHosipycHun E1B, 19K, EnwTenH—bapp-Bipyc-
Hun BHRF1. do aktnBaTopiB Hanexatb reHu bax, bar,
bad akTuBauii cuctemn mMemGpaHHMX peuenTopiB ciMen-
ctBa TNF, Fas/Apo-1/CD95, TNFRI, TRIAL 3 nepeaa-
BaHHAM curHany 4epes3 GinkoBoro nocepegHuka FADD
i akTuMBauilo cucTemu kacnas. [ocunoTb npenapaTu
MIOKOKOPTUKOCTEPOIAN, LUUTOCTaATUKKN, (2-aroHiCTU FNOH-
roBaHoi fAii, Aesiki Bipycw, BinbHi pagukanu, ioHU3yo4a
pagiauis. 'eH p53 3giicHIOE KOHTPONb 3a LiniCHICTIO
reHoMy KniTvH Nig 4Yac mito3dy. Y pasi nopyLleHHs reHoMYy
KniTHa nepexoguTb Ha anonto3 [6, 8, 9]. lNopyweHHa
reHiB p53 abo Hagnuwok bcl-2 npu3BoaMTbL A0 3MiHU
KNiTUH Ta MOPYLUEHHSI PErynsaToOpHOro mnpouecy KniTWH-
HOro OHOBIEHHS, WO BiAOYBa€ETLCS NpY 3aXBOPHOBAHHSIX,
sSKi  MaloTb nepebir 3  ayTOiMyHHUM  KOMMOHEHTOM,
3okpema 1 npu BA y piteii. BuBdeHHs dhakTopis, LLO pery-
MOTb anonTo3, Mae BaXIMBE 3HaYeHHs Yy po3pobui
nikapcbknx npenapartiB, Ski cnpusnu 6 Hopmanisauii

diately phagocytosed by surrounding cells. This is
a process by which unwanted and defective cells of the
body are removed. Apoptosis plays a major role in
morphogenesis and is a mechanism for constant control
of the size of the organ and their antigenic composition.
A decrease in the intensity of apoptosis processes leads
to tumor processes, and an increase leads to increased
cell death, which entails an increase in endoallergens
and the production of specific autoantibodies to them.
Apoptosis in children is involved in the following physio-
logical and pathological processes:

- programmed cell destruction during embryogenesis
(including implantation, organogenesis);

- contact of immunocompetent systems with cell and
tissue antigens of various organs and systems;

- removal of some cells during excessive prolifera-
tion of cell systems in the child’s body;

- death of cells of the child’s immune system, both
B and T lymphocytes, after depletion of cytokine reser-
ves, as well as the death of autoreactive T cells during
development in the thymus;

- pathological atrophy of hormone-dependent organs,
for example, depletion of lymphocytes in the thymus
during therapy with glucocorticosteroids and cytostatics;

- pathological atrophy of parenchymal organs after
obstruction of the excretory ducts, which is observed
in the pancreas and salivary glands, kidneys;

- cell death caused by the action of cytotoxic T cells,
for example, in transplant rejection, collagenosis, auto-
immune thyroiditis;

- cell damage in some viral diseases, for example,
in viral hepatitis, when fragments of apoptotic cells are
detected in the liver as Councilman bodies;

- cell death under the influence of various damaging
factors, but acting in small doses, for example, at high tem-
perature, ionizing radiation, the use of antitumor drugs.

Thus, apoptosis can be considered both from the
position of protecting the child’s body from altered or
damaged cells that can be potentially dangerous for
the body, and from the position of a damaging factor,
with its increased activity [6, 7]. Therefore, recently,
factors that inhibit and activate apoptosis processes
have been actively studied. Inhibitors include growth
factors, cell matrix, sex hormones, some viral proteins,
genes: bcl-2, bel-x4, Mcl-1, bcl-W, adenoviral E1B, 19K,
Epstein-Barr viral BHRF1. Activators include the bax,
bar, bad genes of the TNF family membrane receptor
system activation, Fas/Apo-1/CD95, TNFRI, TRIAL
with signal transmission through the protein mediator
FADD and activation. Caspase systems. Glucocortico-
steroids, cytostatics, B2-agonists of prolonged action
are potentiated, some viruses, free radicals, ionizing
radiation. The P53 gene controls the integrity of the
cell genome during mitosis. When the cell genome is
disrupted, it undergoes apoptosis [6, 8, 9]. Disruption
of the p53 genes or excess bcl-2 leads to cell changes
and disruption of the regulatory process of cell renewal,
which occurs in diseases with an autoimmune com-
ponent, including asthma in children. The study of
factors that regulate apoptosis is important in the deve-
lopment of drugs that would contribute to the normali-
zation and balancing of regulatory functions of cellular
systems, including the bronchopulmonary system.
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Ta 30anaHcyBaHHK PErynaTopHUX YHKLUIA KNITUHHMX
cucTeM, 30kpema 'y BpoHXONereHeBin cucTemi.

MeTa po60OTM — BMBYUTM BMNNUB iHransiLinHUX -
KOKOPTUKOCTEPOIAIB Ta MNPONOHrOBaHMX [2-aroHicTis
Ha npouec anonTo3y niMcoumnTiB Ta ayTOIMyHHUA KOM-
NMOHEHT Yy fiTel, XBOPUX Ha BpoHXxianbHy acTmy.

MATEPIAAU TA METOAU AOCAIAXEHHSA

lMpoBegeHO KOMMMEKCHi KMiHiKo-iMyHOMoriyHi gocnia-
KEHHS 76 aiTen Bikom 5—14 pokis, xBopux Ha BA B nepiogai
pewmicii, Ta 25 3gopoBux giten Bikom 7—14 pokis. [iarHo3
BA BcTaHOBMOBaNM 3rigHO 3 KPUTEPIAMUM PEKOMEH-
posaHnmn  GINA (2023) Ta Hakasom MiHicTepcTBa
OXOpOHM 300poB’a YkpaiHn Ne 2856.

Jlerkun nepcucTytounin nepebir GpoHxianbHOT acTMu
BiA3Ha4eHo y 29 (38,2%), cepedHbOTSHKKUN MNepCcUcTy-
o — y 24 (31,5%), TSKKMM nNepcucTyroumin —
y 23 (30,3%) aiten. Yci rpynu giter 6ynu penpeseHTta-
TUBHUMMW, PaHOOMI30BaHUMK 3a BiKOM, CTaTTO Ta CTy-
neHeMm TSKKOCTI nepebiry 3axBoproBaHHSI.

3rigHO 3 Haka3om MiHicTepcTBa OXOPOHWM 340pOB’S
YkpaiHm Ne 2856, y nynbMoHONoriYHOMy BigAineHHi
OepxaBHoi ycTaHOBM «[uTAYa [OpPOXHA  KNiHiYHA
nikapHsi» (M. XapkiB), BCiM giTam npoBogunacs 6asucHa
Tepanisi, ika HazHa4anacs y Ao3ax 3rigHo 3i CTyneHsmu
TSKKOCTI nepebiry BA Ta 3 ypaxyBaHHAM BiKy XBOpMX
aiTen. ImyHonoriyHi gocnigxeHHs NpoBoAUNNCE A0 Mpu-
3Ha4yeHHs1 GasucHoi Tepanii Ta 4yepe3 3 mMicaui nicns
noyarky ii NpOBEeAEHHS.

Kypc iHranauinHMMn MIOKOKOPTMKOCTEPOIAaMM
B HM3bkux posax (100-200 wmkr/goby) npusHavascs
npwv nerkin nepcuctytodin BA (2-1 ctynidb). itn 3 cepea-
HbOTSKKUM nepebirom 6poHxianbHoi actMm (3- CTyniHb)
OTpMMyBanu Tepanito iHransuinHUMKN  FNIOKOKOPTMKO-
cTtepoigammn (pnyTukasoHy nponioHaty) B cepeaHbo-
TepaneBTMYHUX fo3ax (200-500 mkr/goby)i B2-aroHictamm
NPOroHroBaHoi Aii — canbMeTepon (cepeBeHT) Yy [03i
50-102 mkr npenapaty (12—24 wmkr) 2 pasu Ha [JoOy.
Oitam 3 Tskkum XA (4-1 CTyniHb) NPOBOAUIN Y BUCOKNX
po3ax (800—1000 mkr/goby) Ta B2-aroHictamy NPOOHro-
BaHoi aii (cepeBeHT — 50—100 mkr/noby) abo cdopagmn —
1-2 po3n npenapary (12—-24 mkr) 2 pa3u Ha Jo6y.

Y poboTi BUKOPWUCTOBYBanuU iMyHOMOriYHI MeToAMW.
YciMm XBOpMM Npu HagXoKeHHi A0 cTauioHapy B nepiogi
3aroCTpeHHs MpoOBOAUNM  IMYHOMOriYHI  AOCHIgKEHHS
pisHiB IgM, IgA, 1gG, IgE y cupoBartui KpoBi MeTodoOM
I®PA Ha imyHOdepmeHTHOMY aHanisatopi RT-2100c
(Rayto Electronic Instrument Gt KHP) 3 BukopucTaHHAM
Habopis peareHTiB cpipmu DRG Instruments GmeH CLLUA),
KOPUCTYIOUNCH IHCTPYKLUiE BUPOOHMKA. BM3Haumnm koH-
ueHTpauito 3aranbHoro C y cupoBartui KpoBi MeToOOM
I®A 3 BMKOpUCTaAHHSIM HabopiB TecT-cuctem ipmun
«Bio Source Europe» (benbris). PiBeHb LK Hu3bkux,
cepeaHix i BUCOKMX pO3MipiB B CMPOBAaTL KPOBi BU3Ha-
Yanu 3a JONOMOro Metoay AndepeHUinHOT npeumniTauii
y 3-, 4,5-, 6%-My po3uuHi nonietunexrnikonto [10]. deHo-
TUNOBUN cKnag NimdouunTiB NnepndepryHOi KpoBi BU3HaA-
Yanu Ha npotodHomy umTtomeTpi FACS Calibur (Beston
Diskinson, CLUA) i3 3any4eHHAM MOHOKMOHamNbHWUX aHTK-
TinpoCD+3,CD+4,CD+8,CD+16,CD+19TanporpamHoro
3abesneyeHHs Multi SET. JlinononicaxapugHi aHTUreHm
i3 rOMONOriYHMX KNiTUHHO-TKAHWUHHUX CTPYKTYp Tpaxei,
OpOHXiB Ta nereHeBOi TKAHWHU OOEPXYBanu 3a METO-
aom B.[. AxkoBeHko i3 cnisaBT. (1984).

Objective — is to study the effect of inhaled gluco-
corticosteroids and prolonged p2-agonists on the apop-
tosis process and the autoimmune component in
children with bronchial asthma.

MATERIALS AND METHODS

A comprehensive clinical and immunological study
was conducted in 76 children aged 5 to 14 years, patients
with asthma in remission and 25 healthy children aged 7
to 14 years. The diagnosis of asthma was established
according to the criteria recommended by GINA (2023)
and the order of the Ministry of Health of Ukraine No. 2856.

There were 29 (38.2%) children with mild persistent
asthma, 24 (31.5%) with moderate persistent asthma,
and 23 (30.3%) with severe persistent asthma. All groups
of children were representative, randomized by age,
gender, and severity of the disease.

All children underwent basic therapy in accordance
with the order of the Ministry of Health of Ukraine
No. 2856 in the pulmonology department of the State
Institution «Children’s Road Clinical Hospital» (Kharkiv),
which was prescribed in doses according to the seve-
rity of the course of asthma and taking into account
the age of the sick children. Immunological studies were
conducted before the appointment of basic therapy and
3 months after the start of its implementation.

A course of inhaled glucocorticosteroids in low
doses (100-200 mcg/day) was prescribed for mild
persistent asthma (stage 2). Children with moderate
bronchial asthma (stage 3) received therapy with inhaled
glucocorticosteroids (fluticasone propionate) in medium
therapeutic doses (200-500 pg/day) and long-acting
B2-agonists — salmeterol (Serevent) in a dose of 50—
102 pg of the drug (12-24 ug) 2 times a day. Children
with severe HA (stage 4) were treated with high doses
(800-1000 pug/day) and long-acting p2-agonists
(Serevent — 50-100 pg/day) or Foradil — 1-2 doses of
the drug (12—-24 ug) 2 times a day.

Immunological methods were used in the work.
All patients, upon admission to the hospital during
the exacerbation period, underwent immunological
studies of the level of IgM, IgA, 1gG, IgE in the blood
serum by ELISA on the RT-2100c enzyme-linked immuno-
sorbent analyzer (Rayto Electronic Instrument Gt, PRC)
using reagent kits from DRG Instruments Gm (USA),
following the manufacturer’s instructions. The concen-
tration of total C in the blood serum was determined by
ELISA using test kits from Bio Source Europe (Belgium).
The level of low, medium, and high CIC in the blood
serum was determined using the differential precipitation
method in 3-, 4.5-, 6% polyethylene glycol solution
[10]. The pheno-typic composition of peripheral blood
lymphocytes was determined on a FACS Calibur flow
cytometer (Beston Diskinson, USA) using monoclonal
antibodies to CD3, CD4, CD8, CD16, CD19 and Multi
SET software. Lipopolysaccharide antigens from homo-
logous cellular and tissue structures of the trachea,
bronchi and lung tissue were obtained by the method
of V.D. Yakovenko et al. (1984).

According to this method, to obtain lipopolysaccha-
ride antigens from the membranes of cellular and
tissue structures of the bronchopulmonary system,
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3rigHO 3 [0aHOK METOLMKOW, ANS OTPUMAHHSA nino-
nonicaxapugHux aHTUreHiB 3 MembpaH KniTMHHO-TKa-
HUHHUX CTPYKTYp OpOHXOnereHeBoi CUCTEMM BUKOPUC-
TOBYBanu CekUiiHUiA mMaTepian Big BMNagkoBO 3armbnmx
aiten 3 1(0) rpynoto KpoBi yepe3 2—-4 rogvHu Big MO-
MeEHTY 3armbeni.

OTpvMaHi 3a nponoHoBaHWM MeToAoM OpoHXo-
nereHeBi aHTUreHn MarwTb TakKUA XiMIMHWMIA  cknapg,
(po3paxyHoK BMICTYy B 1 Mn), Mr:

— Cyxun 3anuok — 13,61;

— HeneTki coni — 3,60;

— nentuan — 0,40;

— peaykytoumin moHouykop — 0,20;

— aMiHOKMCINOTK — cnigu;

— coni XUPHUX KNCNOT — cnigw;

— HyKNeoTuaun — cnigw;

— ninononicaxapungun — 9,40;

— amiHoasoTt — 0,012.

CepenHsa monekynsipHa Bara — 5000 ym. og.

OcHoBy 6ionoriYyHO aKTUBHOMO MOYaTKy AHTUIEHIB
cknagatoTb ninononicaxapuau, NpeactasneHi B MeMbpa-
Hax KMiTUH | TKaHMHaX Tpaxei, GPOHXIB, NnereHb.

PiBeHb ayToaHTUTIN A0 ninononicaxapugHux aHTu-
reHiB OGpoHXonereHeBOi CUCTEMM Yy CUpOBATLi KpoOBi
BM3Ha4anu HedenoMeTpUYHOK peakuieln YaHbe y Moau-
dikauii H.M. Knemnapcbkoi [10].

KnituHHui peuentop cmepti CD95 (BiH APO-1 i FAS).
Jlirangom ans FAS e FASL (APO-1, BiH CD178). Pos-
YMHHUIA MemOpaHHMIn mapkep anontody FAS niraHgy
FASL (CD178), sIkmin NpOBOKYE KMNITUHW, LIO HECYTb
Ha cBOi noBepxHi FAS-peuenTtop 4o anonTo3y epMeHTY,
O XapakTepusye paHHi cTagii eekTopHoro amnonTosy,
wo nepetsoptoe IL-1p, Caspase-1 ICE (Vac-a), B cupo-
BaTLi KpOBi BU3Ha4Yanu 3a [JOMOMOrol €H3MMO3B’s3Yto-
Yyoro iMyHocopGeHTHOro aHaniay (enzyme-linkedimmuno-
sorbentassay — ELISA) 3 BUKOPUCTaHHSAM KOMEPLiNHNX
HabopiB Ha aBTOMaTU4YHOMY iIMyHOhEPMEHTHOMY aHani-
3atopi Coda (Bio-Rad Laboratories, USA).

OuiHka BiporigHOCTi  pi3HMUb CcepefHix BenuyuH
y rpynax (P) npoBoaunacsi 3a [AONOMOIOK KpUTEPIto
CtbiogeHTta (t). BigmiHHOCTI BBaXkanucs CTaTUCTUYHO
3Hauywumum 3a p<0,05.

MeTogukn obCcTexeHHs Ta nikyBarbHO-AiarHOCTUYHI
3aX04M, BWKOPUCTaHi B MpPEeLCTaBMEHOMY KIiHIYHOMY
BMNagky, 6ynu cxsaneHi komicielo 3 nuTaHb Giomeguu-
HOI eTuKkn XapKiBCbKOro HaujioHanbHOro YHiBEpCUTETY
imeHi B.H. KapasiHa MiHicTepcTBa 0CBiTM i Haykun YkpaiHu
(Mpotokon Ne 3/3 Big 13.12.2023 p.) Ta npoBefeHi
3a NUCbMOBOI 3roan 6aTbkiB AUTUHM | BiAMNOBIAHO
00 NpuHUMNiB Bi0eTMKM 3 OOTPMMAaHHAM NpaB NIOAWMHA
(TenbciHcbka Aeknapauis «ETWyHi npuHUMnuM  Meguy-
HUX JOoCniQKeHb 3a y4acTio nogeny Ta «3aranbHa gekna-
pauis npo 6Gioetnky Ta npaBa nwoauvHn (FOHECKO)
Ta BigMNOBIAHO OO0 YMHHOrO B YKpaiHi 3aKoHO4aBCTBa).

PE3YABTATH TA iX OBFOBOPEHHS

B xopi mpoBefeHHs KMiHiKO-iMyHOMOriYHMX Jocnig-
XeHb aiTen, xBopux Ha BA, 0o npoBegeHHst Tepanii
iHransAuiiHUMKM  TIOKOKOpPTUKOCTEepoigaMn  Ta  B2-aro-
HicTamun, pekomeHgoBaHoi GINA (2023) (tabn. 1),
BiJ3HA4YeHO MiABMULIEHHA BMICTY 3aranbHoi dpakuii
cuctemn komnnemeHnty (Csar) ta UIK, wo kopentoe
3 TSKKICTIO Nepebiry 3axBOproBaHHS.

section material from accidentally deceased children
with blood group 1(0) was used 2—4 hours after death.
The bronchopulmonary antigens obtained by the pro-
posed method have the following chemical composition
(calculation of content in 1 ml), mg:

— dry residue — 13.61;

— nonvolatile salts — 3.60;

— peptides — 0.40;

— reducing monosaccharide — 0.20;

— amino acids — traces;

— fatty acid salts — traces;

— nucleotides — traces;

— lipopolysaccharides — 9.40;

— amino nitrogen — 0.012.

Average molecular weight — 5000 standard units.

The basis of the biologically active principle of anti-
gens is lipopolysaccharides, present in the membranes
of cells and tissues of the trachea, bronchi, and lungs.

The level of autoantibodies to lipopolysaccharide
antigens of the bronchopulmonary system in serum
was determined by the nephelometric reaction of Ounier
in the modification of N.M. Klemnarskaya [10].

Cell death receptor CD95 (it is APO-1 and FAS).
The ligand for FAS is FASL (APO-1, it is CD178).
The soluble membrane marker of apoptosis FAS ligand
FASL (CD178), which provokes cells carrying the FAS
receptor on their surface to apoptosis, the enzyme
characterizing the early stages of effector apoptosis,
which converts IL-13, Caspase-1 ICE (Vac-a), was
determined in serum by enzyme-linked immunosorbent
assay (ELISA) using commercial kits on an automatic
Coda immunoassay analyzer (Bio-Rad Laboratories, USA).

The assessment of the probability of differences
in mean values in groups (P) was carried out using
the Student (t) test. The difference was considered
statistically significant at p<0.05.

The study methods and all diagnostic and treatment
measures used in the presented clinical case were
approved by the Biomedical Ethics Commission of
the V.N. Karazin Kharkiv National University of the
Ministry of Education and Science of Ukraine
(Protocol No. 3/3 dated December 13, 2023) and con-
ducted in accordance with the written consent of the
child’s parents and the ethical principles with respect
for human rights (following the «Ethical Principles
for Medical Research Involving Human Subjects»
and the «Universal Declaration on Bioethics and Human
Rights (UNESCO))».

RESULTS AND DISCUSSION

When conducting clinical and immunological stu-
dies of children with asthma before therapy with
inhaled glucocorticosteroids and p2-agonists recom-
mended by GINA (2023) Table 1, an increase in the
content of the total complement system fraction (Cgf)
and CIC correlated with the severity of the disease.
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Ta6nuus 1. [aHi imyHorpamu y aitei, xBopux Ha GpoHxianbHy acTmy, B nepiodi pemicii go i nicns nposegeHoi Tepanii (M+m)
Table 1. Data on immunograms in children with bronchial asthma during the period of remission before and after therapy (M+m)

TsukkicTb nepebiry BA / Severity of asthma
IMyHOMOriYHi MOKa3HWKN " -
3poposi At 0 Ta nicns ) . CPenHbOl TSHKKOCTI 5 .
MokasHuku ; .. nerkun (Il cTyniHb) (I cTyniHb) Tskkum (1V cTyniHb)
- Healthy children npoBseaeHoi Tepanii ; i
Indicators Lo mild (Il degree) moderate severity | severe (IV degree)
Immunological indicators
(Il degree)
before and after therapy
n=25 n=25 n=29 n=22
C,.. Mr/an 55.443.2 Lo / Before 58,9+2,45 70,3+4,18* 81,5+4,16*
Coar Mg/dl T Micna / After 67,8+1,22# 69,8+2,42* 76,4+2,31*
LIK, ym. oa. 302423 [o / Before 149,818,16* 180,4+11,2* 236,9+5,94*
CIC, standard unit T Micns / After 112,447 ,82%* 129,618,47% 118,4+10,55%*
[o / Before 1,28+0,36 1,24+0,26 1,14+0,23
IgM (r/n; gll) 1,52+0,04 -
Micns / After 1,30+0,24 1,20+0,16 1,12+0,18%*
o / Before 1,16£0,32 1,74+0,38 2,46+0,21*
IgA (r/n; gll) 1,2+0,06 ﬂ.
Micns / After 1,24+0,08 1,36+0,18 1,22+0,13*
Lo / Before 10,4+1,36 9,2+1,50* 6,5+1,11*
1gG (r/n; g/l) 13,18+0,38 -
Micns / After 10,8+1,16 7,9+1,14* 7,6+1,20*
[o / Before 90,6+2,14* 219,1+16,3* 246,5+13,98*
IgE, U/ml 53,34+3,19 -
9 Micns / After 81,2+7,44* 150,2+11,8%* 170,2+£10,44%*
o / Before 17,8+1,12 16,5+1,26 15,6+1,17
CD+19, % 18,15+1,2 -
Micns / After 18,1+1,16 17,811,114 16,5+1,23
| Befi 58,4+4,23 56,2+3,17 54,1+2,89*
CD+3, % 6142018 | Do/ Before
Micna / After 40,6+3,68 38,7+4,20 26,5+3,15%
Lo / Before 32,5+2,95 33,4+3,46 35,2+3,28
CD+4, % 30,15+1,6 -
Micns / After 30,2+1,84 32,6+2,75 31,8+2,52
o / Before 12,541,2 17,3+1,3 24,3+1,8*
CD+16, % 11,9+0,34 -
° Micns / After 16,4+1,5 20,2417 28,7+2,5*
o / Before 23,6+2,1 21,8+2,12 19,0+1,10
CD+8, % 26,18+1,3 -
Micns / After 22,0+1,92 19,3+1,36* 16,2+1,18*
CD4/CD8 11501 o / Before 1,4+0,22* 1,5+0,23* 1,9+0,25*
(ym.og.; standard unit) T Micns / After 1,4+0,21* 1,740,27* 2,0+0,28*
[o / Before 14,2+1,86* 21,3+2,23* 32,4+3,87*
CD95, % 5,8+0,73 -
Micns / After 29,69+1,73* 44,5+3,68** 68,6+3,12**
Caspase-1/ICE 084087 o / Before 12,243,2 18,414,3* 23,915,7*
(kr/mn; kg/ml) T Micns / After 24,9+2,6** 39,7+3,5* 49,4+6,3"
Annexin V Lo / Before 8,7+2,8 17,6+3,8* 23,5+4,9
L 6,5+0,46 -
(kr/mn; kg/ml) Micns / After 19,2+3,1* 41,4£3,6* 47,945,7*

lMpumimku:

* — [OCTOBIPHI BiAMIHHOCTi NMOKa3HWKIB Bif HOPMaTUBHKX Noka3Hukie (p<0,05);
# — [OCTOBIpHI BiAMIHHOCTi MOKa3HMKIB A0 Ta nicnsa nposeaeHoi Tepanii (p<0,05).

Notes:

* — significant differences in indicators from normative indicators (p<0.05);
# — significant differences in indicators before and after the therapy (p<0.05).

Mpu LUbOMY BCTAHOBMEHO 3aKOHOMIPHE 3HWDKEHHS
BMIiCTYy B cupoBatui kpoBi ¢pakuin IgM Ta IgG, piske
nigsuweHHs IgE Ta He3sHayHe — IgA npu nerkomy
Ta CepedHbOTSDKKOMY nepcucTyrodomy nepebiry BA.
Y piten, xBopux Ha BA, 0o npoBeaeHHs Tepanii iHrans-
LiMHUMK  FIIOKOKOPTUKOCTEpoigaMn Ta [2-aroHictammu
Mae MicLe 3HWXKeHHA mapkepis B-nimdouuntie — CD+19;
CD+3; CD+4; CD+8; nigBuweHHs CD+16 knituH (NK)
KNiTUH, MOHOHYKIeapiB, L0 HECYTb Ha KIMITUHHIA MeMOpaHi
oguH i3 mapkepie anontosy, FASL (CD178) 6inka
Annexin V (Vac-a) i BOoCTOBipHe NiABULLEHHS PiBHS ayTo-
aHTUTIN A0 ninononicaxapugHnx aHTUreHiB Tpaxel,
OpOHXiB i NnereHeBOi TKAHWHW Big NErkoro Ao TSKKOro
nepcuctytodoro nepebiry (tabn. 2). Lle Bkasye Ha akTu-
BaLjt0 npouecy anonTo3y Ta ayTOiMyHHOIO KOMMOHEHTa
B KMITUHHO-TKAHUHHUX CTPYKTypax OpoHxonereHeBoi
cuctemm y giten, xsopux Ha BA.

At the same time, a regular decrease in the content
of IgM and IgG fractions in the blood serum was found,
a sharp increase in IgE and a slight increase in IgA
in mild and moderate persistent asthma exacerbation.
In children with asthma before therapy with inhaled
glucocorticosteroids and p2-agonists, there is a de-
crease in B-lymphocyte markers — CD19; CD3; CD4; CD8;
increase in CD16 (NK) cells, mononuclear cells carrying
one of the apoptosis markers, FASL (CD178)
Annexin V (Vac-a) protein on the cell membrane and
a significant increase in the level of autoantibodies to
lipopolysaccharide antigens of the trachea, bronchi
and lung tissue from mild to severe persistent course
(Table 2). This indicates the activation of the apop-
tosis process and the autoimmune component in the
cellular and tissue structures of the bronchopulmonary
system in children with asthma.
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Ta6nuus 2. [laHi KinbKicCHOro BU3HaYEHHsI ayTOAHTUTIN 40 GPOHXOMNEreHeBMX aHTUIEHIB Y AiTel, XBOpUX Ha BpoHXianbHy acTtmy,
B nepioAi pemicii go i nicnsa nposegeHoi Tepanii, (Mtm) ym. og.
Table 2. Quantitative data on autoantibodies to bronchopulmonary antigens in children with bronchial asthma
in the remission period before and after therapy, (M+m) conventional units.

IMyHORMOri4Hi MOKa3HUKN
[0 Ta nicnsa

TsukkicTb nepebiry BA / Severity of asthma

CpenHbOI THXKKOCTI

340poBi Aitn

TKaHWHHI aHTUreHN . nerkui (Il cTyniHb) (I cTyniHb) Tskkum (IV cTyniHb) Healthy children
Tissue antigens NPOBEAESHO! Tepanil mild (I degree) moderate severity | severe (IV degree) v
Immunological indicators
(Il degree)
before and after therapy
n=25 n=29 n=22 n=25

AHTUreH Tpaxei o / Before 0,061+0,011* 0,076+0,017* 0,098+0,020* 0.030£0.005
Tracheal antigen Micna / After 0,1320,014* 0,1580,016* 0,196+0,023* T
AHTUrEH GPOHXIB o / Before 0,84+0,019* 0,117+0,019* 0,146+0,026* 0.028+0.003
Bronchial antigen Micns / After 0,181+0,021 0,244+0,023** 0,295+0,031** T
AHTUrEeH nereHeBsol o / Before 0,112+0,023* 0,142+0,032* 0,182+0,036*
TKaHUHN ] 0,043+0,006

Micns / After 0,267+0,028* 0,295+0,034** 0,365+0,042*

Lung tissue antigen

lMpumimku:

* — [OCTOBIPHI BiAMIHHOCTi MOKa3HWKIB Bif rpynu 3goposux aiten (p<0,05);
o — AOCTOBIPHI BiAMIHHOCTI NOKa3HWKIB 40 Ta nicna nposeaeHoi Tepanii (p<0,05).

Notes:

* — significant differences in indicators from the group of healthy children (p<0.05).
o — significant differences in indicators before and after the therapy (p<0.05).

Ak BUOHO 3 AaHWX iMyHOrpam Aiter, xBopux Ha BA,
(avB. Tabn. 1), nicna npoBedeHoi Tepanii, peKoMeHOo-
BaHoi GINA (2023), mae Micue 3HWKEHHs1 3aranbHol
dpakuii cucremmn komnnementy (Caar) i UIK, cnis-
BigHoweHHsa LIK/C, Hopmanisauia dpakuii IgA, a dpak-
uii IgM i 1gG 3anuwanncs 3HWKeHVMMM, BiA3HaA4YaeTbCH
3HWKeHHs IgE mpu ycix cTyneHax TsxkocTi nepebiry BA.
MpusepTae yBary 3HmkeHHss CD+3 T-nimdoumTis i 3poc-
TaHHA gucbanaHcy CD4/CD8 3a paxyHOK Pi3KOro 3Hu-
XeHHa wmapkepiB CD+8 T-cynpecopig/kinepis. [Migsu-
weHHs CD+16 kniTuH, piske 36inblUeHHS MOHOHYKNeapiB,
WO HecyTb Ha KNiTUHHIN mMembpaHi oguMH 3 MapkepiB
anonTto3y—CD95, FASL (CD178), 6inkaAnnexinV (Vac-a.),
CBidYNTE NPO MOpPYLUEHHA PErynsitTopHMx MpoueciB
OHOBIIEHHS Ta PYMHYBaHHSA KNiTUHHO-TKAHWHHUX CTPYK-
Typ OpoHxonereHeBoi cuctemn. Lle 3HaxoguTb CBOE
NiaTBEepOXXEHHS y 3pOCTaHHi TUTPIB ayTOaHTMTIN A0 Kni-
TUHHO-TKAHUHHUX CTPYKTYp Tpaxei, OpOHXiB i nereHesoi
TKAHWHW B 3anexHOCTi BiJ TSHKKOCTI nepebiry 3axBo-
plOBaHHs (ave. Tabn. 2).

TakuMm 4umHOM, npoBegeHa Tepania BA y giten
He TiMbKW He CNpUSiE 3HATTIO ayTOIMYHHOrO KOMMOHEHTa
B KMNiTMHHO-TKAHWHHUX CTPYKTypax OpoHXonereHeBoi
cucTemu, ane i NpuM3BoOAWTbL A0 MOPYLUEHHS Y B3aemogil
B CMUCTEMi iIMYHOKOMMETEHTHUX KNITUH 3a iX 34aTHICTIO
pearyBatM 3i CBOiMM KIITUHHO-TKAHUHHUMW aHTUre-
HamMun GpOHXONEreHeBNxX CTPYKTYP.

As can be seen from the presented immunogram
data of children (Table 1) with asthma after the therapy
recommended by GINA (2023), there is a decrease in
the total complement system fraction (Ctotal) and CIC,
the CIC/C ratio, normalization of the IgA fraction, while the
IgM and IgG fractions remained reduced, a decrease in
IgE is noted at all degrees of severity of asthma. Attention
is drawn to the decrease in CD3 T-lymphocyte markers
and the increase in the imbalance of CD4/CD8 markers
due to a sharp decrease in CD8 T-suppressor/killer
markers. An increase in CD16 (NK), a sharp increase
in mononuclear cells carrying one of the apoptosis
markers on the cell membrane — CD95, FASL (CD178),
Annexin V protein (Vac-a), indicates a violation of the
regulatory processes of renewal and destruction of
cellular and tissue structures of the bronchopulmonary
system. This is confirmed by the increase in titers of
autoantibodies to cellular and tissue structures of the
trachea, bronchi and lung tissue depending on the
severity of the disease (table 2).

Thus, the conducted therapy of asthma in children
not only does not contribute to the removal of the auto-
immune component in the cellular and tissue structures
of the bronchopulmonary system, but also leads to
a violation of the interaction in the system of immuno-
competent cells in their ability to react with their cellular
and tissue antigens of the bronchopulmonary structures.

Thus, when inhaled, fluticasone propionate at a dose
of 200 ug 2 times a day causes pronounced eosinophilic
apoptosis. The experiment showed that only 0.3 nmol
of fluticasone propionate is required to cause a 50% effect
of eosinophil apoptosis. The combination of fluticasone
propionate with salmeterol at a dose of 50 mcg in-
creases the apoptotic effect of T-lymphocytes and the
activity of glucocorticosteroids by 3 times and activates
the processes of apoptosis of bronchopulmonary
structures and T-lymphocytes, which are important
factors in both the regulation and initiation of chronic
inflammation of the bronchopulmonary apparatus in
asthma in children.
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OBlrOBOPEHHA

BignosigHo ao MixHapogHoro KOHCEHcycy
Ta GINA (2023) wopo npobnemn BA, Ta Hakaszom
MiHicTepcTBa OXOpoHM 300poB’s  YkpaiHn Ne 2856,
3MiHMBCA Norns4 Ha TepaneBTWMYHI nigxoau Ao 1 mniky-
BaHHA. FAKWO B MUHYNomy B nikyBaHHi BA neplioyep-
roea yeara npuginanacs npoBedeHH0 OpoHxoaunarty-
o4Ol Tepanii, TO Ha JaHWW Yac nicna 3HATTA Hanagy
A0yXWM MNEpLIOYEPTOBUM 3aBAaHHsIM € MpoTu3ananbHa
Tepanis, ska nonepegxae po3BUTOK OBCTPYKLii OpoHXxiB
Ta ix rineppeaktuBHicTb [3]. MMOTyXHy npoTusananbHy
[it0 MatoTb MIOKOKOPTUKOIAW, SKi iHFiBYTh CUHTE3 UnTO-
KiHiB, Mirpauito Ta akTuBaLito KniTUH, Lo 6epyTb yyacTb
Yy PO3BUTKY 3ananeHHs. [MIoKoKopTUKOIAN MaloTb nepMi-
CUBHUI €OeKT Ha il KaTexonamiHiB, WO BUABMASETHCA
He TiNbKW Ha PiBHi IMYHOKOMMNETEHTHUX KNiTUH, ane n mae
npotu3anansHuii edekT Ha BpoHXonereHesi CTPyKTypw,
NiABULLYIOYN CTIAKICTb ONacuUcTUX KNiTH 4o AerpaHynsauii
Ta crabinisauii nisocomanbHuUx membpaH Makpodaris,
HenTpodinis [4, 5].

LLnpoke 3acTtocyBaHHsI [FHOKOKOPTUKOIAIB, nopsag
3 0GesnepedyHMM npoTusananbHUM edeKTOM, BUSIBIISIE
i HeraTMBHMI BNMMB Ha opraHiam aguTuHKM. OcTaHHE Heoo-
XiQHO BpaxoByBaTW Lie W TOMY, WO NiKyBaHHA iHrans-
LiIHUMK TNIOKOKOPTUKOIAAMN, LLO PEKOMEHOYETLCA KOH-
ceHcycom i GINA (2023), posrnsgaeTbca Sk HanbinbLL
nokasaHe XBOPUM 3 TSKKMM nepebirom OGpoHxianbHoi
acTMK, Pe3NCTEHTHUM [0 iHLWKMX MeToiB Tepanii. [na nig-
TPUMKU peMicii y fiTen 3 Tsxkkum nepebirom BA rntoko-
KOPTUKOIAM 3aCTOCOBYIOTbCSA HE TiMNbKW iHransuinHo,
a N nepoparnbHO MOCXEMHO MPOTAroM TPUBANOro 4acy,
Lue npu3BoAMTb OO PO3BUTKY FOPMOHO3ANEXHOCTI, Lo
B yMOBax (hOpPMYBaHHsi OUTAYOrO opraHiaMy HeratMBHO
BM/IMBa€E Ha BeCcb GanaHc B3aeMO3B'si3kiB [6].

[TIOKOKOPTUKOIAM 34aTHI HEraTMBHO BNAIMBATU Ha Pi3Hi
cybnonynsauii T-nimdouuTis. MNpryomMy Bxe nicns ogHo-
pPas3oBoOro ix BBeAEHHS vyepe3 3—4 roauHn po3BMBAETLCS
icToTHa nimconeHis, a cemnaoboBUA MNPUAOM  LNX
npenapartiB giteMu, xBopumn Ha bBA, npusBogntb
0O 3HWkeHHs cybnonynsauii CD8 (cynpecopu-kinepwu)
npu 36epexerHi CD4 (xennepis-iHOyKTOpIB).

BpaxoBytoun ocobnuey 3Hauumicte CD4 y perynsuii
iMyHHOro romeocTasy, MOXHa BBaXaTMu, L0 3aCTOCYBaHHS
IMIOKOKOPTUKOIAIB Befe [0 MOPYLUEHHS PerynsTopHoro
deHomeHy iMyHHOI BignoBigi, a 36epexeHHs CD4
(xennepiB-iHOYKTOPIB) MOXe CNpUATU NiOBULLEHHIO iX
UMTOTOKCUYHOT Aii Ha KniTMHW-miweHi. OcTaHHE Beae
00 POpMYBaHHSA iIMyHOMATOMOrYHOrO CTaTycy, WO Ha Thi
OpoHXianbHOI acTMU NPU3BOAUTL OO0 MOro OBTSKEHHS
3a paxyHOK akTuBauii ayToiMyHHUX peakuii, crnpsimo-
BaHWX Ha CTPYKTYpYy GpOHXONereHeBoi TKaHUHMW.

[ocnigXeHHAMM OCTaHHIX pPOKiB NoKasaHo, Lo -
KOKOPTUKOCTEPOIAM MarTb BMCOKY 3[4aTHICTb BUKMMKATU
anonTo3 (3armbenb KriTuH) eo3uHodinis, WO BigirpaoTb
BaXXIMBY POfb Y PO3BUTKY 3ananeHHs AuxanbHUX LWns-
xiB [7, 8]. Tak npu iHransuiHomMy 3acTtocyBaHHi nyTn-
KasoHy nponioHaty B Ao3i 200 mkr 2 pasu Ha [oby
BUKIMKAETLCA BUPAXEHUM €03MHOMINbHMIA  anonTo3.
B ekcnepumMeHTi nokasaHo, Lo NoTpibHo nuwe 0,3 HMonb
dnyTrkasoHy npomnioHaty, wob Buknukatn 50% edekTt
anonto3y eosiHodiniB. KombGiHauis dnyTukasoHy npo-
nioHaty i3 canbmeTteponom y pAo3i 50 Mkr 36inbliye
anonTuyHui  edbekt T-niMGOLMTIB aKTUBHICTb [IHOKO-
KOPTUKOCTEPOIAiB y 3 pasn i akTUBYE NpoLecn anontosy
OpoHxonereHeBMX CTPYKTyp Ta T-nimcouunTi, SKi € Bax-

DISCUSSION

In accordance with the International Consensus
and GINA (2023) on the problem of asthma and the
Order of the Ministry of Health of Ukraine No. 2856,
the view on therapeutic approaches to its treatment
has changed. If in the past, bronchodilator therapy was
the primary focus in the treatment of asthma, now, after
the asthma attack is relieved, the primary task is anti-
inflammatory therapy, which prevents the development
of bronchial obstruction and their hyperreactivity [3].
Glucocorticoids have a powerful pro-inflammatory effect,
which inhibit the synthesis of cytokines, migration and
activation of cells involved in the development of inflam-
mation. Glucocorticoids have a permissive effect on the
action of catecholamines, which is manifested not only
at the level of immunocompetent cells, but also has
an anti-inflammatory effect on bronchopulmonary
structures, increasing the resistance of mast cells to
degranulation and stabilization of lysosomal membranes
of macrophages, neutrophils, neutrophils [4, 5].

The widespread use of glucocorticoids, along with the
undeniable anti-inflammatory effect, also has a negative
effect on the child’s body. The latter must be taken into
account also because treatment with inhaled glucocorti-
coids, recommended by consensus and GINA (2023),
is considered the most indicated for patients with severe
bronchial asthma, resistant to other methods of therapy.
To maintain remission in children with severe asthma,
glucocorticoids are used not only by inhalation, but also
orally, schemed for a long time, which leads to the deve-
lopment of hormone dependence, which in the conditions
of the formation of the child’s body negatively affects
the entire balance of relationships [6].

Glucocorticoids can negatively affect various sub-
populations of T-lymphocytes. Moreover, after a single
administration, significant lymphopenia develops after
3—4 hours, and seven-day administration of these drugs
by children with asthma leads to a decrease in the
CD8 subpopulation (suppressor-killers) while maintaining
CD4 (helper-inducers).

Considering the special importance of CD4 in the
regulation of immune homeostasis, it can be assumed
that the use of glucocorticoids leads to a violation of
the regulatory phenomenon of the immune response,
and the preservation of CD4 (helper-inducers) can con-
tribute to an increase in their cytotoxic effect on target
cells. The latter leads to the formation of an immuno-
pathological status, which, against the background
of bronchial asthma, leads to its aggravation due to the
activation of autoimmune reactions directed at the
structure of the bronchopulmonary tissue.

Recent studies have shown that glucocorticoste-
roids have a high ability to cause apoptosis (cell death)
of eosinophils, which play an important role in the deve-
lopment of airway inflammation [7, 8]. Thus, inhalation
of fluticasone propionate at a dose of 200 pg 2 times
a day causes pronounced eosinophilic apoptosis.
The experiment showed that only 0.3 nmol of fluticasone
propionate is required to cause a 50% effect of eosino-
phil apoptosis. The combination of fluticasone propionate
with salmeterol at a dose of 50 ug increases the apop-
totic effect of T-lymphocytes, the activity of glucocor-
ticosteroids by 3 times and activates the processes
of apoptosis of bronchopulmonary structures and
T-lymphocytes, which are important factors in both the
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nuBuMK chakTopamm Sk perynsuii, Tak i iHigiayii XxpoHiYHoro
3ananeHHs 6poHxonereHeBoro anapaty npu BA y giten.

AnonTo3 — ue 3anporpamoBaHuii BUA 3armbeni Knitu-
HY, WO XapaKTepusyeTbCst (PYHKLiOHANbHO-HE3BOPOTHNM
NPUNNHEHHAM 1T XUTTEQIANBHOCTI; MOPAONOriYHO —
BTPATO0 MIKPOBOPCUHOK Ta MDKKMITUHHUX KOHTaKTIB,
KOHOEHCAUE XpOMaTvHY Ta LMTONNasmu, 3MeHLIEH-
HM 06’'eMy KNiTUHU (3MOpLLYBaHHSAM), YTBOPEHHSAM
O6ynbballok 3 nnasmaTtuyHnx membpaH, dparmeHTaLieto
KNiTUHW Ta YTBOPEHHSIM anonTo3HUX Tineub; GioXiMiyHUM
rigponisom OinkiB uuMTOMMA3MM Ta MiXKHYKIIEOCOMHUM
posnagom [OHK; reHeTn4HO-CTPYKTYpHO-(DYHKLiOHaMNb-
Holo nepebynoBOK FEHETMYHOro anapaty i 3aBepluy-
€TbCsl il NOrMUHaHHAM Makpodparamu Ta (abo) iHWMMK
KniTnHamyn. Takum 4YMHOM, 3acTOCyBaHHSl [IHOKOKOP-
TUKOIQiB NoTpebye cyBoporo OOGrpYHTYBaHHSI siK LLOAO
BMKOPWUCTAHHA [03, TaK i TpPMBANOCTi iX 3acCTOCyBaHHSA
3 ypaxyBaHHsIM NobGiyHOT aii Ta HeobXxigHOCTi noganbLuoi
BiAMiHN gaHuX npenaparis [9].

BignogigHo oo pexkomenaauin GINA (2023) ans 3HAT-
TS cMHOpPOMY GpoHXianbHOI 06CTpyKLUii 3aCTOCOBYHOTLCS
iHransuivHi - B2-aroHicTn kopoTtkoi Aii  (cansbytamon
(BeHTONiH), cheHoTepon (6epoTek), TepOyTaniHy cynbdar,
CcaBeHTON Ta iH.) He vacTiwe 3—4 pa3u Ha AeHb. BoHu
edeKTUBHO ycyBaloTh Hanaaum BA. Ix BukopucTaHHs
3abe3neyye TMMYacoBe MONIMNLEHHS CTaHy, ane BOAHO-
yac npu3BOAMTb A0 MNOCTIiNHOro 36inbleHHs noTpebu
y umx npenapatax. BHacnigok wuboro dopmyeTbes
«MOPOYHE KOMOY», KOMW PELMAUBHI Hanaau sioyxv BUMa-
ralTb 3acToCyBaHHA Aefani Ginbwnx 003 npenaparis,
LLO BUCHaXY€E MPUCTOCYBanbHi MexaHi3Mu Ha piBHi Tka-
HWHW Ta oOpraHa, NpPW3BOA4sYM OO BignosigHoOI dap-
Mako3anexHocTi. Mpu cepefHbOTSHKKOMY Ta TSDKKOMY
cTyneHi nepebiry BA 3rigHO 3 pekoMeHAauismu
GINA (2023) BMKOPUCTOBYIOTb 2-aroHicTn TpmBanoi Aii
(canbmeTepon, gopMoTepor), ocobnmeo y pasi YacTux
HIYHMX HanagiB sayxu, iHriby4un paHHo i nisH dasn
aneprivyHoi peakuii Ta HecneundiyHy rinepyyTnmBICTb.

3acTocyBaHHS MIOKOKOPTUKOCTEPOIAHOI Tepanii Ta il
KoMbiHauis 3 B2-aroHicTamu NpPONoHroBaHoi Aii npu3Bo-
OuTb OO0 aKkTuBauii npoueciB anonto3dy Yy AiTen i3 ce-
PEAHLOTSKKMM  Ta  TsKKMM  nepebirom  6poHxianbHol
actmun. [aHi dapmakonoriyHi npenapatn € XiMi4yHO
arpecuMBHUMM MO BiAHOLEHHIO A0 iIMyHOKOMMOHEHTHUX
KNiTMH, Wo 6epyTb y4yacTb y perynsauii Ta peanisadii
natoreHesy OpoHXxianbHOi acTMu, WO NpU3BOAUTL
[0 MOCUINEHHS! ayTOIMYHHOTO KOMMOHEHTa Ta OOTSHKEHHS
nepebiry 3axBoproBaHHS.

Y 3B’A3Ky 3 UMM HEOoOXigHWIA MOLUYK HOBMX MiOXOAiB
00 Tepanii 3 HiBenBaHHSA iMyHONATONOrYHUX NpoLeciB
npu BA y giten.

BUCHOBKHU

BpoHxianbHa actma y gitert mae nepebir 3 npouecamu
aKkTMBauii anonTto3y nimcoumnTiB nepudepnyHoi  KpoBi
Ta edEeKTOPHUX KIiTWH, WO NiaBULLYIOTb ayTOIMYHHUN
KOMMOHEHT naToreHe3y 3axBOPIOBaHHS.

Mpouec akTmBauii anonto3dy nimdouunTie nepude-
pU4YHOI KpoBi Ta edbekTopHUX KNiTMH npu BA y piten
niaTBEepOXXYyETbCA MiABULLEHHAM MOHOHYKIeapiB, L0 He-
CyTb Ha KMiTMHHIN MembpaHi oaMH 3 MapkepiB anon-
To3y CD95, nirangy FASL (CD178) ta 6inka Annexin V
(Vac-a).

regulation and initiation of chronic inflammation of the
bronchopulmonary apparatus in asthma in children.

Apoptosis is a programmed type of cell death
characterized by: functionally — irreversible cessation
of its vital activity; morphologically — loss of microvilli
and intercellular contacts, condensation of chromatin and
cytoplasm, reduction of cell volume (shrinkage), formation
of bubbles from plasma membranes, cell fragmentation
and formation of apoptotic bodies; biochemical hydro-
lysis of cytoplasmic proteins and internucleosomal DNA
decay; genetic-structural-functional reorganization of
the genetic apparatus and ending with its absorption
by macrophages and (or) other cells. Thus, the use of
glucocorticoids requires strict justification both in terms
of the use of doses and the duration of their use, taking
into account side effects and the need for further
withdrawal of these drugs [9].

According to the GINA (2023) recommendations,
short-acting inhaled B2-agonists (salbutamol (ventolin),
fenoterol (berotek), terbutaline sulfate, saventol, etc.)
are used to relieve bronchial obstruction syndrome
no more than 3—4 times a day. They effectively eliminate
asthma attacks. Their use provides temporary impro-
vement in the condition, but at the same time leads
to a constant increase in the need for these drugs.
As a result, a «vicious circle» is formed, when recurrent
asthma attacks require the use of increasingly larger
doses of drugs, which exhausts adaptive mechanisms
at the tissue and organ levels, leading to corresponding
pharmacodependence. In moderate and severe asthma,
according to the GINA (2023) recommendations, long-
acting p2-agonists (salmeterol, formoterol) are used,
especially in frequent nocturnal asthma attacks, inhibi-
ting the early and late phases of the allergic reaction
and nonspecific hypersensitivity.

The use of glucocorticosteroid therapy and its
combination with long-acting p2-agonists leads to the
activation of apoptosis processes in children with
moderate and severe bronchial asthma. These pharma-
cological drugs are chemically aggressive towards
immune component cells involved in the regulation and
implementation of the pathogenesis of bronchial asthma,
which leads to an increase in the autoimmune com-
ponent and aggravation of the severity of the disease.
In this regard, it is necessary to search for new approa-
ches to therapy to level immunopathological processes
in asthma in children.

CONCLUSIONS

Bronchial asthma in children occurs with the proce-
sses of activation of apoptosis of cellular and tissue
structures of the bronchopulmonary system and effector
cells, which increase the autoimmune component of
the pathogenesis of the disease.

The process of activation of apoptosis of bronchopul-
monary structures and effector cells in asthma in children
is confirmed by an increase in mononuclear cells carrying
on the cell membrane one of the apoptosis markers CD95,
FASL ligand (CD178) and Annexin V protein (Vac-a.).
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lMpoBegeHun Kkypc iHransuiiHoi Tepanii cepegHiMu
Ta BUCOKUMW [03aMMW iHransuiiHMX T[INHOKOKOPTMKOCTE-
poigiBs Ta B2-aroHicTiB (thikcoBaHa kombiHauis: dnyTu-
Ka3oH (canbmeTepon) Hawbinbluie nigBuLLYE Mapkepu
anontody CD95, niraHgy FASL (CD178) Ta 6inka
Annexin V (Vac-o) Ha nimcouunTax, Lo CrpUsie TSHXKKOCTI
nepebiry OpoHxianbHOI acTMK y AiTen.

3acTocyBaHHS MPOTOKOMbHO CEpefHiX Ta BMCOKUX
003 iHransAuinHMX rmoKOKOPTUKOCTEPOIAIB Ta B2-aroHicTiB
y AiTen 3 cepenHbOTSHKKUM Ta TsKKMM nepebirom BA
niaBuLLYE piBEHb ayTOAHTTIN 40 GPOHXONereHeBUx aHTu-
rEeHiB, MOCUITIOYM 2y TOIMYHHMWI KOMMOHEHT 3aXBOPIOBAHHS.
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MepcnekTMBM NOAQABLLUMX AOCAIAXEHD

[ocnigxeHHA € nepcnekTVBHUMW, OCKIMbKA BOHO PO3LLMPIOE
MOXINMBICTb MOrMMBneHoi iMyHoAiarHOCTMKM naToreHesy Ta
po3pobku HOBWUX NiAXo4iB A0 Tepanii GpoHxianbHOI acTMu y
niten.

KoHAIKT iHTepeciB

ABTOpPM pyKonucy CBiAOMO 3acBig4vytoTb BiACYTHICTb PaKTUYHOIrO
abo nOTeHUiNHOro KOHMIKTY iHTepeciB LWoAo pesynbraTiB
uiei pobotn 3 dapmaLeBTUYHUMM KOMNAHIAMK, BUPOGHMKaMu
BioMeanyYHMX NPUCTPOIB, IHWMMKU OpraHisauisiMu, Yui NpoayKTy,
nocnyru, piHaHcoBa nigTpUMKa MOXyTb OyTW MOB’A3aHi
3 NpegMeToM HagaHux Matepianie abo ski cnoHcopysanu
npoBeAeHi AOCMiAXEHHS.

IHcbopmaluis Nnpo doiHaOHCYBAHHS

Pobota BukoHyBanacs 6e3 diHaHCyBaHHS.

CrtaTta € dparMeHTOM MnaHoBOi HayKoBO-4OCNiAHOI poboTu
XapkiBcbkoro HauioHarnbHoro yHisepcuteTy imeni B.H. KapasiHa
MiHicTepcTBa OCBITV i Haykn YKpaiHW, MeguyHoro dakyrnbsreTy,
Kadpeapw iHpeKLinHNX XBOpob Ta KMiHiYHOI iMyHonorii «BuB4eHHS
poni iMyHHUX, aBTOIMYHHUX Ta MeTaboniYHWX po3najis y naTo-
reHesi Ta Hacnigkax iHEeKUiHOro npouecy, O BUKMMKaHUIA
HakTepismu, Bipycamu, BipycHO-6akTepianbHUMKM - acouiauisimu

A course of inhalation therapy with medium and high
doses of inhaled glucocorticosteroids and P2-agonists
(fixed combination: fluticasone (salmeterol) most signi-
ficantly increases the apoptosis markers CD95, FASL
ligand (CD178) and Annexin V protein (Vac-a), which
contributes to the severity of bronchial asthma in children.

The use of protocol medium and high doses of inhaled
glucocorticosteroids and p2-agonists in children with
moderate and severe asthma increases the level of
autoantibodies to bronchopulmonary antigens, strengthe-
ning the autoimmune component of the disease.
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Prospects for further research

The research is promising because it expands the possibility
of in-depth immunodiagnostics of pathogenesis and the
development of new approaches to the treatment of bronchial
asthma in children.
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PE3IOME

AxTyanbHicTb. [ocTpa BipycHa iHdekuid, BuknukaHa Bipycom EnwTenHa—bapp,
CYNPOBOAXYETLCA KOMMIEKCHUMW iIMYHHUMW Ta MeTaboniyHUMM MOPYLUEHHAMWU, SAKi
iCTOTHO BMMMBaOTL Ha KMiHiYHUIA Nepebir 3axBOplOBaHHSA Ta NPOrHO3 Ans nauieHTIB.
3601 y byHKLiOHYBaHHi iIMyHHOI cuctemu, 3okpeMa gucbanaHc KniTMHHUX cybnomny-
NAuiin Ta 3MiHM MeTaboniyHMX MnpoueciB, NMPU3BOAATbL 4O 3ATSKHOMO, YCKNagHEHOoro
nepebiry iHdeKLii, WO BUMarae BNpoBampKeHHS ePeKTUBHUX NaTOreHETUYHUX METOAIB
nikyBaHHS. BrkopucTaHHs puOOHYKNEiHOBOI KMCNOTW B KOMMMEKCHIN Tepanii cnpusie
HopMmanisadii iMyHHOT BiAMoOBIAj, BiAHOBMEHHIO KMITUHHOTO Ta ryMOpanbHOro iMyHITETY,
a TaKoX MOKpaLLEeHHI0 MeTaboniyHOro romMmeocTasy, WO MiABULLYE edEKTUBHICTb FiKy-
BaHHSA rocTpoi iHdekuii EnwrenHa—bapp.

MeTta po60TH — OLHWTY KNiHI4YHY e(PEKTUBHICTb KOMMIEKCHOT Tepanii i3 3aCTOCyBaHHAM
PUBOHYKNEIHOBOI KMCNOTW Y NOEAHAHHI 3 BanawuuMKioBipoM Yy NauieHTiB 3 iHpeKLintHUM
MOHOHYKIIE030M, a TaKOX BWBYATW [OMHAMIKYy 3MiH iMYHOSMOMYHUX MOKa3HUKIB
y NOPIBHAHHI 3 TpaauLiiHo 6a3ncHoo Tepanieto.

Marepianu Ta meToaum. Y gocnimkeHHi 6yno npoaHanizoBaHo aaHi 110 nauieHTiB 3 giar-
HO30M rocTpoi iHdpekuii Enwtenna—bapp. Bei nauieHTn 6ynn posnoaineHi Ha Tpu rpynu
3anexHo BiA TSXKKOCTI nepebiry: nerkvuin, cepeAHbOTSIKKUA Ta TskkuiA. [MposoamBecs
aHani3 iMyHHux nokasHukis (T-, B-, NK-kniTUHM, LMTOKIHM), @ TakoX ouiHka meTaboniy-
HOro npodinto (ManoHOBWI Aianbaeria, CynepokcuaamcmyTasa, ryTaTioHnepokenaasa).
Pe3ynbraTh Taix o6roBopeHHs. NMpoBeaeHe AocnigKeHHsi Nokasarno, Wo KoMOiHoBaHa
Tepanis i3 3aCToCcyBaHHAM PUOOHYKNETHOBOI KUCMOTU CNpusie 3HAa4YHOMY MOKPAaLLEHHIO
KNiHIYHOrO CTaHy NauieHTiB 3 iHEKLiINHUM MOHOHYKNeo3oM. XBOpi, siki OTpUMyBanu
Len npenapar y Cknaji KOMMMEKCHOro NiKyBaHHs, Manw LBMAlWe 3HUKHEHHS CUMMTO-
MiB 3aXBOPIOBaHHSI — 3MEHLUEHHSA NiMdpageHonarii, IMXxomMmaHku, 6050 B ropni, a Takox
BiAHOBMNEHHA (YHKLUii MeyviHKn | cenesiHkW. IMyHOMOriYHi MOKa3HWKM  CBigYMU
npo GinblWw edeKkTUBHE BIgHOBMEHHSA IMyHHOI BiAMOBIAi, 3 HOpManisauielo cniBBigHO-
LWeHHs1 cybnonynsaui nimcouunTie i 6anaHcom Th1/Th2, wo cBiguYMTL NPO KOPEKL;ito
KNITUHHUX | rymopanbHux nopyLlueHb. OTpyMaHi AaHi MigTBEpOXYOTh, LLO rocTpa iHdek-
uis Bipycom EnwTenHa—bapp BUknukae cknagHi iMyHHi AMCYHKLIT, LLIO NPOSBNSAIOTLCA
NiOBULEHHAM LMTOTOKCMYHOI aKTMBHOCTI Ta iMyHOPEerynsaTtopHuM AucbanaHcom.
BukopucTaHHs puGOHYKNEIHOBOI KUCMOTWM B KOMIMIEKCHiA Tepanii fgonomarae BigHO-
BUTWM HOPMarnbHUM iIMyHHUI TOMEOCTa3, MOCWUMIOKYN 3axWUCHI  peakuii opraHiamy
i cnpusoum WBMALLIN pereHepauii TKaHWH.

BucHoBku. [lncbanaHc y poboTi iMyHHOI CUCTEMM, BKMOYHO 3 MOPYLUEHHAMU B CyO-
nonynsauisx nimcoumnTtiB Ta 360em MeTaboniyHMx npoueciB, noTpebye 3acTocyBaHHA
edeKTUBHMX NaToreHeTUYHMX MiAXoAiB A0 MikyBaHHS. BukopucTaHHs imyHOMoAyntoto-
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ABSTRACT

Background. Acute viral infection caused by Epstein—Barr virus is accompanied
by complex immune and metabolic violations that significantly affect the clinical
course of the disease and the prognosis for patients. Malfunctions in the immune
system functioning, in particular the imbalance of cell subpopulations and changes
in metabolic processes lead to a prolonged, complicated course of the infection, which
requires the implementation of effective pathogenetic treatment methods. The use of
ribonucleic acid in complex therapy contributes to the normalization of the immune
response, the restoration of cellular and humoral immunity as well as the improve-
ment of metabolic homeostasis, which increases the effectiveness of acute
Epstein—Barr infection treatment.

Purpose — to assess the clinical efficacy of complex therapy using ribonucleic acid
in combination with valacyclovir in patients with infectious mononucleosis and to
study the dynamics of changes in immunological parameters compared to traditional
basic therapy.

Materials and methods. The data from 110 patients diagnosed with acute Epstein—Barr
infection were analyzed in the study. All patients were divided into three groups
depending on the severity of the course: mild, moderate and severe. The analysis
of immune parameters (T-, B-, NK-cells, cytokines) was performed as well as
assessment of the metabolic profile (malondialdehyde, superoxide dismutase,
glutathione peroxidase).

Results. The study showed that combined therapy with ribonucleic acid significantly
improves the clinical state of the patients with infectious mononucleosis. Patients who
received this drug as part of a complex treatment had a faster disappearance of the
disease symptoms — decrease of lymphadenopathy, fever, sore throat as well as
restoration of liver and spleen function. Immunological indicators proved a more
effective restoration of the immune response with the ratio of lymphocyte subpopu-
lations and the Th1/Th2 balance normalization, indicating the correction of cellular
and humoral disorders. The obtained data confirm that acute Epstein—Barr virus
infection causes complex immune dysfunctions, manifested by increased cytotoxic
activity and immunoregulatory imbalance. The use of ribonucleic acid in complex
therapy helps restore normal immune homeostasis enhancing the body’s defensive
reactions and promoting faster tissue regeneration.

Conclusions. Imbalance in the immune system functioning including disorders in
lymphocyte subpopulations and metabolic processes disruption requires the use
of effective pathogenetic approaches to treatment. The use of immunomodulatory
drugs such as ribonucleic acid as part of complex therapy allows normalizing the
immune response, improving metabolic homeostasis and accelerating the patients
clinical recovery.

Pavlikova KV, Liadova Tl, Volobuieva OV, Chernusky VH. Immune and metabolic violations in acute Epstein—Barr
virus infection: clinical significance and approaches to therapy. Karazin Journal of Immunology. 2025;8(1(15)):60-71.
DOI: https://doi.org/10.26565/3083-5615-2025-15-05

BCTYN

IHdekuinHMn MoHoHykneo3 (IM), cnpuynHeHuin Bipy-

INTRODUCTION

Infectious mononucleosis (IM), caused by the

com Enwrenna—bapp (EBV), sannwaeTtbcs ogHieto 3 ak-
TyanbHUX npobrnem cy4yacHOi KMiHiYHOI iHdbekTonorii
cepen AUTSYOro Ta gopocnoro HaceneHHs [1]. MNarore-
He3 IM nos’a3aHuii i3 BipycHOO iHdbekuieto nimdoigHoi
TKaHWHW, IO CYNPOBOMKYETLCS CUCTEMHUMW NPOSBaMMU,
TakuMn sk nimdpoageHonarTis, renatocnreHomeranis,
NXOMaHKa, aHriHa Ta 3MiHu B nepudepunyHin Kposi [2].
Monpwu 3aebinblwioro cnpuATNuBMIA Nepebir 3axBoptoBaH-

Epstein—Barr virus, remains one of the current problems
of modern clinical infectious diseases among children
and adults [1]. The pathogenesis of IM is associated
with viral infection of lymphoid tissue accompanied
by systemic manifestations such as lymphadenopathy,
hepatosplenomegaly, fever, sore throat, and changes
in peripheral blood [2]. Despite mostly favorable course
of the disease some patients experience severe or
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Hsl, Y 4aCTUHM XBOpPMUX BiA3HA4YaETbCA TsKKUA abo 3a-
TSOKHUIA nepebir, Wwo notpebye BOOCKOHANEHHS nigxoais
no nikyeaHHsa [3]. Ha cborogHi ctaHgapTHa Tepaniq
IM  HOCUTL nepeBaXHO CUMNTOMATUYHUIN XapakTep
i cnpsMoBaHa Ha 3MEHLUEHHS KMiHIYHUX nposBiB, Mig-
TPUMKY IMYHHOI cuCTEMM Ta NPOMINaKkTUKy yCKnagHeHb.
3Baxaloun Ha BipyCHY Npupoay 3axBOPHOBAHHS, 3pocTae
iHTepec Ao 3acobiB, WO 34aTHi MOAynoBaTW iIMYHHY
BignoBiab opraHiamy [4]. OgHieto 3 NepcnekTUBHUX peYo-
BVH Y LIbOMY KOHTEKCTi € puboHykneiHoBa kucnota (PHK),
Lo Mae iMyHOMOAYIIoKYi, penapaTuBHi Ta NPOTUBIPYCHI
BnacTtueocTi. lNpenapatn Ha ocHoBi PHK wwnpoko BnB4a-
I0TbCA Y Tepanii pi3HUX BipyCHUX iHMeKuin, AeMOHCT-
pylouM MO3UTUBHWIA BNNMB Ha nepebir 3axBoploBaHHSA
Ta npouecu ogyxaHHs [5]. Y UbOMY KOHTEKCTi MEeTOH
[AHOro AOCniMKEeHHA € ouiHka edektuBHocTi PHK
K enemMeHTa KOMMEKCHOI Tepanii XBopux Ha iHeKUin-
HAA MOHOHYKNeo3. BuWBYEHHS KNiHIYHMX pe3ynbraTiB
3acTtocyBaHHs PHK posBonuTtb 06rpyHTYBaTU [OLiNb-
HiCTb Ti BKMNIOYEHHS OO0 NiKyBanbHUX CXeM Ta NigBULUTY
edekTUBHICTb Tepanii AaHoi natonorii [6]. BpaxoBytoun
iMyHOMaTOreHeTUYHi MexaHi3Mu POo3BUTKY iHGEKLINHOIO
MOHOHYKNE03y, akTyarnbHUM € MOLUYK Ta BNpPOBaKEHHS
Y KMiHiYHY npakTuky 3acobiB, ski 6 He nuvwe nonerwy-
Banu nepebir 3axBopoBaHHSA, a i cnpusanyM HopManisauii
iIMyHHOI BIOMNOBIAiI, 3MEHLLUEHHI0 BUPaXXeHOCTi BipyCHOro
HaBaHTaXXEHHS!, NMPUCKOPEHHIO OfYyXaHHsi Ta npodinak-
Tuui ycknagHeHb [7]. Came Tomy PHK sk 6GionoridyHo
aKTMBHa pevyoBUHA, WO Gepe yyacTb y perynauii KnituH-
HOro IMYHITETY, BUSIBMSIE 3HAYHUIA NOTEHLian y nikyBaHHi
BipyCHMX iHpekuin, 3okpema EBV-iHgykoBaHux. 3aBasku
CBOI/ 34aTHOCTI CTMMYyMoBaTWM MNPOAYKLiI0 eHOOreHHUX
iHTepdepoHiB, akTMBi3yBaTU arouuTos, niaBuULLyBaTh
yHKUiOHanbHy akTuBHICTb T-nimcpouunTtie i NK-kniTuH,
PHK moxe cnpuaTy Ginbl edbekTUBHIN enimiHauii Bipycy,
nokpalleHHio nepebiry iHMEKUiNHOro npouecy Ta 3Hu-
KEHHIO NMOBIPHOCTI Nepexoay 3axXBOPIOBAHHS Y XPOHIYHY
dopmy [8]. Kpim Toro, BoHa 3aaTHa NO3UTUBHO BMNMBaTU
Ha npouecu penapauii TKaHWH, 3MEHLUYBaTU BUpaxe-
HIiCTb 3aranbHOi iHTOKCMKaLii Ta nonerwysaTn BigHOB-
neHHs YHKLiT ypaeHUX opraHiB, Takmx $K nedviHka
i cenesiHka [9]. Pesynsratv [OocnigXeHHs [03BOMSATb
He nuLe po3LLNPUTU HasIBHI 3HAHHS LLOAO MOXIMBOCTEW
BukopuctaHHa PHK y nikyBaHHi EBV-iHdekuin, ane
CnpuaATUMYTb YOpMYBaHHIO Binbly edekTUBHOI cTparteril
BeaeHHs xBopux Ha IM [10]. Takum 4mHOM, NpoBedeHe
[OCNiQKEHHS € HE NuLIe HAayKOBO OBI'pYHTOBaHWUM, ane i
Ma€ BMCOKY KMiHIYHY 3Ha4yLiCTb, OCKIiflbKM CrpsIMOBaHe
Ha NOKpaLLEHHS SKOCTI Meau4HOI AOMOMOrY nauieHTam
3 iHEKUiNHMM MOHOHYKIIe030M Ta 3anobiraHHs po3-
BUTKY MOro yckrnagHeHb i peunanBiB.

MeTa po60Tu — BU3HAYUTU KNiHIYHY [OUINbHICTb
Ta TepaneBTUYHY edEKTUBHICTb 3aCTOCYBaHHS pubo-
HYKNeTHOBOI KUCMOTWN B CKNadi KOMMIEKCHOro nikyBaHHA
nauieHTiB 3 iHPEeKUinHMM MOHOHYKNEeOo30M, 3 ypaxyBaH-
HsIM BMNNMBY Ha [JUHaMiKy OCHOBHWX KniHiko-nabopa-
TOPHUX MOKa3HWKIB, Nepebir 3axBoploBaHHA Ta 4acToTy
PO3BWTKY YCKNaaHEHb.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

Y pocnigpxeHHi 6yno npoaHanizoBaHo gadi 110 na-
LieHTiB 3 giarHo3om rocTpoi EBV-iHdekuii. Bei nauieHTn
Oynn pos3noAineHi Ha Tpu rpynu 3anexHo Bif TSXKKOCTI
nepebiry: nerkun, cepefHbOTSKKMN Ta Tskkui. [poso-

prolonged course, which requires improved treatment
approaches [3]. To date, standard therapy for IM is
mainly symptomatic and aimed at reducing clinical
manifestations, supporting the immune system and
preventing complications. In view of the viral nature of the
disease there is a growing interest in agents that can mo-
dulate the body’s immune response [4]. One of the promi-
sing substances in this context is ribonucleic acid (RNA),
which has immunomodulatory, reparative, and antiviral
properties. RNA-based drugs are widely studied in the
treatment of various viral infections, demonstrating
a positive effect on the course of the disease and recovery
processes [5]. In this context, the aim of this study is to
assess the effectiveness of ribonucleic acid as an element
of complex therapy for patients with infectious mono-
nucleosis. Studying the clinical results of the use of RNA
will allow us to substantiate the feasibility of its inclusion
in treatment regimens and increase the effectiveness
of therapy for this pathology [6]. Considering the
immunopathogenetic mechanisms of infectious mono-
nucleosis development, the search for and implemen-
tation of therapeutic agents that not only alleviate the
course of the disease but also normalize the immune
response, reduce viral load, accelerate recovery, and
prevent complications is highly relevant [7]. In this con-
text, ribonucleic acid (RNA), as a biologically active sub-
stance involved in the regulation of cellular immunity,
demonstrates significant potential in the treatment of
viral infections, particularly those induced by Epstein—
Barr virus (EBV). Due to its ability to stimulate the
production of endogenous interferons, activate phago-
cytosis, and enhance the functional activity of T-lym-
phocytes and NK cells, RNA may contribute to more
effective viral elimination, improvement of the infectious
process, and a lower risk of the disease transitioning
into a chronic form [8]. Moreover, RNA has a positive effect
on tissue repair processes, reduces the severity of
general intoxication, and facilitates the restoration of
function in affected organs such as the liver and spleen [9].
The results of the study will not only expand current
knowledge about the potential use of RNA in the treat-
ment of EBV infections but also contribute to the devel-
opment of a more effective management strategy for
patients with infectious mononucleosis [10]. Thus, the
conducted study is not only scientifically substantiated
but also of high clinical significance, as it aims to improve
the quality of medical care for patients with infectious
mononucleosis and to prevent the development of
complications and relapses.

Objective — to determine the clinical feasibility and
therapeutic efficacy of the ribonucleic acid use as part of
the complex treatment of patients with infectious mononu-
cleosis, taking into account the impact on the dynamics
of the main clinical and laboratory indicators, the course
of the disease and the frequency of complications.

MATERIALS AND METHODS

The data from 110 patients diagnosed with acute
EBV infection study were analyzed in the study. All pa-
tients were divided into three groups depending on the
severity of the course: mild, moderate, and severe.
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OMBCs aHani3 iMyHHuUx nokasHukis (T-, B-, NK-knituHu,
UMUTOKIHM), @ TaKkoX OUiHka MeTaboniyHoro npodinto
(manoHoBuI AdianbAeria, cynepokcugaucmyTtasa, rmnyta-
TioHnepokcmaasa). deHoTmn niMdounTiB KpoBi BU3Ha-
yanu 3a [ONOMOrol MPOTOYHOI fasepHoi LUTOMETPIl
Ha anapati FACS-Calibur (CLUA) 3 BUkOprcTaHHAM MOHO-
knoHaneHux anTtuTin (MAT) (C.B. OambaeBa, 2002;
JI.M. XanyHoBa, 1999). [Insa igeHTudikauii Ha KniTMHax
CD3+,CD4+,CD8+,CD16+,CD20+, CD25+, CD8+CD28+,
CD8+CD28— BukopucTOBYBanu BigMNoBigHI aHTUTINA
nomiveni FITC. Ona igeHtndikauii 8 uutonnasmi T-nim-
douutiB IH®OYy (Th1 knituHK), IN-4 (Th2-kniTuHn) TOPB1
(Th3-kniTUHW) BUKOPUCTOBYBANM MOHOKMOHANbHI aHTK-
Tina IH®y — PC-5, IJ1-4 — PE, TOPB — FITC (eBioscience,
Beckman Caulter, R&D System). Yci cragii nigrotosku
npo6 ans nasepHoi uuTodnNopoMeTpii nposoannn
y Bi4NOBIgHOCTI 3 NpoTOKONaMy BUPOBHUKA.

MeTogukn obcTexeHHs Ta nikyBarbHO-AiarHOCTUYHI
3ax04M, BWKOPUCTaHIi B MPEeACTaBMEHOMY  KIliHIYHOMY
BMNazKy, Oynu cxeaneHi komicieto 3 NuTaHb GiomeanyHol
eTukn XapKiBCbKOro HauioHanbHOro yHiBepCUTETY iMeEHi
B.H. KapasiHa MiHictepctBa OCBiTM | Hayku YkpaiHu
(Mpotokon Ne 3/3 Big 13.12.2023 p.) Ta npoBeaeHi
3 NMCbMOBOI 3rofol i BignoBigHO Ao npuHuMnie Gio-
eTvku 3 JoTpumaHHaAM npaB noguHu  (lenbciHcbka
geknapauis «ETWYHI npyHUMNM MeandHux [ocniokeHb
3a ydacTio nwogen» Ta «3aranbHa geknapauis
npo GioeTuky Ta npasa ntoguHn (FOHECKO) Ta BignosigHo
00 YMHHOro B YKpaiHi 3akoHO4aBCTBa.

PE3YABTATU TA IX OBFOBOPEHHS

MpoBeneHe gocnimpkeHHs cyOnonynsiLiitHoro cknagy
OCHOBHMX  niMdoumMTiB  (PeHOTUMOBMMU  Mapkepamu
CD3+,CD4+,CD8+,CD16+,CD20+, CD25+, CD8+CD28+,
CD8+CD28-, Th1 (IH®y+), Th2 (1J1-4+) BnaBMB retepo-
FEHHICTb BMICTY LMX iMyHOKOMMETEHTHWX KNiTWH y nepioai
po3narny 3axBoptoBaHHs. [pu aHanisi cybnonynsuinHoro
cknagy nimdoumTiB y rpyni xsopux Ha IM BusBneHo
MeBHi SAKICHI BiAMIHHOCTI MOPIBHAHO 3 MOKa3HWKamu
KOHTponbHoi rpynu. B nepioai posnany IM B nepudepuy-
Hil1 KPOBI XBOPUX Ha (OOHI MiABULLEHOTO BMICTY NENKOLMTIB
cnocTepiranocs BiporigHe niasueHHs 106 BigHOCHOT Kinb-
KOCTi NiMdoLMTIB MOPIBHAHO 3 AAHUMW KOHTPOMbHOI rpynu
xBopux. Tak, y xBopux Ha IM Bia3HayeHo 36inbLUeHHs
BmicTy [CD3+ — 87,21+3,34%; CD4+ — 47,16+1,07%;
CD8+ — 44,16x3,78%; CD16+ — 16,61+0,6; CD20+ —
18,91+0,9%; CD8+CD28+ - 17,6+1,1%; CD25+
- 21,4%1,92%), (p>0,05), a BwmicT Th2-kniTuH maB
TeHOeHUito 00 3HwkeHHs: 10,4+1,78 npotn 12,4+1,43
(p>0,05), BignoBigHo.

Mpu ouiHui cybnonynsauinHoro cknagy nimdouunTiB
y xBopux Ha IM y nepiogi po3nany xBopobu cnocrepira-
nacs nponidepauia T-kniTnH (puc. 1).

Y wmaike 80% nauieHTiB i3 iHEKUIAiHUM MOHO-
HyKneo3om 6yno 3adhikcoBaHO MiABULLEHHS pPiBHA T-nim-
doumnTiB, NepeBaxHO 3a paxyHOK 36iNbLUEHHS KifbKOCTI
CD8+ ta CD3+ knitnH. Y 65% xBOpux crnocTtepiranocs

The analysis of immune parameters (T-, B-, NK-cells,
cytokines) as well as metabolic profile assessment
(malondialdehyde, superoxide dismutase, glutathione
peroxidase) were performed. The phenotype of blood
lymphocytes was determined by flow laser cytometry
on FACS-Calibur apparatus (USA) using monoclonal
antibodies (MCA). (C.B. Oambaesa, 2002; J1.M. XaHy-
HoBa, 1999). For identification on CD3+, CD4+, CD8+,
CD16+, CD20+, CD25+, CD8+CD28+, CD8+CD28-
cells appropriate antibodies marked by FITC were used.
For identification in the cytoplasm of T-lymphocytes
IH®y (Th1 cells), 111-4 (Th2-cells) T®PB1 (Th3-cells)
monoclonal antibodies IH®y — PC-5, I1-4 — PE, TOP —
FITC were used (eBioscience, Beckman Caulter,
R&D System). All stages of sample preparation for laser
cytofluorometry were performed in accordance with the
manufacturer’'s protocols. Patients were informed
about the aims of the study and provided their consent.
The study was conducted taking into account main
provisions and in accordance with the ethical and moral
and legal requirements of the Status of the Ukrainian
Association for Bioethics and GCP i GLP norms,
principles of the Helsinki Declaration of Human Rights,
Council of Europe Conventions on Human Rights and
Biomedicine. The study methods and all diagnostic and
treatment measures used in the presented clinical
case were approved by the Biomedical Ethics Commi-
ssion of the V. N. Karazin Kharkiv National University
of the Ministry of Education and Science of Ukraine
(Protocol No. 3/3 dated December 13, 2023) and
conducted in accordance with the written consent
and the ethical principles with respect for human rights
(following the «Ethical Principles for Medical Research
Involving Human Subjects» and the «Universal Decla-
ration on Bioethics and Human Rights (UNESCO)»)

RESULTS AND DISCUSSION

A study of the subpopulation composition of
primary lymphocytes using phenotypic markers CD3+,
CD4+, CD8+, CD16+, CD20+, CD25+, CD8+CD28+,
CD8+CD28-, was conducted Th1 (IH®y+), Th2 (I/1-4+)
revealed heterogeneity in the content of these immuno-
competent cells during the peak of the disease.

When analyzing the subpopulation composition of
lymphocytes in the group of patients with IM certain
qualitative differences were found compared to the indi-
cators of the control group. During the peak of IM a signi-
ficant increase of 106 relative number of lymphocytes
was observed in the peripheral blood of patients on the
background of an increased leukocyte content
compared to the data of the control group of patients.
Thus inpatients with IM an increase of content was noted
[CD3+ — 87,21+3,34%; CD4+ — 47,16+1,07%; CD8+ —
44,1613,78%; CD16+ — 16,61+0,6; CD20+ — 18,91+0,9%;
CD8+CD28+ — 17,6+1,1%; CD25+ — 21,4+1,92%],
(p > 0,05), the content of Th2-cells had a downward trend:
10,4+1,78 against 12,4+1,43 (p>0,05), respectively.

When assessing the subpopulation composition
of lymphocytes in patients with IM during the peak of
the disease, T-cell proliferation was observed (fig. 1).

Almost 80% of patients with infectious mononucle-
osis have increased T-lymphocyte levels, mainly due
to an increase in the number of CD8+ and CD3+ cells.
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3pocTaHHsa BMicTy CD4+ nimcoumTis, a y 50% — niasu-
WweHHs KinbkocTi NK-kniTvH, Wo cBiguYnTb NpO akTuBa-
Lilo KMiTUH 3 LIMTOTOKCUYHOK aKTMBHICTIO Y BiAMoBigb
Ha iHdikyBaHHA Bipycom EnwTtenHa—bapp BXe Ha Mo-
MEHT rocnitanisadiii.

An increase in the content of CD4+ lymphocytes was
observed in 65% of patients and an increase in the num-
ber of NK-cells — in 50% which indicates the activation of
cells with cytotoxic activity in response to infection with
the Epstein—Barr virus just at the time of hospitalization.
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Puc. 1. MokasHuku cybnonynsuiiHoro cknagy nimdouutis y xBopux Ha IM y nepiogi posnany xsopobu
Fig. 1. Subpopulation Composition of Lymphocytes in Patients with Infectious Mononucleosis During the Acute Phase of the Disease

MigpBuweHnn piseHb B-nimcouuntie (CD20+) BusB-
neHo y 42% xBopux, LWwe y 42% ueln Noka3HWK 3anuLiaBcst
B Mexax pedepeHTHUX 3HayeHb. Lle moxe cBigunTn
npo nponicpepaTMBHy akTUBHICTb B-kniTWMH, fAKi 3rogom
NOBUHHI AndpepeHuioBaTUCa Yy NNasMaTuyHi  KNiTUHK
Ta po3noyaTtu NpoayKuUito aHTUreH-cneundiyHnX aHTuTIn.
BogHouac, 3Baxaioun Ha adiHHiCcTb Bipycy EnwtenHa—
Bapp 0o B-kniTWH, 3pOCTaHHA iXHbOI KiNMbKOCTI MOXe
cnpuaTM  bopMyBaHHIO  [OAATKOBOIO  «pe3epByapar
ans eipycy.

Y 16% nauieHTiB Big3Ha4Yanocs 3HWKEHHSI PiBHSA
CD20+, wo, MMOBIpHO, NOB’AI3aHO 3 NEPEXOA0M YacTUHU
B-kniTvH y cTagio nnasmatuyHmx knitmH abo x i3 anon-
TO30M iH(PIKOBaAHUX KMITWH i IX NO4AnNbLUOK efliMiHalieto.

OTxe, aHani3a deHoTUnoBoro cknagy nimdoumTis
nepudepuyHOi KpoBi NPOAEMOHCTPYBaB 3POCTaHHSA Kifb-
KocTi 3pinux T-nimcpouutie  (CD3+), LMTOTOKCUYHMX
T-cynpecopis (CD8+), a Takox KniTWH, SKi eKcrnpecyTb
aktTuBauinHmn mapkep CD25+ (peuentop po iHTepnew-
KiHy-2). BusiBneHun gucbanaHc y cnisigHoLeHHi Th1/Th2
(p < 0,001), wo nposBnsBCA nepeBaxaHHaM Th1-cyb-
nonynsauii cepen T-xennepHUX KriTWH, CBiAYNTb NpPO Te,
Lo edeKTMBHa NPOTMBIpPYyCHA iMyHHa BignNoBiAb OpMy-
ETbCS LUMSIXOM 3MiLLEHHs1 T-xennepHoi akTUBHOCTI y Bik
Th1-npodginto.

Kpim Toro, 36inbweHHs 4dactkm CD25+-nimdouunTiB
y rocTpii gasi iHPeKUinHOro MOHOHYKMNeo3y, NMMOBIPHO,
BijoOpaxae akTMBauilo iMyHHOI Bignosigi Ta HasB-
HICTb 3Ha4yHOI KINbKOCTI KNiTWH, 34aTHUMX pearysBaTu
Ha iHTeprenkKiH-2, WO € BaXNMBUM YMHHMKOM nponide-
pauii Ta yHKLiOHanbHOT akTMBHOCTI T-niMdoumTiB.

B nepioai pekoHBanecueHLUil BiporidHe 3MeHLUEeHHS
Bi3Ha4Yanocs TiNbKM CTOCOBHO BiAHOCHOrO BMICTY MiM-
GouunTiB 3 57,67+2,81 go 45,65+2,32% Ta 5,74+0,65
po 3,6+0,38x10%n (p < 0,05), nokasHukis CD3+ —
87,21+3,34 po 79,21+2,2% (p < 0,05). IHwi knacTtepu
nimounTiB Manu TeHOEeHUild [0 3HWXKEHHS BMICTY
NopiBHAHO 3 aHanoriyHumuy y posnani IM (p > 0,05) Ta

An increased level of B-lymphocytes (CD20+)
was detected in 42% of patients and in another 42%
this indicator remained within the reference values.
This may indicate the proliferative activity of B-cells
which should subsequently differentiate into plasma
cells and begin the production of antigen-specific
antibodies. At the same time, considering the affinity
of the Epstein—Barr virus for B-cells, an increase in their
number may contribute to the formation of an additional
«reservoir» for the virus.

A decrease in CD20+ levels was observed in 16%
of patients, which is probably due to the transition of
the part of B-cells to the plasma cell stage or to apoptosis
of infected cells and their subsequent elimination.

Thus, analysis of the phenotypic composition of
peripheral blood lymphocytes demonstrated an in-
crease in the number of mature T-lymphocytes (CD3+),
cytotoxic T-suppressors (CD8+) as well as cells expre-
ssing the activation marker CD25+ (interleukin-2
receptor). The identified imbalance in the Th1/Th2
ratio (p < 0.001), manifested by the predominance of
the Th1-subpopulation among T-helper cells, indicates
that an effective antiviral immune response is formed
by shifting T-helper activity towards Th1-profile.

Besides, the increase in the proportion of CD25+
lymphocytes in the acute phase of infectious mono-
nucleosis probably reflects the activation of the immune
response and the presence of a significant number of
cells capable of responding to interleukin-2, which is
an important factor in the proliferation and functional
activity of T-lymphocytes.

During the re-convalescence period a significant
decrease was noted only in the relative content of
lymphocytes from 57,67+2,81 to 45,65+2,32%
and 5,74+0,65 to 3,6%+0,38x10% (p<0,05), indicators
CD3+ — 87,211£3,34 to 79,21+2,29% (p<0,05). Other
lymphocyte clusters had a tendency to decrease in
content compared to similar ones at the peak of IM
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He BigpI3HANMCA BIPOrigHICTIO MOPIBHAHO 3 AaHUMWU
nepiogy pekoHsanecueHLuii (p > 0,05) (puc. 2).

(p > 0,05) and did not differ in probability compared to the
data of the re-convalescence period (p>0,05) (fig. 2).
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Puc. 2. MokasHuku cybnonynsuiiHoro cknagy nimdouuTis y xBopux Ha IM y nepiogi pekoHBanecueHuii
Fig. 2. Subpopulation Composition of Lymphocytes in Patients with Infectious Mononucleosis During the Convalescent Phase

Y pocnigxyBaHoMmy nepiogi 6ynu 3adikcoBaHi cTa-
TUCTUYHO BIPOrigHI BiAMIHHOCTI MOPIBHAHO 3 KOHTPOSb-
HOKO T[pYynol0 33 HU3KOK iIMYHOMOFYHUX MOKa3HUKIB.
3okpeMa, BigHOCHa KinbKicTb NiMdouuTiB Yy nauieHTiB
ctaHoBuna 45,65+2,32% npotn 30,1+£1,75% y KOHT-
poni, a abcontoTHe uucno - 3,6x0,38x10%n npoTu
2,55+0,18x10%n (p<0,05). Bmict CD3+ kniTuH GyB nia-
BULLEHUM i cTaHoBMB 79,21+2,29% npotn 65,85+3,5%
(p<0,05), CD8+ — 36,612,7% npotu 29,4+1,9% (p<0,05),
CD20+ — 16,11+0,6% y nopiBHsHHI 3 13,5+0,5% (p<0,05),
a piBeHb CD25+ knitnH gocsaras 19,41+0,86% Ha Bia-
MiHy Big 16,0£0,65% y koHTponbHin rpyni (p<0,05).

BuasneHi B xodi [OCRIAXEHHSA iIMYHOMOFYHI 3MiHK
Ta BIOMIHHOCTI B MOKasHMKax iMyHorpamu y nauieHTiB
3 iH(EeKUiNHMM MOHOHYKNeo30M CcTanu NiarpyHTam ans
NnoAanbLIOro BUBYEHHS TXHbOI MPOrHOCTUYHOT 3HAYYLLOCTI
Ta ouiHKM edekTMBHOCTI 3acTocoByBaHoi Tepanii. [na-
HYyHOYM LIt cepito AoCNiAKEHb, MU BUXOAMIMN 3 MOSNOXEHHS,
O OAHUM i3 KITHOYOBUX YMHHWKIB YCMILLHOrO NiKyBaHHSA
xBopux Ha IM € npoBegeHHs iMyHOKOpUryo4oi Tepanii.

Y 3B’A3Ky 3 UMM, siK iMyHOMoaynaTop, 6yno obpaHo
npenapar Hyknekc (puboHykneiHoBa KucnoTa), Tepanes-
TUYHY eeKkTUBHICTb SKOro MW gocnigunu y cknagi
KOMMINEKCHOro nikyBaHHsA. [lpenapaT Mae BupaXeHy
NPOTUBIPYCHY aKTUBHICTb, 3yMOBIEHY NOro 34aTHICTO 3Mi-
HIOBaTW KOH(OpMaLilo BiPYCHUX MOBEPXHEBUX aHTUrEHIB
i peuenTopiB, TUM CaMMM MOPYLUYIOYN MeXaHi3Mu npu-
KpinneHHs Bipycy A0 KMITUHU-MILLEHI.

Kpim Toro, PHK ctumynioe wmirpauito ctoBGypoBumx
KNITUH Y KICTKOBOMY MO3KY, cnpusie HopmManisauil npoue-
CiB iXHbOro AndpepeHUitoBaHHS, a TaKOoX BigHOBMIOE
AKICHWUIA | KINbKICHWUA CKNag KMiTUH SIK KICTKOBOrO MO3KY,
TaK i nepudepuyHoi KpoBi. BoHa YMHUTL MO3UTMBHWUNA
BMMAMB Ha CTaH KNiTUHHOI NaHKM iMYHITETY, 30Kpema
wnaxom aktusauii T- i B-nimdoumnTie, nocuneHHs dgaro-
LMTapHOI aKTUBHOCTI MakpodariB, a TakoX MigBULLLEHHS
3aranbHol HecneundivyHOT pe3nCTEHTHOCTI opraHiamy.

dapmakoTepaneBTUYHa fAis npenapaTty 3yMOBreHa
HU3KOK BIOXIMIYHMX | KNITMHHMX MeXaHi3miB. 3okpema,
BiH aKTMBY€E KNiTUHHWUIA MeTaborniaM, Cnpusie NOCUIEHHI0
CVHTE3y eHJOreHHNX HYKNeiHOBKX KMCMoT, BinkiB Ta cne-
UMDIYHMX (PEepMEeHTIB, a TakoX CTUMYME MITOTUYHY
aKTMBHICTb KMiTUH KICTKOBOTO MO3KYy. 3aBAsiKM LIbOMY

During the study period statistically significant
differences were recorded compared to the control group
in a number of immunological parameters. In particu-
lar, the relative number of lymphocytes in patients was
45.65+2.32% versus 30.1£1.75% in control, and the
absolute number was 3.6+0.38x10%1 vs 2.55+0.18x1091
(p<0,05). The content of CD3+ cells was increased up to
79,214£2,29% vs 65,85+3,5% (p<0,05), CD8+ 36,6+2,7%
versus 29,4+1,9% (p<0,05), CD20+ 16,11+0,6% in
comparison with 13,5+0,5% (p<0,05), and the level of
CD25+ cells reached 19,41+0,86% unlike 16,0+£0,65%
in control group (p<0,05).

The immunological changes and differences in immu-
nogram parameters in patients with infectious mono-
nucleosis identified during the study became the basis
for further study of their prognostic significance and
assessment of the effectiveness of the therapy used.
When planning this series of studies we assumed that
one of the key factors in the successful treatment of
patients with IM is immunocorrective therapy.

In this regard, the drug Nuclex (ribonucleic acid) was
chosen as an immunomodulator, the therapeutic efficacy
of which we investigated as part of a complex treatment.
The drug has pronounced antiviral activity, which is due
to its ability to change the conformation of viral surface
antigens and receptors, thereby disrupting mechanisms
of virus attachment to the target cell.

Besides, ribonucleic acid stimulates the migration
of stem cells in the bone marrow, helps normalize
their differentiation processes and restores the quali-
tative and quantitative composition of cells in both the
bone marrow and peripheral blood. It has a positive effect
on the state of the cellular link of immunity, in particular
by activating T- and B-lymphocytes, enhancing the
phagocytic activity of macrophages and increasing the
overall nonspecific resistance of the body.

The pharmacotherapeutic effect of the drug is due
to a number of biochemical and cellular mechanisms.
In particular, it activates cellular metabolism, promotes
the synthesis of endogenous nucleic acids, proteins and
specific enzymes and stimulates the mitotic activity
of bone marrow cells. This accelerates the repair and
regeneration processes and improves the energy
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NPUCKOPIOKOTBCS MPOLECU penapadii Ta pereHepauii,
a eHepreTnyHe 3abe3neyeHHs KMiTUH MOKpaLLyeTbes
3a paxyHOK aKkTuBauii CMHTE3y MakpoepridyHUX CronykK,
30KpeMa ageHosuHTpudocdarty (ATPD).

MpenapaT TakoX BUSBMSiE MNpoTM3anarnbHi BnacTu-
BOCTi, SIKi peanisyloTbCa 4epe3 Moaynsauito akTUBHOCTI
ageHo3nHoBoro peuentopa Tuny Adel, Hopmanisaditio
dyHkuUioHyBaHHA NO-cuHTETa3HOI cucTteMu, 3MeHLLEHHS
iHTEHCUBHOCTiI OKMCHMX MPOLECIB Y KMITUHHUX Membpa-
Hax, cTabinizauito MembpaHHOT CTPyKTypu Ta mnokpa-
LLeHHs1 6anaHCcy OKMCHO-BIAHOBHUX peaKLii Y TKaHUHaXx.

Onsa ouiHkn KniHiYHOT edeKTUBHOCTI KOMBiHOBaHOro
nigxogy QOO nNiKyBaHHA iH(EKUINHOrO MOHOHYKIeo3y
6yno cgopmoBaHO ABi KNiHIYHI rpyny NauieHTiB i3 xapak-
TEPHOKO CMMNTOMATMKOK 3axBoptoBaHHSA. [lo nepLuoi
rpynu yeinwmnm 20 XBOpUX, SKUM Yy MexXaxX KOMMMeKCHOT
Tepanii npuaHadanu npenapat Hyknekc y gosi 250 mr —
no 2 kancynu Tpuyi Ha goby npotsiroMm 14 gHiB, a Takox
Banauuknogip y gosi 1000 mr (no 2 tabnetkn 500 wmr)
Tpudi Ha OBy BNPOAOBX aHanoriYHoro nepioay.

[Opyra rpyna Bkntoyana 20 nauieHTiB 3 iHpeKUinH1M
MOHOHYKMNE030M, siki OTpMMyBanu nuile ctaHgapTtHy ba-
3MCHY NPOTMBIpPYCHY Tepanito 6e3 JoaaTkoBoro iMyHOMO-
OynATOPHOro KOMMOHeHTa. [MopiBHAMNBHY OUiHKY KNiHIYHOT
OVHaMIKM Y 3a3Ha4YeHNX rpynax HaBegeHo B Tabnuui 1.

supply of cells by activating the synthesis of macroergic
compounds, in particular adenosine triphosphate (ATP).

The drug also exhibits anti-inflammatory properties
which are realized through modulation of the activity of
type Ade1 adenosine receptor, normalization of the
functioning of the NO-synthetase system, reduction of
oxidative processes intensity in cell membranes, stabi-
lization of the membrane structure and improvement
of redox reactions balance in tissues.

To assess the clinical effectiveness of the combined
approach to the treatment of infectious mononucleosis
two clinical groups of patients with specific symptoms
of the disease were formed. The first group included
20 patients who were prescribed the drug Nuclex at
a dose of 250 mg — 2 capsules three times a day for
14 days as part of complex therapy as well as Valacyclovir
at a dose of 1000 mg (2 tablets of 500 mg) three times
a day for the same period.

The second group included 20 patients with infec-
tious mononucleosis who received only standard basic
antiviral therapy without additional immunomodulatory
component. A comparative assessment of clinical
dynamics in the indicated groups is presented in table 1.

Tabnuus 1. XapaktepucTuka Ta TpMBanicTb KNiHIYHUX CUMNTOMIB y XBOpux Ha IM
nif, Yac BUKOPUCTaHHS pisHMx cxem Tepanii (M+m), gHi
Table 1. Characteristics and Duration of Clinical Symptoms in Patients with Infectious Mononucleosis
Using Different Treatment Regimens (M+m), days

L . 1-wa rpyna / 1st group 2-ra rpyna / 2nd group
KniHiyHi cumntomm / Clinical symptoms
n=20 n=20
JInxomatka / Fever 12,240,3 ' 16,4+0,7
TlimdapeHonaria / Lymphadenopathy 16,3+2,1 ' 18,7£1,5
3aranbHa cnabkictb / General weakness 10,6+0,5' 14,7+1,6
36inbweHHs murganukis / Enlarged tonsils 15,5+1,4 16,6+1,3
Bini y ropni / Sore throat 10,1+0,41 14,4+0,7
lonosHui 6inb / Headache 7,410,6 8,2+0,5
lenatomeranis / Hepatomegaly 14,8+0,8 ' 18,5+1,3
CnneHomeranisi / Splenomegaly 13,5¢1,4 " 16,6+1,3
MopyLweHHsi cHy / Sleep disturbance 9,3+0,4 10,5+0,5
Hynorta / Nausea 5,7+0,6 6,2+0,4

lMpumimka:

1 — BiporigHa pi3HMUS 3 NoKasHMKaMmn XBOpWMX, ki oTpumyBanu 6asucHy Tepanito (p<0,05).

Note:

1 — statistically significant difference compared to patients receiving basic therapy (p<0.05).

AHani3 KniHiYHMX [aHux, HaBegeHux y Tabnuvui 1,
3acBigumB, WO ceped nauieHTiB 3 iHEeKUinHUM MOHO-
HYKMEeO30M HaWTpuBanilnMm KniHiYHUM nposisom 6yB
CMHOpPOM nimdpageHonaTii, SKWA  XapakTepu3yBaBCs
30iNblLUEHHAM NepeaHbo- Ta 3aAHbOLUMMHMX NiMdaTny-
HUX BY3MiB. Y rpyni nauieHTiB, siKi OTpuMyBanu nuviie
0as3ncHy Tepanito, MOro cepefHs TpMBanicTb CTaHOBUNA
18,7+0,5 pib, Tomi K y rpyni 3 kOMGIHOBaHWM IliKyBaH-
HaM — 16,3+2,1 gobn (p<0,05). Kpim Toro, TpuBanictb
nMXomaHKun y xBopux Ha 6asuvcHin Tepanii 6yna gocro-
BipHO BuLWOK — 16,4+0,7 Ai6 nopiBHsaHO 3 12,2+0,3 fi6
y nauieHTiB, sKki OTpMMyBanuM KOMOGiHOBaHy Tepanito
(p<0,05). lNopibHa TeHaeHUis cnocTepiranacb i LWOAO0
TpuBanocti 6onto B ropni: 14,4+0,7 [i6 y KOHTPOMbHIN
rpyni npotn 10,1+0,4 #i6 y rpyni kKomGiHOBaHOro nikyBaH-
HA (p<0,05). Menatomerania Ta cnneHoOMeranisi TakoXx

Analysis of the clinical data presented in the table 1
showed that among patients with infectious mono-
nucleosis the most persistent clinical manifestation
was lymphadenopathy syndrome characterized by
an increase in the anterior and posterior cervical lymph
nodes. In the group of patients who received only basic
therapy, its average duration was 18.7+0.5 days, while
in the group with combined treatment — 16.3+2.1 days
(p < 0.05). Besides, the duration of fever in patients
on basic therapy was significantly higher — 16.4+0.7 days
compared to 12.2+0.3 days in patients receiving com-
bination therapy (p < 0.05). A similar tendency was
observed concerning the duration of sore throat:
14.4+0.7 days in the control group versus 10.1+0.4 days
in the combined treatment group (p < 0.05). Hepato-
megaly and splenomegaly also persisted longer in
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36epiranucs goBlue y xBopux 3 6a3ncHo Tepanierw —
18,5+1,3 1a 16,6+1,3 pi6 BignoBigHO, y ToW 4Yac sk
y rpyni kombiHoBaHOi Tepanii Ui NOoKa3HWKM CTaHOBWMMW
14,8+0,8 ta 13,5+1,4 ni6 (p<0,05). AcTeHoBereTaTMBHNIM
CUHOPOM, WO NPOSIBMSIBCS 3aranbHOolo cnabkicTio, Tpu-
BaB 14,7+1,6 ni6 y nauieHTiB, Siki OoTpumyBanu nuie
cTaHAapTHe nikyBaHHs, nopiBHsaHO 3 10,6+0,5 #i6 y rpyni
koMbiHoBaHoi Tepanii (p<0,05). BogHo4ac, BigMiHHOCTI
y TpVBanocTi TakMX NPOSBIB, SIK YPaXKEHHS OUXanbHUX
WNaxiB (papuHriT, TOH3UNIT) Ta iHWI KNiHIYHI cuMnTOMU,
He Jocsirany cTaTMCTUYHOI 3HavyLocTi (p>0,05).

Y xBopux Ha IM nicna npoBegeHoi Tepanii Binbysa-
nacs nos3uTMBHa [AMHaMika B [AaHuxX iMyHorpamu
3 TEHAEHUie [0 HopManisauii OKpeMmx MOoKa3HUKIB
(Tabn. 2).

patients with basic therapy 18.5+1.3 and 16.6+1.3 days,
respectively, while in the combined therapy group these
indicators were 14.840.8 and 13.5+1.4 days (p < 0.05).
Asthenovegetative syndrome manifested by general
weakness lasted 14.7+1.6 days in patients receiving
only standard treatment compared with 10.6+0.5 days i
n the combined therapy group (p < 0.05). At the same
time, differences in the duration of manifestations such
as respiratory tract infections (pharyngitis, tonsillitis)
and other clinical symptoms did not reach statistical
significance (p > 0.05).

In patients with IM there was a positive dynamics
in the immunogram data after the therapy with a ten-
dency towards normalization of individual indicators
(table. 2).

Tabnuua 2. [luHamika oCHOBHMX cybnonynsuin nimdounTis nepndeprnyHoi Kpoi XxBopux Ha IM
3anexHo Big nposefeHoi Tepanii (M+m)
Table 2. Dynamics of Major Peripheral Blood Lymphocyte Subpopulations in Patients with Infectious Mononucleosis
Depending on the Type of Therapy (M+m)

IM, nepiog po3nany | BasucHa Tepanis | Komb6iHoBaHa Tepanis KoHTponb
MokasHuk IM, peak period Basic therapy Combined therapy Control
Indicator
n=40 n=20 n=20 n=20
TNevikouuTn, (10%n) / Leukocytes, (10%1) 12,740,82 7,35+0,34 '3 5,38+0,2 12 5,37+0,18
TlimpounTn, (%) / Lymphocytes, (%) 57,67+2,81 38,65+2,34 13 33,39+1,3° 30,1%1,75
JlimcpouuTn, (10%/n) / Lymphocytes, (10%/1) 5,74+0,65 3,640,381 2,84£0,21 2,55+0,18
CD3+-kn, % 87,21+3,34 69,2+3,21 ' 70,51+2,3 1 65,85+3,5
CD4+-kn, % 47,16x1,07 44,1+1,05° 42,28+1,1 12 42,0+1,31
CD8+-kn, % 44,16+3,78 41,8+2,23 '3 31,4£2,112 29,4+1,9
CD16+-kn, % 16,61+0,6 16,83+0,6 ° 13,95+0,5 12 14,52+0,44
CD20+-kn, % 18,91+0,9 17,67+0,8 3 14,2+0,3 1,2 13,5+0,5
CD25+-kn, % 21,40+0,92 17,41+0,63 15,4+0,68 15,1+0,65
Th1 (IH®y+), % 15,2+0,94 12,3+11,2° 12,7+0,6 11,1+1,1
Th2 (I11-4+), % 10,4+1,78 14,6+1,35° 13,5¢1,13° 12,4+1,43
Th1/Th2 1,46+0,06 0,84+0,05 0,94+0,06 2 0,89+0,09
Mpumimku:

1 — BiporigHa pi3HMLUA 3 nokasHukaMmu Jo nikyBaHHs (p<0,05);

2 — BiporigHa pi3HULS 3 NOKa3HMKamm XBOPUX, siki oTpuMyBanu 6asucHy Tepanito (p<0,05);
3 — BiporigHa pi3HUUS 3 NoKa3HMKamu KOHTpornbHoi rpynm (p<0,05).

Notes:

1 — statistically significant difference compared to pre-treatment values (p<0.05);
2 — statistically significant difference compared to patients receiving basic therapy (p<0.05);
3 — statistically significant difference compared to the control group (p<0.05).

Mig Yac BUBYEHHSA OMHAMIKM OCHOBHUX cybnonynsuii
nimdounTiB NepndepuyHoi KpoBi y NauieHTiB 3 iHdek-
UiNHAM MOHOHYKIE030M, SKi OTpUMyBanu KOMGiHOBaHy
Tepanito, Oyno BCTAHOBMEHO [OCTOBIPHE 3HWXKEHHSI
abcontoTHOi  KinbkocTi nenkounTiB (p<0,05), a Takox
CTATUCTMYHO 3HaYMMe 3MeHLWeHHs piBHiB CD4+, CD8+,
CD16+, CD20+ nimdouuTiB i cniBBigHOWweHHs1 Th1/Th2
(p<0,05) nopiBHSAHO 3 aHaNOrYHMMU NOKA3HMKaMM y rpyni
nauieHTiB, L0 NPOXOAMNK nuLle 6asncHe NikyBaHHS.

BapTo 3a3HaunTw, WO Yy rpyni XBOpWX, SKi OTpUMyBanmu
TiNbkM GasucHy Tepanito, Temnu Hopmarnisauii iMyHo-
rpamu OynyM 3HAYHO HWKYMMM, HIXK Yy MNALEHTIB, SKUM
npuaHayanacsi KoM6iHoBaHa cxema nikyBaHHS!.

AHani3 oTpMMaHux pesynbTaTis cBig4UTb Mpo Te, Lo
y xBopux Ha IM BigbyBalTbCsA 3MiHU AK Y KNITUHHINA, Tak
i B rymoparbHin flaHkax iMyHHOT CUCTEMMW, @ TaKOoX Cro-
cTepiraeTbCs noniHanpaBneHun xapakTep iMyHHOI Bigno-
Bigi. NMocTynoBe MNOCUIMEHHs1 IMYHHUX 3pyLleHb BKasye
Ha PO3BUTOK BTOPWMHHOIO KIITUHHOMO iMyHHOro Aucba-

When studying the dynamics of the main subpopu-
lations of peripheral blood lymphocytes in patients with
infectious mononucleosis who received combined
therapy, a significant decrease in the absolute number of
leukocytes (p < 0.05) as well as a statistically significant
decrease in the levels of CD4+, CD8+, CD16+, CD20+
lymphocytes were determined and Th1/Th2 (p < 0.05)
ratio compared with similar indicators in the group of
patients who received only basic treatment.

It should be mentioned that in the group of patients
who received only basic therapy, the rates of norma-
lization of the immunogram were significantly lower
than in patients who were prescribed a combined
treatment regimen.

Analysis of the results obtained indicates that in
patients with IM changes occur in both the cellular and
humoral components of the immune system and a multi-
directional nature of the immune response is also obser-
ved. Gradual strengthening of immune shifts indicates the
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naHcy, akTUBaLilo rymoparbHOI MaHKM Ta 3CyB iMyHO-
perynsTopHoi piBHoBaru B 6ik nepeBaxaHHst Th2-KniTuH.

Y rocTpinn pasi iHPEeKUIIHOroO MOHOHYKNEeo3y AOCTO-
BipHO chikcyBanmcsa nopyLlieHHs 3 BOKy KMiTUHHOT naHKu
IMYHITETY, WO nposBnsnucs 36inblUeHHAM  KinbKOCTi
iIMYHOKOMMNETEHTHUX KNITUH 3 KiNEepHOK aKTUBHICTIO —
3okpema, 3pinux T-nimdouuTtisa (CD3+), LUMTOTOKCUYHUX
T-cynpecopis (CD8+), CD25+-kniTuH, siki ekcrnpecyloTb
peuenTopu A0 iHTEpNewnKiHy-2, a TakoX 3Ha4YHUM nig-
BULLEHHAM cniBBigHoweHHst Th1/Th2.

3acTocyBaHHs kOMGIHOBaHOI Tepanii, Wo BkMo4Yana
iMyHomogyntotoumid  3aci6 Ha ocHosi PHK, cnpusano
Ginbll  BUpaXeHih MNO3UTUBHIN AMHaMILi  iMyHOMOriY-
HUX MOKa3HMWKIB Yy MOpIBHsIHHI 3 6asucHol Tepanieto.
Lle nposiBnsinocst 3pocTtaHHAM nponidhepaTuBHOI aKTUB-
HOCTI i Kpalum BiQHOBNEHHAM iMyHHOI OYHKLLT.

OBlrOBOPEHHA

Pesynbtat gocnigjkeHHs csigy4aTb NpoO NO3UTUBHUMN
BnnmB PHK y cknagi komnnekcHoi Tepanii iHpeKuiiHoro
MOHOHYKNeo3y. 3okpema, Y nauieHTiB, ski oTpumyBanu
PHK, cnoctepiranocs Ginblu WBMAKE 3MEHLLIEHHS OCHOB-
HUX KMiHIYHUX CUMOTOMIB — IMXOMaHKK, NimdoageHonarii,
aHriHW, a TakoX LWBKMALIA HOpMani3auia NoKasHUKIB nepu-
depuyHoi kpoBi. Lle nigTBepaxye iMyHOMOZynoKUUN
i npoTuBipycHW noTeHuian npenapaty [11]. 3HavyeHHa
UMX pesynbTaTiB Nonsrae y po3LWUPEHHi MOXIMBOCTEW
nikysaHHa EBV-iHdekuii, gaka 3a3Buyai mae nuwe
cumMmnTomaTtuyHy Tepanito. BknoyeHHa PHK moxe nokpa-
WMTY nepebir xBopoby Ta 3MEHLLNTU PU3KK YCKNALHEHD,
ocobnMBo y BuMagkax 3aTsbkHoro abo  aTtunoBoro
nepebiry. Hawi gaHi 3aranom y3rogxytoTbecs 3 pesynbra-
Tammn IBaHyeHko O.B. (2020), ska Big3Hayana nokpa-
WeHHA iMyHHOro cTaTycy npu BukopucTaHHi PHK-
npenapariB y XBOpUX 3 repnecsipycHoto iHdekuieto [12].
AHanoriyuni pesynsrat HaBegeHi Knumosum C.M. (2019),
ge 3actocyBaHHA PHK 3meHwyBano TpuBanictb Bipyc-
Horo ToH3uniTy [13]. Pa3om 3 Tum, Zhang i cnisasT. (2021)
nigKpecnowTb, WO edeKTUBHICTb Takux 3acobiB 3ane-
XWUTb Bif iMyHOMoOriyHoro ctaHy nauieHta [13], wo moxe
NOSICHUTW  iHAMBIAyanbHi  BigMIHHOCTI y  BignNoBigj
Ha nikyBaHHS B HawoMmy gocnigxeHHi. Cepea MOXIUBUX
chakTopiB BNNMBY BapTO 3a3Ha4UTM oBMexeHy BUOBIpKY,
nepeBaxaHHs CepeaHboTSKKMX dopm IM, a Takox
BiOCYTHICTb BipyconoriyHoro MoHiTopuHry (EBV-DNA).
Monpwu ue, pesynsraT 4O3BONAOTL NPUNYCTUTK, Wo PHK
MOXE 3HWXKYBaTW BipyCHE HaBaHTaXEHHs Ta ChpusTu
weuawomy BigHoeneHHtio. Otxe, PHK 3acnyrosye
Ha noganblue BMBYEHHSI SIK LOMOMiIKHWUIA 3aci6 y Tepanii
IM, ocobnuBo y BuNagkax i3 PU3MKOM YCKMagHEHb
abo 3atskHoro nepebiry [14].

BUCHOBKHU

3 MmeToo edeKTUBHOI Kopekuil iMyHHUX nopyLueHb
y nauieHTiB 3 iHPeKLUiiHUM MOHOHYKNE030M, 3yMOBMEHUM
Bipycom EnwTeiiHa—bapp, o6rpyHTOBaHMM i OOUINBHUM
€ BKIIIOYEHHs1 [0 CKMnagy KOMMIEKCHOro IiKyBaHHS
iMyHOoMogyntotodoro 3acoby Hyknekc (puboHykneiHoBa
kucrota) B Aosi 250 Mr — no 2 kancynu Tpudi Ha o6y
npotsarom 14 pgHiB. OgHOYacHO pPEKOMEHAOBAHO Mpu-
3Ha4YeHHs1 MpoTuBipycHOro npenapaTty Banauwuknosip
y no3syeaHHi 1000 mr (2 Tabnetku no 500 mr) Tpupasoso
Ha o0y BNpoJOBX aHanoriyHoro Kypcy. 3anponoHoBaHa

development of secondary cellular immune imbalance,
activation of the humoral link and shift in the immunoregu-
latory balance toward the predominance of Th2-cells.

In the acute phase of infectious mononucleosis
disturbances in the cellular immune system were reliably
recorded, manifested by an increase in the number
of immunocompetent cells with killer activity — in parti-
cular, mature T-lymphocytes (CD3+), cytotoxic T-supp-
ressors (CD8+), CD25+ cells that express receptors
for interleukin-2 as well as significant increase in
the Th1/Th2 ratio.

Theuseofcombinedtherapywhichincludedanimmuno-
modulatory agent based on ribonucleic acid, contributed
to a more pronounced positive dynamics of immuno-
logical indicators compared to basic therapy. This was
manifested by an increase in proliferative activity and
better restoration of immune function.

DISCUSSION

The results of the study demonstrate the positive
impact of RNA as part of the comprehensive therapy
for infectious mononucleosis. Specifically, patients who
received RNA showed a more rapid reduction of key
clinical symptoms — such as fever, lymphadenopathy,
and tonsillitis — as well as faster normalization of peri-
pheral blood parameters. This confirms the immuno-
modulatory and antiviral potential of the substance.

The significance of these findings lies in expanding
the treatment options for EBV infection, which is typically
managed with only symptomatic therapy. The inclusion of
RNA may improve the course of the disease and reduce
the risk of complications, especially in cases with pro-
longed or atypical presentations. Our data are generally
consistent with the findings of Ivanchenko O.V. (2020),
who reported improvement in immune status following
the use of RNA-based medications in patients with
herpesvirus infections [11]. Similar results were pre-
sented by Klymov S.M. (2019), where the application of
RNA reduced the duration of viral tonsillitis [12]. At the
same time, Zhang et al. (2021) emphasized that the
effectiveness of such agents depends on the patient’s
immunological condition [13], which may explain indivi-
dual differences in treatment responses observed in our
study. Among potential influencing factors, it is impor-
tant to note the limited sample size, the predominance
of moderate forms of infectious mononucleosis, and the
absence of virological monitoring (EBV-DNA). Neverthe-
less, the findings suggest that RNA may reduce viral load
and promote faster recovery. Thus, RNA merits further
investigation as an adjunctive agent in the treatment of
infectious mononucleosis, particularly in cases at risk for
complications or with prolonged disease progression [14].

CONCLUSIONS

In order to correct effectively immune disorders in
patients with infectious mononucleosis caused by the
Epstein—Barr virus, it is reasonable and advisable to
include the immunomodulatory agent Nuclex (ribonucleic
acid) in dose of 250 mg — 2 capsules three times a day
for 14 days. At the same time, it is recommended to
prescribe the antiviral drug Valacyclovir at a dosage
of 1000 mg (2 tablets of 500 mg) three times a day
for a similar course. The proposed therapeutic regimen
is based on a modern approach to the pathogenetic
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TepaneBTM4Ha cxema 6asyeTbcs Ha cyyacHomy nia-
XO4i A0 NaToreHeTUYHOro nikyBaHHSA iHeKUinHOro mo-
HOHYKMNeo3y i CrnpsiMOBaHa He nule Ha MNPUrHiYeHHs
BipyCHOI pennikauii, a 1 Ha BiAHOBMEHHSA IMYHHOI pPiBHO-
Barn. PnboHykneiHoBa KMCnoTa sik aKTUBHUA KOMMOHEHT
Hyknekcy 4YvHUTb KOMMMEKCHY Aito: CTUMYMIE Mirpadito
Ta AudepeHLiloBaHHs CTOBOYpPOBUX KMITUH Y KiCTKO-
BOMY MO3KY, nigBULLYE PYHKUiOHANbHY aKTUBHICTb
T- Ta B-nimcouuTis, Hopmanidye carounTos i nigTpumye
6anaHc Mmix Th1- i Th2-kniTuHamu. 3acTtocyBaHHsi gaHoi
KombGiHauii npenapaTiB CNpusie 3HWXKEHHIO TPWBAamNoCTi
KNiHIYHMX cuMNTOMIB, Oinbll LUBMAKOMY BifHOBIEHHIO
NoKasHWKIB iIMyHOrpamu, 3MEHLLEHHIO PU3UKY Yycknag-
HeHb i bopMyBaHHIO CTiViKOi iMYHHOI BignoBigi. Takum
YMHOM, KOMMJIEKCHA Tepanisi 3 BUKOpUCTaHHAM Hyknekcy
Ta BanauuknoBipy € naToreHeTM4HO OOBI'pyHTOBaHOM,
KNiHIYHO AOUINbHOK i PEKOMEHAOBAHOK ANS LWMPOKOro
BNPOBaXEHHS Y NMiKyBanbHY NpakTuKy.

CMUCOK BUKOPUCTAHOI AITEPATYPU

LleHmp e2pomadcbkoeo 300pos’ss MiHicmepcmea 0xopoHuU 300po8’s
YkpaiHu. URL: https://phc.org.ua/

treatment of infectious mononucleosis and is aimed not
only at suppressing viral replication, but also at restoring
immune balance. Ribonucleic acid as the active
component of Nuclex has a complex effect: it stimulates
the migration and differentiation of stem cells in the
bone marrow, increases the functional activity of T- and
B-lymphocytes, normalizes phagocytosis and maintains
the balance between Th1- and Th2-cells. The use of
this combination of drugs helps the reduction of clinical
symptoms duration, faster restoration of immunogram
indicators, reduction of complications risk and forma-
tion of stable immune response. Thus, complex therapy
using Nuclex and Valacyclovir is pathogenetically
justified, clinically appropriate and recommended for
widespread implementation in medical practice.
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HepcneK‘ruBM MOAQABbLUUX AOCAIAXEHD

BusieneHa puHamika iIMyHHMX Ta MeTaboniyHMX nopyLUeHb
npu rocTpin iHdpekuii Bipycy EnwTenHa—-bapp cBiguuTh npo
BaXIMBICTb 3aCTOCYBaHHS KOMMJIEKCHOI Tepanii 3 iMyHOMO-
nynsatopamu, 3okpemMa puOOHYKNETHOBOI KUCNOTW, Anst BiOHOB-
NeHHs iMyHHoro 6anaHcy i nokpalleHHst KniHiYHoro nepebiry.
MepcnexkTvBM noganblUnX JOCHigKEHb NonsrawTb y rmubwomy
BMBYEHHI MOMEKYNSAPHUX MEXaHi3MiB LMX MopyLUeHb, po3pobui
iHOMBiayanisoBaHMX nigxodiB A0 NiKyBaHHS.

KoHdAIKT iHTepecis

ABTOpPK pyKonucy CBIAOMO 3acBig4vytoTb BiACYTHICTb hakTUYHOro
abo MOTEHLINHOrO KOHMMIKTY iHTepeciB LWoAo pesynbsraTiB
uiei pobotn 3 hapmMaueBTUYHUMM KOMMNAHisIMK, BUPOGHMKaMU
6ioMeauyHUX NPUCTPOIB, IHLWIMMW OpraHisauisimu, Yui NpoayKTy,
nocnyru, piHaHcoBa niaTpUMKa MOXYTb OyTWM MOB’A3aHi
3 npegMeToM HagaHux Matepianie abo siki croHcopyBanu
npoBeAeHi AOCHiAXEHHS.

IHdpbopMmauis npo diHAHCYBAHHS

Po6ota BukoHyBanacsi 6e3 ciHaHCyBaHHS.
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Prospects for further research

The revealed dynamics of immune and metabolic disorders
in acute Epstein—Barr virus infection indicates the importance
of using complex therapy with immunomodulators, in particular
ribonucleic acid, to restore immune balance and improve the
clinical course. Prospects for further research lie in a deeper
study of the molecular mechanisms of these disorders and the
development of individualized approaches to treatment.
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PE3IOME

AxTyanbHicTb. PeBmatoigHnini aptput (PA) € He nuwe XpOoHiYHMM 3ananbHUM
3aXBOPIOBAHHSAM CyrnobiB, a W CUCTEMHOK NaTomorietn, WO CynpOBOAXKYETHCS
YMCTIEHHVIMM M03aCcyrNoB6OBUMN YCKMNAAHEHHSAMM. IX YacToTa, TSKKICTb | NPOrHOCTUYHE
3HaYeHHs1 3yMOBIIIOIOTb 3POCTalYUiA iHTepec A0 BMBYEHHS MeXaHi3miB (hOpMyBaHHS
Ta KNiHIYHUX HacnigkiB TakMxX ypaKeHb, 30Kpema B acneKTi CMCTEMHOro 3anarieHHsi
SIK CNiNbHOT MATOreHETUYHOI OCHOBU.

MeTa po6oTu — ysaranbHUTWU CyyacHi ysiIBMEHHS Mpo no3acyrnoboBi ycknagHeHHs
pPEBMAaTOiAHOrO apTPUTY SIK HACMIAOK XPOHIYHOTO CUCTEMHOIO 3ananeHHs.

Marepianu Ta meToam. Y Mexax cucTemMatuyHoro ornsigy Oyno npoaHanizoBaHo
88 ny6nikauin 3 HaykoBux 6a3 PubMed, Cochrane Library, Elsevier Clinical Key Ta iH.,
AIKi BUCBITMIOIOTb CyyacHi AaHi Wwoao nosacyrnobosux nposieie PA, natodisionoriyHnx
MEXaHi3miB, WO nexaTb B X OCHOBi, Ta akTyanbHi nigxoau [oO nikyBaHHA. Byno
3aCTOCOBaHO KPUTUYHUI KOHTEHT-aHani3 [mkepen i3 OTPUMaHHAM MPUHLMNIB AoKa-
30BOI MEOULIMHN.

Pe3synbratn Ta ix o6roBopeHHs. XpoHiyHe 3ananeHHs npu PA Bu3Havae LUMPOKWI
CMEKTP CUCTEMHUX YypaKeHb. BCTaHOBNEHO CyTTEBe NiABULLEHHS puU3MKy nimMcom,
iHTepcTuuianbHOro 3axeoptoBaHHA nereHb (I3J1), ocTeonopo3sy, cepLeBO-CyAMHHUX
yCKNnafHeHb Ta KOTHITMBHOMO AediunTy. 30Kpema, pusnK cepLeBO-CYANHHOI CMepTi
3poctae Ha 50-60%, a npubnmsHo 60-80% ocib i3 PA mMaloTb 03HaKM nereHeBoro
YPaXeHHs1 pi3HOro cTyneHsi, cepeq sikux I3J1, 3 kniHiYHOT TOYKKM 30py, Nocigae nposigHe
Mmicue. Y 2-3 pasu niaBULLYETLCSH YacToTa OCTEONOPOTMYHMX nepenomis. Buse-
FIEHO YiTKMI 3B’A30K MK aKTVBHICTIO 3ananeHHs, pisHeM umtokiHiB (TNF-a, IL-6, IL-18)
Ta rMMBOKMMKN ypakeHHAMU TKaHWH-MilleHew. bionoriyvHa Tepania AeMoHCTpye
noTeHujian OAHOYACHOro KOHTPOMIO CyrnoboBMX MNPOSBIB | 3HWKEHHSI CUCTEMHOIO
pu3unky. Ocobnneo BaroMum € BMMB 3anarneHHs Ha LeHTpanbHy HEPBOBY CUCTEMY —
CNOCTEPIraeTbCs 3HMKEHHS KOTHITUBHUX (OYHKLIA HaBiTb Y MONMOAUX NauieHTiB i3 PA.
BucHoBku. [Mo3acyrno6oBi ycknagHEHHs € HEeBiA'€EMHOK CKMagoBOK  KMiHIYHOIO
ceHoTuny PA i BM3HaualOTb TAXKICTb nepebiry XBopobu. Ix cBoevacHe BUSBNEHHS
Ta afpecHWn BMMMB HA MaTOr€HETUYHI MEXaHi3My [03BOMSATb CYTTEBO MOMIMLUNTK
NPOrHO3 i SIKICTb XUTTSA NaLUieHTIB.

mapkmx @.B. [MosacyrnoboBi ycknagHeHHs peBMaTOigHOTrO apTpuUTy $IK HacnigoK XPOHIYHOro 3anarneHHs:
NaToreHeTUYHi MexaHi3Mu, KNiHiYHe 3HaYeHHS Ta MPOrHOCTUYHI pU3nNKU. Kapa3iHCbKul iMyHOMO2iYHUU XypHarl.
2025. T. 8, Ne 1(15). C. 72—-97. DOI: https://doi.org/10.26565/3083-5615-2025-15-06
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ABSTRACT

Background. Rheumatoid arthritis (RA) is not only a chronic inflammatory joint
disease but also a systemic disorder accompanied by numerous extra-articular
complications. The frequency, severity, and prognostic significance of these mani-
festations have generated growing interest in studying their underlying mechanisms
and clinical consequences, particularly in the context of systemic inflammation as
a common pathogenic foundation.

Purpose — to summarize current knowledge on extra-articular complications of
rheumatoid arthritis as consequences of chronic systemic inflammation.

Materials and Methods. As part of a systematic review, 88 publications from scientific
databases including PubMed, Cochrane Library, and Elsevier Clinical Key were
analyzed. The review focused on contemporary data regarding extra-articular
manifestations of RA, their underlying pathophysiological mechanisms, and current
therapeutic approaches. A critical content analysis of the sources was conducted
in accordance with the principles of evidence-based medicine.

Results. Chronic inflammation in RA contributes to a wide range of systemic manifes-
tations. A significantly increased risk of lymphomas, interstitial lung disease (ILD),
osteoporosis, cardiovascular complications, and cognitive impairment has been estab-
lished. Specifically, the risk of cardiovascular mortality increases by 50-60%, and
approximately 60-80% of RA patients exhibit signs of pulmonary involvement of
varying severity, with ILD being the most clinically significant. The incidence of osteo-
porotic fractures increases by 2-3 times. A clear association has been identified
between inflammatory activity, cytokine levels (TNF-a, IL-6, IL-1B), and profound
damage to target tissues. Biological therapies demonstrate the potential to control
both articular symptoms and systemic risk. Of particular concern is the impact of
inflammation on the central nervous system, as even young RA patients may expe-
rience cognitive decline.

Conclusions. Extra-articular complications are an integral part of the clinical pheno-
type of RA and significantly influence disease severity. Timely identification of

these manifestations and targeted

intervention in the underlying pathogenic

mechanisms can substantially improve patient prognosis and quality of life.
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BCTYN

PesmatoigHuin aptput (PA) — Le cuctemMHe, XpoHiyHe,
ayToiMyHHe 3ananbHe 3axBOpPHBaHHS, SIKE XapaKkTepu-
3yeTbCsl Mporpecytounm nepebirom i Mae 3gaTHicTb
ypaxaTtu He nuvwe cyrnoboBuii anapar, ane W YUCIEHHI
nosacyrrno6oBi opraHn 1 cuctemu. Ha BigmiHy Big no-
YaTKoBWX ysiBNeHb Npo PA sik Npo nokanizoBaHy apTpona-
Til0, CydacHa HayKoBa KOHLEnNLis BU3HAYae Lie 3axBOpHo-
BaHHA sk GaraTtodakTopHy iMyHOONocepeakoBaHy
naTornorito, sika peaniayeTbCcs Yepe3 ckrnagHy B3aemogito
FEHETUYHUX, enireHEeTUYHMX, IMYHHUX Ta 30BHILLHIX YMH-
HukiB [1, 2]. KniHiyHmin cnektp PA 3Ha4HO LumMpLini
3a cyrnoboBi MposiBU Ta OXOMSE YUCIEHHI CUCTEMHI
YCKMaAHEHHs, $Ki CYTTEBO BMMUBAOTb Ha MPOrHo3,
TpMBaniCTb Ta AKICTb XUTTHA NaUiEHTIB.

KnacuyHoto o3Hakoto PA € cumeTpuyHe ypakeHHs
ApibHMX cyrnobiB k1CTen i cTom, Lo CyNnPOBOAKYETLCS 6O-
neM, NpUNyxrmicTio, NOKanbHO rinepeMied Ta TUMNOBOK
paHKOBOIO CKYTICTIO, TpMBanicTb Akoi nepesuilye 30 XB.
3 4acoM XpOHiYHWMI 3ananbHUN NpoLec NpU3BOANTL
no rinepnnasii cuHoBianbHOI 060NoHKN, OpPMyBaHHSA
naHHyca, epoasii xpsiLa n cyoxoHapanbHOI KiCTKM, WO 3y-
MoBMoe aedopmallii cyrnobiB, yTBOPEHHSI PEBMATOILHNX
BY3IMKIB i IpOrpecuBHe 06MexeHHs pyHKLioHanbLHOI 34aT-
HOCTI KiHUiBOK [3]. Y Mi3Hix cTagiax Moxnuse hopMyBaHHA
hiGpO3HO-AECTPYKTUBHNX 3MIH i aHKINo3iB, O 3HA4YHO
06MeEXyYTb PyXNMBICTb Ta NPUM3BOAATL A0 iHBaniaM3auii.

INTRODUCTION

Rheumatoid arthritis (RA) is a systemic, chronic, auto-
immune inflammatory disease characterized by a progre-
ssive course and the ability to affect not only the joints
but also numerous extra-articular organs and systems.
Contrary to the earlier view of RA as a localized arthro-
pathy, the current scientific concept defines it as a multi-
factorial immune-mediated disorder resulting from
a complex interplay of genetic, epigenetic, immune, and
environmental factors [1, 2]. The clinical spectrum of RA
extends well beyond joint manifestations and includes
various systemic complications that significantly impact
prognosis, life expectancy, and patients’ quality of life.

A classic hallmark of RA is symmetrical involve-
ment of the small joints of the hands and feet, accompa-
nied by pain, swelling, local hyperemia, and character-
istic morning stiffness lasting longer than 30 minutes.
Over time, the chronic inflammatory process leads to
synovial membrane hyperplasia, pannus formation,
cartilage and subchondral bone erosion, resulting in
joint deformities, the formation of rheumatoid nodules,
and progressive functional limitations of the limbs [3].
In later stages, fibrotic-destructive changes and anky-
losis may develop, significantly restricting mobility and
leading to disability.

However, the pathophysiology of RA extends far
beyond the musculoskeletal system. This systemic
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[MpoTte natodisionoria PA 3Ha4HO BUXOOUTb 3a MeEXi
onopHo-pyxoBoro anapaty. Lle cuctemHe 3axBopto-
BaHHS 4acTO CYMNpPOBOOXKYETbCS PO3BUTKOM YMCIEHHUX
no3acyrnoboBux ycknagHeHb, siki 3yMOBMEHi K NpsiMnmM
YPaXeHHSAM TKaHWH i OpraHiB, TaK i BTOPUHHUMU edpek-
TaMuM CUCTEMHOro 3ananeHHd. [1o HannowmpeHiwmnx
yCKNagHeHb HanexaTb BTOPUMHHWUIA aminoigos, 3ymosne-
HUA TpMBanoK akTueauielo ¢asn rocTpoi BignoBigi;
KapaioBacKynsipHi MOPYLUEHHs, cepen SIKMX LAOMIHYHTb
NMPUCKOPEHUIN  aTeporeHes, cepueBa HeOoCTaTHICTb,
nepukapauT, ilwemidyHa xBopoba cepus; iHTepcTulianbHi
YPaXeHHs nereHb; BacKyniTW; a TakoX Hewnponarii,
HedponarTii Ta ypaxeHHs wkipu [1]. Kpim TOro, Baxnu-
BMM € BUCOKWUMA PU3UK PO3BUTKY nimdponponidepaTns-
HUX 3axBOPIOBaHb, 30KPEMA HEXOMXKKIHCBKUX MiMdOoM,
acouiioBaHMX i3 TpuBanvMM 3ananeHHsaM Ta akTuBa-
uieto iMyHHOI cnucTemu.

Ocob6nuBoi yBarn noTpebytoTb ncuxocouianbHi ac-
nektn PA: BUCOKa MOLUMPEHICTb TPUBOXHMX i AenpecuBs-
HUX po3nagiB, XpOHiYHA BTOMAa Ta MNOTiPLUEHHS] KOrHi-
TUBHUX YHKUiN. Lli nposiBM 3HA4YHOO MipOO 3yMOBIEHi
He nuwe 6GionoriyHMM BMSIMBOM 3ananeHHsl Ha LEeHT-
panbHy HEpBOBY CUCTEMY, a N NMCUXOEMOLINHUM HaBaH-
TaXKEHHsIM, MOB’SI3aHUM i3 XPOHiYHMM Gonem Ta dyHK-
UioHanbHUMKN obmexeHHsIMKU. Bce ue dopmye Garato-
BEKTOPHUI TArap XBOpOOW, SIKUA BUXOOWUTb 3@ paMKu
CYTO KNiHIYHMX OLIHOK.

EnigemionorivHo PA pgemoHCTpye BigHOCHO cTa-
GinbHY nowwupeHicTb y rmobanbHoMy MacwTabi —
Ha piBHi 0,5-1,0% y nonynsauii €sponn [4]. XBopob6a
Ma€ $ICKpaBO BUPaXEHWUN reHAepHUA pucbanaHc —
XIHKM XBOpIitOTb NpUOGNM3HO BAOBIYI YacTile, WO MnoB’s-
3aHO 3 KOMMMEKCOM EHOOKPUHHUX, FEHETUYHMX Ta iIMYHO-
NOTMYHUX YUHHUKIB. XO4a HaW4acTille 3axBOPHBaHHSA
maHicdectye nicns 50 pokiB, Moro OeGrT MOXNNBUIA
y Oyab-sikomy BiUi, BKMOYak4M nignitkoBui i monoaui
popocnui nepioau [4].

IMyHOMaToreHeTU4Hi MexaHiamu po3BuTKy PA ctaHoB-
NATb CKNaaHy B3aEMOZII0 MiX KNiTMHAMW BPOOXKEHOrO
Ta agantuBHOro iMyHiTeTy. KnioyoBumu € B-nimcountuy,
T-xennepu (ocobnmeo CD4+ Th1 ta Th17), makpodaru,
ibpobnactonoaibHi cMHOBiOUMTM Ta  OCTeoknacT.
Y BignoBigb Ha Tpurepu, WO aKTUBYIOTb iIMYHHY Bigno-
BiOb, Ui KNITUHW POPMYIOTb CTillKe 3ananbHe MiKpooTo-
YEeHHs B CWHOBII, fKke nigTPUMYETLCA 3a pPaxyHOK
UUTOKIHIB — iHTepnewikiHy-1 (IL-1), iHTepnelikiHy-6 (IL-6)
Ta pakTopa Hekposy nyxnuvHU anbda (tumor necrosis
factor-alpha — TNF-a), XeMmokiHiB, akTuBHMUX popmmu
kucHio  (A®K — cynepokcug-aHioH (O,7), nepekuc
BogHio (H,O,), rippokcuneHuin pagukan (*OH) Towo)
Ta MaTpUKCHUX MeTanonpoteiHas (matrix metallopro-
teinases — MMPs) [2, 5].

MocTiHa B3aemopgisas MK KMITUHHUMW Ta MONeEKy-
NAPHUMU KOMMOHEHTaMWU MPU3BOAUTL He nulle A0 ae-
CTPyKLUii cyrno6ie, ane 1 cnpusie opMyBaHHIO M03a-
cyrnoboBux ypaxeHb, siKi € HacnigkoM CUCTEMHOro
3anarnbHoro kackagy. Ocobnuay ponb y UbOMY BigirpatoTb
npo3ananbHi UUTOKIHW, SKi, NOTPannsoyM B CUCTEMHUI
KPOBOTIK, BMMMBalOTb Ha BigganeHi opraHu-MilleHi,
CMPUYMHSAYN DYHKLIOHanNbHI Ta MOPAOMOriYHi 3MiHW.
Tak, IL-6 Ta TNF-o MawTb UeHTpanbHe 3Ha4YeHHs
B MaToreHesi BTOPWHHOIO aminoigosy, CTUMYmoYK
renatounTy OO NPOAYKUIlT CUMPOBATKOBOrO aminoigHOro
Ginka A, Lo BigKkNagaeTbes y TKAHUHAX.

BogHovac HagMmipHa akTUBHICTb OCTeOKNnacTiB, iHAY-
KOBaHa niraHOOM peuenTopa akTueaTopa SAepHOro

disease is often associated with the development
of numerous extra-articular complications, caused both
by direct tissue and organ involvement and by secon-
dary effects of systemic inflammation. The most common
complications include secondary amyloidosis due to
prolonged acute-phase response activation; cardio-
vascular disorders such as accelerated atherogenesis,
heart failure, pericarditis, and ischemic heart disease;
interstitial lung disease; vasculitis; as well as neuro-
pathies, nephropathies, and skin involvement [1].
In addition, there is a markedly increased risk of lympho-
proliferative disorders, particularly non-Hodgkin lympho-
mas, associated with chronic inflammation and immune
system activation.

Psychosocial aspects of RA also warrant particular
attention: a high prevalence of anxiety and depressive
disorders, chronic fatigue, and cognitive impairment.
These manifestations are largely due not only to the
biological impact of infammation on the central nervous
system but also to the emotional burden of chronic pain
and functional limitations. All of these factors contri-
bute to a multifaceted disease burden that goes beyond
purely clinical assessments.

From an epidemiological standpoint, RA maintains
a relatively stable global prevalence-about 0.5-1.0%
in the European population [4]. The disease displays
a pronounced gender imbalance — women are affected
approximately twice as often, a disparity attributed to
a combination of endocrine, genetic, and immunolo-
gical factors. Although RA most frequently manifests
after the age of 50, its onset can occur at any age,
including adolescence and early adulthood [4].

The immunopathogenetic mechanisms of RA in-
volve a complex interaction between innate and adap-
tive immune cells. Key players include B lymphocytes,
T-helper cells (especially CD4+ Th1 and Th17), macro-
phages, fibroblast-like synoviocytes, and osteoclasts.
In response to immune-activating triggers, these cells
create a sustained inflammatory microenvironment
in the synovium, maintained by cytokines-interleukin-1
(IL-1), interleukin-6 (IL-6), and tumor necrosis factor-
alpha (TNF-a), chemokines, reactive oxygen species
(ROS-superoxide anion (O,"), hydrogen peroxide (H,O,),
hydroxyl radical (*OH), etc.), and matrix metalloprotei-
nases (MMPs) [2, 5].

The ongoing interaction between cellular and mole-
cular components leads not only to joint destruction but
also promotes the development of extra-articular mani-
festations, which arise as a result of the systemic
inflammatory cascade. Pro-inflammatory cytokines play
a crucial role in this process: entering systemic circu-
lation, they affect distant target organs, causing func-
tional and morphological changes. IL-6 and TNF-a, for
example, are central to the pathogenesis of secondary
amyloidosis by stimulating hepatocytes to produce serum
amyloid A protein, which accumulates in tissues.

Excessive osteoclast activity, induced by the recep-
tor activator of nuclear factor kappa-B ligand (RANKL),
contributes to the development of osteoporosis, while
endothelial activation and vascular inflammation underlie
the formation of rheumatoid vasculitis and accelerated
atherosclerosis. Lung and heart involvement also have
inflammatory origins and result from the same cytokines
that drive joint destruction.

Given all of the above, it becomes evident that
the extra-articular complications of RA are not isolated
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daktopa KB (receptor activator of nuclear factor
kappa-B ligand — RANKL), cnpusie po3BuTKy octeono-
po3y, a akTuBaLisi eHOoTenito Ta CyaMHHOro 3ananeHHs
NeXWTb B OCHOBI PO3BUTKY peBMaTOIgHOrO BacKyniTy
Ta MNPUCKOPEHOrO aTepockneposy. YpaxeHHs1 nereHb
i cepusl TakOX MatoTb 3anarnbHe MNOXOMXEHHst 1 dop-
MYIOTbCSl BHacnigok Aii TMX camMux LMTOKIHIB, WO Bigi-
rpatoTb NPOBIgHY Porb y CyrnoGoBii OeCTpyKLii.

3 ornsgy Ha BuLleonucaHe, CTae OYEBUAHWUM, LUO
nosacyrno6oBi ycknagHeHHsi npu PA He € i3onboBaHUMuK
nposieamMmn, a JOrYHUM MNPOJOBXKEHHSIM CUCTEMHOIO
3ananbHOro MNpoLecy, KEPOBAHOIO OOHAKOBUMMW iMYHO-
naToreHeTUYHNUMM MexaHiamamu. BoHu cyTTeBo BMMM-
BalOTb Ha NPOrHo3, CTyMiHb iHBanigu3adii, pusvk nepeg-
YacHoi CMepTi Ta SAKICTb XUTTS nauieHTiB. Po3yMmiHHs
UMX MPOLECIB € KPUTUYHUM Anst nobynoBu edeKkTuBHOT
cTparterii nikyBaHHs, NPoinakTUkM ycknagHeHb Ta OLiHKK
NPOrHOCTUYHUX PU3MKIB y NaLieHTiB i3 PA.

MeTta po6oTu — y3aranbHUTUM Cy4YacHi YSBNEHHS
npo no3acyrrno6oBi ycknagHeHHst peBMaToi4HOIO apTpuUTy
SIK HACNiJOK XPOHIYHOTO CUCTEMHOIO 3ananeHHs.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

3 MeTol NpoBEeAeHHS KOMMIIEKCHOro ornsay nitepa-
Typu, NPUCBAYEHOT No3acyrnoboBnmM ycknagHeHHsaMm PA,
naToreHeTUYHNM MexaHiamam iX PO3BUTKY, KMiHIYHOMY
3HAYEHHI0 Ta MPOrHOCTUYHUM pusmkam, Byno 3aicCHeHo
cucTeMaTuyHMIM Niabip HaykoBux ny6nikauin. lMoluykoBy
cTpaTerilo peanisaoBaHO 3 BUKOPWUCTaHHAM nnatdgopm
PubMed (https://pubmed.ncbi.nim.nih.gov/), Clinical Key
Elsevier (https://www.clinicalkey.com), Cochrane Library
(https://www.cochranelibrary.com/), eBook Business
Collection (https://www.ebsco.com/) Ta Google Scholar
(https://scholar.google.com/). ¥ mexax unx gxepen 6yno
BigibpaHo nybnikauii, B AKMX BUCBITNIOBaNMUCb akTyarnbHi
BiJOMOCTi npo nosacyrno6osi nposiBn PA, iX 3B’A30k
i3 XPOHIYHMM CUCTEMHMM 3ananeHHsM, a TakoX naTtore-
HETUYHI NaHKK, L0 3yMOBIIOKOTb iX (POPMYBaHHS, 3 ypaxy-
BaHHSAM Cy4YacHUX JOCATHEHb iMYHOMOTrii Ta peBMaTonorii.

MowykoBuI Npouec cknagascs 3 TPbOX eTanis.

Ha nepwomy etani 3gincHoBaBca MOLWYK niTepa-
TYPHUX [Kepen 3a Knwo4oBuMu cnosamu: rheumatoid
arthritis, extra-articular manifestations, systemic inflam-
mation, pathogenesis, immunopathology, autoimmune
complications, cardiovascular risk, interstitial lung
disease, amyloidosis, lymphoma, RA comorbidities,
prognosis. Ana ykpaiHOMOBHUX [Xepen BUKOPUCTOBY-
Banv BigNoBiaHI: «pesmamoioHul apmpumy, «rno3acyersno-
608i nposisu», «namoz2eHe3», «CUCMEMHe 3ananeHHs»,
«niMgbomar, «amiroidos», «iHmepcmuyianbHe ypaxeHHs
ne2eHb», «cepueso-CyOUHHUU PU3UK».

Ha ppyromy etani 34iMCHIOBanocb BMBYEHHSA aHO-
Tauin Ta pestome cTaTer 3 METO0 nonepeaHLoro Biadopy.
Buknioyanuce nybnikauii, ki He Bignosiganu Temartuui
[OChNiMKeHHs, Manu obMeXeHu onuc Metoais, abo He
Bignosiganv 6a3oBMM NpUHLMNaAM SOKA30BOI MEOULIMHM.

Ha TpeTboMy eTani NnpoBOAMBCA KPUTUYHWI aHani3
NMOBHUX TEKCTIB BigibpaHux nybnikauin. OuiHoBanach ix
BiQMOBIAHICTb KPUTEPISIM BKIMIOYEHHS, @ TaKOX peneBaHT-
HiCTb pe3yneratiB aAnsg Temu ornagy. [o diHanbHOro
CNWCKY BKMOYanues Ti gxepena, ski AeMOHCTpyBanu

phenomena but rather a logical extension of the syste-
mic inflammatory process, governed by the same
immunopathogenetic mechanisms. These complications
significantly affect prognosis, disability level, risk of
premature death, and overall quality of life. Understanding
these processes is critical for developing effective treat-
ment strategies, preventing complications, and asse-
ssing prognostic risks in patients with RA.

Objective — to summarize current concepts of
extra-articular complications of rheumatoid arthritis as
a consequence of chronic systemic inflammation.

MATERIALS AND METHODS

To conduct a comprehensive literature review
dedicated to the extra-articular complications of rheuma-
toid arthritis (RA), the pathogenic mechanisms under-
lying their development, their clinical significance, and
associated prognostic risks, a systematic selection of
scientific publications was carried out. The search
strategy was implemented using the platforms PubMed
(https://pubmed.ncbi.nim.nih.gov/), Clinical Key Elsevier
(https://www.clinicalkey.com), Cochrane Library
(https://www.cochranelibrary.com/), eBook Business
Collection (https://www.ebsco.com/), and Google Scholar
(https://scholar.google.com/). Within these databases,
publications were selected that provided up-to-date
information on extra-articular manifestations of RA, their
association with chronic systemic inflammation, and the
pathogenic mechanisms driving their development,
with consideration of current advances in immunology
and rheumatology.

The search process consisted of three stages.

At the first stage, literature was searched using the
following keywords: rheumatoid arthritis, extra-articular
manifestations, systemic inflammation, pathogenesis,
immunopathology, autoimmune complications, cardio-
vascular risk, interstitial Ilung disease, amyloidosis,
lymphoma, RA comorbidities, prognosis. For Ukrainian-
language sources, equivalent terms were used:
«pesmamoiOHuUll apmpumy», «rno3acyanobosi nposisuy,
«ramozeHe3», «CUCMEeMHe 3ananeHHs», «JiMmgomar,
«aminoioos», «iHmMepcmuujanbHe YpPaXeHHs1 fle2eHb,
«cepyeso-cyOUHHUU PU3UKY.

At the second stage, abstracts and summaries of
the articles were reviewed for preliminary selection.
Publications that did not match the research topic,
had limited methodological description, or did not
adhere to basic principles of evidence-based medicine
were excluded.

At the third stage, a critical analysis of the full texts
of the selected publications was conducted. Their com-
pliance with inclusion criteria was assessed, as well as
the relevance of their findings to the topic of the review.
The final list included sources demonstrating high
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BMCOKY METOAOMOriYHY SKiCTb, MiCTUMM 4OCTOBIPHI KMiHIYHI
abo ekcnepumeHTanbHi OaHi, a TakoXx Bignosiganu
LinsmM OoCniaKeHHs.

Kpumepismu eknrodeHHs nybnikayiti do eubipku,
siKa nidnszana KOHMeHm-aHarisy, 6ynu maci:

1) BUCBITNEHHA Cy4acHMX BiAOMOCTEN LIOAO no3a-
cyrnoboBux ycknagHeHo PA, 3 0coGNMBMM aKLEHTOM
Ha nNaTtoreHeTU4YHi MexaHi3mMu iXx opMyBaHHS B yMOBax
XPOHIYHOrO CUCTEMHOTO 3ananeHHs;

2) BignoBiAHICTb OOCHIAXEHb KNIOYOBMM MpUHUUNEM
[0Ka30BOi MEAMLINHM, BKITKOHAK4YM YiTKO OnMcaHy MeToao-
NOrito, HAasIBHICTb CTATUCTUYHOT OBI'PYHTOBAHOCTI pe3ynb-
TaTiB i nybnikauito B peLeH30BaHNX HayKOBUX XypHanax;

3) BigKpUTMI OOCTYN OO MOBHOrO TEKCTY CTaTTi, LIO
003BOMSIE  3AINCHUTM  MOBHOLHHUIA  aHani3a  3MicTy
Ta 3a6e3ne4nTy NPo30pPiCTb BUCHOBKIB.

3aranom pgns adanidy 6yno BigibpaHo 6nM3bko
88 HaykoBuX mxepen, BKYaluy KhiHiYHI gocnigkeH-
Hsl, MeTaaHarniau, cucTeMaTudHi ornsian, ekcriepumeH-
TanbHi poboTM Ta MiKHaAPOAHI KMiHiYHI pekoMeHAaaui,
onybnikoBaHi NepeBaxxHO BMPOAOBX OCTaHHiX 10 pokiB,
wo Bigobpaxae akTyanbHWW CTaH 3HaHb Yy ranysi
peBMaTornorii Ta iMyHonaTonorii.

PE3YABTATU TA iX OBrOBOPEHHS

PA € HanGinblw NOLWMPEHUM XPOHIYHUM ayToIMyH-
HMM 3ananbHUM 3axBOpHOBaHHAM cyrnobiB, sike xapak-
TEPU3YETLCA CUCTEMHUM YPAXKEHHSAM CMOMYYHOI TKAHUHU
3 MepeBaxHOW nokanizauielo naTosfioriyHoro npolecy
B CUHOBIanbHi 06onoHui. 3a AgaHUMK enigemMionoriyHnx
pocnigxeHb, PA Bpaxae npubnusHo 24,5 MnH oci6
y BCbOMY CBITi [6, 7], a LiOpiyHa 3aXBOPIOBaHICTb CTaHO-
BUTb Bia 25 go 50 HoBux Bunagkis Ha 100 Tuc. Hace-
neHHs [8]. Le 3axBoptoBaHHS Mae CyTTEBWUMA BNNvB
He NULle Ha SAKICTb XWUTTHA NaLUieHTIB, a N Ha 3aranbHun
piBEHb CMEPTHOCTI, 30KpeMa 4Yepes3 PO3BUTOK CUCTEMHUX
yCKMagHeHb, BKIHOYa4YM CepLEBO-CYAMHHI  3axBOpHo-
BaHHS, OCTEONOpO3 Ta 3MOSKICHi HOBOYTBOPEHHS.
Ocob6nuBy yBary B Cy4acHWX AOCHiIXEHHAX npuBepTae
3B’A30K MiXK XPOHiYHMM 3ananeHHsMm npu PA Ta puau-
KOM PO3BUTKY OHKOMOriYHOI NaTonoril.

Bnaue PA Ha cTpyKTYypy

OHKOAOr4HOI 30XBOPIOBAHOCTI

XpoHiYHe iMyHO3ananbHe cepefoBuLle, XapaKTepHe
ans nepebiry PA, po3rnagaetbes siK 3Havywmii daktop
KaHueporeHe3y. 30Kpema, BCTaHOBSEHO, WO NauieHTn
3 PA maoTb y cepegHbOMy MpubnusHo BAOBiYI BULLMIA
pU3nK po3BUTKY NiMconpornicdepaTuBHMX 3aXBOPHOBaHb,
30KpeMa HEeXOKKIHCBbKOT niMdOoMM, MOPIBHAHO i3 3a-
raneHoto nonynsuieto [9].

[laToreHeTUYHMN MexaHi3aM NiABULLEHONO OHKOreH-
Horo pusuky npu PA € GaratodakTopHMM i BKIOYae
MOCTINHY aHTUreHHY CTUMYNAUiID iIMyHHOI cucTemu,
akTusauito B-nimdoumnTie, yTBOPEHHSA ekTonivHOoiI fimdo-
iOHOT TKaHMHM B ypaXeHux cyrnobax Ta CUCTEMHWUIA
ancbanaHc UMTOKIHIB, 30Kpema HagMipHy npoayKLito
TNF-a, IL-6 Ta IL-1B [10]. Kpim TOro, 3HayHy pornb Bifi-
rpae reHeTM4YHa CXWUIbHICTb, 30KPEMA HasIBHICTb anenis
reHa rornoBHOro KoMnnekcy rictocyMicHocTi knacy || DRB1
(human leukocyte antigen — DR beta 1 — HLA-DRB1)
i3 Tak 3BaHUM «CMifIbHUM €EniTONOM», SIKi MOB’A3YTLCA
3 Binbw TSHXKKUM Nepebirom 3axBOpHOBaHHA Ta BULLMM
PY3UKOM PO3BUTKY 3MOSIKICHWX YCKNaaHEHb.

methodological quality, containing reliable clinical or expe-
rimental data, and aligned with the research objectives.

The inclusion criteria for publications selected for
content analysis were as follows:

1) presentation of current information on the extra-
articular complications of RA, with a particular emphasis
on the pathogenic mechanisms underlying their develop-
ment in the context of chronic systemic inflammation;

2) compliance with key principles of evidence-based
medicine, including clearly described methodology,
statistically substantiated results, and publication in peer-
reviewed scientific journals;

3) open access to the full text of the article, enabling
thorough content analysis and ensuring the transpa-
rency of conclusions.

In total, approximately 88 scientific sources were
selected for analysis, including clinical studies, meta-
analyses, systematic reviews, experimental research,
and international clinical guidelines, published
primarily over the past 10 years, reflecting the current
state of knowledge in the fields of rheumatology
and immunopathology.

RESULTS AND DISCUSSION

Rheumatoid arthritis (RA) is the most common
chronic autoimmune inflammatory joint disease, charac-
terized by systemic involvement of connective tissue
with a predominant localization of the pathological pro-
cess in the synovial membrane. According to epidemio-
logical studies, RA affects approximately 24.5 million peo-
ple worldwide [6, 7], with an annual incidence ranging
from 25 to 50 new cases per 100,000 population [8].
This disease significantly impacts not only patients’
quality of life but also overall mortality, particularly due
to the development of systemic complications, including
cardiovascular diseases, osteoporosis, and malignancies.
Recent research has placed increasing emphasis on the
association between chronic inflammation in RA and
the risk of developing cancer.

The impact of RA on the structure
of oncological morbidity

Chronic immuno-inflammatory conditions characte-
ristic of RA are considered a significant factor in carcino-
genesis. Specifically, it has been established that patients
with RA have, on average, approximately twice the
risk of developing lymphoproliferative disorders, parti-
cularly non-Hodgkin lymphoma, compared to the gene-
ral population [9].

The pathogenesis behind the increased oncogenic
risk in RA is multifactorial. It involves persistent antigenic
stimulation of the immune system, B-cell activation,
formation of ectopic lymphoid tissue in affected joints, and
systemic cytokine imbalance-most notably the overpro-
duction of TNF-a, IL-6, and IL-1f [10]. Genetic predispo-
sition also plays a critical role, especially the presence
of HLA class Il DRB1 alleles (human leukocyte antigen —
DR beta 1 — HLA-DRB1) carrying the so-called «shared
epitope», which are associated with more severe
disease progression and a higher risk of malignancies.

Another crucial aspect is the treatment of RA, which
includes immunosuppressive agents such as disease-
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[HWKMIA BaXNMBUWA acnekT cTocyeTbcs Tepanii PA,
O BKMKOYae iMyHOCYNpecuBHi 3acobu, 30kpema XBOpO-
6omoaudikytodi aHTMpeBMaTU4Hi npenapatu (disease-
modifying antirheumatic drugs — DMARDSs) Ta GionoriyHi
areHTn, siki CNpPsSIMOBaHi Ha KOHTPOMNb 3anarnbHOro npo-
Lecy Wnsaxom Moaynsuii iMyHHOT Bignosigi. Xova ui npe-
napatu CyTTEBO MOKpaLLyOTb MPOrHO3 3axBOPHBAHHS,
Jesiki 3 HMX, 0cobnMBO y BUMAAKax TpUBaroro 3acTocy-
BaHHa abo y nauieHTiB i3 BWCOKOKW akTuBHICTIO PA,
MOXYTb acoujioBatucs 3 nigBULLEHUM PU3MKOM pO3-
BuTKY nimcommn [11]. Cnig 3as3HauuTn, WO came nadi-
€HTWN 3 HEJOCTaTHbO KOHTPONbOBaHUM NepebiroM 3axBo-
plOBaHHsi, B sKMX 30epiraeTbCs BWCOKA aKTMBHICTb
3anarneHHs, MalTb HaNBULLWIA PiIBEHb PU3NKY BUHUKHEHHSI
nimdonponicepaTnBHUX ycknagHeHb [12].

Takum 4YMHOM, cyyYacHe ysBNEeHHS Npo 3B’A30K Mix PA
Ta po3BUTKOM niMdom 6a3yeTbcs Ha NOeaHaHHI TPbOX
KMOYOBMX YMHHUKIB: MOCTIMHOI iIMYHHOT akTuBalii, reHe-
TUYHOI CXMMbHOCTI Ta BMMAMBY TepaneBTUYHUX areHTiB.
Y 3B’A3KYy 3 UMM HaA3BMYaWHO BaXKMMBUM € PEryrnsipHumn
MOHITOPVHI aKTUBHOCTi XBOPOOM, peTenbHa OLiHKa pusun-
KiB Npu BUGOpI cTpaTerii NikyBaHHS, a TakoX NPOBEAEHHS
OHKOCKPUHIHIY cepea NauieHTiB i3 BACOKUM PU3UKOM.

Pesynbtaty enigemionoriyHnx Ta KOropTHWX gocnia-
KEHb CBig4yaTb Npo Te, WO nauieHTn 3 PA mawTb 3Mmi-
HEHWIN OHKOMNOrYHUIM NpOMiNb Yy NOPIBHAHHI i3 3aranb-
Holo nonynsauieto. 3okpema, Yy Uuiel karteropii XBopux
crnocTepiraeTbCsa NiABULLEHUA PU3UK PO3BUTKY MiMAOM,
paky nereHiB Ta paky LKipW, TOAI SK PU3UK BUHUKHEHHS
KONopeKTanbHOro paky Ta paky rpyaHoi 3anosu, HaBnaku,
Moxe 6yTu gewo 3HwkeHum [13, 14]. Taka HeogHO3HAY-
Ha acouiauis Mmix PA Ta Ppi3HAMW OHKOMOFYHUMM
HO30MOoriAMN BKa3ye Ha cknagHy WMOBIPHICHY npupoay
B3aemMopfii  iMyHo3ananbHUX npoueciB, MiKyBanbHUX
cTpaTeriii Ta iHauBiAyanbHUX 0COBNMBOCTEN NaLUieHTIB.

Y UbOMYy KOHTEKCTi MpoBegeHW Hamu aHanis
rPpyHTYBaBCS Ha BenuvkomacliTabHin 6asi enekTpoH-
HUX MeOMYHUX 3anuciB, WO Hagano 3MOory 34iNCHUTU
BcebiyHe cuctemaTuyHe OOCHimKeHHs poni sik naTogisio-
NoriyHMx mexariamiB camoro PA, Tak i Hacnigkie dap-
MakoTepanii 'y dOpMyBaHHi OHKOIOFYHUX PU3BUKIB.
BukopucTaHHS UbOr0O  BUCOKOOOCTOBIPHOMO [pxepena
haHux  3abe3neunno  penpeseHTaTUBHICTL  BUBIpKK
Ta gano 3MOry npoCTeXWMTU [OBrotpuBani TeHAeHUi,
Lo niacuntoe obrpyHTOBaHICTb OTPUMAHUX pe3ynbLTaTiB.

Y3aranbHW4YM pesynsTati aHanisy, MoxHa 3asHa-
4YATK, LIO HaLi BUCHOBKWU NiOTBEPOKYIOTb paHille BCTa-
HOBMEHY TEHAEHL0 A0 3pOCTaHHSA YacToTu nimdonpo-
nidepaTnBHMX 3axBOpoBaHb cepen nauieHTis 3 PA [12].
BogHouac, 3HauvyLmM i KNiHIYHO BaXXITMBMM € BUSIBNEHe
NiABULLEHHS PU3MKY PO3BUTKY paky NereHiB Ta 3nosikic-
HMX HOBOYTBOpPEHb LUKipu. Lli 3Haxigkn maioTb ocobnmsy
Bary, 3 ornsay Ha Ton pakT, WO came Ui TMnNu paky
OEMOHCTPYIOTb YYTNUBICTb [0 XPOHIYHOrO 3ananbHOoro
cepefoBMLLa, a TakoX MOXyTb OyTM onocepenkoBaHO
3yMOBIeHi hakTopamu HaBKOSMLLIHLOTO CEPELOBMILLA,
TaknMn K TIOTIOHONAanNIHHA Yun yneTpacdionetoBe onpomi-
HEHHS1, L0 YaCTo NOEAHYIOTLCA i3 KniHiYHMM nepebirom PA.

Ocob6nuBy yBary 3acrnyroBye CMNOCTEPEXEHHS LLOAO
3MiH pU3NKY PO3BUTKY paky rpyaHOi 3ano3n B AvHaMili
yacy. Byno BCTaHOBMEHO, LIO MPOTArOM MEPLUOro POKY
nicna BCTaHOBMNEHHSA AiarHo3y PA, NMOBIpHICTb BUSBMEH-
Hsl LUbOro TWUMYy 3MOSKICHOrO HOBOYTBOPEHHS 3pOCTaE —
pu3unk € Ha 8% BULLMM NOPIBHSHO i3 cepegHboNonynsLin-
HUM piBHeM. BogHouac, npu AoBrotpueanomy crocrepe-
XKEHHi, ke oxonntoBano nepiogq Ao 4000 pgHie, Big-

modifying antirheumatic drugs (DMARDs) and biological
agents that aim to control inflammation by modulating
immune responses. While these therapies significantly
improve disease outcomes, some-particularly when
used long-term or in patients with high RA activity-may
be associated with an increased risk of lymphoma [11].
It is noteworthy that the highest risk of lymphoprolife-
rative complications is observed in patients with poorly
controlled disease activity, where chronic inflamma-
tion persists [12].

Thus, the current understanding of the link between
RA and lymphoma development is based on the interplay
of three key factors: chronic immune activation, genetic
susceptibility, and the influence of therapeutic agents.
This highlights the critical importance of regular disease
activity monitoring, careful risk assessment in treat-
ment strategy selection, and cancer screening in high
risk patients.

Epidemiological and cohort studies demonstrate
that RA patients exhibit an altered cancer profile com-
pared to the general population. Specifically, this patient
group is at increased risk for lymphomas, lung cancer,
and skin cancers, while the risk of colorectal and breast
cancer may be somewhat reduced [13, 14]. Such vari
able associations between RA and different oncologic
diseases point to a complex and probabilistic interaction
between immunoinflammatory processes, therapeutic
interventions, and individual patient characteristics.

In this context, our analysis was based on a large-
scale electronic medical records database, allowing for
a comprehensive and systematic investigation into both
the pathophysiological mechanisms of RA itself and the
impact of pharmacotherapy on cancer risk development.
This highly reliable data source ensured sample
representativeness and enabled long-term trend
analysis, reinforcing the validity of the findings.

Summarizing the analysis, our findings support
previous observations of an increased incidence of
lymphoproliferative diseases in RA patients [12]. Addi-
tionally, we found clinically significant elevated risks
of lung cancer and cutaneous malignancies. These results
are particularly important given that such cancers are
known to be sensitive to chronic inflammatory environ-
ments and may also be influenced by environmental
factors such as smoking or UV exposure, which often
coexist with RA.

Of special interest is the observed change in breast
cancer risk over time. It was found that during the
first year following RA diagnosis, the likelihood of
detecting this malignancy increased-by about 8% com-
pared to the general population. However, over long-term
follow-up (up to 4,000 days), a general reduction in breast
cancer risk was observed, with a hazard ratio of 0.87 [15].

This paradoxical dynamic may be explained by
heightened initial oncological vigilance in newly diag-
nosed RA patients, who undergo more frequent
examinations due to increased medical attention and
active monitoring, facilitating the detection of pre-existing
but previously undiagnosed slow-growing tumors.
Over time, with inflammation control and behavioral
risk factor modification, the overall probability of certain
cancers declines [6].

In conclusion, our findings not only confirm previous
research trends but also emphasize the importance
of long-term monitoring of cancer risks in RA patients,
considering both disease stage and time since diag-
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3HA4YaEeTbCsl 3ararnbHe 3HWKEHHS PU3WKY paky rpyaHol
3ano3un — koediuieHT pusmky ctaHosus 0,87 [15].

Lls napagokcanbHa AvMHaMika MOXe MOsiCHIoBaTUCH
(EHOMEHOM NOYaTKOBOrO MiABULLIEHHS  OHKOMOrIYHOI
HaCTOPOXEHOCTi cepef MauieHTiB 3 HOBOBCTAHOBMEHUM
giarHosom PA, dki, y 3B’A3Ky 3 MigBULLEHOI MeaWYHO
yBarolo Ta akTUBHWM LUCMAHCEPHUM CMOCTEPEXEHHSIM,
yacTile npoxoasTb OOCTEXEHHS, WO Chpusie BUSIB-
NEHHI0 BXE ICHYIOYMX, OOHaK 4O TOro Yacy HediarHoCTo-
BaHWX MOBIMbHO MPOrpecyynx NyxnuH. Y nogansliomy,
3a paxyHOK KOHTPOMK akTUBHOCTI 3anarneHHs Ta mMoau-
dikauii noBediHKOBUX (PaKTOPIB  pU3UKY, 3aranbHa
MMOBIPHICTb PO3BUTKY OESKUX OHKOMOriYHWX MnaTomnorin
3HUXKYETbCSA [6].

TakMM 4YMHOM, OTpMMaHi gaHi He nuwe niaTeepa-
XKYIOTb pesynstath nonepeaHix AoCnifXeHb, a W nig-
KPECTIOTb BaXIUBICTb TPUBANOr0 MOHITOPUHIY OHKOMO-
riYHMX pu3MKiB y nauieHTiB 3 PA, 3 ypaxyBaHHSAM $K
cTafii 3axBOptoBaHHS, Tak i nepiogy nicns BCTaHOBMEH-
Hs1 giarHo3y. Takox ue Bkasye Ha noTpeby y nepcoHaniso-
BaHUX nNigxogax OO0 CKPUHIHTY Ta NpodinakTukm 3noskic-
HWX HOBOYTBOPEHD Y L€l KaTeropii XBopux.

CuCTEeMHe 3anaAeHHs K MilLleHb

y npodpiAaKkTULL cepLeBO-CYAUHHUX

3aXBOPIOBAHDb Y XBOPUX HA PA

3a JaHMMK KinNbKoX MeTaaHanisis, pu3mMk CMepTHOCTI
Big cepLeBo-cyanHHMX 3axBoptoBaHb (CC3) y nauieHTiB
3 PA nigeuwyetbcs Ha 50—-60% MNOpPIBHAHO 3 NOKa3HW-
Kamu 3aranbHoi nonynsauii [16, 17]. Lien 38’A30K 4aCTKOBO
MOSICHIOETLCST  BMSIMBOM CUCTEMHOIO 3arnareHHs, sike
NMPUCKOPIOE PO3BUTOK aTEPOCKIEpPO3y Ta CepLeBO-Cy-
OWHHMX YycKnagHeHb. BopgHouac, TpaguuiiHi  YMHHUKK
pu3nKy — apTepianbHa rinepTeHsis, Aucninigemisi, iHcy-
NiHOPE3NCTEHTHICTb, HaAnuLIKOBa Maca Tina Ta rino-
OVHaMis — 3anuwarnTbCs BaXKMBUMKU NpeaukTopamm
KapaioBacKkynspHoi naTonorii Ta CYKYMHO MOSICHIOTb
0o 50 % 3aranbHoro pusuky CC3 [18].

Takum umHOM, y nauieHTiB i3 PA cnoctepiraetbca
NOeAHAHHS 3ananbHUX Ta MeTabomniyHMX MexaHi3miB,
SKi  3HAYHO MiABWLLYIOTb CEPLEBO-CYAMHHY  3arpoasy.
Lle o6rpyHTOBYE HEOOXiOHICTL MynbTUAMCUMNNIHAPHOIO
nigxogy QA0 BEOEHHS TakuxX XBOPWUX i3 OOHOYACHUM
KOHTPONEM aKTMBHOCTI 3axBOpHOBaHHA Ta Moaudika-
Li€eto cepLeBO-CYOUHHOTO PU3UKY.

Y nauieHTiB 3 akTuBHOw ¢opmoto PA cnoctepira-
€TbCS JOCTOBIPHO HWXYMIA piBEHb XOMNECTepUHY ninonpo-
TeiHiB Bucokoi wineHocTi (JINBLL) Ta ninonpoTeiHiB
HM3bKOI WinbHocTi (JITIHLL) nopiBHAHO 3 nokasHukamu,
XapakTepHUmMn Ang  3aranbHOi  nonynsauii - 30opoBux
oci6 [19]. 3HMKEHHS UMX NOKa3HMKIB MinigHOro cnekTpa
y xBopux Ha PA He € o3Hakow kapaiometaboniyHoro
Gnaronony4ys, a HaBMnakW, CBiOYMTb NPO IHTEHCUBHICTb
CUCTEMHOrO 3anarneHHs, sike aMiHoe meTaboniam niniais,
30KpeMa 4epe3 nigBuLLEHYy aKTUBHICTb  LIMTOKIHIB,
Wo npu3BOAMTL A0 rinokataboniamy Ta 3MeHLUEHHS
pisnia  JIMBW Ta JIMHLW,. T[Mpun3HayeHHs cTaTUHIB
y [AaHoi KOropTW nauieHTiB Mae noAaBilHYy KOPWUCTb:
3 ogHoro 6oky, cnpusie Hopmanisadii ninigHoro npodinto,
3 iHWOro — YMHUTL MpoTM3anarnbHy fil 33 paxyHoK
3HWXKEHHST eKcnpecii npo3ananbHUX MegiaTopiB, TakuMx
saK TNF-a ta IL-6 [16, 20]. [JoBeaeHo, o Taka Tepanis
acoLitoeTbCs 3i 3MEHLUEHHSIM aKTUBHOCTI 3aXBOpPHOBaH-
Hs1, YNOBINbHEHHSIM MPOrpecyBaHHs aTePOCKIEPOTUYHNX
3MiH Ta NOKpaLLEHHSIM 3aranbHOro NPOrHo3y.

nosis. This underscores the need for personalized
approaches to cancer screening and prevention in
this patient population.

Systemic Inflammation as a Target
in the Prevention of Cardiovascular Diseases
in Patients with Rheumatoid Arthritis

According to several meta-analyses, the risk of cardio-
vascular disease (CVD)-related mortality in patients
with rheumatoid arthritis (RA) is increased by 50-60%
compared to the general population [16, 17]. This asso-
ciation is partly explained by the impact of systemic
inflammation, which accelerates the development of
atherosclerosis and cardiovascular complications.
At the same time, traditional risk factors-arterial hyper-
tension, dyslipidemia, insulin resistance, excess body
weight, and physical inactivity-remain important pre-
dictors of cardiovascular pathology and collectively
account for up to 50% of the overall CVD risk [18].

Thus, patients with RA experience a combination
of inflammatory and metabolic mechanisms that signi-
ficantly increase cardiovascular risk. This justifies the
need for a multidisciplinary approach to patient manage-
ment, involving both disease activity control and cardio-
vascular risk modification.

Patients with active RA have significantly lower
levels of high-density lipoprotein cholesterol (HDL-C)
and low-density lipoprotein cholesterol (LDL-C) compared
to values typically seen in the general healthy popula-
tion [19]. In RA patients, reductions in these lipid profile
indicators are not a sign of cardiometabolic well-being
but rather reflect the intensity of systemic inflammation.
Inflammation alters lipid metabolism, particularly through
increased cytokine activity, leading to hypocatabolism
and decreased HDL-C and LDL-C levels. Statin therapy
in this patient cohort provides dual benefits: on one hand,
it helps normalize the lipid profile; on the other, it exerts
anti-inflammatory effects by reducing the expression
of proinflammatory mediators such as TNF-a and
IL-6 [16, 20]. Such therapy has been shown to be
associated with reduced disease activity, slowed pro-
gression of atherosclerotic changes, and improved
overall prognosis.

Special attention should be paid to modifiable risk
factors, with smoking being of particular importance.
Smoking not only increases the risk of developing RA
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Okpemy yBary cnig npuginutu mMogudikoBaHuM
YMHHUKaAM PU3WKY, Cepen SKUX ocobnmBe 3HaYeEHHsI
Ma€e KypiHHA. KypiHHA He nuvwe nigBuLlye puU3nK BUHKK-
HeHHs1 PA, ane 1 acouitoeTbCa 3 BULLMMW MOKasHUKaMu
aKTMBHOCTI 3ananeHHsl, WO 3yMOBMIOE OinbLl TSXKKWNA
nepebir xBopobw, ripLy BigNoBigb Ha NiKyBaHHSA Ta BULLLY
4acToTy CepLeBO-CYAMHHUX YCKNagHeHb. 30kpema, Hiko-
TMH Ta NPOAYKTU MOro MetaboniaMy akTUBYHOTb iMYHHi
KNiTUHW, NiABULLYIOTb NPOAYKUi0 LMUTOKIHIB, CMpUSOTb
YTBOPEHHIO ayTOaHTUTIN | nornubnioTe  eHpoTeni-
anbHy ANCMYHKL,O.

Y natodpizionorii PA kno4oBy ponb y NigBULLEHHI
puU3nKy ateporeHesy BifirpaloTb XPOHiYHI 3ananbHi npo-
uecu, ki He nuLLe ypaxyrTb cyrnobu, ane i CUCTEMHO
BMMMBAOTb Ha CTaH CyAMHHOI cTiHku. Cepea Takux 3a-
nanbHUX Mapkepis ocobnuey yeary npueeptae C-peak-
TMBHUIA Ginok (CPB), piBeHb SIKOro LOCTOBIPHO KOpEntoe
3 aKTUBHICTIO 3anarneHHsi Ta Mae 3HayHe MPOrHOCTUYHE
3HAYEHHs1 LWOAO PU3UKY PO3BUTKY CEpLIeBO-CYAMHHMX
ycknagHeHb [21]. MigBuweHHa CPB acouiloetbecsa 3 ak-
TMBaUieto eHgoTenianbHUX KNiTUH, 3pOCTaHHAM eKcnpecii
MOneKyn afresii Ta 3anyyeHHsIM MOHOUMTIB, LUO iHiujitoe
hopMyBaHHsi aTepOCKNEPOTUHHUX BnsALLIOK.

LinTotokcnyri T-nimcoumTy, a TakoX LUMPOKNIA CNEKTP
LUMPKYIIOYMX Npo3ananbHUX UUTOKIHIB — BKIOYaun
TNF-a, IL-1B Ta IL-6 — CNpUYMHSAIOTL XPOHIYHY akTuBaLito
€eHOoTenito, Wo Np13BoAnNTb 40 MNiABULLEHOI NPOHUKHOCTI
CYAMHHOI CTiHKM, eKkcnpecii CyaguHHUX afre3avBHUX Morne-
Kyn — mMonekyna aaresii cyanHHoro eHgotenito-1 (vascu-
lar cell adhesion molecule-1 — VCAM-1) Ta MiXKNiTUHHA
monekyna aaresii-1 (intercellular adhesion molecule-1 —
ICAM-1), arperauii nevikouuTis i TpombouuTiB, |,
3peLuToto, — OO eHAoTenianbHOro ywkomaxkeHHs [16, 22].
Bapto HaronocuTw, Wo HaBiTb Yy nauieHTiB i3 PA, aki
He MaloTb TPaAMLINHMX akTopiB cepLEeBO-CYAUHHOIO pu-
3uKy (rinepTeHsisi, LykpoBmi fiaber, rinepninigemis ToLLo),
yacTo hikCyeTbCsl eHaoTenianbHa AMCHYHKUIA SK OAMH
i3 paHHIX NposIBIB CUCTEMHOrO YypaxeHHsi. [lpoBeaeHi
KniHiYHi  gocnigkeHHs pgosenn, wo Onokaga TNF-o
3a gonomoroto BionoriyHoi Tepanii He nuwe 3MeHLye
KniHiyHi nposisn PA, ane n nokpawye @yHKUiOHaNb-
HAUA CTaH eHOOoTenilo, 3HWXKYHUYU BUPaXKEHICTb CYOMH-
HOro 3ananeHHs [23].

PA mae noTeHuian ypaxaTn npakTU4HO BCi CTPYKTYpKU
cepus. NMaTtoMopdonorivHi 3MiHKU OXONHOKTL SIK MIKpPO-
CyOUHHE pycro, Tak i MakpocyauHW, a Takox Miokapa,
nepukapa i knanaHHi CTPYKTypu. XpOHiYHE CUCTEMHe
3anarneHHs! crpusie po3BUTKY NepenyacHoro atepockrie-
po3y, apTepianbHOI XOPCTKOCTi, CTEHO3Y KOPOHAapPHMUX
apTepin, Kapgiomionarii, 3acTiHOI cepueBOi HegocTaT-
HOCTi, KrnanaHHux Bag (NepeBaXHO HeJoCTaTHOCTI)
Ta ibpuHo3Horo nepukapauty. Lli ypaxkeHHst icTOTHO
nigBuLLYIOTb PU3UK CepLEeBO-CyAMHHOI CMEPTHOCTI cepen
xBopux Ha PA [15].

Y ubOMYy KOHTEKCTi ocobnuee 3Ha4YeHHs HabyBalTb
paHHi OiarHOCTUYHI Migxoou Ta BUMKOPUCTaAHHSA MNpeauk-
TOpiB CEPLEBO-CYAMHHOIO pu3nky. [lJo Takux mapkepis
HanexaTb apTepianbHa rinepTeHsis, gucninigemis, iHcy-
NIHOPE3NCTEHTHICTb, a TaKoX oOLuiHKa ¢yHKUiOHaNbHOro
CTaHy eHOoTenilo Ta XOPCTKOCTI apTepianbHOi CTiHKW.
Ix BKMIOYEHHs OO IHAMBIAYANi30BAHOMO KIiHIYHOTO MOHI-
TOPVHTY [O03BOMISIE 3HAYHO MOKpaLLMTK CcTpaTudikaLio
pY3uKy, ONTMMIi3yBaTK MiKyBaHHS Ta nonepeauTu po3su-
TOK TSDKKMX yCKNaaHeHb [16, 24].

BcTaHoBNeHM 3B’A30K MK CUCTEMHUM 3ananeHHsM
npu PA Ta nigBuweHuMm pusnkom po3sutky CC3 HuHI

but is also associated with higher levels of inflammatory
activity, resulting in more severe disease, poorer treat-
ment response, and a higher frequency of cardiovas-
cular complications. Nicotine and its metabolites acti-
vate immune cells, increase cytokine production,
promote autoantibody formation, and exacerbate
endothelial dysfunction.

In the pathophysiology of RA, chronic inflammatory
processes play a central role in increasing athero-
genesis risk, affecting not only joints but also the vas-
cular wall systemically. Among inflammatory markers,
C-reactive protein (CRP) is especially notable; its level
correlates significantly with inflammatory activity and
has strong prognostic value for cardiovascular compli-
cations [21]. Elevated CRP is associated with endo-
thelial cell activation, increased expression of adhesion
molecules, and monocyte recruitment, initiating athero-
sclerotic plaque formation.

Cytotoxic T lymphocytes and a wide range of circu-
lating proinflammatory cytokines-including TNF-a., IL-1p,
and IL-6-contribute to chronic endothelial activation,
leading to increased vascular permeability, expression
of vascular adhesion molecules (VCAM-1 and ICAM-1),
leukocyte and platelet aggregation, and ultimately
endothelial damage [16, 22]. It is important to note that
even RA patients without traditional cardiovascular
risk factors (such as hypertension, diabetes, or hyper-
lipidemia) frequently present with endothelial dysfunc-
tion as an early sign of systemic vascular involvement.
Clinical studies have shown that TNF-o blockade with
biological therapy not only reduces RA symptoms
but also improves endothelial function and reduces
vascular inflammation [23].

RA has the potential to affect virtually all cardiac struc-
tures. Pathological changes can involve both micro-
vascular and macrovascular systems, as well as the
myocardium, pericardium, and heart valves. Chronic sys-
temic inflammation contributes to the development of
premature atherosclerosis, arterial stiffness, coronary
artery stenosis, cardiomyopathy, congestive heart failure,
valvular defects (mainly insufficiency), and fibrinous
pericarditis. These complications significantly increase
cardiovascular mortality risk in RA patients [15].

In this context, early diagnostic approaches and
cardiovascular risk predictors gain special importance.
These include arterial hypertension, dyslipidemia,
insulin resistance, as well as assessment of endothelial
function and arterial stiffness. Including these markers
in individualized clinical monitoring significantly impro-
ves risk stratification, optimizes treatment, and prevents
serious complications [16, 24].

The established link between systemic inflammation
in RA and increased CVD risk is currently the focus of
intense clinical and scientific investigation. Accumulating
evidence regarding the role of chronic systemic inflamma-
tion as a key pathogenic factor in atherogenesis has led
to a shift in management strategies for RA patients.
Increasing attention is being paid to therapeutic appro-
aches that not only effectively control autoimmune activity
but also reduce cardiovascular risk. In this context, the
concept of an integrated treatment approach is gaining
prominence, targeting common pathophysiological path-
ways shared by both chronic inflammation in RAand athero-
sclerosis-the underlying morphological substrate of CVD.

Modern biomedical science proposes a promising
direction-identifying and targeting molecular pathways
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€ nMNpegMETOM (HTEHCMBHOIO BWBYEHHSI B  KMiHIYHIN
i HaykoBi npakTuui. HakonuyeHHs Aokasis oo poni
XPOHIYHOrO CUCTEMHOIO 3anarieHHsi Ik OQHOro 3 KIHo4o-
BMX MNaTOrEHETUYHUX YMHHWUKIB aTeporeHesy npu3Berno
[0 NepeocMUCNEHHA CcTparTerii BeAeHHs nauieHTis i3 PA.
Bce 6inblue yBary npuainsieTbcsi NoOLyKy TepaneBTUYHNX
nigxonis, siki 6 He nuwe edeKTMBHO KOHTpomnoBanu
aKTUBHICTb ayTOIMyHHOrO MpoLecy, ane W Of4HOYacHO
3HWXKYBanu KapgioBacKynsipHUN puank. Y LbOMY KOHTEKC-
Ti 0cobnmBoi 3HauyLlocTi HabyBae KOHLUeNuis iHTerpo-
BaHOro nmigxogy A0 NiKyBaHHS, sikuid nepenbavae Bnnvs
Ha CcninbHi NaTogisionorivyHi NaHkn, NpuTamMaHHi K Xpo-
HiYHOMY 3ananeHHio npu PA, Tak i aTepocknepoasy, Lo,
y CBOIO Yepry, € ronoBHO MopdonoriyHoto ocHosoto CC3.

CyvacHa bioMmeanyHa Hayka BUCYBa€e NepCrekTUBHUN
HanpsIMOK — igeHTUdiKkauito Ta TapretHy mMoaynsuito
MOMEKYNSIPHUX MilleHen, siki 6epyTb y4acTb y 3aranbHuUX
3ananbHUX Kackagax, nputamaHHux obom naTonorisim.
BcTaHoBneHo, Wwo npo3sananbHi LUMTOKIHW, OKCUAATMBHUI
CTpec, AMCOYHKLUIS eHOoTenito, a Takox MeTaboniyHi
MOpyLUEHHS — Le KIYOoBi MexaHi3Mu, siki ogHo4YacHo
GepyTb y4acTb y nporpecyBaHHi sk PA, Tak i CCS3.
TakMM 4YMHOM, BMBYEHHSI HOBUX abo BXE iCHYyH4UX
apMaKkosnoriYyHMX areHTiB 3 MNEeNOTPONHOK Aieto, SKi
MOXYTb MOAYNIOBaTW Ui MexaHi3mMu, BiOKpUBaE HOBI
MOXIMBOCTI ANsi CTBOPEHHS  MYynNbTUAYHKLIOHANBHNX
nikapcbknx 3acobiB i3 NOTEHUiNHUM KapaionpoTekTop-
HUM edekToM Y nauieHTiB i3 PA. BaxnuBo nigkpecnutu,
Lo camMe 3 Orfsify Ha BUCOKUIA piBEHb 3axXBOPHBAHOCTI
Ta cmeptHocTi Big CC3 y xBopux Ha PA, Taka cTparteris
Ma€ HaA3BUYANHO BaXnuBe KIiHiYHEe 3Ha4YeHHs Ta no-
BMHHA po3rnsgatuca  SK  MpiopuTeTHa B CydacHin
PEBMAaTOSOriYHIN NpakTuL,.

Y UbOMYy KOHTEKCTi pe3ynsTaTv HU3KK  KRiHIYHUX
JocnigKeHb OCTaHHIX POKIB CTanu Ko4oBMM niaTBepa-
KEHHSIM [I0UiNbHOCTI MOLUYKY i BNPOBaAXXEHHSI MeauKa-
MEHTO3HUX 3acobiB, SKi MOXYTb OOHOYACHO YUHUTU
BNNMB Ha nartoreHe3 PA Ta 3anobiraTn ycknagHeHHsM
3 BoKy cepueBo-cyauHHoi cuctemn. byno posepneHo,
Lo NeBHi NpenapaTu, SKi TpaguLinHO BUKOPUCTOBYIOTLCA
B Tepanii PA, BUABNAIOTb TaKOX MO3UTUBHI BNIMBMK
Ha MOKa3HWKM KaphioBacKynsipHOro 340POB’s, 30Kpema
yepes aHTM3ananbHi, aHTUOKCUAAHTHI, eHO0TeNiN-NpoTeK-
TOpPHi Ta aHTMaTeporeHHi BnactueocTi. Lli nnenotponHi
echekTn HabyBalTb 0cO6NMBOI Barm B yMoBax Heobxia-
HocTi Moaudikauii kapaiometaboniyHoro npodinto nadi-
€HTIB 3 XPOHIYHOK ayTOIMYHHOIO NaTOSOri€to.

Kpim TOro, HaykoBi po3pobku y cdepi MonekynspHoi
hapmakonorii akTUBHO 30CEpPeXYTbCA Ha BUBYEHHI
HOBWX MOIEKyn, 34aTHUX MogynoBaTu Sk 3anarbHi, Tak
i meTaboniyHi Wnaxu, wo 6epyTb yyacTb y PO3BUTKY
CMCTEMHOTO 3anarieHHst Ta aTepockneposy. 3 ornsgy
Ha Le, 0cobnMBY 3aLlikaBneHiCTb BUKNNKAKOTL NpenapaTw,
O NOEAHYITL NpoTM3anarbHy akTUBHICTL i3 30aTHICTIO
[0 3HKEHHS OKCUAATUBHOIO CTPECY, NOKpaLLeHHS hyHK-
LioHanbHOro CTaHy eHOoTenito cyauH Ta iHribyBaHHSA
npouecis Tpombo3y. Y manbyTHbOMy came Taki 3acobu
MOXYTb NSArTM B OCHOBY MNepCOHarnisoBaHoi apmMako-
Tepanii nauieHTiB i3 PA, opieHTOBaHOI Ha OOCArHEHHs
CTIAKOTO KOHTPOMI0 sIK Haf ayTOIMyHHUM 3ananeHHsM,
Tak i Hag dhakTopamu cepueBO-CyAMHHOIO puU3nky [25].
Huska cydacHux dapmakonoriyHnx 3acobis, L0 BUKO-
puctoBytoTbCcst npu PA, npogemoHcTpyBana 34aTHICTb
NO3NTMBHO BMNMMBaTW Ha CEPLEBO-CYAWHHWUIA MPOrHO3
3aBAsKM CBOIM MnenoTponHum edoektam (tabn. 1).

involved in common inflammatory cascades of both
conditions. Proinflammatory cytokines, oxidative stress,
endothelial dysfunction, and metabolic disturbances
are key mechanisms contributing to the progression
of both RA and CVD. Therefore, research into new or
existing pharmacological agents with pleiotropic effects
that can modulate these mechanisms opens new
opportunities for the development of multifunctional
drugs with potential cardioprotective effects in RA pati-
ents. It is essential to emphasize that, given the high
morbidity and mortality rates from CVD in RA patients,
this strategy holds immense clinical importance and
should be considered a priority in modern rheumatology.

In this context, results from a number of recent
clinical studies provide key evidence supporting the
search for and implementation of pharmacological
agents that can simultaneously impact RA pathogenesis
and prevent cardiovascular complications. It has been
shown that certain drugs traditionally used in RA
therapy also exert beneficial effects on cardiovascular
health, particularly through anti-inflammatory, antioxi-
dant, endothelial-protective, and antiatherogenic pro-
perties. These pleiotropic effects are especially impor-
tant when there is a need to modify the cardiometabolic
profile in patients with chronic autoimmune conditions.

Furthermore, research in molecular pharmacology
is actively focused on exploring new molecules capable
of modulating both inflammatory and metabolic pathways
involved in systemic inflammation and atherosclerosis.
Accordingly, particular interest lies in drugs that combine
anti-inflammatory properties with the ability to reduce
oxidative stress, improve vascular endothelial function,
and inhibit thrombosis. In the future, such agents may
form the foundation of personalized pharmacotherapy
for RA patients, aiming to achieve sustainable control
of both autoimmune inflammation and cardiovascular
risk factors [25]. Several modern pharmacological
agents used in RA treatment have demonstrated the
ability to positively influence cardiovascular outcomes
due to their pleiotropic effects (see Table 1).
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Ta6nuus 1. HellonasHi KNiHiYHI AOCHiMKEHHS TepaneBTUYHMX niaxoais npu PA,
CMPSIMOBaHNX Ha 3HWXKEHHSI CepLIeBO-CYAUHHOIO pu3mnky [25]
Table 1. Recent Clinical Studies on Therapeutic Approaches in RA Aimed at Reducing Cardiovascular Risk [25]

Iikapcbkun 3aci6 / Drug

MoxnuBun mexaHiam gii/ Possible Mechanism of Action

CratuHu [26]

3HWXYIOTb piBEHb 3aranbHoro xonectepuHy, JNIMHLL, 3MeHLWyoTe NporpecyBaHHst aTepockneposy
Ta hopMyBaHHs BMSILLOK Y COHHUX apTepisix; MarTb TakoX NOMIPHWUI NpOTM3ananbHUn edhekT

Statins [26]

Lower total cholesterol and LDL levels; slow the progression of atherosclerosis and plaque
formation in carotid arteries; also exhibit a moderate anti-inflammatory effect.

MertoTpekcarT [27]

MpurHivye akTMBHICTL Aurigpodonartpeaykrasu, Wo 3HWXKye nponidpepadito iMyHHUX KIiTUH,
aKTMBHICTb 3aXBOPIOBaHHSA Ta, BiANOBIAHO, 3ananeHHs CYAUHHOI CTIHKN

Methotrexate [27]

Inhibits dihydrofolate reductase activity, reducing immune cell proliferation, disease activity,
and consequently inflammation of the vascular wall.

FgpokcunxnopoxiH [28]

BusaBnse aHTuarperaHTHi BMacTMBOCTI, CTabinidye CyANHHWUIN eHO0TENIN, 3HKYE PU3NK
TPOMOBOYTBOPEHHS Ta MIKPOCYAUHHUX YCKNaAHEHb

Hydroxychloroquine [28]

Exhibits antiplatelet properties, stabilizes the vascular endothelium, and reduces the risk of
thrombosis and microvascular complications.

Pecseparpon [29]

Mae noTyHy aHTMOKCUAAHTHY Ta NpoTusanarnbHy Ailo; 3HWXKYE piBeHb Npo3ananbHUX LUTOKIHIB
i MapkepiB okcuaaTMBHOro cTpecy npu PA

Resveratrol [29]

Possesses strong antioxidant and anti-inflammatory effects; reduces levels of pro-inflammatory
cytokines and oxidative stress markers in RA.

MeTtdpopmiH, deHdopmiH [30]

AkTuBytoTb WNsx AMP-3anexHoi npoTeiHkiHa3n (AMP-activated protein kinase — AMPK),
3MEHLLYIOTb CUCTEMHE 3ananeHHs, MOoKPaLLyTb MiNigHWIA Ta BYrneBogHUiA 0OMiH

Metformin, Phenformin [30]

Activate the AMP-activated protein kinase (AMPK) pathway, reduce systemic inflammation,
and improve lipid and carbohydrate metabolism.

Maspunimymab [31] iMyHHOT BignoBigi

Brokye o-naHutor peuenTtopa Ao rpaHyrouuTapHo-MakpogaranbHOro KonoHieCTUMYMHOBanbHOo
daktopy (GM-CSF), wo npu3BoanTh A0 3MEHLUEHHS aKTUBaLii NenkouuTiB i Mogynsuii

Mavrilimumab [31]

Blocks the a-chain of the granulocyte-macrophage colony-stimulating factor receptor (GM-CSF),
leading to decreased leukocyte activation and modulation of immune response.

Takum 4MHOM, iHTErpoBaHWi niaxig A0 NiKyBaHHA
nauieHTiB 3 PA i3 ypaxyBaHHsIM CUCTEMHOrO 3ananeHHs
AK MiweHi ana npodinaktnkn CC3 € Knio4oBMM YUHHU-
KOM Yy MOKpaLleHHi MPOrHO3y Ta 3HWKEHHI CMEepPTHOCTI
B Ui nonynsauii. lNoganblie BMBYEHHS MeXaHi3MiB
cninbHoro natoreHesy PA ta CC3, a Takox pO3BUTOK
npenapariB i3 TapreTHOK Ai€l0 Ha 3ananbHi Ta metabo-
NiYHI WISXK, 3anUWanTbesa NPIOPUTETHUMMU HanpsMKaMm
Cy4yacHoi peBmartonorii.

IHTEepCTULIAAbHE YPAXKEHHA A€T€Hb —

TAXKWA NO3acyrAo6oBui nposs PA

Cepepn nosacyrnoboBux ypaxeHb npu PA 3axsopto-
BaHHA nereHb 3aiMaloTb 0COONuBE Micue 4Yepes BUCOKY
YaCTOTYy BUHWMKHEHHS Ta 3HAYHWMI BNAWB Ha MPOrHO3
i TpuBanictb XuUTTA nadieHTiB. OgHWM i3 HanGinbL
TSOKKUX  pecnipaTtopHux ycknagHeHb npu PA € iHTep-
cTuuianbHe 3axsoptoBaHHA nereHb (I3J1), ske BuaBnS-
€TbCA K Y KIHIYHO MaHI(PEeCTHIA, TaK i B CyOKMiHiYHiIN
dopmi. Bigomo, wo npubnmsHo 60-80% oci6 i3 PA
MalTb O3HaKM FereHeBOro YpaXeHHs pPi3HOro CTy-
neHsa [25, 32, 33], cepen sakux I3J1 nocigae nposigHe
MiCLie 3 TOYKM 30pY KNiHIYHOT BAromMoCTi.

Hapasi kniHiYHO BCTaHOBNEHUMU (haKTopamMu pU3nNKy
po3sutky I3J]1 y nauieHTiB i3 PA BBaxalTbCs HU3Ka
aemorpadiyHux, NOBEeAiHKOBUX i 3axXBOPHOBAHHSA-CMELM-
iYHNX XapakTepucTrK, AOCTOBIPHO MOB’A3aHMX 3 NigBU-
LLEHOI WMOBIPHICTIO YpPaXeHHs1 rereHeBoi TKaHUHW.
[aHi yncneHHnx enigemionoriyHnx OocnigXeHb Ta npo-
CMEKTMBHUX KOropT cBig4vaTh, WO BiK NauieHTIB Bigirpae
npoBigHy ponb: ocobwu Bikom noHag 60 pokiB MawTb
CYyTTEBO BMLY 4acToTy BuaBneHHa |3J1 nopiBHAHO

Thus, an integrated approach to the treatment of
patients with rheumatoid arthritis (RA), which considers
systemic inflammation as a target for cardiovascular
disease (CVD) prevention, is a key factor in improving
prognosis and reducing mortality in this population.
Further investigation of the shared pathogenic mecha-
nisms between RA and CVD, as well as the development
of drugs that specifically target inflammatory and meta-
bolic pathways, remain top priorities in contempo-
rary rheumatology.

Interstitial Lung Disease -
A Severe Extra-Articular Manifestation
of Rheumatoid Arthritis

Among the extra-articular manifestations of rheuma-
toid arthritis (RA), lung diseases hold a special place
due to their high prevalence and significant impact
on prognosis and patient survival. One of the most
severe respiratory complications of RA is interstitial lung
disease (ILD), which can present both clinically and
subclinically. It is known that approximately 60-80%
of individuals with RA exhibit signs of lung involvement
to varying degrees [25, 32, 33], with ILD being the |
eading cause of clinical significance.

Currently, clinically established risk factors for ILD
development in RA patients include a number of demo-
graphic, behavioral, and disease-specific characteristics
that are reliably associated with an increased likelihood
of lung tissue involvement. Data from numerous epide-
miological studies and prospective cohorts indicate
that patient age plays a key role: individuals over 60 years
old have a significantly higher frequency of ILD detection
compared to younger patients, likely due to both the
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3 MOMOAWMMN nauieHTamu, LWo, MMOBIPHO, MOB’A3aHO
SIK 3 TPMBANICTIO ayTOIMYHHOrO NpoLuecy, Tak i 3 BiKOBUMM
3MiHaMM y TKaHUHax-MiweHAx. OkpiM BiKy, BaXnusum
gemorpadiyHUM  NPeaMKToOpoM €  YonoBsida  CTaTb,
sika acouieTbes 3 Ginblw Yactum nepebirom PA 3 ypa-
XKEHHsIM NereHiB, xoya 3aranbHa MOLUMPEHICTb CaMoro
PA 3HauyHO BuMWa cepen XiHok. Taka ocobnuBsicTb,
SIK NMPUMNYCKaeTbCS!, NOB’'si3aHa 3 BiAMIHHOCTSIMU Y rOpMO-
HanbHIN perynauii iMyHHOI BignoBigi Ta eHAoreHHomy
PiBHI CcTaTeBMX CTepoiaiB, WO BMAAMBAKOTb Ha eKCrpecito
3ananbHux megiatopis [33—-37].

He MeHWw 3Hauvywmm KniHiYHUM akTopoM pUsmKy
€ KYPiHHSI TIOTIOHY, SIké BW3HAHO HE nule TpUrepom
po3sutky PA, ane i okpemum pakToOpoMm, LLO CNpuUsie
po3BUTKY nereHeBoro ibposy. KypiHHs nigsuLye uutpy-
niHyBaHHSA BiNkiB y NereHeBiy TKaHWHI, L0, Y CBOI Yepry,
ctumynioe ytBopeHHa ACPA (anti-cyclic citrullinated
peptide antibodies) — ogHOro 3 OCHOBHUX IMYHOMOTiYHMX
mapkepis PA. [loBegeHo, WO aKkTUBHE KYpiHHSA 3HA4YHO
36inbLuye pu3nk BUHWKHEHHS I13]1 y nauieHTiB 3 PA, npu-
YOMY HaBiTb MiCns BiAMOBU Bif LUKIANWBOI 3BMYKK, Hera-
TUBHWIA BNNMB MOXe 36epiraTncs npoTsarom pokis [34—37].

Cepeq KniHiYHUX XapakTepuctuk camoro PA ogHum
i3 HamBaromilMx YMHHUKIB BBaXKaeTbCs TpPUBAniCTb 3a-
XBOPIOBaHHA. Yum pgoBwnin aHamHes PA, Tum Buwwa
MMOBIpHICTb  (DOpMYyBaHHS MO3acyrnoboBUX YpaXeHb,
30KpeMa XpoHiYHOro ¢ibpo3y nereHb, O, WMOBIPHO,
NoB’A3aHO 3 TPMBANMM CUCTEMHUM 3arnaneHHsaM i Kymy-
NATUBHUM  MEOUKAMEHTO3HUM HaBaHTaxeHHaM [38].
Takox BCTaAHOBMEHO YiTKy acoujiaLilo MK BUCOKUMU TUT-
pamu ACPA Ta possutkom I3J1, Lo 3ymMOBNEHO yyacTio
UMX ayToaHTUTIN Yy (POPMYBaHHi IMYHHUX KOMMMEKCIB
y nereHeBin napeHximi. Bucoki koHueHTpauii ACPA pos-
rMsOalTbCs K CEPONoriYHMn Mapkep He nuwe Ginblu
Tskkoro nepebiry PA, a I ypaxeHHs AnxanbHOi CMCTEMMU,
nogibHo 4o peBMaToigHOro BackyniTy. AHarnoriyHa 3anex-
HICTb cCrocTepiraeTbCs W WOOO0 PEBMATOIgHOro akTo-
pa (P®), akun, gk i ACPA, mae npsimy kopensiwito 3 pusu-
KOM pO3BUTKY iHTEepCTULianbHUX 3MiH y nereHsax [34—36].

3ananbHi NOKa3HMKM 3aranbHOrO XapakTepy, Taki sik
nigBuLLEeHa WBMAKICTb OCigaHHs epuTpouuTiB, Bigobpa-
XalTb aKTUBHICTb CUCTEMHOrO 3ananbHOro npolecy
Ta Takox € npeguktopom I3J1. Y uncneHHnx gocnigkex-
Hsix Oyno NpoaeMOHCTPOBaHO, LIO NauieHTu 3 nigsuile-
HUM piBHem LWOE wmaioTb BULLY 4acTOTy nereHeBuXx
ypaxeHb, WO, BiporigHO, NOB’A3aHO 3 aKTUBAUIEl iMyH-
HOI cMcTeMu B Mexax fnereHeBoi Mikpouupkynsuii [35-37].
Okpemoi yBaru 3acnyroBytoTb PeBMaToOidHi BY3MUKN —
TMNOBe nosacyrnoboBe NposiBNeHHs PA, sike 3a3Buyan
acoLjloeTbCSA 3 BUCOKUM TUTPOM ayTOaHTUTIN. IxHA Hass-
HICTb KOpentoe i3 CUCTEMHOK ayTOIMYHHOK aKTUBHICTIO,
BKIIOHAKYMN MOXIIMBE 3arlyYeHHs IereHeBOi TKaHWHU
[0 NaTonoriYHoro npotecy.

[onaTkoBMM  KMiHIYHMM NPEeauKTOPOM BBaXKaeTbCs
3aranbHUin piBeHb akTmBHocTi PA. 3rigHo 3 paHumum
KOTOPTHOIO CMOCTEPEXEHHS, nauieHTM 3 noMipHow abo
BMCOKOK aKTMBHICTIO CyrnoboBOro CUHAPOMY MatoTb
nigsuLLeHy MMOBIPHICTb BusBNeHHA 13J1, wo we pas nig-
Kpecnioe TICHUMN B3aEMO3B’S30K MK CUCTEMHMM 3ana-
NEHHAM i po3BUTKOM (DIBGPOTUYHMX ypaxkeHb nerexb [39].
Kpim TOro, BCTaHOBMEHO, LUO 3aCTOCYBaHHsI NpeaHi3o-
NOHY, 0coBnMBO Yy TpPMBaroMy pPeXxumi, MoXe acoLlitoBa-
TUCH 5K i3 Moaundikauieto puanky ibposy, Tak i 3 NnoTeH-
LiMHUM BHECKOM Yy peMoferntoBaHHS nereHeBoi TKaHUHU
[33, 35, 40]. Xo4a rnoKOKOPTUKOIAN 34aTHI TMMYacoBO
3HWXKYBaTU 3anarnbHy akTUBHICTb, BOHM He 3anobiratoTb

duration of the autoimmune process and age-related
changes in target tissues. Besides age, male sex is
an important demographic predictor associated with
a more frequent course of RA with lung involvement,
although the overall prevalence of RA is much higher
in women. This feature is believed to be related to dif-
ferences in hormonal regulation of the immune response
and endogenous levels of sex steroids, which influence
the expression of inflammatory mediators [33-37].

Another significant clinical risk factor is tobacco
smoking, recognized not only as a trigger for RA deve-
lopment but also as an independent factor promoting
lung fibrosis. Smoking increases protein citrullination
in lung tissue, which in turn stimulates the formation
of anti-cyclic citrullinated peptide antibodies (ACPA) —
one of the main immunological markers of RA. It has been
demonstrated that active smoking significantly increases
the risk of ILD in RA patients, and even after cessation,
the harmful effects can persist for years [34-37].

Among the clinical characteristics of RA itself,
disease duration is one of the most important factors.
The longer the RA history, the higher the probability
of developing extra-articular manifestations, particularly
chronic lung fibrosis, likely related to prolonged systemic
inflammation and cumulative medication exposure [38].
A clear association has also been established between
high ACPA titers and the development of ILD, which is
due to the involvement of these autoantibodies in
forming immune complexes in the lung parenchyma.
High ACPA levels are considered a serological marker not
only of more severe RA but also of respiratory system
involvement, similar to rheumatoid vasculitis. A similar
correlation is observed with rheumatoid factor (RF),
which, like ACPA, directly correlates with the risk of
developing interstitial lung changes [34-36].

General inflammatory markers, such as elevated
erythrocyte sedimentation rate (ESR), reflect the activity
of systemic inflammation and are also predictors of ILD.
Numerous studies have shown that patients with elevated
ESR have a higher frequency of lung involvement, likely
linked to immune system activation within the pulmonary
microcirculation [35-37]. Rheumatoid nodules-typical
extra-articular manifestations of RA usually associated
with high autoantibody titers-also deserve special
attention. Their presence correlates with systemic auto-
immune activity, including possible involvement of lung
tissue in the pathological process.

Another clinical predictor is the overall RA disease
activity. According to cohort data, patients with moderate
to high joint disease activity have an increased likelihood
of ILD detection, emphasizing the close link between
systemic inflammation and the development of fibrotic
lung lesions [39]. Moreover, the use of prednisolone,
especially long-term, may be associated both with
modifying the risk of fibrosis and potentially contributing
to pulmonary tissue remodeling [33, 35, 40]. Although
glucocorticoids can temporarily reduce inflammatory
activity, they do not prevent fibrosis progression in
RA-ILD patients and thus cannot be considered a preven-
tive measure in this context.

Overall, the clinical risk factors for ILD development
in RA are multifactorial and interdependent. Their com-
prehensive assessment should be an integral part of
managing RA patients, especially those in high-risk
groups, to enable early diagnosis and prevent severe
respiratory complications. Considering these factors
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nporpecyBaHHio ¢ibpo3y npu PA-I3J1 y Bcix nauieHTiB
i TOMy He MOXYTb Ppo3rnsgaTuca sk NpodinakTUYHWUA
3acib y UbOMY KOHTEKCTI.

Baranom, KniHivHi dakTopn pusmnky possuTky |31
npu PA € 6araToKOMNOHEHTHUMK Ta B3AEMO3aNEXHUMW.
Ix komnnekcHa ouiHka NOBUHHA GYTW HEBIA'EMHOIO
YacTMHOW BeaeHHsl nauieHTiB 3 PA, ocobnmeo B rpynax
BMCOKOIO pU3MKY, 3 METOK PaHHLOI AiarHOCTUKM Ta 3a-
nobGiraHHs TSHKKMM YCKIMAAHEHHAM [MXarnbHOI CUCTEMW.
YpaxyBaHHsi LUMX YMHHUKIB [03BOMsIE nepcoHanisysatyu
niaxin 0O CNOCTEPEXEHHsI Ta CBOEYACHO 3aCTOCOBYBaTU
mMeToau Bidyanisauii abo yHKUiOHanNbHOT OLiHKM NereHb.

HesBaxatounm Ha Te, wo PA mMoxe 3anydatu pisHi
CTPYKTYpPWU [AMXanbHOI CUCTEMM — BKMKOYauM OPiGHI
OpoHXM, NneBpy, CyOMHU Ta JereHeBy nNapeHximy -—
camMe OCTaHHSl acoUiloeTbCA 3 HaWbinbl BUpaXKeHUM
nigBULLEHHAM PU3MKY YCKnagHeHb Ta cmepTHocTi [41].
I3T 3ymoenioe po 20% ycix neTanbHMX BUNagkis
npu PA, Wwo cBiguMTb Npo ii naToreHeTnyYHy 3HavyLUicTb
Ta HeoOXigHiCcTb cBOeYacHoi giarHocTuku [32]. Mpw ubomy
JaHi cBigyaTbh, WO KMiHIYHO 3HauyLli CUMNTOMU, Taki SK
nporpecytoya 3aguviika npy is4HOMY HaBaHTaXEeHHi
Ta HENpOAYKTUBHWIA Kallenb, BUSIBMASIOTLCA nuLlie
y 10% xBopux 3 MopdonoriyHo nigTreepgkeHum 1311,
LLIO CTBOPIOE NiArPYHTSA ANna HeQoOoLUiHKM naTonorii [42].

3 naToreHeTUYHOI TOYKM 30pYy KIMKYOBY POfb Y Po3-
BuTKy I13J1 npn PA BigirpatoTe Megiatopun iMyHHOI Bigno-
Bifli, BKMOYaK4M npo3ananbHi LMTOKIHN, XEMOKIHN Ta chak-
Topu pocTy. Lli 6ionori4yHO akTUBHI PEYOBMHU aKTUBYIOTb
ibpobnacTononibHi CMHOBIOLUTU, CTUMYIOKYM NPOri-
depauito, cekpeLito MaTpPUKCHMX OinkiB Ta ekcnpecito
TKaHWHHMX iHriGiTopiB MeTanonpoTteiHa3. Pesynbratom
LUbOro € HaAMULLKOBE HaKOMUYEHHS MO3aKNiTMHHOrO mar-
pUKCYy Ta peMOAENtoBaHHS NapeHximu, Lo 3 YacoMm npu-
3B0OUTbL [0 HEe3BOpOTHOro ibposy [43, 44]. IMmyHo-
3anarnbHe MikpocepeaoBuLe, sike POPMYETLCS Y NEreHsiX,
32 CBOEK CTPYKTYpPOK Haragye XpOHiYHY aKTUBHY
CYHOBItO Npu PA, WO CBiAYUTb NPO €4MHY NaTOreHeTUYHy
nnaTopMy LIMX ypaxeHb.

3Baxalunm Ha TreTeporeHHIiCTb KNiHiYHMX NposiBiB
Ta BapiabenbHiCTb MOpPGOTUMIB  ypaxeHHs, Hapasi
He IiCHye CTaHOApTU30BaHWX MPOTOKONIB MiKyBaHHSA
PA-I3N. Migxogn po Tepanii 6asyTbcs Ha oOUiHLi
CTyneHs akTMBHOCTI PA, TemniB nporpecyBaHHs (ibpo3y
Ta NOTEHUINHOI peakuii Ha iMyHOCynpecuBHy Tepanito.
Y KOHTEKCTi LbOro ocobnuBo akTyanbHUM € noganblue
npoBefdeHHs1 GaraToLEHTPOBUX AOCHIMKEHb, METOH
AKX € Bepudikauis onTUManbHUX CTpaTerii CKPUHIHTY
Ta Tepanii [25, 45].

Otxe, 1311 y nauieHTiB 3 PA € cepro3HOolo KniHiYHO
npobnemoto, sika notpebye BMCOKOI AiarHOCTUYHOI Ha-
CTOPOXEHOCTi, PErynspHOro MOHITOPUHIY Ta MiXKAMCLMM-
niHapHoro nigxogy 40 BeAeHHs. 3 ypaxyBaHHAM ii 3Hau-
HOro BMNMUBY Ha SKICTb XXUTTS Ta BWXMBAHICTb NauieHTIB,
paHHE BUSIBNIEHHS Ta TapreTHa Tepanis 3anuwarTbcs
npiopMTeTamMu y CyyacHin peBMaTonoriyHi NpakTuLi.

CucTeMHe YpaXXeHHs KiCTKOBOI TKAHUHU npu PA:

BiA OCTEONOpO3y AO HOLMMAACTUYHOIO GOAIO

Octeonopos (Ol1) € ogHUM i3 HanbinbL NOLINMPEHNX
Ta KNiHIYHO 3Ha4vyLwmMx no3acyrnoboBmx ycknagHeHbs PA,
WO npuBepTae 3Ha4yHy YyBary siK [JOCNIOHWKIB, Tak
i MpakTMYHKX nikapis. 3rigHo 3 pesynbraTtamu enigemio-
noriyvHnx gocnigpkeHb, 4vactota po3sutky Ol cepeq
nauieHTiB i3 PA maibke BAOBiYi nepeBuLLye aHanorivHi
MOKas3HWKW Yy 3aranbHii nonynsauii, Wo niaTBepoKeHo

allows for a personalized approach to monitoring
and timely use of imaging or pulmonary function asse-
ssment methods.

Although RA can affect various structures of the
respiratory system-including small bronchi, pleura,
vessels, and lung parenchyma-the latter is associated
with the most pronounced increase in the risk of com-
plications and mortality [41]. ILD accounts for up to 20%
of all deaths in RA patients, highlighting its pathogene-
tic importance and the necessity of timely diagnosis [32].
Clinical symptoms of significance-such as progressive
exertional dyspnea and nonproductive cough-are found
in only about 10% of patients with morphologically
confirmed ILD, which contributes to underestimation
of the pathology [42].

From a pathogenetic perspective, key mediators
in ILD development in RA are immune response
mediators, including pro-inflammatory cytokines, chemo-
kines, and growth factors. These biologically active
substances activate fibroblast-like synoviocytes, stimu-
lating proliferation, secretion of matrix proteins, and
expression of tissue inhibitors of metalloproteinases.
The result is excessive accumulation of extracellular
matrix and parenchymal remodeling, ultimately leading
to irreversible fibrosis [43, 44]. The immunoinflammatory
microenvironment formed in the lungs structurally
resembles chronic active synovitis in RA, indicating
a common pathogenetic platform for these lesions.

Given the heterogeneity of clinical manifestations
and variability of morphotypes, there are currently
no standardized treatment protocols for RA-ILD.
Therapeutic approaches are based on assessment of RA
activity, fibrosis progression rate, and potential response
to immunosuppressive therapy. In this context, further
multicenter studies aimed at verifying optimal screening
and treatment strategies are particularly relevant [25, 45].

Thus, ILD in RA patients is a serious clinical problem
requiring high diagnostic vigilance, regular monitoring,
and an interdisciplinary management approach. Consi-
dering its significant impact on quality of life and survival,
early detection and targeted therapy remain priorities
in modern rheumatologic practice.

Systemic Bone Tissue Involvement in RA:

From Osteoporosis to Nociplastic Pain
Osteoporosis (OP) is one of the most common
and clinically significant extra-articular complications
of rheumatoid arthritis (RA), attracting considerable
attention from both researchers and clinicians. Epidemio-
logical studies show that the prevalence of OP among
RA patients is nearly twice that of the general population,
as confirmed by multiple sources [46-50]. Such a high
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Hu3kor mxkepen [46-50]. Taka Bucoka nowmpeHicts Ol
npu PA 3ymoBnE HeoOXigHICTb rMMOBOKOro po3yMiHHS
nNaTtoqi3ionoriyHNX MexaHi3MiB, WO fexaTtb B OCHOBI
UbOro ycKNagHeHHsl, Ans dopMyBaHHs edEKTUBHNX
npoinakTUYHMX Ta TepaneBTUYHNX CTPaTEriN.

OlN BM3HaYaeTbCA $IK CUCTEMHE 3axBOPHOBAHHS
ckeneta, Ans SIKOro XapakTepHe NPOrpPeCUBHE 3HKEHHS
MiHepanbHOi LWinNbHOCTI KicTkoBOi TkaHwHu (MLLKT)
Ta NOpPYLUEHHSI MIKpOAPXITEKTYPU KICTKM, LLO NPU3BOAUTL
0o i NigBULLEHOI KPUXKOCTI Ta pU3NKYy Neperomis HaBiTb
npu He3Ha4YHOMY MeXaHiYHOMY HaBaHTaxeHHi [51]. Y naui-
€HTiB i3 PA MexaHi3aMu ocTeoneHii Ta oCTeonopoTUHHUX
3MiH MaloTb KOMMMEKCHUI XapakTep i NOB’A3aHi He nuwie
3 BTOPUHHUMU (haKkTopamu, TakKUMK SIK MeAMKaMEHTO3Ha
Tepanis 4M BiKOBi 3MiHM, ane i Ge3nocepeaHbO 3 NaTo-
reHe3oM CaMoro ayToiMyHHoro npotecy. CuctemMHe xpo-
HiYHe 3ananeHHsl, HasiBHICTb LMPKYIOYMX ayTOaHTUTIN
i NigBULLIEHMI piBEHb Npo3anasnibHMX LUTOKIHIB, 30Kpema
IL-1, IL-6 Ta TNF-a, cnpuaoTb akTuBaLii octeoknacrore-
He3y Ta iHribytoTb 0CTe0bnacTUYHy akTUBHICTb, LLIO BPELLTI-
pewT Npu3BOAMTL [0 AOMiHYBaHHS MpoueciB pe3opbuii
Hag bopMyBaHHSAM KICTKOBOI TKaHWHU [46, 48, 52].

Kpim Toro, 3ananbHumn npouec y PA mae cuctemHumn
XapakTep, WO BNnuMBae Ha oOMiH kanbuito, docdopy
Ta BiTamiHy D, nopyLlytoum 3aransHuii Metaboniam KicT-
KOBOI TKaHuHW. [Mig BNNMBOM Npo3ananbHUX megiatopis
aktmByeTbca curHanbHum wnax RANK/RANKL/OPG.
CurHanbHa cuctema RANK/RANKL/OPG € ueHTpanb-
HAM pEerynaTtopoM OCTEOKNacToreHesy Ta piBHOBaru
MiX pe3opbuieto 1 (POpMyBaHHSAM KICTKOBOI TKaHWUHW.
OncbanaHc y upboMy LWINAXY Bidirpae BupillanbHy pornb
y naToreHesi OCTEONopo3y, 30Kpema BTOPMHHOrO, aco-
uinosaHoro 3 PA.

1. RANK (receptor activator of nuclear factor
kappa-B) — peuentop akTmBaTopa sfaepHoro daktopa
KB, po3TalloBaHuii Ha MOBEPXHiI OCTEOKNACTIB Ta iXHix
npekypcopis. Moro akTusauis € HeobxigHOW YMOBOK0
ons  gudepeHuiadii, akTuMBauii Ta  MNpPOMOHroBaHoil
XKUTTE34ATHOCTI OCTEOKNAaCTIB.

2. RANKL (receptor activator of nuclear factor
kappa-B ligand) — nirang o peuentopa RANK, skun
ekcnpecyeTbca ocTeobnactamu, octeoumTamu, ¢ibpo-
Gnactamy CUHoOBIanbHOI OOOMOHKM Ta aKTUBOBaHUMMU
T-nimdountamu. Y npucyTHOCTI nposananbHUX LMTO-
KiHiB, Takmx sk TNF-a, IL-1 Ta IL-6, ekcnpecis RANKL
cyTTeBo 3pocTtae. Moro 3s’'siayBaHHa 3 RANK akTusye
ocTeoknacTtoreHes i, BignoBigHO, nocunioe pesopbuito
KICTKOBOI TKaHVHMW.

3. OPG (osteoprotegerin) — ocTeonpoTerepuH, siKuim
BUCTYnae sik npupogHui iHriditop RANKL. Lle posuns-
HUA  rnikonpoTeiH, CcekpeToBaHU  ocTeobnacramu
Ta iHwuMu knitnHamn. OPG 3B’asyetbca 3 RANKL,
nepeLkogkatoum noro B3aemogii 3 RANK, tTum camum
ranbMyody audepeHLiaLio Ta akTUBaLlilo OCTEOKNacTiB.

Y HopMmanbHux aisionorivHux ymosax Mixx RANKL
Ta OPG nigTpymyeTbCs AMHaMiYHa piBHOBara, sika 3abes-
nevye crabinbHUIA CTaH KiCTKOBOrO peMOAENOBaHHSI.
OpHak npy XpoHiYHOMY 3anarneHHi, sk y Bunagky 3 PA,
cnieeigHoweHHss RANKL/OPG 3wmiwyetbcss B 6ik nepe-
Barm RANKL, uo 3ymoBnioe rinepakTtueaLlilo OCTeo-
KnacTiB, nporpecytvy pe3opbuitd KiCTKOBOI TKaHWUHU
Ta PO3BUTOK CUCTEMHOIO OCTEOMOPO3Y.

HagmipHa akTmBauis LUbOro CUrHanbHOro Kackagy
B ymoBax PA € TakoX KM4YOBMM MeXaHi3MOM NoKarb-
HOro ocCTeorni3y, eposiii KICTKOBMX CTPYKTYp Yy cyrrnobax
Ta BTpatn MLKT [53].

prevalence of OP in RA necessitates a deep understan-
ding of the pathophysiological mechanisms underlying
this complication to develop effective preventive and
therapeutic strategies.

OP is defined as a systemic skeletal disease charac-
terized by progressive loss of bone mineral density (BMD)
and disruption of bone microarchitecture, leading to
increased fragility and fracture risk even under minimal
mechanical stress [51]. In RA patients, mechanisms of
osteopenia and osteoporotic changes are complex and
relate not only to secondary factors such as medication
or aging but also directly to the pathogenesis of the
autoimmune process itself. Systemic chronic inflam-
mation, circulating autoantibodies, and elevated levels
of proinflammatory cytokines-especially IL-1, IL-6, and
TNF-a-promote osteoclastogenesis and inhibit osteo-
blast activity, resulting in a predominance of bone resorp-
tion over formation [46, 48, 52].

Furthermore, the inflammatory process in RA is
systemic and affects calcium, phosphorus, and vitamin D
metabolism, disrupting overall bone metabolism. Proin-
flammatory mediators activate the RANK/RANKL/OPG
signaling pathway. This pathway is the central regulator
of osteoclastogenesis and the balance between bone
resorption and formation. Dysregulation of this pathway
plays a crucial role in the pathogenesis of osteoporosis,
particularly secondary osteoporosis associated with RA.

1. RANK (receptor activator of nuclear factor
kappa-B) — a receptor located on osteoclasts and their
precursors. Its activation is essential for differentiation,
activation, and prolonged survival of osteoclasts.

2. RANKL (receptor activator of nuclear factor
kappa-B ligand) — a ligand for RANK expressed by
osteoblasts, osteocytes, synovial fibroblasts, and acti-
vated T-lymphocytes. In the presence of proinflam-
matory cytokines such as TNF-a, IL-1, and IL-6, RANKL
expression significantly increases. Binding of RANKL
to RANK activates osteoclastogenesis, thereby enhanc-
ing bone resorption.

3. OPG (osteoprotegerin) — a natural inhibitor of
RANKL. It is a soluble glycoprotein secreted by osteo-
blasts and other cells. OPG binds RANKL, preventing
its interaction with RANK, thus inhibiting osteoclast
differentiation and activation.

Under normal physiological conditions, a dynamic
balance between RANKL and OPG is maintained,
ensuring stable bone remodeling. However, in chronic
inflammation, such as RA, the RANKL/OPG ratio shifts
in favor of RANKL, leading to hyperactivation of osteo-
clasts, progressive bone resorption, and systemic
osteoporosis development.

Excessive activation of this signaling cascade in RA
is also a key mechanism of local osteolysis, bone
erosions in joints, and BMD loss [53].

Additional factors contributing to OP development
in RA patients include disease duration and activity,
female sex (especially postmenopausal), vitamin D
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[o dakTopiB, WO [0AAaTKOBO CNPUSIOTb PO3BUTKY
OfNn y xBopux Ha PA, HanexaTb TpuBanictb Ta
aKTMBHICTb 3axBOpHOBaHHS, XiHo4a cTaTb (0cobnmBo
B NocTMeHonay3anbHoMy nepioai), AediunT BiTamiHy D,
NoXunuin Bik, OOMeXeHHs1 i3nYHOi aKTUBHOCTI 4Yepes
6oNbOBUIA  CUHOPOM Ta (PyHKUIOHANbHI  OBMEXEeHHS,
a TaKoX TpuBare 3aCTOCYBaHHS [TIIOKOKOPTUKOCTEPOI-
nis Ta DMARDs [49, 54].

OcTeonopoTnyHi  nepenomu, ocobnueo Xxpebuesi
Ta MNPOKCMMAarnbHOro BiAAiny CTErHoBOi KICTKWM, MaloTb
BMCOKY KMiHI4YHY 3Ha4yLWicTb. 3rigHo 3 gaHMn HauioHanb-
Horo iHcTUTYTY 3gopos’s CLUA, Taki nepenomn cTtaHoB-
nATb 0O TPETMHM BUMAAKiB CMEpPTi, acouinoBaHMX
i3 PA, WO [OEeMOHCTpye ceprosHicTb npobnemu [55].
Kpim 6GesnocepeqHbOro pusuky netanbHOro Hacnigky,
nepenomMm 3Ha4YHO MOTiPLWYIOTb SAKICTb XUTTA NaUieHTIB,
cnpuymHsaodM Ginb, BTpaTy MOGINLHOCTI, OOMEXEHHS
y NOBCSAKAEHHIN AisnNbHOCTI, TpMBany 3anexHicTb Big CTo-
POHHBOI [JOMOMOrM, a TaKoX 3yMOBIIOTL PO3BUTOK
yCKMaHeHb, Takux sIKk NPONeXHi, Tpombo3n Ta pecnipa-
TOPHiI iHdekKuiT [46, 56, 57].

Ocob6nuvBy KniHiYHY yBary 3acnyroBylTb MNepernommu
Tin xpebuis, Ski YacTo 3anuLalTbLCSA HediarHOCTOBaHUMMU
yepe3 BIACYTHICTb BUPaXeHUX CUMMTOMIB Ha paHHIX
ctagisix. poTte BoOHM BedyTb A0 PO3BUTKY CTilkoro 6o-
NbOBOro CMHApPOMY, Aedopmalii xpebTa (kidos), 3mMeH-
LLIEHHS 3POCTY, NOPYLUEHHS PYHKLi AUXaHHSA Yepes 3MeH-
LWEeHHs1 06’eMy rpygHOI KMiTKM Ta 3HAYHOrO MOTipLUEHHS
dyHKUioOHanbHOro ctaTtycy nauieHTa [47, 58]. YpaxyBaHHs
LUMX acnekTiB € HeoOXigHUM npu POpMyBaHHI Nepco-
Hani3oBaHoi cTparTerii BegeHHs nauieHTis i3 PA Tta Oll.

TakMM 4MHOM, OCTEOMNOpPO3, K OA4HE 3 Haunowu-
PEHILWMX i HAaNBINbLL KNiHIYHO 3HAYyLLMX No3acyrnoboBux
ycknagHeHb PA, Bigirpae Kno4oBYy porfb Y 3HWKEHHI
dyHKUiOHanbHOro noTeHuUiany nauieHTiB i 3ymMOoBnioe
3HayHy 4acTKy ixHbOi iHBanigu3auii. BogHoyac, okpim
CUCTEMHMX MOpPYLUEHb MiHepanbHoro obMiHy Ta BTpaTu
KiCTKOBOI Macu, y nauieHTiB i3 PA MoxXyTb po3BuBaTucs
pigkicHi, ane Hag3BMYaMHO CKNagHi y KNiHIYHOMY BeeHHI
(OpMM  [ECTPYKTUBHOIO YPaXKEHHSI OMOPHO-PYXOBOrO
anapary, cepef skux ocobnuBy yBary npusepTae Henpo-
natMdyHa apTponartia, OinblW Bigoma sk apTponartis
Lapko. Llew BapiaHT ycknagHeHoro nepebiry PA noeaHye
iMmyHO3ananbHi, HempoaereHepaTyBHI Ta BacKynsipHi me-
XaHi3aMu, WO NpU3BOAATbL [0 TSKKOrO AECTPYKTUBHOIO
ypaeHHst cyrnobiB i3 BTpatamu iHHepBaLii, KOHTpO-
NbOBAHOIO HaBaHTaXeHHS Ta apXiTeKTypHOI UinicHOCTI
cyrno6oBoi nosepxHi. Came noegHaHHA ayTOiIMyHHOro
3ananeHHsl Ta HeWpOCEHCOPHOro AediunuTy CTBOPHOE
yMOBU Ansi POPMYBaHHSA KMiHIYHO HecneumdivHoro,
[iarHOCTMYHO cKnagHoro deHoTUny apTponarii, SKui
noTpebye OKPeEMOro MiXXAMCLUMIIHAPHOTO po3rnsaay.

PA, ycknagHeHun possuTkoMm apTtponarii Lapko
(HemMponaTUYHUA OCTEOAPTPUT), € KNiHIYHO pigKICHUM,
OofHaK HaA3BMYaWHO CKNagHUM ANS OiarHOCTUMKU N MiKy-
BaHHs BapiaHTOM nepebiry ayToiMyHHOro 3aXBOPIOBAHHS.
Xoya Bunagku noegHaHHsa PA i3 aptponartieto Lapko
CMOCTepiralTbCsl  MOPIBHAHO HeYacTo, iX 3HauvyLicTb
He Moxe OyTu HepoouiHeHa. lMaTonoriyHuin npouec, LWo
NeXnTb B OCHOBI Uiel hopMU ypaXKeHHs!, 3yMOBeHUn
nepeBaXHO HENWPOCEHCOPHOK BTPATOl, fIka MOpPYLUYE
60nboBY Ta nponpioLenTUBHY iHHEPBALito CyrmnobiB, cnpusi-
H0YN HEKOHTPOINbOBAHOMY MEXaHIYHOMY HaBaHTaXXEHHIO,
MikpoTpaBmaTu3adii Ta, gk HacnigoK, AeCTpyKUii OnopHO-
pyxoBoro anapary [59].

deficiency, advanced age, limited physical activity due
to pain and functional impairment, and prolonged use
of glucocorticoids and DMARDs [49, 54].

Osteoporotic fractures, particularly vertebral and
proximal femoral fractures, have high clinical significance.
According to the US National Institutes of Health, such
fractures account for up to one-third of deaths asso-
ciated with RA, underscoring the problem’s severity [55].
Beyond the direct risk of fatality, fractures greatly impair
patients’ quality of life by causing pain, loss of mobility,
limitations in daily activities, prolonged dependence on
caregivers, and complications such as pressure ulcers,
thromboses, and respiratory infections [46, 56, 57].

Particular clinical attention is warranted for vertebral
body fractures, which often remain undiagnosed due to
lack of prominent early symptoms. Nevertheless, they
lead to chronic pain syndrome, spinal deformities
(kyphosis), height reduction, impaired respiratory function
due to decreased thoracic volume, and significant
deterioration in functional status [47, 58]. Consideration
of these aspects is essential when developing perso-
nalized management strategies for RA patients with OP.

Thus, osteoporosis, as one of the most common and
clinically relevant extra-articular complications of RA,
plays a key role in reducing patients’ functional potential
and contributes significantly to their disability. At the same
time, beyond systemic mineral metabolism disturbances
and bone mass loss, RA patients may develop rare but
clinically challenging forms of destructive musculoskeletal
involvement. Of particular interest is neuropathic arthro-
pathy, better known as Charcot arthropathy. This compli-
cated RA variant combines immunoinflammatory,
neurodegenerative, and vascular mechanisms, resulting
in severe joint destruction with loss of innervation,
controlled loading, and architectural integrity of the joint
surface. The combination of autoimmune inflammation
and neurosensory deficit creates conditions for a clini-
cally nonspecific, diagnostically difficult arthropathy phe-
notype requiring distinct multidisciplinary consideration.

RA complicated by Charcot arthropathy (neuropathic
osteoarthritis) is clinically rare but highly challenging
to diagnose and treat. Although cases of RA combined
with Charcot arthropathy are relatively infrequent,
their significance cannot be underestimated. The under-
lying pathological process is primarily driven by neuro-
sensory loss that disrupts pain and proprioceptive
innervation of joints, leading to uncontrolled mechanical
stress, microtrauma, and consequently, musculoskeletal
destruction [59].

According to current data, RA can cause peripheral
sensory nerve damage through autoimmune inflam-
mation mediated by cytokine pathways. This involves
anti-endothelial cell antibodies (AECA), chemokine
CX3CL1 (fractalkine — FKN), IL-17 family interleukins,
as well as TNF-a, IL-1, and IL-6 [60]. These inflammatory
mediators can damage both peripheral nerve endings
and microcirculatory structures supplying joint tissues,
provoking chronic neurovascular inflammation, osteo-
lysis, and bone remodeling.

The most widely accepted pathophysiological
theories for Charcot arthropathy development are the
neurotrauma theory and the neurovascular hypothesis.
The former suggests that impaired pain sensitivity leads
to repeated microtraumas unnoticed by the patient,
accumulating and causing bone destruction. The latter
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3rigHo 3 cyyacHumMu gaHumu, PA Moxe cnpuumHATH
NOLUKOKEHHSI NepudepruyHUX CEHCOPHUX HEpBIB LUMS-
XOM ayTOIMYHHOrO 3anarieHHsi, sike peaniyeTbcs yYepes
LNTOKIH-ONOCepeaKoBaHi MexaHiamu. Y uboMy npoLeci
GepyTb yyacTb aHTWTINA [0 eHAoTenianbHUX KhiTWH
(anti-endothelial cell antibodies — AECA), xeMokiH
CX3CL1 (fractalkine — FKN), iHTepnenkiHn cimenctsa
IL-17, a Takox TNF-a, IL-1 T1a IL-6 [60]. Taki 3ananbHi
MefiaTopu MOXYTb ypaxaTu sk nepudepuyHi HepBOBI
3aKiH4YeHHsl, TaK i MIKPOLMPKYNATOPHI CTPYKTYpM, LLO
XMBNSTb cyrnobosi TkaHuHW. Lle, y cBolo 4Yepry, npoBo-
KY€ XPOHiYHE HEeMpOBacKynsipHe 3amnarieHHsl, OCTeori3
i peMoaentoBaHHA KICTKOBOI TKAHUHW.

HaiiGinbw BU3HaHUMKU naToqisionoriyHMMm Teopismm
po3BuUTKYy apTponarTii Llapko 3anuwatoTbcs Teopis Herpo-
TpaBMUM Ta HeMpoBacKynsipHa rinotesa. 3rigHo 3 NepLuoto,
nopyLUeHHs1 GOoMbOBOI YYTNMBOCTI CNpUsie MOBTOPHUM
MiKpOTpaBMaM, $Ki 3anuarTbCa HEMOMiYeHMMKU nai-
€HTOM i HAKOMMYYIOTBCS, CNPUYMHSIIOYM KICTKOBY AECTPYK-
uito. [pyra Teopis ¢OKyCyeTbCA Ha BeretaTuBHIA OucC-
YHKUIT, WO BUKNMKAEe BasoaunaTauilo, MnOCUNEeHHs
rNoKanbHOro KpPOBOTOKY, MiABULLEHHA TUCKY B KICTKOBIN
TKaHWHI Ta noganblue ii pe3opbysaHHs [59, 61]. Ha mone-
KyNnspHOMY piBHi KMOYOBY porb Yy hopMyBaHHi ocTeonisy
Bigirpae curHanbHa cuctema RANK/RANKL/OPG, sika
akTnsHo mogyntoetbcs TNF-q, IL-1 Ta IL-6.

Y MikHapogHin knacudikauii 6onto, 3anponoHoBaHii
MixHapogHoto acouiauieto 3 BuB4eHHs Gonto (IASP),
TEPMIH «HOLMNNACTUYHUIA Ginb» € BigHOCHO HOBUM i OyB
BBEAEHMIN 3 METO TOYHILLIOro OMUCY MEXaHi3MiB BUHWK-
HEHHs1 XpOHI4YHOro GonMto, Lo He HamneXxuTb Hi 0O Houu-
LenTUBHOIO, Hi OO HenponaTtn4yHoro. BiH BM3Ha4aeTbCs
sk 6inb, L0 BUHMKAE BHACNIOOK 3MiH Y (DYHKUiOHamNbHIN
aKTMBHOCTI LeHTpanbHoi HepBoBoi cuctemn (LIHC), 6e3
SIBHUX O3HaK YLIKOMKEHHS abo 3ananeHHs nepudepuy-
HUX TKaHWH 4M HepBiB. Lle noHaTTs HabyBae ocobnueoi
aKkTyanbHOCTi B PEBMaTOMOriYHi NpakTuLi, 30kpema npu
BeOeHHi nauieHTiB i3 PA, ae 6inb 4acto 36epiraetbcs
HaBiTb MiCNs OOCArHEHHs KhiHiYHOT pemicii abo Hop-
Manisauii NoKa3HWKIB CUCTEMHOrO 3anarneHHs [62].

Y koHTekcTi PA HoumnnactuyHuin Ginb xapakTtepu-
3yETbCSl K He3ananbHWA, CTINKMA abo MOBTOPHOBaHWI
60oNLOBUIA CUHOPOM, LLIO HE acoLitoeTbcst be3nocepenHbo
3 aKTMBHICTHO 3ananbHOro npouecy B cyrrnobax. BiH 3ymos-
NEeHMN naTonoriYHo HEWpPONNaCTUYHICTIO — (YHKLUiO-
HanbHO Nepeby0BOK CEHCOPHUX LUMSIXIB Y CTPYKTYypax
LIHC, 3okpema B Tanamyci, nepeaHii NOSCHIN 3BUBWHI,
iHCcyni Ta cnuHHOMY MO3Ky. [pyn UbOMY cnocTepiraeTbca
NiABULLEHHS LEeHTpanbHOi 30yanuBOCTi, 3HWKEHHS MO-
pory 60onbOoBOiI YyTNNBOCTI, NOCUNEHHS peakLii Ha HoLK-
LUenTUBHI CTUMYNM Ta MOPYLUEHHS] €HOOreHHUX MexaHis-
MiB KOHTponto 6onto. OgHUM i3 OCHOBHMX MPOSIBIB LIbOro
TMny Gono € anoauHis, rinepanresia Ta eHoMeHu
LeHTpanbHOI ceHcUTu3aLii, siki 3Ha4HO 3HMXKYIOTb SKICTb
XKUTTA NaUiEHTIB | YCKNaAHIOTb OUiHKY edeKTUBHOCTI
CTaHAapTHOI NpoTM3ananbHoi Tepanii.

BaxnuBo 3a3HaunTy, WO HOUMMNACTMYHMIA Binb npu
PA pigko nposiBnsieTbes isonboBaHo. Y GinbliocTi Bunag-
KIB BiH € 4aCTUHOW CckrnagHoro GonicHoro deHoTuny,
B SIKOMY OZHOYACHO MOEOHYKTHCA 3anarnbHi, Houumuen-
TUBHI Ta HeMponatuyHi KOMMOHEHTWU. Takmi KOHTUHYYM
Oonto, WO AMHAMIYHO 3MIHIOETbCS 3anexHo Big dasu
3axBOpIOBaHHSA Ta BIiANOBiAi Ha NiKyBaHHSA, € CEPNO3HUM
BUKITMKOM ONs KniHiuMcTa. HasBHICTb HOLMNNACTUYHOIO
Gont YacTo acouitoeTbes 3 deHoTMnamm cibpomianrii,
TPUBOXKHUMW Ta [ENpPecuBHUMU po3nagamu, nopy-

focuses on autonomic dysfunction causing vasodilation,
increased local blood flow, elevated bone pressure,
and subsequent resorption [59, 61]. At the molecular
level, the RANK/RANKL/OPG signaling system, actively
modulated by TNF-qa, IL-1, and IL-6, plays a key role in
osteolysis formation.

In the International Association for the Study of
Pain (IASP) classification, the term «nociplastic pain»
is relatively new and introduced to better describe
mechanisms of chronic pain that are neither nociceptive
nor neuropathic. It is defined as pain arising from altered
central nervous system (CNS) function without clear
evidence of peripheral tissue or nerve damage or inflam-
mation. This concept is especially relevant in rheuma-
tology, particularly in managing RA patients, where pain
often persists despite clinical remission or normalization
of systemic inflammation markers [62].

In RA, nociplastic pain is characterized as a non-
inflammatory, persistent or recurrent pain syndrome
not directly associated with joint inflammation activity.
It is caused by pathological neuroplasticity-functional
remodeling of sensory pathways within CNS structures
such as the thalamus, anterior cingulate cortex, insula,
and spinal cord. Features include increased central
excitability, lowered pain threshold, enhanced response
to nociceptive stimuli, and impaired endogenous pain
modulation. Common manifestations include allodynia,
hyperalgesia, and central sensitization phenomena,
significantly reducing patients’ quality of life and com-
plicating assessment of standard anti-inflammatory
therapy effectiveness.

Importantly, nociplastic pain in RA rarely occurs in
isolation. Usually, it is part of a complex painful pheno-
type combining inflammatory, nociceptive, and neuro-
pathic components. This dynamic pain continuum, varying
by disease phase and treatment response, poses
a serious challenge for clinicians. The presence of
nociplastic pain often correlates with fibromyalgia-like
phenotypes, anxiety and depressive disorders, sleep
disturbances, and chronic fatigue, further complicating
differential diagnosis and necessitating a multidiscipli-
nary treatment approach.

Several studies demonstrate that proinflammatory
cytokines such as TNF-q, IL-1, and IL-6, key mediators
of systemic inflammation in RA, may also contribute
to nociplastic pain pathogenesis, especially in early
disease stages. These cytokines activate glial cells in
the spinal cord and brain, stimulating synthesis of
proinflammatory neuropeptides, leading to hyper-
excitability of pain pathway neurons. Thus, the inflam-
matory process initiated in joints can cascade to patho-
logical CNS sensitization, creating conditions for
nociplastic pain [63, 64].

Identifying and assessing the nociplastic pain com-
ponent is crucial for a personalized treatment approach,
particularly in patients with chronic pain, low response
to anti-inflammatory therapy, or nonspecific clinical
manifestations. Therapeutic strategies in such cases
should go beyond traditional antirheumatic treatment
and include central sensitization modulators like tricyclic
antidepressants,  serotonin-norepinephrine  reuptake
inhibitors, and non-pharmacological interventions such
as cognitive-behavioral therapy, physical rehabilitation,
and neuromodulation techniques [62].
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WEHHSM CHY, XPOHIYHOK BTOMOW, LWO [A04ATKOBO
yCKMagHe AndepeHUiiHy aiarHocTuky Ta noTtpebye
MynsTUANCUMNAIHAPHOTO Nigxody A0 NiKyBaHHS.

Huska pocnigjxkeHb OEMOHCTpye, WO npo3ananbHi
umTokiHn, Taki ik TNF-o, IL-1 Ta IL-6, ki € kno4YoBnMMK
MediaTopamy CUCTEMHOro 3anarneHHst npu PA, MoXyTb
TakoX OpaTu yyacTb Yy MaToreHesi HOUMMNACTUYHOIO
Gonto, 0cobnMBO Ha paHHiX cTagisx xBopobu. Bigomo,
O Ui LUMTOKIHWN aKTUBYIOTb rMianbHi KMiTUHU B CIMHHOMY
MO3Ky Ta MO3KYy, CTUMYIIOHYM CUHTE3 npo3ananbHuUX
HerponenTuais, LWO, Y CBOK Yepry, Npu3BoanTb A0 rinep-
30yaAnMBOCTI HEMPOHIB GOMLOBOrO LUMSIXY. TakUM YMHOM,
3ananbHUi npouec, iHiuinoBaHuin y cyrnobax, Moxe
MaTW KackagHwi BNAMB Ha POpMYyBaHHA MNaTOMOrivyHOl
ceHcuTtuBHOCTI LIHC, cTBOplOlOYM yMOBWM ANS BUHUK-
HEHHs1 HoumnnacTu4Horo Gonto [63, 64].

BusiBneHHs Ta ouiHKa HOLMMMIACTUYHOIO KOMMOHEHTA
Gono € Haa3BMYaANHO BaXNMBUMW ANS NepcoHanisosa-
HOro miaxoagy A0 NikyBaHHS, 0COONMBO y NaLieHTIB 3 Xpo-
HiYHMM Gonem, HM3bkoH edeKTUBHICTIO NpoTM3ananbHol
Tepanii abo HecneuudiYHUMK KMiHIYHUMK NpPOsIBAMM.
TepaneBTWYHI CcTpaTterii B Takmx Bunagkax MOBUHHI
BUXOOUTW 3a MeXi TpaguUiNHOT aHTMpeBMaTUYHOI Tepanii
Ta BKMKYATM 3aCTOCYBaHHS MOZYNATOPIB LEeHTpanbHOT
CeHCUTM3aUil, Takmx SK TPULMKNIYHI aHTUOEenpecaHTw,
iHriGiTOPU 3BOPOTHOrO 3aXOMMIEHHSI CEPOTOHIHY Ta HOp-
agpeHaniHy, a TakoX HeMeOWKaMEHTO3Hi BTPyYaHHs —
KOTHITUBHO-NMOBEAIHKOBY Tepanito, disnyHy peabinitauito
Ta TexHikn Heripomoaynsuii [62].

Helipo3anaAeHHs Ta KOTHITUBHA AMCAOYHKLLs

y naujieHTis 3 PA

OcTaHHi OOoCArHeHHa B ranysi HenpoiMmyHornorii Ta
peBMaTonorii  akUeHTyloTb yBary Ha B3aEMO3B’A3KY
MK CUCTEMHMM XPOHIYHUM 3ananeHHaAM | 3MiHamu
HelponcuxonoriyHoro yHKUioHyBaHHs. 30kpema, Bce
Oinblle HayKOBMX [pPKEpen BKa3yloTb Ha 3pPOCTaHHS
YacTOTU  KOTHITUBHMX MNOpYLUEeHb ceped  MauieHTiB
i3 CUCTEMHMMU 3ananbHUMK 3axXBOPHOBAHHSIMU, cepes
akmx PA nocigae JinbHe micue. Bigomo, wo PA, kpim
KNnacu4yHuX ypaxeHb cyrnoboBoro anapaty, MOXe
OnocepeakoBaHO BMMUBATM Ha LEHTparnbHy HEpBOBY
cuctemy (LIHC), cnpuumHsaioum po3BUTOK HEMPOKOTHITUB-
HOro AeqiuunTy pi3HOro CTyneHs BUpaxeHocTi [1, 65, 66].
Llen 38’130k HabyBae 0COGMMBOrO KMiHIYHOrO 3HAYEHHS
B yMOBax [rnobanbHOro CTapiHHS HaceneHHs, Konwu
3pocTae 3axBoptoBaHicTb Ha PA cepen ocib noxunoro
BiKy — rpynu, anpiopi CXwnbHOi OO0 PO3BUTKY HeWpo-
JereHepaTBHKX NPOLECIB.

Tpusanuint nepebGir PA, Wo xapakTepusyetbcs Mo-
CTIIHUM CUCTEMHUM 3ananbHUM OHOM, CMPUYMHSAE
3MiHW B CTPYKTypax rorioBHOrO MO3KYy, 30Kpema B Fino-
Kamni — [AiNsHUi, KPUTUYHO BaxnuBIN Ansa perynauii
eni3ogMyHol nam’aTi, NPOCTOPOBOI OpieHTauii Ta adyek-
TUMBHOI noBeAiHkn. 3rigHO 3 pesynbraTamMm HewpoBidya-
ni3auinHKX i KOrHITUBHUX OOChiAXeHb, y nauieHTiB i3 PA
BUSBMASIOTBCA MOPYLUEHHS HU3KN KOTHITUBHUX CDYHKLIN,
cepen SKMX HaMyacTille peecTpyloTbCsl  3HWKEHHS
BMKOHaBUYMX (YHKLiA, NOPYLUEHHA KOHLEeHTpaLii ysaru,
3MEHLLEHHS LUBWAOKOCTI KOFHITUBHOI 0OpoOKM Ta 3HU-
KEHHS KOTHITUBHOI THYYKOCTI [67]. SHMXEHHS KOrHITUBHOI
npodykTuBHoCTI Npu PA 3ymMoOBneHe KOMMMIEKCOM YMHHM-
KiB, O BKMOYAE XPOHIYHY rinepnpogykuito nposananb-
HUX UMTOKIHIB, eHaoTenianbHy AMcdyHKLi, uepebposac-
KynsipHi nopyLleHHs, nobivHi edbektn chapmakoTepanii,
a TakoX CynyTHi ncMxoeMoliviHi po3naam [1, 65, 67-70].

Nevroinflammation and cognitive dysfunction
in patients with RA

Recent advances in neuroimmunology and rheuma-
tology emphasize the interconnection between systemic
chronic inflammation and changes in neuropsychological
functioning. In particular, an increasing number of scien-
tific sources indicate a rising prevalence of cognitive
impairments among patients with systemic inflam-
matory diseases, with rheumatoid arthritis (RA) occupying
a prominent position. It is known that RA, in addition
to the classical joint damage, can indirectly affect the
central nervous system (CNS), causing the development
of neurocognitive deficits of varying severity [1, 65, 66].
This connection gains special clinical significance in the
context of global population aging, where the incidence of
RA among elderly individuals-who are inherently prone to
developing neurodegenerative processes — is increasing.

The prolonged course of RA, characterized by
persistent systemic inflammation, causes changes in
brain structures, particularly in the hippocampus —
a region critically important for regulating episodic
memory, spatial orientation, and affective behavior.
According to neuroimaging and cognitive studies,
patients with RA exhibit impairments in several cognitive
functions, most commonly including reductions in
executive functions, attention deficits, decreased
cognitive processing speed, and reduced cognitive
flexibility [67]. The decline in cognitive performance in
RA is driven by a complex of factors including chronic
overproduction of pro-inflammatory cytokines, endo-
thelial dysfunction, cerebrovascular disorders, side effects
of pharmacotherapy, and concomitant psychoemotional
disorders [1, 65, 67—70]. Such a multifactorial patho-
genesis complicates verification of the source of cog-
nitive deficits but underscores the necessity of their
detection in clinical practice.
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Takuin MynbTUAKTOPHUI NaToreHe3 BU3HAYae cknag-
HiCTb Bepudpikauil gxepena KOrHiTMBHoOro pgediunty,
ofHaK MigKkpecnioe HeoOXigHICTb WNOro  BUSIBNEHHS
B KNiHIYHIA npakTuu,.

OcobnvBoi yBarn notpebye BUSIBNEHHS 1 KOpeKUist
CYMNyTHIX MCUXIYHMX po3nagiB, WO 3HAYHO MOLUMPEHI
cepen nauieHTiB i3 PA. 3rigHo 3 nonynsauinHuMmn eni-
aemionoriyHummn gocnigxeHHsamu noHag 50% oci6 iz PA
MalTb KMiHIYHO 3Hayylli NposiBM Aenpecii, a manxe
70% — cumnToMM TPUBOXHUX po3naais [71]. KoxeH Lwoc-
TMA NauieHT BigNoBigae [AiarHOCTUYHUM  KpUTepisam
BENWKOro AENPECUMBHOIO enisoay, Lo 3HAYHO YCKMagHoe
BEOEHHS OCHOBHOMO 3axBOpOBaHHs. [lcuxoemoliiHa
naTornorisi Nocuntoe cy6’eKTUBHE CNpURHATTS Gonto, no-
ripLUye SKICTb XXUTTS, 3HWXKYE NPUXUNBHICTb 40 NiKyBaHHA
Ta ©6e3nocepedHbO BMMMBAE Ha pes3ynsraty Tepanii.
Kpim Toro, oenpecumBHi Ta TPUBOXHI po3nagu € Hesanex-
HUMMK NpegukTopamMmn NigBULLEHHS 3aranbHOI CMEPTHOCTI
cepeq nauieHTiB i3 XPOHIYHUMKM 3ananbHUMKU 3aXBOPHO-
BaHHAMW [72]. Takmm 4YMHOM, NCUXOMATONOriYHa KOMOp-
6igHicTb Npu PA mae He nuvwe cumnToMaTu4yHe, a |
NPOrHOCTUYHE 3HAYEHHS, Lo OBI'pyHTOBYE HEOOXiAHICTb
i aKTMBHOrO BUSIBMEHHA Ta BKIIIOMEHHS 00 Mikauc-
LMNNiHapHOro nraHy nikyBaHHS.

Y KOHTEKCTi Cy4acHMX naTtoqisdionoriyHmx ysiBneHb
BCTAHOBMEHO, LU0 IHTEHCMBHICTb CUCTEMHOIO 3anareHHs
npu PA npsmMo Kopentoe 3 TAXKKICTIO HEMPOKOTHITUBHUX
3MiH. Bucoki piBHi C-peakTuBHOro 6inka, LWBUAOKOCTI
oCifaHHA epuTPOLMTIB, a TaKoX KOHLEHTpauin nposa-
nanbHUX megiatopis y cupoBaTLi Kposi — 3okpema TNF-a.,
IL-6 Ta IL-1p — YMHATE HEMPOTOKCMYHUI BNAMB, AOMNa41
rematoeHuedaniyHuin 6ap’ep abo aKTUBYHHM MiKPOTNitO
B [JinsiHKax MO3KY, 3any4eHux Yy KOTHITUBHI npouecu
[73, 74]. HenmposananeHHs, Wwo opMyeTbCA BHACNIAOK
TaKoOro BMNWBY, CYNPOBOMKYETLCS [AereHepaTuBHUMM
3MiHaMW, 3HWKEHHAM CUHaNTUYHOI NIIACTUYHOCTI, @ TaKOX
NOTEHLiNHOO BTPATO HeMpOoHanbHMX 3B’s3KiB, 0COGNMBO
y (bpOHTanbHWX Ta TeMMnopanbHUX Bigainax kopu.

HasaBHi KniHiYHi cnocTepexeHHs 3acBigyyloTb, LLO
KOTHITUBHI MopyweHHa npu PA MaloTb TeHAeHuito Ao
OinbLL BUpaXeHOro NposiBy y NiTHIX nauieHTiB, 0ocobnmeo
npu TpuBanomy nepebiry 3axBoptoBaHHa [75, 76].
[MaToreHeTUYHUM MIArPYHTSIM LUBOro sBMLWA € noea-
HaHHS XPOHIYHOrO 3ananeHHs 3 BiKOBMMMW CYOUHHUMMU
3MiHaMW — 30Kpema MPUCKOPEHUM PO3BUTKOM aTepo-
CKIepoa3y, Lo NpM3BOAUTb A0 iLEMIYHUX ypaXKeHb MO3KO-
BUX CTPYKTYp. Y Taknx ymoBax NnopyLUeHHs LepebpanbHoi
nepdy3ii BHacnigok eHaoTenianbHOI ANCyHKLUiT cnpusie
NPULWBUALLEHHIO HEpPOAereHepaTMBHUX 3MiH. BogHouvac,
€ OaHi, Wo HaBiTb MonoAi nauieHtTn 3 PA MoxXyTb matu
O3HaKW KOrHITUBHOro AediuuTy Ha paHHIX cTagisx 3axBo-
pIOBaHHS, WO CBiOYUTbL NPO He3anexHwn, MynbTudak
TOPHUN XapakTep unx 3MmiH [77].

OnHum i3 BaxnMBMX | BOAHOYAC CynepeuqnuBux
YMHHWKIB PU3MKY HENPOKOTHITUBHMX NOPYLUEHDb € TPUBane
3aCTOCyBaHHS [MOKOKOPTUKOCTEPOIAIB — NpenaparTis, sKi
3anuLIaoTbCs HEBIA'EMHOIO CKNaaoBoto 6asncHoi Tepanii
PA. JoBegeHo, O BUCOKI KyMYNATUBHI 403K CTepoidis
MOXYTb HEFATMBHO BMMMBATK Ha NaMm’sATb, KOHLEHTPaLito
yBaru, NCMxXoemMoLiiHUA OOH i HaBITb CIPUYNHATY ABULLA
KOPTUKOCTEpPOiAHOI  mcmxo3onodibHol  cMMnToMaTUK.
MpoTe, HU3KaA KMiHIYHUX OOCNiAXEeHb He BMsiBUNa cTa-
TUCTUYHO AOCTOBIPHOrO 3B’A3KY MK TpuBanicTio Tepanii
MIOKOKOPTUKOCTEPOidaMM  abo  HasBHICTIO  cepLeBoO-
CYLOMHHMX 3aXBOPHOBaHb Ta KOTHITUBHUMMW MOPYLUEHHSIMM,

Special attention should be given to identifying and
managing concomitant psychiatric disorders, which are
highly prevalent among patients with RA. Population
epidemiological studies report that more than 50% of
individuals with RA exhibit clinically significant symp-
toms of depression, and nearly 70% show symptoms
of anxiety disorders [71]. One in six patients meets the
diagnostic criteria for a major depressive episode,
significantly complicating the management of the primary
disease. Psychoemotional pathology exacerbates
subjective pain perception, worsens quality of life, redu-
ces treatment adherence, and directly impacts thera-
peutic outcomes. Moreover, depressive and anxiety
disorders are independent predictors of increased overall
mortality among patients with chronic inflammatory
diseases [72]. Thus, psychopathological comorbidity
in RA has not only symptomatic but also prognostic
importance, justifying its active identification and inclu-
sion in an interdisciplinary treatment plan.

In the context of current pathophysiological concepts,
it has been established that the intensity of systemic
inflammation in RA directly correlates with the severity
of neurocognitive changes. Elevated levels of C-reactive
protein, erythrocyte sedimentation rate, as well as con-
centrations of pro-inflammatory mediators in the blood
serum-particularly TNF-a, IL-6, and IL-1B-exert neuro-
toxic effects by crossing the blood-brain barrier or
activating microglia in brain regions involved in cognitive
processes [73, 74]. Neuroinflammation resulting from
this influence is accompanied by degenerative changes,
reduced synaptic plasticity, and potential loss of neuro-
nal connections, especially in the frontal and temporal
cortical areas.

Clinical observations indicate that cognitive impair-
ments in RA tend to be more pronounced in elderly pa-
tients, especially with prolonged disease duration [75, 76].
The pathogenetic basis of this phenomenon is the
combination of chronic inflammation with age-related
vascular changes-particularly accelerated atheroscle-
rosis leading to ischemic brain lesions. Under these
conditions, cerebral perfusion impairment due to endo-
thelial dysfunction contributes to accelerated neuro-
degenerative changes. At the same time, data show that
even young RA patients may exhibit signs of cognitive
deficits at early disease stages, indicating an indepen-
dent, multifactorial nature of these changes [77].

One of the important yet controversial risk factors
for neurocognitive impairments is prolonged use of gluco-
corticosteroids-drugs that remain an integral component
of RA basic therapy. It has been shown that high cumula-
tive doses of steroids can negatively affect memory,
attention, psychoemotional status, and even cause corti-
costeroid-induced psychosis-like symptoms. However,
several clinical studies have not found statistically
significant associations between the duration of gluco-
corticosteroid therapy or presence of cardiovascular
disease and cognitive impairments, highlighting the
complexity and potential heterogeneity of pathogenetic
mechanisms [1, 73, 78].

Current clinical research is particularly interested
in assessing the impact of biological therapy, especially
TNF-a inhibitors, on cognitive functions in RA. The evi-
dence base indicates that patients receiving biologic
drugs demonstrate less cognitive decline compared to
those treated only with conventional disease-modifying
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Lo NigKpecntoe CKNaaHiCTb i NOTEHUiNHY reTeporeHHiCTb
naTtoreHeTUYHNX MexaHiamie [1, 73, 78].

Ocob6nuBuiA IHTEPEC Yy CyYacHWUX KMiHiYHMX [ocnig-
KEHHSIX BUKMMKAE OLUiHKa BNnvBY GionoriyHoi Tepanii,
3okpema iHribitopie TNF-a, Ha KOrHITMBHI cpyHKLUiT npu PA.
[okasoBa 6Gasa cBiguMTb NPo Te, WO NauieHTH, ski
OTpuMYtOTb BionoriyHi npenapaTu, 4EMOHCTPYOTL MEHLLY
CXUINBbHICTb [0 KOTHITUBHOIO 3HWXKEHHS!, HiXX ocobu,
SKi NPOXoAsTb MNiKyBaHHS NWLIE KNAacU4HUMKU XBOPOGO-
MoanikyoUMMN aHTMpEeBMaTUYHUMK NpenapaTtamu [79].
Lle moxHa nosicHUTn 6Ginbll edeKkTUBHUM KOHTPONeM
CUCTEMHOTO 3ananeHHs Ta 3HMKEHHSAM PIBHS LIMPKYITHOO-
4YMX nNpo3ananbHUX LUMTOKIHIB, Ski 6epyTb yyacTb y narto-
reHesi HerposananeHHsi. OTxe, 6GionorivHa Tepanis
MOXe BigirpaBatu He nuwe cyrnobosaxucHy, ane W
NOTEHLINHY HENWPONPOTEKTOPHY ponb, WO noTpebye
noganbLUnX AOCHiAXKEHb.

Y3aranbHIo4M BUKNaaeHe, crig 3a3Ha4vmTu, Wo KOrHi-
TUBHI nopylweHHs npu PA MaloTb CUCTEMHUIA XapakTep
i He MOXYTb PO3rNAAaTUCA BUKIKOYHO SIK CYNyTHIilA NposiB
TaxKoro nepebiry xsopobu. Ix HaseHicTb Bigobpaxae
CKnagHy B3aeMOil0 MiX iMYHHUMW, CYyAUHHUMMU, HENpO-
€HOOKPVMHHMMU Ta NMCUXOEMOLIRHUMKN MexaHiamamu, Lo
onocepeakoByoTb natodisionoriyHuin snnue PA Ha LIHC.
Y 3B’A3Ky 3 UMM [OUINMbHUM € BKMHYEHHS perynsipHoro
KOTHITUBHOIO CKPUHIHFY B PYTUHHY KRNiHIYHY MNpaKTUKy
BeJeHHs1 nauieHTiB i3 PA, Wwo [03BonNUTb 3AiNCHIOBATU
paHHIO0 AiarHOCTMKY, NPOBOAMUTM LinecnpsiMoBaHe BTpY-
YaHHA Ta 3abe3neunTn iHAMBIQyanizoBaHWA MYynNbTU-
aucuunniHapHUi Nigxig Ao nikyBaHHS.

AyTOIMYHHi Ypa>KeHHS nediHku npu PA

TpaguuinHo ypaXeHHs1 MNediHKM He po3rnsgaeTbca
SK  TUNoBMW nosacyrnoboeuii nposis PA, opgHak 3a
OaHUMU HU3KM KNiHIYHUX JOCNiaXKeHb, NaTonoriyHi 3MiHu
NoKasHWKiB (YHKLUiT NeviHkn crnocTepiralnTbCs y 3HaAYHOT
YaCTMHM XBOPWX, 3 YacTOTOK KOMMBaHb Yy Mexax
Big 5% pno 77% [80, 81]. Takui wmpokuin Aiana3oH
4acTOTM MOSICHIETBLCA SIK FETEPOreHHICTIO  AOCHiaXY-
BaHUX MONynsAuin, Tak i BIOMIHHOCTAMW B KpuUTepisix
[iarHoCTMKN, MeTodax MOHITOPUHIY BioxiMiYHMX Mokas-
HUKIB Ta PIBHEM KIliHIYHOI HACTOPOXEHOCTI 4OCMIgHUKIB.
HesBaxatoum Ha BIiQHOCHO BWMCOKY MOLUMPEHICTb LMX
3MiH, KMiHiYHa 3HaYyLLiCTb renaTMYHNX nopyLleHb npu PA
3annWaeTbC HEAOCTAaTHLO BU3HAYEHO, 3BaXaw4u Ha
BiICYTHICTb OLHO3HAYHOrO NATOreHETUYHOIO TPaKTyBaHHS
LUMX 3MiH Y KOHTEKCTi peBmaTtoigHoro npouecy [80].

Y nauieHTiB 3 ayTOIMyHHUMU PEBMAaTUYHUMU 3aXBO-
ptoBaHHsMM, 30Kkpema npwu PA, giarHocTuka ypaxeHb
NediHKM € CKNagHWM KNiHIYHUM 3aBOaHHSM, OCKiMNbKK
Taki NOpYyLUEHHs MOXYTb OyTu 3ymoBneHi sik 6e3noce-
penHiM BNVBOM pPEBMATUYHOIO 3aXBOPKOBAHHS, Tak
i CynyTHLOIO NEPBUHHOLO renatonaTosnorieto abo > ToKkcuy-
HUMK edekTamm apmakoTepanii, 3okpema DMARDs.
BigTak, BCTaHOBNEHHs eTionorii 3MiH 3 60Ky MeYiHKOBUX
npo6 BuMmarae iHTerpaTMBHOro nigxogy 3 obOOB’SI3KOBUM
ypaxyBaHHAM KMiHIYHOrO KOHTEKCTY, AaHWX aHaMHesy,
MEAMKAMEHTO3HOIO HaBaHTaXeHHs1 Ta pe3ynbTaTiB [o-
[aTKOBMX METOAIB [OCNIMKEHHS, 30Kpema Cepororiy-
HUX MapKepiB ayTOiMyHHOro renatuTy, BipyCHUX rena-
TUTIB Ta YNbTPa3BYKOBUX KPUTEPIIB CTPYKTYPHOI NaTonorii
neviHku [82].

Tunosi GioXiMiYHi NOpPYLIEHHS MNEYiHKOBOI YHKUiT
npu PA 3pebinblioro matoTb 6e3cMMNTOMHUIA Nepebir Ta
BUSIBNSAOTLCA BWMMNAgKoBO Mif 4ac pyTUMHHOro nabopa-

antirheumatic drugs (DMARDs) [79]. This may be
explained by more effective control of systemic inflam-
mation and reduction of circulating pro-inflammatory
cytokines involved in neuroinflammation pathogenesis.
Thus, biological therapy may have not only joint-protective
but also potential neuroprotective effects, warranting
further investigation.

In summary, cognitive impairments in RA have a sys-
temic nature and cannot be regarded solely as a comorbid
manifestation of severe disease course. Their presence
reflects a complex interplay between immune, vascular,
neuroendocrine, and psychoemotional mechanisms
mediating the pathophysiological impact of RA on
the CNS. In this regard, it is advisable to include regular
cognitive screening in routine clinical practice for mana-
ging patients with RA, enabling early diagnosis, targeted
intervention, and ensuring an individualized multidis-
ciplinary treatment approach.

6. Autoimmune Liver Involvement
in Rheumatoid Arthritis

Traditionally, liver involvement is not considered
a typical extra-articular manifestation of rheumatoid
arthritis (RA); however, according to several clinical
studies, pathological changes in liver function tests are
observed in a significant proportion of patients, with
prevalence rates ranging from 5% to 77% [80, 81].
This wide range is explained both by the heterogeneity
of the studied populations and by differences in diag-
nostic criteria, biochemical monitoring methods, and the
clinical vigilance of researchers. Despite the relatively
high prevalence of these changes, the clinical signifi-
cance of hepatic abnormalities in RA remains insuffi-
ciently defined due to the lack of a clear pathogenetic
interpretation of these changes in the context of the
rheumatoid process [80].

In patients with autoimmune rheumatic diseases,
including RA, diagnosing liver involvement is a complex
clinical challenge, as such abnormalities can be caused
either by the direct impact of the rheumatic disease,
concomitant primary liver pathology, or toxic effects of
pharmacotherapy, particularly disease-modifying anti-
rheumatic drugs (DMARDs). Therefore, establishing
the etiology of changes in liver function tests requires
an integrative approach, taking into account the clinical
context, medical history, drug exposure, and results of
additional diagnostic methods, including serological
markers of autoimmune hepatitis, viral hepatitis, and
ultrasound criteria of liver structural pathology [82].

Typical biochemical abnormalities in liver function
in RA usually have an asymptomatic course and are
detected incidentally during routine laboratory monitoring.
These include elevated aminotransferase levels, as well
as increased activity of alkaline phosphatase (ALP) and
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TOPHOTO MOHITOPUHIY. [0 HUX Hanexatb NiaBULLEHHS
piBHA amiHoTpaHcdepas, a TakoX NiABULLEHHSA aKTUB-
HocTi nyxHoi cpocdatasn (JIP) i rammarnytamintTpaHc-
depasn [82]. MiaBuwieHHs piBHa JI® e Hanbinbw
TMMNOBMM Ta BogHOYAC YacTUM BiOXiMIYHUM MOPYLUEHHSIM,
acouiroBaHnm 3 PA. 3a pisHUMM gaHMK TaknMin NOKa3HMK
BusaBnseTbcs y 30-50% nauieHTiB, WO 3yMOBIOE He0b-
XiOHICTb BKMIOYEHHST MOro 0O CTaH4APTHOrO MpOTOKOMy
nabopaToOpHOro MOHITOPUHIY OCI6 i3 LM 3axBoproBaH-
HsiM. OcobnuBy yBary 3acnyroBye BCTAaHOBMEHWI B3aEMO-
3B'130K MiXX piBHEM JI® Ta aKTUBHICTIO CMUCTEMHOrO
3ananbHOro Mnpouecy — MiABULLEHHS LbOro hepMeHTY
kopentoe 3 piBHem CPB Ta WBMAKICTIO OCigaHHSA
€pUTPOLMTIB, WO CBIgYUTL NPO MOro MNOTEHLiNHE 3Ha-
YEHHS1 SIK HEMPSIMOTO Mapkepa aKTUBHOCTI peBMaToif-
HOoro 3ananeHHs [83]. 3a geskMMKn LOCNIAXEHHSAMN,
Mamxe TpeTMHa nauieHTiB 3 PA pgemMoHCTpye crTinke
nigsuweHHs J1P, Wwo y noeaHaHHi 3 iHWUMKW KNiHIYHUMN
Ta nabopaTOpHMMMK O3HaKamu, MOXe CBigYMTU Npo
HasiBHiCTb renartonartii abo pu3uk ii po3suTky [80, 83].

3a pesynbraTaMu HWU3KU  KMiHIKO-enigemionoriyHmx
pocnigxeHb, 0o 40% nauieHTiB 3 ayTOIMyHHUM renartu-
Tom (AIlN) matoTe xo4a 6 ogHe cynyTHe iMyHoonocepes-
KOBaHe 3aXBOPIOBAHHS, LLIO CTBOPIOE 3HAYHI AiarHOCTUYHI
TPyOHOLLI MpU BCTAHOBMEHHI MPOBIAHOrO EeTionoriYyHoro
UMHHMKA YpaXeHHs1 nediHku [84]. Y Takmx Bunagkax
0CO6MMBO BaXNUBMM € MyNsTUAMCLMNNIHAPHWIA Nigxig
i3 3any4yeHHsIM racTpoeHTeporiora, peBMartoniora Ta
€HOKpWHOrora Ansi BCTaHOBIIEHHSI TOYMHOTO AjarHo3y Ta
Npu3Ha4YeHHsa agekBaTHOI Tepanii.

Cepen HavyacTille CynyTHiX MO3aneyiHKoBMX ayTo-
iMyHHUX cTaHiB npu Al Big3HavalTbCA ayTOiIMyHHWUIA
TMPEOIANT, LyKpOBUiA AiabeT 1-ro TNy, BUPA3KOBUIA KOMIT,
ueniakis Ta PA, WO 3yMOBMOe HeOOXiQHICTL peTenbHoro
CKPUHIHFY LUMX NaTonorii y BIignoOBIOHUX  KMiHIYHUX
cuTyauisix. BctaHoBNEHO, WO ayToiMyHHi 3aXBOpOBaHHS
yacTilwe 3ycTpivaloTbCa Yy NauieHTiB >KiHOYOI cTaTi
3 AIl 1-ro Tuny, ocobnmBo 3a HasiIBHOCTi MO3UTWMBHOIO
TecTty Ha aHtureHu rictocymicHocti HLA-DR4 [85].
Ller anenb, 3rigHO 3 cy4acHUMW AaHUMK, acoLuinoBaHWU
i3 niaBULLEHUM pU3NKOM po3BUTKY K AllL Tak i cuctem-
HUX ayTOiMYHHMX XBOpOO, Bkntovaroum PA, Lo cBigunTb
NpO MOXIMBY CMINbHICTb NAaTOreHETUYHUX MEXaHi3MiB.

Ocob6nuBy yBary cnig 3BepHYTM Ha NigBULLEHY
MOLLUMPEHICTb PEBMAaTUYHMX 3axBOPHOBaHb cepen ocib
cTapworo Biky 3 giarHo3om All. [aHi G6aratoLeHTpoBUx
KOTOPTHMX CMOCTEPEXEHb AEMOHCTPYIOTb, IO B noaew
noxunoro Biky 3 AIll yacrTiwe AiarHOCTylTbCS CYMyTHI
CUCTEMHi 3axXBOPIOBaHHSI CMOMYYHOI TKAHWHU MOPIBHSIHO
3 monogLwumu nauieHtamu [86]. Lie moxe GyTn nos’a3aHo
SIK i3 KyMYMATUBHUM BMAMBOM iMYHHUX MOPYLUEHb 3 BiKOM,
TaK i 3 GinNbll BUCOKOI NMOBIPHICTIO PO3BUTKY MeauKa-
MEHTO3HO-iHAYKOBaHNX iMyHOONOCEPEAKOBAHMUX CUHAOPO-
MiB Ha Tni XpOHiYHOI chbapmakoTepanii. [eorpadivyHo
y3aranbHeHi AaHi 3 Pi3HUX KOHTUHEHTIB cBig4aTb Mpo
Te, WO YacToTa HasBHOCTI iHLWMX ayTOIMYHHUX 3axBO-
ptoBaHb Yy nauieHTiB 3 Al konuMBaeTbCca Yy Mexax
20-49% [87], wo niaTBEpAXYe HEOOXigHICTb cuctema-
TUYHOrO [OCHIMKEHHS MaLieHTIB Ha NpeaMer MynbTu-
CUCTEMHOTO YPaXKEHHS.

Y pocnigxeHHi [88] cepen nauieHTiB 3 Al cynyTHi
ayToiMyHHi cTaHu Oynu BusiBneHi y 39,4%. AHanorivHi
OaHi oTpumaHo y poboTi [87], B sikili cynyTHI ayTOiMyHHi
natonorii BusisneHo y 40% xsopux Ha All".

gamma-glutamyltransferase (GGT) [82]. Elevated ALP
is the most typical and frequent biochemical abnormality
associated with RA. According to various data, this fin-
ding occurs in 30-50% of patients, necessitating its
inclusion in the standard laboratory monitoring protocol
for individuals with this disease. Particular attention
is given to the established correlation between ALP levels
and systemic inflammatory activity — the increase of this
enzyme correlates with C-reactive protein (CRP) levels
and erythrocyte sedimentation rate (ESR), indicating its
potential role as an indirect marker of rheumatoid
inflammation activity [83]. Some studies report that
nearly one-third of RA patients demonstrate persistent
ALP elevation, which, combined with other clinical and
laboratory signs, may indicate the presence of hepato-
pathy or risk of its development [80, 83].

According to several clinical-epidemiological studies,
up to 40% of patients with autoimmune hepatitis (AIH)
have at least one concomitant immune-mediated
disease, creating significant diagnostic challenges in
determining the primary etiological factor of liver involve-
ment [84]. In such cases, a multidisciplinary approach
involving a gastroenterologist, rheumatologist, and
endocrinologist is especially important for establishing
an accurate diagnosis and initiating appropriate therapy.

Among the most common extrahepatic autoimmune
conditions associated with AIH are autoimmune thyroi-
ditis, type 1 diabetes mellitus, ulcerative colitis, celiac
disease, and RA, underscoring the need for careful
screening for these pathologies in relevant clinical
situations. It has been shown that autoimmune diseases
are more frequently found in female patients with type 1
AlH, particularly in the presence of a positive HLA-DR4
histocompatibility antigen test [85]. This allele, according
to current data, is associated with an increased risk of
developing both AIH and systemic autoimmune disea-
ses, including RA, suggesting a possible shared patho-
genetic mechanism.

Special attention should be paid to the increased
prevalence of rheumatic diseases among elderly patients
diagnosed with AlH. Data from multicenter cohort studies
demonstrate that older individuals with AIH more fre-
quently have concomitant systemic connective tissue
diseases compared to younger patients [86]. This may
be related both to the cumulative effect of immune
disturbances with age and to a higher likelihood of
developing drug-induced immune-mediated syndromes
in the context of chronic pharmacotherapy. Geographi-
cally generalized data from various continents indicate
that the frequency of other autoimmune diseases in
patients with AIH ranges between 20% and 49% [87],
confirming the necessity of systematic investigation of
patients for multisystem involvement.

In the study by [88], concomitant autoimmune
conditions were found in 39.4% of AlH patients. Similar
results were reported in the work by [87], where con-
comitant autoimmune pathologies were detected in
40% of AlH cases.
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BUCHOBKHU

XpOHiYHe cucTeMHe 3ananeHHs Npu peBmaToifHOMY
aptputi (PA) € Kno4oBMM NATOreHETUYHUM MEXaHi3MOM
PO3BUTKY No3acyrnoboBux ypaxeHb. [po3ananbHi uuTo-
kKinn (TNF-a, IL-6, IL-1B) GepyTb yyacTb y hopMyBaHHi
iHTepcTULianbHUX 3aXBOPIOBAHb NereHb, CepLeBo-CyanH-
HOI nartonorii (atepocknepos, cepueBa HeOOCTaTHICTb),
OCTEeonoposy, HewposananeHHs, KOTHITUBHUX po3nagis
Ta ayToiMYHHWX renatonarTin. Pu3nk po3suTKy LMX ycknaa-
HEeHb 3pocTae NPONOopUIVHO PiBHIO 3ananbHOI aKTUBHOCTI,
TpuBanocTi xBopobu Ta HeagekBaTHOMY KOHTporio PA.

MosacyrnoboBi ycknagHeHHs iCTOTHO NOTipLWYOTh
nepebir Ta nporHo3 PA, niaBuLLyo4n piBeHb CMEPTHOCTI
Ta iHBanigm3adii. IHTepcTulianbHi 3axXBOPIOBaHHS nereHb
€ npuuuHoo Ao 20% neTanbHWX BUNAaAKiB, cepLeBo-
CyAuHHa cmepTHiCTb 3poctae Ha 50-60%, a puank
OCTEOMNOPOTUYHUX MEPENOMIB MEepPeBULLYE NONYyNALUinHi
nokasHukn B 2-3 pa3n. Kpim TOro, ncuxoemouinHi
M KOTHITMBHI MOPYLUEHHS NOrmmbnioloTb yHKLiOHaNbHI
0BMEeXeHHS! Ta 3HWXKYIOTb NPUXUIBHICTb O NiKyBaHHS.

EdektvBHe BegeHHsi nauieHTiB 3 PA  notpebye
nepcoHarnisoBaHoro  MynsTuAnCUMNNIHapHOro  nigxoay
3 PaHHIM BUSABMEHHSIM CUCTEMHUX ypaeHb. [1o cTaH-
[apTHOTO MOHITOPUHIY MaloTb OyTUW BKIMIOYEHI BUSIBNEHHS
cybkniHiyHMX  cbopm  no3acyrnoboBux  yCKnagHeHb
3a ponomoroto Giomapkepie (CPB, IL-6, ACPA, P®),
BidyanisauiviHux Ta dyHKUioHaneHNx metoais. bionoriyHa
Tepanis (iHribitopu TNF-a, IL-6) He nuwe npurHivye
apTpuT, @ N 3HWXKYE PUSKKM KapdioBaCKYNAPHUX, fereHe-
BMX Ta HEBPOMOriYHUX YypaxeHb. [loegHaHHs iMyHo-
CYNpecuBHOI, Kapaio-, OCTeOo- Ta HENPOnpPOTEKTUBHOI
Tepanii B Mexax KoHuenuii «paHHbOro TepaneBTUYHOro
BikHa» [03Bons€ 3anobirT HEe3BOPOTHWM CUCTEMHUM
YCKMagHEHHAM Ta NoKpaLLUMT 4OBrOCTPOKOBUI MPOrHO3.
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CONCLUSIONS

Chronic systemic inflammation in rheumatoid
arthritis (RA) is a key pathogenic mechanism underlying
the development of extra-articular manifestations.
Proinflammatory cytokines (TNF-a, IL-6, IL-1B) are
involved in the pathogenesis of interstitial lung diseases,
cardiovascular pathology (atherosclerosis, heart failure),
osteoporosis, neuroinflammation, cognitive disorders,
and autoimmune hepatopathies. The risk of developing
these complications increases proportionally with the
level of inflammatory activity, disease duration, and
inadequate control of RA.

Extra-articular complications significantly worsen the
course and prognosis of RA, increasing mortality and
disability rates. Interstitial lung diseases account for
up to 20% of fatal cases, cardiovascular mortality in-
creases by 50-60%, and the risk of osteoporotic
fractures is 2-3 times higher than in the general popu-
lation. Additionally, psychoemotional and cognitive
impairments exacerbate functional limitations and reduce
treatment adherence.

Effective management of patients with RA requires
a personalized multidisciplinary approach with early
detection of systemic involvement. Standard monitoring
should include the identification of subclinical forms
of extra-articular complications using biomarkers (CRP,
IL-6, ACPA, RF), as well as imaging and functional
methods. Biological therapy (TNF-a and IL-6 inhibitors)
not only suppresses arthritis but also reduces the risks
of cardiovascular, pulmonary, and neurological damage.
The combination of immunosuppressive, cardio-, os-
teo-, and neuroprotective therapies within the framework
of the «early therapeutic window» concept allows
prevention of irreversible systemic complications and
improves long-term prognosis.
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MepcnekTUBU NOAAABLLUMX AOCAIAXEHb

Mopanblwi pocnigXeHHs MawTb OyTu 3ocepemxeHi Ha rmub-
LIOMY PO3YyMiHHi MONEKYNAPHUX MEXaHi3MiB, LLO NexaTb B OCHOBI
nosacyrrnoboBux ycKnagHeHb, 30KpeMa B3aemopii MK CUCTeM-
HUM 3ananeHHsM, enireHeTUYHUMK 3MiHaMW Ta iMyHHOI Anc-
dyHKUielo. Baxnueum Hanpsmom € pospobka 6Giomapkepis
pPaHHLOI [iarHOCTUKM  ypakeHb BHYTPILIHIX OpraHiB, Takux
AK iHTepcTulianbHe 3axBOPKOBAHHSA JlEereHb YU KOTHITUBHWUI
nediuunT, Wo A03BONUTL BNPOBAaAMTU CKPUHIHIOBI CTpaTerii we
[0 NosiBM KMiHIYHOI cuMnTomMaTuku. Kpim Toro, mepcnekTMBHUM
€ BMBYEHHS NMNenoTponHoi Aii Cy4acHWX TapreTHUX npenaparis,
3okpema iHribiTopis IL-6 Ta JAK-iHribiTopis, WWoA0 npodinakTukm
CUCTEMHMX yCKNnagHeHb. HeobxigHo Takox npuainuTy yeary o-
CRiAXXEeHHSIM MCUXOHEBPONOriYHoro crnektpa PA, 3okpema Houu-
nnactnyHomy 6onio i AgenpecuBHUM posnagam, 3 METOK po3-
pobku MynsTUAMCUMNNIHAPHMX NiAXoAiB 4O NiKyBaHHSA. HapeLwTi,
iHTerpauis nepcoHanizoBaHoi MeaWLMHW, LUTYYHOTO iHTENeKkTy
Ta BEMUKUX AaHWX y PeBMAaTororiyHy NpakTuKy BiAKPMBaE HOBI
rOPU3OHTW A5 MPOrHO3yBaHHSA PU3MKIB Ta onTUMisaii Tepanii.

KoHdAikT iHTepeciB

ABTOp pyKonucy CBIQOMO 3acBigyye BIACYTHICTb haKTUYHOro
abo noTeHUiHOro KOHMIKTY iHTepeciB LWoAO pesynbraTiB
uiei pobotn 3 chapmaueBTUYHMMM KOMMAHIAMKU, BUPOBHMKaMM
GiomeanyYHUX NPUCTPOIB, IHLWIMMK OpraHi3auisiMy, Yni NPoayKTH,
nocnyr, iHaHcoBa nigTpUMKa MOXyTb OyTW NOB’sI3aHi
3 NpeaMeToM HajaHux Matepianie abo ski cnoHcopysanv
nposeaeHi JOCNiaXEHHS.

IHdbopmalis Npo chiHAOHCYBAHHSA

CratTa € pparMeHTOM NnaHOBOI HayKOBO-OOCHNIOHOI po6oTu
Kadeapw iHdeKUiHMX XBOpob Ta KniHiYHOI iMyHonorii Xapkis-
CbKOrO HaujioHanbHoro yHiBepcuTety imeHi B.H. Kapasina
MiHicTepcTBa OCBITM i Hayku YkpaiHu «BuB4eHHS poni iMyHHUX,
aBTOIMYHHMX Ta MeTtaboniyHMx posnagiB y nartoreHesi Ta
Hacnigkax iHdeKUiiHoro npouecy, WO BUKMUKaHWN bakTepi-
AMK, Bipycamu, BipyCHO-bakTepianbHUMK acouiaulisMu  npu
rOCTpOMYy, 3aTshKHOMY Ta XPOHiYHOMY nepebiry xBopobu Ta
YAOCKOHANEHHS TaKTWKW FiKyBaHHSI», HOMep [AepXXaBHOI peecT-
pauii 0123U105022, TepmiH BMKOHaHHA: 2023—2028 pp., KepiB-
HUK — 3aBigyBadka Kadpeapu iHDeKUiHNX XBOpob Ta KNiHiYHOI
iMyHonorii, kaHaMaaT MeanyHKx Hayk, aoueHT O.B. Bonobyesa.
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Prospects for further research

Further research should focus on a deeper understanding
of the molecular mechanisms underlying extra-articular compli-
cations, particularly the interactions between systemic inflam-
mation, epigenetic changes, and immune dysfunction. An impor-
tant direction is the development of biomarkers for early
diagnosis of internal organ involvement, such as interstitial
lung disease or cognitive impairment, which would allow the
implementation of screening strategies before clinical symptoms
appear. Additionally, studying the pleiotropic effects of modern
targeted therapies, including IL-6 inhibitors and JAK inhibitors,
in preventing systemic complications is promising. Attention
should also be given to research on the psychoneurological
spectrum of RA, including nociplastic pain and depressive
disorders, with the aim of developing multidisciplinary treatment
approaches. Finally, the integration of personalized medicine,
artificial intelligence, and big data into rheumatology practice
opens new horizons for risk prediction and therapy optimization.
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KAlo4oBi cAaoBa: PE3IOME

Ko-iHdekuin, Tybepkynbo3s, BIJl, cuHgpom  AkTyanbHicTb. Ko-iHdekuis Ty6epkynbosy (TB) i BIJl € rmobanbHoi npobnemoto,
BiOQHOBMEHHSI IMYyHHOI CUCTEeMM, iIMyHHa  LIO MNOCWMIOETLCA B3aEMHMM BMMAMBOM UMX 3axBoptoBaHb. BIJ1 nigBuwye pusmk
BignoBiagb. TyGepkynbo3y y 25-30 pasiB, a Tybepkynbo3 npuckopitoe nporpecyBaHHs BIJI.
3a paHumn BOOS, y 2023 poui 3apeectpoBaHo 443000 Bunagkis Tybepkynbosy
cepen Bll-iHdikoBaHnx. B YkpaiHi y 2024 poui 3adikcoBaHo 18140 Bunagkis
Ty6epkynboay, 3 Akux 14,7% — BIJ1-no3nTUBHMX, NPUYOMY KOXEH TPETIN i3 Ko-iHdbekuieto
nomupae Big TB. Tybepkynbos-acouiioBaHUA CUHAPOM BIiOHOBMEHHSI  iMYHHOT
Ipek IsaH lzoposuy CUCTEMW € CEepHO3HO NPOBMNEMOL0, OCKINbKW YCKMagHIE MeHeXMeHT 060X XBopob
XapKiBCbKUIA  HaLioHanbHWA  yHIBepcuTeT i NiABULLYE NeTanbHIiCTb.

imeHi B.H. KapasiHa MinictepctBa ocsitn  MeTa po6oTM — OUHMTK iMyHOMOriYHI 0cobnmnBocTi ko-iHdekuii BIJ/Ty6epkynbos,
i Hayku YkpaiHu, kadeapa iHekUiiHMX XBo-  natoreHes, npobnemu AiarHocTukW, npodinakTvkn i Tepanii Tybepkynbo3s-acoLiiosa-

AAA KOpEeCNOHAEHLLji:

pob Ta KniHiYHOI iIMyHorOrii; HOro CUHAPOMY BiHOBMEHHS IMYHHOT CUCTEMMN.

mavigadH CeoGoau, 6yn. 4, m. Xapkie, Matepianu Ta Metoamn. CuctematnyHuii aHanis nitepatypu 3a 2015-2025 poku

YkpaiHa, 61022; npoeefeHo B PubMed, Scopus, Web of Science 3a TepmiHamu: «BlJT», «Ty6epkynbo3»,

e-mail: i.grek@karazin.ua «Ty6epKynb03-acoLifioBaHWUn  CUHAPOM BiAHOBMEHHS IMYHHOI CUCTEMMW», «iMYHO-
natoreHes», «aHTUPETPOBIpycHa Tepanis». lNMpoaHani3oBaHi pesioMe, MOBHI TEKCTU

© lpexk I.1., KoHcmanmuHoecbka O.C., Ta peneBaHTHICTb.

Kywmip B.B., 2025 Pe3ynbratn Ta o6roBopeHHs. BIJ1 pyiiHye CD4+ T-knituHn, 3Hmxytoun IFN-y i TNF-a,

WO cnpusie nporpecyBaHHO Tybepkynbosy. Tybepkynbo3-acouiioBaHWiA CUHAPOM
BiJHOBIMEHHSI IMyHHOI CUCTEeMW BUHWKAE vepes3 rinepumntokiHemilo, akTueauito iHdna-
macom (NLRP3, AIM2) i ywkomxkeHHs TKaHuH MeTanonpoTteiHazamm MMP-8, MMP-9.
MapagokcanbHuii Tybepkynbo3-acoLiioBaHUA CUHAPOM BifHOBMEHHS iIMYHHOT CUCTEMMU
acouitoetbes 3 Th1-signosigato (IFN-y, IL-2, IL-12, TNF-a), rinepaktuBauicito CD4+
(PD-1+, HLA-DR+), 3HWmxeHHsAM aHTuTin go PGL-Tb1 i aktuBauieto MoHouuTiB (CD163+).
®akTopu pusmKy: HU3bkun CD4, KOpOTKUW iHTepBan OO MoYaTky aHTMPEeTPOBIPYCHOI
Tepanii, nosanereHeBuin TbB. [iarHocTuka ycknagHeHa Opakom 6Giomapkepis
(CPB, IL-6, IL-18). Tepanis Bkntovae npegHizoH, HM3IM, iHribitopn TNF-a; npodinak-
TUKa — i30Hia3nAa i onTMManbHa aHTUPETPOBIPYCHa Tepanis.

BucHoBku. TybGepkynbos-acouiioBaHUA CUHAPOM BIOHOBIEHHS IMYHHOI cuUCTEMMU
YCKNafHIE MeHeoXKMEeHT Ko-iHdekuii BIJ/Ty6epkynbo3 Yepes rinepuMToKiHEMIO
1 iHpnamacomHy akTuBauito. [iarHocTuka, ocobnmneBo HemaHiecTHoro Ty6epKynbo3-
acouiioBaHUA CUHAPOMY BiOHOBMEHHS IMYHHOI cucTeMu, npobnematuyHa 4epes
6pak 6GiomapkepiB. KopTukocTtepoion edekTUBHIi B MeHEeOXXMEHTI LbOro CTaHy,
ane HeGXigHWI NoLUyk Ta po3pobka TapreTHoi Tepanii.

AAS LUTYBAHHS:

pek LI, KoHcraHtuHOoBcbka O.C., KywHip B.B. Ko-iHdekuis Tybepkynbos/BlJT: ocobnmBocTi iMyHHOI
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ABSTRACT

Background. Co-infection of tuberculosis and HIV is a global challenge exacerbated
by the mutual influence of these diseases. HIV increases the risk of tuberculosis
by 25-30 times, while tuberculosis accelerates HIV progression. According to WHO,
443,000 tuberculosis cases were reported among HIV-infected individuals in 2023.
In Ukraine, 18,140 TB cases were recorded in 2024, with 14.7% being HIV-positive,
and one in three co-infected individuals dies from tuberculosis. Tuberculosis-associated
immune reconstitution inflammatory syndrome is a serious issue, complicating the
management of both diseases and increasing mortality.

Purpose — to evaluate the immunological features of HIV/tuberculosis co-infection,
pathogenesis, and challenges in diagnosing, preventing, and treating tuberculosis-
associated immune reconstitution inflammatory syndrome.

Materials and Methods. A systematic literature review for 2015-2025 was conducted
using PubMed, Scopus, and Web of Science with the terms: «HIV», «tuberculosis»,
«tuberculosis-associated immune reconstitution inflammatory syndrome», «immuno-
pathogenesis», and «antiretroviral therapy». Abstracts, full texts, and relevance
were analyzed.

Results. HIV depletes CD4+ T-cells, reducing IFN-y and TNF-a, which promotes
tuberculosis progression. Tuberculosis-associated immune reconstitution inflam-
matory syndrome results from hypercytokinemia, inflammasome activation (NLRP3,
AIM2), and tissue damage by metalloproteinases MMP-8 and MMP-9. Paradoxical
tuberculosis-associated immune reconstitution inflammatory syndrome is linked to
Th1 responses (IFN-y, IL-2, IL-12, TNF-a), hyperactivation of CD4+ cells (PD-1+,
HLA-DR+), reduced PGL-Tb1 antibodies, and monocyte activation (CD163+).
Risk factors include low CD4 counts, short intervals before initiating antiretroviral
therapy, and extrapulmonary tuberculosis. Diagnosis is challenging due to the lack
of biomarkers (CRP, IL-6, IL-18). Treatment involves prednisone, NSAIDs, and
TNF-a inhibitors; prevention includes isoniazid and optimized antiretroviral therapy.
Conclusions. Tuberculosis-associated immune reconstitution inflammatory syndrome
complicates the management of HIV/tuberculosis co-infection due to hypercytokinemia
and inflammasome activation. Diagnosing non-manifest tuberculosis-associated
immune reconstitution inflammatory syndrome is problematic due to the lack of
biomarkers. Corticosteroids are effective in managing this condition, but targeted
therapies are needed.

Hrek 1l Konstantynovska OS, Kushnir VB. Tuberculosis/HIV Co-Infection: features of the immune
response and management challenges. Karazin Journal of Immunology. 2025;8(1(15)):98-110.
DOI: https://doi.org/10.26565/3083-5615-2025-15-07

BCTYN INTRODUCTION

MoegHaHa iHdekuia Tybepkynbosy (TB) Ta Bipycy
iMyHogediunTy moguHmn  (BIJT) 3anuwaetbca  opHieto
3 HaWrocTpiLMx Npobnem rpoMagCbKoro 340pOB’A Y CBITi.
BIJT 3HayHO MigBULLYE PU3NK PO3BUTKY akTUBHOro Tybep-
Kynbody, Todi Kk TB npwuckoptoe nporpecyBaHHsa BlJl-
iHdbekuii. 3a gaHumu BcecBiTHLOI opraHisauii OXOpoHU
3pgopor’s (BOOS), y 2023 poui B ycbomy cBiTi 6yno
3apeecTpoBaHo binbe 430000 Bunaakis Tb cepen ocib,
sKi xBopitoTb Ha BIJ1 [1]. B YkpaiHi noegHaHa iHdekuisa
TB/BIJT € 3HayHOW MeauKo-couianbHOW npobrnemoto,
sKa YCKNafHIETbLCA Yepes Tpusany BinHY. Y 2024 poui
B KpaiHi 3adikcoBaHo 18140 BunagkiB Tybepkynbosy
(44,2 Ha 100000 ocib), wo Ha 8,7% MeHLIe MOopiBHAHO
3 19851 Bunagkom y 2023 poui [2]. YacTka Ko-iHekuii
TB/BIJ1 3anuwaeTtbca Bucokotw: y rpyaHi 2024 poky
14,7% xBopux Ha Tybepkynbo3 manu BlJ1, a go notoro
2025 poky e nokasHuk 3pic go 16,2% [7]. 3a gaHnmu
DKepen, KOXeH N'ATMW nauieHT i3 TybepKyrnbo3om
B YKpaiHi mae BIJ1, a koxeH TpeTin i3 ko-iHdekuieto TB/BIJ
nomupae Big Tyb6epkynbo3y [3].

Ko-iHdpekuiss BIN i TyGepkynbo3y CNpUYMHAE 3HA4YHI
MOPYLUEHHS iIMYHHOI CUCTEMM, B3AEMHO MOCUITIOKYN
nporpecyBaHHsi 060x 3axBoptoBaHb. Ocobu 3 BIJT matoTb

The co-infection of tuberculosis (TB) and human
immunodeficiency virus (HIV) remains a critical global
public health challenge. HIV significantly increases the
risk of active TB, while TB accelerates HIV progression.
According to the World Health Organization (WHO),
over 430.000 TB cases were reported among people
living with HIV worldwide in 2023 [1]. In Ukraine, TB/HIV
co-infection is a major medico-social issue, exacerbated
by ongoing conflict. In 2024, Ukraine recorded 18.140
TB cases (44.2 per 100.000 population), an 8.7% de-
crease from 19.851 cases in 2023 [2]. The proportion
of TB/HIV co-infection remains high: 14.7% of TB patients
were HIV-positive in December 2024, rising to 16.2%
by February 2025 [7]. Data indicate that one in five
TB patients in Ukraine is HIV-positive, and one in three
with TB/HIV co-infection dies from TB [3].

TB/HIV co-infection causes significant immune
system disruptions, mutually exacerbating disease
progression. People with HIV have a 25-30-fold higher
risk of developing TB compared to uninfected indivi-
duals [4-8]. This is due to HIV-induced immunosuppre-
ssion, which impairs the body’'s ability to control
Mycobacterium tuberculosis. Specifically, HIV destroys
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y 25-30 pasiB BUWMIA PU3UK PO3BUTKY TyOepKynbo3sy
NOpiBHAHO 3 HeiHdikoBaHuMn [4-8]. Lle nosicHoeTbCA
iMyHocynpecieto, BuknukaHoto BIJT, ska nocna6nioe
3gaTHICTb  opraHiamy — cTpumyBatn  Mycobacterium
tuberculosis. 3okpema, BT pyinHye CD4+ T-kniTuHu,
WO NpU3BOAUTL OO 3HWKEHHSI MPOAYKYBaHHS KIO4YO-
BMX UMTOKIHIB, Takux K IFN-y i TNF-o, HeobxigHux
anst 6opotbbu 3 Ty6epkynbLo3om [6, 7, 9—11].

BIJ1 nopywye iMyHHy BignoBigb Kinbkoma MexaHi3-
MaMK, YCKMNagHIoUYM KOHTponb Haa M.tuberculosis.
Y makpodparax, akTMBOBaHWUX Yy 30Hax TybepKynbo3HOi
iHdekUii, cnocTepiraeTbCa  NigBuWEHa  pennikauis
BIJ1 [12, 13], i3 BUCOKMMM BIpYCHUMU HaBaHTaXEHHAMU
B OpoHxOanbBeOnsipHOMY naBaxi Ta nneBparbHiii
piguHi  [14]. Makpodparu, ypaxeHi BIJI, npoaykyioTb
MeHwe TNF-a, wWo 3HWKye anonto3 Yy BiAnoBigb
Ha M.tuberculosis [13, 15]. LLle oanH mexaHiam nonsirae
B Tomy, wo BIN iHdikye Ta pyviHye CD4+ T-kniTuHu,
30kpema cneumndivHi go M.tuberculosis, W0 3HWXYE
cuHTe3 IFN-y, TNF-o Ta iHWMX UWUTOKIHIB, BaXXnMBUX
anst KoHTponto o6ox iHdekuin [14—18]. Li imyHonorivHi
3MiHU CNpUSOTL MPOrpecyBaHHI0 TyGepKynbo3y Ta ycknag-
HIOKOTb AiarHOCTUKY 1 Tepanito Ko-iHgeKLii.

MeTa po60Tu — ornsg CyvyacHWX AaHuX LOoAo iMyHO-
noriyHmx ocobnueocTen Ko-iHdpekuii BIT/TB, i3 dokycom
Ha CMHOPOM BigHOBMEHHs iMyHHOI cuctemu (CBIC), oro
naTtoreHesi Ta npobnemax KniHiYHOro MeHeXXMEHTY.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

JocnigkeHHa cnpsiMoBaHe Ha aHania MexaHi3miB
po3sutky TB-CBIC, ouiHKy AiarHOCTU4HUX nigxoais,
npodpinakTMYHMX 3axofiB i TepaneBTUYHWUX CTparerin
ONns  MNOKpaLLeHHs BeAEeHHA XBOpUX i3 KO-iHpekuieto.
[ns uporo Ha nepwomMy etani 6yno 3aincHeHo cuctema-
TUYHUIA MOWYK niTepaTypu B 6asax paHux PubMed,
Scopus i Web of Science, oxonntoro4um peLeH30BaHi cTaTTi,
onybnikosaHi 3 2010 no 2025 pik. lMowykoBi TepmiHu
Bkntoyanu: «BlT», «Ty6epkynbo3y, «Ko-iHeKUis», <iMyHHa
BiAMOBIAbY, «CUHAPOM iMyHHOI pekoHCTpykuii (IRIS)»,
«MEHEXXMEHT», «iMyHonmaToreHe3» Ta «aHTUPEeTPoBipyC-
Ha Tepanisay». [Jo aHanidy BKNIOYanMcsa KniHiYHI BMNpO-
OyBaHHSA, cMCTEMaTWUYHI Ornagu, MeTaaHaniau Ta Hauio-
HanbHi pekoMeHaauii, nos’a3aHi 3 ko-iHdekuieto BIJI/TE.
Ha gpyromy etani BuB4anucb pesiome ctaten Ta BUKMIo-
Yanuce nybnikaduii, aki He BignoBiganu KpUTepiamM gocnia-
XeHHs. Ha TpeTbomy eTani BMBYanu MOBHi TEKCTW Bidi-
OpaHux ctaTein Ha BiOAMOBIOHICTbL KPUTEPIAM BKMOYEHHS
[0 CNUCKY niTepaTypun Ta peneBaHTHICTb JOCHiOXEHb.

PE3YABTATU TA iX OBITOBOPEHHS

CwvHpgpom imyHHOi pekoHcTpykuii (CIP), Takox Bigo-
MU SIK po3naj BigHOBMEHHS iMYHiTETy abo cuHOpoMm
BioHOBNEHHS iMyHHOI cuctemmn (CBIC) € ycknagHeHHsaM
aHTupeTpoBipycHoi Tepanii (APT) B oci6 i3 BIJ1, wo BuHK-
Kae 4yepes LIBUOKE BiAHOBMEHHS iMYHHOI OYHKUIT nicna
novatky nikyBaHHsi. Lleli ctaH nposiBnsieTbcA TMM4Yaco-
BOO, ane noaekyau TSHKKOK 3anarnbHOK peakuieto, sika
Moxe OyTu nokanbHow abo CUCTEMHOI i cripsMoBaHa
NPOTN OMOPTYHICTUYHUX H(EKLIN, aBTOIMYHHUX CTaHiB
un nyxnuH. Brnepwe CBIC 6yB onucanui y 1992 poui
y BlN-iHdikoBaHux ocib i3 komnnekcom Mycobacterium

CD4+ T-cells, reducing the production of key cyto-
kines like IFN-y and TNF-a, essential for combating
TB[6, 7, 9-11].

HIV disrupts immune responses through multiple
mechanisms, complicating M.tuberculosis  control.
In macrophages activated at TB infection sites, HIV
replication increases [12, 13], with high viral loads
in bronchoalveolar lavage and pleural fluid [14].
HIV-infected macrophages produce less TNF-o., reducing
apoptosis in response to M.tuberculosis [13, 15].
Additionally, HIV infects and destroys CD4+ T-cells,
including those specific to M.tuberculosis, lowering
IFN-y, TNF-a, and other cytokines critical for controlling
both infections [14-18]. These immunological changes
drive TB progression and complicate diagnosis and
treatment of co-infection.

Objective — the aim of this study is to review current
data on the immunological features of TB/HIV co-infec-
tion, focusing on the pathogenesis of TB-associated
immune reconstitution inflammatory syndrome (TB-IRIS)
and challenges in clinical management.

MATERIALS AND METHODS

The study analyzes TB-IRIS development mecha-
nisms, diagnostic approaches, preventive measures,
and therapeutic strategies to improve co-infection
management. A systematic literature search was con-
ducted in PubMed, Scopus, and Web of Science,
covering peer-reviewed articles published from 2010
to 2025. Search terms included: «HIV», «tuberculosisy,
«co-infection», «immune response», «immune reconsti-
tution syndrome (IRIS)», «management», «immunopatho-
genesis», and «antiretroviral therapy». Clinical trials,
systematic reviews, meta-analyses, and national
guidelines related to TB/HIV co-infection were included.
Abstracts were reviewed to exclude irrelevant publi-
cations, and full texts were assessed for inclusion
criteria and relevance.

RESULTS AND DISCUSSION

Immune reconstitution inflammatory syndrome (IRIS),
also known as immune restoration disease, is a compli-
cation of antiretroviral therapy (ART) in HIV patients,
triggered by rapid immune function recovery post-
treatment. It manifests as a temporary but sometimes
severe inflammatory response, either localized or
systemic, targeting opportunistic infections, autoimmune
conditions, or tumors. IRIS was first described in 1992
in HIV patients with Mycobacterium avium complex
after zidovudine use, later linked to pathogens like
M. tuberculosis, cytomegalovirus, hepatitis B and C
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avium nicnsi  3acTOCYBaHHsl 3WOBYOWHY, a 3rofoMm
CMHOPOM MOB’AI3yBany 3 iHWMMW MNaToreHamu, Takumu
aK M.tuberculosis, unTomeranosipyc, Bipycu renatuty
B i C, Cryptococcus, a Takox i3 nyxnuHamu (Hanpuk-
nap, capkoma Kanowi, HexomKkiHCbka —niMdoma)
Ta aBTOIMYHHUMMU 3axBoptoBaHHaAMM [11, 19, 20].

Yactota CBIC 3anexuTb Big natoreHa Ta reorpa-
diyHOro perioHy. 3rigHoO 3 niTepaTypHUMU Oxepenamu,
ansi acouiioBaHoro 3 BIJT Ty6epkynbo3y yactota CBIC
(TB-CBIC) ctaHoBUTbL npnbnusHo 18%, 3 netanbcHicTio
6nusbko 2% [21, 22]. OgHak npu TybepKynbOo3HOMY
MeHiHriTi yactota CBIC 3poctae pno 47%, a CMepTHICTb
moxe pocdaratu 30% [22, 23]. Y kpaiHax €sponu Ta CLUA
yactota Th-CBIC Bapitoe Big 11 go 45% [19, 22].

TB-CBIC, € HannowmpeHiwow ¢opmo 4Yepes
3Ha4yHy MOLIMPEHICTb TyBepKynbo3y $IK OMOPTYHICTUY-
Hoi iHdekuii y BlJT-iHdikoBaHMx. Po3pi3HsatoTb ABa OCHOB-
HUX TUMK:

— napapokcanbHun TB-CBIC: BuHMKae y xBopux
i3 giarHocToBaHUM Tyb6epKynbo3oM nicns novatky APT,
3a3Bu4an NpoTarom nepwmx 4 TuxkHIB. [posiBNsieTbCA
NOripLIEeHHSIM CUMNTOMIB TyGepKynbo3y, Takmx sk HOBI
iHinbTpaTN, cepo3Hi BUNMBK, abcuecn M'SIKUX TKaHWH
abo 3arocTpeHHs HasiBHUX ypaxeHb [23—-25];

— HemaHidpectHun TB-CBIC: cnocTepiraetbes
B 0cib i3 HegiarHocToBaHMM abo cyOKniHIYHUM TyGepky-
nbo3oMm Ao noyatky APT. BigHOBReHHs iMyHiTETY Npn3Bo-
OVTb 0O BMPaXeHWX MposiBiB XBOPOOM, 4acTo NpPOTSIroMm
TpbOX MicAUiB nicns novaTky Tepanii, 3 TakMMKU CUMM-

ToOMamMu, Sk niMdageHit, abcuecu UM guxanbHa
HepgocTaTHicTb [19, 20, 23, 25].
OoHum 3 bakTopiB  pU3MKy napagokcanbHoOro

TB-CBIC € Hu3bkuin piBeHb CD4+ T-kniTMH Ha MOMEHT
novatky APT, ocobnvMBo HecnpusiTnneBa cuTyauisi, Konu
BinOyBaeTbcs WwBMAKe 3pocTtaHHs CD4+ nicnsa crapty
APT. Ue Buknukae HaamipHy T-kniTMHHY BignoBigb
Ha M. tuberculosis i HagnuwikoBe NpPOAYKYBaHHSA Mpo-
Ta npoTtu3ananbHuxX uuTokiHiB [19, 25, 26]. KopoTkui
NMPOMDKOK MiXX Mo4aTkoM npoTUTYyGepKyrnbo3Hoi Tepanii
Ta APT (MeHwe 2—12 TnxHIB 3anexHo Big piBHA CD4+)
TakoX cyTTeBO 306inbwye pusnk TB-CBIC. Ons oci6
i3 CD4 < 50 knituH/mkn APT pekoMeHayeTbCst po3noyn-
HaTW He ni3Hille HK Yepe3 2 TWXKHI nicna ctapTty niky-
BaHHA Tybepkynbo3sy, W06 3HU3MTU pU3MK neTanb-
HOCTi Ta OMOPTYHICTUYHWUX iHeKuin, Toai Sk npu
CD4 > 50 knituH/mkn APT MoXHa nodvHaTV RisHiwe
(2-12 TwxHiB) [22, 27]. Mo3anereHeBuin Ty6epKynbo3,
30kpema TybepKynbo3HUI MeHiHriT (TBM) € e ogHum
cyTTeBUM pakTOopoM pusuky po3sutky TB-CBIC [25,
28-31]. MNo3utuBHMN TecT Ha LAM y ceui nos’saizaHuin
i3 UMMM dakTopamu, ane He nepeBuLllye 3a npor-
HOCTMYHOIO LiiHHiCTIO piBeHb CD4 [25].

HemanicpectHun Tb-CBIC giarHocTyetbea y 1-4% na-
uieHTiB, Aki noynHatoTb APT, ane noro BUsIBNEHHSA JOCUTb
YacTto npobnemaTtvyHe Yepes HediTke BM3HAYEeHHs fiar-
HOCTUYHUX KpUTepiiB Ta BiACYTHICTb cneumdivyHnx Gio-
MapKepiB, WO YyCKnagHwe AudepeHuialiio Big 3Bu4an-
Horo Tyb6epkynbo3Horo npouecy [20-22, 25]. Pusuku
HemaHicecTHoro TB-CBIC BkntovaoTb HU3LKUIA piBEHb
CD4, Bucoke BipyCHEe HaBaHTaXeHHsl, a TaKOoX Taki
0O3HakK, sk NnimcpageHonaTiss Ha PeHTreHorpami, aHemis,
nigBueHnin piseHb C-peakTMBHOro 6inka Ta BTpaTa
macw Tina [19, 24]. MauieHTn 3 Nigo3poto Ha Ty6epkynbo3,
SKi e He OTpUMYHTb NpOTUTYOGEepKynbo3Hy Tepanito,
MalTb  BULIMA  PU3MK  PO3BUTKY  HeMaHieCTHOro
TB-CBIC [26, 32].

viruses, Cryptococcus, and conditions such as Kaposi’s
sarcoma, non-Hodgkin lymphoma, and autoimmune
diseases [11, 19, 20].

IRIS incidence varies by pathogen and region.
For HIV-associated TB, TB-IRIS occurs in approximately
18% of cases, with a mortality rate of about 2% [21, 22].
In TB meningitis, IRIS incidence rises to 47%, with
mortality up to 30% [22, 23]. In Europe and the USA,
TB-IRIS frequency ranges from 11 to 45% [19, 22].

TB-IRIS is the most common IRIS form due to TB’s
prevalence as an opportunistic infection in HIV patients.
Two main types are distinguished:

— Paradoxical TB-IRIS: Occurs in patients with
diagnosed TB after ART initiation, typically within the
first 4 weeks, presenting with worsening TB symptoms
such as new infiltrates, serous effusions, soft tissue
abscesses, or exacerbation of existing lesions [23-25].

— Unmasking TB-IRIS: Seen in patients with undiag-
nosed or subclinical TB before ART, where immune
recovery triggers overt disease manifestations, often
within 3 months, with symptoms like lymphadenitis,
abscesses, or respiratory failure [19, 20, 23, 25].

A key risk factor for paradoxical TB-IRIS is a low
CD4+ T-cell count at ART initiation, particularly when
rapid CD4+ increases occur post-ART, leading to
excessive T-cell responses to M. tuberculosis and
overproduction of pro- and anti-inflammatory cytokines
[19, 25, 26]. A short interval between anti-TB therapy
and ART (less than 2-12 weeks, depending on
CD4+ levels) significantly increases TB-IRIS risk.
For patients with CD4 <50 cells/uL, ART is recommen-
ded within 2 weeks of TB treatment to reduce mortality
and opportunistic infections, while for CD4 >50 cells/uL,
ART can start later (2-12 weeks) [22, 27]. Extrapulmo-
nary TB, especially TB meningitis, is another major risk
factor [25, 28-31]. A positive urine LAM test correlates
with these factors but does not surpass CD4 count in
predictive value [25].

Unmasking TB-IRIS is diagnosed in 1-4% of patients
starting ART, but detection is often challenging due to
vague diagnostic criteria and lack of specific biomarkers,
complicating differentiation from standard TB [20-22, 25].
Risks include low CD4 counts, high viral loads, and
signs like lymphadenopathy on X-rays, anemia, elevated
C-reactive protein (CRP), and weight loss [19, 24].
Patients with suspected TB not yet on anti-TB therapy
are at higher risk of unmasking TB-IRIS [26, 32].

TB-IRIS immunopathogenesis involves complex
interactions between innate and adaptive immunity,
causing hypercytokinemia, inflammasome activation, and
tissue damage due to elevated matrix metalloproteinase
activity. Paradoxical TB-IRIS is associated with rapid
expansion of M.tuberculosis-specific Th1 responses
post-ART. Studies show increased Th1 cells producing
IFN-y specific to PPD antigens, alongside elevated
cytokines (IL-2, IL-12, IFN-y, IP-10, TNF-a, IL-1p, IL-6,
IL-10) and chemokines (RANTES, MCP-1) compared
to non-IRIS groups [19, 33]. However, Th1 expansion
is not unique to TB-IRIS, as similar changes occur in
non-IRIS patients. TB-IRIS also features high CD4+ T-cell
activation (PD-1+, HLA-DR+, Ki67+), indicating excessive
proliferation and impaired regulatory mechanisms,
especially in lymphopenia [34, 35]. Elevated serum IL-7
and sCD25 levels confirm this hyperactivation [36].

The role of regulatory T-cells (Treg) in TB-IRIS is
ambiguous. Some studies report increased Foxp3+ Treg
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ImyHonaToreHe3 TB-CBIC Bu3HauyaeTbcs CknagHo
B3aEMOLIEI0 MK BPOMAXKEHUM i afanTUBHUM iMYHITETOM,
WO CMpUYKMHSIE TiNepLMTOKIHEMIlO, aKTMBauilo iHdna-
MacoM i TKaHWHHEe YLUKOMKEHHS BHaCMiAOK NiaBULLEHOT
aKTUBHOCTI MaTPUKCHUX MeTanonpoTeiHas.

MapagokcanbHuin TB-CBIC acouitoetbeca 3i wBuag-
Knm 3pocTaHHAM Th1-Bignosigi, cneundiyHoi 4o Miko-
GakTepint, nicns nodatky APT. [ocnigkeHHs nokasanu
3HayHe 36inbweHHs Th1-kniTuH, wo npogykytoTb IFN-y,
cneundpivHumn o PPD-aHtureHy M. tuberculosis,
a TakoX nigBuLLeHe NpoayKyBaHHS UMTOKIHIB (IL-2, IL-12,
IFN-y, IP-10, TNF-a, IL-1B, IL-6, IL-10) i xemokiHiB
(RANTES, MCP-1) nopiBHsiHo 3 rpynamu 6e3 CBIC[19, 33].
OpHak Th1-ekcnaHcia He € yHikanbHoto ans Th-CBIC,
OCKiNnbKM nopfibHi 3MiHM cnocTepiratoTbest | B ocib 6e3
uboro cuHgpomy. MNpu TB-CBIC Takox Bia3HayaeTbcAa
Bucoka aktmsauia CD4+ T-knitun (PD-1+, HLA-DR+,
Ki67+), Wwo Bkasye Ha HagMipHy nponidepadito Ta no-
PYLUEHHS PErynsaTopHUX MexaHiaMiB, ocobnmeo npwu
nimconenii [34, 35]. MigBuweHi pisHi IL-7 i sCD25
y cUpoBaTLi NiATBEPAKYIOTb L0 rinepakTuaauito [36].

Ponb Treg npun TB-CBIC € HeogHo3Ha4vHo. [deski Ao-
cnigHWKM noBigoOMNATL Npo 3pocTaHHa Foxp3+ Treg
y Bunagkax CBIC, nos’asaHux i3 M.avium i wuuto-
MeranoBipycom, ane 3 ocnabneHow 34aTHICTIO npoay-
kyBatn IL-10 [19]. IHwWi gaHi He BMABMAOTb BiAMIHHOC-
TeN y KinNbKOCTi 4M yacTtoTi Treg Mmix rpynamm 3 Tb-
CBIC i 6e3 Hboro, Wo nigkpecnioe noTpeby noganbLumnx
pocnigxeHb [34].

HocnigxeHHsa poni CD8+ T-kniTvH obmexeHi. [eski
JaHi He nokasylTb BIAMIHHOCTEN Yy 1X KifbKOCTI MiX
rpynamu 3 TB-CBIC i 6e3 Hboro, Tofi Sk iHWi BKa3ywTb
Ha 3pOCTaHHA 4acToTW HaiBHMX i akTmBoBaHux (CD38+
HLA-DR+) CD8+ T-knitmH y oci6 3 Tb-CBIC [35, 36].
36inbwerHHs CXCR3+ CD8+ T-kniTuH Kopentoe 3 BUCO-
KM BakTepianbHUM HaBaHTaXEHHSIM, ane iXHSA PyHKLio-
HanbHa ponb 3anuaeTbCcs He A0 KiHUA 3’coBaHoto [35].

Xoya Tb-CBIC nepeBaxHO € KniTMHHO-OMNoOCcepesa-
KOBaHUM CTaHOM, rymoparibHa iMyHHa Bif4noBigb TakoX
Bigirpae ponb. 3a AaHMMMK niTepaTypu CnocTepiraeTbca
3HWXKEHHS piBHA aHTUTIN o PGL-Tb1 [67]. lHwui dak-
Top — nigBuLLeHa ekcnpecis Fey-peuentopis (FCGR1/2/3)
npu TB-CBIC Bka3ye Ha ponb ONCOHi3auii B naToreHesi,
X04a MexaHi3aMu NoTpebyoTb 40AaTKOBOIo BUBYEHHS [38].

Y BlJl-iHdbikoBaHMX i3 nporpecyoyod  xBopoboro
MOHOUUTN BUSBMSAIOTb (PYHKUIOHAmNbHI MOPYLIEHHS, SKi
nicna noyatky APT MOXyTb CRNPUYUHATM HaOMipHY
akTuBauito y Bignosigb Ha aHTureHu MTB. TpaHckpun-
uinHurm aHania CD14+/CD16+ moHouuMTiB nokasaB nia-
BUMLLIEHY EKCMpPECil0 TeHIB KOMMMEMEHTY Ta peLenTopis
posnisHaBaHHs natoreHiB y TH-CBIC. 3okpema, niasu-
WweHi piBHi C1q i ancbanaHc C1-iHribiTopa cBig4aTb nNpo
aktmeauito  komnnemeHty. CD14++/CD16-moHOUMTH
3 BUCOKOK ekcnpecieto CD163+ KopentoTb i3 piBHAMMK
nposananbHux mapkepis (CPB, IL-6, TNF-a) go Ta
nig yac TB-CBIC [39, 40].

Y nauieHTiB i3 TB-CBIC cnocrtepiraetbca nigeuLieHa
gerpaHynsdinHa aktuBHicTb NK-kniTMH Ha BuxigHoMy
piBHi, WO Moxe OyTu npegukTopom puauky TB-CBIC.
3pocTaHHsa INKT-kniTuH (CD3+ Va24+), ki npoaykyoTb
nepcopuH i rpaH3um B, Takox noe’sazaHe 3 TH-CBIC,
BKa3ylouu Ha porb LIMTOTOKCUYHUX MexaHi3miB [41].

TpaHCKPMNTOMHUI aHani3 BUSIBUB aKTMBALit0 CUr-
HanbHux wnsxis Toll-nogi6Hux peuentopis (TLR2, TLR4),
TREM-1 Ta wnsxiB, onocepegkoBaHux IL-1, y KOHTeKCTi

in IRIS cases linked to M. avium and cytomegalovirus,
but with reduced IL-10 production [19]. Other data show
no differences in Treg frequency or counts between
TB-IRIS and non-IRIS groups, highlighting the need
for further research [34].

Research on CD8+ T-cells is limited. Some studies
find no differences in their counts between TB-IRIS and
non-IRIS groups, while others note increased frequen-
cies of naive and activated (CD38+ HLA-DR+)
CD8+ T-cells in TB-IRIS patients [35, 36]. Elevated
CXCR3+ CD8+ T-cells correlate with high bacterial loads,
but their functional role remains unclear [35].

Although TB-IRIS is primarily cell-mediated, humoral
immunity also plays a role. Reduced levels of antibodies
to PGL-TB1 are observed [67]. Increased expression
of FcyR (FCGR1/2/3) in TB-IRIS suggests a role for
opsonization, though mechanisms need further study [38].

In HIV patients with advanced disease, monocytes
exhibit functional impairments, which post-ART can lead
to excessive activation in response to M. tuberculosis
antigens. Transcriptomic analysis of CD14+/CD16+
monocytes shows upregulated complement and
pathogen recognition receptor genes in TB-IRIS.
Elevated C1q and CH1-inhibitor imbalance indicate
complement activation. CD14++/CD16- monocytes
with high CD163+ expression correlate with proinflam-
matory markers (CRP, IL-6, TNF-a) before and during
TB-IRIS [39, 40].

TB-IRIS patients exhibit increased baseline NK-cell
degranulation activity, a potential predictor of TB-IRIS risk.
Increased iNKT cells (CD3+ Va24+), producing perforin
and granzyme B, are also linked to TB-IRIS, suggesting
a role for cytotoxic mechanisms [41].

Transcriptomic analysis reveals activation of Toll-like
receptor pathways (TLR2, TLR4), TREM-1, and IL-1-me-
diated pathways in TB-IRIS [42]. Inflammasomes,
particularly NLRP3 and AIM2, are central to patho-
genesis, activating caspases (casp1, casp4/5) to pro-
mote proinflammatory cytokines IL-1p and IL-18 [25, 38].
Caspase-1-induced pyroptosis enhances inflammation
via mitochondrial DNA release. Genetic polymorphisms
in the AIM2 gene (C/T genotype) correlate with increased
TB-IRIS susceptibility [19, 26].

In TB meningitis IRIS (TBM-IRIS), neutrophils play
a key role. Cerebrospinal fluid (CSF) in TBM-IRIS shows
high neutrophil levels and mediators like MMP-8
and MMP-9, contributing to tissue damage [43, 44].
Transcriptomic analysis indicates activation of neutro-
phil-related genes (S100A9, NLRP12, COX-1), suppor-
ted by elevated neutrophil elastase and peptides in
plasma [45].

TBM-IRIS is characterized by localized inflammation
in the central nervous system. CSF in TBM-IRIS contains
high concentrations of cytokines (IL-6, TNF-a, IL-1pB),
chemokines (CXCL1-3, CCL2/3/4, IP-10), and MMPs
(notably MMP-9), but blood levels do not differ signi-
ficantly between TBM-IRIS and non-IRIS groups.
Elevated neutrophils and S100A8/A9 in CSF are
characteristic of TBM-IRIS, even after adjusting for
M. tuberculosis culture positivity. High viral load, low
CD4 count, and elevated CSF TNF-a with low IFN-y
at diagnosis predict TBM-IRIS [25, 46, 47].

Genetic factors, including polymorphisms in 1L6-174,
TNFA-308, TNFA-1031, IL18-607, IFN-y +874, CARDS,
and LTA4H, are associated with TB-IRIS, though data
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TB-CBIC [42]. IHbnamacomu, 3okpema NLRP3 ta AIM2,
BidirpatoTb LEHTpanbHy ponb Yy naToreHesi, akTUBYHYU
kacnasu (casp1, casp4/5), Wo cnpusalTb [O03piBaHHIO
npo3ananbHux unTokiHie IL-1p Ta IL-18 [25, 38]. MiponTo3s,
iHOyKOBaHW Kacnasoro-1, NOCMME 3ananbHy BiAnoBigb
LUNSAXOM BMBINbHEHHS MiTOXOoHApianbHoi HK. FeHeTuyHi
nonimopdiamu B reHi AIM2 (reHotun C/T) kopentooTb
i3 NigBULLEHOIO CXMMbHICTIO A0 po3BuTKy Th-CBIC [19, 26].
Y natoreHesi TB-CBIC 3 wmeHiHritom (TBM-CBIC)
BigirpatoTb BaXKNuBy porb HENTPOQIinu. Y CIMHHOMO3KOBI
piaguHi (CMP) npu TBEM-CBIC BusiBNeHO BWCOKi piBHi
HenTpodinis i megiatopiB, Takux sk MMP-8 i MMP-9,
SKi CNPUAIOTb TKAHWUHHOMY YLWIKOAXKEHHIO [43, 44]. TpaH-
CKPUMUINHMI aHani3 nokasye akTuBauilo reHis, NoB’siza-
HUX i3 HenTpodinbHo akTuBHicTio (ST00A9, NLRP12,
COX-1), wo nigTBepOoXyeTbCa NiABULLEHUMU PIBHAMMU
HeTpodinNbHOT enactasu Ta nenTuais y nnasmi [45].
TBM-CBIC xapakTtepusyeTbCsi NnokanizoBaHol 3a-
nanbHOK BI4NOBIAAK B LIEHTParbHIA HEPBOBIN CUCTEMI.
Y CMP npu TBM-CBIC BuUSABNEHO BUCOKI KOHLEHTpauii
uutokiHiB  (IL-6, TNF-a, IL-1B), xemokiHiB (CXCL1-3,
CCL2/3/4, IP-10) i MMP (3okpema MMP-9), ane B KpoBi
Ui nokasHukM Mk rpynamm 3 TEM-CBIC i 6e3 Hboro
CYTTEBO He Bigpi3HsatoTbCA. [igBuLLeHi piBHI HeUTpodinis
i S100A8/A9 y CMP e xapaktepHumu gns TBEM-CBIC,
HaBiTb NiCNsi KOpekuii Ha NO3WTUBHICTb KynbTypn MBT.
Bucokui BipycHuin 3apsaa, HU3bkuin piseHb CD4 i niaBu-
weHi CMP TNF-o. npy Husbkomy IFN-y Ha MOMeHT
piarHoctukm € npegmktopamm TBM-CBIC [25, 46, 47].
[eHeTnYHI dhakTopun, 30Kkpema noniMopdiaMn B reHax
IL6-174, TNFA-308, TNFA-1031, IL18-607, IFN-y +874,
CARDS8 i LTA4H nos’asaHi 3 TB-CBIC, xo4a gaHi obme-
XeHi yepes HeBenuki BWOipkn. Lli reHeTudHi mapkepu
noTpebyoTb 4OAATKOBOrO BUBYEHHS [42, 48-50].

MoxaAuBocTi Tepanii Ta npodirakTuku T6-CBIC

3ananbHa peakuisi npu TB-CBIC moxe 6yTu kopoTKo-
YacHOI0 i 3HMKaTU caMOCTIilHO, ane B GaraTbox Bunagkax
BOHa € BUPAXEHOW i MOXe MaTu netanbHi Hacnigku.
OcHoBHMM Migxogom [o  Tepanii  napagokcanbHOro
TB-CBIC € 3actocyBaHHA KOPTUKOCTEpOidiB, 3okpema
npegHisoHy (1,5 mr/kr/geHb NpOTAroM 2 TUXHIB, MOTIM
0,75 wmr/kr/geHb we 2 TwxkHi) [51-53]. PaHgomizoBaHe
nnauebo-koHTponboBaHe AocnimxeHHs (PredART) npo-
JEMOHCTPYBaro, Lo NpeaHi3oH 3HKye noTpeby B roc-
niTanisauii, NPUCKOPIOE perpecito CUMNTOMIB, 3MEHLLYE
piBeHb C-peakTvMBHOro Oinka i mokpallye SKiCTb XUTTS
6e3 cepio3HMx nobGivHMx edektiB [51, 52]. lNpote
y XBOpuX i3 nporpecytouum BIJ1 3acTtocyBaHHA npeaHi-
30HY noTpebye 06epexHOCTi Yepe3 MOTEHUINHUIA pU3nK
po3BuTky BlJl-acouiioBaHMX NyXnuH, TakMx sIKk capkoma
Kanowi, Ta peunamsis onepidyBansHoro repnecy. Npu ni-
[03pi HAa MeauKaMEeHTO3HO-CTINKMI TyOGepkynbo3 npep-
Hi30H NpM3HaYaloTb NuLLe nicnst onTuMi3aLii npoTuTy6ep-
KynbO3HOro nikyBaHHs [19, 54].

Kpim  kopTukocTepoigis, Ansas cuMNTOMaTU4HOIO
nonerweHHsa nerknx cgopm napagokcansHoro Th-CBIC,
a Takox CBIC, acouiioBaHOro 3 iHWKUMKW naToreHamm
(Hanpuknag, komnnekcom Mycobacterium avium a6o
KPMNTOKOKO30M), BUKOPUCTOBYIOTb HECTEPOIAHI NpoTU3a-
nanbHi 3acobu (HM3M). Tanigomia, skuii mae iMyHo-
MoAyntoBarnbHi BMacTUMBOCTI, e€(EeKTUBHUIA Yy IiKyBaHHi
TybepkynboM, CTiikux Oo crepoigis ¢opm TB-CBIC,
KpvnToKoKoBoro nimdpaaeHity Ta HesponoriyHoro TB-CBIC
y npiten [19, 25, 55, 56]. AHTaroHiCT1 NenKoTpieHiB, Taki
SIK MOHTENYKACT i 3iNeNToH, NPOAEMOHCTPYBanu LUBMAKE

are limited by small sample sizes and require further
[42, 48-50].

Therapy and Prevention of TB-IRIS

TB-IRIS inflam-mation may be transient and resolve
spontaneously, but severe cases can be fatal. The primary
treatment for paradoxical TB-IRIS is corticosteroids,
particularly prednisone (1.5 mg/kg/day for 2 weeks, then
0.75 mg/kg/day for 2 weeks) [51-53]. The PredART
randomized placebo-controlled trial showed prednisone
reduces hospitalization, accelerates symptom resolution,
lowers CRP, and improves quality of life without serious
side effects [51, 52]. However, in advanced HIV, predni-
sone use requires caution due to risks of HIV-associated
malignancies (e.g., Kaposi’'s sarcoma) and herpes zoster
recurrence. In suspected drug-resistant TB, prednisone is
prescribed only after optimizing anti-TB therapy [19, 54].

Besides corticosteroids, nonsteroidal anti-inflam-
matory drugs (NSAIDs) are used for symptomatic relief
in mild paradoxical TB-IRIS and IRIS linked to other
pathogens (e.g., Mycobacterium avium complex, crypto-
coccosis). Thalidomide, with immunomodulatory pro-
perties, is effective for steroid-resistant TB-IRIS,
cryptococcal lymphadenitis, and neurological TB-IRIS
in children [19, 25, 55, 56]. Leukotriene antagonists
like montelukast and zileuton show rapid clinical impro-
vement in steroid-resistant TB-IRIS and urticarial vas-
culitis [23, 57]. Pentoxifylline and hydroxychloroquine
have been used in some IRIS cases, but their efficacy
lacks randomized trial support [57].

Given the association of high TNF-a with TB-IRIS,
TNF-a inhibitors may be promising. Inhibitors like
infliximab, adalimumab, etanercept, and certolizumab
are effective for inflammatory conditions, but their use
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KniHiYHe noKpalweHHs npu CTiikomMy [JO cTepoigis
TB-CBIC Ta yptukapHomy Backyniti [23, 57]. [NeHTokcu-
GiniH i rigpOKCUXMOPOXiH TaKoX 3acTOCOBYBanucs
B okpemux Bunagkax CBIC, ane ixHA edeKTUBHICTb
He NigTBeEpAXeHa paH4OMI30BaHNUMK OOCHIKEHHAMM [57].

Ockinbkn Bucokmi piseHb TNF-o noe’aszaHun i3 Th-
CBIC, iHri6iTopn TNF-a. MOXyTb OyTV nepcrnekTUBHUMM
ans tepanii. IHriGitopy TNF-o (iHdnikcumab, apanimy-
mab, eTaHepuenT, uUepTonizymab) edekTuBHI npu 3a-
nanbHUX CTaHax, ane iX BUKOPUCTAHHS NpW NaTeHTHOMY
Tybepkynbo3si BUMarae obepexHOCTi Yepe3 pusuK akTu-
Bauii iHdekuii [23, 58]. IHdnikcumab nokasaB NO3UTUBHI
pesynsTat npu CTilkoMy [0 cTepoigiB Tybepkynbos-
HOMY MeHiHriTi (TBM) Ta 3ananbHUMX KPUNTOKOKOBMX
ypaxeHHsix y BlJl-iHdikoBaHux [20, 23, 59].

Mpodinaktnka TB-CBIC nepenbavae BUKOPUCTaHHS
HU3bKUX 003 MPELHI30HY, SKi 3HWXKYIOTb 4acToTy napa-
pokcansHoro TB-CBIC 6e3 nigBWLLEHHSI PU3UKY iHLLIMX
OMOPTYHICTUYHUX iH(PEKLA YW  OHKOMOTYHMX 3aXBO-
ptoBaHb. PaHHi noyatok APT 36inbwye pusnk TB-CBIC
GinbLU HiX yABIYi, TOMY ONTUManbHWI Yac novaTky Tepanii
€ knoyoBum [22, 25]. BcecBiTHs opraHi3auisi 0xOpoHu
300pOB’st pEKOMEHAYE NPOodiNakTNUYHE 3aCTOCYBaHHS TPU-
MeTonpuM-cynbgameTokcasony Ta i3oHiasvay/nipuao-
kcuHy ans BlJT-iHodikoBaHux, ski po3nodmHatoTe APT, anga
3anobiraHHs peakTuBaLii naTeHTHoro Ty6epkynbo3y [27].

Ons HemaHipectHoro TB-CBIC ctpaterii Tepanii
MEHLL po3pobneHi. PaHille B TSXKMX BunNagkax peko-
MeHAayBanu npusynuHaTn APT, ane cyyacHi AaHi ceigyatb
NpPoO AOUINbHICTL I NPOAOBXEHHS, 32 BUHATKOM BUNaakis
i3 3arpo3nMBMUMK HEBPONOTMYHUMM YCKNaAHEHHAMU [27].
HocnigkeHHs nokasanu, Wo KombiHoBaHa npodinak-
TMKa 3HUXYE YacToTy HemaHidpectHoro TB-CBIC i ne-
TanbHiCTb. |HBa3uMBHI npouenypu, Taki £K acnipauis
nimcoBy3nie, nepukapgioueHTe3 abo TopakoLeHTes,
MOXYTb OyTU HEOBXiZHUMWU ANsi NONErweHHst CUMMNTOMIB
abo koHTponto ycknagHeHs [19, 20, 25].

Biomapkepu Ta MOXAUBOCTI

nporHo3yBaHHs Tb-CBIC

HocnigxeHHs  GiomapkepieB TB-CBIC  3ocepen-
XKEHi  3ananbHUX LMTOKIHaX i Mapkepax rocTpoi dasu,
Takmx sik C-peaktmBHui Ginok (CPB), IL-6, IL-18, IP-10,
IL-33, IFN-y. Xoya Ui MOKa3HUKM € MNepcrneKkTUBHUMU,
XKOOEH i3 HUX He Mae KMiHiYHOro niaTBEpPMAKEHHS Ans
NPOrHO3yBaHHSA 4u AiarHocTukn. KomGiHauis Kinbkox
mapkepiB, 3okpema CPB, IL-6 Ta IL-18, pemoHcTpye
BMLLY MPOrHOCTUMYHY UiHHiCTb [19, 60, 61]. ¥ BotceaHi
BCTaHoBneHo 38’30k TB-CBIC i3 HwkuMMn piBHAMMK
daktopie pocty (IL-3), Bignosigamu Th1-unToKiHIB
i 3HWKeHUM piBHeM IL-17 [62]. AktmBauis NK-kniTuH,
a TakoX nigBuweHi piBHi CPB Ta IL-8 acouitotoTbesa
3 HemaHicecTHum TB-CBIC [63, 64]. HegasHi gocnia-
KEHHS nokasanu, wo mapkepu aktusauii CD4+ i CD8+
T-KNITUH MOXYTb CNPUSATM MPOrHO3yBaHHIO Ta JAiarHo-
ctuui TB-CBIC [62, 64].

OocnipgxeHHa mikpo-PHK (miRNA) sk noTeHuinHnx
Giomapkepie TB-CBIC TpuBaloTb, ane ixHs KniHiYHa
3HayyLWicTb LWe He BcTaHoBneHa [66]. lMonimopdiamu
B reHax IL-18, TNF-a, newkotpieHy A4 rigpokcunasu
(LTA4H) nos’si3aHi 3 pisHum pusnkom ThE-CBIC [67, 68].

[nsa nokpalleHHs To4HOCTi nporHo3yBaHHA TH-CBIC
pO3pO6NeHO KOMMO3UTHI OLiHKM, L0 NOeaHYOTL Giomap-
Kepu Ta reHeTWYHi [aHi, OEMOHCTPYKYM 3a[0BiNbHY
NPOrHOCTUYHY edeKTUBHICTb, xo4a nartoreHe3 TH-CBIC
3anuwaeTbes cknagHuM i 6aratorpaHHum [19, 63].

in latent TB requires caution due to infection reactivation
risks [23, 58]. Infliximab has shown positive results in
steroid-resistant TB meningitis and inflammatory crypto-
coccal lesions in HIV patients [20, 23, 59].

TB-IRIS prevention involves low-dose prednisone,
which reduces paradoxical TB-IRIS incidence without
increasing risks of other opportunistic infections or
cancers. Early ART initiation doubles TB-IRIS risk,
making optimal timing critical [22, 25]. WHO recommends
prophylactic trimethoprim-sulfamethoxazole and iso-
niazid/pyridoxine for HIV patients starting ART to prevent
latent TB reactivation [27].

For unmasking TB-IRIS, treatment strategies are
less developed. Previously, ART was paused in severe
cases, but current data support continuation, except
in life-threatening neurological complications [27].
Studies show combined prophylaxis reduces unmas-
king TB-IRIS incidence and mortality. Invasive procedures
like lymph node aspiration, pericardiocentesis, or
thoracentesis may be needed to relieve symptoms
or manage complications [19, 20, 25].

Biomarkers and Prediction of TB-IRIS

TB-IRIS biomarker research focuses on inflam-
matory cytokines and acute-phase markers like CRP,
IL-6, IL-18, IP-10, IL-33, and IFN-y. While promising,
none are clinically validated for prediction or diagnosis.
Combining markers like CRP, IL-6, and IL-18 shows
higher predictive value [19, 60, 61]. In Botswana, TB-IRIS
is linked to lower growth factor levels (IL-3), Th1 cytokine
responses, and reduced IL-17 [62]. NK-cell activation
and elevated CRP and IL-8 are associated with unmas-
king TB-IRIS [63, 64]. Recent studies suggest CD4+
and CD8+ T-cell activation markers may aid TB-IRIS
prediction and diagnosis [62, 64].

Micro-RNA (miRNA) studies as potential TB-IRIS
biomarkers are ongoing, but their clinical relevance
is unestablished [66]. Polymorphisms in IL-18, TNF-a,
and leukotriene A4 hydroxylase (LTA4H) genes are
linked to varying TB-IRIS risks [67, 68].

Composite scores integrating biomarkers and
genetic data show satisfactory predictive performance,
though TB-IRIS pathogenesis remains complex and
multifaceted [19, 63].
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BUCHOBKHU

CvHApPOM iMYHHOT PEKOHCTPYKLUil, NOB’A3aHUA i3 Ty-
6epKkynbo30M, € 3HAYHOK MPUYMHOK 3aXBOPHOBAHOCTI
Ta netanbHOCTi ceped ocib i3 ko-iHdekuieto BIN/TH,
YacTKOBO 4epe3 WMOoro ATPOreHHu xapaktep. HesBa-
Xaruy Ha OOCArHEHHS B PO3YMiHHI iMyHHUX MeXaHi3MiB
i BOOCKOHaneHHss MeTofiB npodpinakTukm Ta Tepanii,
NoBHE pPO3KPUTTA MexaHiamiB po3sutky TE-CBIC i Bu-
3HaYEHHs1 BUCOKOYYTNMBUX i crneundiyHux Giomapkepis
3anuwarnTbesl HeBupiweHuMmK. [iarHocTuka, 0cobrnveo
HemaHidpecTHoro TB-CBIC, ycknagHeHa 4yepes BigcyT-
HICTb TOYHUX GiomapkepiB i TpyAHOL Yy BiAMEXyBaHHI
Bi, iHLWIMX OMOPTYHICTUYHUX iH(ekuin. BuyeHHs naTo-
reHesy YCKMaJHIETLCS BiACYTHICTIO afeKBaTHUX TBapUH-
HUX Mogenew, ski 6 BigTBOpOBanu iMyHHi MoOpyLUeHHS
TB-CBIC, a TakoX NpakTU4HUMK N E€TUMHUMU OOMEXeH-
HAMW Y POPMYBaHHI KOHTPOMbHMUX rpyn (nauieHTun 3 BIJ1,
TyGepkynbo3oM, abo 6e3 iHdekuih, 3 HasiBHICTIO abo
6e3 APT un npoTnTy6epKkynbO3HOro NikyBaHHS).

CyuacHi pekomeHaauii cnpusitoTb YHidpikauii niaxoais
0o piarHocTukmn Ta nikyBaHHsa TB-CBIC, wo nonerwye
iX nopiBHANbHUI aHani3. KopTukocTepoiawn, Taki 9k npea-
Hi30H, e(PEKTUBHO 3MEHLLYIOTb CUMMTOMWU Ta CNPUSIOTb
LUBMAKOMY KNiHIYHOMY MOKpaLLeHHIo, ane iX MnobiyHi
edeKkTM CrMoHYyKaloTb A0 MOLUYKY cneuudivyHmMx Tepanes-
TUYHMX NiOXOAiB, CAPAMOBAHWX Ha MaTOMOriYHi IMYHHI
wnsxu, 3okpema IL-6 abo iHdnamacomn. TpaHckpun-
TOMHi  OOCMIMKEHHA BiOKPUBAKOTb HOBI  MOXITMBOCTI
AN po3yMiHHS iMyHHUX MexaHiamiB TB-CBIC, wo moxe
cnpuATK po3pobLi LinboBoi Tepanii.
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CONCLUSIONS

TB-associated immune reconstitution syndrome is
a significant cause of morbidity and mortality in TB/HIV
co-infection, partly due to its iatrogenic nature. Despite
advances in understanding immune mechanisms and
improving prevention and therapy, fully elucidating
TB-IRIS mechanisms and identifying highly sensitive
and specific biomarkers remain unresolved. Diagnosis,
particularly of unmasking TB-IRIS, is challenging due to
the lack of precise biomarkers and difficulties distin-
guishing it from other opportunistic infections. Patho-
genesis studies are hindered by the absence of adequate
animal models replicating TB-IRIS immune disruptions,
as well as practical and ethical constraints in forming
control groups (HIV or TB patients, with or without ART
or anti-TB therapy).

Current guidelines standardize TB-IRIS diagnosis
and treatment approaches, facilitating comparative
analysis. Corticosteroids like prednisone effectively
reduce symptoms and promote rapid clinical improve-
ment, but side effects drive the search for targeted
therapies addressing pathological immune pathways,
such as IL-6 or inflammasomes. Transcriptomic studies
offer new opportunities for understanding TB-IRIS
immune mechanisms, potentially aiding targeted
therapy development.
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nepCﬂeKTMBM NOAGAbLUMX AOCAIAXEHDb

[na 3anoBHeHHst nporanuH y po3ymiHHi TB-CBIC HeobxigHuii
KOMMMEKCHUA  MyMBTIOMIYHUIA  Miaxid, SKAUA  BUKOPUCTOBYE
nepenoBi TexHororii Ans rMubokoro aHanidy iMyHHUX MexaHi3-
MmiB. [MoTpibHi gomaTkoBi [oOpe chnnaHoBaHi KhiHiYHI gocnia-
KEHHS ANS BOOCKOHANEHHs cTpaTterii npodinakTukn Ta Tepanii,
30Kpema: paHHs giarHocTuka Ta npodpinakTvka; TapretoBaHa
Tepanisi, sika Nonsrac y po3LMPEHHi CreKTpa iMyHoCynpecuB-
HUX 3acobiB Ta BigkpUBAE NepcrneKkTUBM ANs LinboBoi Tepanii,
O MOXe 3MeHLWMTU NoGiYHi edekTn NOpPIBHSHO 3 Tpaguuii-
HUMK KOpTUKOCTepoigamu. MpoooBXKeHHA AOCNIMQKEHb ANA MOo-
WyKy crneundivyHmMx GiomapkepiB, ocobnvMeo Ans HemaHidecT-
Horo TB-CBIC, mae BupilianbHe 3Ha4YeHHs1 Ansi NoKpalleHHs
OiarHOCTUYHUX MOXITMBOCTEN.
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Prospects for further research

Addressing gaps in TB-IRIS understanding requires a compre-
hensive multi-omics approach using advanced technologies
for in-depth immune mechanism analysis. Further well-
designed clinical studies are needed to refine prevention
and therapy strategies, including early diagnosis and preven-
tion, and targeted therapies expanding immunosuppressive
options, offering prospects for reducing side effects compared
to traditional corticosteroids. Continued biomarker research,
especially for unmasking TB-IRIS, is critical for improving
diagnostic capabilities.
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KAlo4oBi cAoBQ: PE3IOME

aneprivHWn puWHIT, natoreHes, fAiarHoc-  AKTyanbHICTb. ANepriYHWn pUHIT € OQHUM i3 HAWMOLUMPEHILLNX 3aXBOPIOBaHb Yy CBITi.
TUKa, NMiKyBaHHS. Y cTaTTi po3rMsSHYTO CyyacHi YSBMEHHA MNpPO MeXaHi3aMu natoreHesy, AiarHOCTUKW
Ta niKkyBaHHA anepriyHoro puWHITY, WO Aa€ 3mory po3pobuTu iHAvBIAyanbHWN Migxia
[0 NauieHTIB 3 anepriYHnM prHITOM.

MeTta po60TH — y3aranbHWUTK Cy4acHi BiZOMOCTi NPO NaToreHes, AiarHOCTUKY i NiKyBaHHS
anepriyHoro puHITY 3a AaHUMK BiAKPUTUX Axkepen iHdopmallii.

HAywuk AHmoH Onezosuy Martepianu Tta metoam. ligbip nybnikauin BukoHaHo 3a 6Gasamm gaHux PubMed,
XapkiBcbkuin - HauioHanbHu - yHiBepeuteT  Clinical Key Elsevier, Cochrane Library, eBook Business Collection Ta Google Scholar,
imeHi B.H. KapasiHa MiHictepcTBa OCBITM Y SIKMX BUCBITMIOBANMCh BiAOMOCTI MPO OLiHKY SKOCTi MeaunyHoi gonomoru. Ha nepiomy
i Hayku YkpaiHu, kacbeapa iHeKUinHMX XBo-  eTani NPpOBOAMNY MOLUYK NiTEPaTypHUX [Kepen 3a KIYOBMMU CIIOBaMU: anepriyHum

AAfl KOpeCnOoHAEHLUI:

pob6 Ta KniHiYHOi iMyHomoril; PWHIT, naToreHes, AiarHOCTUKa, NiKyBaHHSA. Ha gpyromy ertani BMBYanucb pestome
MavigaH Ceoboauw, 6ya. 4, M. XapkiB, cTaTel Ta BuKIoYanucb nybnikauii, ski He BignoBiganu KpuTepisM [OCHIMKEHHS.
Ykpaina, 61022; Ha TpeTbomy eTani BMB4anv noBHi TEKCTU BigibpaHnX cTaTew Ha BiANOBIHICTb KpUTEPIAM
e-mail: tdushik@gmail.com BKJTIOMEHHS 40 CNWCKY NiTepaTypy Ta peneBaHTHICTb AOCHIIKEHb.

Pe3synbraTty Ta ix 06roBopeHHsA. AnepridHnii pyHIiT € 3ananbHUM NPoLLEeCOM CrM30BOiT
© Aywuk A.O., 2025 0BOMOHKM HOCa, sIKMIA onocepeakoByeTbCs iMyHornobyniHom E (IgE) i po3BuBaeTbes

y Nofen 3 reHEeTUYHOK CXMIBHICTIO Y BiAMOBIAb HA KOHTaKT 3 anepreHamu. [potarom
OCTaHHIX [EeCATVM POKIB 3HAYHO MOrNMMBUNOCHA PO3yMiHHSA anepridHMx 3axBOPHOBaHb,
30Kpema BWAINEHO HOBI PeHOTMMM anepriyHoro puHiTy. [liarHocTvka anepriyHoro
PVIHITY BKMtovae: 36ip aHamHe3sy Ta OuiHKa CUMMNTOMIB, NMPOBEAEHHS CNiPOMETPIi BCiM
nauieHTam 3 anepriyHuM PUHITOM, arnepronioriyHe OOCTEXEHHS: LUKIPHI MpUK-TEeCTH,
npoBoKaUiliHi TecTun, nabopaTopHe BW3HauveHHs cneundivHMx IgE. 3actocosyoTb
CTyNiHYacTWM Niaxia NiKkyBaHHS.

BucHoBKW. AnepriyvHMn pUHIT — Ue 3axXBOPIOBAHHA 3i CKMagHUM naToreHesom,
MEXaHi3MU sIKOro NPOAOBXYTb BUBYATUCA. 3HAHHSA LMX MeXaHi3MiB, Cy4acHUX MeToiB
[iarHoCTVKM Ta NiKyBaHHSA A€ 3MOry po3pobuTu iHOMBiAyanbHUIA Nioxig OO BeOEHHSI
nauieHTiB 3 anepriYyHUM PUHITOM.

AAS LUTYBAHHS:

Oywmk A. O. AcnekTu natoreHesy, AiarHOCTMKM, MNiKyBaHHSA anepriyHoro puHiTy. KapasiHcbkull iMyHomo2iyHul
xypHan. 2025. T. 8, Ne 1(15). C. 111-120. DOI: https://doi.org/10.26565/3083-5615-2025-15-08

Key words: ABSTRACT

allergic rhinitis, pathogenesis, diagnosis, = Background. Allergic rhinitis is one of the most common diseases worldwide. This article
treatment. reviews current concepts of the pathogenesis, diagnosis, and treatment of allergic
rhinitis, enabling an individualized approach to patients with this condition.
Purpose — to summarize current knowledge on the pathogenesis, diagnosis and
treatment of allergic rhinitis based on open-source information.
Materials and Methods. Publications were selected from the databases PubMed,
Clinical Key Elsevier, Cochrane Library, eBook Business Collection, and Google
Scholar, which covered information on the assessment of healthcare quality. At the first
stage, literature sources were searched using the keywords: allergic rhinitis, patho-
genesis, diagnosis, treatment. At the second stage, article abstracts were reviewed
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and publications not meeting the research criteria were excluded. At the third stage,
full texts of the selected articles were studied to confirm inclusion criteria and
research relevance.

Results. Allergic rhinitis is an inflammatory process of the nasal mucosa mediated
by immunoglobulin E (IgE), developing in genetically predisposed individuals
in response to allergen exposure. Over the past ten years, the understanding of allergic
diseases has significantly deepened, particularly with the identification of new pheno-
types of allergic rhinitis. The diagnosis of allergic rhinitis includes: history taking
and symptom assessment, spirometry for all allergic rhinitis patients, allergy testing
such as skin prick tests, provocation tests, and laboratory identification of specific IgE.
A stepwise approach to treatment is used.

Conclusions. Allergic rhinitis is a disease with a complex pathogenesis, the mecha-
nisms of which continue to be studied. Understanding these mechanisms, along
with current methods of diagnosis and treatment, allows for the development of

an individualized management plan for patients with allergic rhinitis.
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BCTYN

AnepriyHnii puHiT (AP) € ogHieto 3 HanaKTyanbHiLLIMX
npobnem cy4vacHoi KniHiYHOI anepronorii Ta oTonapuH-
ronorii. loro nolumpeHicTb y CBITi NPOJoBXYe 3pocTaTh,
WO 3yMOBMEHO $IK 3POCTaHHAM CeHcubinizauii Hace-
NeHHs 00 arnepreHiB, Tak i rnobanbHMMKM 3MiHaMK
B HaBKONMMULUHLOMY cepenoBuLli, ypbaHrisauieto, 3MiHaMm
XapyoBUX 3BUMYOK i cnocoby xuTtTta [1-3]. 3a aaHumm
BcecBiTHbOI OpraHisauii oxopoHu 3popoB’ss, Ha AP
cTpaxpatotb 40 25-30% HaceneHHsi CBiTY, @ B OKPEMUX
perioHax — 0o 40% popocnux i 25% piten [4, 5].

AP He € i30/1b0BaHNM 3axBOPIOBAHHSM. Y GinbLUOCTI
BMMNAaAKiB BiH pO3rMsgacTbCs SK YacTvHa CUCTEMHOrO
aToni4YHOro KOHTUHYYMY, LLIO BKITHOYa€E TaKox BpoHXianbHy
atmy (BA), atoniyHun gepmaTUT Ta XapyoBy areprito.
[aHi 4ncneHHux enigemionoriyHMx AocnigkeHb nia-
TBEPAXKYIOTb, WO 6nm3bko 80% nauieHTiB i3 BA matoTb
cumntommn AP, a y 40% xBopux Ha AP 3rogom po3BuBa-
eTbcs BA [6, 7]. Takum YnHoM, AP € He nvule caMoCTiHO
natonorieto, ane n BaXnMBMM (aKTOPOM PU3NKY AN
PO3BUTKY BiNbLL TSXKKMX aneprivHnx 3axBoptoBaHb.

AKTyanbHiCTb Npobrnemun TakoX 3yMOBIEHa 3Ha4YHUM
BnnmBoM AP Ha akicTb XXuUTTA naudieHTis. CumnTomu
XBOpobu, Taki sK 3aknageHiCTb Hoca, YxaHHs, cBepbix,
pvHOpes, MOpYLIYIOTb COH, 3HWXYKTb Mpaue3faaTHiCTb,
KOTHITMBHY YHKUiO Ta KOHUeHTpauito ysarun [8, 9.
EkoHOMiYHWMI Tsrap, noB’A3aHui i3  nikyBaHHAM AP
Ta BTpatamy NpPOOYKTMBHOCTI, € KOorocanbHWM: 3a faa-
HUMM €EBPOMNENCBKUX [pKepesi, piYHi BUTpaTU nepeBu-
wytotb 100 Minbsapais espo [10].

[Monpn 3Ha4yHy MOWMPEHICTb i KNiHIYHY 3HAYMMICTDb,
AP yacto 3anuwaeTbcs HeaoouiHeHMM, 0cobnmBOo
y nerkux copmax. barato nauieHTiB 3arMmMaroTbCa camo-
nikyBaHHAM abo He 3BepTaloTbCa A0 Nikapsa B3arani, Lo
npu3BoAMTb OO0 XPOHi3alii npouecy, po3BWUTKY ycknag-
HEHb Ta HeadekBaTHOro KOHTpomn cumnTomie [11].
Y CBOW 4epry, nikapi NepBMHHOI NaHKW He 3aBXaun
MalTb [JOCTaTHO OOi3HaHICTL MpPO cydacHi nigxoam
00 fiarHoCTukM Ta nikysaHHs AP.

3a ocTaHHe pecaTupivysa Biobynmucs 3HayHi 3MiHK
B ysBNeHHax npo natoreHe3d AP. Ocobnuea yBara npu-
OinsetTbca poni eniTenianbHUX KMIiTWUH, iIMyHHOI nam’'siTi,
BpomkeHnx nimcoigHnx knituH (ILC2) Ta nopylleHin

INTRODUCTION

Allergic rhinitis (AR) is one of the most relevant
issues in modern clinical allergology and otolaryngology.
Its global prevalence continues to rise, driven by increa-
sing population sensitization to allergens, environ-
mental changes, urbanization, and lifestyle and dietary
shifts [1-3]. According to the World Health Organization,
AR affects up to 25-30% of the global population,
and in some regions, up to 40% of adults and 25%
of children [4, 5].

AR is not an isolated disease. In most cases, it is
considered part of the atopic continuum, which also
includes bronchial asthma, atopic dermatitis, and food
allergies. Numerous epidemiological studies confirm
that approximately 80% of asthma patients have AR
symptoms, and 40% of AR patients eventually develop
asthma [6, 7]. Thus, AR is not only an independent
condition but also a significant risk factor for more severe
allergic diseases.

The relevance of the problem is further underscored
by AR’s significant impact on patients’ quality of life.
Symptoms such as nasal congestion, sneezing, itching,
and rhinorrhea interfere with sleep, reduce productivity,
cognitive performance, and concentration [8, 9]. The eco-
nomic burden associated with AR treatment and pro-
ductivity losses is immense: in Europe, annual costs
exceed 100 billion euros [10].

Despite its high prevalence and clinical importance,
AR is often underestimated, especially in mild forms.
Many patients self-medicate or do not seek medical
care, leading to chronic inflammation, complications,
and poor symptom control [11]. Likewise, primary care
providers may lack awareness of current diagnostic
and therapeutic strategies for AR.

Over the past decade, significant advances have
been made in understanding the pathogenesis of AR.
Particular attention is given to the role of epithelial cells,
immune memory, innate lymphoid cells (ILC2), and
impaired regulatory T-cell function [12—14]. These insights
offer promising opportunities for the development of
personalized medicine, taking into account individual
phenotypes and endotypes, allowing for optimized
treatment and improved outcomes.
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perynsaTopHin dyHkuii T-knitnH [12—14]. Li HOBI 3HaHHSA
BiOKpMBalOTL NEpPCnekTUBM ANl po3pobKM MepcoHani-
30BaHOI MeauuMHK, Lo BpaxoBye iHAMBIQyanbHi eHo-
TUNW Ta €HOOTUNM NaUieHTIB, AO3BONSOYN ONTUMI3yBaTH
Tepanito Ta NOKpaLUTH NPOrHO3MW.

Kpim TOro, po3BMTOK MOMEKYNSPHOI aneprogiarHoc-
TUKW Ta iMyHOTepanii 3Ha4YyHO NiABULLMB TOYHICTb BUSIB-
NEHHS1 NPUYMHHO-3HAYYLLMX anepreHiB Ta ePeKTUBHICTb
nikysaHHA[15]. AnepreH-cneumdidHa imyHoTepanisa (ACIT)
3anNUWaeTbC  E€AMHUM  eTionaToreHeTUYHUM  METOLOM
nikyBaHHs1 AP, 30aTHMM BNNUBaTU Ha NpUpoaHUi nepebir
XBOpoOW, 3MeHLlyBaTK ceHcubinizauio Ta nonepenxy-
BaTn po3suTok BA [16, 17].

Takum 4YMHOM, BMBYEHHSI CyYacHWUX nigxofis o Aiar-
HOCTVKW, natoreHe3y Ta nikyBaHHA AP € HaassBuyamHo
aKkTyanbHUM SIK 3 HAYKOBOI, TaK i 3 KNiHIYHOI TOYKM 30pY.
3okpema, notpeba B nepcoHanizoBaHoMy niaxogi Ao niky-
BaHHA nauieHTiB i3 AP Ha OCHOBi HOBMX MaToreHeTu4-
HUX YsiBNEeHb | [iarHOCTUYHUX MOXIMBOCTEN CTae
nenani o4eBUAHILLOKD.

MeTta po6oTu — ysaranbHUTM CyYacHi BigOMOCTI
npo AiarHOCTUKY, NiKyBaHHSA anepriyHoro puHIiTy 3a Aa-
HUMM BIGKPUTUX Axepen iHopmauii.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Mipbip ny6nikauin BWMKOHaAHO 3a 6aszamMu [aHKX
PubMed, Clinical Key Elsevier, Cochrane Library, eBook
Business Collection Ta Google Scholar, y skux BUCBiTMtO-
Banuvcb BiAOMOCTi NPO OLiHKY AKOCTi MeQUYHOT AONOMOTU.
Ha nepwomy etani nposBogvnu nOLWYK niTepaTypHUX
oKepen 3a KMAl4YOoBMMW CrOBaMW: anepriyHUi  PuHIT,
natoreHes, fAiarHocTuka, nikyBaHHs. Ha gpyromy eTtani
BMBYaNuCb peslome cTaTel Ta BUKMYanucb nybnikadii,
SKi He BignoBiganun Kputepiam AocnigkeHHd. Ha Tpe-
TbOMY €Tani BMBYanNW MOBHi TeKCTW BigibpaHux cTaTen
Ha BIONOBIQHICTb KPUTEPISAM BKIIOYEHHS [0 CMUCKY
niTepaTypu Ta peneBaHTHICTb AOCNIAKEHb.

PE3YABTATU TA IX OBFOBOPEHHS

AnepriyHuin puHiT (AP) € ogHMM i3 HannowmMpeHiwmnx
3axBOPIOBaHb OpraHiB guxaHHs, wo Bpaxae o 40%
popocnux Ta 0o 25% paiten. YacTto cnocrepiraetbcs Moro
noegHaHHA 3 6poHxianbHo atmoto (BA): y 15-38%
xBopux Ha AP pgiarHocTyeTbcs Takox BA, BogHouac
55-85% oci6 i3 BA matotb cumntomn AP. 3acTtocyBaH-
HS Tepanii npu AP No3nTMBHO BMnvBae Ha nepebir BA,
3MEHLLYIOHYM 4YacTOTy 3aroCTPeHb | MOKPAaLLYy4YM KOHT-
pornb Hag XxBopobGotw. AP 3Ha4yHO BMNMBaE Ha SKiCTb
XKUTTA nauieHTis [1, 2].

AP € 3ananbHMM NpouecoM Cnn3oBoi 0OOMOHKM HO-
ca, Skui onocepenkoByeTbes iMyHornobyniHom E (IgE)
i poO3BMBAETLCS Y MOAEN 3 FEHETUYHOK CXUIMBbHICTIO
y BiOMNOBiAb Ha KOHTAKT 3 anepreHamu. [Jo OCHOBHUX
KNiHIYHMX MPOSsIBIB HanexaTb: YXaHHs; 3aKnageHiCTb
Hoca; cBepbiX y HOCOBIN MOPOXHWHI; puHopes (Buai-
NEeHHs 3 Hoca). Y BaraTbox BUNagKax TakoX 3'siBMNAOTLCS
O3HaKM KOH'IOHKTMBITY, WO 4YacTo chiBnagatoTb i3 Bupa-
XKEHICTIO HasanbHUX cumnTomie [3, 4].

Furthermore, the advancement of molecular allergo-
diagnostics and immunotherapy has greatly enhanced
the precision in identifying clinically relevant allergens
and increased treatment effectiveness [15]. Allergen-
specific immunotherapy (AIT) remains the only etiopatho-
genetic treatment method for AR capable of modifying
the natural course of the disease, reducing sensitization,
and preventing the development of asthma [16, 17].

Therefore, studying modern approaches to the
diagnosis, pathogenesis, and treatment of AR is highly
relevant from both scientific and clinical perspectives.
In particular, the need for personalized patient care based
on updated pathogenetic concepts and diagnostic
capabilities is becoming increasingly evident.

Objective — to summarize up-to-date information
on the diagnosis and treatment of allergic rhinitis based
on data from open-access sources.

MATERIALS AND METHODS

The selection of publications was carried out using
databases such as PubMed, Clinical Key Elsevier,
Cochrane Library, eBook Business Collection, and Google
Scholar, which contained information on the assessment
of the quality of medical care. At the first stage, literature
sources were searched using the following keywords:
allergic rhinitis, pathogenesis, diagnosis, treatment.
At the second stage, article abstracts were reviewed
and publications that did not meet the study criteria were
excluded. At the third stage, the full texts of the selected
articles were analyzed for compliance with the inclusion
criteria and the relevance of the research for inclusion
in the reference list. Keywords: allergic rhinitis, patho-
genesis, diagnosis, treatment.

RESULTS AND DISCUSSION

Allergic rhinitis (AR) is one of the most common
respiratory diseases, affecting up to 40% of adults and
up to 25% of children. It is frequently associated with
bronchial asthma (BA): 15-38% of patients with AR are
also diagnosed with BA, while 55-85% of individuals
with BA exhibit symptoms of AR. Treating AR has a posi-
tive impact on the course of BA, reducing the frequency of
exacerbations and improving disease control. AR signi-
ficantly affects patients’ quality of life [1, 2].

AR is an inflammatory process of the nasal mucosa
mediated by immunoglobulin E (IgE), which develops
in genetically predisposed individuals in response to
allergen exposure. The main clinical manifestations
include: sneezing; nasal congestion; nasal itching;
rhinorrhea (nasal discharge). In many cases, signs
of conjunctivitis also appear, often coinciding with the
severity of nasal symptoms [3, 4].
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Kaacudikauis arepriyHOro puHity

3ripHo 3 pekomeHpauisvu ARIA (2008), anepriu-
HAA  PUHIT KnacudikyeTbCs 3a 4acToTol NposiBiB
Ha OBi hopmu:

IHmepmimyroyuli  puHim — CUMNTOMW 3’ABNSAOTHCS
pigwe, Hibk 4 OHi Ha TwkaeHb, abo TpuBaloTb MeHLle
4 TVXHIB Ha piK.

lMepcucmyroyull puHim — cMMNTOMW HasBHI BinbLue,
HX 4 OHi Ha TwkaeHb, i 3bepiratoTbcs noHag 4 TWXKHI
Ha pik [5-7].

ARIA 2008, 2016 i 2020 Takox NPOMOHYIOTb Knacu-
dikauito AP 3a cTyneHem TSXKOCTi:

Jleecka ghopma — cumnToMaTUKa He BNIIMBAE Ha SKICTb
CHY Y1 NOBCSKAEHHY aKTUBHICTb.

CepedHbomsikka ¢hopma — CUMMNTOMU MOPYLUYIOTh
COH i 3BUYaANHY XUTTEAIAMNBHICTb.

TsiKkka ¢hbopmMa — XBOpUIM BTpavae 3mMory noBHOLIHHO
cnaTtu n 3anmaTtucs woageHHumn cnpasamm [8—10].

KoHTponb Hag nepebGirom AP OUiHIOETLCS NauieHTOM
3a Bi3yarbHOK aHaNoroBo LLIKAoH:

— 0-2 6anu — nobpuii KOHTPONb CUMMTOMIB;

— 2,5-5 6aniB — 4acTKOBMI KOHTPOJb;

— noHag 5 GaniB — PVHIT BBaXXa€TbCs HEKOHTPO-
neoBaHum [11, 12].

MpoTAroM oCTaHHIX OecATU PoKiB 3Ha4YHO nornuou-
nocs po3yMiHHSA anepriyHMX 3axBOpHOBaHb, 30KpPeMa
BUAINEHO HOBI (heHOTUNW anepridyHoro puHiTy [13, 14]:

QeHomunu 3 MOHO- ma rosiceHcubinizauieto.
MoniceHcnbinizoBaHi NauieHTH YacTile mMalTb CnagKoBy
CXWINbHICTb [0 aneprii, A4EMOHCTPYOTb OinblU TSXKKWNA
nepebir xBopobu, nigBULLEHI piBHI 3aranbHOro Ta cre-
undpivHoro IgE, a Takox uJacTiwe makwTb CynyTHIO
6poHxianbHy atmy [15, 16].

AP i3 cucmemHor abo nokanbHoto rpodykuieto IgE.
JlokanbHWIN anepriyHNn  pUHIT TaKoX acouinoBaHuin
i3 Th2-3ananeHHsM, xo4a naToreHeTUYHi MexaHiaMu 3anu-
LIATbCA HEAOCTATHLO BUBYEHUMMN.

lModeitiHutl anepeiyHUl puHim. HewopnaBHo onucaHa
dopma, WO XapaKTepusyeTbCsl MOCTIMHOK CUMMTO-
MaTUKOK MpU  MO3UTUBHUX LUKIPHUX TecTax nuue
[0 ce30HHNX anepreHis [17, 18].

PAKTOPU PU3UKY AAEPTIYHOIO PUHITY

Cnadkosicmb. HasiBHICTb anepriyHoro pyHiTy B poamH-
HOMY aHaMHe3i NigBULLYE PU3UK KO0 PO3BUTKY.

Brinue anepzerie y paHHboMy 8iui. [oCRifxeHHS
WoAO poni paHHbOrO KOHTAKTYy 3 MUIKOBMMM, MOByTO-
BMMU, enigepManbHUMKU Ta TpuOKOBUMK anepreHammu
3anuLalnTbCs cynepednmBuMK, a ix KrliHiYHe 3HayYeHHs
Hapasi akTMBHO 06roeoptoeTbes [19, 20].

Xapuosi chakmopu. [ieta matepi nig 4ac BariTHOCTI
Ta paHHE BBEAEHHS NPUKOPMY HE MatoTb YiTKO BCTAHOB-
neHoro 38’a3ky 3 AP. [poTe xapyoBa anepris B AUTUHCTBI
Moe ByTW NPOBICHUKOM PO3BUTKY anepriyHOro puHiTYy.

Ekonoei4Hi YuHHUKU. 3abpygHeHHs MoBiTpA Ta na-
CMBHE KypiHHA He € 6e3nocepegHimm npuunHamu AP,
ane 3garHi noripwysaty nepebdir xBopobu.

Knimam ma 0oskinnsi. BUBYEHHS BNNMBY KNiMaTUYHNX
YMOB Ta ekonoriyHoro cepegosuLla Ha AP Tpuae [21, 22].

MaToreHes aAepri4HOro puHity

lNopyweHHs1 6ap’epHOi hyHKUiT enimenito

AnepreHu, nonTaHTH, Bipycu, 6akTepii Ta iHWi 30B-
HiLLHI YWHHWKKM, @ TaKoX BHYTPILLHI (ropMoHanbHi aucba-
naHck, f[ediuuT aHTUNpoTeas) YLUKOMKYHTb  LUIMbHI

Classification of Allergic Rhinitis

According to the ARIA (Allergic Rhinitis and its Impact
on Asthma) guidelines (2008), allergic rhinitis is classified
based on symptom frequency into two forms:

Intermittent rhinitis — symptoms occur less than 4 days
per week or for less than 4 weeks per year.

Persistent rhinitis — symptoms occur more than 4 days
per week and persist for more than 4 weeks per year.

This classification is not identical to the distinction
between seasonal and perennial rhinitis [5-7].

ARIA 2008, 2016, and 2020 also propose a severity-
based classification:

Mild form — symptoms do not affect sleep or daily
activities.

Moderate form — symptoms interfere with sleep and
daily functioning.

Severe form — symptoms prevent adequate sleep
and daily activities [8—10].

AR control is assessed by the patient using a visual
analog scale:

— 0-2 points — good symptom control;

— 2.5-5 points — partial control;

— over 5 points — rhinitis is considered uncontrolled
[11,12].

Over the past decade, understanding of allergic disea-
ses has deepened significantly, particularly with the iden-
tification of new phenotypes of allergic rhinitis [13, 14]:

Mono- and polysensitized phenotypes. Polysensitized
patients more often have a hereditary predisposition
to allergy, exhibit a more severe disease course, elevated
levels of total and specific IgE, and are more likely to have
concomitant bronchial asthma [15, 16].

AR with systemic or local IgE production. Local aller-
gic rhinitis is also associated with type 2 (T2) inflam-
mation, although its pathophysiological mechanisms
remain insufficiently studied.

Dual allergic rhinitis. A recently described form
characterized by persistent symptoms despite positive
skin tests only for seasonal allergens [17, 18].

Risk Factors for Allergic Rhinitis

Heredity. A family history of allergic rhinitis increases
the risk of its development.

Early-life exposure to allergens. The role of early
exposure to pollen, household, epidermal, and fungal
allergens remains controversial, and its clinical signi-
ficance is still under active discussion [19, 20].

Nutritional factors. The maternal diet during preg-
nancy and early introduction of complementary feeding
have not been definitively linked to AR. However, food
allergy in childhood may be a predictor of developing
allergic rhinitis.

Environmental factors. Air pollution and passive
smoking are not direct causes of AR but may exacerbate
the disease course.

Climate and surroundings. The impact of climatic
conditions and the environmental setting on AR is an area
of ongoing research [21, 22].

Pathogenesis of Allergic Rhinitis
Impaired Epithelial Barrier Function
Allergens, pollutants, viruses, bacteria, and other
external agents, as well as internal factors (e.g., hormonal
imbalances, antiprotease deficiency), can disrupt the tight
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MDKKNITUHHI  KOHTakTM (TJ) cnmnsoBoi 0GOMOHKM Hoca.
Lle npu3BoanTb 4O aKkTMBaUii Tak 3BaHUX eniTenianbHUX
anapmiHiB — MOMNeKyr, SKi 3anyckaroTb 3anarnbHy peakLito.

Th2-3anarnbHa 8i0rnosiob

AP cynpoBomxyeTbCsi nepeBaxaHHsaM Th2-3ananeH-
HA, sike 06’egHye SK aganTUBHY, Tak i BPOOXKeHY iMyHHY
Bignosigb [23, 24].

AdanmueHa 8i0rnoeidb

[eHOpuTHI KNiTMHM  3axonnoTb anepreH i npe-
3eHTyloTb #oro T-xennepam (ThO) y nimdoBy3nax
3a yuyactio IL-4. TMig noro gieto ThO nepeTBoplolOTHCS
Ha Th2-kniTvHKW, wWwo npoaykywTb IL-4, IL-5 Ta IL-13.
IL-5 BignoBigae 3a [oO3piBaHHA Ta aKTMBALiO €03UHO-
inie, a IL-4 i IL-13 ctumyntotoTe B-kniTHW OO cuHTe3y
IgE. IgE 3akpinnioeTbcs Ha Gasodpinax i Ty4HUX KMiTu-
Hax. [pu NOBTOPHOMY KOHTaKTi 3 anepreHom Ui Kni-
TUHU BMBINbHAIOTL MediaTopu (rictaMiH, npocTarnax-
OWHM TOLWO), WO 3anyckae paHHo dasy anepriyHoro
3ananeHHs [25, 26].

MisHa dasa BuHMKae 4Yepe3d 8-12 roaumH i
XapakTepusyeTbCcqd MNPUTOKOM  eo3uHodinis, Th2 -
KNiTUH, MakpodoariB Ta iHWWX KMNiTUH, WO MNOCUNIOKTL i
NigTPUMYIOTb 3ananeHHs [27].

BpodxxeHa 8idriosidb

MowkomkeHnn enitenii npogykye anapmiHm (IL-33,
IL-25, TSLP), wo akTuBYylTb BPOMKEHi NiMdoigHi Kni-
TMHU 2-ro Tuny (ILC2). Li knitTHM npoaykyTb Ti X
Th2-uutokiHn (IL-4, IL-5, IL-13), nocunioloum eo3uHo-
inbHe 3ananeHHs, sike MoXe NiagTpMMyBaTUChb HaBITb
6e3 nocTiHoro BNnuBy aneprexy [28, 29].

IMyHHa nam’ampb

MMicna nepBUHHOrO KOHTaKTy 3 anepreHoMm dopmy-
toTbcs T- i B-KNiTMHM nam’siTi, Yyepe3 WO npu NoBTOP-
HOMY KOHTaKTi MOTpibHa MeHLIa KinbKiCTb anepreHy
ONs pO3BUTKY peakuii.

JucebyHKuisi peaynamopHUX KnimuH

3HWKEHHs1 aKkTMBHOCTI Treg, a TakoX HegoCTaTHIn
cuHTes IL-10 i TpaHcdopmytodoro dhaktopa pocty f3
(TGF-B) cnpusoTe gomiHyBaHHO Th2-Bignosigi n xpo-
Hi3auii 3ananexHs [30, 31].

AiarHocTuka AP

AP, ocobnueo B nerkin cdopmi, 4acTo 3anuuiaeTbcs
HegoouiHEHMM sk 3 GOKy nauieHTiB, Tak i nikapi..
Lle 3ymOBneHO HWM3bkUM piBHEM OOGi3HAHOCTI, obmexe-
HAM [OCTynoM [0 nikaps-aneprornora Ta CXOXICTHO
CYMMTOMIB 3 IHLUMMW TUNaMW PUHITY.

KomnnekcHa GiazHocmuka eksirovae:

36ip aHamHe3dy ma ouiHKy cumnmowmie. HeobxigHo
JeTanbHO 3'CyBaTM  HasiBHICTb Takmx MNposiBiB, $K
3agMIKa Ta XpUnu, WO MOXE CBigYMTU NPO CYMyTHIO
6poHxianbHy actmy. Y 80% naujieHTiB i3 AP BUABNAETLCS
rineppeakTuBHICTb OpPOHXIB HaBiTb 3a  BiOCYTHOCTI
pecnipaTopHUx cuMnToMiB. PekoMeHayeTbC NpoBeAEHHS
cnipomeTpii BCiM nauieHTam 3 AP.

AnepeornoziyHe obcmexeHHs. LUKipHI npuk-TecTn,
npoBokaLiiHi TecTn. JlabopaTopHe BM3HA4YEeHHS1 cheuu-
diyHmx IgE, Bknouaroun MonekynsipHy aneprogiarHoc-
TUKY 3 BUKOPUCTAHHSAM OYULLEHUX ab0 pPeKOMOIHAHTHMX
anepreHHux Ginkis [ 32].

junctions (TJs) of the nasal mucosal epithelium. This da-
mage activates so-called epithelial «alarmins» — mole-
cules that trigger the inflammatory response.

Type 2 (Th2) Inflammatory Response

Allergic rhinitis is characterized by a predominance
of Th2 inflammation, involving both the adaptive and
innate immune systems [23, 24].

Adaptive response

Dendritic cells capture allergens and present them
to naive T-helper cells (ThO) in lymph nodes with the
involvement of IL-4. Under the influence of IL-4,
ThO cells differentiate into Th2 cells, which produce
IL-4, IL-5, and IL-13. IL-5 promotes eosinophil matura-
tion and activation, while IL-4 and IL-13 stimulate B-cells
to produce IgE. IgE binds to basophils and mast cells.
Upon re-exposure to the allergen, these cells release
mediators (e.g., histamine, prostaglandins), initiating
the early phase of allergic inflammation [25, 26].

The late phase occurs 8-12 hours later and is
characterized by the infiltration of eosinophils, Th2 cells,
macrophages, and other inflammatory cells that amplify
and sustain the allergic response [27].

Innate Immune Response

Damaged epithelium produces alarmins (IL-33,
IL-25, TSLP), which activate type 2 innate lymphoid
cells (ILC2). These cells release the same Th2 cytokines
(IL-4, IL-5, IL-13), enhancing eosinophilic inflammation,
which may persist even in the absence of continuous
allergen exposure [28, 29].

Immunological Memory

Following the initial exposure to an allergen, memory
T and B cells are generated. As a result, a smaller
amount of allergen is required to trigger a reaction upon
subsequent exposures.

Regulatory Cell Dysfunction

Reduced activity of regulatory T cells (Treg), and
regulatory dendritic cells (DCreg), along with insufficient
synthesis of IL-10 and transforming growth factor-
beta (TGF-B), contributes to the dominance of the Th2
response and the chronicity of inflammation [30, 31].

Diagnosis of Allergic Rhinitis (AR)

Allergic rhinitis, particularly in its mild form, is often
underestimated by both patients and physicians. This is
due to a low level of awareness, limited access to
allergists, and the similarity of its symptoms to other
types of rhinitis.

A comprehensive diagnostic approach includes:

Medical History and Symptom Assessment. It is essen-
tial to thoroughly investigate the presence of symptoms
such as shortness of breath and wheezing, which may
indicate coexisting bronchial asthma. Bronchial hyper-
responsiveness is detected in up to 80% of AR patients,
even in the absence of respiratory symptoms. Spirometry
is recommended for all patients with AR.

Allergy Testing. Skin prick tests. Provocation tests.
Laboratory detection of specific IgE, including molecular
allergodiagnostics using purified or recombinant aller-
genic proteins [32].
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CyyacHa MoneKynsipHa anepronorisi JO3BOMs€ TOYHO
BUSIBUTW, 0O SKUX CAME KOMMOHEHTIB anepreHy YyTrnvBuii
nauieHT, Wo € 0CoBNMBO BaXXNMBMM Npu NoriceHcubinisauii.

KoHcynbmauis omonapuHzonoza. Ocobnueo Heo6-
XigHa npu nigo3pi Ha YCKNagHeHHs Yn anbTepHaTUBHI
CTaHW — Hanpuvknag, ogHOOIYHI CMMNTOMU, YTBOPEHHS
Kipok abo HOCOBI KpOBOTEM.

HudgpepeHuyianbHa diaezHocmuka

HeanepaivyHuli eo3uHoinbHuUl puHim. Buasnaetbcsa
eo3unHodinieto B kpoBi 6e3 o3Hak IgE-3anexHoi anepril.
[obpe pearye Ha kopTukoctepoign. Moxe 6ytu npo-
BiCHMKOM acnipuHOBOI Tpiaau.

IHpekuyitiHut puHim. YacTiwe BipycHoi npupoau, ane
MOXNMBUIA GakTepianbHU 4M rpubkoBuin. Ons giarHoc-
TUKN BaxIUBI: NigBuLLleHa Temnepartypa, rinepemMis cnm-
30BOI FMOTKM, iHLUI O3HaKW iHGPEKLiNHOro npoLecy.

BazomomopHuti puHim. Mae Hes'sicoBaHy eTiono-
rito. MNoB’A3aHu i3 HeMporeHHoW AncdyHKuUien. Xapak-
TepU3yeTbCs rineppeakTMBHICTIO CNM30BOI Ha Hecne-
undidHi Tpurepu, BMBINbHEHHSIM HemlponenTuais (cy6-
ctaHuis P, CGRP), po3wupeHHsIM CyAouH, Habpsikom
Ta rinepcekpeLieto.

FopmoHanbHUl puHim. YacTto BWHMKAE Yy BariTHUX,
MoXe OyTV MOB’Ai3aHMI 3 MEHCTpyanbHUM LMKNoM abo
€HOOKPUHHMMU  3axBOpPIOBaHHAMMW. [ligBULLEHHS piBHSA
€CTpOreHy nNpUrHiyye aueTurnxoniHecTepasy, WO BUKIN-
Kae Habpsik Crn3oBoi.

Puxim, noe’sizaHull i3 ixer. PednekTopHa peakuis
Ha noapasHEHHS CMakoBUX peLenTopiB, 3yMOBMeHa
rineppeakTUBHICTIO HeadpeHepriyHoi  NenTuaeprivyHoi
HEepPBOBOi CUCTEMMW.

CeHinbHuli (cmapeyuti) puHim. lNoB’A3aHuin i3 BiKO-
BMM auchanaHcoM BeretatMBHOI HEpPBOBOI CUCTEMU
Ta XOniHEepriYHoK rineppeakTUBHICTIO, MOXIMBI 3MiHU
B CMOMNYYHIN TKaHWHI.

AmpoidHuli puHim. XapakTepusyeTbcs aTtpodieto
CNn30BOI, BTOPUHHOW GakTepianbHO KOroHi3auieto.
Moxe OyTn nepBuHHMM (acouiioBaHum 3 Klebsiella
ozaenae) abo BTOpMHHMM (Micnst TpaBM, onepadiii, onpo-
MiHEHHs1). YacTo CcynpoBOMKYETbCA YTBOPEHHSIM KipOK,
HENPUEMHUM 3arnaxom.

CuHOpoMm ropoxHb020 Hoca. CTaH nicnsa XipypriyHoro
BTpy4YaHHs (0COGNMBO Ha HOCOBMX PakoBUHAX), npwu
SIKOMY MaLieHT BTpayae BiaYyTTsl NPOXOOXKEHHS MOBITPSI
yepes Hic [33].

lpogpecitnuli puHim. Moxe MaTu siK anepridyHy, Tak
i HeanepriuHy npupogy. HeanepriyHi dopmu BUHK-
KaloTb 6e3 naTeHTHOro nepiofly Ta He 3any4arTb iMyHHI
MEXaHi3Mn. Y TSKKUX BUMaZKax MOXMMBI BMPas3ku, nep-
dopauiss neperopoaku. lNpodpecii 3 BUCOKMM PUINKOM:
nekapi, meauku, dapmaueBTn, depmepun, npauiBHUKN
MebrneBoro BUpoOHULTBA.

CucmemHi 3axeoprosaHHsl. Capkoifo3: YTBOPEHHS
BY3niB Ha Crun3oBiii Hoca, epoasii, cignonogibHa aedop-
Mauisa Hoca. EosnHodinbHWMIA rpaHynemMaTos 3 noniaHrii-
ToM (cuHgpom Yapmka—Crpocca): YacTo CynpOBOMAXKY-
€TbCS TSXKKOKO acTMOI0, e03nHOQInNiet, Nonino3oM Hoca.
paHynemaTto3 BereHepa (3 noniaHriiTom): yTBOpPEHHS
CKOPWHOK, rpaHynsLiii, HEKPO3 HOCOBOT Neperopoaku [34].

AikyBaHHsa AP

MauieHtam cnig HagaBaTv BuYepnHy iHopmauito
npo MNpupoay 3axBOPIOBaHHS, MeToau enimiHauii anep-
reHiB, OOCTYNHi BMAM Tepanii Ta TEXHiKy NpaBUNbHOMO
3acTOCYBaHHS iHTpaHasanbHWx npenapatiB. OCHOBO

Differential Diagnosis

Non-allergic Eosinophilic Rhinitis. Characterized by
eosinophilia in the blood without signs of IgE-dependent
allergy. It responds well to corticosteroids. It may be
a precursor to aspirin triad.

Infectious Rhinitis. More often of viral origin, but bac-
terial or fungal types are also possible. Diagnostic clues
include: elevated temperature, hyperemia of the pharyn-
geal mucosa, and other signs of infection.

Vasomotor Rhinitis. Has an unclear etiology, asso-
ciated with neurogenic dysfunction. Characterized by
mucosal hyperreactivity to nonspecific triggers, release
of neuropeptides (substance P, CGRP), vasodilation,
swelling, and hypersecretion.

Hormonal Rhinitis. Commonly occurs during preg-
nancy, but may also be related to the menstrual cycle
or endocrine disorders. Increased estrogen levels su-
ppress acetylcholinesterase, causing mucosal swelling.

Food-related Rhinitis. A reflex reaction to stimu-
lation of taste receptors due to hyperreactivity of the
non-adrenergic peptidergic nervous system.

Senile (Age-related) Rhinitis. Associated with age-
related imbalance in the autonomic nervous system
and cholinergic hyperreactivity; changes in connective
tissue may also occur.

Atrophic Rhinitis. Characterized by mucosal atrophy
and secondary bacterial colonization. It can be primary
(associated with Klebsiella ozaenae) or secondary (after
trauma, surgery, or radiation). Often accompanied by crust
formation and an unpleasant odor.

Empty Nose Syndrome. A condition following surgical
intervention (especially on the nasal turbinates), where
the patient loses the sensation of airflow through the
nose [33].

Occupational Rhinitis. Can be either allergic or non-
allergic in nature. Non-allergic forms appear without
a latent period and do not involve immune mechanisms.
In severe cases, ulcers and septal perforation may occur.
Professions at high risk include bakers, healthcare
workers, pharmacists, farmers, and furniture produc-
tion workers.

Systemic Diseases. Sarcoidosis: Formation of nodules
on the nasal mucosa, erosions, saddle-shaped deformity
of the nose. Eosinophilic Granulomatosis with Polyangiitis
(Churg-Strauss Syndrome): Often accompanied by severe
asthma, eosinophilia, and nasal polyposis. Wegener's
Granulomatosis (with Polyangiitis): Formation of crusts,
granulomas, and necrosis of the nasal septum [34].

Treatment of Allergic Rhinitis
Patients should be provided with comprehensive
information about the nature of the disease, allergen
elimination methods, available therapies, and proper
techniques for using intranasal medications. The main
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€ 3MeHLEeHHs abo YCYHEHHSI KOHTaKkTy 3 MNPUYUHHO-
3Hauvywumun anepreHamn. PekomeHdoeaHi Oii: woaeHHe
Bosiore NpubMpaHHs; 0BMEXEHHSI KOHTaKTy 3 TBapUHaMW;
nepeisg y nepiog UBITIHHA 0O PEriOHIB 3 iHLUUM KniMaToM;
3aCTOCYBaHHS i30TOHIYHMX COMbOBUX PO3YMHIB AN 3BO-
NOXEHHSA N OYULLIEHHS CNIN30BOT HOCA.

MedukameHmo3Ha mepanisi: cmyniH4acmui nioxio

1-0 cmyniHb

— H1-aHTurictaminHi npenapatu (nepopanbHi abo
iHTpaHa3arnbHi);

— aHTaroHiCTN NENKOTPIEHOBNX PELENTOPIB;

— KOPOTKUIA KypPC OEKOHTECTaHTIB SIK LUBUAKA 4OMOMOra.

2-0 cmyrniHb

OpuH i3 3acobiB: iHTpaHasarbHi FMOKOKOPTUKOCTE-
poign (FKC), H1-aHTurictaminm abo aHTaroHicTu
nenkoTpieHoBUX peuenTopiB. Y pasi HeobxigHocTi —
KOpOTKMI Kypc cuctemHmx KC.

3-0 cmyniHb

KombiHoBaHe 3actocyBaHHs iHTpaHasanbHux [KC
3 aHTuricTamiHHMMK npenapatamMy abo aHTaroHicTamu
NENKOTPIEHOBUX peLenTopiB.

4-0 cmyniHb

— OUjiHKa MOXMBOCTI Tepanii omanizymabom;

— po3rnsaa XipypriyHOro nikyBaHHSA CynyTHIX 3axBO-
plOBaHb.

lepw Hix nidsuwyeamu cmyniHb mepanii, cnig,
OUIHWTU MPUXMMBHICTb NauieHTa A0 MiKyBaHHSA Ta yTou-
HWUTW OiarHos.

®PapmakosiociyHi 3acobu

— H1-aHTurictaminHi npenapatn (nepesaxHo |l noko-
NiHHSA) OiloTb SK 3BOPOTHI aroHicTU rictTamiHOBUX peLen-
TOpiB, ePEeKTUBHI NPOTU CUMNTOMIB PaHHLOI Ta MNi3HbOI
¢a3 anepriyHoi peakuii. MoxyTb BUKOpPUCTOBYBaTUCS
okpemo abo B koMbGiHauji.

— AHTaroHicTn NenKoTPiEHOBUX peLenTopiB GrokyTb
LUMCTETHIN-NenKoTpieHoBi peuentopu 1-ro Tuny, MarTb
npotnsananbHUin edekT i 3HWXKyTb cumntomu AP
Ha BCix eTanax.

— IHTpaHasankeHi MKC npurHidytoTb 3ananeHHs Wnsgxom
3MEHLLEHHSI aKTUBHOCTI MefiaTopiB, 3HKYHOTb 3aIy4YeHHs
KNiTUH 3ananeHHs. EdekTMBHICTb AoBeAeHa YNCTIEHHUMU
KMiHIYHUMW OOCTIOKEHHAMMU.

— [lekoHrecTaHTU NPU3HAYaKTbLCA KOPOTKUMW Kyp-
camu (He goBlle 7 OHIB) ANS LWBWAOKOrO 3HATTS 3akna-
[EeHOCTI Hoca.

— Omanizymab — MoHoknoHaneHe aHtutino IgG1, wo
cenekTuBHO 3B’A3yeTbcs 3 IgE. MNMokaszaHum npu TKOMY
nepebiry AP y nignitkiB i gopocnux 3a HeedEeKTUBHOCTI
6a3oBoi Tepanii.

AnepeeH-crieyugpiyHa imyHomepanisi (ACIT)

ACIT mae yHikanbHe 3HadeHHs B nikyBaHHi AP,
CnpsiIMOBaHe Ha 3MEeHLUeHHs CUMNTOMIB, TpuBany
pemicito Ta 3anobiraHHsi MpOrpecyBaHHI anepriyHoro
3aXBOPIOBAHHS.

lNokasaHHs:

— AP (pVHOKOH’IOHKTUBIT);

— KOHTpONnbOBaHa artoniyHa OpoHxianbHa acTma
(PO > 70%);

— aToniyHMn aepmMaTuUT 3 ceHcubinisauieto oo kniwie
AOMaLUHbOro Muny;

— AHadinakcis Ha oTpyTy KOMax.

focus is reducing or eliminating contact with causative
allergens. Recommended actions include: daily wet
cleaning; limiting contact with pets; relocating during
flowering periods to regions with a different climate; using
isotonic saline solutions for moisturizing and cleansing
the nasal mucosa.

Medications Therapy: Stepwise Approach
Step 1

— H1 antihistamines (oral or intranasal);

— leukotriene receptor antagonists;

— short-term use of decongestants as quick relief.

Step 2

One of the following: intranasal glucocorticoste-
roids (GCS), H1 antihistamines, or leukotriene receptor
antagonists. If necessary, a short course of syste-
mic GCS.

Step 3

Combined use of intranasal GCS with antihistamines
or leukotriene receptor antagonists.

Step 4

— assessment of the possibility of treatment with
omalizumab;

— consideration of surgical treatment for comorbid
conditions.

Before escalating therapy, the patient's adherence
to treatment should be evaluated, and the diagno-
sis clarified.

Pharmacological Agents

— H1 antihistamines (mainly 2nd generation) act as
reversible agonists of histamine receptors and are
effective against symptoms of both the early and late
phases of allergic reactions. They can be used alone
or in combination.

— Leukotriene receptor antagonists block cysteinyl-
leukotriene receptors of type 1, have anti-inflammatory
effects, and reduce AR symptoms at all stages.

— Intranasal GCS suppress inflammation by reducing
mediator activity and decreasing the recruitment of
inflammatory cells. Their efficacy is supported by nume-
rous clinical studies.

— Decongestants are prescribed for short courses
(no longer than 7 days) to rapidly relieve nasal con-
gestion.

— Omalizumab is an IgG1 monoclonal antibody
that selectively binds to IgE. It is indicated for severe
AR in adolescents and adults when basic therapy
is ineffective.

Allergen-Specific Inmunotherapy (ASIT)
ASIT holds a unique significance in the treatment
of allergic rhinitis (AR), aimed at reducing symptoms,

achieving long-term remission, and preventing the
progression of allergic disease.
Indications:

— AR (rhino-conjunctivitis);

— Controlled atopic bronchial asthma (FEV1 > 70%);

— Atopic dermatitis with sensitization to house
dust mites;

— Anaphylaxis to insect venom.
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lMpomunoka3aHHs:

— BiACYTHICTb NPUXUNBHOCTI;

— BariTHICTb Ha No4aTKy Tepanii;

— npuiiom B-bnokaTopis;

— HEKOHTpornboBaHa bBA,;

— BiK 40 5 pokiB;

— aBTOIMYHHi XBOpoOW, OHKONATONOriS.

ObMeXXeHHST:

— TpMBanicTb He MeHLe 3—5 pokiB;

— MOXnMBi NobiyHi peakuii (ocobnueo npwu nigLuKip-
HOMY BBEJEHHI);

— OoujiHKa ePeKTUBHOCTI MOXNUBa nuiue nicnst 6—8 mi-
CALIB NiKyBaHHS.

ImyHonoaiyHi mexaHismu ACIT:

IHOYKUiS  TOomepaHTHMX OeHOPWUTHUX  KNITUH —
ctumynsuis Treg — 3pocTaHHs IL-10, IL-35, TGF-f.

3HmkeHHs1 aktuBHoCTi Th2 (GATA3 |), niaBuLLEHHSA
Th1 (iHTepdepoH-y, IL-12 1).

MpurHivueHHa  3ananbHoOi
€03uHoinis, Th2-kniTnH.

3miHa izoTunie aHTuTIN: 3 IgE — IgG4 (6nokye IgE-gito),
IgA (3B’A3ye aneprexu), IgD (cTpumye aerpaHynsidito).

aKTMBHOCTI  Gasoinis,

KninivyHi egpekmu ACIT:

— cTane 3MeHLLeHHs1 cumnTomiB AP;

— 3HWXEHHS NoTpebu y hapmakoTepanir;

— 3anobiraHHs HOBI ceHcubinisauii;

— npodinaktuka po3BuTKy BA (pnamk 3HUXKYETbCA
B 2-3 pasu npoTarom 2—7 pPOKiB Micns 3aBepLUEHHS
Tepanii) [35].

BUCHOBKHU

AnepriyHuii puHIT (AP) — Le 3axBoploBaHHS 3i cknafj-
HAM NaTOreHe3OM, MEXaHi3MW SKOro NPOJOBXYHTb
BMBYATUCA. 3HaAHHA UMX MeXaHi3MiB, Cy4acHWX MeTopiB
JiarHocTMKM Ta niKyBaHHS Ja€ 3Mory po3pobuTtu iHaou-
BigyanbHWI NigXia A0 BeAeHHS nauieHTiB 3 AP.
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Contraindications:

— Lack of adherence;

— Pregnancy at the start of therapy;

— Use of B-blockers;

— Uncontrolled asthma;

— Age under 5 years;

— Autoimmune diseases, oncology pathologies.

Limitations:

— Duration should be at least 3-5 years;

— Possible side effects (especially with subcutaneous
administration);

— Effectiveness can only be assessed after 6—8 months
of treatment.

Immunological Mechanisms of ASIT:

— Induction of tolerant dendritic cells — stimulation
of Treg — increased levels of IL-10, IL-35, TGF-B.

— Reduced Th2 activity (GATA3 |), increased Th1
(interferon-y, IL-12 1).

— Suppression of inflammatory activity in basophils,
eosinophils, and Th2 cells.

— Change in antibody isotypes: from IgE — 1gG4
(blocks IgE action), IgA (binds allergens), IgD (inhibits
degranulation).

Clinical Effects of ASIT:

— sustained reduction of AR symptoms;

— decreased need for pharmacotherapy;

— prevention of new sensitization;

— prevention of the development of asthma (risk is
reduced by 2-3 times within 2—7 years after the therapy
is completed).

CONCLUSIONS

Allergic rhinitis (AR) is a disease with a complex
pathogenesis, the mechanisms of which continue to be
studied. Understanding these mechanisms, along with
modern diagnostic and treatment methods, allows for
the development of an individualized approach to mana-
ging patients with AR.

REFERENCES

1. Czech EJ, Overholser A, Schultz P. Allergic rhinitis. Primary
Care: Clinics in Office Practice. 2023;50(2):159-78. DOI:
https://doi.org/10.1016/j.pop.2023.01.003

2. Nur Husna SM, Tan HTT, Md Shukri N, Mohd Ashari NS, Wong KK.
Nasal epithelial barrier integrity and tight junctions disruption in allergic
rhinitis: overview and pathogenic insights. Frontiers in Immunology.
2021;12:663626. DOI: https://doi.org/10.3389/fimmu.2021.663626

3. Nur Husna SM, Siti Sarah CO, Tan HT, Md Shukri N, Mohd Ashari NS,
Wong KK. Reduced occludin and claudin-7 expression is associated
with urban locations and exposure to second-hand smoke in
allergic rhinitis patients. Scientific Reports. 2021;11:1245. DOI:
https://doi.org/10.1038/s41598-020-79208-y

4. Siti Sarah COS, Shukri NM, Ashari NSM, Wong KK. Zonula
occludens and nasal epithelial barrier integrity in allergic rhinitis.
PeerdJ. 2020;8:€9834. DOI: https://doi.org/10.7717/peerj.9834

5. ZhangY, Lan F, Zhang L. Update on pathomechanisms and treatments
in allergic rhinitis. Allergy: European Journal of Allergy and Clinical
Immunology. 2022;77(11):3309—-19. DOI: https://doi.org/10.1111/all.15454

6. Czech EJ, Overholser A, Schultz P. Allergic rhinitis.
Medical Clinics of North America. 2024;108(4):609-28. DOI:
https://doi.org/10.1016/j.mcna.2023.08.013

7. Cheng M, Dai Q, Liu Z, Wang Y, Zhou C. New progress in
pediatric allergic rhinitis. Frontiers in Immunology. 2024;15:1452410.
DOI: https://doi.org/10.3389/fimmu.2024.1452410

8. Chung SJ, Kim BK, Oh JH, Shim JS, Chang YS, Cho SH, et al. Novel
tobacco products including electronic cigarette and heated tobacco pro-
ducts increase risk of allergic rhinitis and asthma in adolescents: analysis
of Korean youth survey. Allergy: European Journal of Allergy and Clinical
Immunology. 2020;75:1640-8. DOI: https://doi.org/10.1111/all.14212

Ornsp nitepatypu

118

Literature review


https://doi.org/10.1016/j.pop.2023.01.003
https://doi.org/10.3389/fimmu.2021.663626
https://doi.org/10.1038/s41598-020-79208-y
https://doi.org/10.7717/peerj.9834
https://doi.org/10.1111/all.15454
https://doi.org/10.1016/j.mcna.2023.08.013
https://doi.org/10.3389/fimmu.2024.1452410
https://doi.org/10.1111/all.14212
https://doi.org/10.1016/j.pop.2023.01.003
https://doi.org/10.3389/fimmu.2021.663626
https://doi.org/10.1038/s41598-020-79208-y
https://doi.org/10.7717/peerj.9834
https://doi.org/10.1111/all.15454
https://doi.org/10.1016/j.mcna.2023.08.013
https://doi.org/10.3389/fimmu.2024.1452410
https://doi.org/10.1111/all.14212

KapasiHcbkui imyHomnoriyHui xxypHan. 2025. T. 8. Ne 1(15). C. 111-120
Karazin Journal of Immunology. 2025;8(1(15)):111-120

ISSN 3083-5615 (Online)

9. Castelli S., Arasi S., Tripodi S., Villalta D., Martelli P., Conte M., et al. 9. Castelli S, Arasi S, Tripodi S, Villalta D, Martelli P, Conte M, et al.
IgE antibody repertoire in nasal secretions of children and adults with IgE antibody repertoire in nasal secretions of children and adults with
seasonal allergic rhinitis: a molecular analysis. Pediatric Allergy and seasonal allergic rhinitis: a molecular analysis. Pediatric Allergy and
Immunology. 2020. Vol. 31. P.273-280. DOI: https://doi.org/10.1111/pai.13148 Immunology. 2020;31:273-80. DOI: https://doi.org/10.1111/pai. 13148

10. Rasheed Z., Salama R.H., Salem T., Ahmed A.A., Zedan K., et al. 10. Rasheed Z, Salama RH, Salem T, Ahmed AA, Zedan K, et al.
Filaggrin, major basic protein and leukotriene B4: biomarkers for Filaggrin, major basic protein and leukotriene B4: biomarkers for
adult patients of bronchial asthma, atopic dermatitis and allergic adult patients of bronchial asthma, atopic dermatitis and allergic
rhinitis. Intractable & Rare Diseases Research. 2018. Vol. 7. rhinitis. Intractable & Rare Diseases Research. 2018;7:264—70.
P. 264-270. DOI: https://doi.org/10.5582/irdr.2018.01111 DOI: https://doi.org/10.5582/irdr.2018.01111

11. Campo P., Eguiluz-Gracia |., Bogas G., Salas M., Plaza Seron C., 11. Campo P, Eguiluz-Gracia |, Bogas G, Salas M, Plaza Seron C,
Perez N., et al. Local allergic rhinitis: implications for management. Perez N, et al. Local allergic rhinitis: implications for management.
Clinical and Experimental Allergy. 2019. Vol. 49. P. 6-16. DOI: Clinical —and  Experimental  Allergy. 2019;49:6-16. DOI:
https://doi.org/10.1111/cea.13192 https://doi.org/10.1111/cea.13192

12. Rich R.R,, Fleisher T.A., Shearer W.T., Schroeder H.W. Jr., Frew A.J., 12. Rich RR, Fleisher TA, Shearer WT, Schroeder HW Jr, Frew AJ,
Weyand C.M. Clinical Immunology E-Book: Principles and Practice. Weyand CM. Clinical Immunology E-Book: Principles and Practice.
5th ed. Amsterdam: Elsevier; 2019. 5th ed. Amsterdam: Elsevier; 2019.

13. Nur Husna S.M., Shukri N., Tan H.T.T., Mohd Ashari N.S., Wong K.K. 13. Nur Husna SM, Shukri N, Tan HTT, Mohd Ashari NS, Wong KK. Higher
Higher wheal sizes of Dermatophagoides farinae sensitization exhibit wheal sizes of Dermatophagoides farinae sensitization exhibit severe
severe nasal symptoms in allergic rhinitis patients. Frontiers in Medicine. nasal symptoms in allergic rhinitis patients. Frontiers in Medicine.
2022. Vol. 9. Article 843432. DOI: https://doi.org/10.3389/fmed.2022.843432 2022;9:843432. DOI: https://doi.org/10.3389/fmed.2022.843432

14. Diniz A.F., Ribeiro J.A., Lira G.V., Sarinho E.S. Allergic rhinitis in 14. Diniz AF, Ribeiro JA, Lira GV, Sarinho ES. Allergic rhinitis in
preschoolers: a systematic review of diagnostics. American Journal preschoolers: a systematic review of diagnostics. American
of Rhinology & Allergy. 2023. Vol. 37, Ne 3. P. 360-368. DOI: Journal of Rhinology & Allergy. 2023;37(3):360-8. DOI:
https://doi.org/10.1177/19458924221149267 https://doi.org/10.1177/19458924221149267

15. LehtimakiJ., ThorsendJ.,RasmussenM.A.,HjelmsgM.,ShahS.,MortensenM.S., 15. LehtimakiJ, Thorsend,RasmussenMA, HjelIms@M, Shah S, MortensenMS,
et al. Urbanized microbiota in infants, immune constitution, and later risk of et al. Urbanized microbiota in infants, immune constitution, and later
atopic diseases. Journal of Allergy and Clinical Immunology. 2021. Vol. 148. risk of atopic diseases. Journal of Allergy and Clinical Immunology.
P. 234-243. DOI: https://doi.org/10.1016/.jaci.2020.12.621 2021;148:234—43. DOI: https://doi.org/10.1016/j.jaci.2020.12.621

16. Grimm D., Hwang P.H., Lin Y.T. The link between allergic rhinitis 16. Grimm D, Hwang PH, Lin YT. The link between allergic
and chronic rhinosinusitis. Current Opinion in Otolaryngology & rhinitis  and  chronic  rhinosinusitis.  Current  Opinion in
Head and Neck Surgery. 2023. Vol. 31, Ne 1. P. 3-10. DOL: Otolaryngology & Head and Neck Surgery. 2023;31(1):3—10.
https://doi.org/10.1097/MO0.0000000000000865 DOI: https://doi.org/10.1097/MO0.0000000000000865

17. DoblanA.,SemihA.K., UzunT., Muderris T. Allergic rhinitisin COVID-19 17. Doblan A, Semih AK, Uzun T, Muderris T. Allergic rhinitis in COVID-19
patients. Nigerian Journal of Clinical Practice. 2023. Vol. 26, Ne 3. patients. Nigerian Journal of Clinical Practice. 2023;26(3):336—40.
P. 336—340. DOI: https://doi.org/10.4103/njcp.njcp_359_22 DOI: https://doi.org/10.4103/njcp.njcp_359_22

18. HeY, ChenY., XuS., LuoY., Qin F., Hu W. Pathogenesis and key cells 18. He Y, ChenY, Xu S, Luo Y, Qin F, Hu W. Pathogenesis and key cells
in allergic rhinitis. International Archives of Allergy and Immunology. in allergic rhinitis. International Archives of Allergy and Immunology.
2025.Vol.186,Ne5.P.418-429.DOI: https://doi.org/10.1159/00054 1666 2025;186(5):418-29. DOI: https://doi.org/10.1159/00054 1666

19. Lin X., Hu X, Zhang J., Luo J., Qin G., Jiang L. Gut microbiota, 19. Lin X, Hu X, Zhang J, Luo J, Qin G, Jiang L. Gut microbiota, allergic
allergic rhinitis, vasomotor rhinitis, Mendelian randomization, causal rhinitis, vasomotor rhinitis, Mendelian randomization, causal
association. Brazilian Journal of Otorhinolaryngology. 2024. Vol. 90, association. Brazilian Journal of Otorhinolaryngology.
Ne 6. Article 101491. DOI: https://doi.org/10.1016/j.bjor.2024.101491 2024;90(6):101491. DOI: https://doi.org/10.1016/j.bjorl.2024.101491

20. NurHusnaS.M.,ShukriN., TuanSharifS.E.,TanH.T.T.,MohdAshariN.S.,  20. Nur Husna SM, Shukri N, Tuan Sharif SE, Tan HTT, Mohd Ashari NS,
Wong K.K. IL-4/IL-13 axis in allergic rhinitis: elevated serum cytokines Wong KK. IL-4/IL-13 axis in allergic rhinitis: elevated serum cytokines
levels and inverse association with tight junction molecules expression. levels and inverse association with tight junction molecules
Frontiers in Molecular Biosciences. 2022. Vol. 9. Article 819772. expression. Frontiers in Molecular Biosciences. 2022;9:819772.
DOI: https://doi.org/10.3389/fmolb.2022.819772 DOI: https://doi.org/10.3389/fmolb.2022.819772

21. Hossenbaccus L., Linton S., Garvey S., Ellis A.K. Towards definitive 21. Hossenbaccus L, Linton S, Garvey S, Ellis AK. Towards definitive
management of allergic rhinitis: best use of new and established management of allergic rhinitis: best use of new and established
therapies. Allergy, Asthma & Clinical Immunology. 2020. Vol. 16. therapies. Allergy, Asthma & Clinical Immunology. 2020;16:1-17.
P. 1-17. DOI: https://doi.org/10.1186/s13223-020-00436-y DOI: https://doi.org/10.1186/s13223-020-00436-y

22. Charoenngam N., Ponvilawan B., Rittiphairoj T., Tornsatitkul S., 22. Charoenngam N, Ponvilawan B, Rittiphairoj T, Tornsatitkul S,
Wattanachayakul P., Rujirachun P., Ungprasert P. The association Wattanachayakul P, Rujirachun P, Ungprasert P. The association
between allergic rhinitis and risk of rheumatoid arthritis: a systematic between allergic rhinitis and risk of rheumatoid arthritis: a systematic
review and meta-analysis. Journal of evidence-based medicine. review and meta-analysis. Journal of Evidence-Based Medicine.
2021. Vol. 14(1). P. 27-39. DOI: https://doi.org/10.1111/jebm.12393 2021;14(1):27-39. DOI: https://doi.org/10.1111/jebm.12393

23. Zhang M., Ni J.Z., Cheng L. Safety of intranasal corticosteroids  23. Zhang M, Ni JZ, Cheng L. Safety of intranasal corticosteroids for
for allergic rhinitis in children. Expert Opinion on Drug Safety. 2022. allergic rhinitis in children. Expert Opinion on Drug Safety. 2022.
DOI: https://doi.org/10.1080/14740338.2022.2046731 DOI: https://doi.org/10.1080/14740338.2022.2046731

24. Tomgalova Z. Rhinitis and allergic rhinitis — self-medication options. 24. Tom&alova Z. Rhinitis and allergic rhinitis — self-medication
Ceska a Slovenska Farmacie. 2024. Vol. 73, Ne 1. P. 58-65. options. Ceskéd a Slovenskéd Farmacie. 2024;73(1):58-65. D
DOI: https://doi.org/10.36290/csf.2024.010 Ol: https://doi.org/10.36290/csf.2024.010

25. Feng Y., Meng Y.-P.,, Dong Y.-Y., Qiu C.-Y., Cheng L. Management  25. Feng Y, Meng YP, Dong YY, Qiu CY, Cheng L. Management
of allergic rhinitis with leukotriene receptor antagonists versus of allergic rhinitis with leukotriene receptor antagonists versus
selective H1-antihistamines: a meta-analysis of current evidence. selective H1-antihistamines: a meta-analysis of current evidence.
Allergy, Asthma & Clinical Immunology. 2021. Vol. 17. P. 1-12. Allergy, Asthma & Clinical Immunology. 2021;17:1-12. DOI:
DOI: https://doi.org/10.1186/s13223-021-00564-z https://doi.org/10.1186/s13223-021-00564-z

26. KimD.H., Kang Y.J., Kim S.W., Kim S.W.,, Basurrah M.A,, Hwang S.H.  26. Kim DH, Kang YJ, Kim SW, Kim SW, Basurrah MA, Hwang SH.
Effectiveness of the posterior nasal nerve cryoablation in allergic Effectiveness of the posterior nasal nerve cryoablation in allergic
and non-allergic rhinitis. The Laryngoscope. 2024. Vol. 134, Ne 6. and non-allergic rhinitis. The Laryngoscope. 2024;134(6):2502—12.
P. 2502-2512. DOI: https://doi.org/10.1002/lary.31163 DOI: https://doi.org/10.1002/lary.31163

27. lzmailovich M., Semenova Y., Abdushukurova G., Mukhamejanova A., 27. lzmailovich M, Semenova Y, Abdushukurova G, Mukhamejanova A,
DyussupovaA.,FaizovaR.,GazaliyevaM.,AkhvledianiL.,GlushkovaN., Dyussupova A, Faizova R, et al. Molecular aspects of allergen-
Kalmakhanov S., Bjerklund G. Molecular aspects of allergen-specific specific immunotherapy in patients with seasonal allergic rhinitis.
immunotherapy in patients with seasonal allergic rhinitis. Cells. 2023. Cells. 2023;12(3):383. DOI: https://doi.org/10.3390/cells12030383
Vol. 12, Ne 3. Article 383. DOI: https://doi.org/10.3390/cells12030383

28. Hoshino M., Akitsu K., Kubota K., Ohtawa J. Serum periostin as 28. Hoshino M, Akitsu K, Kubota K, Ohtawa J. Serum periostin as
a biomarker for predicting clinical response to house dust mite a biomarker for predicting clinical response to house dust mite
sublingual immunotherapy in allergic rhinitis. The Journal of Allergy sublingual immunotherapy in allergic rhinitis. The Journal of
and Clinical Immunology: In Practice. 2021. Vol. 9. P. 1864-1870. Allergy and Clinical Immunology: In Practice. 2021;9:1864-70.
DOI: https://doi.org/10.1016/j.jaip.2020.11.046 DOI: https://doi.org/10.1016/j.jaip.2020.11.046

29. Zhang., ZhuK, XiaC.,ChenJ.,YuC., Gao T, etal. Multiple-cytokine ~ 29. ZhangY,ZhuK, XiaC,ChendJ,YuC,GaoT,etal.Multiple-cytokineprofiling:
profiling: a novel method for early prediction of the efficacy of sublingual a novel method for early prediction of the efficacy of sublingual
immunotherapy in allergic rhinitis patients. Journal of Inflammation immunotherapy in allergic rhinitis patients. Journal of Inflammation
Research. 2022. Vol. 15. P. 603-612. DOI: https://doi.org/10.2147/JIR.S350003 Research. 2022;15:603-12. DOI: https://doi.org/10.2147/JIR.S350003

Ornsag nitepatypu 119 Literature review


https://doi.org/10.1111/pai.13148
https://doi.org/10.5582/irdr.2018.01111
https://doi.org/10.1111/cea.13192
https://doi.org/10.3389/fmed.2022.843432
https://doi.org/10.1177/19458924221149267
https://doi.org/10.1016/j.jaci.2020.12.621
https://doi.org/10.1097/MOO.0000000000000865
https://doi.org/10.4103/njcp.njcp_359_22
https://doi.org/10.1159/000541666
https://doi.org/10.1016/j.bjorl.2024.101491
https://doi.org/10.3389/fmolb.2022.819772
https://doi.org/10.1186/s13223-020-00436-y
https://doi.org/10.1111/jebm.12393
https://doi.org/10.1080/14740338.2022.2046731
https://doi.org/10.36290/csf.2024.010
https://doi.org/10.1186/s13223-021-00564-z
https://doi.org/10.1002/lary.31163
https://doi.org/10.3390/cells12030383
https://doi.org/10.1016/j.jaip.2020.11.046
https://doi.org/10.2147/JIR.S350003
https://doi.org/10.1111/pai.13148
https://doi.org/10.5582/irdr.2018.01111
https://doi.org/10.1111/cea.13192
https://doi.org/10.3389/fmed.2022.843432
https://doi.org/10.1177/19458924221149267
https://doi.org/10.1016/j.jaci.2020.12.621
https://doi.org/10.1097/MOO.0000000000000865
https://doi.org/10.4103/njcp.njcp_359_22
https://doi.org/10.1159/000541666
https://doi.org/10.1016/j.bjorl.2024.101491
https://doi.org/10.3389/fmolb.2022.819772
https://doi.org/10.1186/s13223-020-00436-y
https://doi.org/10.1111/jebm.12393
https://doi.org/10.1080/14740338.2022.2046731
https://doi.org/10.36290/csf.2024.010
https://doi.org/10.1186/s13223-021-00564-z
https://doi.org/10.1002/lary.31163
https://doi.org/10.3390/cells12030383
https://doi.org/10.1016/j.jaip.2020.11.046
https://doi.org/10.2147/JIR.S350003

KapasiHcbkui imyHomnoriyHui xxypHan. 2025. T. 8. Ne 1(15). C. 111-120

Karazin Journal of Immunology. 2025;8(1(15)):111-120

ISSN 3083-5615 (Online)

30. Das D., Sit S., Khaowas A.K., Das C., Mukherjee D. Outcome of
sublingual immunotherapy in allergic rhinitis. Indian Journal of
Otolaryngology and Head & Neck Surgery. 2021. Vol. 73. P. 467—-473.
DOI: https://doi.org/10.1007/s12070-021-02465-4

31. Pavon-Romero G.F., Larenas-Linnemann D.E., Xochipa Ruiz K.E.,
Ramirez-Jimenez F., Teran L.M. Subcutaneous allergen-specific
immunotherapy is safe in pediatric patients with allergic rhinitis.
International Archives of Allergy and Immunology. 2021. Vol. 182.
P. 553-561. DOI: https://doi.org/10.1159/000513158

32. Fritzsching B., Contoli M., Porsbjerg C., Buchs S., Larsen J.R,,
Elliott L., et al. Long-term real-world effectiveness of allergy
immunotherapy in patients with allergic rhinitis and asthma: results
from the REACT study, a retrospective cohort study. The Lancet
Regional Health — Europe. 2022. Vol. 13. Article 100275.
DOI: https://doi.org/10.1016/j.lanepe.2021.100275

33. Malizia V., Cilluffo G., Fasola S., Ferrante G., Landi M., Montalbano L.,
LicariA., La Grutta S. Endotyping allergic rhinitis in children: a machine
learning approach. Pediatric Allergy and Immunology. 2022. Vol. 33,
Suppl. 27. P. 18-21. DOI: https://doi.org/10.1111/pai. 13620

34. Chen S., Guo S.N., Marmori F., Wang J., Bai P., Zhang J.J., Qu S.H.,
Zhao J.P. Clinical practice guideline for allergic rhinitis treatment with
acupuncture. Chinese Journal of Integrative Medicine. 2021. Vol. 27,
Ne 2. P. 83-90. DOI: https://doi.org/10.1007/s11655-020-3161-0

35. Ye Y.M,, Zhao Y.X,, Xiang L.R., Zou C.Y,, Xiao H., Lu H., Yang H.,
Hu J.J., Xie H.Q. The immunomodulatory mechanism and research
progress of mesenchymal stem cells in the treatment of allergic
rhinitis. Stem Cell Research & Therapy. 2025. Vol. 16, Ne 1. Article 188.
DOI: https://doi.org/10.1186/s13287-025-04333-2

MepcnekTMBU NOAAABLLUMX AOCAIAXEHD

Mopanbli HaykoBi [AOCAIAXEHHSI MOBWHHI OyTM CnpsiMOBaHi
Ha mMubLle po3yMiHHS NaTOreHeTUYHUX MeXaHi3MiB anepriyHoro
PUHITY, O MOXe BIiAKPWUTW HOBI MEepCcrneKkTMBM Ans po3pobkum
eEeKTUBHNX METOZIB MiKyBaHHS LibOro 3aXBOPIOBaHHS.

KoHdAIKT iHTepecis

ABTOp pyKonucy CBIiOOMO 3acBigyye BiOCYTHICTb (PaKTUYHOIrO
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uiei pobotn 3 dapMauLeBTUYHUMM KOMMNAHIAMK, BUPOGHMKaMu
BiomeanyHMX NPUCTPOIB, IHLWIMMKU OpraHisauisMu, Yui NpoayKTy,
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3 MpegMeToM HajaHux Matepianie abo ski crnoHcopysBanm
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Prospects for further research

Therefore, further scientific research should be directed toward
a deeper understanding of the pathogenic mechanisms of aller-
gic rhinitis, which, in turn, may open new prospects for the deve-
lopment of more effective treatment methods for this condition.
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PE3IOME

AkTyanbHicTb. [lepBuHHI iMyHOAedIUMTM SABMSAIOTL COOOK BENWKY Ta reTeporeHHy
rpyny CnagkoBuMX poO3nafiB, LIO XapaKTepu3yloTbCS MOPYLIEHHAMU Y PO3BUTKY,
dyHKUiOHYBaHHI abo perynsuii iMmyHHOI cuctemu. ETionoria nepeBaxHOi 6inbLUOCTI
NepBUHHMX iIMyHoZediunTiB 6e3nocepedHbO MOB’si3aHa 3 reHeTUYHUMU AedhekTamu,
AKi MOXYTb MaTu Pi3HUA TUM yCrnagKyBaHHA. 3aBASKN 3HAYHUM OOCATHEHHAM Y ranya3i
MOMEKYNSAPHOI MEHETUKN Ta FEHOMIKU 3a OCTaHHi AecaTunitta 6yno igeHTudikoBaHO
Ta OxapakTepu3oBaHO 3pOCTalody KinbKiCTb reHiB (Hapasi noHag 450), myTauii B SKux
Npu3BOAsTb A0 PO3BUTKY LIMX 3axXBOPOBaHb. MNepBuHHI imyHoaediunTn AEMOHCTPYIOTL
3HaYHy KNiHIYHY Ta reHeTUYHY reTePOreHHICTb.

MeTta po60oTu — pO3MMSAHYTU KMOYOBI FeHETUYHI AedeKkTW, TXHi MexaHi3amu BnnvBy
Ha iIMyHHY cUCTeMy Ta 3B’S30K 3 KNiHIYHMMW NPOsiBAMW NEPBUHHMX iMyHOAEedILMTIB.
Martepianu Tta metoam. [igbip nybnikauin BukoHaHo 3a 6aszamm gaHmx PubMed,
Clinical Key Elsevier ta Google Scholar, y skux BuCBiTNOBanucb pesynsratn
opuvriHanbHVUX AocnifXkeHb Ta ornmsgosi pobotn. Ha nepwomy etani nposBogunm
nowyK NiTepaTypHUX [Kepen 3a KIYOBUMM CroBamu: NEPBUHHI iMyHOAediUmnTH,
reHeTUYHi AedeKT!, MOHOrEHHi 3axBOPIOBaHHSA, FEHETUYHWI MoniMOpdi3M, iIMyHHa
cucTema, KiiHiYHi NposiBW, MexaHi3Mu pO3BWTKY, MOMEKynspHa pAiarHocTvka, reHHa
Tepanis. Ha gpyromy etani BMB4anucb pesioMe cTaTer Ta BUKIOYanucb nybnikadii,
AKi He BigNOBiJanu KpuTepiaM [OCMiMKEHHs. Ha TpeTboMy eTani BuMBYanu MOBHI
TEKCTU BIAiOpaHMX cTater Ha BIANOBIAHICTb KPUTEPIM BKIMHOYEHHS [0  CMMCKY
niTepatypu Ta pefnieBaHTHICTb AOCHIAXEHb.

Pe3ynbratm Ta ix o6roBopeHHsi. Ornsig rmMyMbOKO pO3rnsifae  Ki4voBi FEHETUYHI
AedeKTn, WO nexatb B OCHOBI NMEPBUHHMX iMyHOAedIUMTIB (AeTanbHO OrmMsA NpUCBs-
YEeHO reHeTUYHUM OCHOBaM KOMBIHOBaHMX iMyHoaediuuTiB). AHanMi3 reHeTUYHUX OCHOB
KOMBIHOBaHUX iMyHOAEMILMTIB BUSBUB 3HAYHY F€TEPOreHHICTb, OXOMNIIOIYM LLMPOKMIA
CNeKTp MyTaLii y reHax, Lo KOAYIOTb Binku, KpUTWUYHI ANS po3BUTKY Ta OYHKLIOHYBaHHS
T- ta B-nimcoumTtiB. HasBHiCTE cneundivyHNX MyTauil KOPemntoe 3 KOHKPETHUMU
KMNiHIYHUMK dbeHoTMNaMKN Ta TAXKKICTIO 3axBoptoBaHHA. OTpyMaHi AaHi nigkpecnionTb
BMpillanbHe 3HAYEHHS FEeHETWYHOro AiarHo3y AN nauieHTiB. 3okpema, reHeTUYHWI
AiarHo3 J03BOrSE 3aCTOCOBYBATU MEPCOHIikoBaHi MiAXoan A0 anropuTMy nikyBaHHS.
Moganblui AOCHIAKEHHS FTEHETUYHMX MapKepiB iMyHoAedIUWTIB € BKpall BaXKVMBAMM
AN po3pobKn HOBUX AiarHOCTUYHWX IHCTPYMEHTIB Ta iIHHOBAaLiNHUX METOAIB MiKyBaHHS.
BucHoBkn. Ornsg kateropii  KOMGiHOBaHMX iIMyHOAEdILUWTIB AEMOHCTPYE 3HaAYHY
reHeTU4Hy Ta (PEeHOTWMOBY reTepPOreHHICTb. |AeHTUdIKaLiAs KOHKPETHOro reHeTUYHOro
nedekty € (yHOAMeHTanbHOK [Ansi PO3YMiHHS naToreHesy, TOYHOI AiarHOCTUKM
Ta BMOOPY ONTUMArbHOIO MiKyBaHHS.
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ABSTRACT

Background. Primary immunodeficiencies are a large and heterogeneous group
of hereditary disorders characterized by disorders in the development, functioning
or regulation of the immune system. The etiology of the vast majority of primary
immunodeficiencies is directly related to genetic defects that may have different types
of inheritance. Thanks to significant advances in molecular genetics and genomics
in recent decades, a growing number of genes (currently more than 450) have
been identified and characterized, with mutations leading to the development
of these diseases. Primary immunodeficiencies demonstrate significant clinical
and genetic heterogeneity.

Purpose — to review the key genetic defects, their mechanisms of influence
on the immune system and the relationship with clinical manifestations of
primary immunodeficiencies.

Materials and methods. The selection of publications was performed using the
PubMed, Clinical Key Elsevier and Google Scholar databases, which covered the
results of original research and review papers. At the first stage, we searched the
literature using the following keywords: primary immunodeficiencies, genetic
defects, monogenic diseases, genetic polymorphism, immune system, clinical
manifestations, mechanisms of development, molecular diagnostics, gene therapy.
At the second stage, abstracts of articles were studied and publications that did not
meet the study criteria were excluded. At the third stage, the full texts of the
selected articles were studied for compliance with the criteria for inclusion in the list
of references and relevance.

Results. The review takes an in-depth look at the key genetic defects underlying
primary immunodeficiencies (the review is also devoted to the genetic basis of
combined immunodeficiencies). The analysis of the genetic basis of combined
immunodeficiencies has revealed significant heterogeneity, covering a wide range
of mutations in genes encoding proteins critical for the development and functioning
of T- and B-lymphocytes. The presence of specific mutations correlates with specific
clinical phenotypes and disease severity. The findings emphasize the crucial
importance of a genetic diagnosis for patients. In particular, a genetic diagnosis
allows for personalized approaches to the treatment algorithm. Further research on
genetic markers of immunodeficiencies is essential for the development of new
diagnostic tools and innovative treatments.

Conclusions. The review of the category of combined immunodeficiencies
demonstrates significant genetic and phenotypic heterogeneity. Identification of
a specific genetic defect is fundamental for understanding the pathogenesis, accurate
diagnosis and selection of optimal treatment.

immunodeficiencies.

(review). Karazin Journal of Immunology. 2025;8(1(15)):121-135. DOI:

https://doi.org/10.26565/3083-5615-2025-15-09

BCTYN

MepBuHHI  iMyHOZEedIUMTH

(g,

INTRODUCTION

TakoX Bigomi Primary immunodeficiencies (PIDs), also known as

SIK BPOKEHI MOMUIIKM IMYHITETY, SIBNsIt0Tb COBO0I0 BENUKY
Ta reteporeHHy rpyny cnagkoBWX po3nagis, WO BUHU-
KaloTb BHACMIAOK reHETUYHMX MOpPYLUEHb, SIKi BNNMBaOTb
Ha PO3BUTOK, (DYHKLIOHYBaHHS abo perynsiio ogHiei umn
KiNbKOX NaHoK iMyHHOI cuctemu. Lis rpyna 3axsBoptoBaHb
oTpvMana HasBy «NepBUHHI» A5s BiAMIHHOCTI Big BTOPUH-
HUX iMyHoAedILNTIB, SKi PO3BUBAIOTLCS MPOTANOM XUTTH
SIK Hacnigok iHWKMx cTaHiB (Hanpuknag, iHekuin, imyHo-
CynpecuBHOI Tepanii, 3NosikiCHUX HOBOYTBOpPEHb) [1—4].
IcTopisi BuB4eHHs NI po3novanaca y cepeguHi XX cT.
3 OMMCY Neplmx KIiHIYHUX BUNAAKIB TSXKKMX iHEeKUin,
SKi He BignoBiganu Ha cTaHgapTHe nikyBaHHSA. OgHuM

inborn errors of immunity, represent a large and hetero-
geneous group of hereditary disorders arising from
genetic abnormalities that affect the development,
function, or regulation of one or more components of the
immune system. This group of diseases is termed
«primary» to distinguish it from secondary immuno-
deficiencies, which develop during life as a result of
other conditions (such as infections, immunosuppressive
therapy, or malignant neoplasms) [1-4].

The study of PIDs began in the mid-20th century with
the description of the first clinical cases of severe
infections that did not respond to standard treatment.
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i3 nepwmx i HanBigoMmilnx OyB BMNaZoOK 3axBOPHOBAHHSA
XNon4yunka 3 peuMamBHUMK GakTepianbHUMK iHEKUisIMM,
y siKoro nisHiwe Gyna giarHoctoBaHa aramarnobyniHemis,
HUHI BiooMa sik X-34enneHa aramarnobyniHemis BpyToHa.
PosymiHHA cnagkoBoi npupogun cneuundivHux aedpexTis
iIMYHHOI CMCTEMM Ta BM3HAYEHHS TUMYy YycrnagKyBaHHS
(Hanpuknag, X-34enneHe ycnagkyBaHHS), Hagano nep-
CMEKTUBHOCTI PO3BUTKY IMYHOTEHETUKN Ta NepCoHidiko-
BaHOro nigxoay nikyBaHHS Takux xBopux [5-8].

AkTyaneHicTb NpobnemMun NepBUMHHMX iMyHOOEdILUTIB
CbOrofdHi € Hag3BM4YaHO BWMCOKOK. Xo4a OKpeMi dhop-
mu M0 MoxXyTb BBaXkatucs pigkiCHUMKW, 3ararioM BOHU
CTaHOBMATb 3HAYHY rpyny 3axXBOPHOBaHb, sIKa, 3a OLiH-
Kamu, ypaxae MinblMoHW noged Yy BCbOMY  CBITi.
TskkicTb nepebGiry IO moxe BapiloBaTu Big nerkoi,
WO MPOSIBNSIETLCS NIOBULLEHOK CXWMbHICTIO OO YacTux
iHbeKUi, 00 BKpaW TSXKKOI, LLO 3arpoXxye >XUTTIO BXe
Yy PaHHbOMY AMTWUHCTBI (Hanpuknag, npu TSHXKKOMY KOMOi-
HoBaHoMy iMyHogedpiumti — SCID). MMauientn 3 M4
CXWINbHI He TiNbKW 00 pPeuMaMBHUX, TSXKKMX Ta OMNOPTY-
HICTUYHMX IHGEKLIN, CNpUYMHEHUX BakTepismu, Bipycamu,
rombamu Ta napasuTamu, ane W MalTb 3Ha4YHO BULLUIA
pY3UK PO3BUTKY ayTOIMYHHMX 3aXBOPIOBaHb (KOMMW iMyHHa
cMcTeMa MOMWIKOBO aTakye BracHi TKaHWHM) Ta 3no-
SIKICHUX HOBOYTBOpEeHb (ocobnueo nimdom). Lis Gararto-
rPaHHICTb KNiHiYHMX nposiBiB pobute NI cknagHummn
Ons OiarHOCTUKN Ta MeHemxXMeHTy [9].

B ymoBax Takoi KniHi4HOI Ta (peHOTMNOBOI retepo-
FEHHOCTI, PO3yMiHHS reHeTu4HUX ocHoB I € abcontoTHO
dyHaameHTanbsHMM. Came igeHTudpikauiss KOHKpeTHoro
reHeTUYHOro AedekTy [03BOMISIE BCTAaHOBUTM TOYHWIA
JiarHos, sIKMA 4acTo HEMOXIMBO MOCTaBUTK nuLle
Ha OCHOBI KMNiHIYHMX NPOsIBIB Ta CTaHAAPTHUX iMYHO-
NOriYHMX TecTiB. MEHETUYHMI diarHO3 TaKkoX Mae BUpi-
WwanbHe 3Ha4YeHHss [Ans  MPOrHo3yBaHHs  nepebiry
3aXBOPIOBAHHS, OCKINbKM MyTauii y pisHUX reHax abo
HaBiTb Pi3Hi MyTaLii B 0OOQHOMY reHi MOXyTb MpU3BOAUTYU
00 pI3HOI TSDKKOCTI Ta cnekTpa ycknagHeHb. Kpim Toro,
reHeTu4Ha iHdopMmaLis € KM4YOBOK ANsl FEHETUYHOrO
KOHCYNbTYBaHHA CiMEN, OUiHKM pu3MKy Ans poaudis
Ta NpOBedeHHs npeHaTanbHoi abo nepegiMnnaHTauin-
HOI AiarHoCTuKW. HamBaxnueiluMM acnektom € Te, Lo
3HaHHSA reHeTU4YHoro gedpekty 4Yacto 6GesnocepenHbo
BMNMBae Ha BWGip TepaneBTMYHOI cTpaTerii, [003BO-
NS04M 3aCTOCOBYBATU crneumdidHi, a iHogdi M KypaTuBHI
MEeTOAM NiKyBaHHS, TaKi Ik TpaHCMMaHTaLis reMonoeTuy-
HUX CTOBOYpoBMX KNiTMH abo depmeHTo3amicHa/reHHa
Tepanis [10-12].

OcTaHHi ABa AecATURITTA 03HaMeHyBanucst CTPiMKUM
nporpecom y ranysi MonekynsipHoi reHeTUKM Ta reHOMIKM,
30KpemMa 3aBAasikym po3pobui Ta LUMPOKOMY 3acToCy-
BaHHIO TEXHOMOTiA BUCOKOMPOAYKTUBHOIO CEKBEHYBaHHS
(Next-Generation Sequencing — NGS). Ui TexHonorii
[03BONWUMM KapAuHanbHO 3MIHUTU Nigxia OO BUBYEHHS
Ta giarHocTtuku MIQ. Akwo paHiwe iaeHTudikauis ogHoro
reHa, noe’sa3aHoro 3 T[4, Oynma 3Ha4yHOW nogieto,
To cborogHi NGS-naHeni, cekBeHyBaHHsI ek30Ma Ta HaBiTb
reHoMy [03BOMSOTb OLHOYACHO aHani3yBaTu COTHI reHiB
abo Bcto reHeTM4Hy iHopmadito nogunHu. Lie npusseno
[0 3pOCTaHHSA KiNbKOCTi ieHTUMIKOBaHMX reHiB, MyTauii
B skMx acoduitototbea 3 MI. Ha cborogHi Bimomo noHag
450-500 reHiB 3rigHO 3 knacudikauigmm MixHapogHoro
cotosy imyHonoriyHux ToBapmucts (IUIS) [13 — 15].

Llern ornag npucBsiyeHo rmuBGOKoMy po3rnsify reHe-
TUYHMX OCHOB NEPBUHHUX iMyHoAediUnTIB (30Kkpema
KoMbGiHoBaHMM iMyHoaediumnTam). Byno npoaHanizoBaHo

One of the earliest and most well-known cases was that
of a boy with recurrent bacterial infections, who was
later diagnosed with agammaglobulinemia, now known
as X-linked agammaglobulinemia (Bruton’s disease).
Understanding the hereditary nature of specific immune
system defects and determining the mode of inheritance
(e.g., X-linked inheritance) provided momentum for the
development of immunogenetics and a personalized
approach to treating such patients [5-8].

The relevance of the issue of primary immunodefi-
ciencies is extremely high today. Although certain forms
of PIDs may be considered rare, they collectively
represent a significant group of diseases that are
estimated to affect millions of people worldwide.
The severity of PIDs can range from mild, manifesting
as increased susceptibilty to frequent infections,
to extremely severe and life-threatening in early childhood
(e.g., in severe combined immunodeficiency — SCID).
Patients with PIDs are susceptible not only to recurrent,
severe, and opportunistic infections caused by bacteria,
viruses, fungi, and parasites but also have a signifi-
cantly higher risk of developing autoimmune diseases
(when the immune system mistakenly attacks the body’s
own tissues) and malignant neoplasms (especially
lymphomas). This diversity of clinical manifestations
makes PIDs challenging to diagnose and manage [9].
In the context of such clinical and phenotypic hetero-
geneity, understanding the genetic basis of PIDs is
absolutely fundamental. The identification of a specific
genetic defect allows for an accurate diagnosis, which
is often impossible to establish based solely on clinical
manifestations and standard immunological tests.
A genetic diagnosis is also crucial for predicting the
disease course, as mutations in different genes or even
different mutations in the same gene can lead to varying
severity and a range of complications. Moreover, genetic
information is key for family genetic counseling, risk
assessment for relatives, and conducting prenatal
or preimplantation diagnostics. The most important
aspect is that knowledge of the genetic defect often
directly influences the choice of therapeutic strategy,
enabling the use of specific and sometimes curative
treatment methods such as hematopoietic stem cell trans-
plantation or enzyme replacement/gene therapy [10-12].

The past two decades have been marked by rapid
progress in the field of molecular genetics and geno-
mics, particularly due to the development and wide-
spread application of high-throughput sequencing
technologies (Next-Generation Sequencing — NGS).
These technologies have radically changed the approach
to studying and diagnosing PIDs. While previously the
identification of a single gene associated with PID was
considered a major achievement, today NGS panels,
exome sequencing, and even whole genome sequencing
allow for the simultaneous analysis of hundreds of genes
or the entire human genetic information. This has led
to an increase in the number of identified genes whose
mutations are associated with PIDs. To date, more
than 450-500 genes have been identified, according
to the classifications of the International Union of
Immunological Societies (IUIS) [13—15].

This review is dedicated to an in-depth examination
of the genetic basis of primary immunodeficiencies
(particularly combined immunodeficiencies). A variety of
genetic defects causing these diseases were analyzed,
the mechanisms by which these defects lead to impaired
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Pi3HOMaHITTS reHeTUYHUX AedekTiB, AKi CMPUYUHAITb
Ui 3aXBOPIOBAHHSI, PO3rNsAHYTI MexaHi3Mu1, 3a JOMOMOIo0
AKX Ui gedektu npusBoaaTb [0 MOpyLeHb iMyHHOI
YHKUIT, Ta [ocnigXeHO 3B’A30K MK cneuundiyHumum
rEHETUYHMMM 3MiHAMW Ta LUMPOKUM CMEKTPOM KMiHIYHMX
nposeiB pisHMX TvNiB MI0. PO3ymMiHHA LMX reHeTUYHMX
OCHOB € KPUTUYHO BaXNMBMM AN TOYHOI FEeHEeTUYHOI
JiarHoCTuKM, NporHo3yBaHHsA nepebiry Ta Bubopy edek-
TMBHUX TepaneBTUYHMX NigXo4iB, 3aCHOBaHWX Ha reHe-
TUYHUX gaHuXx [3, 4].

MeTta po6GOTM — pO3MSHYTU KIOYOBI FEHETUYHI
gedbexkTn, iXHi MexaHi3aMu BMMAMBY Ha iMyHHY cuUCTeMy
Ta 3B’A30K 3 KMiHiYHUMK nposiBamu pisHux Tunis MIL.

MATEPIAAU TA METOAU AOCAIAXXEHHA

Mig6ip ny6nikauin BukoHaHO 3a 6asamn AOaHuX
PubMed, Clinical Key Elsevier ta Google Scholar,
Yy SKMX BMWCBITMIOBanNUCb pesynsraTv OpuriHanbHUX [0-
cnigxeHb Ta ornsagosi poboTtn. Ha nepwomy etani npo-
BOOWMMM MOLWYK NiTepaTypHUX [Xepen 3a Kr4oBUMK
CrnoBamMu: NEPBUHHI iIMyHOAEedILUMTIN, reHETUYHI AedekTn,
MOHOTFEHHi 3aXBOPIOBaHHS, TEHETUYHWUI noniMopdisMm,
iIMyHHa cucTemMa, KniHi4YHI NPOsBKU, MEXaHi3Mn PO3BUTKY,
MoneKynsipHa fiarHocTuka, reHHa Tepanis. Ha gpyromy
eTani BMBYaNUCb pesloMe CcTaTen Ta BUKMIYanucb
ny6nikadii, ki He BignoBiganu KpUTEpPIM OOCNIMXKEHHS.
Ha TpeTbomy eTani BMBYanuM MOBHi TEKCTWU BigibpaHuXx
cTaTtew Ha BignoBIOHICTb KPUTEPIAM BKITIOYEHHSA OO CnnC-
Ky niTepaTypu Ta peneBaHTHICTb AOCNIMKEHb.

PE3YABTATU TA IX OBrOBOPEHHS

3araAbHi NPUHLLMNY r€HETUKH

NepBUHHUX iIMyHOoAEedILUTIB

leHeTnuHa kaptuHa MMIO € Hag3BMyanHO CKNagHOM
Ta GaraTorpaHHol, WO Bigobpaxae cknagHiCTb camoi
iMyHHOT cuctemun. Y GinbwocTi Bunaakis M0 € moHo-
FeHHUMU po3nagamu, ki AEMOHCTPYIOTb MEHOENEBCLKUIA
TMN ycnagkyBaHHs; oaHak geski MMl Bu3HawoThb GinbLu
cKragHy — nonireHHy npupoay.

Pi3HOMaHITHICTb reHeTM4YHuX AedekTiB, sKi MOXYTb
cnpuumHntn T, oOXonmne LIMPOKUA  CMeKTp  3MiH
Ha pieHi AHK. HannowwpeHiwmmm €:

Toykoei mMymaduii. Lle 3miHM opHOro Hykneotuay
B nocnigosHocTi JHK. BoHn MoxyTb ByTu:

MicceHc-mymauii. 3amiHa ogHOro HykneoTuay npu3Bo-
OUTb 0O 3aMiHM OAHIiEl amMiHOKMCMNOTUM B KOO4OBaHOMY
6inky Ha iHWy. Hacnigkn Takoi MyTauii MOXyTb BapitoBaTtu
BiJ HE3HAYHMX 40 MOBHOI BTPATU (PyHKLIi Binka, 3anexHo
BiJ TOro, ik 3MiHeHa amiHOKWCroTa BMMMBAE Ha CTPYK-
TYpy Ta akTUBHMIN LEHTP Binka.

HoHceHc-mymauii. 3amiHa Hykneotuay npu3BOAuTb
0O YTBOPEHHSA CTOM-KOAOHY, WO nepegyacHo obpusae
TpaHcnauito 6inka. Lle 3assuyanm npusBoguTb OO CUH-
Te3y BKOPOYEHOT0, HYacTo HedyHKLiOHanLHOro abo HecTa-
6inbHoOro Ginka.

Mymauyii 3cyey pamku 3yumyeaHHsi (frameshift
mutations). |Hcepuis abo geneuis ogHoOro abo KinbKox
HykneoTuaie (KinbKOCTI, ika He € KPaTHOI TPbOM) 3MiHIOE
pamky 3untyBaHHA MPHK, wo npu3soguTtb A0 CUMHTE3Yy
abconoTHO  iHLWIOI NOCNIAOBHOCTI  aMiHOKMCIOT nicns

immune function were examined, and the relationship
between specific genetic alterations and the wide
spectrum of clinical manifestations of different types
of PIDs was investigated. Understanding these genetic
foundations is critically important for accurate genetic
diagnosis, prognosis, and selection of effective thera-
peutic approaches based on genetic data [3, 4].

Objective — to examine key genetic defects, their
mechanisms of influence on the immune system,
and their association with the clinical manifestations
of various types of PIDs.

MATERIALS AND METHODS

Publications were selected using the PubMed,
Clinical Key Elsevier, and Google Scholar databases,
which included results from original studies and review
articles. In the first stage, literature sources were searched
using the following keywords: primary immunodefi-
ciencies, genetic defects, monogenic diseases, genetic
polymorphism, immune system, clinical manifestations,
developmental mechanisms, molecular diagnostics,
gene therapy. In the second stage, article abstracts were
reviewed, and publications that did not meet the study
criteria were excluded. In the third stage, the full texts of
the selected articles were analyzed for compliance with
the inclusion criteria and the relevance of the research.

RESULTS AND DISCUSSION

General Principles of the Genetics
of Primary Immunodeficiencies

The genetic landscape of PIDs is extremely complex
and multifaceted, reflecting the complexity of the immune
system itself. In most cases, PIDs are monogenic
disorders that demonstrate a Mendelian pattern of inheri-
tance; however, some PIDs exhibit a more complex —
polygenic — nature.

The diversity of genetic defects that can cause
PIDs encompasses a wide range of changes at the DNA
level. The most common include:

Point mutations. These are changes in a single
nucleotide in the DNA sequence. They can be:

Missense mutations. A single nucleotide substitution
results in the replacement of one amino acid in the
encoded protein with another. The consequences of such
a mutation can vary from minor to complete loss of
protein function, depending on how the altered amino
acid affects the structure and active site of the protein.

Nonsense mutations. A nucleotide substitution leads
to the creation of a stop codon, which prematurely
terminates the translation of the protein. This usually
results in the synthesis of a truncated, often nonfunc-
tional or unstable protein.

Frameshift mutations. The insertion or deletion
of one or more nucleotides (in a number not divisible
by three) alters the mRNA reading frame, leading to the
synthesis of an entirely different amino acid sequence
after the mutation site and usually to a premature
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Micua MyTauil Ta 3a3BuMyand OO nepegyacHoro CcTon-

KodoHy. Taki MyTauil 4yacTo MalTb TSDKKI Hacnigku
anst pyHKuii 6inka.
Heneuyii ma iHcepuyii — ue BTpaTa (geneuis)

abo pgopaBaHHs (iHcepuist) cermeHTiB [HK pisHoro pos-
Mipy, BiO KiNbKOX HYKneoTuaiB OO0 Benuknx dparmeH-
TiB XpomocoM. Mani iHcepuii/geneuii MOXyTb BMKIUKaTU
3CYB pamKu 34nTyBaHHs. Benuki geneuii MoxyTb npunsso-
ONTWM 0O MOBHOI BTpATU ofHoro abo KinbkoX reHis, Togi
AIK BENUKi iHcepuil MOXyTb MopyLlyBaTM CTPYKTypy abo
perynsuito reHis.

Mymauii e HekoOyro4ux pezioHax. Baxnuneo posy-
MiTH, WO MyTauil He nuwie B KOAYHUUX AinsiHKax reHis
(ex3oHax) MoxyTb OyTM natoreHHumuM. MyTauii B iHTpO-
Hax, MpoMoTopax, eHxaHcepax, MikpoPHK-caritax 3B’a3y-
BaHHs ab0 iHWNX perynsaTopHUX MNOCMILOBHOCTSAX MOXYTb
3Ha4YHO BMNMBATU HA EKCMpPECilo reHa (3meHwyBaTn abo
36inbLyBaTn piBeHb cuHTe3y OGinka) abo Ha npouecuHr
MPHK (Hanpuknag, nopyweHHs cnnavcuHry). Oedektn
CMNancuHry € Baxnmeoto npuymHoto MiM.

Yucnoei ma cmpykmypHi xpoMocomHi abepauii.
Xoya 6inbuwicte M0 € MOHOreHHUMW, Oesiki CUHAPO-
ManbHi hopmu iMyHoaediunTIB NOB’sA3aHi 3 GinbL Benu-
KUMWU XPOMOCOMHMMW 3MiHaMmu. Hameigomiwmm npukna-
nom e cuHgpom [i Meopra, cnpuynMHeHnn mikpogenewieto
B AiNsHUi 22911.2, sika OXONJOE KifbKa reHiB i npu3BoanTb
00 AedeKTy po3BUTKY TMMYyCa Ta iHLINX OpraHiB.

Tunu ycnapgkyBaHHs:

MepBYHHI iMyHOOEMIUNTU OEMOHCTPYIOTb KMNaCUyHi
TMNW ycnagKyBaHHS, L0 BigoOpaxaloTb po3TallyBaHHS
ypaxeHoro reHa (aytocoma 4M cTaTeBa XpoOMOCOMa)
Ta xapakTep Agii MyTauii (peuecrBHa Y JOMIHAHTHA).

AymocoMHo-peyecusHe ycrnadkysaHHs. [na  pos-
BWUTKY 3axBOploBaHHA ocoba MOBMHHA ycnapkyBaTW ABi
Konii MyTaHTHOrO reHa — No OAHIl Bif KOXHOro 3 6aTbkiB,
ki €, AK npaBuro, 6e3CMMNTOMHMMK HOCISIMM OAHI€El
konii myTauii. Barato copm TsKkKkOro komGiHOBaHOro
imyHopediumTy (SCID), XpoHiuHOI rpaHynemMaTo3Hoi XBO-
pobu Ta iHwwmx M1 ycnagkoByoTbCA 32 UMM TUMOM.

AymocomHo-0omiHaHmHe ycradkysaHHs. [ns pos-
BWUTKY 3axBOPKOBAHHSA [OCTaTHbO YCMagKyBaTW OAHY
KOMito MyTaHTHOrO reHa Big opgHoro 3  GaTbkiB.
Mpuknapgamu € 6arato dopm 3aranbHoro BapiabenbHoOro
imyHopediumTy (3Bl) Ta peski gedexkt BpPOOKEHOro
iMmyHiTeTy. OcoOnuBiCTIO [OMIHAHTHMX 3axBOpPHOBaHb
€ NeHeTPaHTHICTb (iMOBIPHICTb TOro, LUO HOCI naToreH-
HOro BapiaHTa MaTume KniHi4YHi NposiBM) Ta ekcnpecus-
HiCTb (CTYNiHb BUWPAXEHOCTi KNiHIYHMX nNposBIB), SKi
MOXyTb OyTu 3MmiHHUMKW. Lle o03Havae, Wo HaBiTb
Yy MexXax OfgHiei CiM’i 3 oaHI€l0 i TIEH XX MyTaLi€l0 TAXKICTb
3aXBOPIOBAHHSA MOXe 3Ha4HO BiApPI3HATUCS.

X-3yenneHe ycrniaOkysaHHs. eH, B sikomy cTanacs
MyTalisi, posTalwoBaHui Ha X-xpomocomi. Ockinbku
YOMOBIKM MalTb nuwe ogHy X-XpOMOCOMYy, MyTauis
B Hiil, SK NpaBuno, Npu3BOAUTbL A0 PO3BUTKY 3aXBOPIO-
BaHHSA. XKiHKM, MatouM ABi X-XpOMOCOMM, Yacto € Ges-
CMMMNTOMHMMU HOCIiKaMu Npu peLecuMBHOMY TUNMi ycnag-
KyBaHHS (Hanpuknag, X-3denneHa aramarnobyniHemis,
X-3uenneHmn SCID). [Oyxe pigko cnocrepiraetbcs
X-34enneHe [OMiHAHTHe ycnafKyBaHHsi, KONMW HasB-
HiICTb OfHi€Ei MYTaHTHOI KOMii Yy >XIHKW nNpPU3BOAUTb
[0 3aXBOPHOBaAHHS, a Y YOroBIKiB CTaH Moxe OyTu BinbLu
TSOKKUM abo netanbHUM (Hanp., cuHapom IPEX).

Mymauii de novo. leHeTn4YHa 3MiHa BMHUKAE BnepLue
Yy KOHKpeTHOI ocobu B il cTaTeBUX KNiTUHAX (SALEKNITUHI

stop codon. Such mutations often have severe con-
sequences for protein function.

Deletions and insertions. These are losses
(deletions) or additions (insertions) of DNA segments
of varying size — from a few nucleotides to large chromo-
somal fragments. Small insertions/deletions may cause
frameshift mutations. Large deletions can lead to the
complete loss of one or more genes, while large
insertions can disrupt gene structure or regulation.

Mutations in non-coding regions. It is important
to understand that mutations not only in coding regions
of genes (exons) can be pathogenic. Mutations in introns,
promoters, enhancers, microRNA-binding sites, or other
regulatory sequences can significantly affect gene ex-
pression (by decreasing or increasing protein synthesis
levels) or mRNA processing (e.g., disrupting splicing).
Splicing defects are an important cause of PIDs.

Numerical and structural chromosomal aberrations.
Although most PIDs are monogenic, some syndromic
forms of immunodeficiencies are associated with larger
chromosomal changes. The most well-known example
is DiGeorge syndrome, caused by a microdeletion in the
22911.2 region, which includes several genes and leads
to abnormal development of the thymus and other organs.

Types of Inheritance:

Primary immunodeficiencies demonstrate classical
modes of inheritance, reflecting the location of the affec-
ted gene (autosome or sex chromosome) and the nature
of the mutation’s effect (recessive or dominant).

Autosomal recessive inheritance. To develop the
disease, an individual must inherit two copies of the
mutant gene — one from each parent, who are typically
asymptomatic carriers of a single copy of the mutation.
Many forms of severe combined immunodeficiency
(SCID), chronic granulomatous disease, and other PIDs
follow this inheritance pattern.

Autosomal dominant inheritance. A single copy of
the mutant gene inherited from one parent is sufficient
to cause the disease. Examples include many forms
of common variable immunodeficiency (CVID) and some
innate immunity defects. A characteristic of dominant
disorders is penetrance (the likelihood that a carrier
of a pathogenic variant will exhibit clinical symptoms)
and expressivity (the degree of severity of clinical mani-
festations), which can vary. This means that even
within the same family carrying the same mutation,
the severity of the disease may differ significantly.

X-linked inheritance. The gene in which the mutation
occurred is located on the X chromosome. Since males
have only one X chromosome, a mutation in it typically
leads to disease development. Females, having two
X chromosomes, are often asymptomatic carriers in the
case of a recessive inheritance pattern (e.g., X-linked
agammaglobulinemia, X-linked SCID). X-linked dominant
inheritance is very rare, in which a single mutant copy
in a female leads to disease, while in males the condition
may be more severe or even lethal (e.g., IPEX syndrome).

De novo mutations. A genetic change arises for
the first time in a given individual in their germ cells
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abo cnepmarto3oifi) abo Ha paHHix eTanax embpioHarnb-
HOro po3BMTKY. Y Takux Bunagkax 6aTbku, ik npasumno,
He € HocisMM MyTauii y CBOIX COMaTUYHUX KRiTUHaX.
MyTauii de novo € BaxnMBOKW NpUYMHOK BaraTbox
ayTOCOMHO-AOMiHaHTHUX I, ocobnmBo npu TSHKKOMY
nepebiry, Konn ypaxeHi ocobu He pocsAralTb penpo-
OYKTUBHOTO BIKY.

BnAuB reHeTU4HUX AedpeKTiB

Ha dyHKuUilo GiAKiB

[eHeTWYHI 3MiHM NpU3BOAATL A0 MOpYLIEeHb y poboTi
iIMyHHOI cuCTeMU 4epe3 3MiHy KiNbKOCTi, CTPYKTypu
abo dyHkuUii Oinka, WO KOAYETbCA YpakEHWM rEeHOM.
OCHOBHVMMYM MeXaHiamamu BBy €:

Bmpama ¢pyHkuii (Loss-of-function — LoF). Hannown-
peHiwunn MexaHiam. MyTauis npn3BoanTb 4O 3MEHLUEHHSA
KinbKoCTi pyHKUiOHanbHoro Ginka abo A0 MOBHOI #oro
BigcyTHocTi. Lle Moxe cTatuca 4epe3 MOPYLUEHHA
TpaHckpunuii, ctabineHocti MPHK, cuHTesy 6inka, oro
HenpaBWUIbHOIO 3ropTaHHs, MPUCKOPEHOI gerpagadii
abo He3aaTHOCTI BUKOHYBaTU CBO BionoriyHy dyHKLUi0
(Hanpuknag, 3B’A3yBaTu niraHAW, katanisyBaTu peakuii,
nposoauMtn curHanu). binbuwicte peuecuBHux I
Ta 6arato JOMIHAHTHMX rannoOHeLOCTaTHIX CTaHIB BUKIU-
KaHi BTpaToto qoyHKLUii.

Habymms ¢pyHkuii (Gain-of-function — GoF). MyTtauia
npuM3BoaMTb OO0 MOsIBM HOBOI, 4Yacto abepaTuBHOI
dyHKuUii 6inka, abo #o rinepakTuBaLii Koro HopmanbHOT
dyHKUiT. Lle MOxe nposBnATMCS SK MOCTiMHA akTuBauis
CUIHamnbHOro LUNSXY HaBiTb 3a BIACYTHOCTI CTUMYyNY.
MyTauii 3 HabyTTam yHKUii YacTo nexaTb B OCHOBI
CVMHOPOMIB iIMyHHOI aucperynsauii abo ayTtosananbHux
CTaHiB, $Ki MOXYTb CynpoBOAXyBaTucs iMyHoaedi-
untom (Hanpuknag, myTauii B STAT1 abo PIK3CD).
Lle, sk npaBmno, 4OMiHaHTHI MyTaLlii.

HomiHaHmHo-HeeamugHul egpekm. MyTaHTHUIA Binok
He TiNbKN He BMKOHYE CBOK (PYHKLO (200 Mae 3HWDKEHY
dyHKUiI0), ane N nepeLlkoaXae HopManbHin poboTi Gin-
Ka, WO KOAYETbCSI HEYPaKEHOH KOMIE reHa (SIKWO reH
ayTocoMHui). Lle yacTo BinbyBaeTbesi, konum Ginok dyHk-
UioHye y BUMSAi MynsTUMeEpPY (KOMMEKCY 3 Kinbkox cy6-
OOWMHMWUB), | BKIMIOYEHHSI MYTaHTHOI cyboanHuLi nopyllye
YHKLiI0 BCbOro koMmnnekcy. Lie AoMiHaHTHUIA MexaHi3m.

lNopyweHHs1 ekcripecii 2eHa. MyTalii B perynaTtopHux
enemMeHTax MOoXyTb NPU3BOAMTM JO aHOMarbHO BUCOKOMO
abo Husbkoro piBHa cuHTedy MPHK, i, BignosigHo, Ginka.
Hanpuknag, myTaudii B NPOMOTOPi MOXYTb 3MEHLUUTU
3B’A3yBaHHS (PaKTOPIB TPaHCKPUMLUii Ta 3HU3UTU eKcC-
npecito reHa, iMiTytoun BTpaTy QYHKUii, ane Ha piBHi
perynsiuii, a He CTpykTypu camoro binka.

[eHeTU4YHa reTeporeHHicTb

NepBUHHUX iIMyHOoAEdILUTIB

[eHeTnyHO AeTepMiHOBaHi iMyHOOEdIUUTN MOXYTb
OyTn camocTiiHUMKM xBopoGamu abo X cuHOpoMamu
iHLUIMX FEHETUYHMX 3aXBOPIOBaHb, SIK, Hanpwuknag, aedi-
unt IgA npu cuHgpomi [ayHa abo pedbiumt 1gG2
npu cepnonogibHOKNITUHHIN aHeMmii. 3asHayeHi Kombi-
Hauii MoxyTb ByTn BunagkoBumu abo X pesynsTraToM
34enneHoro ycnagkyBaHHsi reHiB. eHeTM4Ho petepmi-
HOBaHi 3aXBOPIOBAHHA iIMyHHOI CUCTEMU MOXYTb MPOsiB-
NSATUCA BUKIOYHO CUMMNTOMaMu iMyHHOI HegoCTaTHOCTI,
SIK 3aranbHuin BapiabenbHui iMyHopediuut abo pesiki
dopmu TspkKOro kombiHoBaHoro iMyHodediuuty, abo x
MaTW MNeBHi A0Q4AaTKOBIi CUMMTOMM, Hanpuknag, MO304-

(egg or sperm) or during early embryonic development.
In such cases, the parents are typically not carriers
of the mutation in their somatic cells. For example,
mutations in the promoter can reduce the binding of
transcription factors and lower gene expression, mimi-
cking a loss of function but at the level of regulation
rather than the structure of the protein itself.

Impact of Genetic Defects
on Protein Function

Genetic alterations lead to immune system dys-
function by changing the quantity, structure, or function
of the protein encoded by the affected gene. The main
mechanisms of impact include:

Loss of function (LoF). This is the most common
mechanism. A mutation leads to a decrease in the amount
of functional protein or its complete absence. This can
result from impaired transcription, mRNA stability,
protein synthesis, misfolding, accelerated degradation,
or inability to perform its biological function (e.g., ligand
binding, catalysis, signal transduction). Most recessive
primary immunodeficiencies (PIDs) and many dominant
haploinsufficient conditions are caused by loss of function.

Gain of function (GoF). A mutation results in the
acquisition of a new, often aberrant, protein function
or hyperactivation of its normal function. This can
manifest as constitutive activation of a signaling pathway
even in the absence of stimulation. Gain-of-function
mutations often underlie syndromes of immune dysregu-
lation or autoinflammatory conditions that may be accom-
panied by immunodeficiency (e.g., mutations in STAT1
or PIK3CD). These are typically dominant mutations.

Dominant-negative effect. The mutant protein not only
fails to perform its function (or performs it suboptimally),
but also interferes with the normal function of the protein
encoded by the unaffected allele (if the gene is auto-
somal). This frequently occurs when the protein func-
tions as a multimer (a complex of several subunits), and
incorporation of a mutant subunit disrupts the function
of the entire complex. This is a dominant mechanism.

Disrupted gene expression. Mutations in regulatory
elements may lead to abnormally high or low levels of
mRNA and, consequently, protein synthesis. For example,
mutations in the promoter region may reduce transcrip-
tion factor binding and decrease gene expression,
mimicking loss of function, but at the level of regulation
rather than protein structure.

Genetic heterogeneity

of primary immunodeficiencies
Genetically determined immunodeficiencies can be
independent diseases or part of syndromes associated
with other genetic disorders, such as IgA deficiency in
Down syndrome or IgG2 deficiency in sickle cell anemia.
These combinations may be coincidental or the result
of linked inheritance of genes. Genetically determined
diseases of the immune system may manifest solely
as symptoms of immune deficiency, such as common
variable immunodeficiency or certain forms of severe
combined immunodeficiency, or may include additional
symptoms, for example, cerebellar ataxia and telangi-
ectasias in Louis—Bar syndrome (Ataxia-Telangiectasia),
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KOBY aTakcito i TeneaHriektasii npu cuHapomi Jlyi—bapp
abo remopariyHi NposiBu, 3yMoBneHi TpombouuTonarieto,
npw cuHgpomi Bickotta—Ongpuya [2].

HesBaxatoun Ha Te, wo [l 3nebinblworo BM3Ha-
YalTbCA SK MOHOFEHHI 3axBOPIOBAHHS, TFEHETUYHa
KapTuHa 4acTo YCKNagHIETLCS TakMMK SBULLLAMMU:

FeHemuyHa eemepoeeHHicmb. CXOXWUI  KNiHIYHUIA
deHoTun imyHoaediuuTy Moxe ByTu CpUYNHEHUIA MyTa-
LisMu B pisHMX reHax. Hanpuknag, TsbKkuMiA KombiHoBa-
HU imyHopediuuT (SCID) — ue He ogHe 3aXBOPHOBaHHS,
a CUMHOPOM, SIKUA MOXe OyTW BUKMMKAHUA MyTauisimMu
y pecstkax pisHux reHiB (IL2RG, ADA, RAG1, RAG2,
JAK3, DCLRE1C (Artemis) TOLIO), KOXEH 3 HKUX
npu3soauTb Ao 6rnoky po3sutky T-nimcounTiB Ha pis-
HMX eTanax i, sk Hacnigok, Npu3BoAMTbL A0 MOPYLUEHb
pi3HMX eTaniB iMyHHOI Bignosigi i noTpebye pi3Hoi Tepa-
neBTUHOI cTparterii. Lle nigkpecnioe BaxnuMBICTb LUMPO-
KOro reHeTMyHoro TecTtyBaHHs npwu giarHoctuui MIO [16]
i aKTyamnbHIiCTb MOLIYKY HOBUX TFeHiB acouiioBaHuX
3 gedektamu iMyHHOI CUCTEMU.

®eHomurnosa 2emepozeHHicmb.  Pi3Hi  myTauii
B OQHOMY i TOMY camoMy reHi abo HaBiTb ofHa i Ta cama
MyTauist y pi3HMX Oci6 Moxe npu3BOAUTM LO Pi3HOro
KniHiYHOro cpeHoTMNy, Bapilo4M 3a TAXKKICTIO, CNEKTPOM
ypaxeHb Ta BikoM MaHicecTauii. Hanpuknag, mytauii
B reHi STAT3 MoxyTb Buknukatu knacudHunm linep-IgE
CUHAPOM, a iHWi MyTauii B UbOMY X FeHi — pi3Hi dopmu
ayToiMyHiTeTy abo nopylleHHs iIMyHHOI perynsuii 6e3
TMnoBux npossiB rinep-IgE. Lle moxe ycknagHoBaTtu
KniHiYHY Knacudikauilo Ta BMMarae yBaXHOro 3icTaB-
neHHs reHoTuny Ta ceHoTmny [17].

3miHHa neHempaHmMHicmb ma  eKCrpecusHicmeb.
Oco6n1BO aKkTyanbHO A5 ayTOCOMHO-AOMiHaHTHKX M1,
He Bci HOCii naToreHHOro BapiaHTa MOXYTb MaTK KMiHiYHi
nposiBu (HEMoBHa MNEHETPaHTHICTb), a Y TUX, XTO Mae
NPoOsiBM, IXHS TSKKICTb MOXE 3HaYHO Bigpi3HATUCSA
(3mMiHHa ekcnpecuBHicTb). Lle moxe OyTM 3ymoBneHo
BMMMBOM (HWNX TEHETUYHUX pakTopie abo dakTopiB
HaBKONMLLHBLOIo cepegosuLua [17].

Ponb nonimopdiamy Ta mMoaudikyroumx reHis.
HaBiTb nNpy HasiBHOCTI «OCHOBHOI» MOHOrEHHOI MyTaLii,
KniHiYHMIA nepebir Ta TskkicTb MO MoxyTe Mogudiky-
BaTUCA BapiaHTamu (moniMopdiamamun) B iHWKUX reHax,
SIKi KOOYOTb KOMMOHEHTM iIMYHHOI cucTemn abo GepyTb
yyacTb y cynyTHix npouecax. Lli «mogudikytodi reHu»
abo nonireHHa npupoga MOXyTb BMNUBaTM Ha edpek-
TUBHICTb  KOMMEHCATOPHMX  MeXaHi3MiB, CXUIbHICTb
00 MEeBHUX TUNIB iHPEKUiA YN ayTOIMyHHUX YCKNaaHEHb.
OocnigxeHHs [18] Bkasye Ha MOXNMBMIN BHECOK HaBiTb
HEeKoOyl4uMX YacTuH reHomy (geneuii perynsitopHux
OiNsHOK reHa) y nposiB 3axBopioBaHHSA. Lle nosicHioe,
YoMy ocobu 3 opfHielo i Tiel X MyTauielo MOXyTb
MaTW Pi3HWIA NPOrHO3, KMiHiYHWMIA noniMopdiam Ta Big-
noBiAb Ha NiKyBaHHS.

Taknum YnMHOM, reHeTuka NepBUHHUX IMyHoaedIuuTiB
€ [OWHaMi4HOW ramnyssio, WO MOCTINHO PO3BMBAETLCS.
Po3yMiHHS pi3HOMaHITTSI reHeTUYHMX 3MiH, TUNiB ycnag-
KyBaHHSI Ta CKNagHUX B3aEMO3B'sI3KIB MK reHOTMNOM
Ta eHoTMnoM € dyHOaMeHTanbHUM [Ans  CydacHol
JiarHOCTMKK Ta nikyBaHHSA UUX 3axBoptoBaHb [16, 17].

Kaacudikauis nepBuHHUX iMyHoAediLUTIB

3a reHeTUYHUMU AedPEeKTaMHU

TA NOPYLUEHOIO AQHKOIO iMYHITETY

Cuctema knacudikauii nepBuMHHUX iMyHogediunTiB
(MA) noctinHo oHoBnETbCA MikHapoOHUM COHO30M

or hemorrhagic manifestations caused by thrombocyto-
pathy in Wiskott—Aldrich syndrome [2].

Although PIDs are generally classified as monogenic
disorders, the genetic picture is often complicated by
the following phenomena:

Genetic heterogeneity. A similar clinical phenotype
of immunodeficiency can be caused by mutations in
different genes. For example, severe combined immuno-
deficiency (SCID) is not a single disease but a syndrome
that can result from mutations in dozens of different
genes (IL2RG, ADA, RAG1, RAG2, JAK3, DCLRE1C
(Artemis), etc.), each leading to a block in T-cell deve-
lopment at different stages. As a result, different aspects
of the immune response are impaired, requiring distinct
therapeutic strategies. This underscores the impor-
tance of comprehensive genetic testing in the diagnosis
of PID [16] and the relevance of searching for new genes
associated with immune system defects.

Phenotypic heterogeneity. Different mutations in the
same gene — or even the same mutation in different
individuals can result in varied clinical phenotypes,
differing in severity, range of manifestations, and age
of onset. For example, mutations in the STAT3 gene can
cause the classic Hyper-IgE syndrome, while other
mutations in the same gene may lead to various forms
of autoimmunity or immune dysregulation without the
typical features of Hyper-IgE. This can complicate
clinical classification and requires careful correlation
between genotype and phenotype [17].

Variable penetrance and expressivity. This is espe-
cially relevant for autosomal dominant PIDs. Not all
carriers of a pathogenic variant will exhibit clinical
symptoms (incomplete penetrance), and among those
who do, the severity of symptoms can vary greatly
(variable expressivity). This may be influenced by other
genetic factors or environmental conditions [17].

The role of polymorphism and modifier genes.
Even in the presence of a «primary» monogenic muta-
tion, the clinical course and severity of PID can be
modified by variants (polymorphisms) in other genes
that encode immune system components or are involved
in related processes. These «modifier genes» or poly-
genic influences can affect the efficacy of compensatory
mechanisms, susceptibility to certain types of infections,
or autoimmune complications. Study [18] suggests
a possible contribution of even non-coding genomic
regions (such as deletions in gene regulatory elements)
to disease manifestation. This helps explain why indivi-
duals with the same mutation may have different prog-
noses, clinical variability, and responses to treatment.

Thus, the genetics of primary immunodeficiencies
is a dynamic and constantly evolving field. Understanding
the diversity of genetic alterations, inheritance patterns,
and complex interactions between genotype and
phenotype is fundamental for modern diagnosis and
treatment of these disorders [16, 17].

Classification of Primary Immunodeficiencies

by Genetic Defects

and Affected Immune Pathways
The classification system for primary immuno-
deficiencies (PIDs) is continually updated by the Interna-
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imyHonoriyHnx ToBapuctB (lUIS) ana BigoGpaxeHHs
3pOCTaoMOi KiNbKOCTI i4eHTURIKOBAHMX FEHETUYHUX Oe-
eKTiB Ta Kpalloro po3yMiHHSI nMaToreHesy LUMX 3axBo-
ptoBaHb. Cy4yacHa knacudikauia rpynye Ml Ha ocHoBi
OCHOBHOI MaHKM iMYyHHOI CUCTEMMW, LLO € YpaXeHolo,
xoda 6Garato ¢opM MalTb nepexpecHi aedekTu.
PosymiHHSA uiel knacudikauii Ta reHeTUYHMX OCHOB
Yy MexXax KOXHOI Tpynu € >XUTTEBO BaXNWMBMM NS
[iarHOCTUKN Ta MeHEeOXXMEHTY NauieHTiB.

3rigHo 3 oHoBMeHow knacudikauiero MixHapogHoro
cotosy imyHonoriyHmx TtoBapuctB (MCIT International
Union of Immunological Societies, IUIS) Big 2019 poky
nepBUHHI iMyHoaediLunTK / BpOOXKEHI MOMUIIKN IMYHITETY
ainatecsa Ha 10 rpyn:

1. KombiHoBaHi imyHoaediuutn abo ImyHoaediuunTty,
LLO BNAMBaOTb Ha KNITUHHWIA Ta rymMmoparbHUI iIMyHITET.

2. KombiHoBaHi iMyHogediuuTt 3 nos’sisaHnmu abo
CYHOPOMHUMY O3HaKaMuU.

3. MepeBaxHuin gediunt aHTMTIn abo MIO 3 nepe-
BaXXHUM MOPYLLUEHHAM CUHTE3Y aHTUTIMN.

4. 3axBoptoBaHHs BHAcnigok iMyHHOI ausperynsuii.

5. BpomxeHi gedekTn KinbKocTi Ta pyHKUii dparounTis
abo gedbekTn daroumTis.

6. edekTn BpOAXKEHOrO iMYHITETY.

7. MNopyLUEHHSI CUCTEMU KOMMNSIEMEHTY.

8. AyTo3ananbHi 3aXBOPHOBaHHS.

9. ®eHokonii NI (3axBoproBaHHSA, KMIHIYHO CXiaHi
3 MNid, ane He cnaakosi).

10. CuHApoMM HegoCcTaTHOCTI KicTkoBOro Mo3ky (Kna-
cudpikauis MixHapogHoro Coto3y iMyHOMNOri4YHUX TOBa-
pucte (MCIT) 2019) [15].

FeHeTU4Hi acnekTH

KomGiHOBAHUX iMyHOoAediLUTIB

KombiHoBaHi iMyHoaediuntn (ypaxeHHs T- ta B-kni-
TWH) — rpyna BKIOYa€e po3nagu, siki XapaKkTepuaylTbes
3Ha4YHUM MOPYLUEHHSM SIK KMiTUHHOrO (onocepeakoBa-
Horo T-nimcdboumTamu), Tak i rymopanbHOro (onocepea-
KoBaHoro B-nimdounTamu Ta aHTUTINAMKU) IMYHITETY.
Lli gedbekt yacTto BMHMKAKOTb BHACNIOOK MOPYLUEHb
po3BuTKY abo dyHKUiT T-nimdoumnTiB, ockinbkm T-xennepu
KPUTUYHO BaXnNuBi Ansa aktueauii B-kniTmH Ta npogykuii
eEeKTUBHMX aHTUTIN. CnekTp TSHKKOCTI y Ui rpyni
LUMPOKNUA — Bi HaWTsKYMX HOPM, LWO 3arpoxyloTb
XWUTTIO Y paHHbOMY Bili, 0O GiNbll MOMIPHMX CTaHiIB,
LLIO NPOSIBNATLCS Ni3HiLLe.

TAXKKMA KOMGIHOBOHUM iMyHoAediLUT

(Severe Combined Immunodeficiency - SCID)

SCID € HanTtspkvoto dpopmoto NI i xapakTepusyeTtbest
Mamxe MOBHOI BiACYTHICTIO (pyHKUiOHanNbHUX T-nimdo-
LUTIB, LLIO NPM3BOAWTbL A0 MMUBOKOro AedilnTy KNiTMHHOIO
imyHiTeTy. Oedektn B-knitnH Tta/abo NK-kniTMH Takox
YacTo NPUCYTHI, 3anexHOo Big cneundiyHoOro reHeTUYHOro
nedekty. bes cBoedacHOro nikyBaHHSA (sIK MpaBuro,
TpaHcnnaHTauii reMonoeTUYHNX CTOBOYPOBMX KMIiTUH),
SCID € netanbHUM y NepLUi POKU XUTTS.

KntouoBi KkniHivHi nposBu: MaHicecTyoTb y nepuui
Kinbka MICSILIB XWTTS 3 pPeuMauBHUMMU, TSHKKMMU, YacTo
ONOPTYHICTUYHUMW  iHEPeKLiAMN  (CIPUYMHEHUMU  TPU-
6amu, Bipycamu, cneumdiyHnmm b6aktepismu, Hanpuknag,
Pneumocystis jirovecii). XapaktepHi 3atpumka i3ny-
Horo po3BuTky («failure to thrive»), xpoHiyHa piapes,
KaHAnao3 crinm3oBmx 060MoHok. Lie Knacu4Hmnii «CMHApPoMm
OUTUHM B Oynbbaliui» — notpebGa y NOBHOMY 3axMCTi
BiZ 30BHILLIHBOro cepegosuLua [2].

tional Union of Immunological Societies (IUIS) to reflect
the growing number of identified genetic defects and
a better understanding of the pathogenesis of these
disorders. The current classification groups PIDs based
on the primary component of the immune system that
is affected, although many forms involve overlapping
defects. Understanding this classification and the genetic
basis within each group is crucial for the diagnosis
and management of patients.

According to the updated classification of the Inter-
national Union of Immunological Societies (IUIS) from
2019, primary immunodeficiencies / inborn errors of
immunity are divided into 10 groups:

1. Combined immunodeficiencies or Immunodefi-
ciencies affecting both cellular and humoral immunity.

2. Combined immunodeficiencies with associated or
syndromic features.

3. Predominantly antibody deficiencies or PIDs with
predominantly impaired antibody production.

4. Diseases of immune dysregulation.

5. Congenital defects of phagocyte number or function
or phagocyte defects.

6. Defects of innate immunity.

7. Complement deficiencies.

8. Autoinflammatory disorders.

9. Phenocopies of PID (conditions clinically resemb-
ling PID but not inherited).

10. Bone marrow failure syndromes (Classification
of the International Union of Immunological Societies
(IUIS), 2019) [15].

Genetic Aspects

of Combined Immunodeficiencies
Combined immunodeficiencies (affecting T and B cells)—
this group includes disorders characterized by signifi-
cant impairment of both cellular immunity (mediated by
T lymphocytes) and humoral immunity (mediated by
B lymphocytes and antibodies). These defects often
arise from abnormalities in the development or function
of T lymphocytes, as T-helper cells are critically important
for B-cell activation and the production of effective
antibodies. The severity spectrum within this group
is broad — ranging from the most severe, life-threatening
forms in early childhood to milder conditions that mani-

fest later in life.

Severe Combined Immunodeficiency
(SCID)

SCID is the most severe form of PID and is charac-
terized by an almost complete absence of functional
T lymphocytes, leading to profound cellular immune
deficiency. B-cell and/or NK-cell defects are also often
present, depending on the specific genetic defect.
Without timely treatment (usually hematopoietic stem
cell transplantation), SCID is fatal within the first few
years of life.

Key clinical manifestations. SCID typically presents
within the first few months of life with recurrent, severe,
and often opportunistic infections (caused by fungi,
viruses, and specific bacteria such as Pneumocystis

jirovecii). Other hallmark features include failure to
thrive, chronic diarrhea, and mucosal candidiasis. This is
the classic «bubble boy syndrome» — requiring complete
protection from the external environment [2].
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OcHoBHi reHeTu4Hi niaTunu SCID

X-34ennernuti SCID (SCID-X1). Hanvacriwa cdopma
TKIO, Ha vacTky sikmx npunagae npubnusHo 45% ycix
BUNagkiB, 3ymMoBreHa MyTauieto reHa IL2RG, skuii
Kogye cninbHWi ramma-naHutor (yc) peuentopis ans 6a-
ratbox umtokiHie (IL-2, IL-4, IL-7, IL-9, IL-15, IL-21)
B X-xpomocomi. [lpogykT reHa — Ue KOMMOHEHT
(abo naHutor), skMn € B peuenTopi hakTopa pocTy
T-kniTWH, a TakoX B peLenTopax iHWWX dakTopiB PocCTy.
Mo3HavaeTbcA Sk yc, abo 3aranbHU raMma-raHLor.
MyTauii uboro reHa nNpPu3BoAsTbL A0 AYXEe HU3bKOI Kifb-
kocTi T-nimcpoumntie Ta NK-nimcoumTiB Npn BENUKIN Kinb-
kocTi B-nimcpouuTis (Tak 3BaHun T-, B+, NK- dpeHoTun).
Tun ycnaOkysaHHsi: X-34emnneHe peLecuBHe. Ypaxye
nepeBaXkHO XMONYuKiB. MexaHiam po3sumky Oeghekmy:
myTauii B IL2RG nopywyoTb nepegadvy curHanis
Bi4 peuenTopiB, WO KPUTUYHO BaXNMBO AN PO3BUTKY
Ta BWXMBaHHS NiMdoigHMX KniTuH, ocobnmeo T- i NK-
KNiTWH. IMyHogheHomur: knacu4yHo T- B+ NK- (BiacyTHicTb
T- i NK-kniTuH, ane HasBHICTb B-kniTWH, ki, npote,
HedyHKLioHanbHi Yepes BiacyTHiCTb T-xennepis) [19, 20].

AymocomHo-peuyecusHuti SCID. CnpuunHeHuin
MyTaLisiMU1 Y Pi3HUX reHax, po3TalloBaHMX Ha ayTOCOMaX.
IcHye GaraTo reHeTu4HMx PopM, SIKi Pi3HATLCA 3a ypa-
XXEHUM reHOM Ta iMyHOEHOTUMOM.

ADA deghiyum (Adenosine deaminase deficiency).
len: ADA. YcnadkysaHHsi: AyTOCOMHO-peLiECUBHE.
Mexanizm: ®epmeHT ADA 6Gepe ydacTb y metabonismi
NypvHIB. Moro nediunt nNpu3BoaMTb 40 HAKOMUYEHHS
TOKCMYHUX MeTaboniTiB, ocobnuBo [e30KcuageHO3VHY
Ta dATP, sKki € BKpah TOKCUYHMMW Ans NiMcouuTiB,
BMKINMKaroun ix anonto3. Hepgoctathicte AJA € gpyroto
3a yactototo npuymHoto TKIM, Ha yacTky sikux npunagae
15% Bunagkis. HoBoHapomxeHi 3 uum Bugom TKIO
MalTb HaMHWXYY KiNbKiCTb BCIX niMcouuTiB, a Takox
ayxe Hu3bky Kinbkictb T, B, i NK-nimcpoumtis. Moxe
CYNPOBOKYBaTUCS YPAXKEHHAM iHLUMX OpraHiB (HeBposo-
riYHi NOpyLUEHHs, ypaxeHHs kicTok). Lia copma TKI[
YyCMagKoOBYETbLCS SIK  ayTOCOMHO-PELIECMBHA  O3HaKa.
BoHa 3ycTpiyaeTbca 9K y XMon4yumKiB, Tak i y Aisyar.

JAK3 degpiyuum. OaunH 3 Bugie TKIO Buknunkaetbcs
MyTauiaMun reHa 19-i xpomocomu, WO Koaye hepMeHT
nimcpouuTiB AHyc-kiHazy 3 (Jak3). Lle bepmeHT Heob-
xigHun ona pobotu yc, wo onucaHui Buwle. eH: JAK3
(Janus kinase 3). YcnadkysaHHs: AyTOCOMHO-peLIECMBHE.
Mexanism: JAK3 € KiHa301o, Lo acouiloeTbCcsl 3 ramma-
naHutorom (yc). MyTauii nopylyioTe nepegadvy curHany
BiJ TWUX e LUTOKIHOBUX peLenTopis, WO i Npyu MyTaLisax
B IL2RG, no cyTi imitytoum SCID-X1. IMyHogheHomur:
T- B+ NK- (ak npu SCID-X1).

Hegpekmu V(D)J pekomb6iHayii. MopylieHHa npo-
uecy, HeobxigHoro pansi opmyBaHHS pPiZHOMAaHITHUX
peuenTtopiB Ha T- i B-knitnHax (TCR T1a BCR). Hepoc-
TaTHicTb Jak3 € npuynHoto He meHwe 10% Bunagkis TKIM.

Hdecgpexkmu CD3 komnnekcie. Popmu TKI[, BUKNUKaHI
MyTauisiMU TeHiB, WO KOOytTb TpU OKpemux BinkoBumx
naHutorn, cknagosi CD3- iHWKWIA KOMMNOHEHT peLenTop-
Horo komnnekca T-kniTuH. Taki MyTauil reHis, WO BUKIU-
katoTb TKI[, npm3BogaTb 0O HEeOOCTaTHOCTI NaHUoriB
CD3. leHu: CD3D, CD3E, CD3G, CD3z (CD247) —
koMmnoHeHTM CD3 komnnekcy, wo acouitoetbest 3 TCR.
YcnadkysaHHs: AyTocomHo-peuecuBHe. MexaHism: [e-
dekT nopyuwyoTe 36ipky abo ekcnpecito TCR-CD3
KOMMMEKCY Ha MNOBepXHi T-KMiTWUH, WO € KPUTUYHUM
AN iX po3BUTKY B TUMYCI. IMyHodeHoTun: T- B+ NK+.

Main Genetic Subtypes of SCID

X-linked SCID (SCID-X1). The most common form
of SCID, accounting for approximately 45% of all cases,
is caused by a mutation in the IL2RG gene, which
encodes the common gamma chain (yc) of receptors
for several cytokines (IL-2, IL-4, IL-7, IL-9, IL-15, IL-21)
located on the X chromosome. The gene product is
a component (or chain) present in the T-cell growth factor
receptor as well as in the receptors of other growth
factors. It is referred to as yc or the common gamma
chain. Mutations in this gene lead to a very low number
of T and NK lymphocytes, with a high number of B lym-
phocytes (the so-called T- B+ NK- phenotype). Inheri-
tance pattern: X-linked recessive. Primarily affects boys.
Pathogenic mechanism: mutations in IL2RG disrupt
signaling from receptors that are critically important
for the development and survival of lymphoid cells,
especially T and NK cells. Immunophenotype: classic
T- B+ NK- (absence of T and NK cells, but presence
of B cells, which are non-functional due to the lack
of T-helper cells) [19, 20].

Autosomal recessive SCID. Caused by mutations
in various genes located on autosomes. There are many
genetic forms that differ depending on the gene affected
and the resulting immunophenotype.

ADA deficiency (Adenosine deaminase deficiency).
Gene: ADA. Inheritance: Autosomal recessive.
Mechanism: The ADA enzyme is involved in purine
metabolism. Its deficiency leads to the accumulation
of toxic metabolites, particularly deoxyadenosine
and dATP, which are extremely toxic to lymphocytes,
causing their apoptosis. ADA deficiency is the second
most common cause of SCID, accounting for about 15%
of cases. Newborns with this form of SCID have the
lowest total lymphocyte count, as well as very low
levels of T, B, and NK lymphocytes. Other organs may
also be affected (neurological disorders, bone abnor-
malities). This form of SCID is inherited as an autosomal
recessive trait and occurs in both boys and girls.

JAK3 deficiency. A type of SCID caused by muta-
tions in a gene on chromosome 19 that encodes the Janus
kinase 3 (Jak3) enzyme in lymphocytes. This enzyme is
necessary for the function of yc described above. Gene:
JAKS3 (Janus kinase 3). Inheritance: Autosomal recessive.
Mechanism: JAK3 is a kinase associated with the
common gamma chain (yc). Mutations disrupt signal
transduction from the same cytokine receptors as in
IL2RG mutations, essentially mimicking SCID-X1.
Immunophenotype: T— B+ NK- (same as SCID-X1).

V(D)J recombination defects. These are disruptions
in the process required to form diverse receptors on T and
B cells (TCR and BCR). JAK3 deficiency accounts for a
t least 10% of SCID cases.

CD3 Complex Defects. These forms of SCID are
caused by mutations in genes encoding the three distinct
protein chains that make up CD3 — another component
of the T-cell receptor complex. Such gene mutations
leading to SCID result in CD3 chain deficiency. Genes:
CD3D, CD3E, CD3G, CD3Z (CD247) — components of
the CD3 complex associated with the TCR. Inheritance:
Autosomal recessive. Mechanism: Defects impair the
assembly or expression of the TCR-CD3 complex on
the surface of T cells, which is critical for their deve-
lopment in the thymus. Immunophenotype: T— B+ NK+.
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Adecpiyum CD45. Tun TKI[, 3ymoBneHu mytauigmu
reHa, wo kogye CD45- 6inok, po3MileHnin Ha NoBEPXHi
ycix Oinux KniTUH KpoBi Ta HeoOXigHWA Ans yHKUiT
T-knitvH. Fen: PTPRC (protein tyrosine phosphatase,
receptor type C), kogye CD45. YcnadkyeaHHsi: AyTo-
COMHO-peuecuBHe. MexaHiam: CD45 € Baxnueow TUpO-
3nHdocdaTaso, KPUTUYHOKW ANs curHanisauii nig 4ac
po3BMTKY Ta aktusauil nimdgoumTie. [dediunt OGnokye
po3BuTOK T- i B-kniTUH Ha paHHix cTagisx. ImyHogheHomurt:
3asBuyait T- B- NK+ abo T- B+ NK+.

Hedocmammhnicmb anbgha-naHyroza peuenmopa
1-17. Ue dopma SCID, 3ymoBneHa MyTauismu
reHa 5-i xpoMmocomu, fKka KoOAye IHWWA KOMMOHEHT
peuentopa dakTopa pocTy — anbca-naHulr peuen-
Topa iHTepnenkiHa-7 (IL-7Ra). MNig 4ac nigpaxyHky T-,B-
Ta NK-KniTUH 3’AcoBYyeTbCA, WO Y AiTel NepLioro poky
»unTTe 3 umm Bugom SCID, € B- ta NK-kniTUHK, ane Hemae
T-kniTvH. lNpoTe B-kniTMHM He npautolTb 3a BiACYT-
HocTi T-kniTnH. HepocTtaTHicTb IL-7Ra € TpeTboto 3a vac-
ToTtoto npuunHoto SCID, Ha yacTky sikmx npunagae 11%
Bunagkis. Lia dopma ycnagkoByeTbCs SK ayTOCOMHO —
peLiecuBHa 03Haka. BoHa 3ycTpivaeTbcsl SK y XMOMNYUKiB,
Tak i y gigyar.

ICHYIOTb TakOX iHLWI, PiAKICHI TFEeHEeTUYHI NPUYUHK
SCID, noB’sizaHi 3 gedekramu iHWKNX CUrHanbHUX More-
Kyn abo npouecis, BaXnUBMX ANst PO3BUTKY NiMcouunTiB.
We yotmpm Tunu SCID, MOnNeKkynspHi MApUYMHU  SIKKX
HeBiAOMi, 3yMOBMEHi MyTauisiMM TFeHiB, LO KOAYTb
6inkn, HeoOXigHi Ans pO3BUTKY iIMYHHUX pO3ni3HaBato-
umx peuenTopiB Ha T- i B-nimcoumTtax. [lo HUX HanexaTb:
HeOoCTaTHICTb  aKkTUBYHOUMX pekombiHasy reHiB 1 i 2
(RAG1 and RAG2) (iHoai uew ctaH HasuBalTb CUHAPO-
mom OMMeHa), HepocTaTHiCTb reHa Artemis, Hepgoc-
TaTHICTb nirasu-4. Y giten paHHbLOro BiKY 3 UUMMW BUNaga-
kamu SCID, Hemae T- i B-nimdouuTie, T06T0 € heHoTUN
T-B-NK+. Bci ui HegocTaTHOCTI yCnaaKOBYKOTbCHA K
ayTOCOMHO-PELIECUBHI O3HAKM.

MeHw msixki kom6iHo8aHi iMyHHi HeAocmamHocmi.
IcHye iHWa rpyna nopyweHb TreHETUYHOI CcUcTemu,
Wo npu3BoaATb A0 KOMGIHOBAHOrO iMyHOOEdIUUTY,
sika 3a TSKKICTIO 3a3BM4Yal He Moxe ByTu kBanicikoBaHa
AK TSHKKUA KOMBiHOBaHUI imyHoaediumnt. Cnncok aeskmx
3 LMX NOpYLUEHb HABEOEHWUI HMKYE, XOo4a MOXYTb OyTu
i iHWi cuHapomu, siki MOXyTb OyTwu KBanicpikoBaHi sk
nposien komGiHOBaHOi iMyHHOI HepocTaTtHocTi  (KIH),
ane He BHeCeHi y Lien cnucok. [Jo KinbKOCTi TakMx nopy-
LWEeHb HanexmnTb CUHAPOM ronux nimdouunTie (HegocTart-
Hictb MHC knacy Il), HegocTaTHICTb MypUHHYKNeo3na-
¢ocopunasn (MHD), HepgoctaTHicTb ZAP70, Hepoc-

TaTHicTe CD25, rinonnasia XxpsiwiB Ta Bonoccs,
HegocTaTHicTb MHC knacy | [19, 20].
Kom6iHoeaHi imyHodegiyumu (CID) - meHw

msikki 3a SCID. Lla «kaTeropis BKNOYa€e reHETUYHI
gedbexTn, AKi TaKoX ypaxalwTb sK T-, Tak i B-kniTWHHI
dyHKUiT, ane He nNpu3BOASATb A0 HACTINbKX rMMOOKOro
pedpiunty, gk SCID. Yacto npucyTHA Oeska KinbkicTb
T-nimcpounTiB, xo4a iXHS pyHKUiS abo KinbKiCTb MoXe
OyTW 3HWXKEHOW, a B-kniTMHM MOXyTb OyTU NpPUCYTHI,
ane He 34aTHi BUPOONSATW [OCTaTHIO KinbKiCTb (OYHK-
LioHanbHUX aHTMTIN. KniHiyHi nposiBn 6inbw  Bapia-
GenbHi, MOXYyTb NPOSBNATUCS Mi3Hile, BKMHOYaATU
ayToiMyHHI, niMmdonponidepaTnBHi CTaHW Ha [0AaToOK
00 iHEKLIMHOT CXUINBHOCTI.

CD45 Deficiency. A form of SCID caused by muta-
tions in the gene encoding CD45 — a protein found on
the surface of all white blood cells and necessary for
T-cell function. Gene: PTPRC (protein tyrosine phos-
phatase, receptor type C), encodes CDA45. Inheritance:
Autosomal recessive. Mechanism: CD45 is an important
tyrosine phosphatase, critical for signaling during lym-
phocyte development and activation. Its deficiency blocks
T- and B-cell development at early stages. Immuno-
phenotype: Usually T- B— NK+ or T- B+ NK+.

IL-7 Receptor Alpha Chain Deficiency. This form
of SCID is caused by mutations in a gene on chromo-
some 5 encoding a different component of a growth
factor receptor — the alpha chain of the interleukin-7
receptor (IL-7Ra). When counting T, B, and NK cells,
it is found that in infants with this type of SCID, B and
NK cells are present, but T cells are absent. However,
B cells do not function in the absence of T cells.
IL-7Ra deficiency is the third most common cause
of SCID, accounting for 11% of cases. Inheritance:
Autosomal recessive. Occurs in both boys and girls.

There are also other rare genetic causes of SCID
associated with defects in other signaling molecules
or processes essential for lymphocyte development.
Four additional types of SCID, whose molecular causes
are unknown, are due to mutations in genes that
encode proteins required for the development of immune
recognition receptors on T and B lymphocytes. These
include: Recombinase activating gene 1 and 2 (RAG1
and RAG2) deficiencies (sometimes referred to as
Omenn syndrome). Artemis deficiency. Ligase IV defi-
ciency. In young children with these forms of SCID,
there is an absence of both T and B lymphocytes,
resulting in a T- B— NK+ phenotype. All of these defici-
encies are inherited in an autosomal recessive manner.

Less Severe Combined Immunodeficiencies.
There is another group of genetic disorders leading to
combined immunodeficiency that, in terms of severity,
generally does not qualify as severe combined immu-
nodeficiency (SCID). A list of some of these disorders
is provided below, although other syndromes may also
be classified as manifestations of combined immuno-
deficiency (CID) but are not included in this list. These
conditions include: Bare Iymphocyte syndrome
(MHC class Il deficiency). Purine nucleoside phospho-
rylase (PNP) deficiency. ZAP70 deficiency. CD25 defi-
ciency. Cartilage-hair hypoplasia. MHC class | defi-
ciency [19, 20].

Combined Immunodeficiencies (CID) - Less
Severe than SCID. This category includes genetic
defects that also impair both T- and B-cell functions
but do not result in such profound deficiency as SCID.
There is often a certain number of T lymphocytes
present, although their function or count may be reduced,
and B cells may be present but unable to produce
sufficient amounts of functional antibodies. Clinical
manifestations are more variable, may appear later, and
may include autoimmune and lymphoproliferative condi-
tions in addition to increased susceptibility to infections.
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OCHOBHi reHeTU4Hi bopmu CID

(npukaaam)

Hegpiyum CD40L (X-z4enneHu rinep-IgM cuHa-
pom, HIGM1). len: TNFSF5, kogye CD40L (CD154).
YcnadkysaHHs:: X-34enneHe peuecuBHe. MexaHi3m:
CD40L Ha aktuBoBaHWX T-kniTuHax B3aemopie 3 CD40
Ha B-kniTuHax Ta iHwux APC. Lia B3aemogist KpUTUYHO
Baxknuea ansa T-3anexHoi aktmeauii B-knitwH, nepe-
MUWKaHHSA knaciB aHTuTin (class switch recombination)
Ta ¢opmyBaHHA LeHTpiB repmiHauii. Oedekt CD40L
npu3BoAMTL OO0 He3faTHoOCTi B-kniTuH nepeknioyatucs
3 cuHTe3y IgM Ha iHwi knacu antuTin (IgG, IgA, IgE)
Ta 0O nopylweHHs aiHHOro A03piBaHHA aHTUTIN. Takox
nopyLlyeTbcst B3aemogia T-knituH 3  makpodparamu/
OEeHOPUTHUMMK  KniTuHamn.  KniHiyHi  nposieu: Bucokui
piBeHb IgM y cupoBaTui KpoBi Npu HWU3bkUX piBHAX 1gG,
IgA, IgE. MigBuweHa cxunbHicTe Jo GakTepianbHUX iH-
dekuin (ocobnueo nioreHHMMU BakTepisMM), a TaKoX
OMOPTYHICTMYHMX  iHdekuin  (Pneumocystis jirovecii)
Ta YypaxeHb MNEYIHKWAKOBYHMX LWNAXiB  (Hanpuknag,
KpunTtocnopwuaios) [21].

Hegpiyum ICOS. l'eH: ICOS (Inducible T-cell COStimu-
lator). YcnadkysaHHsi: AyTocoMHO-peLiecuBHe. MexaHi3m:
ICOS € KO-CTUMYNSTOPHUM peLenTopoM Ha T-KniTuHax,
BaXXNMBUM ANg gndepeHuiauii dponikynsapHux T-xennepis
(Tfh) Ta nigTpMMKK iXHBOI PYHKLiT Y LLeHTpax repMiHauii.
Oediunt nopyye Tfh-3anexHy akTueaLiio Ta 4O3piBaHHA
B-knitvH. KniHiyHi nposisu: KombGiHOBaHui imyHoaediumnTt
3 nepeBaXHUM AedeKTOM NPOAYKUii aHTUTIM, HU3LKUMMU
piBHsmMu IgG, IgA, a Takox MOXe CynpoBOXyBaTUCH
nimdponponidepadieto Ta ayToiMyHHUMK NposiBamu [22].

Hegpiuvum ZAP70. leHn: ZAP70 (Zeta-chain-asso-
ciated protein kinase 70). YcnadkysaHHs: AyTOCOMHO-
peuecuBHe. MexaHiam: ZAP70 € KnNO4OBOK TUPO3MH-
KiHa3ol, Wo iHiuitoe curHanisauito Big TCR. MyTtauii
B ZAP70 GnokytoTb abo 3Ha4yHO NopyLlyloTb nepepaqvy
curHany yepe3 TCR, wWo npu3BoanTb [0 MOPYLUEHHS
poO3BUTKY T-KMITUH. IMyHOGbeHOmun: XapakTepHUn geHo-
TN T-KNiTUH: HU3bKa Kinbkictb CD4+ T-kniTWH, ToAi AK
CD8+ T-kniTHM MOXyTb OyTW MPUCYTHi Yy HOpMarbHin
abo HaBiTb NiABMLLEHIN KiNbKOCTI, ane BOHW € HedyHK-
LioHaNbHUMKU  4Yepe3  3amnexHiCTb IXHbOro  PO3BUTKY
Big curHanizauii yepes CD4+ T-knituHu. lNpusBoanTb
00 TSHKKOro Aediunty KMiTMHHOMO iIMYHITETY Ta BTOPUWH-
Horo gedekTy rymopanbHoro iMmyHiTeTy [23].

Hegpiuum CORO1A. len: CORO1A (Coronin 1A).
YcnadkysaHHs: ~ AyTocOoMHO-peuecuBHe.  MexaHi3m:
Coronin 1A € 6inkom, WO 3anyyYeHWii [0 AUHaMIKu
aKTMHOBOIO LUWUTOCKENeTa Ta BaXMBUMA [ONS  BWKU-
BaHHA T-nimcouuTie Ta iX Buxody 3 Tumyca. Oedpiunt
Npu3BOAUTbL A0 3HAYHOIO 3MEHLUEHHS KifbKOCTi T-KNiTUH.
KniHidHi nposieu: TsKKMI KOMOIHOBaHWMIA iMyHoaediuuT,
4acTOo acoLiioBaHUIN 3 HEBPOMOriYHMMN aHOManiamu [24].

CuHOpomu imyHHOi dAucpeaynsauii 3 CID. [eski
reHeTu4Hi gedekTn npu3BoasTb [0 MOPYLUEHHS pery-
nAauii iMyHHOT BignoBidi, Wo MoXxe NposBNATUCS SK ayTo-
iIMyHHUMU Ta niMmdonponidpepatuBHMMM CTaHaMu, Tak
i cynyTHiM iMmyHoAediLNTOM.

LRBA deghiyum (nediuut LPS-responsive beige-like
anchor protein). l'eH: LRBA. YcnadkysaHHsi: AyTOCOMHO-
peuecmBHe. MexaHism: LRBA BaxnumBum pns TpaHc-
nopTy Ta cTabinbHOCTI iHribiTopHoro peuentopa CTLA4,
ocobnmBo B perynsatopHux T-knituHax (Tregs). Oediunt
CTLA4 Ha noBepxHi KMiTUH NpY3BOAWTbL [0 MOPYLUEHHS
cynpecuBHOi yHKUii Tregs Ta rinepaktuBauii edek-

Main Genetic Forms of CID

(Examples)
CD40L Deficiency (X-linked Hyper-IgM Syndrome,
HIGM1). Gene: TNFSF5, encodes CD40L (CD154).
Inheritance: X-linked recessive. Mechanism: CD40L
on activated T cells interacts with CD40 on B cells and
other antigen-presenting cells (APCs). This interaction
is critically important for T cell-dependent B cell acti-
vation, class switch recombination, and germinal center
formation. A CD40L defect leads to the inability of B cells
to switch from producing IgM to other antibody classes
(IgG, IgA, IgE) and impairs affinity maturation of anti-
bodies. It also disrupts T cell interactions with macro-
phages and dendritic cells. Clinical manifestations:
Elevated serum IgM levels with low levels of IgG, IgA,
and IgE. Increased susceptibility to bacterial infections
(especially with pyogenic bacteria), opportunistic
infections (e.g., Pneumocystis jirovecii), and hepatobiliary

involvement (e.g., cryptosporidiosis). [21].

ICOS Deficiency. Gene: ICOS (Inducible T-cell
COsStimulator). Inheritance: Autosomal recessive. Mecha-
nism: ICOS is a co-stimulatory receptor on T cells, impor-
tant for differentiation and function of follicular helper
T cells (Tfh) in germinal centers. Deficiency disrupts
Tfh-dependent activation and maturation of B cells.
Clinical manifestations: Combined immunodeficiency
with a predominant defect in antibody production, low
levels of IgG and IgA, and may also be accompanied by
lymphoproliferation and autoimmune manifestations. [22].

ZAP70 Deficiency. Gene: ZAP70 (Zeta-chain-
associated protein kinase 70). Inheritance: Autosomal
recessive. Mechanism: ZAP70 is a key tyrosine kinase
that initiates signaling from the T-cell receptor (TCR).
Mutations in ZAP70 block or severely impair signal
transduction through the TCR, leading to impaired T-cell
development. Immunophenotype: Characteristic T-cell
phenotype: low number of CD4+ T cells, while CD8+ T cells
may be present in normal or even elevated numbers,
but are non-functional due to their development depen-
ding on signaling through CD4+ T cells. Leads to severe
cellular immunodeficiency and secondary humoral
immune defects. [23].

CORO1A Deficiency. Gene: CORO1A (Coronin 1A).
Inheritance: Autosomal recessive. Mechanism: Coronin 1A
is a protein involved in actin cytoskeleton dynamics
and is essential for T-cell survival and their egress
from the thymus. Deficiency leads to a significant
reduction in the number of T cells. Clinical manifestations:
Severe combined immunodeficiency often associated
with neurological abnormalities. [24].

Immunodysregulation Syndromes with CID. Some
genetic defects lead to impaired regulation of immune
responses, manifesting as autoimmune and lympho-
proliferative conditions along with associated immuno-
deficiency.

LRBA Deficiency (LPS-responsive beige-like anchor
protein deficiency). Gene: LRBA. Inheritance: Autosomal
recessive. Mechanism: LRBA is important for the trans-
port and stability of the inhibitory receptor CTLA4,
particularly in regulatory T cells (Tregs). CTLA4 defi-
ciency on the cell surface leads to impaired suppressive
function of Tregs and hyperactivation of effector T cells.
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TOpHUX T-KNiTWH. KniHiyHi nposieu: CuHOpoMm, Lo Hara-
Aye ayToiMyHHY nonieHaoKpUHoNaTito-KaHaNA03-eKToaep-
maneHy auctpodito (APECED), ane 3 ayToCOMHO-
peLecuBHUM ycnafkyBaHHSAM. XapakTepusyeTbCsl Tshk-
KMMW ayTOIMyHHUMU NposiBaMU (€HTeponarisi, LUTONeHii,
eHoKkpuHonarii), nimdonponidepadieto Ta Bapiabenb-
HUM gedbiuntom anTuTIn/CID [25].

CTLA4 2annoHedocmamHicms. [eH: CTLA4. Ycnao-
KyeaHHsi: AyTOCOMHO-AOMiHaHTHe. MexaHiam: HasBHIiCTb
nuwe opHiei  dyHkuioHanbHOi konii reHa CTLA4
€ HeocTaTHLO AN 3a6e3neveHHs HopMarbHOT iIMYHHOT
perynsauii. Ak i npn gediuuti LRBA, ue npussoautb
00 nopyleHHs dyHKuii Tregs Ta rinepakTueadii iMyHHOI
cuctemun. KniniyHi nposieu: Cxoxun Ha LRBA-gediumt
CYHOPOM 3 TSKKOI ayToiMYHHICTIO, niMmdonponidepa-
uieto Ta BapiabensHum CID [26].

Mymauii 3 Habymmsam ¢pyHkuii e STAT1. [eH:
STAT1. YcnadkyeaHHs: AyTOCOMHO-AOMiHaHTHe. Mexa-
Hiam: MyTauii npu3sogsaTb [0 rinepaktusadii STAT1,
akTopa TPaHCKPUMNLIi, SKUA € KNIOYOBMM Y curHanisadii
GaraTbOX LMTOKiIHIB, 0cOoGNMBO iHTepdepoHiB. Xouya
iHTepdepoHn BaxnuUBi ANS NPOTUBIPYCHOMO 3aXMCTY,
rinepaktuBauia STAT1 mMoxe nopywyBaTh pPO3BUTOK
nimounTiB Ta BUKNMKATM ayToiMYHHY AUCperynsuito.
KniHivHi nposieu: LLUMpoknin cnekTp NposiBiB, BKOYa4mn
CXUIbHICTb 10 XPOHIYHMX rpUBKOBUX iHGEKLN (0cobnmBo
Candida), BipycHuX iHgeKLUii, ayTOiIMyHHUX 3aXBOpOBaHb
Ta BapiabenbHoro aediuunty T- i B-kniTuH [27].

BUCHOBKH

Ornap  kateropii  KombiHOBaHux imyHopediumTie
OEMOHCTPYE 3HayYHy reHeTu4Hy Ta (eHOTMMNOBY reTepo-
reHHicTb M10. |peHTudikauis KOHKPETHOro reHeTUYHOro
aedekTy € pyHAaMeHTanbHo ANA PO3yMiHHS naToreHe-
3y, TOYHOI AiarHOCTWKM Ta BMOOPY ONTUMAarbHOTO fiKyBaHHS.

MonekynspHo-reHeTU4Ha [fiarHOCTUKa CbOrodHi €
KMIOYOBMM €TanoM MeHeaXMeHTy nauieHta 3 [IA.
BoHa [o3BonfA€e He TinbkM CBOEYACHO pos3novaTtn age-
KBaTHy Tepanito (Hanpuknag, TpaHcnnaHTauitlo remonoe-
TUYHUX CTOBOYpPOBMX KNiTUH abo depmeHTo3amiCHy
Tepanito), ane h YHUKHYTU HeedekTuBHUX abo Lwkianm-
BMX BTPyYaHb. KpiM TOro, TOMHUWA reHEeTUYHWA [iarHo3
3abe3neyye MOXNMBICTb MPOrHO3yBaHHA nepebiry xBo-
pobu, CKPUHIHIY POAMYIB, FEHETUYHOrO KOHCYMbTYBaHHA
Ta npeHaTanbHoi AiarHoCTukm [28].

Oco6nMBO NEepCnekTUBHMM HanpsAMOM € Tepanis,
3aCHOBaHa Ha reHETUYHUX IHTEPBEHUiAX — Big TFeHHOI
Tepanii (Bxe cxsaneHoi ana ADA-SCID) no peparysaH-
Hsl reHomy 3 BukopuctaHHaM TexHonorii CRISPR/Cas9.
Lli meToam o6iusitoTe HE NPOCTO KOMNEHCyBaTH aedexTu,
a BUMPaBUTKM iX HA MONEKYNAPHOMY PiBHi, L0 BiAKpnBae
LUAIAX 4O NOBHOMO BUMiKyBaHHs [29].

BapTo nigkpecnuTti, Wo cdepa iMyHOreHeTkn nep-
BMHHWX iMyHOOediunTiB nepebyBae B akTMBHOMY pO3-
BUTKY. 3 KOXHUM POKOM 3pOCTaE KiNnbKiCTb BiAKPUTUX
FEHETUYHMX NPUYMH, PO3POBNSAIOTLCA  HOBI - MeToan
Tepanii, i Bce 6inblue nauieHTIB OTPUMYIOTb LUAHC
Ha MOBHOLIHHE XUTTHA. IHTEHCUBHI OOCNIMXEHHS B UIN
ranysi € He nule HayKOBOK HeOoOXiOHICTIO, a M Hafgieto
ONs TCSY POAMH Yy BCbOMY CBITi.

Clinical manifestations: A syndrome resembling auto-
immune polyendocrinopathy-candidiasis-ectodermal
dystrophy (APECED), but with autosomal recessive in-
heritance. Characterized by severe autoimmune features
(enteropathy, cytopenias, endocrinopathies), lympho-
proliferation, and variable antibody deficiency/CID [25].

CTLA4 Haploinsufficiency. Gene: CTLA4. Inheri-
tance: Autosomal dominant. Mechanism: Having only
one functional copy of the CTLA4 gene is insufficient
to ensure proper immune regulation. As in LRBA defi-
ciency, this leads to impaired Treg function and immune
system hyperactivation. Clinical manifestations: A syn-
drome similar to LRBA deficiency, with severe auto-
immunity, lymphoproliferation, and variable CID [26].

Gain-of-function mutations in STAT1. Gene: STAT1.
Inheritance: Autosomal dominant. Mechanism: Muta-
tions lead to hyperactivation of STAT1, a transcription
factor that is key in the signaling of many cytokines,
especially interferons. While interferons are important
for antiviral defense, hyperactivation of STAT1 can
impair lymphocyte development and cause autoim-
mune dysregulation. Clinical manifestations: A wide
spectrum of manifestations, including susceptibility
to chronic fungal infections (especially Candida), viral
infections, autoimmune diseases, and variable deficiency
of T and B cells [27].

CONCLUSIONS

The review of the category of Combined Immuno-
deficiencies (CID) demonstrates significant genetic
and phenotypic heterogeneity of Primary Immunodefi-
ciencies (PIDs). Identification of the specific genetic
defect is fundamental for understanding pathoge-
nesis, accurate diagnosis, and the selection of opti-
mal treatment.

Molecular genetic diagnostics today are a key stage
in the management of patients with CID. It allows not only
timely initiation of adequate therapy (e.g., hematopoietic
stem cell ftransplantation or enzyme replacement
therapy), but also the avoidance of ineffective or harmful
interventions. Moreover, a precise genetic diagnosis
enables prognosis of disease course, screening of rela-
tives, genetic counseling, and prenatal diagnosis [28].

A particularly promising direction is therapy based
on genetic interventions — from gene therapy (already
approved for ADA-SCID) to genome editing using
CRISPR/Cas9 technologies. These methods promise not
just to compensate for defects but to correct them at the
molecular level, opening the path to complete cure [29].

In summary, it is worth emphasizing that the field
of immunogenetics of primary immunodeficiencies is
rapidly evolving. Every year, the number of discovered
genetic causes increases, new treatment methods
are being developed, and more and more patients
are gaining a chance at a full life. Intensive research
in this field is not only a scientific necessity but also
a hope for thousands of families around the world.

Ornsp nitepatypu

132

Literature review



KapasiHcbkui imyHomnoriyHui xxypHan. 2025. T. 8. Ne 1(15). C. 121-135
Karazin Journal of Immunology. 2025;8(1(15)):121-135

ISSN 3083-5615 (Online)

CMNUCOK BUKOPUCTAHOI AITEPATYPU

Kanpawes |.M. CyyacHi acnekTv MOMeKynsipHUX OCHOB MEPBUHHUX
iMyHogediumnTiB. KniHiyHa iMyHonozisi. Anepaonoaisi. IHgpekmonoaisi.
2009. Ne 5 (24). C. 39-42. URL: https://kiai.com.ua/ua/ar-
chive/2009/5%2824%29/article-314/suchasni-aspekti-molekul-
yarnih-osnov-pervinnih-imunodeficitiv

REFERENCES

Kaidashev IP. Suchasni aspekty molekuliarnykh osnov pervynnykh
imunodefitsitiv. Klinichnaimunolohiia. Alerholohiia. Infektolohiia (Clinical
Immunology.Allergology. Infectology).2009;(5(24)):39—42.(InUkrainian).
URL: https://kiai.com.ua/ua/archive/2009/5%2824%29/article-314/su-
chasni-aspekti-molekulyarnih-osnov-pervinnih-imunodeficitiv

2. Manbues [.B. Knacudikauisi, «kniHi4Hi nposiBM, AiarHocTuka 2. Maltsev DV. Klasyfikatsiia, klinichni proiavy, diahnostyka i likuvannia
i nikyBaHHSA NEPBUHHUX MIHOPHWUX iMyHoAediunTIB nioanHn. KniHiyHa pervynnykh mynornykh imunodefitsitiv liudyny. Klinichna imunolohiia.
imyHonozis. Anepezonoeis. IHgpekmonoais. 2021. Ne 1 (130). Alerholohiia. Infektolohiia (Clinical Immunology. Allergology. Infectology).
C. 20-28. URL: https://kiai.com.ua/ua/archive/2021/1%28130%29/ 2021;(1(130)):20-8. (In Ukrainian). URL: https://kiai.com.ua/ua/ar-
pages-20-28/klasifikaciya-klinichni-proyavi-diagnostika-i-likuvann- chive/2021/1%28130%29/pages-20-28/klasifikaciya-klinichni-proya-
ya-pervinnih-minornih-imunodeficitiv-lyudini vi-diagnostika-i-likuvannya-pervinnih-minornih-imunodeficitiv-lyudini

3. Demirdag Y., Fuleihan R., Orange J.S., Yu J.E. New primary immunodefi- 3. Demirdag Y, Fuleihan R, Orange JS, Yu JE. New primary immunodefi-
ciencies 2021 context and future. Current Opinion in Pediatrics. 2021. ciencies 2021 context and future. Current Opinion in Pediatrics.
Vol. 33, Ne 6. P. 657-675. DOI: https://doi.org/10.1097/MOP.0000000000001075 2021;33(6):657—75. DOI: https://doi.org/10.1097/MOP.0000000000001075

4. Yu J.E. New primary immunodeficiencies 2023 update. Current 4. Yu JE. New primary immunodeficiencies 2023 update.
Opinion in Pediatrics. 2024. Vol. 36, Ne 1. P. 112-123. DOI: Current  Opinion in  Pediatrics.  2024;36(1):112-23.  DOIl:
https://doi.org/10.1097/MOP.0000000000001315 https://doi.org/10.1097/MOP.0000000000001315

5. Notarangelo L.D. Primary immunodeficiencies. Journal of Allergy and 5. Notarangelo LD. Primary immunodeficiencies. Journal of
Clinical Immunology. 2010. Vol. 125, Ne 2 Suppl 2. P. S182-S194. Allergy and Clinical Immunology. 2010;125(2):S182-94. DOI:
DOI: https://doi.org/10.1016/j.jaci.2009.07.053 https://doi.org/10.1016/j.jaci.2009.07.053

6. Aytekin G., Vagar S. X-linked immunodeficiency. In: StatPearls 6. Aytekin G, Vaqar S. X-linked immunodeficiency. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing; 2025. URL: [Internet]. Treasure Island (FL): StatPearls Publishing; 2025. URL:
https://www.ncbi.nlm.nih.gov/books/NBK556004/ https://www.ncbi.nlm.nih.gov/books/NBK556004/

7. Cardenas-Morales M., Hernandez-Trujillo V.P. Agammaglobulinemia: 7. Cardenas-Morales M, Hernandez-Trujillo VP. Agammaglobulinemia:
from X-linked to autosomal forms of disease. Clinical Reviews from X-linked to autosomal forms of disease. Clinical
in Allergy and Immunology. 2022. Vol. 63, Ne 1. P. 22-35. DOI: Reviews in Allergy & Immunology. 2022;63(1):22-35. DOI:
https://doi.org/10.1007/s12016-021-08870-5 https://doi.org/10.1007/s12016-021-08870-5

8. Alizadeh Z., Dashti P., Mazinani M., Nourizadeh M., Shakerian L., 8. Alizadeh Z, Dashti P, Mazinani M, Nourizadeh M, Shakerian L, Tajik S,
Tajik S., Movahedi M., Mamishi S., Pourpak Z., Fazlollahi M.R. Clinical et al. Clinical and genetic study of X-linked agammaglobulinemia
andgeneticstudy of X-linkedagammaglobulinemia patients (The benefit patients (The benefit of early diagnosis). Iranian Journal of
of early diagnosis). Iranian Journal of Allergy, Asthma and Immunology. Allergy, Asthma and Immunology. 2020;19(3):305-9. DOI:
2020. Vol. 19, Ne 3. P. 305-309. DOI: https://doi.org/10.18502/jjaai.v19i3.3458 https://doi.org/10.18502/ijaai.v19i3.3458

9. BousfihaA.,JeddanelL.,PicardC.,AilalF.,Bobby GasparH.,Al-HerzW., 9. Bousfiha A, Jeddane L, Picard C, Ailal F, Gaspar HB, Al-Herz W, et al.
Chatila T., Crow Y.J., Cunningham-Rundles C., Etzioni A. et al. The20171UIS phenotypicclassificationforprimaryimmunodeficiencies.
The20171UIS phenotypicclassificationforprimaryimmunodeficiencies. Journal of Clinical Immunology. 2018;38(1):129-43. DOI:
Journal of Clinical Immunology. 2018. Vol. 38, Ne 1. P. 129-143. https://doi.org/10.1007/s10875-017-0465-8
DOI: https://doi.org/10.1007/s10875-017-0465-8

10. Kohn L.A., Kohn D.B. Gene therapies for primary immune 10. Kohn LA, Kohn DB. Gene therapies for primary immune
deficiencies. Frontiers in Immunology. 2021. Vol. 12. P. 648951. deficiencies. Frontiers in Immunology. 2021;12:648951. DOI:
DOI: https://doi.org/10.3389/fimmu.2021.648951 https://doi.org/10.3389/fimmu.2021.648951

11. Brodszki N., Frazer-Abel A., Grumach A.S., Kirschfink M., Litzman J., 11. BrodszkiN,Frazer-AbelA,GrumachAS, KirschfinkM, LitzmanJ, PerezE,
Perez E., Seppéanen M.R.J., Sullivan K.E., Jolles S. European Society Seppanen MRJ, Sullivan KE, Jolles S. European Society for
for Immunodeficiencies (ESID) and European Reference Network on Immunodeficiencies (ESID) and European Reference Network on
Rare Primary Immunodeficiency, Autoinflammatory and Autoimmune Rare Primary Immunodeficiency, Autoinflammatory and Autoimmune
Diseases (ERN RITA) Complement Guideline: Deficiencies, Diagnosis, Diseases (ERN RITA) Complement Guideline: Deficiencies, diagnosis,
and Management. Journal of Clinical Immunology. 2020. Vol. 40, Ne 4. and management. Journal of Clinical Immunology. 2020;40(4):576-91.
P. 576-591. DOI: https://doi.org/10.1007/s10875-020-00754-1 DOI: https://doi.org/10.1007/s10875-020-00754-1

12. Segundo G.R.S. Genetic-molecular characterization in the diagnosis of  12. Segundo GRS. Genetic-molecular characterization in the diagnosis
primary immunodeficiencies. Jornal de Pediatria (Rio J). 2021. Vol. 97, of primary immunodeficiencies. Jornal de Pediatria (Rio de Janeiro).
Suppl. 1. P. S3-S9. DOI: https://doi.org/10.1016/j.jped.2020.09.007 2021;97(1):S3-9. DOI: https://doi.org/10.1016/j.jped.2020.09.007

13. Picard C., Fischer A. Contribution of high-throughput DNA 13. Picard C, Fischer A. Contribution of high-throughput DNA
sequencing to the study of primary immunodeficiencies. European sequencing to the study of primary immunodeficiencies.
Journal of Immunology. 2014. Vol. 44, Ne 10. P. 2854-2861. European Journal of Immunology. 2014;44(10):2854-61. DOI:
DOI: https://doi.org/10.1002/eji.201444669 https://doi.org/10.1002/eji.201444669

14. Nijman 1.J., van Montfrans J.M., Hoogstraat M., Boes M.L., 14. Nijman IJ, van Montfrans JM, Hoogstraat M, Boes ML, van de CorputL,
van de Corput L., Renner E.D., van Zon P., van Lieshout S. Targeted Renner ED, van Zon P, van Lieshout S. Targeted next-generation
next-generation sequencing: a novel diagnostic tool for primary immuno- sequencing: a novel diagnostic tool for primary immunodeficiencies.
deficiencies. Journal of Allergy and Clinical Immunology. 2014. Vol. 133, Journal of Allergy and Clinical Immunology. 2014;133(2):529-34.
Ne 2. P. 529-534. DOI: https://doi.org/10.1016/j.jaci.2013.08.032 DOI: https://doi.org/10.1016/j.jaci.2013.08.032

15. Tangye S.G., Al-Herz W., Bousfiha A. et al. Human Inborn 15. Tangye SG, Al-Herz W, Bousfiha A, et al. Human Inborn
Errors of Immunity: 2019 Update on the Classification from the Errors of Immunity: 2019 Update on the Classification from the
International Union of Immunological Societies Expert Committee. International Union of Immunological Societies Expert Committee.
Journal of Clinical Immunology. 2020. Vol. 40. P. 24-64. DOI: Journal  of  Clinical ~ Immunology. 2020;40:24-64. DOI:
https://doi.org/10.1007/s10875-019-00737-x https://doi.org/10.1007/s10875-019-00737-x

16. Caba L., Gug C., Gorduza E.V. Heterogeneity in combined 16. Caba L, Gug C, Gorduza EV. Heterogeneity in combined
immunodeficiencies with associated or syndromic features (Review). immunodeficiencies with associated or syndromic features (Review).
Experimental and Therapeutic Medicine. 2021. Vol. 21, Ne 1. P. 84. Experimental and Therapeutic Medicine. 2021;21(1):84. DOI:
DOI: https://doi.org/10.3892/etm.2020.9517 https://doi.org/10.3892/etm.2020.9517

17. DelavariS.,RasouliS.E.,FekrvandS.,ChavoshzadeZ.,MahdavianiS.A., 17. Delavari S, Rasouli SE, Fekrvand S, Chavoshzade Z, Mahdaviani SA,
Shirmast P., Sharafian S., Sherkat R. Clinical heterogeneity in families Shirmast P, Sharafian S, Sherkat R. Clinical heterogeneity in families
with multiple cases of inborn errors of immunity. Clinical Immunology. with multiple cases of inborn errors of immunity. Clinical Immunology.
2024.Vol. 259. P. 109896. DOI: https://doi.org/10.1016/j.clim.2024.109896 2024;259:109896. DOI: https://doi.org/10.1016/j.clim.2024.109896

18. Thaventhiran J.E.D., Lango Allen H., Burren O.S., Rae W., Greene D., 18. Thaventhiran JED, Lango Allen H, Burren OS, Rae W, Greene D,
Staples E., Zhang Z., Farmery J.H.R., Simeoni I., Rivers E. et al. Staples E, Zhang Z, Farmery JHR, Simeoni I, Rivers E, et al.
Whole-genome sequencing of a sporadic primary immunodeficiency Whole-genome sequencing of a sporadic primary immuno-
cohort. Nature. 2020. Vol. 583, Ne 7814. P. 90-95. DOI: deficiency cohort. Nature. 2020;583(7814):90-5. DOI:
https://doi.org/10.1038/s41586-020-2265-1 https://doi.org/10.1038/s41586-020-2265-1

19. Aranda C.S., Gouveia-Pereira M.P., da Silva C.J.M., Rizzo M.C.F.V., 19. Aranda CS, Gouveia-Pereira MP, da Silva CJM, Rizzo MCFV,
IshizukaE.,deOliveiraE.B.,Condino-NetoA. Severecombinedimmuno- Ishizuka E, de Oliveira EB, Condino-Neto A. Severe combined
deficiencydiagnosisandgeneticdefects./mmunological Reviews.2024. immunodeficiency diagnosis and genetic defects. Immunological
Vol. 322, Ne 1. P. 138-147. DOI: https://doi.org/10.1111/imr.13310 Reviews. 2024;322(1):138—47. DOI: https://doi.org/10.1111/imr.13310

Ornsag nitepatypu 133 Literature review


https://kiai.com.ua/ua/archive/2009/5%2824%29/article-314/suchasni-aspekti-molekulyarnih-osnov-pervinnih-imunodeficitiv
https://kiai.com.ua/ua/archive/2009/5%2824%29/article-314/suchasni-aspekti-molekulyarnih-osnov-pervinnih-imunodeficitiv
https://kiai.com.ua/ua/archive/2009/5%2824%29/article-314/suchasni-aspekti-molekulyarnih-osnov-pervinnih-imunodeficitiv
https://kiai.com.ua/ua/archive/2021/1%28130%29/pages-20-28/klasifikaciya-klinichni-proyavi-diagnostika-i-likuvannya-pervinnih-minornih-imunodeficitiv-lyudini
https://kiai.com.ua/ua/archive/2021/1%28130%29/pages-20-28/klasifikaciya-klinichni-proyavi-diagnostika-i-likuvannya-pervinnih-minornih-imunodeficitiv-lyudini
https://kiai.com.ua/ua/archive/2021/1%28130%29/pages-20-28/klasifikaciya-klinichni-proyavi-diagnostika-i-likuvannya-pervinnih-minornih-imunodeficitiv-lyudini
https://doi.org/10.1097/MOP.0000000000001075
https://doi.org/10.1097/MOP.0000000000001315
https://doi.org/10.1016/j.jaci.2009.07.053
https://www.ncbi.nlm.nih.gov/books/NBK556004/
https://doi.org/10.1007/s12016-021-08870-5
https://doi.org/10.18502/ijaai.v19i3.3458
https://doi.org/10.1007/s10875-017-0465-8
https://doi.org/10.3389/fimmu.2021.648951
https://doi.org/10.1007/s10875-020-00754-1
https://doi.org/10.1016/j.jped.2020.09.007
https://doi.org/10.1002/eji.201444669
https://doi.org/10.1016/j.jaci.2013.08.032
https://doi.org/10.1007/s10875-019-00737-x
https://doi.org/10.3892/etm.2020.9517
https://doi.org/10.1016/j.clim.2024.109896
https://doi.org/10.1038/s41586-020-2265-1
https://doi.org/10.1111/imr.13310
https://kiai.com.ua/ua/archive/2009/5%2824%29/article-314/suchasni-aspekti-molekulyarnih-osnov-pervinnih-imunodeficitiv
https://kiai.com.ua/ua/archive/2009/5%2824%29/article-314/suchasni-aspekti-molekulyarnih-osnov-pervinnih-imunodeficitiv
https://kiai.com.ua/ua/archive/2021/1%28130%29/pages-20-28/klasifikaciya-klinichni-proyavi-diagnostika-i-likuvannya-pervinnih-minornih-imunodeficitiv-lyudini
https://kiai.com.ua/ua/archive/2021/1%28130%29/pages-20-28/klasifikaciya-klinichni-proyavi-diagnostika-i-likuvannya-pervinnih-minornih-imunodeficitiv-lyudini
https://kiai.com.ua/ua/archive/2021/1%28130%29/pages-20-28/klasifikaciya-klinichni-proyavi-diagnostika-i-likuvannya-pervinnih-minornih-imunodeficitiv-lyudini
https://doi.org/10.1097/MOP.0000000000001075
https://doi.org/10.1097/MOP.0000000000001315
https://doi.org/10.1016/j.jaci.2009.07.053
https://www.ncbi.nlm.nih.gov/books/NBK556004/
https://doi.org/10.1007/s12016-021-08870-5
https://doi.org/10.18502/ijaai.v19i3.3458
https://doi.org/10.1007/s10875-017-0465-8
https://doi.org/10.3389/fimmu.2021.648951
https://doi.org/10.1007/s10875-020-00754-1
https://doi.org/10.1016/j.jped.2020.09.007
https://doi.org/10.1002/eji.201444669
https://doi.org/10.1016/j.jaci.2013.08.032
https://doi.org/10.1007/s10875-019-00737-x
https://doi.org/10.3892/etm.2020.9517
https://doi.org/10.1016/j.clim.2024.109896
https://doi.org/10.1038/s41586-020-2265-1
https://doi.org/10.1111/imr.13310

KapasiHcbkui imyHomnoriyHui xxypHan. 2025. T. 8. Ne 1(15). C. 121-135

Karazin Journal of Immunology. 2025;8(1(15)):121-135

ISSN 3083-5615 (Online)

20. ZhuT, Gong X., BeiF.,Ma L., SunJ., Wang J., QiuG., Sun J., SunY.,
ZhangY.Primaryimmunodeficiency-related genesinneonatalintensive
care unit patients with various genetic immune abnormalities:
a multicentre study in China. Clinical & Translational Immunology.
2021. Vol. 10, Ne 3. P. €1266. DOI: https://doi.org/10.1002/cti2.1266

21. JlaposaT.l.,MonosM.M.,MioHTkoBCLKaAO.B.,CaseoO.M.,Ko3nosO..,
CrenaHoscbkun 10.C., Onenny B.B. TlepBuHHWMIi imyHOOedIUMT,
nediunT aHTUTINOYTBOPEHHS: X-34enneHui CUHAPOM rinepiMyHo-
rnobyniHemii M. KniniuHa imyHonoeisi. Anepzonozisa. IHgpekmonoaisi.
2021. Ne 2 (131). C. 3942. URL: https://kiai.com.ua/ua/ar-
chive/2021/2%28131%29/pages-39-42/pervinniy-imunodeficit-deficit-an-
titiloutvorennya-h-zchepleniy-sindrom-giperimunoglobulinemiyi-m

22. Changd.,BouchardA.,BouklouchY.,PannetonV.,LiJ., DiamantopoulosN.,
Mohammaei S., Istomine R., Alvarez F., Piccirillo C.A., Suh W.K.
ICOS-Deficient Regulatory T Cells Can Prevent Spontaneous
Autoimmunity but Are Impaired in Controlling Acute Inflammation.
Journal of Immunology. 2022. Vol. 209, Ne 2. P. 301-309. DOI:
https://doi.org/10.4049/jimmunol.2100897

23. Abd Elhamed M.M., Wali Y., Youssry |. ZAP-70 mutation: a case
with familial autoimmune haemolytic anaemia and immune
deficiency. BMJ Case Reports. 2024. Vol. 17, Ne 3. P. e258835.
DOI: https://doi.org/10.1136/bcr-2023-258835

24. PunwaniD., PelzB., YuJ.,ArvaN.C., Schafernak K., Kondratowicz K.,
Makhija M., Puck J.M. Coronin-1A: immune deficiency in humans
and mice. Journal of Clinical Immunology. 2015. Vol. 35, Ne 2. P. 100—
107. DOI: https://doi.org/10.1007/s10875-015-0130-z

25. Gamez-D L., Stepensky P., Seidel M.G., Mitsuiki N., Austen J.J.,
Van de Veerdonk F., Kanariou M., Schmitt-Graeff A. The extended
phenotype of LPS-responsive beige-like anchor protein (LRBA)
deficiency. Journal of Allergy and Clinical Immunology. 2016. Vol. 137,
Ne 1. P. 223-230. DOI: https://doi.org/10.1016/j.jaci.2015.05.009

26. Sheremet M.I., Sydorchuk L.P., Shidlovskyi V.O., Bedeniuk A.D.,
Kurochkin G.S., Levitsky A.V. lNonimopdiam renis apo-1 / fas,
ctla-4 Ta bcl-2 y nauieHTiB, onepoBaHux i3 NpuBOAY By3NOBOI
nartororii wutonodibHoi 3anosu. LnumansHa xipypeis. XKypHan
imeHi  J1.5. Koeanpdyka. 2017. Ne 2. C. 13-20. DOI:
https://doi.org/10.11603/2414-4533.2017.2.7949

27. ErenAkarcanS.,Ulusoy SevercanE., EdeerKaracaN., IsikE.,AksuG.,
Migaud M., Evin Gurkan F., Azarsiz E., Puel A., Casanova J.L.,
Kutukculer N. Gain-of-Function Mutations in STAT 1: ARecently Defined
Cause for Chronic Mucocutaneous Candidiasis Disease Mimicking
Combined Immunodeficiencies. Case Reports in Immunology. 2017.
Article ID 2846928. DOI: https://doi.org/10.1155/2017/2846928

28. Ghosh S., Gaspar H.B. Gene Therapy Approaches to Immunodefi-
ciency. Hematology/Oncology Clinics of North America. 2017. Vol. 31,
Ne 5. P. 823-834. DOI: https://doi.org/10.1016/j.hoc.2017.05.003

29. Booth C., Gaspar H.B., Thrasher A.J. Treating Immunodeficiency through
HSC Gene Therapy. Trends in Molecular Medicine. 2016. Vol. 22, Ne 4.
P. 317-327. DOI: https://doi.org/10.1016/j.molmed.2016.02.002

nepCﬂeKTMBM NOAGABLUMX AOCAIAXEHD

MepcnekTnBn pocnigkeHb reHEeTUYHOI 3YMOBMEHOCTI MepBUH-
HUX iIMyHOAEedIUUTIB 30CcepedeHi Ha PO3LUMPEHHI reHETUYHOTo
CKPUWHIHIY, a came MpOBEeAEHHS] MOBHOTEHOMHOIO CEKBEHY-
BaHHs (WGS), wo possonsie ineHTudikyBat MyTauii y BcCix
reHax, BignosiganbHWX 3a iMyHHY CUCTEMY, HaBiTb Ti, siki He Bynu
paHiwe nos’s3aHi 3 MIO. LUe 3HayHO nokpallye AiarHOCTUKY,
ocobnuBo y BMNagkax 3 HE3pOo3yMiNnow KMiHIYHOK KapTUHOM.
MpoBeneHHs ek3oMHoro cekBeHyBaHHs (WES) — pocnigeHHs
SIKE (POKYCYETbCA Ha KOAYHUUX AiNsiHKax reHomy, Lo MICTSTb
Ginbwictb MyTauii, ki BuknukatoTb MIO. TapretoBaHui ckpu-
HIHF — OOCHIO)KEeHHN TeHiB, NOB’si3aHMX 3 NEeBHUMMU KNiHIYHUMKU
nposiBamu, L0 MPWUCKOPIOE AiarHOCTMKY Ta 3MEHLUYE BUTpaTU.
[ocnigkeHHax B3aeMogii reHiB Ta (QakTopiB HaBKOMULIHBLOMO
cepefoBulLa:  AOCMIAXKEHHS BMMMBY  E€KOMOMYHUX UMHHWKIB
(iHdbekuii, pieta, BNNUB TokcuHIB) Ha dpeHoTun NI y xBopux
3 OAHaKOBMMMW TFeHeTUYHUMK pedbektamn. Pos3kpuTTa Mmexa-
Hi3MIiB enireHeTMYHOI perynsuii iIMyHHUX reHiB, siki MOXyTb ByTu
MoamMdikoBaHi TepaneBTUYHO.

KOoHdAIKT iHTEepecis

ABTOpPM pyKOnuUCy CBIAOMO 3acBigvytoTb BiACYTHICTb haKTUYHOro
abo noTeHUiHOro KOHMIKTY iHTepeciB LWoAo pesynbraTiB
uiei pobotn 3 chapmaueBTUYHMMM KOMMAHIAMKU, BUPOBHMKaMM
GiomeanyYHUX NPUCTPOIB, IHLWIMMK OpraHi3auisiMy, Yni NPoayKTH,
nocnyru, iHaHcoBa nigTpUMKa MOXyTb OyTW NOB’sI3aHi
3 NpeaMeToM HagaHux Matepianie abo ski cnoHcopysanv
nposeeHi JoCniaXEHHS.

20. Zhu T, Gong X, Bei F, Ma L, Sun J, Wang J, Qiu G, Sun J, Sun Y,
Zhang Y. Primary immunodeficiency-related genes in neonatal
intensive care unit patients with various geneticimmune abnormalities:
a multicentre study in China. Clinical and Translational Immunology.
2021;10(3):e1266. DOI: https://doi.org/10.1002/cti2.1266

21. Lyadova TI, Popov MM, Piontkovska OV, Savvo OM, Kozlov OP,
Stepanovskyi YU, Olenich VB. Primary immunodeficiency, antibody
production deficiency: X-linked hyperimmunoglobulinemia syndrome M.
Clinical immunology. Allergology. Infectology. 2021;(2(131)):39—-42.
(In Ukrainian). URL: https://kiai.com.ua/ua/archive/2021/2%28131%29/
pages-39-42/pervinniy-imunodeficit-deficit-antitiloutvorennya-h-zche-
pleniy-sindrom-giperimunoglobulinemiyi-m

22. Chang J, Bouchard A, Bouklouch Y, Panneton V, Li J,
Diamantopoulos N, et al. ICOS-deficient regulatory T cells can
prevent spontaneous autoimmunity but are impaired in controlling
acute inflammation. Journal of Immunology. 2022;209(2):301-9.
DOI: https://doi.org/10.4049/jimmunol.2100897

23. Abd Elhamed MM, Wali Y, Youssry |. ZAP-70 mutation:
a case with familial autoimmune haemolytic anaemia and
immune deficiency. BMJ Case Reports. 2024;17(3):e258835. DOI:
https://doi.org/10.1136/bcr-2023-258835

24. Punwani D, Pelz B, Yu J, Arva NC, Schafernak K, Kondratowicz K,
et al. Coronin-1A: immune deficiency in humans and mice.
Journal  of Clinical Immunology. 2015;35(2):100-7. DOI:
https://doi.org/10.1007/s10875-015-0130-z

25. Gamez-D L, Stepensky P, Seidel MG, Mitsuiki N, Austen JJ,
Van de Veerdonk F, et al. The extended phenotype of LPS-
responsive beige-like anchor protein (LRBA) deficiency. Journal
of Allergy and Clinical Immunology. 2016;137(1):223-30. DOI:
https://doi.org/10.1016/j.jaci.2015.05.009

26. Sheremet MI, Sydorchuk LP, Shidlovskyi VO, Bedeniuk AD,
Kurochkin GS, Levitsky AV. [NMoniMopdiam renis apo-1 / fas,
ctla-4 Ta bcl-2 y nauieHTiB, onepoBaHuX i3 npuBOAY BY3NOBOI
natonorii LmTonoaibHol 3anosu. LinumansHa Xipypaisi.
XypHan  imeHi  J1.A.  Koeanbuyka. 2017;(2):13-20. DOl
https://doi.org/10.11603/2414-4533.2017.2.7949

27. Eren Akarcan S, Ulusoy Severcan E, Edeer Karaca N, Isik E,
Aksu G, Migaud M, et al. Gain-of-function mutations in STAT1:

a recently defined cause for chronic mucocutaneous
candidiasis disease mimicking combined immunodeficiencies.
Case Reports in Immunology. 2017;2017:2846928. DOI:

https://doi.org/10.1155/2017/2846928

28. Ghosh S, Gaspar HB. Gene therapy approaches to immunodeficiency.
Hematology/Oncology Clinics of North America. 2017;31(5):823-34.
DOI: https://doi.org/10.1016/j.hoc.2017.05.003

29. Booth C, Gaspar HB, ThrasherAJ. Treating immunodeficiency through
HSC gene therapy. Trends in Molecular Medicine. 2016;22(4):317—
27. DOI: https://doi.org/10.1016/j.molmed.2016.02.002

Prospects for further research

Prospects for research into the genetic determination of
primary immunodeficiencies are focused on expanding genetic
screening, namely whole-genome sequencing (WGS), which
allows the identification of mutations in all genes responsible
for the immune system, even those that have not been
previously associated with PID. This greatly improves diagnosis,
especially in cases with unclear clinical presentation. Whole
Exome Sequencing (WES) — a test that focuses on the coding
regions of the genome that contain most of the mutations that
cause PID. Targeted screening is the study of genes associated
with certain clinical manifestations, which speeds up diagnosis
and reduces costs. Studies of the interaction between genes
and environmental factors — study of the impact of environmental
factors (infections, diet, toxins) on the phenotype of PID in
patients with the same genetic defects. Revealing the
mechanisms of epigenetic regulation of immune genes that
can be modified therapeutically
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PE3IOME

AkTyanbHicTb. PeBMaToigHWIn apTpuT € XPOHIYHUM CUCTEMHUM ayTOIMYHHUM 3aXBO-
PIOBaHHAM, SKe 3anuIacTbCA OAHIE 3 MPOBIAHWX MPWYMH iHBamMigHOCTI Y CBITI.
EdbekTnBHE ynpaeniHHSA Uieto naTonorieto NoTpebye CyvacHOro niaxony, OpieHTOBaHOIo
Ha paHHE OOCATHEHHS TepaneBTUYHMX Linew, 3anobiraHHs CTPYKTYPHUM YPaKEHHSM
cyrnob6iB Ta 36epexeHHs1 PYHKLiIOHaNbHOT akTMBHOCTI nauieHTiB. CTparteris nikyBaHHSs
[0 UiNbOBOro pesyneraTy AoBena CBOW edeKTuBHiCTb, ane noTtpebye rmmbokoro
PO3yMiHHSI poOrfli TapreTHUx npenaparis, WO MoandiKyloTb nepebir 3axBoproBaHHS,
cepep SKMX KMOYOBE MicLie 3aiMaloTb 3BUYalHI CMHTETUYHI (MeToTpekcart, nednyHo-
Mig Ta iH.), GionoriyHi (MOHOKMOHanbHi aHTUTING, PO34YMHHI peuenTopu, BriokaTtopu
peLenTopiB, NPOTUKMITUHHI @aHTUIeHW) Ta TapreTHi CMHTETUYHI (iHriGiTopy Janus-kiHa3)
xBopobomoandiKytodi NpoTUpeBMaTHYHI MpenaparTy.

MeTta po6oTu — oxapaktepusyBaTi pornb NPOTMPEBMATUYHUX Mpenaparis, Wo Moau-
ikytoTb nepebir 3axBoploBaHHA, y peanisauii ctpaterii «Treat-to-Target (T2T) —
nikyBaHHS [0 LiNbOBOro pesynsraty» nNpy peBMaTtoigHOMy apTpuTi.

Marepianu Ta meToau gocnigxeHHs. BukoHaHO nollyk Ta KOHTeHT-aHani3 nyonikawiv
3a 6asamn aaHnx PubMed, ClinicalKey, Cochrane Library, eBook Business Collection,
Google Scholar. BigibpaHo cTaTTi, WO BWUCBITNIOTE Cy4YacHi migxoau OO0 NiKyBaHHS
peBMaToifHOro apTpuTy, edeKTVUBHICTb i Ge3neky Ppi3HUX rpyn NpoTUPEBMATUYHUX
3acobiB, a TakoX pe3ynbTaTi 3acTOCyBaHHs cTpaTerii Treat-to-Target.

Pesynbratn. 3BWYalHi CUHTETUMYHI NPOTMPEBMATUYHI Mpenapaty  3anuLialTbes
OCHOBOIO Tepanii, 3 MeToTpekcaToM siK mpenapaToM nepLuoi niHii. BionoriyHi 3acobu
Ta TapreTHi CMHTETUYHI NPOTUPEBMATUYHI NpenapaTy 3acTOCOBYIOTLCA ANSA MauieHTIB
3 pedpakTepHuM nepebirom 3axBoptoBaHHs abo npu HenepeHoCMMOCTi 6a3ncHOT
Tepanii. BnpoBamxeHHs ctparterii Treat-to-Target acouiloeTbCs 3 JOCATHEHHSAM peMicii
y GinbLIOCTI NauieHTiB, YNOBINIbHEHHAM NPOrpecyBaHHsA CTPYKTYPHUX 3MiH Ta 3HVDKEH-
HAM iHBanigm3auii. EdekTuBHICTb Tepanii 3anexuTtb Bif perynsapHOro MOHITOPUHIY
aKTUBHOCTI 3aXBOPIOBAHHS, CBOEYACHOI KOPEKLii NiKyBaHHA Ta 3anyyYeHHsl nauieHTiB
[0 npouecy NpUAHATTS pieHb. MpoTte 6ap’epamu fo BnpoBagxeHHs T2T € obmexeHi
pecypcu CUCTEMU OXOPOHWU 300POB’sl, HEQOCTAaTHA AOCTYMNHICTb IHHOBALUINHMX Npena-
paTiB Ta noTpeba B NOKpaLLeHHi KOMYyHiKaLjii MiX fikapeM i nauieHToMm.

BucHoBku. Ctpareris Treat-to-Target, wo nepenbavae iHauBigyanisauio nikyBaHHSA
Ta KOMbGIHOBaHe BWKOPUCTaHHS MPOTMPEBMAaTUYHWX MpernapariB, € OCHOBOK Ccy4vac-
HOTO MEHeKMEHTY peBMmartoigHoro aptputy. i ycniwHa peanisauis notpebye
MiXKOMCUUMIIHAPHOT cniBmpaui, AOCTyMHOCTI Tepanii Ta nigBuLieHHs 06i3HaHoCTI
nauieHTiB NP0 3aXBOPIOBaHHS.
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ABSTRACT

Background. Rheumatoid arthritis is a chronic systemic autoimmune disease that
remains one of the leading causes of disability worldwide. Effective management
of this condition requires a modern approach focused on the early achievement of
therapeutic targets, prevention of structural joint damage, and preservation of patients’
functional capacity. The treat-to-target strategy has proven effective but requires
a deep understanding of the role of disease-modifying antirheumatic drugs,
among which methotrexate, Janus kinase inhibitors, targeted therapies, and biosi-
milars hold key positions.

Purpose — to characterize the role of disease-modifying antirheumatic drugs in the
implementation of the «treat-to-target» strategy in rheumatoid arthritis.

Materials and Methods. A search and content analysis of publications was conducted
using PubMed, ClinicalKey, Cochrane Library, eBook Business Collection, and Google
Scholar databases. Articles covering modern approaches to the treatment of
rheumatoid arthritis, the efficacy and safety of different antirheumatic drugs, and
the results of applying the Treat-to-Target strategy were selected.

Results. Conventional synthetic disease-modifying antirheumatic drugs remain the
cornerstone of therapy, with methotrexate as the first-line option. Biologic and targeted
synthetic agents are used in cases of refractory disease or intolerance to baseline
therapy. Implementation of the Treat-to-Target strategy is associated with achieving
remission in most patients, slowing structural damage progression, and reducing
disability. The effectiveness of therapy depends on regular disease activity monitoring,
timely treatment adjustments, and involving patients in decision-making. Barriers
to implementation include limited healthcare resources, insufficient access to innovative
drugs, and the need to improve doctor-patient communication.

Conclusions. The Treat-to-Target strategy, based on individualized treatment
approaches and active use of disease-modifying antirheumatic drugs, forms the
foundation of modern rheumatoid arthritis management. Successful implemen-
tation requires multidisciplinary collaboration, therapy accessibility, and increased
patient awareness.

Hladkykh FV. The role of
«treat-to-target» strategy for

BCTYN

3a paHumm [nobGanbHOro TArapsi 3axBOptoBaHb
(Global Burden of Disease—GBD), y 2020 p. peBMaTOigHUN
aptput (PA) BpaxaB 6nu3bko 17,6 MnH nogen y cBiTi.
Mpu LbOMY ckOpuroBaHa 3a BiKOM MOLUMPEHICTb CTaHO-
Buna 0,21%, Wo CBia4nTb NPO 3Ha4He rrnobanbHe NoLuu-
peHHs aaHoro 3axsoptoBaHHs [1-3]. MNMopiBHsHO 3 1990 p.
uew nokasHuk 3pic Ha 14,1%, Wo BKa3ye Ha CTilNKy TeHOeH-
uito 0o 36inblueHHs 3axBoptoBaHoCTi Ha PA y cBiTi [2, 3].
3rigHo 3 nporHo3amu pgocnigHukis GBD 2021 p.,
00 2050 poky ouikyeTbCs noganblue 3pOCTaHHS KiflbKOCTi
nauieHTiB i3 PA, sike gocsirHe 6nusbko 31,7 MiH ocib [2-4].
Taka gunHamika € Haa3BUYaMHO TPUBOXKHOK, OCKINIbKM
CBigYMTb NPO MOCTYNOBE HAPOCTaHHS MeOUKO-coLliarnb-
HOrO Ta EKOHOMIYHOro TAraps LbOro 3axXBOPHOBaHHSA
B rnobansHomy macLutabi.

Baxnmneo nigkpecnuntu, Wwo eKOHOMIYHWUIA Tsrap, SKun
cynpoBomxye PA, TpaguuiiHo 3anvwaeTbcs Hegooui-
HeHUM. 3rigHO 3 JaHUMKM  OOChiAXEeHb, NPOBEAEHUX
y cdepi dapMakoekoHOMiIKM Ta aHanisy BuTpar
Ha OXOPOHY 300pOB’s, NPsiMi BUTPATK Ha nikyBaHHA PA,

disease-modifying
rheumatoid arthritis.
DOI: https://doi.org/10.26565/3083-5615-2025-15-10

antirheumatic drugs in the implementation of the
Karazin Journal of Immunology. 2025;8(1(15)):136—159.

INTRODUCTION

According to the Global Burden of Disease (GBD)
data, in 2020, rheumatoid arthritis (RA) affected appro-
ximately 17.6 million people worldwide. The age-stan-
dardized prevalence was 0.21%, indicating a significant
global spread of the disease [1-3]. Compared to 1990,
this figure increased by 14.1%, pointing to a steady
upward trend in the global incidence of RA [2, 3].
According to projections from GBD researchers in 2021,
the number of RA patients is expected to continue
rising, reaching approximately 31.7 million by 2050 [2-4].
This dynamic is extremely alarming, as it indicates
a gradual increase in the medical, social, and economic
burden of this disease on a global scale.

It is important to emphasize that the economic bur-
den associated with RA traditionally remains unde-
restimated. According to studies in the field of pharmaco-
economics and healthcare expenditure analysis, the
direct costs of RA treatment including pharmacotherapy,
diagnostic procedures, medical supervision, and hospi-
talization as well as indirect costs related to reduced
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BKIOYao4uM apmakoTepanito, AiarHOCTUYHI npoueaypu,
MEOMYHUIA Harnsag Ta rocniTanisauito, a TakoX Henpsami
BUTPaTK, NOB’A3aHi 3i 3HVKEHHAM NPOAYKTUBHOCTI npaLli,
iHBanigHICTIO Ta NepegyacHO CMEPTHICTHO, CTAHOBMSATb
3Ha4Hy YacTKy Bif 3aranbHUX BUTPaT CUCTEMU OXOPOHM
3nopor’s [5, 6]. MNpoTe, y Garatbox kpaiHax CBiTY, BKIHO-
yaloun gepxaBuM 3 BMCOKUM PiBHEM OoXodiB, cucTema-
TMYHA OLiHKa LUboro iHaHCOBOro HaBaHTAXXEHHS MPOBO-
OUTbCA PigKo, WO NPpU3BOAUTL 4O XPOHIYHOro HegodgiHaH-
CyBaHHs1 NporpamM paHHbOI AiarHOCTMKKU Ta nikyBaHHSA PA.
Lle, y cBoto 4epry, 3yMOBMIOE NporpecyBaHHst XBopobu,
36iNbLUEHHS] 4YacTOTU YCKMaAHEHb Ta 3HMXKEHHS SIKOCTI
XKUTTA nadieHTis [1].

CydacHun nigxig [o nikyBaHHA XxBopux Ha PA
3a3HaB CYTTEBMX 3MiH 3aBASKW MOMMMUONEHHIO PO3YMiHHSI
NaToreHeTUYHMX MEXaHi3MiB LbOro  3aXBOPHOBAHHS,
WO CTano MOXMIMBMM 3aBOSKM aKTMBHOMY PO3BUTKY
dyHOaMeHTanbHNUX | KNiHIYHUX ocnigXeHb. YNpoOoBX
OCTaHHIX AecaTunitb Oyno po3pobneHo Ta BnpoBaj-
KEHO HU3KY iHHOBALUiNHMX TepaneBTUYHMX Mpenapartis,
CMpsAMOBaHMX Ha KMo4YoBi naHkM nartoreHesy PA.
Lle no3sonunmno 3Ha4YHO MOMINWKTU KOHTPOSb 3ananbHOro
npouecy, 3HU3UTU aKTUBHICTb 3aXBOPIOBAHHSI, CMOBiMb-
HATU [OeCTPYKUil0 KICTKOBOI Ta XPAWOBOI TKaHWHW,
a TakoX 3anobirtM po3BUTKY TSDKKMX YCKNaAHEHb,
Takmx sik gecbopmadis cyrnobis Ta iHBanigmMsauis naui-
eHTiB [1, 7]. OgHak, He3BaXkal4M Ha 3HAYHUI nporpec
y chapmakoTtepanii, noBHe BunikysaHHA PA (puc. 1) Hapasi
3anuMIaETbC HEOOCSPKHUM 3aBAaHHSIM, LLO MOB’S13aHO
3 ayToiMYHHVMM XapaKTepOM 3axBOPHBAHHS, MOro Xpo-
HiYHUM nepebiroM, 3anyyYyeHHsIM 4O MATOMOriYHOro npo-
Lecy YMCINEHHUX KMITUHHMX Ta rymopanbHux hakTopis,
a TaKoX CKNagHicTio perynsuii imyHHOI Bignosiai.

npoTH3IananeHi ascobv
{HMN33) ! Nonsterckdal
Anti-iInflammatory Drugs
{NSAID=)

CHMNTOMATUYHE
NIKYBAHHA |

SYMPTOMATIC
TREATMENT

Glucocorticosteroids

NpoTHpesmarrynl
NpenapaT™, wWo
mogHdicyoTe nepebir
AAXBOPKOBAHHA |
Disease-Modifying
Antirheumatic Drugs
{DMARDs)

NATONrEHETHYHE
NIKYBAHHA |
PATHOGENETIC
TREATMENT

work productivity, disability, and premature mortality,
constitute a significant share of total healthcare system
expenses [5, 6]. However, in many countries, including
high-income nations, a systematic assessment of this
financial burden is rarely conducted, leading to chronic
underfunding of early diagnosis and treatment prog-
rams for RA. This, in turn, contributes to disease pro-
gression, increased complication rates, and reduced
quality of life for patients [1].

Modern approaches to RA treatment have undergone
significant changes due to an improved understanding
of the disease’s pathogenic mechanisms, made possible
by advances in both fundamental and clinical research.
Over the past decades, a number of innovative thera-
peutic agents targeting key elements of RA pathogene-
sis have been developed and introduced. These advan-
cements have significantly improved the control of
inflammation, reduced disease activity, slowed the
destruction of bone and cartilage tissue, and helped
prevent serious complications such as joint deformities
and patient disability [1, 7]. However, despite substantial
progress in pharmacotherapy, a complete cure for
RA (Fig. 1) remains an unattainable goal at present.
This is due to the autoimmune nature of the disease,
its chronic course, the involvement of numerous cellular
and humoral factors in the pathological process, and
the complexity of regulating the immune response.

InriGitop TNF [
TNF Inhibitors

T-wnirwn [ T-Cell T
Stimulation Inhibitor

SEBNUARHI CHHTETHYHI
DMARDs [ Conventional
Synthetic [caDMARD=s)

Elonoriudl OMARDs
Biclogical DMARDs L

InriGiTop peuenTopa IL-6
1 IL-6 Receptor inhibitors

{bsDMARDs)

AxTuTina oo CO20 /
Antl-CD20 Antibodies

i Bl CHHTE i
DMARDSs [ Targeted

Synthetic DMARDs
(tsDMARDs)

Puc. 1. CumnTomaTtyHe Ta NatoreHeTUYHe MikyBaHHS peBMaTUYHUX 3aXBOPOBaHb
Fig. 1. Symptomatic and pathogenetic treatment of rheumatic diseases

HectepoigHi npotusananbHi 3acobu (HM33) Ta rnto-
kokopTtukocTepoign (MKC) LWMpOKO BUKOPUCTOBYIOTLCHA
Onst KynipyBaHHs 60MbOBOrO CUMHAPOMY Ta 3MEHLUEHHS
3ananbHuX nposiBiB y nauieHtiB i3 PA. OpgHak, u4uc-
NEeHHi JOoCnigXEeHHs NPOAEMOHCTpyBanu, Lo XoaHa
3 UMX rpyn npenapatiB He 34aTHa e(eKTUBHO YMOBiMb-
HIOBaTW peHTreHomnoriyHe nporpecyBaHHs PA, To6TO
3YNUHATM OEeCTPYKUilo KICTKOBOI TKaHWHW Ta nonepea-
Xatn copmyBaHHA eposin [7]. Kpim Toro, TpuBane

Non-steroidal anti-inflammatory drugs (NSAIDs) and
glucocorticosteroids (GCS) are widely used to relieve
pain and reduce inflammatory symptoms in patients
with RA. However, numerous studies have demonstra-
ted that neither of these drug classes is effective in slow-
ing the radiographic progression of RA i.e., they cannot
halt bone destruction or prevent the formation of ero-
sions [7]. Moreover, prolonged use of NSAIDs and GCS
is associated with an increased risk of serious side
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3actocyBaHHa HIM33 T1a KC acoujietbca 3 nigsuuie-
HAM PU3VMKOM PO3BUTKY CEPMO3HUX MOGIYHUX edekTiB,
BKIIOHMAKYM BMPA3KOBY XBOPOOY LUMYHKa, LUITYHKOBO-
KMLLKOBI KpPOBOTEYi, apTepianbHy rinepTeHsito, ocTeono-
po3, MeTaboniyHi MOpYLUEHHS, a TakoX MiABULLEHHS
MMOBIpHOCTI iH(peKLiiHNX ycknagHeHb [8]. Lle obmexye
iX 3acTocyBaHHsi ik GasucHOi Tepanii Ta nigkpecnioe
HeoOXiOHICTb BMKOpPUCTaHHA npenapartie, Wo Moaudi-
KytoTb Nepebir 3axBoproBaHHSI.

Ha CbOrogHi NPOTUPEBMATUYHI npenaparu,
wo moaudikytoTb nepebir 3axBoptoBaHHa (disease-
modifying antirheumatic drugs — DMARDs), 3anuwia-
IOTbCS OCHOBOI naTtoreHeTu4yHoi Tepanii PA. Lli 3acobu
CNpPsIMOBaHi Ha KMYOoBi NaTodisionoriyHi  MexaHiamu
XBOpPOOW, BKMoYaoum iHribiLito nposananbHMX LMTOKIHIB,
3HWKEHHS akTMBaUii iIMyHOKOMNETEHTHUX KNiTUH, ranbMy-
BaHHS CWMHTE3y ayToaHTWTIM, a TakoX HopMmanisadito
pemoaerntoBaHHA KiCTKOBOI TKaHuHM [1]. 3acTocyBaHHSA
DMARD po3Bonsie AocsArtM CTiAKOI  KIiHIYHOI  peMicii
ab0 HM3bKOT aKTUBHOCTI 3aXBOPHOBAHHS, LLIO € OCHOBHOM
MeTol nikyBaHHA PA BignoBigHO A0 Cy4YacHUX peko-
MeHAauin MiKHapPOAHUX eKCNepTHMUX OpraHisauii, 3okpe-
ma EULAR (European League Against Rheumatism)
Ta ACR (American College of Rheumatology) [1, 7].

HassHi DMARDs noginsawTbca Ha Tpu  OCHOB-
Hi KaTeropii:
1. 3BuyanHi cuHTeTnyHi DMARDs (conventional

synthetic DMARDs — csDMARDSs), go skux Hanexatb
MeToTpekcaTt, nednyHomin, cynbgacanasuH Ta rigpo-
kcuxnopoxiH [10, 11]. Wi npenapaTtu BnnnBatTb Ha Pi3Hi
NaHKK 3ananbHoro Kackagy, MawTb nepesipeHuit Gararto-

piyHMN  OOCBi4  3acTOCyBaHHA Ta  peKoMeHOOoBaHi
K Tepanis nepLoi niHii npn PA.
2. bionorivni DMARDs (biological DMARDs -

bDMARDS), W0 BKnOYalOTb MOHOKIOHAmNbHI aHTUTINa
abo pekombGiHaHTHI Ginku, cnpsiIMoBaHi NPOTU KMOYOBUX
UUTOKIHIB  (Hanpuknad, daktopa Hekposy MyXuHU
anbda — ®HlM-a, iHTepnelkiHy-6 — 1J1-6) abo noBepxHeBUX
MoneKyn iMyHHUX KniTuH (Hanpuknag, CD20, CTLA-4).

3. Uinbosi cuHtetnyHi DMARDs (targeted synthetic
DMARDs — tsDMARDSs), siki gitoTb Ha BHYTPILUHbOKMi-
TUHHI cUrHanbHi WNsxu, 3okpema iHribyoTb Janus-kiHasu
(JAK-kiHa3n), wWwo perynioTb nepegavy curHanis
Bif peLenTopiB UUTOKIHIB 40 94pa KNiTUHWN.

CyuacHa Tepanis PA Ga3syeTbcsi Ha koMbGiHaLii npe-
napariB i3 pi3HMX KNnacis, Lo A03BONSAE iHAMBIAyani3yBaTu
nikyBaHHA Ta 3a6e3ne4ynT ONTUManbHUA KOHTPOIb
3aXBOPIOBAHHS 3 YypaxyBaHHSM aKTMBHOCTI MpoLecy,
echeKkTMBHOCTI  Tepanii, HalwapyBaHHA KOMOPOGIAHUX
CTaHiB Ta puU3uKy po3BUTKY NOBGIYHNX edeKTiB.

CTtpaTteris «nikyBaHHA [0 UiNbOBOro pesynsraTy
(Treat-to-Target — T2T)» € oAHMM i3 KNIOYOBUX AOCATHEHD
Cy4yacHoi peBmMaTosnorii, Wo 3MiHMNa nigxogu Ao niky-
BaHHa PA. BoHa OGyna pospobrieHa Ta 3aTBepaxeHa
NPOBIOHUMM  MiDKHAPOAHWUMW  OpraHizauissMu, TakuMn
sk EULAR T1a ACR, y BignoBigb Ha notpeby B edekTuB-
HILLIOMY KOHTPONMi HaZ aKTUBHICTIO 3axXBOptoBaHHs [7, 12].

OcHoBHa igesa T2T nondrae y BWU3HAYEHHi 4iTKOI
TepaneBTUYHOI MeTW Ta MOCTIMHOMY AMHaMiYHOMY
KOpuryBaHHi nikyBaHHA Ans il gocarHeHHsA. 3rigHo
3 UMM nigxogoMm, nikap i nauieHT CcnifnbHO npauoTb
Hag [OOCArHeHHsM pemicii abo LoHalMeHLe HU3bKoT
aKTMBHOCTI  3aXBOPIOBaHHS K KMiHIYHO  3HaYyLLOl
Ta o6r'pyHTOBaHOI METHU.

[Ons 06’eKTUBHOroO OLiHIOBaHHA akTuBHOCTI PA BUKO-
pucToByloTbCS BanigosaHi iHcTpymeHTu: DAS28 (Disease

effects, including peptic ulcers, gastrointestinal blee-
ding, arterial hypertension, osteoporosis, metabolic
disorders, and a higher likelihood of infectious compli-
cations [8]. These risks limit their use as baseline therapy
and highlight the need for disease-modifying agents.

Currently, disease-modifying antirheumatic drugs
(DMARDs) remain the foundation of pathogenetic
therapy for RA. These agents target key pathophysiolo-
gical mechanisms of the disease, including inhibition
of pro-inflammatory cytokines, suppression of immune
cell activation, reduction of autoantibody synthesis, and
normalization of bone tissue remodeling [1]. The use of
DMARDs allows for achieving sustained clinical remi-
ssion or low disease activity, which is the primary goal
of RA treatment according to current recommendations
from international expert organizations, including
EULAR (European League Against Rheumatism)
and ACR (American College of Rheumatology) [1, 7].

DMARDs are divided into three main categories:

1. Conventional synthetic DMARDs (csDMARDs),
which include methotrexate, leflunomide, sulfasalazine,
and hydroxychloroquine [10, 11]. These drugs affect
various elements of the inflammatory cascade, have
a long-standing track record of use, and are recom-
mended as first-line therapy for RA.

2. Biological DMARDs (bDMARDs), which comprise
monoclonal antibodies or recombinant proteins tar-
geting key cytokines (e.g., tumor necrosis factor alpha
[TNF-a], interleukin-6 [IL-6]) or surface molecules of
immune cells (e.g., CD20, CTLA-4).

3. Targeted synthetic DMARDs (tsDMARDs), which
act on intracellular signaling pathways, particularly by
inhibiting Janus kinases (JAKs) that mediate signal
transduction from cytokine receptors to the cell nucleus.

Modern RA therapy is based on combinations of
drugs from different classes, allowing for individualized
treatment and optimal disease control based on disease
activity, therapeutic efficacy, comorbidities, and the risk
of adverse effects.

The «Treat-to-Target» (T2T) strategy is one of the
major achievements of modern rheumatology and has
revolutionized the approach to RA treatment. It was
developed and endorsed by leading international organi-
zations such as EULAR and ACR in response to the need
for more effective disease activity control [7, 12].

The core concept of T2T involves setting a clear
therapeutic goal and continuously adjusting treatment
to achieve that goal. According to this approach, the
physician and patient work together to attain either
remission or at least low disease activity as a clinically
meaningful and evidence-based target.

Validated tools are used to objectively assess RA
activity, including DAS28 (Disease Activity Score on
28 joints), CDAI (Clinical Disease Activity Index), and
SDAI (Simplified Disease Activity Index). Treatment
is reviewed every 1-3 months. If the treatment goal is
not achieved within 3-6 months, therapy is adjusted
(escalation, substitution, or addition of DMARDSs).
This approach helps minimize structural joint damage
and preserve patient function. T2T is an evidence-based,
patient-centered strategy that significantly improves
treatment outcomes, especially when initiated early.
Central to this strategy is continuous assessment of
disease activity and flexible use of DMARDs in response
to the patient’s clinical progress [12].
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Activity Score Ha 28 cyrnobax), CDAI (Clinical Disease
Activity Index), SDAI (Simplified Disease Activity Index).
JlikyBaHHs nepernsgaeTbes KoxHi 1-3 micsaui. Akwo yepes
3-6 MicsauiB Uinb He AocArHyTa, Tepanis 3MiHIETbCS
(eckanauisi, 3amiHa abo gopaBaHHsa DMARDSs). Lie po-
3BONSIE MiHIMi3yBaTu CTPYKTYPHi YLUKOMKEHHS cyrnobis
Ta 36epertu yHKUioHanbHicTb nauieHTa. T2T € 4oka30BO
06r'pyHTOBaHO,  NaLieHT-OpiEHTOBaHOK  CTpaTerieto,
sika 3Ha4yHo NiaBuLLYye edhekTUBHICTb NikyBaHHs PA, oco6-
NMBO NpY paHHbOMY MoYaTKy Tepanii. Y UeHTpi uiei cTpa-
Terii — NOCTiNHa OLiHKa aKTUBHOCTI Ta rHy4ke BUKOPUC-
TaHHa DMARDSs BignosigHo go signosigi nauieHTa [12].
MeTta po6GoTM — oxapakTepusyBaT¥ poOrb MNPOTK-
peBMaTU4YHMX npenaparie, Wo MoaudikyoTs nepebir
3axBOpIOBaHHA, Yy peanizauii cTpaterii  «nikyBaHHs
00 UinboBOro pesynsraty» npyv peBMaToigHOMy apTpuTi.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Min6ip nybnikauin BukoHaHo 3a 6azamu aaHux PubMed
(https://pubmed.ncbi.nim.nih.gov/), Clinical Key Elsevier
(https://www.clinicalkey.com), Cochrane Library
(https://www.cochranelibrary.com/), eBook Business
Collection (https://www.ebsco.com/) Ta Google Scholar
(https://scholar.google.com/), y skux BMWCBITNIOBaNMCb
BiJOMOCTi MpO cyyacHi nigxoau A0 niKyBaHHA peBMa-
ToigHoro apTputy, ponb DMARDSs, npuHuMnu ctparerii
Treat-to-Target (T2T), edekTnBHiCTb Ta 0Oe3neky pis-
HUX Tpyn npenapaTiB, a TaKoX pe3ynbratv KhiHIYHKX
JocnigpKeHb i MbKHapoOHUX pekomeHaaLin.

Ha nepwomy etani npoBogunu nowyk nitepatyp-
HUX [XKepen 3a knwo4oBuMmn crioBamun: «rheumatoid
arthritis», «DMARDs», «treat-to-target», «csDMARDs»,
«bDMARDs2», «tsDMARDs», «JAK inhibitors», «remi-
ssion», «kEULAR recommendations», «ACR guidelines»,
«disease activity scores», «biologic therapy», «metho-
trexate», «early arthritis management».

Ha ppyromy eTani BuMBYanucb peslome crTaTen
Ta BUKNOYanucb nybnikauii, ski He Bignosiganu KpuTe-
pisM gocnigxeHHs. Ha TpeTbomy eTani BMBYanu MOBHI
TeKCTW BigibpaHux cTaTel Ha BiAMOBIOHICTbL KpUTEPIsM
BKIIIOYEHHS OO0 CMUCKY nNiTepatypu Ta peneBaHTHICTb
[OCnNigXEeHb.

Kputepii BknodeHHs nybnikauii o Bubipku, ska
nigngarana KoHTeHT-aHanisy, Taki:

1. BUCBITNEHHs1 cy4yacHMX BiJOMOCTEN OO0 MaTo-
reHesy PA, edbektnBHoCTi Ta 6e3nekn DMARDSs, pesynb-
TaTiB cTpaTerin nikyBaHHA 3a npuHuunom T2T, a Takox
JaHMX npo BMAAMB Tepanii Ha [OOCArHEHHs peMicii
UM HU3bKOT aKTUBHOCTI 3aXBOPHOBAHHS.

2. BignosigHicTb gocnimkeHb KNHOYOBMM 3acagam
[10Ka30BOi MeguULIHW.

3. Bigkputunii gocTyn 4o NOBHOTEKCTOBOI CTATTI.

PE3YABTATU TA iX OBFOBOPEHHS

AyAMT KAIHIYHOI NPAKTUKK

AIK iIHCTPYMEHT BNPOBAAXEHHSA cTpaTerii T2T

AyauT Ta 3BOPOTHUIA 3B’A30K KIiHIYHOI NMPaKTUKK €
BM3HAHOK Ta LWMPOKO BUKOPMCTOBYBAHOK CTpaTerieto
Ons onTuMmisauii SKoCTi MeanyHoi gonomoru, sika 6asy-
€TbCA Ha aHani3i MOoTOYHOT KIiHIYHOT AifAnbHOCTI Ta
HadaHHI nikapsM CTPYKTYpPOBAHOIO 3BOPOTHOMO 3B’A3KY
Loao BiAMOBIAHOCTI iX Ai CydacHUMM KITiHIYHUM peko-

Objective — is to characterize the role of disease-
modifying antirheumatic drugs in the implementation
of the «treat-to-target» strategy in rheumatoid arthritis.

MATERIALS AND METHODS

Selection of publications was carried out using the
following databases: PubMed (https://pubmed.ncbi.nim.
nih.gov/), Clinical Key Elsevier (https://www.clinicalkey.
com), Cochrane Library (https://www.cochranelibrary.
com/), eBook Business Collection (https://www.ebs-
co.com/), and Google Scholar (https://scholar.google.
com/). These sources provided information on modern
approaches to the treatment of rheumatoid arthritis,
the role of DMARDs, the principles of the Treat-to-
Target (T2T) strategy, the efficacy and safety of different
drug classes, as well as clinical trial results and inter-
national recommendations.

Stage 1: A search for literature sources was conducted
using the following keywords: «rheumatoid arthritis»,
«DMARDs», «treat-to-target», «csDMARDs», «tbDMARDs»,
«tsDMARDs», «JAK inhibitors», «remission», «EULAR
recommendations», «ACR guidelines», «disease activity
scores», «biologic therapy», «methotrexate», «early
arthritis management».

Stage 2: Article abstracts were reviewed, and publi-
cations not meeting the study criteria were excluded.

Stage 3: The full texts of the selected articles were
examined for compliance with inclusion criteria and
relevance to the study.

Inclusion criteria for publications selected for content
analysis were as follows:

1. Coverage of current data on the pathogenesis
of RA, efficacy and safety of DMARDs, treatment
outcomes based on the T2T strategy, and the impact
of therapy on achieving remission or low disease activity.

2. Consistency of the studies with the core principles
of evidence-based medicine.

3. Open access to the full-text article.

RESULTS AND DISCUSSION

Clinical practice audit

as a tool for implementing the T2T strategy
Audit and feedback in clinical practice is a recognized
and widely used strategy for optimizing the quality of
healthcare. It is based on analyzing current clinical
activities and providing physicians with structured feed-
back on the alignment of their actions with modern clini-
cal guidelines and evidence-based standards [13-15].
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MeHAauisiM Ta cTaHgapTam 4oka3oBoi meanunHm [13-15].
3okpema, BiH € ePeKTMBHUM iHCTPYMEHTOM Ans niaBu-
LWEHHs piBHA LOTPUMaHHA  KhiHiLMCTaMM  NPUHUMNIB
BEe[EHHs1 NaLieHTiB, WO IPYHTYIOTbCSA Ha KoHuenuii T2T,
ska nepenbavae aKkTMBHE [OCArHEHHs 3asgjanerigb
BM3HAYEHNX TePaneBTUYHUX LiNeN Yy MEeHEemMKMEHTI Xpo-
HIYHMX 3axBOplOBaHb, 3okpema PA [15].

Lla meToguka cxBaneHa $IK BaXNMBUN MeXaHi3m
pednekcii KniHiYHOT NPaKkTUKM Ta CUCTEMHOrO BOOCKO-
HaneHHs1 SKOCTi HaJaHHs MeaWYHO! LOMOMOrM aBTOpM-
TETHUMM NPOCECINHUMM  OpraHizauisMu, TakuMum SIK
€BpONENCbKUN  anbsHC PEeBMAaTOmNoOrivYHMX acouiauin
(European Alliance of Associations for Rheumatology
(EULAR), KaHagcbka  peBmatorioriyHa — acouiauiq
(Canadian Rheumatology Association — CRA) [16],
a Takox KoponiBcbkuin konemx nikapis Ta Xipypris
KanHagn (Royal College of Physicians and Surgeons
of Canada — RCPSC) [17], American College of
Rheumatology (ACR). BusHaHHs edekTMBHOCTI ayauTy
3 OoOKy UuUMX opraHi3auin nigkpecne i 3Ha4YeHHs
He nuLle sIK iIHCTpyMeHTa KOHTPOMIO SKOCTI, ane n sik 3a-
coby Ans hopMyBaHHs CTilkoi KynbTypu 6e3nepepBHOro
npodecinHoro po3BUTKY Ta aganTauii NpakTUKK BianoBia-
HO [0 CyYacHUX HayKoBUX AaHuX. EchekTnBHICTL nporpam
ayauTy 3HAYHOK MIpPOID 3aneXuTb Bid CTPYKTYpuW Ta Yac-
TOTW HaJaHHS1 3BOPOTHOrO 3B’si3KY, CNocoby 1Moro nopaui,
a TakoX Big 3any4eHHsa nikapis g0 npouecy pednekcii
Ta BU3HAYEHHS LWNAXIB YOOCKOHANEeHHs npakTuku [18].

B ymoBax cyyacHOi KniHiYHOI npakTuku, Ae genani
GinblIOro 3HavyeHHs HabyBaloTb CTpaTerii, OpieHTOBaHI
Ha nNiABULLEHHA SKOCTI HagaHHs MeAM4YHOI [Aonomoru
Ta GesnepepBHe npodeciiHe BOOCKOHANEeHHs nikapis,
ocobnuBy yBary npuBepTae KoHUeMUis nikyBaHHa T2T.
BoHa € HeBig'eMHOO CKNagoBOK Mapagurmu 4oKas3oBOi
MeauLUUHKM, Wo 6a3yeTbcs Ha MpUHUMNAax nepcoHaniso-
BaHOro niaxoA4y, akTMBHOIO 3aryyeHHsi nauieHTa y npouec
NPUMAHATTA pilleHb Ta perynspHoOi OUiHKW eEeKTUBHOCTI
Tepanii 3a AOMNOMOrol 06 E€KTUBHUX KNiHIYHUX iHCTPY-
MeHTiB. EdpektmBHicTb T2T sk cTpateriyHoro nigxogy
00 MEHEMXMEHTY XPOHIYHUX 3axBOpPHOBaHb, 30Kpema
peBMaTU4HMX, Ge3nocepenHbO MOB’A3aHa 3 HasiBHICTIO
YiTKMX OPIEHTUPIB Y MiKyBaHHI, IO JO3BOMSAOTL CUCTEMA-
TUYHO MOHITOpPYBaTM CTaH nauieHTa Ta CBOEYacHO
KopuryeaTtu Tepanito (Tabmn. 1). Y uboMy KOHTEKCTi BNpo-
Ba[PKEHHS Mporpam ayguty Ta 3BOPOTHOMO 3B’sI3KY, LUO
CNPUSIOTL NiABULLEHHIO PiBHA 4OTPUMAHHS KNiHIYHMX pEKO-
MeHAaUin Ta NPOTOKOrMiB, CTBOPIOE OCHOBY ANt (hOpMYy-
BaHHSA BUCOKOI KyNbTYpU KIiHIYHOT NPaKTUKK, OPiEHTOBaHOT
Ha LOCSrHEHHS ONTUMAaribHUX Pe3ynbTarTiB NikyBaHHS.

Specifically, it serves as an effective tool for increasing
clinicians’ adherence to patient management prin-
ciples rooted in the Treat-to-Target (T2T) concept,
which involves actively pursuing predefined therapeutic
goals in the management of chronic diseases, inclu-
ding RA[15].

This methodology is endorsed as a key mechanism
for clinical reflection and systematic improvement
in the quality of care by authoritative professional orga-
nizations such as the European Alliance of Associations
for Rheumatology (EULAR), the Canadian Rheuma-
tology Association (CRA) [16], the Royal College of
Physicians and Surgeons of Canada (RCPSC) [17],
and the American College of Rheumatology (ACR).
The recognition of audit effectiveness by these organi-
zations underscores its significance not only as a quality
control tool but also as a means of fostering a sustain-
able culture of continuous professional develop-
ment and practice adaptation in line with the latest
scientific evidence.

The effectiveness of audit programs largely depends
on the structure and frequency of feedback delivery,
the method of its presentation, and the degree of
physician engagement in the reflection process and
the identification of ways to improve clinical practice [18].

In modern clinical practice, where increasing atten-
tion is being paid to strategies aimed at enhancing
the quality of healthcare delivery and continuous profe-
ssional development, the T2T concept stands out.
It is an integral part of the evidence-based medicine
paradigm, founded on principles of personalized care,
active patient involvement in decision-making, and
regular evaluation of treatment effectiveness using
objective clinical tools.

The effectiveness of T2T as a strategic approach
to the management of chronic diseases, particularly
rheumatic diseases, is directly linked to the existence
of clear treatment targets that enable systematic patient
monitoring and timely therapy adjustments (Table 1).
In this context, the implementation of audit and feed-
back programs that enhance adherence to clinical
guidelines and protocols lays the foundation for fostering
a high standard of clinical practice focused on achieving
optimal treatment outcomes.

Ta6nuus 1. OcHoBHI BigMIHHOCTI niaxoaiB Ao nikyBaHHs PA: T2T Ta TpaguuiiHa Tepanis
Table 1. Key differences between treatment approaches for RA: T2T and traditional therapy

Kpwutepin / Criterion

T2T-nigxig / T2T approach

Tpaguuiiiui nigxig / Traditional approach

Pewmicis abo HM3bka akTUBHICTb
Remission or low disease activity

Llinb nikyBaHHA
Treatment goal

MonerweHHs cumnTomis
Symptom relief

MOHITOPUHI aKTUBHOCTI
Activity monitoring

PerynsapHui, koxHi 1-3 mic.
Regular, every 1-3 months

HeperynsipHuit abo cumnToMaTU4HUii
Irregular or symptomatic

IHCTPYMEHTH OLiHKM
Assessment tools

— DAS28 (Disease Activity Score in 28 joints)
— CDAI (Clinical Disease Activity Index)
— SDAI (Simplified Disease Activity Index)

Yacrto BigcyTHi abo cy6’ekTuBHI
Often absent or subjective

Kopekuis nikyBaHHs
Treatment adjustment

LLiBnake kopurysaHHs 3a notpeboto
Timely adjustment as needed

3aTpumka B 3MiHi mpenapartis
Delay in medication adjustment

[MporHo3 ang naujieHTta
Patient prognosis

Better function, less disability

Kpawa dyHKuis, MeHLwwa iHBanigusauis

Binblue ywKomKeHb, NporpecyBaHHs
More damage, progression
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KoHuenuis T2T 6a3yeTbcs Ha cucTeMaTUYHIN, nochi-
[OOBHIl Ta peTernbHO CTPYKTYPOBaHii cTpaTerii nikyBaHHS,
ska nepenbavae perynspHUiA MOHITOPUHI aKTUBHOCTI
3aXBOPIOBaHHS i3 3aCTOCyBaHHSIM BarifoBaHWUX iHCTPY-
MEHTIB oUiHKW, Takux sik DAS28, CDAl abo SDAI (tabn. 2),
3 METOK CBOEYacHOI Kopekuii Tepanii gns OOCArHEHHs
KniHiYHOI  pewmicii abo, LWoHaNMeHWe, CcTaHy HU3bKOT
aKTUBHOCTI 3axBoptoBaHHA [7]. Baxnueum acnektom
koHuenuii T2T € guMHaMIYHICTb NiKyBaHHS, LLO I'PYyHTY-
€TbCA Ha MpUHUMNAX NepcoHanizoBaHoi MeauLMHM,
e Bubip Tepanii 3aifCHIOETLCA 3 ypaxyBaHHSAM iHOMBIOY-
anbHUX XapakTepucTuk nauieHTa, nepebiry 3axBopto-
BaHHA Ta HasiBHOCTI CynyTHIX NaToOMOrii.

The T2T concept is based on a systematic, consis-
tent, and well-structured treatment strategy that involves
regular monitoring of disease activity using validated
assessment tools such as DAS28, CDAI, or SDAI
(Table 2), with the goal of timely therapy adjustment
to achieve clinical remission or, at minimum, a state
of low disease activity [7]. An important aspect of
the T2T concept is the dynamic nature of treatment,
grounded in the principles of personalized medicine,
where therapy is selected based on the individual cha-
racteristics of the patient, the course of the disease,
and the presence of comorbidities.

Tabnuusa 2. MopisHaHHA DAS28, SDAI, CDAI y pamkax Treat-to-Target (T2T)

Table 2. Comparison of DAS28, SDAI, and CDAI within the Treat-to-Target (T2T) framework

MapameTpu / Parameters

DAS28 (ESR- or CRP)

SDAI
(Simplified Disease Activity Index)

CDAI
(Clinical Disease Activity Index)

KomnoHeHTu ouiHkn
Assessment components

— 28 6ontoumx cyrnobis
— 28 painful joints

— 28 6ontounx cyrnobis
— 28 painful joints

— 28 6ontoumx cyrrnobis
— 28 painful joints

— 28 Habpsiknux cyrnobis
— 28 swollen joints

— 28 Habpsiknux cyrnobis
— 28 swollen joints

— 28 Habpsiknux cyrnobis
— 28 swollen joints

LLIOE a6o CPIN BaranbHa oujHka nauieHta (BALL 0-10) | 3aranbHa ouiHka nauieHTa (BALL 0—-10)
ESR or CRP Patient’s global assessment (VAS 0-10) | Patient’s global assessment (VAS 0-10)
3aranbHa oujiHka nauieHta 3aranbHa ouiHka nikaps 3aranbHa ouiHka nikaps

(BALL 0-100) (BALL 0-10) (BALL 0-10)

Patient’s global assessment
(VAS 0-100)

Physician’s global assessment
(VAS 0-10)

Physician’s global assessment
(VAS 0-10)

CPI (mr/pn)
CRP (mg/dl)

OuiHka 3ananeHHs
Inflammation assessment

Yepes LLOE a6o CPIN
Via ESR or CRP

Yepes CPIN/ Via CRP

Hemae; 6e3 MmapkepiB 3ananeHHsi
None; no inflammatory marker required

[NoporoB.i 3HaYeHHs
aKTUBHOCTI
Threshold values for activity

< 2,6 — pemicisi / remission

< 3,3 — pewmicisa / remission

< 2,8 — pewmicis / remission

2,6-3,2 — Hu3bKa / low

3,4—-11 — Husbka / low

2,9-10 — Hu3bkKa / low

3,2-5,1 — nomipHa / moderate

11,1-26 — nomipHa / moderate

10,1-22 — nomipHa / moderate

> 5,1 — Bucoka / high

> 26 — Bucoka / high

> 22 — Bucoka / high

PospaxyHok
Calculation

CknagHa cpopmyna;
notpibeH kanbkynsTop,
OHNaWH-IHCTPyMeHTH abo
MOBINbHUI 3aCTOCYHOK
Complex formula;
requires calculator,

online tools or mobile app

MpocTe nincymoByBaHHs
BCiX KOMMOHEHTIB
Simple sum of all components

MpocTe nincymoByBaHHS BCiX
KOMMOHEHTIB
Simple sum of all components

BkntoYeHHs ouiHKKM nikapsa
Physician assessment
included

Hi/ No

Tak / Yes

Tak / Yes

Hepnonikn
Disadvantages

3anexuTb Big nabopaTopHUX AaHNUX
Depends on lab data

CknagHa dopmyna
Complex formula

Moxxe He BinobpaxaTu aKkTUBHICTb
3ananeHHs npu nigsuiieHomy LLOE
May not reflect true inflammatory
activity if ESR is elevated

MoTpi6eH CPE;

He 3aBXau LWBUAKO AOCTYMHUNA
CRP needed;

not always quickly available

Mosxe 6yTV MEHLL YyTIBUM

y Bunagkax 6e3 nabopaTtopHoro
nigTBEpIKEHHS 3ananeHHs

May be less sensitive in cases without
clinical-inflammation confirmation

YyTtnmeictb

[0 3MiH Yy peMmicii
Sensitivity

to remission changes

DAS28 <2,6 — kniHi4yHa pemicis,
X04a 3ananeHHs Moxe 3anuaTuncs
DAS28 <2,6 — in clinical remission,
though inflammation may remain

[o6Gpe kopentoe 3 KNiHIYHO peMiciero
Correlates well with clinical remission

[o6pe Kopentoe 3 KNiHIYHO pemicieto
Correlates well with clinical remission

PekomeHpauii EULAR/ACR
EULAR/ACR
recommendations

PekomeHaoBaHuiz;

notpibeH foctyn Ao naboparopii;
DAS28 < 2,6 — peMmicisi
Recommended;

needs lab access;

DAS28 < 2.6 — remission

BusHaveHO SK HaNTOYHILIWI
ANs oUiHKK rInBokKoT peMicii
Defined as the most accurate
for deep remission assessment

PekomeHaoBaHWI y KNiHIYHIA NpakTuui;
0co6MBO KOPUCHWMIA 3a BIACYTHOCTI
poctyny ao nabopatopii
Recommended in clinical practice;
particularly useful without lab access

OpHak, HesBaxatounm Ha 6GessanepeyHy edekTuBs-
HicTb T2T, BnpoBagXXeHHs Ui€i cTpaTerii y NOBCAKAEHHY
KMiHIYHY MpaKTUKY 4YacTo CTMKAETbCA 3 YUCIEHHUMU
Oap’epamu, 3okpema B yMOBax BMCOKOI 3aBaHTAXKEHOCTI
nikapie, OOMEXeHWX pecypciB MeAuYHUX 3aknagis
Ta HeQOCTaTHLOI AOCTYMHOCTI KOMMMEKCHUX iIHCTPYMEHTIB

However, despite the undeniable effectiveness of
the T2T strategy, its implementation in everyday clinical
practice often encounters multiple barriers, particularly
in settings with high physician workloads, limited insti-
tutional resources, and insufficient access to compre-
hensive tools for disease activity assessment. Moreover,
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Ons OUiHIOBaHHSA akTUBHOCTI 3axBoptoBaHHsA. Kpim Toro,
peanisauis T2T notpebye 4acTux KNiHIYHUX BI3UTIB,
o nepeabavae cuctemMaTUYHUn 36ip gaHWX NPO KIiHiY-
HWIA CTaH nauieHTa, nabopaTopHi NoKas3HUKU Ta PyHKLiO-
HanbHi pe3ynbTaTv, a TakoX BMMarae 4Yacy ansi obroeo-
PEHHs1 3MiH y Tepanii, Wo Moxe OyTn cknagHUM 3aBaaH-
HSIM Y PYTWMHHIN KNiHiYHIA npakTuli, 0cobnMBo B ymMoBax
obMmexeHoro Yacy Ha ogHoro nadieHta [14, 19].

Migxig T2T 3akpinuBcA ik cy4acHUn cTaHOapT Be4eHHs
nauieHTiB 3 PA nicna ny6nikauii nepwmnx pekomeHaadii
woao BnpoBagxkeHHs uiei ctpaterii y 2010 p., wo ctanu
OCHOBOK Ansa TpaHcdopmauii nigxogis ago Tepanii
B peBmatonorii [20, 21]. Pe3ynsratn 6araToueHTPOBUX
JocnigkeHb Ta KNiHIYHUX BMNpPoOyBaHb MNEPEKOHIMBO
npooeMoHCTpyBanu, Lo 3actocyBaHHA cTpaterii T2T
[o3Bonsie gocarati Ginbll BUCOKMX MOKa3HUKIB peMicii
ab0 HU3bKOT aKTUBHOCTI 3aXBOPIOBAHHSI MOPIBHAHO 3 py-
TUHHOK KNIHIYHOK NPAaKTMKOW, A€ TepaneBTU4YHI pi-
LWEHHS NPUAMAalOTbCA MEHLU CUCTEMAaTU30BaHO [22-24].
Lli oani nigkpecntooTb kntovoBe 3HadYeHHs T2T y 3abes-
NneYveHHi KpaLlmMx 4OBrOCTPOKOBUX PE3YNbTaTiB NiKyBaHHS,
BKIIOYHO 3i 36epexeHHsIM (DyHKLiOHanbHOi akTUBHOCTI,
nonepeaXeHHs M CTPYKTYPHUX ypaxeHb CyrnobiB Ta 3Hu-
KEHHAM iHBanian3auii nauieHTiB.

HeBig'eMHUM KomnoHeHTOM cTpaTterii T2T € npuH-
LUMn CnifibHOrO MNPUAHATTA pilleHb MK nauieHTamm
Ta KniHiuctamun (shared decision-making — SDM),
SKMA nepenbadae akTMBHY yvacTb NauieHTiB y BUOOpI
TepaneBTUMHUX UiNen Ta wnaxiB ix gocarHeHHs [20].
BusHaHHs BaxnumeocTi SDM y meHemxkmeHTi PA 3Hanwno
BiOOpaXeHHs Yy nepernsiHyTUX BepCiAX pekoMeHaa-
uin T2T, BknovatouM cneuianbHO po3pobneHy Bepcito,
OpieHTOBaHy Ha nauieHTiB. Lle AOKyMeHT CTBOpPEeHO
3 MeTol nigBuLWEHHS piBHA 06Gi3HAHOCTI nauieHTiB
npo IXHE 3axBOPHOBAHHS, METOAM WOr0 KOHTPOSO
Ta pofb akTMBHOI y4acTi y NPUAHATTI KNiHIYHMX pilleHb,
WO, Y CBOK 4epry, Cnpusie MigBULLEHHIO KOMMAEHCY
Ta 3a40BOSEHOCTI NMikyBaHHAM [25].

[na 3abesneyeHHs cnpaegi nauieHToopieHToBaHO!
Meaun4yHoi gonomMoru npu PA BaXnuBO CUCTEMHO Bpaxo-
BYBaTW pe3ynbTaTy, WO MalTb 3HAYEHHsT NS NalieHTIB,
BKMIOYa4M npaues3naTHiCTb, piBeHb (Ui3NYHOI aKTUB-
HOCTi, y4acTb y couianbHOMY XWTTi, @ Takox ciHaHCOBI
acnekTu MiKyBaHHs, Taki SIK BapTiCTb Tepanii, A4OCTyn-
HICTb NiKiB Ta BNIMB 3aXBOPKBAHHA Ha E€KOHOMIYHWUN
CTaH nauieHTa [26, 27]. 3anyyeHHs nauieHTiB Ao npo-
uecy MPUAHATTS KMiHIYHUMX PpilleHb He nuwe Ccnpusie
POpMyBaHHIO OOBIpU MK nikapem Ta nauieHTomMm,
a W acouitoetbCa 3 MiOBULLEHHAM  MNPUXWUNBHOCTI
00 niKyBaHHs, MOMIMWEHHSIM [OTPUMAaHHSI MNpu3Have-
HOI Tepanii Ta 3aranbHUM piBHEM 3ag0BOSfieHOCTI [28].
OpHak BapTO HaronocuTw, WO Yy npoueci MNpUNHATTA
pilleHb KMIHIUMCTM Ta NauieHTU MOXYTb akUeHTyBaTu
yBary Ha pi3HMX acnekTax 3axBOplBaHHA: nikapi
OpIiEHTYIOTbCA Hacamnepen Ha KhiHiYHI  iHOWKaTopKn
Ta OOCArHEHHS TepaneBTUYHUX Linen, Toai AK nauieHTn
MOXYTb HaJaBaTW OinbLIOro 3HaAYeHHS MOBCSAKAEHHUM
yHKLUiOHANbHUM 0BMEXEHHAM, NOGiYHUM edbekTam npe-
napariB, BMNIMBY 3axXBOPIOBAHHA Ha SKICTb XUTTH,
a TakoX iHaHcoBMM acnektam nikyBaHHa [29, 30].
Kpim TOro, nokpawleHHs TpaauLlinHUX NOKa3HUKIB aKTUB-
HOCTi 3axBOpPIOBaHHSA He 3aBXAW Npu3BOAWTbL [0 Bigno-
BiLHOMO MOKPALLEHHSA SIKOCTI XUTTA MauieHTiB, Wwo nig-
KPECINIOE  BaXNMBICTb  CUCTEMATUYHOIO  BpaxyBaHHS
OuikyBaHb Ta AOCBiAy NaLEHTIB SIK KIHOYOBOMO KOMMO-
HeHTa OLiHKM eekTUBHOCTI nikyBaHHs [20, 31].

implementing T2T requires frequent clinical visits,
involving systematic data collection on the patient’s
clinical status, laboratory parameters, and functional
outcomes, as well as time to discuss potential treatment
changes tasks that can be difficult to manage within
routine clinical workflows, especially when consultation
time per patient is limited [14, 19].

The T2T approach has become a modern standard
in the management of RA following the publication
of the first official recommendations in 2010, which laid
the foundation for transforming therapeutic strategies
in rheumatology [20, 21]. Results from multicenter
studies and clinical trials have convincingly demonst-
rated that applying the T2T strategy leads to significantly
higher rates of remission or low disease activity compared
to routine clinical practice, where therapeutic decisions
are made in a less structured manner [22-24]. These fin-
dings emphasize the critical importance of T2T in
achieving better long-term treatment outcomes, inclu-
ding preservation of functional capacity, prevention of
joint damage, and reduction in patient disability.

An integral component of the T2T strategy is the
principle of shared decision-making (SDM) between
patients and clinicians, which involves active patient
participation in selecting therapeutic goals and deter-
mining how to achieve them [20]. The importance
of SDM in RA management has been reflected in
updated versions of the T2T recommendations, including
a patient-centered edition designed to increase aware-
ness about the disease, its management, and the value
of active involvement in clinical decision-making.
This, in turn, promotes greater treatment adherence
and patient satisfaction [25].

To ensure truly patient-centered care in RA, it is
essential to systematically consider outcomes that
matter to patients, including work productivity, physical
activity levels, social participation, and financial factors
such as treatment costs, drug availability, and the
economic burden of the disease [26, 27]. Engaging
patients in the clinical decision-making process not
only fosters trust between the physician and patient but
is also associated with improved treatment adherence
and greater overall satisfaction [28]. However, it is
important to note that clinicians and patients may focus
on different aspects of the disease: physicians often
prioritize clinical indicators and therapeutic targets,
whereas patients may place more emphasis on daily
functional limitations, medication side effects, quality
of life, and financial concerns [29, 30]. Furthermore,
improvements in traditional disease activity metrics do not
always translate into better quality of life, highlighting
the importance of systematically incorporating patients’
expectations and experiences as a key component
of treatment effectiveness evaluation [20, 31].
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HN33, TKC Ta onioiAHi AHAAbreTUKH

Y AiKyBAHHi PA: MOXAUBOCTiI TO OOGMEXEHHS

CyvacHe nikyBaHHA PA 6a3yeTbca Ha 6Garatopis-
HeBOMY niaxopfi, WO MOeOHYe 3acTOCyBaHHsSi hapMako-
noriyHnx 3acobiB Ta HemMeauKaMeHTO3HUX MeTofiB
i3 MeTOl [OCArHeHHs1 KnNiHiYHOI pemicii abo  cTirkol
HU3bKOI aKTMBHOCTI 3axBoptoBaHHSA. OCHOBHI 3aBAaHHSA
Tepanii nonsaratTb Yy 3MEHLUEHHi iHTeHCMBHOCTI 3ana-
NEHHs, KynipyBaHHi 0ONbOBOro cuMHAPOMY, 3anobiraHHi
NporpecyBaHHI0 AeCTPYKTUBHUX 3MiH Y cyrnobax, a Takox
y nigTpuMui PYHKUiOHANbHOrO CTaHy NauieHTIB i IXHbOI
couianbHoi aganTauii. [JOCArHeHHs uUMX uinen Bumarae
nepcoHanisoBaHoro niaxogy 40 BUOOpPY TepaneBTUYHMX
cTparTerii, siKi BPaxoBYIOTb aKTUBHICTb 3aXBOPHOBAHHS,
cTajilo npouecy, nokanizauito ypaxeHb, BiK naujieHTa,
CynyTHi natonorii, NpodecinHi Ta couianbHi YUHHUKHK,
a Takox piBeHb komnnaeHcy [32, 33].

KntoyoBnm 3aBgaHHAM Tepanii nepluoi niHii npy PA
€ LWBKNAKE 3MEHLUEHHS 3ananbHUX NPOsiBiB Ta KOHTPOmb
6ono. Ona uboro TpaguuinHo 3actocoBytTbes HIM33
Ta TKC, ski 3abe3nedvyloTb TUMYacOBE MOMErLIEHHS
CYMMTOMIB | MOKpaLLEHHs SIKOCTi XUTTa nauieHTis. HM33,
TakKi K aueTuncaniuMnoBa KUCroTa, HanpoKceH, ibynpo-
deH Ta eTogonak, AilTb LUMASXOM MPUrHIYEHHSA dep-
meHTy LIOl, wo npu3BoanTb [0 3HWXKEHHS npopykuil
npocTarnaHavHiB, MpocTaHoifiB Ta TpombokcaHiB —
OCHOBHUMX MeaiaTopiB 3ananeHHs. CenekTuBHi iHribiTopu
LIOrr-2, 3okpema Lenekokcub, LEeMOHCTPYITb Kpaliuii
npocpine 6e3nekn y nauieHTIB i3 NiABULLEHUM PU3MKOM
LUMYHKOBO-KULLIKOBUX YycknagHeHb [32, 34]. BogHouvac
HM33 He BNNMBaTb Ha naToreHeTU4YHi mexaHismmn PA
Ta He 3anobiraloTb MNpOrpecyBaHH0 3aXBOPIOBAHHS,
Lo obmexye iX BUKOPUCTaHHS y pori MoHoTepanii.

KC 3sanuwatoTbcs OgHUM i3  HaedEeKTUBHILLNX
3acobiB AN KOPOTKOYACHOro KOHTPOM0  aKTUBHOMO
3ananbHoro npouecy npu PA, ocobnuBo y ¢asi 3a-
FOCTPEHHSI 3aXBOPIOBAHHA. IX KMiHiYHa edeKTMBHICTb
3yMOBIEHA 3[aTHICTHO LUBMOKO 3HMXKYBaTW BUPaXKEHICTb
3ananeHHsl, ameHwysaTtu Oinb, HabpsK i nokpallyBaTy
dyHkuito cyrnobis. OcHoBHMI MexaHi3m gii TKC nos’'siza-
HWMA i3 MOTYXXHUM ranbMyBaHHSAM CUHTE3Yy KIHOYOBUX
nposananbHuUX MegiaTopiB, 3okpema uuTokiHiB (TNF-a,
IL-1B, IL-6), XeMOKiHiB, NpocTarnaHauWHiB Ta NENKOTPIEHIB,
a TaKkox iHribyBaHHAM ekcnpecii monekyn agresii, Lo
3HWXKYE Mirpauito iMyHOKOMMNETEHTHUX KNiTUH Yy 30HY
3ananexHs [13]. Kpim Toro, F'KC edekTuBHO npurHidyoTh
aKTUBaUil0 TpaHCKpUNUinHMX dakTopis, 3okpema NF-kB
Ta AP-1, aki 6epyTb yyacTb y perynsiuii ekcrnpecii unc-
NEHHMX TeHiB, WO KOAylTb Mnpo3ananbHi Oinku. 3meH-
WEeHHS iHgInbTpauii iMyHHUX KMNiTUH y CUHOBIanbHy obo-
NOHKy cyrnobis, BkMovatoum makpodaru, T- Ta B-kniTuHu,
Crnpuse 3HWXKEHHIO nponidepauii CUHOBIOUUTIB | ranbmMye
POpMyBaHHA nNaHyca — XapakTepHOi MopdOonoriYHol
ocobnueocTi PA [32, 34-37].

'KC 3acTocoByloTbCA SIK CUCTEMHO, TaK i NOKanbHO
3anexHo Bif KNiHiYHOT cuTyauii. CucteMHe 3acToCyBaHHsI
nepenbayae BUKOPUCTAHHSA NepopanbHuMX opM, Takux
SIK NPeaHi30NoH, KU € OAHMM i3 HaNBINbL NOWMPEHNX
npenaparis y npakTuui pesmaronora. Y pasi HasiBHOCTI
i30M1bOBAHOr0 3aMnarnbHOro MpoLecy B OKpemux cyrrnobax
MOXnMBe nokanbHe BeeaeHHst IKC Lwnsaxom BHYTPILLHBbO-
cyrnoboBux iH'eKUiA, Hanpwvknag, TpiamuMHONoHy abo
METUNNPENHI30NOHY, WO 3abe3nedyye 6Ge3nocepeqHii
npoTusananbHUin edekT y BOTHUL ypaxeHHs. Taka cTpa-
Teris 403BONSE 3MEHLLNTK 03y cucTeMHUX [KC i 3HM3uTH
pu3uK po3BUTKY NobivHNX edpekTiB [32, 34, 35].

NSAIDs, glucocorticoids, and opioid analgesics
in RA treatment: opportunities and limitations

Modern RA treatment is based on a multilevel
approach that combines pharmacological agents and
non-pharmacological methods to achieve clinical remi-
ssion or sustained low disease activity. The primary
objectives of therapy include reducing inflammation,
controlling pain, preventing progression of joint destruc-
tion, maintaining functional status, and supporting social
adaptation. Achieving these goals requires a persona-
lized approach to treatment strategies that considers
disease activity, stage, location of lesions, patient age,
comorbidities, professional and social factors, and
adherence level [32, 33].

The key aim of first-line therapy in RA is rapid
reduction of inflammation and pain control. NSAIDs and
glucocorticoids (GCs) are traditionally used to provide
temporary symptom relief and improve quality of life.
NSAIDs such as acetylsalicylic acid, naproxen, ibupro-
fen, and etodolac act by inhibiting the COX enzyme,
reducing the production of prostaglandins, prostanoids,
and thromboxanes major inflammatory mediators.
Selective COX-2 inhibitors, such as celecoxib, show
a better safety profile in patients at increased risk
of gastrointestinal complications [32, 34]. However,
NSAIDs do not affect the pathogenic mechanisms
of RA and cannot prevent disease progression, limiting
their use as monotherapy.

GCs remain among the most effective means
for short-term control of active inflammation in RA,
especially during disease flares. Their clinical efficacy
is due to their ability to rapidly reduce inflammation,
pain, swelling, and improve joint function. The main
mechanism involves potent inhibition of key pro-infla-
mmatory mediators, including cytokines (TNF-a, IL-1pB,
IL-6), chemokines, prostaglandins, and leukotrienes,
as well as suppression of adhesion molecules that
reduce immune cell migration to the inflammation
site [13]. GCs also inhibit transcription factors like NF-kB
and AP-1, which regulate the expression of numerous
pro-inflammatory proteins. This leads to decreased
immune cell infiltration into the synovium, including
macrophages, T- and B-cells, thereby reducing syno-
viocyte proliferation and pannus formation a hallmark
of RA pathology [32, 34-37].

GCs can be administered systemically or locally,
depending on clinical circumstances. Systemic admi-
nistration typically involves oral forms such as pred-
nisone, which is widely used in rheumatologic practice.
In cases of localized inflammation, intra-articular
injections (e.g., triamcinolone or methylprednisolone)
can provide direct anti-inflammatory effects at the site
of involvement. This strategy helps reduce systemic
GC doses and minimizes side effects [32, 34, 35].

Despite their short-term efficacy, long-term GC use is
associated with serious complications, limiting prolonged
application. Common and clinically significant adverse
effects include steroid-induced osteoporosis, caused
by disrupted bone remodeling and increased osteoclast ac-
tivity alongside inhibited osteoblastogenesis. Other com-
plications include hyperglycemia or diabetes, hyper-
tension, fluid retention leading to edema, obesity, and
increased risk of infections due to immunosuppression.
Long-term GC use may also suppress the hypothalamic-
pituitary-adrenal axis, leading to adrenal insufficiency
upon abrupt withdrawal [32, 34-37].
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OpHak, HesBaxaloum Ha BUCOKY edpekTuBHicTb [KC
Yy KOPOTKOCTPOKOBI/ NepcrnekTuBi, iX TpuBane 3acTocy-
BaHHS1 aCOLIIIOETLCS 3 HWU3KOK CEPUO3HUX YCKMNafHEHb,
Wo obmMexye MOXNIMBOCTI [JOBrOTPUBANOro BUKOPUC-
TaHHs. Cepep Hambinbll YacTuMxX i KMiHIYHO 3HAYyLLUX
nobGiyHMx edekTiB cnig BMAOINUTM CTepoia-iHayKoBaHWiA
OCTEONOPO3, SIKUIA PO3BUBAETLCS BHACMIOOK MOPYLUEHHSI
pemMogentoBaHHsl KIiCTKOBOI TKaHMHM Ta MigBULLEHHS
aKTMBHOCTi OCTEOKNACTiB Ha TNi ranbMyBaHHS OCTEO-
GnacTtoreHesy. IHWI BaXnuBi YyCKNagHEHHS BKIOYAKOTb
pO3BMTOK rinepriikemii Ta HagiTb LyKpoBOro giabery,
apTepianbHy rinepTeHsilo, 3aTpUMKY piguHM B OpraHismi,
WO Crpusie BUHUKHEHHIO HabpPsIKOBOrO  CUHOPOMY,
a TaKoX OXMPIHHA Ta MNiABULUEHHS PU3UKY iHEKLiNnHNX
ycKnagHeHb Yyepes iMyHocynpecuBHu edekT. Kpim Toro,
TpuBane 3actocyBaHHs [KC 3gatHe npu3BecTu o npu-
rHiYeHHa  yHKUii  rinoTanamo-rinodisapHo-HagHUPKO-
BOI OCi, LLO MOX€e BMKNUKATU HaAHUPKOBY HEOOCTaTHICTb
npv panToBin BigmiHi npenapary [32, 34-37].

3 ornagy Ha 3a3HayeHi pUsnKK, y CydacHUX KiHIYHUX
pekoMeHAaLlisix ocobnvea yBara NpUAINSeTbCA 3axonam
NpoginakTnkn ycknagHeHb, NoB’a3aHux i3 Tepanieto KC.
Tak, ons nonepemXeHHs1 PO3BUTKY OCTEOMNOPO3Y PEKO-
MEHZ0BaHO OfHOYaCHE MpU3HA4YeHHs npenapartiB Karnb-
uito Ta BiTamiHy D, Wo cnpusitoTb 36epexeHH0 MiHe-
panbHOI LWinNbHOCTI KicTKOBOT TKaHMHW. [pn HeobXiaHOCTI
Tpueanoi Tepanii F’KC moxyTb OyTn nokasaHi gogaTtkoBi
3acobu, Taki sk bicdocdoHatn abo geHocymab, ans 3a-
XWUCTY KICTKOBOI TKaHUHU. OKpiM LIbOro, BaXKfIMBOKO CKNa-
poBoto GesneuyHoro 3actocyBaHHss KC € nocTynoBe
3HWXKEHHS 403U NpenapaTty Npu NnaHyBaHHi KOro BigMiHK,
WO [J03BOMSE MiHIMI3yBaTU PU3UK PO3BUTKY CUHOPOMY
BiAMiHM Ta HagHMPKOBOI HegocTaTHOCTiI [32, 34, 35].

Takum ynHom, MKC 3anmaloTb Baxnuee Micle B Cy-
YacHii TepaneBTUYHIN cTparterii nikyBaHHs PA sk 3aci6
ONs1 LWBWMAKOrO KOHTPOSIO 3aMnarneHHs, ane ix 3actocyBaH-
Hs1 noTpebye iHAMBIgyanbHOro nigxogy 3 ypaxyBaHHSAM
KNiHIYHOro CTaHy nauieHTa, CynyTHIX 3axBOpHOBaHb
Ta pu3nKy po3BUTKY NobivyHux edpekTiB. JlikyBaHHA TKC
Mae NpoBOAUTUCS Mg peTenbHUM KOHTporeM, 3 06oB’as-
KOBMM [LOTPUMaHHAM peKoMeHZauin wono npodinak-
TUKN YCKNagHeHb Ta MOCTYnoBOI BiAMiIHWM npenapaty
Ansi 3abe3neyeHHst 6e3ne4yHoro TepaneBTUHHOMO eOeKTY.

HesBaxatoum Ha oOMexeHi nokasum edekTUBHOCTI
aHanbreTukiB y KoHTponi 6omnto y nauieHTis 3 PA, Ui npe-
napatu LUMPOKO NPU3HA4YalTbCA B KNiHIYHIA NpakTuui.
3rigHO 3 JaHuMKM  cyyacHoro ornsay, MNpoBedeHOro
Cox N. Ta cniaBT. 2025 p. [38], oaHi wono edekTns-
HOCTi HEHAPKOTUYHWUX aHamnbreTuKiB, BKIoYalun napa-
ueTamMon Ta HeonioigHi aHanbreTukW, y naudieHtie i3 PA
€ obmexeHuMun i cynepednueumu. binbwictb gocnia-
XEHb, MPOBEAEHUX Y MUHYNI AecaTuniTTs, 6ynvu meTono-
noriyHo cnabkumu, a ix pesynsraT — HenepeKoHNUBUMMU.
Lle cTBOptOE 3HA4Hy NporanuHy Mk AoKa3oBok 6a30to
Ta KNiHIYHOK NPaKTUKO, OCKINbKU aHaNbreTuku npoaoB-
XKYIOTb LUMPOKO BUKOPUCTOBYBATUCb HaBiTb Momnpu obme-
XKEeHy AOoKa3oBy NiTPUMKY iX edpeKTUBHOCTI.

OnioigHi aHanbreTMkn MoXyTb po3rnsaaTnca Sk Bapi-
aHT TMMYacoBOi NIATPUMYIOHOI Tepanii y nauieHTiB i3 BU-
paxeHuM 60nbOBMM CUHOPOMOM, SIKUA HE KOHTPOo-
€TbCA iHWKMMKU 3acobamu. BogHovac uucnenHi gocnia-
KEHHs, Bkntovatoun gani Whittle S.L. ta cnisasT. [39],
niaKpecnoTs 06MexeHy porb onioigie y nikyBaHHi PA
yepe3 BUCOKUA PU3MK PO3BUTKY 3amnexHOCTi, NobGiyHux
ecekTiB i3 GOKY LUNYHKOBO-KULLKOBOIO TPAKTY, MPUrHi-
YEHHS1 OMXaHHS Ta nopylleHb KOrHITUBHUX PYHKUIN.

Given these risks, modern clinical guidelines empha-
size measures to prevent GC-related complications.
Calcium and vitamin D are recommended to preserve
bone mineral density. In cases of prolonged GC therapy,
additional agents such as bisphosphonates or deno-
sumab may be indicated to protect bone tissue.
Moreover, gradual tapering of GC doses is essential
to avoid withdrawal syndrome and adrenal insuffi-
ciency [32, 34, 35].

Thus, GCs play a key role in modern RA treatment
strategies as a means of rapid inflammation control,
but their use requires individualized planning, consi-
dering clinical status, comorbidities, and adverse event
risks. GC therapy should be closely monitored, with strict
adherence to guidelines on complication prevention
and gradual withdrawal to ensure safety.

Although evidence for analgesics in RA pain control
is limited, they are widely prescribed in clinical practice.
According to a recent review by Cox N. et al. (2025) [38],
the effectiveness of non-opioid analgesics (e.g., parace-
tamol) in RA is limited and controversial. Most studies
from previous decades were methodologically weak,
yielding inconclusive results. This highlights a gap
between evidence-based data and clinical practice,
as analgesics remain commonly used despite limited
supporting evidence.

Opioid analgesics may be considered as short-term
supportive therapy in patients with severe pain unres-
ponsive to other treatments. However, numerous studies,
including those by Whittle S.L. et al. [39], emphasize
the limited role of opioids in RA due to high risks of
dependence, gastrointestinal side effects, respiratory
depression, and cognitive impairment. Therefore, weak
opioids such as codeine, dextropropoxyphene, or
tramadol should only be prescribed in cases of resistant
pain and for short durations [32, 40].

It is important to note that none of the sympto-
matic agents NSAIDs, GCs, or opioids can modify the
disease course or prevent joint destruction. Thus, the
foundation of RA treatment lies in DMARDSs, which target
key mechanisms of inflammation and immune dys-
regulation. Further sections of this work will analyze
DMARD classification, mechanisms of action, efficacy,
safety, and their role in the T2T strategy in detail.
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Tomy npusHayveHHs cnabkux onioifiB, TakMx sIK KoaeiH,
JeKkcTponponokcudpeH 4nM Tpamagon, cnig posrnsigaTtu
SIK KpalHin 3axig, obrpyHTOBaHUiA nuwie y BUNagKax pe-
3UCTEeHTHOro 6onto, i N1Le Ha KOPOTKUA TepMmiH [32, 40].
BaxnmMBo HaronocuTy, L0 XOAEH i3 CUMNTOMATUYHMX
3aco6iB — Hi HM33, Hi FKC, Hi onioign — He 3a4aTHUI 3MiHto-
BaTV NpupoaHuiA nepebir 3axBOplOBaHHs Ta 3anobiratu
nporpecyBaHHo cyrnoboBoi aecTpykuii. Came ToMy OCHo-
BOO natoreHeTuyHoro nikysaHHA PA € DMARDs, siki Bnnu-
BalOTb Ha KIMOYOBI MEXaHi3Mu1 3anarneHHsi Ta iMyHHOro auc-
6anaHcy. MNoganbLimin po3rnsa knacudikauii, ocobnmeoc-
Tew Aii, ecdbekTuBHOCTI Ta 6e3neku pisHmx rpyn DMARDS,
a Takox ixHboi poni y ctpaterii T2T cTtaHe npeameToMm
JeTanbHOro aHanisy HacTynHuUX po3ainis uiei poboTtu.

3Bn4anHi cuHTeTM4Hi DMARDs (csDMARDs)

y T2T-meHeAXMeHTi PA: NOPIBHAAbHUIA QHAAI3

edekTUBHOCTI Ta Npodpiro Gesneku

Metotpekcat (MTX) 3anuwaeTbcsa KYOBUM npe-
napatom y dapmakoTepanii PA Ta pekomeHOoBaHWI
SIK 3acib nepLuoi NiHil 3rigHO 3 cydacHUMK MiXKHapOOHUMU
HacTaHoBaMWu, BKMovaoum pekomeHgauii EULAR [21, 41].
3rigHo 3 umMmn pekomengauismmn, MTX gouinbHO npu-
3Ha4YaTU SIK y pexumi MoHoTepanii, Tak i B kombiHauil
3 iHwumun DMARDs, wWwo p[gossonse onTUMi3yBaTu
nikyBaHHA NauieHTiB 3 Pi3HO aKTUBHICTIO Ta hopmamm
nepebiry 3axBoptoBaHHs. MTX BM3HaHWIA «30M0TUM
ctaHgaptom» Tepanii PA 3aBOsikm CBOI BWUCOKIA KIli-
HiYHI ePEKTUBHOCTI, BIAHOCHO CNpUATANBOMY Npodinto
6e3nekn, 3Ha4HOMY KMiHIY4HOMY [0CBigQy WOro BUKOPUC-
TaHHS, a TakoX MOXNMBOCTI iHOUBIAQyani3awii 4o3yBaHHS
Ta cnocoby BBEAEHHS — sIk NepopanbHO, TaK i napex-
TeparnbHo (NiaLwkKipHo abo BHYTPIiLLHLOM 130B0). Baxknumeo,
wo MTX e ekOHOMIYHO [OCTYMHUM MOpiBHSIHO 3 Giono-
rYHUMKM Ta TapreTHuMmn  cuHtetudHumn  DMARDSs,
WO Mae CyTTEBE 3HAYEHHS ANl CUCTEM OXOPOHWU 370-
poB’ss Ta 3abe3nedyeHHs nNauieHTIB y [OBroTpusanii
nepcnekTuei [8, 21].

OocnipxeHHs ceigyaTb, WO 3actocyBaHHa MTX
acouiloeTbCa  He nuwe 3i 3HWKEHHSIM  aKTUBHOCTI
3anarnbHOro NpoLecy Ta YMNoBiNIbHEHHSIM NPOrpecyBaHHs!
PEHTreHONoriYHNX 3MiH y cyrnobax, ane n i3 nokpalieH-
HAM 3aranbHOi BMXXMBAHOCTI NauieHTiB 3 PA, 3HMWKEHHAM
PY3UKY PO3BUTKY CEPLIEBO-CYANHHUX YCKMAAHEHb, @ TAKOX
3MEHLLUEHHSIM 4YaCTOTU BUMHWKHEHHSI CYMYTHIX 3axBOpH-
BaHb [42]. Lle nigTBepaxye Baxnueictb MTX sik 6a3oBoro
KOMNoHeHTa Tepanii PA Ta nigkpecnioe Rnoro pornb
y mogudikauii npupogHoro nepebiry 3axBOPIOBaHHSI.
Cepen popatkoBux nepesar MTX BapTo Big3HauMTH
HasiBHICTb  NPOTM3ananbHOro,  iIMyHOMOAYMNOBANbHOIO
Ta NOTEHLINHO MnpoTuaTeporeHoro edekTis, Wo pobutb
noro ocobnMBo LiHHMM Y NiKyBaHHI NauieHTiB i3 cuctem-
HUMKM nposiBamyn PA Ta nigBueHMM KapgioBackynsip-
HUM PU3UKOM.

Y pasi HasiBHOCTi MpoTunokasaHb [0 3aCTOCYyBaHHS
MTX, Hanpuknag npu TsKKiA renaToTOKCU4YHOCTI, ¢ib-
po3i MediHkK, BUPaXeHin uuToneHii abo HenepeHocu--
MOCTi mpenapaTy Ha paHHix eTanax Tepanii, cnig pos-
rmsgaTy  anbTepHaTMBHI  BapiaHTM  GasucHoi  Tepanii.
3rigHo 3 pekomeHgauismm EULAR, Takmmu anbstepHa-
TMBaMKU nepLioi NiHii MoxyTb OyTn nednyHomig abo
cynbdacanasuH, siki NpoAeMOHCTpyBanu egekTUBHICTb
Yy 3HWKEHHI aKTUBHOCTI 3ananeHHss Ta YNOBifbHEHHI
CTPYKTYpHOro nporpecyBaHHsi PA [43].

JlecbnyHoMig, € CUHTETUYHUM  iIMYHOMOAYMIOKYUM
3acobom, uWo npurHivye nponicepadito T-nimdouuTis

Conventional synthetic DMARDs (csDMARDs)
in T2T management of RA: comparative analysis

of efficacy and safety profile

Methotrexate (MTX) remains the cornerstone of RA
pharmacotherapy and is recommended as a first-line
agent by current international guidelines, including
EULAR recommendations [21, 41]. MTX can be used
both as monotherapy and in combination with other
DMARDs, allowing treatment optimization across various
disease activity levels and phenotypes. MTX is consi-
dered the «gold standard» due to its high clinical efficacy,
relatively favorable safety profile, extensive clinical
experience, and flexible dosing and administration op-
tions oral or parenteral (subcutaneous or intramuscular).
Importantly, MTX is more affordable compared to biologic
and targeted synthetic DMARDs, which is crucial for
health systems and long-term patient access [8, 21].

Studies show that MTX use is associated not only
with decreased inflammatory activity and slowed
radiographic progression but also with improved
overall survival, reduced cardiovascular risk, and lower
incidence of comorbidities [42]. This confirms the impor-
tance of MTX as a core RA therapy and its role in
modifying disease progression. MTX also has anti-
inflammatory, immunomodulatory, and potentially anti-
atherogenic effects, making it particularly valuable in
patients with systemic manifestations and elevated
cardiovascular risk.

In cases where MTX is contraindicated due to severe
hepatotoxicity, liver fibrosis, cytopenia, or intolerance
alternative first-line csDMARDs should be considered.
According to EULAR, suitable alternatives include
leflunomide or sulfasalazine, both of which have demonst-
rated efficacy in reducing disease activity and struc-
tural damage [43].

Leflunomide is a synthetic immunomodulator that
inhibits T-cell proliferation by blocking dihydroorotate
dehydrogenase, an enzyme essential for pyrimidine
synthesis. Sulfasalazine exerts combined anti-inflam-
matory, antioxidant, and antimicrobial effects, making
it useful for peripheral arthritis control. Both agents
(Table 3) can be used as monotherapy or in combination,
particularly in patients with moderate disease activity
or MTX intolerance [21].
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wnsixom brnokaaw aerigpoopoTaerigporeHasu, hepMeHTy,
HeoOXigHOro Ans CUHTE3y MipUMIOWHIB, Todi SIK Cynb-
dacanasvH mae koMGiHOBaHy A0 — npoTu3ananbHy,
aHTUOKCMAAHTHY Ta MPOTMMIKPOOHY, WO pobuTb Woro
KOPVUCHMM Anst  KOHTPOMO nepudepuyHoro apTpuTy
npu PA. O6ugea npenapatu (1abn. 3) mMoxytb OyTu
BMKOPUCTaHI sIK MOHOTepanis abo sk 4YacTUHa KoMmbi-
HOBaHOI Cxemu nikyBaHHs,, 0cobnMBO Yy NaLjieHTIB
3 MOMIPHOK aKTMBHICTIO 3axBoploBaHHS abo Henepe-
HocuMmicTio MTX [21].

At the same time, data on the comparative efficacy
and safety of leflunomide and MTX remain a matter of
debate within the scientific community. A meta-analysis
conducted to evaluate these aspects demonstrated overall
similarity in the efficacy profiles of both drugs, confirm-
ing that leflunomide can control disease activity at
a level comparable to MTX. However, it should be
noted that the safety profile of leflunomide was some-
what less favorable, primarily due to more frequent
elevations in liver transaminase levels, indicating
potential hepatotoxicity [44].

Ta6nuusa 3. MNMopiBHsnbHa Tabnuus csDMARDS: rigpokcnuxnopoxiH, cynbdacanasviH, MeToTpekcart, nedryHomig
Table 3. Comparative table of DMARDSs: hydroxychloroquine, sulfasalazine, methotrexate, leflunomide

NPOAYKUIii LUTOKIHIB
Binding Toll-like receptors;
reducing cytokine production

MapameTp FigpokcmxnopoxiH CynbacanasuH MeTtoTpekcar TednyHomig
Parameter Hydroxychloroquine Sulfasalazine Methotrexate Leflunomide
MexaHiam gii 3B’A3yBaHHs Toll-nogibHux IMyHOMORYnIO04MIA; IHriGiTop IHriGiTop
Mechanism of action | peuenTopis; 3HMWXKeHHS AHTUOKCUAAHTHUI; 3HUXKYE avrigpodonarpenykrasu; avrigpoopotataerigporeHasu;

NpoAyKLito NpocTarnaHauHie
Immunomodulatory;
antioxidant; reduces

NPUrHIYY€E CUHTE3 NYPUHIB;
aHTumeTaboniT
Dihydrofolate-reductase

6rokye cuHTE3 NipUMianHiB
Dihydroorotate-dehydrogenase
inhibitor; blocks pyrimidine

200-400 mg/day
(max 6,5 mg/kg/day)

prostaglandin production inhibitor; suppresses purine | synthesis
synthesis; antimetabolite
EdektuBHiCTb MomipHa; nepeBaxae MomipHa; BuKkopucToByeTbCs | Bucoka; «3onotuii Bucoka;
Efficacy y nauieHTiB 3 paHHim PA Ha paHHix eTanax abo cTaHgapT» nikyBaHHsA PA ansTepHaTMBa MeToTpekcaTy
Moderate; B KOMGiHauiT High; «gold-standard» High;
superior in early RA course Moderate; used in early RA | for RA treatment alternative to methotrexate
or in combination
Movarok Aif . 6—12 TuxHiB / weeks 6-12 TuxHiB / weeks 4-6 TxHiB / weeks 4-6 TxHiB / weeks
Onset of action
[losyBaHHs 200-400 mr/poby 2-3 r/poby (noyatu 3 500 mr; | 7,5-25 Mr/TvkaeHb 20 mr/poby
Dosage (makc. 6,5 mr/kr/noby) nocTynoBe NiABULLEHHST) (nepopanbHo abo iH’ekUinHO) | (MOXNUBO 3HUXEHHSA A0 10 Mr

2-3 g/day (start with 500 mg;
gradually increase)

7,5-25 mg/week
(oral or injectable)

npw noraHin NepeHocMmocTi)
20 mg/day (may reduce
to 10 mg if poorly tolerated)

dopma Bunycky Tabnetku / Tablets

Dosage form

Tabnetku / Tablets

Tabnetku, iH'ekujr, Tabnetku / Tablets
PO34UH ANst iHdY3i

Tablets, injection, solution

PeTtuHonaris

(peTuHanbHi BiokNageHHs),
LLNYHKOBO-KMLLKOBI po3naawm,
LUKIpHi peakuii

Retinopathy (retinal deposits),

OcHoBHiI
nobiyHi edpekTn
Main side effects

LUIKT-nopyLueHHsi, HyaoTa,
6ntoBaHHS, LWKIpHI peakLii,
renaToTOKCUYHICTb

Gl disturbances, nausea,
vomiting, skin reactions,

lenaToToKCUYHICTb,
MYKO3WT, NeKoneHis,
iHTepcTULianbHe ypaxeHHs
neretb, ibpo3
Hepatotoxicity, mucositis,
leukopenia, interstitial lung
disease, fibrosis

[enaToToOKCWYHICTb, Aiapes,
anoneuisi, nigBuLeHHs AT
Hepatotoxicity, diarrhea,
alopecia, arterial hypertension

NeYviHKoBi TeCcTn
Ophthalmologist exam
1-2 times/year;

liver tests

Required monitoring

Gl issues, skin reactions hepatotoxicity
HeobxigHuit OdpranbmonoriyHni KoHTponb | MoBHa naHenb: aHanisun
MOHITOPUHT 1-2 pasu Ha pik; KPOBI, NeYiHKOBI (PepMEHTMH,

ceya, oLiHKa LKipu

Full panel: blood counts,
liver enzymes, urinalysis,
skin assessment

MeviHkoBi hepmerTH, 3AK,
KpeaTWHiH, pEHTreH rpyaHoi
KNiTKN

Liver enzymes, CBC,
creatinine, chest X-ray

MeviHkoBi bepmeHTH, SAK, AT
Liver enzymes, CBC, blood
pressure

MpoTtunokasaHHs
Contraindications Retinal diseases, pregnancy

Hypersensitivity,

OuyHi 3axBOpIOBaHHS, BariTHICTb | [igBuLeHa 4yTnmBiCTb,
3aXBOPIOBAHHS NEYIHKU/HUPOK

liver/kidney disease

BariTHicTb, 3axBOptoBaHHS
neviHku/nereHb, ankoroniam
Pregnancy, liver/lung dis-
ease, alcoholism

BariTHiCcTb, TsXKi Ne4viHKOBI
3axXBOPIOBaHHS, iMyHogediunt
Pregnancy, severe hepatic
disease, immunodeficiency

BukopuctaHHs
B KOMGiHaLisx
Combination use

3-Ts niHis; 3 cynbacanasvHom
Ta/abo MeToTpekcaTom
3rd-line; in combination

3 meToTpekcaTom Ta/abo
TiAPOKCUXITOPOXIHOM
With methotrexate and/or

BasoBuin npenapat ans
KomGiHaLjiiHoT Tepanii
Base drug for combination

3acTocoByeTbCs B KOMBiHALLiSIX
Used in combination therapy

category

with sulfasalazine hydroxychloroquine therapy

and/or methotrexate
Kateropisi 6e3neku Kateropis C Kateropisi B Kateropist X KaTteropist X
ONs BariTHUX Category C Category B (npoTunokasaHui) (cTporo NpoTMNoKasaHwi)
Pregnancy safety Category X Category X

(contraindicated) (strictly contraindicated)

BogHo4ac aaHi Wwoao nopiBHANbHOI €eKTUBHOCTI
Ta 6esnekn nednyHomigy i MTX sanuwatotbes npea-
METOM AMCKYCill Y HayKoBil cninbHOTI. MeTaaHanis, npo-
BEOEHWUA 3 METOK OLHKM LUMX acnekTiB, NPOAEMOHCTPY-
BaB 3aranbHy nogibHicTb y npodinax edekTMBHOCTI 060X
npenaparis, WO NIATBEPAXYE 3AaTHICTL nednyHomiay
3abe3nevyBaT KOHTPOMNb AaKTUBHOCTI 3aXBOPIOBAHHS
Ha piBHi, nopiBHaHHOMY 3 MTX. lNpoTte cnig 3asHa4nTy,
wo npodine 6esnekn nednyHoMigy BUSABMBCHA [OeELLO

Despite these limitations, leflunomide is considered
a reasonable alternative as an initial treatment option
for patients with RA who have contraindications to or
early intolerance of MTX [43, 45]. In particular, lefluno-
mide may be beneficial for patients who experience
MTX-related adverse effects such as gastrointestinal
disturbances, cytopenias, or allergic reactions, as well as
in cases where the patient refuses injectable MTX formu-
lations or other factors limit its use.
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MEHLL CnpuUATIMBMM, Hacamnepen 4vepes Ginbl 4vacTe
NiABULLEHHS PiBHSA NEYiHKOBMX TpaHCcaMiHa3, Lo CBiaYMTb
Npo NOTEHLiNHY renaToTOKCUYHICTb npenapaty [44].

HesBaxatounm Ha Ui obmexeHHsl, nednyHomig pos-
rMagaeTbCa 9K OOUINbHMIA - anbTepHaTUBHUA - BapiaHT
noyaTKoBOro nikyBaHHA ANdA nauieHTiB 3 PA, aki maioTb
npoTunokasaHHA abo paHH HenepeHocuMmictb MTX
[43, 45]. 3okpema, nedriyHomig Moxe OyTU KOPUCHUM
y MNauieHTIB, siKi CTUKaKOTbCs 3 HebaaHUMK siBULLAMM,
xapaktepHumun gna MTX, TakMMu §iK LUAYHKOBO-KULLKOBI
MOPYLLEHHS!, PO3BUTOK LIMTOMEHIN abo aneprivHi peakuii,
a TaKoX y TUX BUMAgKax, KON nauieHT BiAMOBMSETLCS
Bio iH'ekuinHMx chopm MTX abo mae iHWi dakTopw,
L0 OOMEXYIOTb MOr0 BUKOPUCTAHHSI.

FgpokenxnopoxiH (HCQ), wo npoTtarom Tpusanoro
Yyacy 3aCTOCOBYBaBCS AN NPOQINaKkTUKMA Ta MikyBaHHsI
Manspii, 3HanLWoB CBOI Micle Y nikyBaHHi xBopux Ha PA
3aBASKN CBOIM BUPAXEHUM iMYHOMOZYIOKYMM BMNacTu-
BOCTSIM, 30Kpema 3aTHOCTi HaKomnuyyBaTUCb B Ni30COMi,
nepeLukoaKarouu i akTMBHOCTI Ta ayTodparii, 3anobiraioum
aKkTuBauii iIMyHHUX KNITUH Ta BMPOONEHHIO LUMTOKIHIB.
Tomy, HCQ po3rnsgaetbca K MOTEHUIMHO KOPUCHUI
3acib y nikyBaHHi peBmatoigHoro apTpuTy [46]. MexaHiam
moro pii npu PA Bknioyae iHribyBaHHsA  akTumBauii
Toll-nogibHMx peuenTopiB, a TAKOX 3HMKEHHSI eKCrpecii
MOINEKyn rofloBHOrO KOMMMeEKCy rictocymicHocTi Il knacy,
Wo 3arafnioM npu3BOAUTb [0 3HWKEHHSI aKTUBHOCTI
iMyHHOI BiQNOBIAI Ta 3MEHLUEHHs 3anarneHHs.

OpHieto 3 kntovoBux nepesar HCQ e BiacyTHicTb
BMPaXXEHOro MienocynpecuBHoro edgekTy, Lo € CyTTe-
BOIO MepeBaro Yy MOpPiBHsHHI 3 iHwuMMmn DMARDSs.
Kpim TOro, npenapat He Mae He(pPOTOKCUYHOI YM renarto-
TOKCMYHOI  Oii, WO [03BONSE WNOro BUKOPUCTAHHSA
y MaUuieHTiB 3 NEBHWMM CYMYTHIMW 3aXBOPHOBAHHSIMMU,
BKITHOHAK4YM NOPYLUEHHS yHKUIT HUPOK abo neviHku [46].
Came uei npodbine Gesnekn pobute HCQ npusabnu-
BMM BapiaHTOM Yy cxemax nikyBaHHs PA, ocobnueo
SIK YacTMHy KombGiHoBaHOI Tepanii abo y nauieHTiB,
SIKi NoraHo nepeHocATb iHLWiI GasncHi npenapatu.

MpoTe, He3Baxaw4yM Ha 3araniom CNpuATIUBUIA Npo-
inb NepeHocuMocTi, Npu TpuBanomy 3acTocyBaHHi abo
npv NnepeBuLLIeHHi pekoMeHaoBaHnx Ao3 HCQ moxe aco-
uiroBaTucs 3 pO3BUTKOM OpTarlbMOMOriYHUX YCKNagHEHb,
30KpemMa npepeTvHonarii, Wo MOoXe nporpecysatv [0
peTuHonartii 3 NOTEHUiNHUM pU3nMKoM BTpaTu 30py [32, 47].
Llert pm3uk € go3o3anexHuM i NigBuLLYyETbCSA NpU LOAEH-
Hin Jo3i, Wo nepesuye 5 Mr/kr igeaneHoi Macu Tina.

CynbdacanasvH HanexunTb 40 TaK 3BaHUX «MPONiKiB»,
To6TO hapmakonoriyHux 3acobiB, siki HabyBalOTb aKTUB-
HocCTi nuwe nicns metaboniyHoi TpaHcdopMmalii B opra-
Hi3Mi. Y TOBCTIA kMwui nig Aaieto GakTepianbHOI aso-
penykTasu cynbdacanasvH pos3LLensoeTbCcss Ha [ABa
aKTMBHUX MeTaboniTn — cynbdanipuanH Ta 5-amiHocani-
LUUNOBY KWUCNOTY, KOXEH i3 SKUX BUSBNSE chneuundidHi
dapmakonoriyHi BnactusocTi. CynbanipuauH nposisnse
iIMYHOCYNpPECUBHY Ait0 32 paxyHOK MPUrHIYEHHS CUHTE3Y
Ta BWBINbHEHHA Mpo3ananbHUX LWTOKIHIB, Toai $K
5-amiHocaniyunoBa KMCNoTa YMHUTL BUPaXEHU NpOTU-
3ananbHUin eqekT, WO 3yMOBIIOE 3aranbHUM MeXaHi3m
4il cynbacanasvHy npu PA. 3aBgoskv UMM BRacTtu-
BOCTSIM cynbchacanasuH 34aTHUA BNNMBATU HA KIHOYOBI
naToreHeTUYHi naHkn PA, Cnpusitoun 3HMXKEHHIO aKTUB-
HOCTi 3ananbHOro NpoLecy Ta MOKpaLLEHHIO KMiHIYHOro
nepebiry [43, 48].

Y pamkaxctparterii T2Ty meHegpxmeHTi PA, csDMARDs
(pvic. 2) 3anuLiaoTbCsi OCHOBOO Tepanii.

Hydroxychloroquine (HCQ), traditionally used for
the prevention and treatment of malaria, has found
its place in RA therapy due to its pronounced immuno-
modulatory properties, including the ability to accumulate
in lysosomes, inhibit their activity and autophagy,
suppress immune cell activation, and reduce cytokine
production. Therefore, HCQ is considered a potentially
useful agent in RA treatment [46]. Its mechanism of
action in RA includes inhibition of Toll-like receptor
activation and reduced expression of class Il major
histocompatibility complex molecules, leading to decrea-
sed immune response activity and inflammation.

One of HCQ’'s key advantages is the absence of
significant myelosuppressive effects, which is a notable
benefit compared to other DMARDs. Furthermore,
HCQ does not have nephrotoxic or hepatotoxic effects,
allowing its use in patients with certain comorbid
conditions, including renal or hepatic dysfunction [46].
This safety profile makes HCQ an attractive option in
RA treatment regimens, especially as part of combina-
tion therapy or in patients who poorly tolerate other
conventional DMARDs.

However, despite its generally favorable tolerability
profile, long-term use or exceeding recommended doses
of HCQ can be associated with ophthalmologic compli-
cations, particularly pre-retinopathy that may progress
to retinopathy with a potential risk of vision loss [32, 47].
This risk is dose-dependent and increases with daily
doses exceeding 5 mg/kg of ideal body weight.

Sulfasalazine is classified as a «prodrug», meaning
it becomes pharmacologically active only after meta-
bolic conversion in the body. In the colon, sulfasalazine
is cleaved by bacterial azoreductase into two active
metabolites sulfapyridine and 5-aminosalicylic acid
each possessing distinct pharmacological properties.
Sulfapyridine exhibits immunosuppressive effects by
inhibiting the synthesis and release of pro-inflamma-
tory cytokines, while 5-aminosalicylic acid has potent
anti-inflammatory  properties. These  mechanisms
enable sulfasalazine to target key pathogenic pro-
cesses in RA, reduce inflammation, and improve
clinical outcomes [43, 48].

Within the T2T strategy for RA management,
csDMARDs (see Fig. 2) remain the cornerstone of
therapy. Methotrexate is regarded as the «gold stan-
dard» due to its high efficacy, safety, and affordability.
Leflunomide shows comparable efficacy but requires
monitoring of liver enzymes due to the risk of hepato-
toxicity. Sulfasalazine is an effective immunomodulator
but may cause gastrointestinal and allergic reactions.
Hydroxychloroquine, while less potent, is a safe option
for mild RA and requires ophthalmologic monitoring
due to the risk of retinopathy. Drug selection should
be individualized, and regular monitoring is key to
effective T2T-based RA management.
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Puc. 2. XimivyHa cTpykTypa HannowmpeHiwmx csDMARDSs [43]
Fig. 2. Chemical structure of the most commonly used csDMARDs [43]

MeToTpekcaT BU3HAETbLCA «30M10TUM CTaHOAPTOM»
3aBASKN BUCOKiN edeKkTUBHOCTI, B6e3neLi Ta AOCTYNHOCTI.
JlecbnyHomig nemoHcTpye noaibHy edekTuBHICTb, NpoTe
BMMarae KOHTPOI MeYiHKOBUX (DEPMEHTIB Yepes pusmk
renatoTokcuyHocTi. CynbdacanasvH € ePeKkTUBHUM iMy-
HOMOZYMoYMM 3acoboM, ane MOXe BUKMMKATW LUMyH-
KOBO-KULLKOBI Ta anepridHi peakuii. apoKCUXnopoxiH,
X04a MeEHLWl MOTYXHUN, € 6e3neyHnm BapiaHTOM npu
nerkomy nepebiry PA, notpebye opTanbmMonoriyHoro MoHi-
TOPUVHIY Yepe3 pu3uk petuHonarii. Bubip npenapaty mae
OyT iHOuBiIOyanisoBaHWM, a PErynspHUiA  MOHITOPWHT
€ KMo4oBUM ANns edpekTuBHoro T2T-meHemxkmeHTy PA.

Micue bDMARDs i bsDMARDs y AikyBaHHi PA:

NOKA3AHHA, €CPEeKTUBHICTb, POAb BioCcUMIAsApiB

Y NiABULLLEHHI AOCTYNHOCTI Tepanii

Mepexin po Gionoriyhmx DMARDs (bDMARDs) Ta
6iocuminapis DMARDs (bsDMARDs) 3ymoBneHuin Heob-
XiOHICTIO MOCUNEHHS KOHTPOMO 3anarnbHOro MpoLecy,
3anobiraHHs CTPYKTYPHUM YypaXKeHHsIM cyrrnobiB Ta 3a-
Oe3neyeHHs1 cTabinbHOI peMmicii 3axBOPIOBaHHS, LIO €
Kno4oBok MeToro cTparteril T2T [48].

BionoriyHi DMARDs (bDMARDS) € rpynoto nikapcbkunx
3acobiB, WO AiloTb Ha cneuundivyHi MoNekynsipHi MileHi,
noe’a3aHi 3 natoreHeaom PA, 3okpema iHribyioTb akTuB-
HiCTbUMTOKIHIBaboMoayntooTb hyHKUit0 B-i T-nimdoumTis.
bDMARDSs BkntovatoTe npenaparu, Taki sk aganimyma6,
eTaHepuenT, Touunisymao, putykcumab, abatauenT ToLLO.
Biocumingpu DMARDs (bsDMARDs) — ue npenapatw,
WO € BWMCOKO MoAiGbHUMKM [0 opuriHanbHUX BGionoriYHMX
3acobiB 3a CTPYKTypol, yHKUiE, edeKTUBHICTIO Ta
Ge3nekoto, ane BUPOGNSTLCS iHLWNMMKW KOMNAHIIMK nicns
BTpPaTM MNaTeHTHOro 3axucty opwuriHansHoro bDMARD.
Mpuknagn bsDMARDSs: aganimyma6-6iocuminsapu (agani-
MyMab, Lo BUPOBNSETLCSA IHWIMMK KOMMNaHisamu), iHdmMik-
cumab-6iocuminapu. bsDMARDs pobnsats  Gionoriuny
Tepanito GinblWw JoCTynHoW, 36epiraloyn ekBiBaneHTHY
KniHiYHY edeKTUBHICTb i Npodpinb 6e3neku (Tabn. 4).

bDMARDS, siki € BUCOKOTEXHOSOMYHUMMN, TEHETUYHO
MoandikoBaHNMK BINKOBMMUK MorneKynamu, 30aTHi cenek-
TMBHO BMMMBATU Ha KMOYOBI NaHkM naTtoreHesy PA.
Ixus pia cnpamoaHa Ha MOAYNIOBaHHA cneumndivyHnX
KOMMOHEHTIB iMyHHOI BignoBiai, o 3abe3nevye Tapre-
TOBaHy Tepanitlo iMyHHOI cucTeMu Ta [03BONsE edek-
TMBHO KOHTPOMOBATU  3ananbHWA  MNpPOLEeC HaBiTb
y Bunagkax peancreHTHocti 4o csDMARDSs [43, 48].

The role of bDMARDs and bsDMARDs in RA
treatment: indications, efficacy, and the role of
biosimilars in improving treatment accessibility

The ftransition to biological DMARDs (bDMARDSs)
and biosimilar DMARDs (bsDMARDSs) is driven by the
need to enhance control over the inflammatory process,
prevent structural joint damage, and ensure sustained
disease remission key goals of the T2T strategy [48].

Biological DMARDs (bDMARDs) are a class of
medications that act on specific molecular targets
involved in the pathogenesis of RA, particularly by inhi-
biting cytokine activity or modulating B- and T-cell
function. bDMARDs include agents such as adalimu-

mab, etanercept, tocilizumab, rituximab, abatacept,
among others.
Biosimilar DMARDs (bsDMARDs) are products

that are highly similar to original biologics in terms
of structure, function, efficacy, and safety but are manu-
factured by different companies after the original
bDMARD loses patent protection. Examples of bsDMARDs
include adalimumab biosimilars (adalimumab produced
by other manufacturers) and infliximab biosimilars.
bsDMARDs increase access to biological therapy
while maintaining equivalent clinical efficacy and safety
profiles (Table 4).

TbDMARDs, which are high-tech, genetically
engineered protein molecules, are capable of selec-
tively targeting key mechanisms in the pathogenesis
of RA. Their action is aimed at modulating specific com-
ponents of the immune response, providing targeted
immunotherapy and allowing effective inflammation
control even in cases resistant to csDMARDs [43, 48].
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Ta6nuus 4. MNMopiBHsinbHa Tabnuus bDMARDs ans Tepanii peBMaTtoigHoro apTputy

Table 4. Comparative table of bDMARDs for rheumatoid arthritis treatment

TNF-alpha blockade —

Blockade of T-cell costimulation

Blockade of IL-6 receptor;

Hapamerp TNF-Inhibitors T-cell Co-stimulation Inhibitors | IL-6 Receptor Inhibitors Anti-CD20 Antibodies
Parameter
MexaHiam aii TNF-alpha blockade — Bnokapa ko-ctumynsuii Bnokaga peuenTtopis IL-6; Oenneuia B-knitnH
Mechanism of KIO4OBUIA MeaiaTop T-kniTvH (CD80/CD86 — CD28); NPUrHiYeHHs yepes CD20
action 3ananeHHs NPUrHiYeHHa aktueauii T-KniTuH nposananbHux Wnaxis (TapreTHa Tepanist B-kniTuH)

CD20+ B-cell depletion

Infliximab, Golimumab,
Certolizumab pegol

key inflammatory mediator | (CD80/CD86 — CD28); suppresses (targeted B-cell therapy)
suppresses T-cell activation pro-inflammatory
pathways
EdbekTnBHICTD Bucoka, ocobnuso Big nomipHoi 40 BMCOKOT; Bucoka, ocobnmeo Bucoka npu
Efficacy Ha paHHix cTagisx PA; 0cobnunBo edhekTMBHa Npu npu nigBuLeHoMy cepono3nTueHomy PA
eeKTUBHICTb 3anexuTb HeedekTBHOCTI TNF-iHri6iTopis | piBHi CRP (ACPA, RF)
BiA npenaparty Moderate to high; High, especially High in seropositive RA
High, especially in early RA; | especially in TNF-inhibitor with elevated CRP (ACPA, RF)
efficacy varies between non-responders
agents
OCHOBHi EtaHepuenT, Aganimymab, | AGatacent Toumnizymab, Putykcumab
npeacTaBHUKN IlHdnikcmmab, Monimymab, | Abatacept Capinymab Rituximab
Main agents LlepTonisyma6 neron Tocilizumab,
Etanercept, Adalimumab, Sarilumab

dopma BBEEHHS
Administration route

MigwkipHo (Bci);
IHcpnikcmab —
BHYTPiLUHBOBEHHO
Subcutaneous (all);
Infliximab — intravenous

MigwkipHo abo
BHYTPILLHHLOBEHHO
Subcutaneous
or intravenous

NipwkipHo abo
BHYTPIiLUHEOBEHHO
Subcutaneous
or intravenous

BHyTpiLLIHEOBEHHO
Intravenous

Onset of action

[o3yBaHHs ETaHepuent: 125 Mr nigLWKIipHO LWOTUXHSA Toumnizymab: 162 mr 1000 Mr BHYTpPILLHBOBEHHO
Dosage 50 mr 1 pas/TuxaeHs; a6o 10 mr/kr BHYTPiLULHBOBEHHO NiJLWKIPHO LLOTUXHS (NMOBTOPHO KOXHi
Apanimymab: KOXHi 4 TVXKHI ab0 KOXHi 2 TUXKHI; 6—12 micsilis)
40 Mr KOXHi 2 TUXHI; 125 mg SC weekly or 8 Mr/Kr BHYTPiLULHbOBEHHO 1000 mg IV
IHdnikcnmab: 10 mg/kg IV every 4 weeks KOXHi 4 TWXKHI (repeat every 6—12 months)
3—5 Mr/Kr KOXHi 8 TUXHIB Tocilizumab: 162 mg SC
Etanercept: weekly or biweekly;
50 mg once/week; 8 mg/kg IV every 4 weeks
Adalimumab:
40 mg every 2 weeks;
Infliximab:
3-5 mg/kg every 8 weeks
MouaTok aii 2—-12 TuxHiB / weeks 8-12 TmxHiB / weeks 2—4 TvxHi / weeks 8-12 TuxHiB / weeks

Mo6iyHi ecpekTn
Side effects

IHdpekuii (ocobnmeo TB),
peakuii Ha iH’eKwjT,

LUKIPHI BUCUNAHHSA
Infections (esp. TB), injec-
tion site reactions,

skin rashes

HygdoTa, BTOMa

nausea, fatigue

IHdbekuii, ronoBHUI Ginb,

Infections, headache,

IHdbekuii, HenTponeHis,
NiaBULLEHHS NEYiHKOBUX
depMeHTIB, LUNYHKOBO-
KWLLKOBI po3naau
Infections, neutropenia,
elevated liver enzymes,
Gl disturbances

IHdbekuii, peakuii npu iHDYSI,
peakTusauia renatuty B,
rinorammarnobyniHemis
Infections, infusion reactions,
reactivation of hepatitis B,
hypogammaglobulinemia

3anexHo Big mexaniamy aii bDMARDs knacudiky-
I0Tb Ha Kiflbka OCHOBHUX Fpym:

1. InriGiTopn cbaktopa Hekposy nyxnuHu-o. (TNF-a):
eTaHepuenT, iHdnikcumab, ronimymab, aganimymab, uep-
Tonisymab neron. Lli npenapatn OnokytoTb aKTMBHICTb
TNF-o. — OgHOro 3 KIH4YOBMX MefiaTopiB 3ananeHHs,
WO [O03BONSE 3HAYHO 3MEHLUMTU aKTMBHICTb 3aXBOPIO-
BaHHS Ta YMNOBINbHUTW PyiHYBaHHSA Cyrnobis.

2. B-kniTWHHI gennetepu: putykcumab, odatymyman.
Lli 3acobu 3HwxytoTb kinbkicte CD20+ B-nimcdouuTis,
AKi BigirpaloTb NPOBIAHY POMb Yy MNaToreHesi ayToiMyH-
HOro 3ananeHHs npu PA.

3. Inribitopn B-knitTnHHMX peuenTtopis: Genimymab,
ataumuent, Tabanymab. BoHM npurHivyoTb akTvBauilo
B-knituH 4yepes BNNMB Ha cneuundiyHi  peuenTopHi
LWAAXKU, WO 3HWKYE MPOAYKLi0 ayTOaHTWUTIN Ta aKTuB-
HICTb 3ananbHOro NPoLEeCy.

4. AdTaroHictn CD28 Ha T-kniTmHax: abaTtauenT,
Genartauent. Mogynsuis KO-CTUMYMAUIAHOTO cuUrHany,
HeobxigHoro pns akTtmeauii  T-nimcpoumTiB, [o3BONSE
3HU3UTK IHTEHCUBHICTb ayTOIMYHHOI BigMnoBizi.

5. InriGiTopu iHTepniewkiHy-1 (IL-1): aHakiHpa, kaHaki-
Hamab, punoHauent. Lli npenapatu 6nokyioTb 3B’A3y-

Based on their mechanism of action, bDMARDs
can be classified into several major groups:

1. TNF-a inhibitors: etanercept, infliximab, golimumab,
adalimumab, certolizumab pegol. These drugs block the
activity of TNF-a, a key inflammatory mediator, significantly
reducing disease activity and slowing joint destruction.

2. B-cell depleting agents: rituximab, ofatumumab.
These drugs reduce the number of CD20+ B lym-
phocytes, which play a crucial role in autoimmune
inflammation in RA.

3. B-cell receptor inhibitors: belimumab, atacicept,
tabalumab. They inhibit B-cell activation by targeting
specific receptor pathways, reducing autoantibody pro-
duction and inflammation.

4. CD28 antagonists on T cells: abatacept, belatacept.
By modulating co-stimulatory signals required for
T-cell activation, these drugs reduce autoimmune res-
ponse intensity.

5. IL-1 inhibitors: anakinra, canakinumab, rilonacept.
These block IL-1 receptor binding, diminishing inflam
matory response.

6. IL-6 inhibitors: tocilizumab, sarilumab, sirukumab,
olokizumab, clazakizumab. Blocking IL-6, a major
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BaHHA IL-1 3 1Moro peuenTtopom, WO 3MeHLWye 3ananb-
HY peakuito.

6. IHriGiTopn iHTepneikiHy-6 (IL-6): Touunisymao,
capunymab, cupykymab, onokisymab, knasakisymab.
Bnokaga IL-6, ogHOro 3 OCHOBHWMX LMTOKIHIB, LLIO pery-
NOKTb  CUCTEMHE  3amnaneHHs, [OO03BOMsiE  OOCArTU
3HAYHOrO KOHTPOIO aKTUBHOCTI 3aXBOPIOBAHHS.

7. IHribiTop iHTepnenkiHy-12/23 (IL-12/23): ycTekiHy-
Mab, sikuin OGnokye nigoguvHuui IL-12 T1a IL-23, wo
BNNUBAKTb Ha andpepeHuiauito Th1-ta Th17-nimdouuTis.

8. IHribiTopn iHTepnelikiHy-17 (IL-17): ikcekizyma0,
cekykiHymab, ©popmanymab. bnokapa IL-17 possonsie
BMMVBATM Ha KIOYOBWIA LLUNAX 3anarieHHsi, XapaKTepHUi
ONS HU3KM ayTOIMYHHUX 3aXBOPIOBaHb, BKMoyaoun PA.

9. IHribiTopn rpaHynountTapHo-MakpodaranbHoro Ko-
noHiectumyniotodoro paktopa (GM-CSF): maspunimy-
Mab, otunimab. Lli npenapaty 3HWXyHOTb aKTMBALilO
Makpodparis i npogykuilo npo3ananbHUX — LMUTOKIHIB,
LLIO BaXIMBO NPU THXKUX (POPMaxX 3aXBOPHOBAHHSI.

10. Inriditop RANKL (receptor activator of nuclear
factor kappa-B ligand): peHocymab, sKuin 3MeHLIye
pe3opbuilo  KICTKOBOI TKaHWHK, 3anobiralyn po3BUTKY
0OCTEeONopo3y Ta pynHyBaHHIo cyrnobis [48-51].

Takum ynHom, bDMARDS € noTy>XHWM iHCTpYMEHTOM
y Tepanii PA, Wo BigkpmMBae HOBIi MOXIMBOCTI AN nep-
COHani3oBaHoro nigxoAy [0 NikyBaHHSA nauieHTiB, ocob-
nuBO y BMNagkax peaucteHTHocTi o csDMARDs a6o
PO3BUTKY TSXKKUX CUCTEMHUX NPOSIBIB 3aXBOPIOBAHHS.

KntoyoBoto nepeBaroto  Giocuminsapis (bsDMARDs)
€ iXHA €eKOHOMiYHa [AOCTYMHICTb. 3HWXEHHS BapTOCTi
GiocMminapiB y NOPiBHSIHHI 3 OpUriHanNbHUMK GioNoriYHUMM
npenapatamy 3abesnedye 3Ha4yHe 3MEHLUEHHsI iHaH-
COBOIO HaBaHTaXEHHs HA CUCTEMU OXOPOHM 3O0pPOB’S
Ta Crnpusie Po3LNPEHHIO MOXITMBOCTEN Tepanii ans 6inb-
WO KiNbKOCTi NauieHTiB, BKMNIOYHO 3 TUMM, XTO paHiwle
OyB o0OMexeHWn y [OCTyni 4epe3 BWCOKY BapTiCTb
opuriHaneHMx 3acobiB. Lle ocobnvBo akTyanbHO Ans
KpaiH i3 obMmexeHnMM pecypcamu, Oe BMNPOBAaKEHHS
GiocMminapiB 40O3BONSIE 3HAYHO MOKPALLUTUA OXOMMEHHS
nawieHTiB cydacHoto GionoriyHoto Tepanieto.

AHnania sutpat i kKopucHocTti bDMARDs, tsDMARDs
Ta bsDMARDs y noegHaHHi 3 MTX ans nauieHtiB 3 PA
i3 BMCOKOK aKTUBHICTIO 3axXBOPHOBAHHS € BaXXMWBO
CKMaZoBOK Cy4acHOro niaxoay A0 OUiHKW e(PeKTUBHOCTI
nikyBaHHA.  3acnyroBye OOCHiOXeEHHs,, npoBedeHe
Prawjaeng J. Ta cnigaBt. (2021 p.) [52], y sikomy Gyno
npoaHanisoBaHo KNiHiYHY e(eKTUBHICTb Ta E€KOHOMIYHY
AoUiNbHICTb pi3HMX cxeM koMbGiHoBaHOI Tepanii ons na-
uieHtiB 3 PA y TainaHgi, Wo Manu BUCOKWIN piBEHb aKTUB-
HOCTi 3axBoptoBaHHA. HesBaxawum Ha 6e3cymMHiBHY
KNiHiYHY edeKTUBHICTb, pesynbratu  ¢apMakoeKoHO-
MIYHOTO aHanisy BUWSIBUNW, LLO >XOAEH i3 PO3rnsHYTUX
BapiaHTiB  Tepanii —  komObiHauis  MeToTpekcaTy
3 bDMARDSs, tsDMARDs a6o bsDMARDs — 3a noTo4HUX
LiH Ha nikapcbki 3acobu B TainaHai He 6yB €KOHOMIYHO
edekTvBHMM. Lle nigkpecnioe npobnemy BMCOKOI Bap-
TOCTi cyd4acHoi TapreTHoi Tepanii Ta HeobXigHICTb
NOLUYKY LWMAXiB ANS 3HWKEHHS (DiHAHCOBOrO HaBaHTa-
)KEHHS1 HA CUCTEMY OXOPOHW 300POB’S, 30KPEMA 3a paxy-
HOK Oinbll LUMPOKOro BMKOPUCTaHHS Biocuminspis,
BMPOBaXXEHHA Mporpam BiALIKOAYBaHHSA BapTOCTi Miky-
BaHHS Ta AepXXaBHOI NigTpmuMkm [52].

Pesynstatv gocnigxeHHs [52] y3rogxyTbCca 3 BUC-
HOBKaMM HU3KU MONepeaHiX MiKHAPOAHUX AOCHimKEHb,
npoBefdeHnX y pisHMX KpaiHax, Bkrtovatouu Llsedito [53],

systemic inflammation cytokine, allows substantial
disease control.
7. 1L-12/23 inhibitor: ustekinumab, which blocks IL-12
and IL-23 subunits, affecting Th1 and Th17 differentiation.
8. IL-17 inhibitors: ixekizumab, secukinumab, broda-
lumab. IL-17 blockade targets a key inflammatory
pathway in various autoimmune diseases, including RA.
9. GM-CSF inhibitors: mavrilimumab, otilimab. These
suppress macrophage activation and proinflammatory
cytokine production, important in severe disease forms.
10. RANKL inhibitor: denosumab, which reduces
bone resorption, preventing osteoporosis and joint
destruction [48-51].

Thus, bDMARDs are a powerful therapeutic tool
in RA, offering new opportunities for personalized
treatment, especially in cases of csDMARD resistance
or severe systemic manifestations.

A major advantage of biosimilars (bsDMARDs) is
their affordability. The lower cost of biosimilars compa-
red to original biologics significantly reduces financial
burdens on healthcare systems and expands access
to therapy for a greater number of patients, including
those previously limited by high drug costs. This is parti-
cularly relevant in resource-limited countries, where
biosimilars can greatly improve patient coverage with
modern biologic therapy.

A cost-effectiveness analysis of bDMARDs,
tsDMARDs, and bsDMARDs in combination with MTX
in patients with high RA disease activity is a critical
element of modern treatment assessment. A notable
study by Prawjaeng J. et al. (2021) [52] evaluated clinical
efficacy and economic feasibility of combination therapy
regimens for RA patients in Thailand with high disease
activity. Despite confirmed clinical effectiveness, phar-
macoeconomic analysis showed that none of the
therapies MTX combined with bDMARDs, tsDMARDs,
or bsDMARDs were cost-effective at current drug
prices in Thailand. This highlights the need to reduce
the cost burden of modern targeted therapies, inclu-
ding greater biosimilar use, reimbursement programs,
and public funding [52].

These findings align with results from international
studies in Sweden [53], Iran [54], the Netherlands [55],
and the UK [56], which also show that, although
bDMARDSs and tsDMARDs are clinically effective, econo-
mic factors often limit their use in everyday practice.
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Ipan [54], Hinepnangn [55] Ta BenukoGputaHito [56].
Lli nocnigpxkeHHs AeMOHCTPYIOTb CXOXi pe3ynbsTaTu: He3Ba-
XKakun Ha BUCOKY KniHiuHY edekTnsHicTb bDMARDSs Ta
tsDMARDSs, ix 3acTocyBaHHsl y NOBCAKAEHHIN KMiHIYHIN
NpakTULi YacTo 06MEXYETLCH EKOHOMIYHUMUN YUHHUKAMW.

IHriGitopu JAK (1sDMARDs)

K aAbTepHaTuea bDMARDs:

HOBi MOXAMBOCTI AOCSAIrHEHHs Wiaen T2T npu PA

Hu3bKoMOnekynsipHi - cnonyku Ans  nepoparnbHOro
3CTOCYBaHHS, WO MalTb MNOPIBHAHHY €MEKTUBHICTb
i3 GionoriyHMMM npenapatamu, OCTaHHIM 4YacoM BUKIK-
KaloTb Bce Binblumi iHTepec y nikyBaHHi PA Ta iHWWMX
ayToiMyHHUX 3axBoptoBaHb. Lli cnonyku, 3aBasikm CBOIN
HU3bKIN MOMEKynsApHiA Maci, MalTb 3AaTHICTb Nerko
NpoHMKaTU Yepe3 nnasMaTudHy MemOpaHy KhiTUHU
Ta B3aEMOZIATV 3 BHYTPILUHbOKNITUHHUMU CUrHANbHUMU
MOMeKyrnamMm 3a NpUHLMINOM «KItod i 3amMok». Taka ocob-
nuBicTb [o3Bonsie M  6Ge3nocepegHb0  MoOAynOBaTH
KMITUHHI CUTHaNbHI LWNAXW, WO € BaXXITMBOK BiAMIHHICTIO
nopiBHAHO 3 GionoriyHMMKM npenapatamu, siki nepeBax-
HO JitoTb MO3aKkNiTUHHO, OrOKyYM UMTOKIHM abo ixHi
peuenTtopu [57, 58].

MonekynsipHOK MilLEHHIO LMX HU3bKOMOMEKYNSIPHUX
Crnonyk 4acto € )epMeHTH, BiAOMI SIK KiHA3n — Binku, siki
30iMCHIOTL  hocopunioBaHHs iHWKX Ginkis, perynto-
04U TUM CaMUM YUCIIEHHI KNITUHHI NpoLecu, BKIYaym
nponidepadito, AudepeHuiauito, anonTo3 Ta iMYHHY
Bignosigb. Ha cborogHi onncaHo noHag 518 pisHux kiHas,
WO Hanexatb A0 LUMPOKOI POOVUHW CEPUH/TPEOHIH- Ta
TMpO3nHkiHa3. Ocobnnee 3HaYeHHs y naToreHesi peBma-
TOIQHOrO apTpUTY MarTb PepMeHTM poanHu Janus-kiHa3
(Janus kinases — JAK), siki € TUNOBMMM TUPO3UHKIHa3amu
Ta BigirpaloTb KMOYOBY ponb Yy nepedadi curHanis
Big peuenTopiB 6araTbox NposananbHUX LMTokiHIB [59, 60].

Mpn akTMBaUii peuenTopiB LUTOKIHIB, Takmx sIK pe-
uenTopu Ao iHTepnelikiHiB abo iHTepdepoHis, Biabysa-
€TbCA IXHA KOHdOpMaUilHa 3MiHa, WO npu3BOANTb
00 akTuBauii 3B’A3aHuX 3 HUMK Monekyn JAK. docdo-
punboBaHi JAK 3anyckaloTb noganbluvi Kackag curHa-
nizauii, akTMBYOYM BHYTPILUHBOKNITUHHI AOMEHU peLen-
TopiB Ta 3abe3nedvyloun pekpyTyBaHHsI LMTOMMa3MaTuny-
HUX GinkKiB — CMrHanNbHUX NepeTBOPOBaYIB Ta aKTUBATOPIB
TpaHckpunuii (signal transducers and activators of tran-
scription — STAT). [licna docdopunioBaHHa STAT
dhopmMyOTb AMMEPU, TPAHCMOKYTLCA A0 A4pa KNiTUHU
Ta, 3B’A3yuUChb i3 cneumdiyHUMK  NOCNIAOBHOCTAMM
OHK, iHOyKyloTb TpaHCKpWMUil0 reHiB, BigNoOBiganbHUX
3a CMHTE3 npo3ananbHuUX MegiaTopiB, aaresinHuMx
Monekyn Ta iHwux 6inkis, wWo 3abe3nevyoTb pPO3BUTOK
i NiATPUMKY XPOHIYHOTO 3ananeHHs.

PoanHa JAK cknagaetbca 3 4oTupbox uneHis: JAK1,
JAK2, JAK3 T1a TYK2, i nokasaHo, wo > 40 pi3Hux
LUUTOKIHIB Ta (pakToOpiB POCTY aKTMBYIOTb CheundidHi
koMbiHauii JAK T1a STAT, siki 6epyTb y4acTb y naToreHesi
peBmatoigHoro apTputy [59, 61].

Y BcboMy CBiTi Oyno npoBegeHo abo TpuBawTb
YUCNEHHI KMiHIYHi BMNPOOYBaHHA 3 BMKOPUCTAHHSM
nepopanbHux iHribitopis JAK y nauieHtis 3 PA. Pesynb-
TaTu KMiHIYHMX BUNPOOyBaHb 3 BUKOPUCTaHHAM TodhaLu-
TWHIOY, BigHOCHO cenektuBHoro ans JAK1/3, Ta
GapuunTuHidy, cenektuBHoro ans JAK1/2, nokasanu
nepeHocumy 6e3neky B KOPOTKOCTPOKOBIA MEepCrnekTuBi
Ta BMCOKY KIiHIYHY e(PEeKTUBHICTb Y NaUiEHTIB 3 aKTUBHUM
PA, siki paHiwe He oTpumyBanu csDMARD a6o nokasanu
HegocTaTHto Bignosiab Ha csDMARD a6o bDMARD [61].

JAK inhibitors (1sDMARDs)
as an alternative to bDMARDs:
new opportunities for achieving T2T goals in RA

Low molecular weight oral agents with efficacy
comparable to biologics have garnered increasing
interest in treating RA and other autoimmune diseases.
Due to their small size, these compounds readily
penetrate cell membranes and interact with intracellular
signaling molecules like a «key and lock.» This allows
direct modulation of cellular signaling pathways unlike
biologics, which act extracellularly by blocking cytokines
or their receptors [57, 58].

The molecular targets of these small molecules
are often enzymes known as kinases proteins that phos-
phorylate other proteins, thereby regulating processes
such as proliferation, differentiation, apoptosis, and
immune responses. Over 518 kinases have been identi-
fied, including serine/threonine and tyrosine kinases.
Of particular importance in RA pathogenesis are Janus
kinases (JAKs) tyrosine kinases that transmit signals
from numerous proinflammatory cytokines [59, 60].

Upon cytokine receptor activation (e.g., by interleu-
kins or interferons), conformational changes activate
bound JAK molecules. Phosphorylated JAKs initiate
further signaling by activating intracellular domains and
recruiting signal transducers and activators of trans-
cription (STATs). After phosphorylation, STATs dimerize,
move into the nucleus, and bind DNA to induce trans-
cription of genes for inflammatory mediators, adhesion
molecules, and proteins sustaining chronic inflammation.

The JAK family includes four members: JAK1, JAK2,
JAKS, and TYK2. More than 40 cytokines and growth
factors activate specific JAK—-STAT combinations invol-
ved in RA pathogenesis [59, 61].

Numerous global clinical trials have investigated
oral JAK inhibitors in RA. Results from trials of
tofacitinib  (selective for JAK1/3) and baricitinib
(selective for JAK1/2) demonstrated short-term safety
and high clinical efficacy in patients with active RA
who were either treatment-naive or had insufficient
response to csDMARDs or bDMARDSs [61].

Tofacitinib, baricitinib, and upadacitinib are the
first three JAK inhibitors to become commercially
available (Table 4). To date, they have shown compa-
rable efficacy to the reference drug adalimumab, at
a similar cost [62].

Key cytokines acting via the JAK/STAT pathway in-
clude interleukins IL-4, IL-6, IL-10, IL-12, IL-23, granu-
locyte-macrophage colony-stimulating factor (GM-CSF),
granulocyte colony-stimulating factor (G-CSF), erythro-
poietin (EPO), thrombopoietin (TPO), leptin, and growth
hormone [63].

JAK inhibitors have emerged as one of the most
promising and innovative therapeutic strategies in RA
treatment, offering new opportunities for patients who
fail to achieve disease control with conventional therapy.
Unlike biologics, which primarily block cytokines or
their receptors on the cell surface, JAK inhibitors act
intracellularly, disrupting the signaling cascades that
drive chronic inflammation. Their low molecular weight
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TocbaunTuHib, OGapuuuTUHIO Ta ynagauuTuHIc —
ue nepwi 3 iHriGitopn JAK, ski ctanM komepuinHO
poctynHumun (tabn. 4). Ha cborogHiwHin geHb BOHU
NPOOEMOHCTPYBanu MOPIBHAHHY edeKTUBHICTL 3 nopgiob-

allows them to penetrate the plasma membrane and
bind to key components of intracellular signaling
pathways, especially JAK family enzymes members
of the tyrosine kinase class.

HOI BapTICTIO A0 eTanoHHoro aganimymaby [62].

Ta6nuus 5. MopiBHsinbHa Tabnuus tsDMARDSs: iHriGiTopn JAK (TocdaumnTuHib, 6apuumutuHi6, ynagaumntuHio)
Table 5. Comparative table of tsDMARDs: JAK inhibitors (tofacitinib, baricitinib, upadacitinib)

MapameTp
Parameter

Tofacitinib

Baricitinib

Upadacitinib

MexaHiam gii
Mechanism of action

JAK1/3 inribiTop; yactkouin JAK2
JAK1/3 inhibitor; partial JAK2

JAK1/2 iHriGiTop
JAK1/2 inhibitor

CenekTnHuin JAK1-iHribiTop
Selective JAK1-inhibitor

EdektnBHiCTL
Efficacy

Bucoka; noBegeHa eekTUBHICTb

npu PA, ncopiaTtnyHomy apTpwTi,
BMPAa3KOBOMY KOMITi

High; proven for RA, psoriatic arthritis,
ulcerative colitis

Bucoka; nepesaxHo npu PA
High; mainly in RA

Bucoka; ocobnuBo edekTvBHa
npu Tskkomy PA

High; particularly effective in
severe RA

dopma BBEAEHHS
Administration route

MepopanbHo / Oral

MepopanbHo / Oral

MepopanbHo / Oral

[osyBaHHs / Dosage

5 mr agivi Ha Boby abo

11 mr 1 pas Ha goby (XR dopma)
5 mg twice/day or

11 mg once/day (XR form)

4 wmr 1 pas Ha goby;

MOXe 3HVXYBaTUCh [0 2 MP

4 mg once/day;

dose may be reduced to 2 mg

15 mr 1 pa3 Ha noby;

MOXe 3HWXyBaTUCb Ao 7,5 Mr
15 mg once/day;

may reduce to 7,5 mg

MNovatok aii
Onset of action

1-2 TwxkHi / weeks

1-2 TvxHi / weeks

1-2 TnxHi / weeks

OcHoBHIi NOGiYHi echekTn
Main side effects

IHdbekuii (ocobnueo repnec-3octep),
nigBuLWEHHA Ninigis, TpaHcamiHas
Infections (herpes zoster),
increased lipids, transaminases

IHdpekuii (repnec-3ocTep),
niaBuULWEHHSA Ninigis, TpaHcamiHas
Infections (herpes zoster),
increased lipids, transaminases

IHdpekuii (repnec-3ocTep),
nigBULLEHHSA ninigis, TpaHcamiHas
Infections (herpes zoster),
increased lipids, transaminases

MoHiTopuHr nepen no4YaTkom
Pre-treatment monitoring

PosropHyTa naHens aHanisis;
TyBepkynbo3; renatuTu

Full blood panel; tuberculosis;
hepatitis screening

Te came, Wwo Ansa ToaunTuHidy
Same as tofacitinib

Te came, LWo ANa ToaunTuHidy
Same as tofacitinib

MOHITOPUWHT Nig Yac nikyBaHHS
Monitoring during treatment

PosropHyTa naHenb aHanisis; ninigu;
TpaHcaMiHa3n KoXHi 3 mic.

Full blood panel; lipids; liver enzymes
every 3 months

Te came, Wo Ana TodauuTuHiby
Same as tofacitinib

Te cawme, Wo Ansa TodaunTuHiby
Same as tofacitinib

MpoTunokasaHHs
Contraindications

AKTUBHI iHdeKL;i, BariTHICTb,
TSKKa NeYviHKoBa HEAOCTATHICTb
Active infections, pregnancy,
severe hepatic impairment

Te came, Wo Ana TodaunTuHIby
Same as tofacitinib

Te cawme, Wo aAnsa TodaunTuHiby
Same as tofacitinib

Komb6iHOBaHe BMKOPUCTaHHS
Combination use

Moxe BUKOpPUCTOBYBaTUCH
SIK MOHOTEpanis
Can be used as monotherapy

Te came, Wo Ansa TodaunTuHiby
Same as tofacitinib

Te cawme, Wo aAnsa TodaunTuHiby
Same as tofacitinib

KaTteropisi 6e3neku
npwu BaritHocTi (FDA)
Pregnancy safety category (FDA)

Kareropisa C
Category C

Kateropis C
Category C

Kareropis C
Category C

OcobnusocTi
Specific considerations

3pyyHe A03yBaHHS; LWBWMAKUIA NOYaTOK Al;
anstepHaTvea bDMARDS; npuaatHuin
[Onst aMBynaTopHOro nikyBaHHs
Convenient oral intake; rapid onset;
alternative to bDMARDSs; suitable for
outpatient care

OpauH npuitom Ha foby;
anstepHatmsa bDMARDs
Once-daily oral intake;
alternative to bDMARDs

Binbl cenekTMBHUIA; MeHLLE
nobiyHNX edekTiB NOPIBHAHO

3 iHWKMK JAK-iHriGiTopamm

More selective; fewer side effects
than other JAK-inhibitors

OCHOBHI UMTOKIHW, WO AitoTb Yepes wnsax JAK/STAT,
BKMOYalOTh iHTepnenkiHn 1L4, IL-6, IL-10, IL-12, IL-23,
rpaHynoumTapHo-makpodaranbHUn  KONMOHIECTUMYIIOLO-
yuin paktop (GM-CSF), rpaHynoumTapHO-KONOHIECTUMY-
notouni - gaktop  (G-CSF), eputponoetuH  (EPO),
TpombonoetuH (TPO), nenTuH Ta ropMoH pocTy [63].

InriiTtopn JAK ctanu ogHieto 3 Hambinbw nepcnek-
TMBHUX Ta iHHOBAUIHUX TepaneBTUYHWX CTpaTerin
y nikyBaHHi PA, BigKkpvBaloum HOBUI PiBEHb MOXINBOC-
Ten AN nauieHTiB, $Ki He [ocAralTb  KOHTPOr
3aXBOPIOBaHHA Ha POHI TpaaumuiiHoi Tepanii. Ha BigMiHy
Big GionoriyHMX areHTiB, WO NepeBaxHO BNoKyTb LUTO-
KiHn abo X peuenTopu Ha MOBEPXHi KMiTWH, iHriGiTopn
JAK pitoTb 6esnocepenHbo BcepeauHi KMiTUHW, MNopy-
LIYIOYN CUrHambHi LWNSAXM, WO 3anyckaloTb XPOHiYHe
3ananeHHs. 3aBAsKuM CBOIW HU3bKIM MOMEKYNApHIA maci
BOHW MPOHMKAIOTb Kpi3b NNa3maTnyHy membpaHy KnituHu,
e 3B’A3yl0TbCS 3 KITHOYOBUMW KOMMOHEHTaMU BHYTPILU-

JAK kinases play a central role in transmitting sig-
nals from a wide range of cytokines including interleu-
kins and interferons via cell surface receptors. Receptor
activation leads to JAK phosphorylation, triggering
a signaling cascade involving STAT proteins (signal trans-
ducers and activators of transcription). Phosphorylated
STATs translocate to the nucleus and regulate gene
expression responsible for proinflammatory mediator s
ynthesis, adhesion molecules, and factors maintaining
inflammation [62].

Clinical studies have shown that JAK inhibitor
therapy provides a rapid reduction in RA symptoms
effects may appear as early as two weeks after treat-
ment initiation, with maximum response typically reached
within three months. This is especially important for
patients requiring fast inflammation control and pain relief.
Interestingly, the analgesic effect of JAK inhibitors
often precedes reductions in inflammatory markers,
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HBOKMITUHHUX CUrHanbHUX KackagiB, 3okpema 3 dep-
MeHTamu pogmHun JAK, Lo Hanexartb 40 TUPO3UHKiIHa3.

JAK-kiHa3u BigirpatoTb LieHTpanbHy ponb Yy nepegadi
CurHanis Big LUMPOKOrO CMEKTpa LUUTOKIHIB, BKIHOYHO
3 iHTepnenkiHaMmn Ta iHTepdepoHamu, Yepes peuenTtopu
Ha KMITUHHIN NOBepxHi. AKTMBaUig UMX pelenTopis
npussoauTb A0 docdopunioaHHa JAK, Wwo 3anyckae
Kackag curHanis 3a ydactioo 6inkiB STAT (curHanbHi
TpaHCOYKUiNHI  akTMBaTopu TpaHckpunuii). docdopu-
neoBaHi STAT nepewmiwytoTbca A0 sApa KNiTUHW, Ae
perynioTb eKCNpecito reHiB, BiANOBiganbHUX 3a CUHTE3
npo3ananbHuUX Meaiatopie, Mornekyn agresii Ta cakTopis,
LLO NIATPUMYIOTE 3ananbHui npouec [62].

KniHiuHi gocnigXeHHs npoaemMoHCTpyBanu, WO Te-
panis iHribitopamn JAK 3abesnevye LUBUOKE 3HWKEHHS
cumntomiB PA — edekT mMoxe NposiBUTUCA Bxe 4depes
OBa TWXHI Micns noyaTtky NikyBaHHS, a MakcMMmarbHa
Bi4NOBIAb 3a3BUYal OOCAraeTbCA MPOTArOM TPbOX Micsi-
uis. Lie ocobnvBeo BaxnunBo Ans nauieHTiB, ki noTpebyroTb
LWUBMAKOrO KOHTPOMK 3anareHHst Ta 3HWKeHHs 6onto.
LlikaBo, Wwo aHanbretuyHuin edekT iHriditopis JAK vacto
nepenye 3MEHLUEHHIO 3ananbHUX MapKkepiB, L0 MOXe
CBIQYMTM NPO iXHIA BNAMB Ha HEWpOHarbHi MexaHiamu
06pobku Gonto.

Cepeqn HanbinbL JOCNiMKEHUX NPEACTaBHUKIB Knacy
JAK-iHribiTopiB BMAinawTe ynagaumtuHié y gosi 15 mr
Ha ooby Ta 6apuumnTuHIO y 0o3i 4 Mr Ha foby, siki B KOM-
GiHauii 3 MTX OeMOHCTPYIOTb HarBULLi NOKa3HUKK edbek-
TMBHOCTI 3a wkanamm ACR. lNpoTe 3acTocyBaHHA LMX
npenapatie notpebye 06epexHOCTi — BCTaHOBMEHO
NigBULLEHNA PU3MK PO3BUTKY reprneTudHuUX iHGEKLUIn,
30KpeMa ornepisyBarbHOro reprecy, xoda Tsxki hopmu,
Taki ik AncemMiHoBaHa iHdekuis abo MynbTMAEpMaTOMHi
YpaxeHHs1, TpannaTbes pigko [62].

Ocob6nuBy yBary cnig npuainsty puanky TpoM6oTuy-
HUX YCKMNafHeHb: YNPaBriHHS 3 KOHTPOMO 3a Xap4oBUMU
npogyktamu i nikapcekumu 3acobamu CLUA (FDA)
BKa3ye Ha nigBuLLeHy WMOBIPHICTb PO3BUTKY BEHO3HOI
Tpomboembonii npu 3actocyBaHHi iHribiTopis  JAK.
Lle Bumarae petenbHOi OLiHKM NaUieHTIiB Woa0 HAasgBHOCTI
dakTopiB pu3NKy nepen NpU3HAYeHHsM npenaparis
uboro knacy, ocobnueo Ha etani Bubopy Tepanii gpyroi
niHii. BapTo 3a3HauuTh, WO [03YBaHHs TodauWTuHIOy
anst nikysaHHa HF obmexeHe 5 mr aBivi Ha goby came
yepes CniBBiQHOLIEHHSI KOPUCTi Ta PU3KKIB.

IHriGiTopn JAK yxe 3alHsanu Micue B Cy4YacHMX
pekomeHaauisx ACR ta EULAR ang nikyBaHHS nauieH-
TiB 3 PA cepegHbOro Ta TSXKKOro CTYMeHs, Lo He Bia-
nosigatTbe Ha MoHoTepanito MTX. 3i 3poctaHHsAM o6csry
JaHux npo [oBroTpuBany egekTUBHICTb Ta 0Gesneky
uMX npenapartiB O4iKyeTbCs, WO iX ponb Y nikyBaHHi PA
NpodoOBXWTbL MocuntoBaTtucs, a iHribitopn JAK craHyTtb
BaXMMBOK  OrUiel0 Yy nepcoHanisoBaHoMy nigxoni
[0 Tepanii 3ananbHUX 3axBOpPtOBaHb Cyrnobis.

BUCHOBKHU

Crpareria Treat-to-Target (T2T) € cyyacHum cTaH-
[apToM MeHeXXMeHTy peBMatoigHoro apTputy (PA),
wo 3abesneyye OOCATHEHHSA pemicii abo HU3bKOI aKTUB-
HOCTi 3aXBOPIOBAHHS LUMSIXOM PErynsipHOro MOHITOPWH-
ry Ta csoeyacHoi mogudikauii Tepanii. BukopuctaHHs
BanigoBaHWX IHCTPYMEHTIB OLHKM aKTMBHOCTI, TakuX SIK
DAS28, CDAI Ta SDAI, nossonsie 06’'eKTUBHO OLjiHIOBaTH
OvHaMmiKy npouecy Ta npuiMaTy OBrpyHTOBaHi KIiHiYHi

suggesting a possible influence on neuronal pain-
processing mechanisms.

Among the most thoroughly studied JAK inhibitors,
upadacitinib (15 mg/day) and baricitinib (4 mg/day),
in combination with MTX, have shown the highest efficacy
scores based on ACR criteria. However, caution is
warranted in their use these agents are associated with
an increased risk of herpes virus infections, particularly
herpes zoster, although severe forms such as dissemi-
nated or multidermatomal disease are rare [62].

Special attention must be paid to the risk of throm-
botic complications: the U.S. Food and Drug Administ-
ration (FDA) has highlighted a higher likelihood of
venous thromboembolism associated with JAK inhibitors.
This necessitates careful patient risk assessment prior
to prescribing, especially when selecting second-line
treatments. For example, tofacitinib dosing is limited
to 5 mg twice daily for heart failure (HF) patients due
to its benefit-risk ratio.

JAK inhibitors are already included in current ACR
and EULAR guidelines for treating moderate-to-severe
RA in patients unresponsive to MTX monotherapy.
As more long-term safety and efficacy data accumulate,
their role in RA management is expected to expand,
making JAK inhibitors a key component in personalized
therapy for inflammatory joint diseases.

CONCLUSIONS

The Treat-to-Target (T2T) strategy is the modern
standard in managing rheumatoid arthritis (RA), aimed
at achieving remission or low disease activity through re-
gular monitoring and timely therapy adjustments. The use
of validated assessment tools such as DAS28, CDAI,
and SDAI allows for objective tracking of disease progre-
ssion and supports evidence-based clinical decision-
making. T2T helps reduce complications, slow disease
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piweHHA. Ctpateria T2T cnpusie 3HMWKEHHIO 4acToTw
YCKMaAHEHb, YMOBIMbHEHHIO MNPOrpecyBaHHs 3axBOpPH-
BaHHS Ta MOKPALLEHHIKO SIKOCTI XWTTA nauieHTiB. OgHak
ycniwHa peanisadis T2T noTpebye BMCOKOrO piBHS
KNiHIYHOT KOMMNETeHLUIii, JOCTaTHIX pecypciB Ta aKTUBHOI
yyacTi nauieHTiB y npoueci NikyBaHHS.

3BMYaNHI CUHTETUYHI NPOTMPEBMATU4YHI npenapaTtu
(csDMARDSs) € ocHOBOI naToreHeTU4Horo nikyBaHHs PA.
MeTtoTpekcaT 3anuuaeTbCcs npenapaTtoM NepLloi niHii
3aBOSKM CBOIA BUCOKIN edEeKTUBHOCTI, CNpUATIMBOMY
npodinto 6e3neku Ta goctynHocrTi. NleconyHomia, cynbda-
canasuH Ta FigpOKCUXIOPOXiH 3aCTOCOBYHOTLCS sIK arb-
TepHatTMBM abo B KoMOGiHaUisX Npu HenepeHOCUMOCTI
abo HepocTaTHI edeKTUBHOCTI MeToTpekcaty. Bubip
csDMARDs mae 6ytu iHguBigyanisoBaHum, a Tepanis —
CYNpPOBOKYBaTUCSI PETENbHUM MOHITOPUMHIOM nabopa-
TOPHUX MOKa3HMKIB, KIMiHIYHOrO cTaHy Ta npodinto nobiy-
Hux edekTiB. EdektuBHe BukopuctaHHa csDMARDs
notpebye OOTpUMaAHHSA MpUHLMMIB MepcoHanisoBaHol
MeavuuHu Ta 6e3nepepBHOr0 KOHTPOM 32 aKTUB-
HICTIO 3aXBOPHOBaHHSI.

IHHOoBaUiHI GionoriyHi (DDMARDS) Ta TapreTHi CuH-
TeTnyHi npenapatn (tsDMARDs) 3HauHO po3wwmploloTb
TepaneBTUYHI MOXNMBOCTI Npy PA, ocobnuneo y nauieHTis
i3 pe3aMCTEHTHMMU hopMamm 3axBoproBaHHS abo Henepe-
HocumicTio csDMARDs. bDMARDSs 3a6e3nevytoTs cenek-
TUBHY iHriBiLil0 KNIOYOBMX MeaiaTopiB 3ananeHHs, Takux
sIK hakTop Hekposdy nyxnuHu anbda (TNF-o) abo iHTep-
nevikiH-6 (IL-6), Toai sk tsDMARDs pgitoTb Ha BHYTpiL-
HbOKMITUHHI CUrHanbHI WNaxu, 3okpema wnax JAK/STAT.
Xoua 3acTocyBaHHS LMX NpenapatiB CynpOBOMKYETLCS
pU3NKOM PO3BUTKY iHGpeKUin, TPOMOO3iB Ta iHLWNX NoGiy-
HUX edekTiB, X NoegHaHHA 3 KoHuenuieto T2T gossonsie
JOCSArTU CTIMKOT peMicii y 3HaYHOI YaCTMHU NaLieHTIB.
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progression, and improve quality of life. However, its
successful implementation requires clinical expertise,
sufficient resources, and active patient involvement.
Conventional synthetic DMARDs (csDMARDs)
remain the cornerstone of RA therapy. Methotrexate
continues to be the first-line agent due to its proven
efficacy, safety profile, and affordability. Alternatives
such as leflunomide, sulfasalazine, and hydroxychlo-
roquine are used when methotrexate is contraindicated
or insufficient. Treatment choice must be individualized
and supported by close monitoring of clinical status,
lab values, and side effects. Effective csDMARD
use aligns with principles of personalized medicine
and requires continuous disease activity control.
Innovative biologics ((DMARDs) and targeted syn-
thetic agents (tsDMARDs) have significantly expanded
therapeutic options, especially for patients with resistant
RA or csDMARD intolerance. bDMARDs selectively
block key inflammatory mediators like TNF-a or IL-6,
while tsDMARDs target intracellular signaling, particu-
larly the JAK/STAT pathway. Although these therapies
are associated with risks such as infections and throm-
bosis, when combined with the T2T strategy, they enable
sustained remission in a substantial proportion of patients.
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Prospects for further research

Further research should focus on the in-depth study of the
mechanisms of action of disease-modifying antirheumatic
drugs, particularly targeted agents, Janus kinase inhibitors, and
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areHTiB, iHribiTopiB Janus-kiHaz Ta Giocuminsipis. HeobxigHo
TaKoX OLjiHIOBaTM OOBroTpuBany edekTUBHICTb i 6e3neky umx
3acobiB, BpaxoByHuUM iHAMBIAyanbHi 0cobnuMBOCTI NauieHTIB,
CYNyTHi 3aXBOpPIOBaHHS Ta KOMopbigHicTb. Baxnmeo gocnigutu
BMMMB PaHHLOrO 3acCTOCYBaHHS TapreTHoi Tepanii Ha nepe6ir
3aXBOPIOBAHHS, MPOrHO3 BMXKUBAHOCTI Ta SIKICTb XUTTS NaUEHTIB.
OcobnuBa yBara NOBWHHA MNpPUAINATACA onTuMi3auil niaxoais
00 peanisauii cTpaTerii nikyBaHHA A0 LiNbOBOro pesynsrary.

KoHdAikT iHTepeciB

ABTOp pyKoOnNucy CBIAOMO 3acBigyye BiOCYTHICTb haKTUYHOro
abo NOTEHLNHOrO KOHMIKTY iHTepeciB LWoAo pesynbraTiB
Liei pobotn 3 chapmaueBTUYHMMM KOMMaHIAMWU, BUPOBHUKaMM
6GioMeauYHUX NPUCTPOIB, IHLIMMWU OpraHisauisiMu, Yui NpoayKTy,
nocnyru, iHaHcoBa nigTpUMKa MOXyTb OyTWM MOB’A3aHi
3 npegMeToM HagaHux Matepianie abo siki crnoHcopysanu
npoBeaeHi 4OCNiAXEHHS.

IHdpbopMauis npo doiHAHCYBAHHSA

CratTs € bparmMeHTOM NNaHoBOI HayKOBO-AOCHIAHOI poboTu
kadenpu iHdeKUinHMX XBOpob Ta KniHiYHOI iMyHonorii Xapkis-
CbKOro HaLjioHanbHoro YyHiBepcutety imeHi B.H. KapasiHa
MiHicTepcTBa oCBITV | Haykn YkpaiHn «BruB4YeHHS poni iMyHHUX,
aBTOIMYHHUX Ta MeTaboniyHux posnagiB y nartoreHesi Ta
Hacnigkax iHgeKUiMHOro npouecy, WO BUKMIUKaHWA bakTepi-
AMK, Bipycamu, BipyCHO-bakTepianbHUMK acouiauigsMu  npu
roCTpoOMy, 3aTSHKHOMY Ta XpOHiYHOMY nepebiry xBopobu Ta
YLOOCKOHANEHHS TAKTUKM NiKyBaHHA», HOMEp AepXXaBHOI peecT-
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biosimilars. It is also necessary to assess the long-term efficacy
and safety of these agents, taking into account individual
patient characteristics, comorbidities, and associated conditions.
The impact of early initiation of targeted therapy on disease
progression, survival prognosis, and patients’ quality of life
requires further investigation. Special attention should
be given to optimizing approaches to implementing the
treat-to-target strategy.
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PE3IOME

AxTyanbHicTb. [HTepnemnkiH-33 — KMYOBUMN anepMiH, WO MOAYNI0E 3ananeHHs
B AuxanbHux wnsaxax. icns ywkomkeHHs enitenito Hoca BiH akTuBye ILC2-kniTuHM,
TYYHi KNiTUHU Ta €03MHOMINKU, CNPUSAIOYM PO3BUTKY XPOHIYHOMO i anepriyHoro puHo-
CUHycuTYy. HesBaxaloum Ha 3auikasneHicTb A0 |HTepnenkiHy-33 Sk TepaneBTUYHOI
MilLEHi, MOro natoreHeTMyHa porib i KNiHIYHE 3HAYeHHs B LUMX 3axBOPHBaHHAX
noTpebytoTb 40AATKOBUX AOCHIOKEHb.

Meta po6oTu — oxapakTepudyBaTW CyyacHi ysIBNeHHsl Mpo ponb |HTepnenkiHy-33
y naToreHesi 3ananbHUX 3aXBOPHOBaHb NMOPOXHWMHM HOCa Ta OLIHUTK Oro NepcrnekTuBn
AK AiarHOCTUYHOTO Mapkepa W TepaneBTUYHOI MilleHi Ha OCHOBI aHanisdy BiAKpUTUX
HayKOBMX Axeper.

Marepianu Ta Metoau. [poBegeHoO cucTemMaTuyHUM MoWyK nitepatypu B PubMed,
Scopus, Web of Science, Cochrane Library Ta Google Scholar. BukopucrtaHo kombiHaLii
kntovoBmx cnis: «Interleukin-33»/«IL-33», «nasal inflammation»/«rhinosinusitis», «chronic
rhinosinusitis», «purulent rhinosinusitis», «IL-33 receptor»/«ST2», «cytokine». Bignosia-
HicTb PRISMA-pekomMeHaaUisim 3abeanevnna npo3opicTb i BiATBOPHOBAHICTb Ornsgy.
PesynbtatM Ta iXx oGroBopeHHs. AHania AaHux CBigunTb, WO |HTepnenkiH-33
eKCrpecyeTbCs NepeBaxHo B enitenianbHUX KNiTMHaX HOCOBOI MNOPOXHUHWN Ta CUHYCIB
y BignoBigb Ha MexaHiyHe abo anepriyHe ylKomkeHHs. AkTuBauisa IL-33/ST2-wnsxy
npussoauTb A0 npogykuii Th2-uutokiniB (IL-5, IL-13) # iHdinbTpauii eo3nHodinamm
N TYYHUMM KNiITUHaMW, WO NOMMWGIIOE 3ananeHHs NMpu XPOHIYHOMY PUHOCWHYCWTI.
EkcnepvmeHTanbHi Mogeni in vitro Ta in vivo AEMOHCTPYIOTb 3HWKEHHS 3anarnbHoi
BignoBiai nicns 6nokagn ST2, a KNiHiYHI 4OCMIAXEHHS acouiloloTb NiABULLEHWI piBEHb
IHTepnewikiH-33 y ceKkpeTi Hoca 3 TAXKICTIO CUMMNTOMIB | PE3UCTEHTHICTIO A0 CTaHAAPTHOI
Tepanii. MNonepegHi AaHi mMeTaaHanisiB BKasyloTb Ha noTeHuian IHTepnerkiHy-33 sk
Giomapkepa ans crpaTtudikauii nauieHTiB i3 XpOHIYHUM Ta anepriYyHUM pUHOCUHYCUTOM.
BucHoBku. [HTepnenkiH-33 Bigirpae UeHTpanbHy pornb Yy natoreHesi 3ananbHWUX
3axBOpPIOBaHb MOPOXHWMHM HOCa, ChpsIMOBYLUM Th2-3ananeHHs yepes3 akTuBaLilo
ST2-ekcnpecytouux KnituH. PiBeHb IHTepneiikiHy-33 Moxe cTaTu KOPUCHUM AiarHoc-
TUYHMM MapKepoM TSDKKOCTI npoLecy Ta NpOrHo3sy nikyBaHHS, a TapreTHa iHribiuis
IL-33/ST2-wnsxy € nepcrnekTUBHMM MiAX04OM ANsi po3pobky HOBUX TepaneBTUYHKX
cTparteriii. [na niaTBepaKeHHs1 6e3nekun Ta edpeKTUBHOCTI Takux iHTEPBEHLN HEOOXiaHi
nofdanbLui paH4OMi30BaHi KriHi4Hi BUNPOGYBaHHS.

Dopow .M., CamyceHko [1.C. Ponb iHTepnelikiHy-33 npu 3ananbHnx 3axBoptoBaHHAX MOPOXHUHK Hoca. KapasiHebKuli
imyHomnoeiyHul xypHan. 2025. T. 8, Ne 1(15). C. 160—172. DOI: https://doi.org/10.26565/3083-5615-2025-15-11
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ABSTRACT

Background. Interleukin-33 is a key alarmin that modulates airway inflammation.
Following nasal epithelial injury, it activates ILC2 cells, mast cells, and eosinophils,
thereby promoting the development of chronic and allergic rhinosinusitis. Despite
growing interest in Interleukin-33 as a therapeutic target, its pathogenetic role and
clinical significance in these conditions require further investigation.

Purpose — to characterize current concepts of the role of Interleukin-33 in the
pathogenesis of inflammatory diseases of the nasal cavity and to assess its potential
as a diagnostic marker and therapeutic target based on an analysis of publicly
available scientific sources.

Materials and Methods. A systematic literature search was conducted in PubMed,
Scopus, Web of Science, Cochrane Library, and Google Scholar. The following
keyword combinations were used: «Interleukin-33»/«IL-33», «nasal inflammation»/
«rhinosinusitis», «chronic rhinosinusitis», «purulent rhinosinusitis», «IL-33 receptor»/
ST2», and «cytokine».Adherence to PRISMAguidelines ensured transparency and repro-
ducibility of the review.

Results. Data analysis indicates that Interleukin-33 is predominantly expressed
in the epithelial cells of the nasal cavity and sinuses in response to mechanical or
allergic injury. Activation of the IL-33/ST2 axis induces production of Th2 cytokines
(IL-5, IL-13) and infiltration by eosinophils and mast cells, exacerbating inflammation
in chronic rhinosinusitis. In vitro and in vivo experimental models demonstrate reduced
inflammatory responses following ST2 blockade, while clinical studies correlate
elevated IL-33 levels in nasal secretions with symptom severity and resistance to standard
therapies. Preliminary meta-analytic evidence suggests the promise of Interleukin-33
as a biomarker for stratifying patients with chronic and allergic rhinosinusitis.
Conclusions. Interleukin-33 plays a central role in the pathogenesis of inflammatory
diseases of the nasal cavity by driving Th2-mediated inflammation through
activation of ST2-expressing cells. Interleukin-33 levels may serve as a useful
diagnostic marker of disease severity and treatment prognosis, and targeted
inhibition of the IL-33/ST2 pathway represents a promising strategy for the development
of novel therapeutics. Further randomized clinical trials are required to confirm the
safety and efficacy of such interventions.

Dorosh D.M., Samusenko D.S. The role of interleukin-33 in inflammatory diseases of the nasal cavity. Karazin
Journal of Immunology. 2025;8(1(15)):160-172. DOI: https://doi.org/10.26565/3083-5615-2025-15-11

BCTYN

INTRODUCTION

AKTyanbHOK npobnemMaTukol Cy4acHOi PUHOMOTIi
€ 3ananbHi 3axBOPIOBaHHS HOCa Ta MapaHo3anbHUX
CUHyCiB. Y naTtoreHesi iHgeKUinHO-3ananbHNUX 3axBo-
ptoBaHb Pi3HMX oOpraHiB i cucte Bktovatoum JIOP-
opraHu, ocobnvee Micue 3arMaroTb iMyHHi MOPYLUEHHS.
MepeBaxHa GinbLicTb iHEKUiNHO-3ananbHUX Ta anep-
riYHUX 3axBOpPHOBaHb MOB’A3aHa 3 PO3BUTKOM MaTOOriy-
HMX MPOLECIB CNM30BOiI OBOMOHKM BEPXHIX AUXanbHUX
Wnsxie, gka 3atpuMmye Ta abo 6nmsbko 70% iHEepTHMX
Ta arpecuMBHUX aHTUreHHUX PaKTopiB, LUO 3HaXoASTbCA
Y 30BHILLHLOMY CEPEaOBULL.

BananbHi Npoueck, WO MalTb TpuBanuin nepebir
y Cn130Bii 0OOMOHUI AMXxanbHUX LWNsSXiB, NpU3BOAATb
00 MNPUrHIYEHHS MIiCUEBUX 3aXUMCHUX MEXaHIi3MIB i 3HU-
XKEHHS 3aranbHOi iMYHOPEaKTMBHOCTI OpraHiamy, TOMy
ans eheKTMBHOI TepaneBTUYHOI KOpeKLil 3axBoptoBaHb
i€l rpynu Bigirpae Kno4YoBy porfb BUBYEHHSI XapakTepy
Ta CTyneHst iMyHHUX po3nafiB, Npu LbOMY Hanbinblue
3HaYeHHs Ma€ [ocCnigKeHHs hakTopiB rymopanbHOro
IMYHITETY Ta CTaHy perynsaTopHuMX NenTuaiB y poTorno-
TOYHOMY CEKpeTi.

HaiiBaxknumeiwa ponb y 3abe3nedeHHi pyHKLiOHYBaHHS
iIMYHHOI CMCTEMM BiABOAUTLCA MDKKNITUHHUM iMyHOMeE-
niatopoM — uuTOKiHaM. [ocnigXeHHs PiBHA LUTOKIHIB
€ BaXXITMBOIO JTAHKOIO Y BU3HAYEHHI CTaHy SK iMYHHMX Mexa-
Hi3MiB, a 1 nepebiry NaTonoriyHoro Npouecy B Linomy.

The current problem of modern rhinology is inflam-
matory diseases of the nose and paranasal sinuses.
In the pathogenesis of infectious and inflammatory
diseases of various organs and systems, including ENT
organs, a special place is occupied by immune disorders.
The vast majority of infectious and inflammatory and
allergic diseases are associated with the development
of pathological processes in the mucous membrane
of the upper respiratory tract, which retains and or
destroys about 70% of inert and aggressive antigenic
factors found in the external environment.

Inflammatory processes that occur for a long time in
the mucous membrane of the respiratory tract lead to the
suppression of local protective mechanisms and a de-
crease in the overall immunoreactivity of the body, there-
fore, for effective therapeutic correction of diseases of
this group, the study of the nature and degree of immune
disorders plays a key role, while the study of factors of
humoral immunity and the state of regulatory peptides in
the oropharyngeal secretion is of the greatest importance.

The most important role in ensuring the functioning
of the immune system is played by intercellular immuno-
mediators — cytokines. The study of cytokine levels is
an important link in determining the state of not only
immune mechanisms, but also the course of the patho-
logical process as a whole.
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MeTa po60Tu — 0xapakTepun3yBaTu Cy4acHi ysIBNEHHS
npo pofb iHTepnenkiHy-33 y natoreHesi 3ananbHuX
3aXBOPIOBaHb MOPOXHMHM HOCa Ta OUiHUTW  1AOro
noTeHuian sk 4iarHOCTUYHOIO Mapkepa N TepaneBTUYHOI
MilLleHi Ha OCHOBI aHani3y BiAKPUTMUX HAyKOBUX DKeper.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

[ns nigrotoBkM UbOro Ornsify NPoOBEAEHO cucTema-
TUYHWUIA NOLLYK NiTepaTypHUX OXKepen, Lo BUCBITMIOWTb
ponb iHTeprenkiHy-33 npu 3ananbHUX 3axXBOPIHOBaHHSIX
NOpPOXHUHM Hoca. lMowyk 3gificHioBaBcst y Gasax AaHux
PubMed (https://pubmed.ncbi.nim.nih.gov/),  Scopus
(https://www.scopus.com), Web of Science (https://www.
webofscience.com), Cochrane Library (https://www.co-
chranelibrary.com) Tta Google Scholar (https://scholar.
google.com).

MowykoBa cTparterisi BknoYana gsa etanu:

Mepwun etan — igeHTUdiKaUia peneBaHTHUX
ny6nikauin 3a 4ONOMOro CEMaHTUYHOTO siApa KIOYOBUX
cniB Ta ix kombGiHauin: «Interleukin-33» OR «IL-33»;
«nasal inflammation» OR «rhinosinusitis» OR «nasal
cavity»; «inflammatory diseases» OR «purulent rhinosi-
nusitis» OR «chronic rhinosinusitis»; «IL-33 receptor» OR
«ST2»; «cytokine». MNoLwyk NpOBOAMBCH 3 BUKOPUCTAHHSM
aHIMOMOBHMX TEpMIHIB, y 3aronoBkax, aHoTauisx Ta
KMOYOBMX CrioBax crateln 6e3 obMeXeHHs pOKy BUAAHHS,
ane 3 NpiopMTETOM Ha OCHiIOKEHHS OCTaHHix 10 pokiB.

Opyrun etan — BIigbip cTaTer 3a 3aronoBkamu
Ta aHoTauisMu. |3 no4yaTKOBOI KOropTW BUKMOYanucs
nybnikauii, wWwo He BignoBiganu npegmety ornsay
(Hanpuknag, [OCNIMKEHHS 3 iHLWMMK opraHamu amxarb-
HOI cucteMmn abo 3 iHLIMM LUUTOKIHOM).

Micns uporo BigiGpaHi poboTn aHanizyBanucs
Ha OCHOBiI MOBHWUX TEKCTIB 3 YypaxyBaHHAM KpuUTepiiB
BKIMIOYEHHS: AOCHiOKEHHs, NpucBsaYeHi GionoridHin poni
IL-33 aGo 1oro peuentopa ST2 B naronorii HOCOBOI
NMOPOXHWUHKW; eKkcrnepuMeHTanbHi mogeni (in vitro abo
in vivo) i KniHiYHi gocnigjKeHHs1 (KOropTHi, «BMNagoK—
KOHTpOMb», cepil BWNagkiB); CUCTEMaTW4Hi ornagu
Ta MeTaaHaniau 3a yyactio IL-33; HasABHICTb MNOBHO-
TEKCTOBOrO AOCTYNY aHMMiNCbKOH.

Bukntodanuca ornsan, kKOMeHTapi, pegakuiiHi marte-
pianu Ta KHUrM 6e3 NepBUHHMUX OAHMX.

Mpouec Big6opy ny6nikaLi Ta 3BiTHICTb NiArOTOBNEHO
BignNoBigHO [0 pekoMeHgauin HactaHoBu PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) [Schmitz et al., 2005; Page et al., 2021].
Yci etanu oinbtpauii Ta Bigbopy BigobpaxeHi y 6rnok-
cxemi PRISMA.

3ibpaHi gaHi y3aranbHeHi 3a TakMMKW KaTeropisiMu:
ekcnpecia IL-33 y TkaH1Hax NOPOXHUHN HOCa Ta CUHYCIB;
MexaHi3mu akTmBauii i cekpeuii IL-33; ekcnepnmeHTanbHi
pesynbrati in Vvitro Ta in vivo; pesynbratu KhiHiYHMX
JocnigKeHb, WO OUiHWTL acouiauito piBHs  |L-33
i3 TSXKKICTIO 3ananeHHs; MoTeHUiHI TepaneBTUYHI
cTparterii, cnpsimoBaHi Ha 6nokagy IL-33/ST2.

OTpumaHuii matepian [03BONMB  CHOPMYNioBaTh
cyyacHe YysBMEeHHs npo nartodisionoriyHy ponb IL-33
y 3ananbHuX npouecax MOPOXHWHM Hoca Ta OOI'pyHTY-
BaTWM MEPCMNEKTMBA MNOr0 BUKOPWUCTAHHS SIK AiarHOCTUY-
HOro MapKepa 1 TepaneBTUYHOI MilLEHi.

Objective — the aim of this work is to characterize
current concepts of the role of interleukin-33 in the
pathogenesis of inflammatory diseases of the nasal cavity
and to assess its potential as a diagnostic marker
and therapeutic target on the basis of an analysis of
publicly available scientific sources.

MATERIALS AND METHODS

A systematic literature search was conducted to
identify studies addressing the role of interleukin-33 in
inflammatory diseases of the nasal cavity. The search was
performed in the following databases: PubMed (https://
pubmed.ncbi.nim.nih.gov/), Scopus (https://www.scopus.
com), Web of Science (https://www.webofscience.com),
Cochrane Library (https://www.cochranelibrary.com),
and Google Scholar (https://scholar.google.com).

The search strategy comprised two stages:

Stage One — identification of relevant publications
using a semantic core of keywords and their combi-
nations: «Interleukin-33» OR «IL-33»; «nasal inflam-
mation» OR «rhinosinusitis» OR «nasal cavity»;
«inflammatory diseases» OR «purulent rhinosinusitis»
OR «chronic rhinosinusitis»; «IL-33 receptor» OR «ST2y;
«cytokine». Searches were conducted in article titles,
abstracts, and keywords without limiting the year of
publication, but with priority given to studies from the
past ten years.

Stage Two — screening of titles and abstracts.
Publications not pertaining to the focus of the review
(e.g., studies on other regions of the respiratory tract
or involving cytokines other than IL-33) were excluded.

Full texts of the remaining articles were then
evaluated against the following inclusion criteria:
Studies examining the biological role of IL-33 or its
receptor ST2 in nasal cavity pathology; Experimental
models (in vitro or in vivo) and clinical investigations
(cohort studies, case—control studies, case series);
Systematic reviews and meta-analyses involving IL-33;
Availability of full-text access in English. Excluded were
reviews without original data, commentaries, editorials,
and books lacking primary research results.

The selection process and reporting were performed
in accordance with the PRISMA (Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses)
guidelines [Schmitz et al., 2005; Page et al., 2021].
All stages of filtering and inclusion are depicted in
a PRISMA flow diagram.

Extracted data were summarized across the following
categories: expression of IL-33 in nasal and sinus tissues;
mechanisms of IL-33 activation and secretion; experi-
mental findings from in vitro and in vivo studies; clinical
study results assessing the association between
IL-33 levels and inflammation severity; and potential
therapeutic strategies targeting IL-33/ST2 blockade.

The assembled evidence allowed us to formulate
an up-to-date understanding of the pathophysiological
role of IL-33 in nasal cavity inflammatory processes
and to substantiate its prospects as a diagnostic marker
and therapeutic target.
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PE3YABTATU TA iX OBrOBOPEHHS

IMyHOreHeTH4Hi acnekTu

iHdpeKLLIMHO-3aNaAbHUX 3QXBOPIOBAHD

AOP-opraHis

IMyHHa cuctema cnm3oBoi 060MOHKM BEPXHIX AnXarb-
HUX LWNAXIB CKMNagaeTbCs 3 IHTErpoOBaHUX BPOMKEHUX
Ta aganTMBHUX MEXaHi3MiB, siki 3a6e3nevytoTb romeocTas
3a 340pOBUX YMOB. ICHYHOTb [OKa3u TOro, L0 HaaMmipHa
ekcnpecia Th2-umTokiHiB, Takmx gk IL-4, IL-5 Tta IL-13,
Bigirpae Kro4voBy porib B €03MHOMINBLHOMY 3anarneHHi
anxanbHux wnaxis [1, 2]. Wnaxu aktmeauii Th2-nim-
douunTiB gocuTb oOpe BUMBYEHI Ta BKOYAOTb KMiITUHHO-
onocepenKkoBaHy MNpe3eHTaLil0 aHTUIEHHUX MOINeEKyr
Ta CTUMYNAUiI0 NeBHUMM TUNamMu LMTOKIHIB. AKTMBaUiqa
HyouuTiB LWe He [o0b6pe oxapakTtepu3oBaHa, are,
3naeTbes, BinbyBaeTbcst yepes peuentop ST2, niraHaom
akoro € uutokiH poauHm IL-1 IL-33.13 OcHoBHUM

okepenom IL-33 B enitenii guxanbHuMX WNaAxiB €
enitenianeHi KNiTUHK [3].
EniTenianbHi KNiTUHU iCHYIOTb Ha Mexi posainy

opraHiaMy xassiiHa Ta HaBKOMMULIHBOIO CepefoBMLLa
i € nepwoto niHiel 3axMCcTy Big MNOTEHUINHWX 3arpos,
O nepesarnTbCsa NOBITPSIHO-KpanenbHUM Lwnsaxom [4].
Okpim 3abe3neyeHHss BPOMKEHOro IMYHHOrO 3axucTy
yepes Crnu3, MykouuniapHe OYMLLEHHS Ta NPOAYKYBaHHSI
aHTUMIKPOOHUX edoeKTopiB, eniTenianbHi KNITUHU eKc-
NPEecyloTb LUMPOKUIA CNEKTP CUrHANbHMUX MOMEKYN i UMTO-
KiHiB, $IKi MOOYNIOTb aKTUBHICTb MICLEBOi  iMYHHOI
cuctemn  cnusoBoi  obonoHkn [5, 6]. CuHoHasanbHi
enitenianbHi kNiTMHK (Sinonasal epithelial cells, SNEC)
3naTtHi BUSIBNATU «Hebe3neky» Ha MOBEpXHi Crv3oBoil
0BONOHKM 3a [JOMOMOrOK Pi3HOMaHITHMX peuenTopiB
po3nisHaBaHHS o006pasiB, crneundiyHMX Anst MIKpOOHUX
NPOAYKTIB, @ TAKOX AN eHO0reHHUX MOMEKYI, MOB’AI3aHUX
3 MOLLKOAXEHHAM KNiTUH [4]. Y roMmeocTaTUyHUX ymMoBax
uUUTOKiHM, Wwo npoaykytoTbess SNEC, BigirpatoTb neBHy
porb B OpKecTpaLil KOHTPONbOBAHUX NOKaNbHUX IMYHHUX
Bignosigen Ta ix noganbwoMmy BupiweHHi. [lBoHa-
npaeneHuin 3s’a3ok Mk SNEC Ta iHWMMK nonynsauismu
PE3NOEHTHUX KNITWUH, TaKUMW SK NiMpoUnNTN Ta KNITUHKU
BPOMKEHOro IMYHITETY, € BaXnMBUM ANS MiATPUMKU
romeoctasy. [MopyleHHa uMx MexaHi3MmiB, Lo Mnpu3BO-
OATb OO0 eKcnpecii uuTokiHiB Th2, MOXyTb nexatu
B OCHOBi XPOHIYHOTMO PWHOCWUHYCUTY 3 HOCOBWUMW MOri-
namm abo 6e3 Hux.

OCHOBHi MaTOreHeTUYHi MexaHi3aMu po3BUTKY Ta Xpo-
Hisauii 3ananbHUX 3axBoptoBaHb JIOP-opraHiB 6arato
B YOMY BM3HA4alOTbCsl HEaeKBaTHNUM CTaHOM 3ararbHUX
i ocobnmBo MicueBnx MexaHi3aMiB iMyHHOro 3axucTy [7-9].

CnpuaTnMBMM MOMEHTOM Nepexoay 3ananbHOoro npo-
uecy B JIOP-opraHax y XpoHi4Hy copmy € imyHO-
rno6yniHoBui ancbanaHc, Wo BMHWKAE Ha Tni NOMipHOro
3HWXEHHS KOHLUeHTpauil IgA y cnpoBaTui KpOBi Ta pi3koro
NpurHiyeHHs cekpeuii sIgA, ocobnuBo y noeaHaHHi
3i 3HWXKEHUM piBHEM NpOTM3ananbHUX LMTOKIHIB [10-12].

IMyHoGioaoris IA-33

Ha cborogHi akTyanbHOl Npobnemor € BUBYEHHSA
poni eniTenianbHWX anapMiHiB y naToreHesi iHeKuinHo-
3ananbHUX 3axBOploBaHb HOCOBOI MOPOXHWHMK, TaKMX
ak 11-25, I1-33 T1a TSLP, ockinbkM pgaHi LMUTOKIHU
OoOHVMMM 3 neplimnx 6epyTb y4acTb Yy PO3BUTKY 3ananb-
Horo npouecy. I1-33 igeHTUikyeTbcs Ak  nirang
anst peuentopa IN1-1RL1 (takox 3BaHuni ST2, T1, Derd

RESULTS AND DISCUSSION

Immunogenetic aspects
of infectious and inflammatory diseases
of the ENT organs

The immune system of the upper respiratory tract
mucosa consists of integrated innate and adaptive
mechanisms that ensure homeostasis under healthy
conditions. There is evidence that overexpression of
Th2 cytokines, such as IL-4, IL-5 and IL-13, plays
a key role in eosinophilic inflammation of the respiratory
tract [1, 2]. The pathways of activation of Th2 lympho-
cytes are quite well studied and include cell-mediated
presentation of antigenic molecules and stimulation
by certain types of cytokines. Activation of noocytes is not
yet well characterized, but seems to occur through the
ST2 receptor, the ligand of which is the IL-1 family
cytokine 1L-33.13 The main source of IL-33 in the epithe-
lium of the respiratory tract is epithelial cells [3].

Epithelial cells exist at the interface between the host
and the environment and are the first line of defense
against potential airborne threats [4]. In addition to provi-
ding innate immune defense through mucus, mucociliary
clearance, and the production of antimicrobial effectors,
epithelial cells express a wide range of signaling
molecules and cytokines that modulate the activity of the
local mucosal immune system [5, 6]. Sinonasal epithelial
cells (SNECs) are able to detect «danger» on the mucosal
surface through a variety of pattern recognition receptors
specific for microbial products as well as for endogenous
molecules associated with cell damage [4]. Under homeo-
static conditions, cytokines produced by SNECs play
a role in orchestrating controlled local immune respon-
ses and their subsequent resolution. Bidirectional
communication between SNEC and other resident cell
populations, such as lymphocytes and innate immune
cells, is essential for maintaining homeostasis. Dysfunc-
tion of these mechanisms, leading to the expression
of Th2 cytokines, may underlie chronic rhinosinusitis
with or without nasal polyps.

The main pathogenetic mechanisms of development
and chronicity of inflammatory diseases of ENT organs
are largely determined by the inadequate state of general
and especially local immune defense mechanisms [7-9].

A favorable moment for the transition of the inflam-
matory process in ENT organs to a chronic form is
immunoglobulin imbalance, which occurs against the
background of a moderate decrease in the concentration
of IgA in the blood serum and a sharp suppression of
slgA secretion, especially in combination with a reduced
level of anti-inflammatory cytokines [10—-12]

Immunobiology of IL-33

Today, the study of the role of epithelial alarmins
in the pathogenesis of infectious and inflammatory
diseases of the nasal cavity, such as IL-25, IL-33 and
TSLP, is a topical problem, since these cytokines are
among the first to participate in the development of the
inflammatory process. IL-33 is identified as a ligand for
the IL-1RL1 receptor (also called ST2, T1, Der4 and fi t-1),

Ornsp nitepatypu

163

Literature review



KapasiHcbkui imyHomnoriyHui xxypHan. 2025. T. 8. Ne 1(15). C. 160172

Karazin Journal of Immunology. 2025;8(1(15)):160-172

ISSN 3083-5615 (Online)

Ta fi t-1), Akn € npeacTaBHMKOM CyneppoavHU pelen-
Topie Toll/ll-1 Ta ekcnpecyeTbcA pisHUMU KRITUHAMK
iMmyHHOI cuctemn. Bnepwe reH 1/1-33 igeHTudikyBanu
1999 p. H. Onda Ta cniBaBT. Ak reH DVS27, ge noro
nposananbHa ponb NiATBEpOXKyBanacs MiaBULLEHOO
ekcnpecieto MPHK y knitnnax HUASMC (human umbilical
artery smooth muscle cells — rmageHbKOM’A30BiI KNITUHK
NynoBMHW MNOAUHM) Y BiANOBIAbL Ha BNNMB Npo3ananbHUX
akTopiB. Hapani HesanexHo Big rpynu H. Onda
y 2003 p. E.S. Baekkevold Ta cnisaBT. nokasanu saepHy
nokanizauito 6inka, wWo kogyeTbcs reHom DVS27,
WO A03BOMMIO iM BUCMOBUTM MPUMYLLEHHST MPO MOro
ponb perynsitopa TpaHckpunuii [13]. Y 2005 p. 1J1-33 6yB
ineHTndikoBaHU AK npeacTtaBHUK IJ1-1-poanHN LUTOKIHIB
i no3HayeHWi, 3rigHO 3 Cy4YacHOK HOMEHKMaTypoto,
sk IN-1F11 a6o 1J1-33, ockinebkn MaB nofibHICTb 4O CTPYK-
Typ iHWKX NpeacTaBHuUkiB cimencTaa IJ1-1 [14-16].

IJ1-33 wupoko ekcnpecyeTbCcs B Pi3HWX Tunax
KNiTUH, Hacamnepesn Yy HEremMonoeTUYHMX, BKIYaun
ibpobnacti, engoTenianbHi  KNITUHK, agUNoOUMTH,
OpoHxianbHi Ta KWALWKOBI enitenianbHi knitnHu [15, 58].
Y remaTonoeTnyHuUX KMiTUHaxX, Takux $SIK aKTMBOBaHi
OEHOPUTHI KniTMHM Ta makpodharn, ekcnpecia 1J1-33
NPOXoAnTb Ha HMXK4YMX piBHSX [58]. MNpu anonTosi, HeKpPOo3i
KNiTUH, KMiITUHHOMY cTpeci abo MexaHiYHOMY MoLLKOA-
XEHHI TKaHWH ekcnpecisi 36inblwyeTbes Ta 1/1-33 BUBINb-
HAETbCA Yy No3akniTuHHMI npocTip [14, 59]. Micna 3Binb-
HeHHs 1J1-33 uinecnpsmoBaHO BNNUBaE Ha Pi3Hi iMyHHI
KNiTUHW, 3okpema T-KniTuHK, Gasodinu, eosuHodinu,
orpsfHi KNiTUHW, BPOOKEHI NiMAOigHI, 4EHAPUTHI KNITUHK
Ta Makpodharu, 3anyckaluu akTuMBauilo 3anarnbHoi
Bignosigi [16, 60].

IA-33, YA€H POAUHU LUTOKIHIB IA-1

MoBHOpO3MipHUIA Ntoackkuid Ginok 1J1-33 — ue Ginok
i3 270 aMiHOKNCIOT, WO HanexuTb 40 POAUHU LUTOKIHIB
IN-1. binok IL-33FL cknagaetbca 3 OBOX €BOMIOLINHO
KOHCepBaTUBHUX AOMeHiIB, N-KiHLIEBOrO Si4epHOr0 IOMEHY
Ta C-KiHUEBOro UWMTOKIHOBOrO [JOMEHy, nogibHoro
po 11-1, posgineHnx OMBEPreHTHUM AOMEHOM «NpoTe-
asHoro ceHcopa» [17, 18]. C-kiHueBUN AOMEH (LUTOKi-
HOBUIM OOMeH, amiHokucnotn 112-270) mae UUTOKIHOBY
aKTUBHICTb [19] Ta mMae TPUBUMIPHY CTPYKTYpY, NogiGHy
no iHtepnenkiny-1 (I/1-1), 3 12 B-naHutoramu, posTaLlo-
BaHUMU B B-TpunucHukosin cknagui [20, 21]. BiH 38’a3y-
€TbCA 3 reTepoavMMepoM, YTBOPEHMM WOro cneuudiy-
HUM NePBUHHMM peLenTopom ST2 Ta AONOMKHUM Binkom
kopeuentopa IJ1-1  (IL-1RAcP). KomnnemeHTtapHicTb
NMOBEPXHEBOIO 3apsily € KPUTUYHOK ANns  B3aemogil
IL-33-ST2 [21]. KpuctaniyHa CTpyKTypa CUrHanbHoOro
komnnekcy 1J1-33 nokasana, wo 1J1-33 crabinisye ST2
y KOH(opMmaLii, wo paossonse 3anydeHHoo [L-1RAcP
ONs yTBOPEHHS! NOTPINHMX KoMmnnekciB [22]. 3icTaBneHHA
uutonnasmatuyHmux gomedis  Toll-IL-1R  (TIR) ST2
Ta IL-1RACP y noTpiiHux komnnekcax npu3BOaUTb
0o nepepadi curHany yvepes MyD88-3anexHi curHanbHi
wnsxu [3]. Takum ymnHom, IN1-33 mae Garato cninbHUX
KaHOHIYHMX puUC 3 iHWUMKU umTokiHamum IJ1-1 (cTpykTypa,
BMKOPUCTaHHS peLenTopa, curHanisauis) ta € MoBHO-
npaBHMM 4nieHoM nigpoauHn I1-1 Ta Ginbwoi poau-
Hu 1J1-1 [24, 25].

EnporeHHunn I1-33 € agepHMM chakTopoMm, NoB’sA3aHNM
3 XpomaTuHOM, in vivo [26]. N-kiHueBa 4acTuHa OGinka
(soepHUn gomeH, amiHokucrotn 1-65) € HeobxigHowo
Ta pocTtatHbol Ansa gocrasku 11-33 y agpo [26, 27].
BoHa MicTUTb XpomaTuH-3B’A3ytounin Motue (chromatin-

which is a representative of the Toll/IL-1 receptor super-
family and is expressed by various cells of the immune
system. The IL-33 gene was first identified in 1999 by
H. Onda et al. as the DVS27 gene, where its pro-inflam-
matory role was confirmed by increased mRNA expre-
ssion in HUASMC cells (human umbilical artery smooth
muscle cells) in response to the influence of pro-inflam-
matory factors. Later, independently of the H. Onda group,
in 2003 E.S. Baekkevold et al. showed nuclear locali-
zation of the protein encoded by the DVS27 gene, which
allowed them to suggest its role as a transcriptional
regulator [13]. In 2005, IL-33 was identified as a repre-
sentative of the IL-1 family of cytokines and designated,
according to modern nomenclature, as IL-1F11 or IL-33,
since it had structural similarities to other members
of the IL-1 family [14—16].

IL-33 is widely expressed in various cell types,
primarily non-hematopoietic, including fibroblasts, endo-
thelial cells, adipocytes, bronchial and intestinal epithelial
cells [15, 58]. In hematopoietic cells, such as activated
dendritic cells and macrophages, IL-33 expression occurs
at lower levels [58]. During apoptosis, cell necrosis,
cellular stress or mechanical tissue damage, expression
increases and IL-33 is released into the extracellular
space [14, 59]. Once released, IL-33 targets various
immune cells, including T cells, basophils, eosinophils,
mast cells, innate lymphoid, dendritic cells and
macrophages, triggering the activation of the inflam-
matory response [16, 60].

IL-33, a member of the IL-1 cytokine family

The full-length human IL-33 protein is a 270-amino
acid protein that belongs to the IL-1 cytokine family.
The IL-33FL protein consists of two evolutionarily
conserved domains, an N-terminal core domain and
a C-terminal cytokine domain similar to IL-1, separated
by a divergent «protease sensor» domain [17, 18].
The C-terminal domain (cytokine domain, amino acids
112-270) has cytokine activity [19] and has a three-
dimensional structure similar to interleukin-1 (IL-1),
with 12 B-strands arranged in a B-trefoil fold [20, 21].
It binds to a heterodimer formed by its specific primary
receptor ST2 and the IL-1 coreceptor accessory protein
(IL-1RACcP). Surface charge complementarity is critical
for IL-33-ST2 interaction [21]. The crystal structure of the
IL-33 signaling complex showed that IL-33 stabilizes ST2
in a conformation that allows recruitment of IL-1RAcP
to form ternary complexes [22]. The association of the
cytoplasmic Toll-IL-1R (TIR) domains of ST2 and
IL-1RACP in ternary complexes results in signal trans-
duction via MyD88-dependent signaling pathways [3].
Thus, IL-33 shares many canonical features with
other IL-1 cytokines (structure, receptor usage, signaling)
and is a full member of the IL-1 subfamily and the larger
IL-1 family [24, 25].

Endogenous IL-33 is a nuclear factor associated
with chromatin in vivo [26]. The N-terminal part of the
protein (nuclear domain, amino acids 1-65) is necessary
and sulfficient for delivery of IL-33 to the nucleus [26, 27].
It contains a chromatin-binding motif (CBM), which
allows IL-33 to be attached to chromatin through the
acidic pocket of histones H2A/H2B [27]. The chromatin-
binding domain of IL-33, which contains the CBM, has
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binding motif, CBM), sakuin pos3sonsie npuegHyBaTu
IJ1-33 0o xpomaTuHy 4yepe3 KUCHOTHY KULLEHIO FiICTOHIB
H2A/H2B [27]. XpomaTuH-3B’asytoumin  gomeH [J1-33,
wo Mictnte CBM, ma€e wWinbHy LWNWABKOBY CTPYKTYPY,
cTabinisoBaHy  MacuBOM  BHYTPILLHLOMOMNEKYMSPHUX
BoOHEBMX 3B's3kiB, nopibHMx po CBM capkomu
Kanowi LANA [27]. KpuTn4Hi 3anuwkm gnsa acouiadii
3 XpomaTMHOM Ta rictToHamun igeHTuuHi B 1J1-33
Ta LANA CBM, wo € yHikanbHUM NpuKnagom MOneky-
nsapHOi  MIMIKpii  XpoOMaTWH-acouinoBaHOrO  LUTOKIHY
OHK-Bipycom nyxnuHu [27]. LleHTpanbHUin JOMEH «npoTe-
asHoro ceHcopa» IJ1-33 (amiHokucnotm 3 66 no 111
y nmoguHn) [17] € nnatdopmolo  po3LiennieHHs
Ta aKTMBaUii 4na BEnNuKoi KiNbKOCTi NpoTeas, Sk eHOgo-
reHHMX 3ananbHux nporteas [28, 29], TaK i €K30reHHUxX
anepreHHux npoteas [17, 30].

OCHOBHVMMW  KMiTUHaMKM, WO cekpeTyoTb  [J1-33,
€ eniTenianbHi KNiTUHKW, eHgoTenianbHi KNITUHW Ta Makpo-
daru. Kpim uboro, 6yno BCTAHOBMEHO, WO TYYHi KNiTUHK
MOCTINHO eKCMNpecyloTb HU3bKi  KOHUeHTpauii  J1-33.
Mpu ubomy 3HayHe 30inblUEHHS NPOAYKUil LMUTOKIHY
peectpyBanocsi nicna IgE-onocepenkoBaHoi akTuBauil
KNiTUH, Npnyomy BUpobneHHs 1J1-33 Ty4yHUMun KniTnHamm
He 3anexano Big ST2, a 6yno noe’si3aHe 3 akTuBaLlieto
IgE/FceRI [31]. 111-33 Takox cnpusie gospisaHHio CD34+-
KNITUH Yy Ty4Hi KNiTuHM i ctumynioe CD34+-kniTnHu-
nonepeaHukn, TUM camMuM cnpusiioun  cekpeuii  1J1-5,
1J1-6, 1J1-13, CXCL8 (CXC-xemokiH), CCL1 (CC-xeMOokiH)
i CCL17 [32].

IA-33 Ta 3anaAeHHs

IJ1-33 KOHCTUTYTUBHO €KCNPEeCcyeTbCA Ha BUCOKUX
PiBHSX Y TKaHUHax nmogunHn [17, 33, 34], ogHak BaXnmBo
3a3HaunTn, wWo ekcnpecia 1/1-33 nigsuwyeTbca npu
Pi3HMX 3aXBOPIOBaHHSAX Ta 3ananbHWUX npouecax NoaMHN
(anepriyHi Ta HeanepriyHi 3ananeHHs, iHdekuil napa-
3uTamun abo Bipycamu Towo) [17, 23, 35]. Y GinblocTi
BUNAOKIB Ti X TKaHWHHI KNiTUHW, €Ki ekcnpecyBanu
snepHui 1J1-33 Ha noyaTtky gocnigxeHHs (TobTo eHpo-
TenianbHi, enitenianbHi Ta/abo ¢ibpobnacTuyHi cTpo-
MarnbHi KNiTUHW), € OCHOBHUMW NPOAYLEHTaMWU LIUTOKIHY
nig Yac 3ananeHnsa [17, 35]. MNigeuweHa ekcnpecis 1/1-33
3ymoBneHa nigsueHnmn pisHammn 1J1-33 B okpemux
KnitmHax, 4acto B IJ1-33-3anexHin netni amnnidgikadii
[36, 37]. OpHak, iHgykuia ekcnpecii 1/1-33 de novo
BinOyBaeTbCcs B iHLWMX KMITUHHUX cybnonynsuisix, BKMto-
Yaroum kinbka cybnonynsiyin dibpobnacronogiGHnx KNiTnH
Nnpy 3axBOPHOBaHHSX FOAMHKU, MOB’A3aHUX 3 PiGpo3oM
TKaHWH abo BMpa3Kow crim3oBoi 060noHku [17, 23].

TyyHi  kniTvHKM, 6Gas3odinun Ta eo3uHodpinu 111-33
€ MNOTY)XXHUM iHOYKTOPOM npo3anarnbHuX MeaiaTopis
Ty4HUX KnitnH [17, 61]. I/1-33 cTumynioe npoaykyBaHHs
npo3ananbHuUX LUUTOKIHIB i xeMokiHiB (IL-6, IL-13, TNFa,
IL-8, IL-13, CCL1 i CXCL8) 3 Ty4yHWUX KMiTUH NIOAUHK
[30, 62] i cuHeprisye 3 IgE ona ctumynioBaHHA npoaykuit
LUUTOKIHIB [62]. Ba3odinn MoaMHU eKcnpecyoTb BUCOKI
piBHi peuenTtopa ST2 i pearytoTe Ha [J1-33 3i 36inb-
LWeHHaM npoaykyBaHHs IL-1, IL-4, IL-5, IL-6, IL-8, IL-13
Ta rpaHynouMTapHo-makpodaranbHOro KonoHieCcTUMY-
niotodoro daktopa (GM-CSF) [62]. 111-33 cuHepriyHO
nocunioe IgE-onocepenkoBaHy paekap6oHisauito 6a3o-
giniB [62]. IJ1-33 iHAyKye OerpaHynsauilo eo3vHodinis
Ta npoaykyBaHHs IL-8 Ta cynepokcuaHoro aHioHy [18, 63],
a TakoX nocunie aaresito  eo3nHoOdINiB  LUNAXOM
ctumynioBaHHsa ekcnpecii CD11b HesanexHo Big IL-4,
IL-5 Ta GM-CSF [63].

a tight hairpin structure stabilized by an array of intra-
molecular hydrogen bonds similar to the CBM of
Kaposi’'s sarcoma LANA [27]. The critical residues for
association with chromatin and histones are identical
in the IL-33 and LANA CBMs, providing a unique example
of molecular mimicry of a chromatin-associated cytokine
by a tumor DNA virus [27]. The central «protease sensor»
domain of IL-33 (amino acids 66 to 111 in humans) [17]
is a cleavage and activation platform for a large number
of proteases, both endogenous inflammatory proteases
[28, 29] and exogenous allergenic proteases [17, 30].

The main cells that secrete IL-33 are epithelial cells,
endothelial cells and macrophages. In addition, mast
cells have been shown to consistently express low levels
of IL-33. A significant increase in cytokine production
was observed after IgE-mediated activation of cells, and
IL-33 production by mast cells was independent of
ST2 and was associated with IgE/FceRI activation [31].
IL-33 also promotes the maturation of CD34+ cells
into mast cells and stimulates CD34+ progenitor
cells, thereby promoting the secretion of IL-5, IL-6,
IL-13, CXCL8 (CXC chemokine), CCL1 (CC chemokine)
and CCL17 [32].

IL-33 and inlammation

IL-33 is constitutively expressed at high levels in
human tissues [17, 33, 34], however, it is important
to note that IL-33 expression is increased in various
human diseases and inflammatory processes (parasitic
or viral infections, allergic and non-allergic inflamma-
tion, etc.) [17, 23, 35]. In most cases, the same tissue
cells that expressed nuclear IL-33 at baseline (i.e., endo-
thelial, epithelial, and/or fibroblastic stromal cells) are the
primary producers of the cytokine during inflammation
[17, 35]. Increased IL-33 expression is due to increased
levels of IL-33 in individual cells, often in an IL-33-depen-
dent amplification loop [36, 37]. However, induction
of de novo IL-33 expression occurs in other cell subpopu-
lations, including several subpopulations of fibroblast-
like cells in human diseases associated with tissue
fibrosis or mucosal ulceration [17, 23].

Mast cells, basophils and eosinophils IL-33 is a potent
inducer of proinfammatory mediators from mast
cells [17, 61]. IL-33 stimulates the production of
proinflammatory cytokines and chemokines (IL-6, IL-1(3,
TNFa, IL-8, IL-13, CCL1 and CXCL8) from human mast
cells [30, 62] and synergizes with IgE to stimulate
cytokine production [62]. Human basophils express high
levels of the ST2 receptor and respond to IL-33 by increa-
sing the production of IL-1, IL-4, IL-5, IL-6, IL-8, IL-13,
and granulocyte-macrophage colony-stimulating factor
(GM-CSF) [62]. IL-33 synergistically enhances IgE-
mediated basophil decarboxylation [62]. IL-33 induces
eosinophil degranulation and the production of IL-8 and
superoxide anion [18, 63], and also enhances eosinophil
adhesion by stimulating CD11b expression indepen-
dently of IL-4, IL-5, and GM-CSF [63].

IL-33 promotes the development of dendritic cells
[20, 64, 65]. Interestingly, IL-33-stimulated dendritic
cells had increased expression levels of major histo-
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1J1-33 cnpusie po3BuTKy AeHOPUTHUX KNiTUH [20, 64, 65].
LlikaBo, wo ctumynsoBaHi IJ1-33 oeHapuTHI KNiTUHW Manu
36inblUeHU  piBEHb €KCnpecii rornoBHOMO  KOMMIEKCY
ricrocymicHocti Il Tmny (MHC-Il) Ta «kopeuentopHoil
monekynu CD86, HeobxigHi B3aemogii 3 T-nimcpountamu.
Kpim Toro, BOHM Manu 6inblW BUpaXeHy 34aTHICTb
aktnsyBat CD4+T-nimdpountn, WO BUABAANOCA 3HaY-
Hoto npoaykuieto IL-5 ta IL-13 [37, 66]. TakuM YMHOM,
ekcrnepvMeHTansHo 6yno nokasaHo ePeKTUBHY B3aeMoO-
gito 1J1-33 Ta geHApPUTHUX KMITUH 3 iHiUiauieo iMyHHOI
Bignosiai y Hanpsamky Th2-tuny.

PoAb IA-33 npu AOP-naTtoaorii

IJ1-33 — ue Monekyna, sika CTUMYMIOE Pi3HOMaHITHI
TMNW KNITUH (Hanpuknag, Th2-kniTUHKW, TYYHi KNiTUHMK,
Gaszoinu, eosnHodinu, NPUPOAHI  KMITUHKU-KINepu
Ta BPOMKEHi niMoigHi KnNiTUHX) A0 NPOAYKYBaHHS
LUUTOKIHIB Ta XeMokiHiB [38—43]. BiH KOHCTUTYTMBHO
ekcnpecyeTbca Ta 30epiraeTbCs KMiTUHaMU Ha MOBEpX-
Hsix Gap’epiB, WO NEpPeKOHNUBO BKa3dye Ha yHKLi0
B MyKO3arnbHOMY iMyHITeTi [44].

[Ba HewonaBHi BenuKi OOCMIOKEHHA BUSIBUNW MNOMi-
Mopdiamn B reHi 1/1-33, WO 3Ha4YHO NOB’A3aHi 3 aCTMO
[45, 46], a nigBuweHa ekcnpecia 1J1-33 npucyTHa
B AMXamnbHUX LWNsxax ocib 3 Tskkow acTtmoro [47].
BpaxoBytoun rictonaTtonoriyHy CXOXiCTb MiX acTMOo
Ta XPOHIYHMM PWHOCUHYCMTOM 3 nofinamy Hoca
(XPC3lMH), pouinbHo nocTyntoBaTt nogibHy ponb 111-33
y 3ananbHOMy €031HOMINbHOMY 3aXBOPIOBaHHI CUHYCIB.

Konu BinbyBaeTbCA MNOLIKOMKEHHS TKAHWH, BUWBINb-
HSIETLCS LUMPOKMIA CMEKTP MOJEKYI, siKi 3a3BMYali cekBe-
CTPYIOTBCA BHYTPILUHLOKNITUHHO abo B MO3akniTMHHOMY
maTpukci. Llenm knac monekyn, Lo Ha3MBalTbCSA «More-
KyNsApHUMU naTepHamMu, NoB’A3aHMMU 3 NOLUKOKEHHSM»
(damage-associated molecular patterns, DAMP), Bu3Ha-
HAA TakMM, WO LWMPOKO BUKMNWKAE BPOAXKEHI iMYHHI
Bignosiai [48]. AHanoriyHo CTUMyNSAUiT BPOAXEHOT iMYH-
HOI cucTemMyn 3a [OMOMOIOK MaToreH-acouiioBaHUX
MONeKynsipHux natepHiB (pathogen-associated mole-
cular patterns, PAMP), BBaxaeTbcs, wo DAMP gioTb
SIK CUrHanM TPUBOIM ANs1 NOKanbHUX MONyNsiuii KNiTUH
y Micui nowKomKeHHsi, Wwob iHiyitoBaTM MexaHizmMu
BiQHOBNEHHS Ta 3axucTy rocnogaps [49].

CninbHi pucn actmn Ta XPC3lMH BknoYaoTh He nuwe
€03MHOQINbHY iIHDINbLTPaLilo Ta peMoaentoBaHHSA TKaHUH,
ane W MOLWKOMKEHHS eniTenito AuMxanbHUX LINAXiB,
MMOBIPHO, 3i 3Ha4yHUM BuBINbHeHHAM DAMP. Xoua
MexaHi3mu ekcrnipecii, 06pobkn Ta cekpedii IJ1-33 we He
3’dcoBaHi, IJ1-33 npeacraensae BENNKWU iHTEPEC SIK 3B’A30K
MK BPODKEHMMU Ta aganTUBHUMMK iIMYHHMMU peakuisimm
Th2-Tuny, gitoun Ha HOBI nonynsuii He-T/He-B-kniTuH, Taki
SIK HyoUMTW, ANng npoaykyBaHHs Th2-umTokiHiB [50-52].

Heski gocnigpkeHHs 4eMOHCTPYIOTb, WO eniTenianbHi
KNiTUHM Na3yx Hoca, OTPMMaHi BiJ pe3UCTEHTHUX NaLieHTiB
3 XPCallH, ekcnpecytoTb uutokiH I/1-33 y Bignosigb
Ha MOIEKYNsPHi NaTepHW, NOB’A3aHi 3 MOLLKOMKEHHSIM,
in vitro. binbwe ToOro, xo4ya ekcnpecia 1J1-33 3Ha4HOMO
Mipolo obMexyeTbcst sapamu GasanbHUX eniTenianbs-
HUX KMITUH y Crun3oBi 0BGOoMNoHui rpatyactoi 0O0noHKM
KOHTPOMbHOI rpynu, 3paskM TKaHWH 3 pPe3nCTEHTHOI
XPC3lMH yacto gemoHcTpytoTb ekcnpecito binka 1J1-33
y sgpax Oinbw anikanbHO pO3TalLOBaHMX  KNiTUH
3 nowmpeHHam y umtonnasmy [53, 54]. Ockinbku 11-33
Ma€e 30aTHICTb  akTMBYBaTWU  BPOMKEHi  nimdoigHi
KNiTUHW, 9K NpoAyKYTb LUUTOKIH Th2, Wo 3HaxoasTbca
B CNM30BiA 00OMOHUI nasyx, MNOpyLeHHs perynsuii

compatibility complex type Il (MHC-I) and the coreceptor
molecule CD86, which are necessary for interaction
with T lymphocytes. In addition, they had a more
pronounced ability to activate CD4+ T lymphocytes,
which was manifested by significant production of IL-5
and IL-13 [37, 66]. Thus, the effective interaction of
IL-33 and dendritic cells with the initiation of an immune
response in the direction of the Th2 type was experi-
mentally demonstrated.

Role of IL-33 in ENT Pathology

IL-33 is a molecule that stimulates a variety of cell
types (e.g., Th2 cells, mast cells, basophils, eosinophils,
natural killer cells, and innate lymphoid cells) to produce
cytokines and chemokines [38-43]. It is constitutively
expressed and stored by cells at barrier surfaces, strongly
suggesting a function in mucosal immunity [44].

Two recent large studies have identified polymor-
phisms in the IL-33 gene that are significantly associated
with asthma [45, 46], and increased |L-33 expression
is present in the airways of individuals with severe
asthma [47]. Given the histopathological similarities
between asthma and chronic rhinosinusitis with nasal
polyps (CRSN), it is reasonable to postulate a similar
role for IL-33 in eosinophilic inflammatory sinus disease.

When tissue damage occurs, a wide range of mole-
cules are released, which are normally sequestered
intracellularly or in the extracellular matrix. This class
of molecules, termed «damage-associated molecular
patterns» (DAMPSs), is recognized as a broad class that
elicits innate immune responses [48]. Similar to the
stimulation of the innate immune system by pathogen-
associated molecular patterns (PAMPs), DAMPs are
thought to act as alarm signals to local cell populations
at the site of injury to initiate host repair and defense
mechanisms [49].

Common features of asthma and CRPS include not
only eosinophilic infiltration and tissue remodeling, but
also airway epithelial damage, likely with significant
release of DAMPs. Although the mechanisms of IL-33
expression, processing, and secretion are not yet
understood, IL-33 is of great interest as a link between
innate and adaptive Th2-type immune responses, acting
on novel non-T/non-B cell populations, such as nuocytes,
to produce Th2 cytokines [50-52].

Several studies have demonstrated that sinus
epithelial cells derived from resistant CRSvPN patients
express the cytokine IL-33 in response to molecular
patterns associated with injury in vitro. Furthermore,
while IL-33 expression is largely confined to the nuclei
of basal epithelial cells in the ethmoid mucosa of controls,
tissue samples from resistant CRSvVPN frequently
demonstrate IL-33 protein expression in the nuclei
of more apically located cells with distribution into the
cytoplasm [53, 54]. Since IL-33 has the ability to activate
innate lymphoid cells that produce Th2 cytokines located
in the sinus mucosa, dysregulation of this pathway may
play a role in the maintenance of eosinophilic inflam-
mation in patients with CRSvPN that is resistant to
medical and surgical treatment [53].

IL-33 is involved in the Th2-mediated immune
response in allergic diseases through direct or indirect
effects on Th cells, as they express the ST2 receptor
chain and are one of the most important targets for IL-33.
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UbOro LUNSXy MOXe BifirpaBaTv neBHy ponb Yy 36epe-
XEHHi  e03UHOINBbHOrO  3ananeHHs y  nauieHTiB
3 XPC3llH, ski pe3ncTeHTHi OO0 MeLMKaMEHTO3HOro
Ta XipypriyHoro nikysaHHs [53].

IJ1-33 3any4yeHun oo Th2-onocepegkoBaHOi iMYHHOT
Bi4NOBIAI NPV anepriyHMx 3axXBOPIOBAHHAX 3a 4ONOMOro
npsimoro abo HenpsMoro BNNuBY Ha Th-KNiTUHKU, OCKINbKK
BOHW ekcnpecytoTb ST2-naHutor peuentopa i € ogHUMK
3 HamBaxnuBiwmx miweHen ans IN1-33. MNpu ybomy ST2
He BUSIBNSIETbCA Ha HaiBHMX T-knituHax, Th1-, Treg- Ta
Th17-kniTuHax. Bigomo, wo audepeHuiauis HaiBHMX
CD4+-T-kniTnH y cybnonynsuito Th2-kniTuH BigbyBaeTbCA
nig Agieto uwutokiHy 1J1-4, a Takox dakTopiB STAT6
Ta GATAS3 [55, 56]. OgHak Th-kniTUHK, WO eKcrnpecyloTb
ST2, BusiBnanuca y muwen, AedeKkTHUX reHom l14.
Lli aaHi gossonunn NpunycTMT MOXIUBICTb AndepeHLi-
I0BaHHS HaiBHMX ThO-knitmH y Th2-knituHn nig gieto
IN-33 3a IJ1-4-He3aneXHuMm MexaHiamoM. Th2-kniTuHu,
nonsipusoBaHi nig gieto 1J1-33, 6ynu 3aaTtHi npoaykyeaTu
IJ1-5 Ta J1-13 (3a GATA3-, STAT6- Ta IJ1-4-He3anexHum
MexaHi3aMoMm), ane He ekcnpecysanu IJ1-4 i 6ynu Ha3BaHi
atunoBumn  Th2-kniTuHamu. Takox ©Oyno 3as3HayeHo,
wo y ST2- ta IJ1-33-aediunTHNX MUENn audepeHLito-
BaHHs Th2-kniTuH BigbyBanocst HopmaneHo [57].

MopylweHHsa uinicHoCTi eniTenianbHMX KMITUH nig,
BMAMBOM cneumdivyHMx Ta HecneundivuHmx dakTopis
npusBoguTb A0 cekpeuii J1-33, a npu HEKPOTUYHUX
npouecax IJ1-33 cekpeTyetbca 6e3 nonepeaHbLOro
npoteonisy, ane npu LbOMY BUSIBMsie CBOI GionoriyHi
BnactuBocti. OgHak y Bunagkax anontosy I/1-33 nig
BNIMBOM Kacnas-3 Ta -7 pOo3LLensoeTbCst Ta BTpadae
CBOK aKTMBHICTb, WO 3anuwae BiOKPUTUM MUTAHHS
npo daktuyHy ponb 1/1-33 y 3anporpamoBaHin cmepTi
KnitnH [37]. Y TOM Xe 4vac npu Aii HENTPOMINbHMUX
CepvHOBUX npoTea3 — kartencuHy G Ta enactasu —
Ha IJ1-33 1oro GionoriyHa akTMBHICTb 306epiraeTbcs,
omxke poswenneHHs 11-33 He o6oB’siskoBO Bege OO0
noro iHakTmneau,ii [38].

[ocnigxeHHs1, B SknMx BuBYanacs koHueHTpauisa 1/1-33
y CMpoBaTLi KpoBi y nauieHTiB 3 6poHXianbHO acTMolo,
npoaeMoHCTpyBanu ii NiABULLIEHHS B Nepiof 3aroCTpeHHs
3aXBOPIOBaHHS. AHarnorivyHi gaHi 6ynu oTpumaHi i y
nauieHTiB 3 anepriyHUm puHiToM (AP) y 3arocTpeHHi [67],
Oe Bucokun piseHb 1J1-33 y cnpoBartui KpoBi KopentoBas
3 TSDKKICTIO CMMNTOMIB, LLIO MOXe CBiAYMTY NPO AOMiHYOYY
ponb JaHOro LUMTOKIHY Y po3BUTKY AP.

Ponb I11-33 y po3BuTKy anepriqyHoro 3ananeHHsi Takox
Oyna Hao4YHO MPOAEMOHCTpPOBAHA B €KCMEepMMEHTAsbHIN
Mozeni Ha Muwwax, Ae 6yno BCTaHOBNEHO haKT BUpPaXKeHOT
cekpeuii 1J1-33 kniTuHamu enitenito  NiCNA  KOHTaKTy
3 anepreHoM 3 MOro NoAanbLUOK YYacTio y 3ananbHoMY
kackagi. usanH JocnigkXeHHs npunyckae ceHcubiniza-
uilo Muwen Ta posnogin iX 3a rpynamu 3anexHo
Bio 3paTtHocTi go npogykuii 11-33. Y xomi po6oTu
y MuLlen, HokayTHUX 3a reHom 1133, sk cnocTepiranocs
xapaktepHux anst AP cumnTtomiB, a  Oynu 3adikcoBaHi
O3HaKW anepriyHoro 3ananeHHsa nNpu MiKpockonii 3paskis
HasanbHOro enitenito. Y Muen, 3gaTHUX A0 Npoaykuil
IJ1-33 nicna KoHTakTy 3 anepreHamu Oynu BUSIBMEHI
nposisu AP, BKMOYalO4M XapaKTepHi FCTONOriYHIi 3MiHK
B Ha3anbHomy enitenii [68].

Y poboti R. Huang [69] 6yno 3apeectpoBaHO
3HWKeHHs BwmicTy IJ1-33 Tta TSLP, wo npoBokyBano
anonTo3 y KynbTypi KNITWUH eniTenito, ane piseHb cekpeLii
1J1-33 6yB BULLUM Yy KyNbTYpi KNITUH HAa3anbHOro eniTenito,
BMPOLLIEHUX B YMOBAX FMOKCii, @ TakoX y rpyni nauieHTis

ST2 is not detected on naive T cells, Th1, Treg, and Th17
cells. It is known that the differentiation of naive
CD4+ T cells into a Th2 cell subpopulation occurs
under the influence of the cytokine IL-4, as well as the
factors STAT6 and GATA3 [55, 56]. However, ST2-
expressing Th cells were detected in mice defective in
the 114 gene. These data suggested the possibility of
differentiation of naive ThO cells into Th2 cells under the
influence of IL-33 by an IL-4-independent mechanism.
Th2 cells polarized by the influence of IL-33 were able
to produce IL-5 and IL-13 (by a GATA3-, STAT6- and
IL-4-independent mechanism), but did not express IL-4
and were called atypical Th2 cells. It was also noted
that in ST2- and IL-33-deficient mice, Th2 cell differen-
tiation occurred normally [57].

Violation of the integrity of epithelial cells under
the influence of specific and nonspecific factors leads
to the secretion of IL-33, and in necrotic processes IL-33
is secreted without prior proteolysis, but at the same time
exhibits its biological properties. However, in cases of
apoptosis, IL-33 is cleaved by caspases-3 and -7 and
loses its activity, which leaves open the question of the
actual role of IL-33 in programmed cell death [37]. At the
same time, when neutrophil serine proteases -
cathepsin G and elastase — act on IL-33, its biological
activity is preserved, therefore, the cleavage of IL-33 does
not necessarily lead to its inactivation [38].

Studies examining serum IL-33 levels in patients
with asthma have shown that they are elevated during
exacerbations of the disease. Similar findings have been
reported in patients with allergic rhinitis (AR) during
exacerbations [67], where high serum IL-33 levels were
correlated with symptom severity, suggesting a dominant
role for this cytokine in the development of AR.

The role of IL-33 in the development of allergic
inflammation was also clearly demonstrated in an expe-
rimental model in mice, where the fact of pronounced
secretion of IL-33 by epithelial cells after contact with
an allergen with its subsequent participation in the inflam-
matory cascade was established. The study design
involved sensitization of mice and their division into
groups depending on the ability to produce IL-33.
In the course of work, mice with IL-33 gene knockouts
not only exhibited symptoms characteristic of AR,
but also showed signs of allergic inflammation when
microscopically examining nasal epithelial samples.
Mice capable of producing IL-33 after allergen challenge
showed signs of AR, including characteristic histological
changes in the nasal epithelium [68].

AR, including characteristic histological
in the nasal epithelium [68].

In the work of R. Huang [69], a decrease in the content
of IL-33 and TSLP was recorded, which provoked
apoptosis in epithelial cell culture, but the level of IL-33
secretion was higher in nasal epithelial cell culture grown
under hypoxia conditions, as well as in the group of
patients with AR compared with the control group.
When analyzing the interaction of the signaling pathways
of IL-33 and TSLP, it was shown that the suppression
of TSLP expression significantly reduces the expression
of IL-33 and ST2. Further studies were conducted t
o study the changes in serum IL-33 production in
seasonal allergic rhinoconjunctivitis caused by Crypto-
meria japonica pollen. The data obtained confirmed
the association of the rs1929992 polymorphism of the
IL-33 gene with the risk of developing seasonal allergic

changes
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3 AP nopiBHsHO 3 rpynolo nopiBHAHHA. [lpu aHanisi
B3aemogpii curHanbHux wnsxis 1/1-33 ta TSLP nokasaHo,
Lo Npu NpurHivyeHHi ekcnpecii TSLP 3Ha4yHO 3HWXYETLCA
ekcnpecia I/1-33 ta ST2. Y noganbwomMy npoBogunucs
OOCriXXeHHSA LWoao BMBYEHHS 3MiHWM Npogykuii cupo-
BaTkoBoro IJ1-33 npu ce3oHHOMYy anepriyHOMy puUHO-
KOH'IOHKTUBITI, BUKNUkaHomy nunkom Cryptomeria japo-
nica. OTpumMaHi gaHi NigTBEPAWN HasiBHICTb acouiauii
nonimopdiamy rs1929992 rena 1J1-33 i3 pusmkom pos-
BUTKY CE30HHOIO anepriyHoro PUHOKOH'OHKTUBITY [70].
Kpim TOro, UMTOKIHOBMI Npodinb Ha Pi3HUX cTagiax
PO3BMTKY CE30HHOMO anepriYyHOr0 PUHOKOH KOHKTUBITY
BigpisHsaBca. Takox, peakTtmBHicTb Ao 11-33 Th2-kniTuH
Oyna BMLLOK Y MauieHTiB 3 cumnTomamm AP MOpiBHAHO
3 nauieHTamMn 3 naTeHTHow ceHcubinizauielo 6e3
cumnTomis AP.

Ha BigMiHy Big iHWMX UMTOKIHIB cimenctea IJ1-1,
IJ1-33 acouiroBaHuin i3 3anyckom Ta amnnigikauieto
CUCTEMHOI Ta NnokanbHoi T-kniTUHHOI Bianosiai. MNMoBHa
copma I/1-33 — npo-1J1-33 — nokanisoBana B sapi. Moro
pornb HegoCTaTHbO BMBYEHA, ane OCTaHHI OOCNIOKEHHS
nokasanu, WO BiH MOB'A3YETbCS 3 AMMEPU3OBAHUMU
rictoHamy H2a Ta H2b Ha noBepxHi Hykneocomu Ta Moxe
CNpUATM aKTMBaUii TpaHCKpunuinHoro penpecopa [67].
3a gaHMMK peTpoCneKkTUBHOro AOCHIMKEHHS, Ae Y aiten,
rocnitaniaoBaHux y BiLli 6 MicaLiB y 383Ky 3 GpoHXxioniTom,
BMBYanacsa acouiauia nonimopdiamy rs1342326 reHa
IL33 3 AP. Korppi M. Ta cniBaBT. nokasanu, WO LUe
nonimopdiamM acouiioBaHuii 3 TPUPaA30BUM 30iNbLLUEHHSIM
pu3uky po3sBuTtky AP y piteri y ManbyTHboMy. Takox
OTpuvMaHi nonepeHi AaHi, Wo Lewn BapiaHT reHOTUMNy Moxe
OyTV NoB’sA3aHniA 3 pO3BUTKOM BpoHXxianbHoT acTMu [71].

BUCHOBKHU

Y3aranbHioun HOBi AaHi GionoriyHoi poni 1J1-33,
MOXHa 3pobuTM BUCHOBOK MPO MOro 3HA4YHYy 3any4eHicTb
y nartoreHesi 3ananbHuWX 3axBOPHOBaHb. JrigHO 3 Cy-
YacHumu yserieHHamu, 1J1-33 npogykyeTbcsa enitenianb-
HAMW KNiTMHaMM Ta Hapgae OGionoriyHn edbekT Ha
LUMPOKNA CNEeKTP KNITUH iMyHHOI cucTtemn. OcCKinbKkn
IJ1-33 mae 3paTtHiCTb akTMBYBaTW BPOMKEHi NiMAOIAHI
KNiTUHW, AKi NPOAYKYKTb UMUTOKIH Th2, WO 3HaxoasTbca
B CNM30Bii 060MOHUi Nadyx, MOPYLUEHHA perynsuii Lboro
WAXy MOXe BigirpaBat MeBHY ponb y 306epexeHHi
€03MHOMINBHOro0 3ananeHHs y nauieHTiB 3 3ananbHuMu
3aXBOPIOBAHHSAMM MOPOXHWMHW  HOCa, $Ki  CTiKi A0
MEeAMKaAMEHTO3HOrO Ta XipypriYHOro nikyBaHHS.
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rhinoconjunctivitis [70]. In addition, the cytokine profile
at different stages of the development of seasonal
allergic rhinoconjunctivitis differed. Also, the reactivity
to IL-33 Th2 cells was higher in patients with symptoms
of AR compared with patients with latent sensitization
without symptoms of AR.

Unlike other cytokines of the IL-1 family, IL-33 is
associated with the initiation and amplification of systemic
and local T-cell responses. The full-length form of IL-33,
pro-IL-33, is localized in the nucleus. lts role is not well
understood, but recent studies have shown that it binds
to dimerized histones H2a and H2b on the nucleosome
surface and may contribute to the activation of a tran-
scriptional repressor [67].

According to a retrospective study, where children
hospitalized at the age of 6 months due to bronchiolitis,
the association of the rs1342326 polymorphism of the
IL33 gene with AR was studied. M. Korppi et al. showed
that this polymorphism is associated with a threefold
increase in the risk of developing AR in children aged
6 months in the future. There is also preliminary evidence
that this genotype variant may be associated with the
development of bronchial asthma [71].

CONCLUSIONS

Summarizing the new data on the biological role
of IL-33, we can conclude that it is significantly involved
in the pathogenesis of inflammatory diseases. According
to current ideas, IL-33 is produced by epithelial cells
and has a biological effect on a wide range of cells of the
immune system. Since IL-33 has the ability to activate
innate lymphoid cells that produce Th2 cytokines located
in the sinus mucosa, dysregulation of this pathway may
play a role in the maintenance of eosinophilic inflamma-
tion in patients with inflammatory diseases of the nasal
cavity that are resistant to medical and surgical treatment.
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HepcneK‘ruBM MOAQABbLUMX AOCAIAXEHD

MepcnektvBn noganbwnx pocnimkeHb 1J1-33  nonsraiotb
y rMMBLIOMY BUBYEHHI Or0 poni B NaToreHesi rHiiHo-3ananbHux
3axBOpIOBaHb HOCOBOI  MOPOXHWMHW. HeobxigHO 3'AcyBaTu

MOINEKYNsPHi MexaHiamu aktusadii 1J1-33 B enitenii gnxanbHux
LMAXiB Ta AOro B3aEMOZi0 3 PI3HUMU TUNAMU iIMYHHUX KITiTUH.
Ocobnuey yBary cnig npuainutn BuBveHHo Brnnuey J1-33
Ha iMyHHWI 6anaHc Mix Th1/Th2 Ta perynatopHumn T-kniTnHamm.
BapTo gocnignTu 3B'a30k Mix piBHeM 1J1-33 y nokanbHWX cekpeTax
Ta TAXKicTIo nepebiry JIOP-3axBoptoBaHb. [lepcnekTuBHUM
€ MOWYK MOXIMBOCTEN TapreTHoi Tepanii i3 6GnokyBaHHAM
IL-33/ST2-curHanbHoro  Wwnsxy. Taki  OOCHIKEHHS  MOXYTb
CMPUATU CTBOPEHHIO HOBUX METOAIB AiarHOCTUKWN Ta FiKyBaHHS
XPOHIYHUX PUHOCUHYCHUTIB.

KoHdAIKT iHTEepeciB

ABTOpPM pyKonUCy CBIAOMO 3acBigvytoTb BiACYTHICTb haKTUYHOro
abo noTeHUiHOro KOHMIKTY iHTepeciB LWoAo pesynbraTiB
uiei pobotn 3 chapmaueBTUYHMMM KOMMAHIAMKU, BUPOBHMKaMM
6iomMmeanyYHUX NPUCTPOIB, IHLWIMMK OpraHi3auisiMy, Yni NPoayKTH,
nocnyr, iHaHcoBa nigTpUMKa MOXyTb OyTW noB's3aHi 3
npegMeToM HagaHux Mmatepianis abo ski  cnoHcopyBanu
nposeaeHi JOCiaXEHHS.

IHdbopmalis Npo chiHAOHCYBAHHS
Po6oTa BukoHaHa 6e3 (hiHaHCOBOI MiATPUMKM.
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Prospects for further research

Future research on IL-33 should focus on its role in the patho-
genesis of purulent-inflammatory diseases of the nasal cavity.
It is important to elucidate the molecular mechanisms of
IL-33 activation in the respiratory epithelium and its interaction
with various immune cell types. Special attention should be
paid to the influence of IL-33 on the immune balance between
Th1/Th2 cells and regulatory T cells. The correlation between IL-33
levels in local secretions and the severity of ENT diseases requires
further investigation. Targeted therapy involving the inhibition of
the IL-33/ST2 signaling pathway appears to be a promising di-
rection. Such studies may contribute to the development of new
diagnostic and therapeutic approaches for chronic rhinosinusitis.
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